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FOREWORD

The non-availability of indigenous agricuttural text books in Pakistanis
one of the major constraints holding back the achievement of desired im-
provement in the national agricultural education system. During recent
years, there has been a wide-spread realization that the imported booksl
peing currently used by the educational institutions seriously lack in rele-
vance to the local agricultural conditions. Particularly, the booksimported
from the the-developed countries do not meet our educational require-
menis, because these are written to cater to specific needs of the agricul-
tural systems of developed countries, which are operating under distinctly
different agro-ciimatic and socio-economic situaticns than ours. Itis, the-
refore, imperative that local efforts are mobilized to undertake the prepa-
ration of text books on various agricultural subjects. These books shouid
be based on the loca) experience and contain information relevant tothe
prevalent farm situations and farmers problems ini the country, in order to
effectively link the agricultural education and research systems.

To underiake the preparation and publication of agricultural text
books, the Pakistan Agricultural Research Council (PARC) plans to esta-
blish a special publication unit. To accompiish its assigned task, this unit
will carry out in-depth study of the present course contents and curriculae
of the universities and suggest modifications to strengthen the tenuous
links between the education and the research system. On the basis ofthis
study, a comprehensive list of requiredtext books alongwith their detailed
table of contents and the names of prospective authors will be compiled.
PARC wili provide necessary faciliies and incentives to the prospective
authors to write these books. We earnestly hope that many aceomplished
scientists will come forward and assist the Council in this undertaking.

The book entitled "Plant Diseases” is the first in the series of quality
agricultural text books writtenin Pakistan, This book has been authored by
Dr. Abdut Hafiz, who is a wotld-renowned agricultural expert with a long ex-
perience at national and internationat level. He is well known for his valua-
ble contributions in the field of agriculture, especially in the Near Eastand

North Africa Region, as an FAO expent, for nearly two decades. In recogni-
tion of exceptiona! dedication and achievement in promoting cereal im-
provement and production in the Region he was presented with the hig-
hest FAQ prize namely, B.R. Sen Award in 1973. 1 would like to express my
deep appreciation of the efforts made by Dr. Abdul Hafiz in producing this
quality text book which | hope will be prescribed as an approved text for
graduate students in the field of Plant Pathology.

Amir Muhammed
Chairman
Pakistan Agricultural Research Council
November, 1986 Islamabad
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PREFACE

World population is growing rapidly at the challenging rate of more
than 80 million people per year and this growth syndrome is likely to acce-
lerate manifold, if family planning is not practised effectively. On the other
hand, the global resources are limited and populationis out-strechingthe
food production, constantly increasing food: population gap. Al present
more than 500 million people are either hungry or suffering from mainuiri-
tion. There are already waves of famine enguifing many countries, which
can turn into sea of famine, if allowed to spread unabated. About twenty-fi-
ve years back there were twelve countries, which had sizeable food export
surpluses whiie at present this number has dwindled to only four {USA,Ca-
nada, Austraiia and Argentina). If all the countries do not take earnest
steps to increase the food productionitis apprehended thateven thepre-
sent food exporting countries will not be able to meet the fast expanding
global needs. The time has almest passed when the world's food problem
could be solved by huge overseas shipments of food grains from surplus
countries. Unless mankind is wise and compassionate enough to increase
food production and design a better food security system, we may be
seeing the beginning of the end of our civilization.

it has been estimated that in developing countries per unit area yields
of important crops are stili very low equalling about one-fifth of the experi-
mental yields. The production levels can be markedly increased through
introduction and integration of science and technology with systems of
farming. The improved methods of plant production and protection can
help in achieving this nobie objective. Plant diseases and pests, rodents,
hirds and weeds are taking heavy toft running into more than four billionru-
pees every year in normal years, affecting ihe economy and prosperity,
which Pakistan can iliaford. Even one-year failure of an important crop can
bring havocs as it is evident from the 1983-cotton crop in Pakistan, redu-
cing the total production by 3 mitlion bales and causing a monetary loss
approximating Rs. 6,500 million. This also resufted in huge expenditure of
foreign exchange on the import of raw cotton and at jeast 100,000 metric
tons of additiona! edibie oil, apart from conseguential curtailment of seve:
ral economic activities in agriculture, manufacturing, trade and commer-
ce.

These calamities can be averted, if fraction.of money gone into such
huge iosses, is made availabie on regular basis tor agriculturai research,
which at present receives anly one-sixth of one per cent of the national G.
D. P. Unfortunately, we always seem to prapare for the crisis when weare
already in its grip. and it is too late to reverse the effects. The guestion is
why? The Near East Region alone is importing 50 per cent of her food re-
guiremnents at an annual cost of US $ 15 billion as against 1.3 billion in
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1989/71, showing a galloping rate of increase. In fact, Pakistan can serve
as a bread basket for the neighbouring needy countries thereby earning
huge sums of foreign exchange for the developmental programmes of the
country.

Plant Pathology constitutes a major part of plant protection, covering
diseases caused by fungi, bacteria, viruses, nematodes, phanerogamic,
plants, nutrient imbalances besides the damage done by weeds, which
glso serve as reserviors of pathogens. Plant pathological activit ies,
afthough initiated as early as in 1807 on-a small scale, did not receive pro-
per attention tifl 1947 after the sstablishment of Pakistan. This disciplineis
still below the needed level, aithough a good deal of research has been in
progress, yielding some outstanding achievements. This includes the de-
velopment of contro! measures of certain diseases besides publication of
many research papers and scientific monographs an systematic mycolo-
gy and plant pathology. The latter included “Researches onPlant Diseases
in the Punjab” by A. Sattar and A. Hafiz and “Studies on Plant Diseases of
South West Pakistan” by Mustafa Kamal and S. M. Moghal published in
1962 and 1968, respectively. These monographs dealt with the diseases
at provincial level embracing the highlights of the plant pathological inves-
tigations carried out in each province upto the above mentioned periods.

However, it was felt that an overview account of the im portant plant
pathological research so far carried out in Pakistan at various research
institutes and universities should be prepared. This publication should be
based on collecting, collating and compiling all the available information
systematically in order to take cognizance of the achievements and for-
mulate future lines of investigations. The present book entitled “Plant Di-
Seases Isthe outcome of such efforts. in the beginning, it was proposedto
allocate some specific chapters to the selected Plant Pathologists and
compile the book under joint authorship. Since this approach did not ma-

terialize, all the concerned scientists were requested to send their publis-
hed and unpublished research papers, ideas, views and references. The
materials thus received and the information collectedfrom the two scienti-
fic monographs, library, meetings and individua! discussions, were sorted
out and arranged into different parts connecting the results of research
findings related to altied topicsin a systematic and feadable form, without
mentioning the names of the research workers except under references,
appended with eagh chapter. .

The book contains 24 chapters: 13 dealing with Fungaf Diseases: 3
with Bacterial, Viral and Nematodai Diseases; one each with Phaneroga-
mic Plants, Weeds and Nutritional Diseases; 3 with Varietal, Biological and
Cultural Control Measures; and one with Benefical Micro-organisms: The
tast chapter describes Research Guidelines with priorities to the problems
of practical nature. it also includes an index to facilitate consultationofthe



book.

It is hoped that the book will help the Departments of Agriculture in
making use of the resuits of ajready available research findingsin control-
ling the diseases leading to enhanced crop productivity. The book will also
assist in educating the scientists in the formulation oftheir future research
programmes at national, institutional and international levels through mul-
tidisciplinary approach, avoiding unnecessary duplications. It will also pro-
ve of immense value in the education of graduate students at the universi-
ties of agricufture, helping them in their career development. it will also
open new vistas for the practical sojution of the complex problems, recui-
ring team approach and joint efforts of various disciplines. The book will
also encourage an integrated approach for the control of diseases, insect
pests and weeds through various means embracing use of sanitary mea-
sures, cultural practices, rotations, resistant varieties and chemica! and
biological control. We are confident that the book will emphasiza the great
importance and the role of plant protection, receiving its full recognition
from the Government, scientists, administrators, planners, bankers, indu-
stry and the farmers. In short-the book will ultimately help in streamilining
and strengthening plant pathological activities leading to disease control
and increased crop production.

Sincere thanks are due to Dr. Amir Muhammed, Chairman, Pakistan
Agricultural Research Council, Islamabad for providing the necessary offi-
ce facilities and liberal encouragement throughout the period of two
years, spent in writing of this book. Special gratitude is extended to Drs.
Abdus Sattar and Mustafa Kamal, the senior authors of the two scientific
monographs for permitting to make use of the relevant materials. The help
of many friends and colleagues is highly appreciated in making available
their research papers (published or in the form of manuscripts) which con-
stitute main basis of the book. To name a few Dr. Abdul Ghaffar (university
of Karachi), Dr. Manzoor Saeed (PCSIR, Karachi), Mian Talib Hussain (Cen-
tral Cotton Research institute, Multan), Mr. A. Salim and Dr. M. Salim Mirza
(AARI, Faisalabad), Dr. Mohammad Akhtar, Dr. M. A.R. Bhatti, Mr. M. Saeed
Akhtar and Dr. Abdul Hamid Khan (Agricuitural University, Faisalabad), Dr.
M. Attaullah (Agricuttural University, Peshawar), Dr. Hassan Jaffar (Agricul-
tural Reseairch Institute Sariab, Quetta), Dr. Bahadur Al (P. T.B), Dr. M.
tkram Mohyuddin (CBCH), as well as Dr. M. Aslam, Mr. M. A. §. Kirmani, Mr.
5. 3. A, Rizvi, Dr. Iftikhar Ahmad, Dr. Saif Khalid, Dr. A K. Khanzada, Dr. A. A.
Hashmi and Ms. Tahira Zafar (National Agricuitural Research Centre, Isia-
rmabad); deserve spegial thanks for providing pertinent materials, reading
some chapters and giving useful suggestions. Among tham the author is
extremely gratefu! to Dr. S. M. Moghal, Dr. Magbool Ahmad and Mr. Sultan
Mathumood Khan for respectivety contributing materials for three chapters
on Viral diseases, Nematodal diseases and on Mushrooms. Dr. Meoghal de-
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serves additional gratitude for his continued and untiring help provided
during the entire compilation period without which the book would not ha-
ve been completed on time.

The author expresses his profound indebtedness to Dr. Noel
Hobertson, Professor Emeritus of Agriculture, Edinburgh University and
lifelong teacher and practitioner in Plant Pathology for his kindly going
through the manuscript and making valuable suggestions and
improvernants both ianguage and subject wise,

Last, but not the least the author is also thankful to his Secretary, Mr.
Abdul Qayyum, for willingly typing and retyping hundreds of pages many
times.

~ Itis earnestly hoped that the time, labour and the morey spent in the
compilation and printing of this book will serve a useful purpose inthe long
run in improving, strengihening, and stimulating the plant paihological
activilies in Pakistan leading tc enhanced crop productivity and:
profitability. However, useful suggestions and ideas for future
improvements of the book will be most welcome.

November, 1986 ' Abdui Hafiz
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Chapterl

Fungal Flora and Seed Mvcoflora

Fungal Flora

Early work on the record of fungal flora and plant diseases was done
in British Iindia by Butler and Bisby (1831) and Mundkur (1238), recording
no more than 3,000 species of fungi (including orly 198 from the region,
which now constitutes Pakistan). Ahmad (1956) published a monograph
on Fungi of West Pakistan (Now Pakistan) adding 1,000 new records with
indices to genera and hosts. The records include a total of 1258 fungi; 47
belonging to Myxomycetes, 88 to Phycomycetes, 304 to Ascomyceies,
544 1o Basidiomycetes and 275 to Fungi Imperfecti. For each entry the
names of the hosts and habitats have been given. This pionaering and
pains-taking work constitutes a landmark for furthering and stimulating
research in the fields of systematic Mycoloqgy and Plant Pathology.

Additional accounts by Ahmad (1956-72) entitied Further Contribution to
the Fungi of West Pakistan 1-XV; Sattar and Hafiz (1952); Researcheas on
Plant Diseases of the Punjab; Ghaffar etal. (1968-72) Fungi of Karachi, i-itf:;
Khan (1952 Wood Rotting Fungi of West Pakistan, Khan and Kamaf
(1968) Fungi of South West Pakistan; Kamal and Moghal (1968) Studies
on Plant Diseases of South West Pakistan and by Ghafoor and Khan
(1976) List of Diseases of Economic Plants in Pakistan added a wealth of
information on fungal flora. Kamal and Khan (1 968) have listed the names
and times of appearance of 104 fungal diseases of 37 different crops,
vegetables and fruit plants in Sind province.

The list of diseases of economic plants included 286 host species
ar'ranged alphabeticaiiy under their families, genera and common names,
providing basic information to plant pathologists for carrying out research
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account entitied “Fungi of Pakistan” by updating and bringing all the recor-
ded fungi together for the benefit of research workers and students. The
distribution according to major groups of fungi covers 847 genera and
3383 species (Table 1.1).

Table "1.1. Major groupwise distribution of fungi of Pakistan:

Group No.of Genera No.of Species

1. Myxomycetes 24 &8

2. Phycomycetes 43 _ 17'_'6_ _

3. Ascomyceies 306 ' 933

4. Basidomycetes 2186 881

5. Deuteromycetes 2b6 1321

6. Mycetia sterilia 2 4
Totat 847 3383

Ahmad (1982) published a list of wood-destroying fungi from Azad
Kashmir covering 18 parasitic and saprophytic fungi isolated from forest
trees and timber causing economic losses.

~ The present brief review of the fu ngal flora along with main references
shows the extent of intensive and extensive studies carried out in the
country for the benefit of the two disciplines of Mycology and Plant
Pathotogy, providing a sound and solid base. However, there is a need to
c_ontlnue with such studies through post-graduate students and-ic estab-
lish schools of research on special groups of fungi with herbaria (ineluding
tive cultures) in various Universities, in order 1o keep the continuity of the
work, build up trained manpower, provide facilities for systematic studies
and services for authentic identification, besides developing productive
relationships of systematic Mycelogy and Plant Pathology with plant
breeding.

Sead Mycoflora

A good deal of work has been carried out on isolation and identifica-
tien of seed mycofiora of imporiant crop plants with some studies on:
pathogenicity, losses caused by reduced seed germination and yield.
Work has also been done on seed treatment bringing cut the importance
or seed-borne diseases and their control. The hzghilghts of the research
work reported so far, are given below:
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Cotton

Kamal and Moghal (1968) have reported the presence of both exter-
nally and internally seed-borne fungi, predominantly consisting of species
of Rhizapus, Aspergiflus, Peniciliium and Fusarium with prevalenti species
of Curvularia, Helminthosporium and Alternaria besides bacteria in a few
cases. These isolates can reduce seed germination by 13 to 32 per cent;
Peniciffium, Fusarium and Curvularia spp. being most harmful. Chemicai
seed treatment and/or delinting with (H,S04) has improvea seed ger-
mination and yield of the crop. Saleem et al. (1875) have isolated 42 spe-
cies of fungi belonging to 28 genera (27 being new o cotton and 15 recor-
ded for the first time on cotton in Pakistan). The authors have collected
and compiled alphabetically all the avaiiable information leading 1o a total
of B0 species belonging to 40 genera. The live cultures of the isolated fungi
have been deposited at the Cotton Research Institute, Multan and also at
the Commonwealth Mycological Research Institute, Kew, Surrey, England
for ready reference.

Hussain and Yagoob (1978} have found ten organisms associated
with fuzzy cotton seed of variety 148 F; the morefreguentisoiatagbeiong
to species of Alternaria, Aspergiilus, Fusarium, Rhizopus and Monilia, and
their frequencies vary with temperature, culture medium and test chemi-
cals. The suitable temperatures are 20° Cfor Alternaria infectoria, 25° Cfor
Fusanum sofani and 28° C for Aspergd!us niger, with appropriate media
bemg Potato Dextrose Agar for Aspergillus sp. and £zapeK's agar for Fu-
sarium. Qut of eleven tested fungicides, Busan 72, Vitavex and Captan,
when used in 0.2% concentration, have controtled almost ali the isolated
fung while the remaining nine fungicides and hot water treatment have
diven partial success.

As the soil temperature during cotton sowing period varies between
26 and 30° C, most of the seed-borne and even some soil-borne fungi are
likely to reduce seed germination and cause pre and post-emaergence
death of seediings, ranging ¥ — 1.7 per cent in the Punjab and Sind.

Panhwar and Jagirdar (1978), after carrying out extensive and inien-
sive surveys of cotton fields in Sind province, have reported occurrence,
prevalance and distribution of several seed-borne disgases viz;, seed rot,

. pre and post-emergence death of seedlmg, rqot rQI leaf and stem spois
and boil rot caused by a large number of pathogens (fungi and bacterla)
|solated from seads. Cf the mlcro—organlsms isolated, major ones in order

and specie_s of Fus_g_r.__{um Fih_;;;ppus Curyuiana, Hefmmtho_sponum and
Alternaria. The incidence of various diseases vared from yea 0 year and
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field to field, depending upon the infectivity of different pathogens andthe
nature of environmental conditions such as humidity. These diseases have
been found not only to reduce the stand, health and growth ofthe cropbut
also yield and quality of fibre and oil. The fungicidal treatments significantly
enhanced seed germination and yield and the best results being obtained
with Agrosan, followed by Emcon and Copper Sandoz, Terracolor and
Benlate,

In view of the above results, chemical treatment of cotton seed has
been strangly recommended to contro seedbome fungi and also. some
of the soil-borne arganismes.

Wheat

Kamal and Moghal (1968) have isolated in varying treguencies, from
apparently healthy wheat seeds of C-518, C-591, H-68, Penjamo and'
Mexipak, species of Alternaria, Aspergillus, Helminihosporium, Rhizopus
and Fusarium, which reduced seed germination by 47 to 76 per cent; Rhi-
zapus being more deleterious. Seed treatment (with Agrosan GN, Emcon
and Dieldrex) appreciably improved both the seed germination and yield
of the crop.

Hussain, Jagirdar and Kamal (1969) have isolated wheat seed myco-
flora from Mexipak and Penjamo 62, comprising species of Afternaria, Rhi-
zopus, Aspergiilus and Helminthesporium, in descending order of con-
tamination (varying between 2 to 50 per cent in case of Penjamoand 10to
39 per cent in Mexipak). The isolates reduced the germination capacity of
the seed, both Atternaria and Rhizopus caused higher degree oflosses. Of
the fungicides tested, Agrosan and Emcon increased the seed ger-
mination as well as stand and yield of the crop. In view of the results
obtained, chemical seed treatment has been recommended. The later sty-
dles have shown the predominance of Aspergrﬂus and Pemcm:um species
mcreasmg temperature and hlgher COg concentrations, Aspergmus and
Penicillium have also been isolated from wheat flour regardless of source
and type of flour mill. Untimely rains during April, 1982, gave rise to a high
incidence of seed-borne fungi, reducing seed germination from 70 to
below 10 per cent.

Berley

Ten varieties of barley collected from Tandojam and Faisalabad in
19876 and tested for the presence of seed-borne mycoflora have yielded
19 species of fungi comprising Alternaria tenuis. Aspergillus niger, A.
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flavus, Aspergillus spp; Chaetomium ofivaceum, Cladosporium clados-
porioides, Curvularia lunata, C. pallescense, Drechsiera hawaljiensis, D.
halodes*, D. papendorfi*, . rostrata®, D. tetramera, Fusarium
monififorme”, F. semitectum™, Penicillium spp., Rhizopus nigricans, Stachy-
botrys atra*and Trichathecium roseum. Out of the isolates, six asterik-
marked fungi are new records from Pakistan. The average percentages of
the group of 19 fungi as determined by the blotter and agar piate methods
have been recorded as 87.1 and 73.25, from seeds as such and 32.3 and
24 8, from surface-sterilized seeds; four fungi namely {R. nigricans, F.
semitectum, S. atra and C. cladosporioides) coutd not be isolated from sur-
face-sterilized seeds. Some varietal differences in degree of infestation
have also been observed along with indications that the blotter method
has yielded quantitativelv more fungi than the Ulster method.

Rice

Kamal and Moghai (1968) have isolated from apparently normal
seeds of Kangni 27, Sonhari Sugdasi, Sonhari Kangni, Bengalo, Dokri Bas-
mati, Jajai 77 and Kangri X Torh, nine different organisms in various fre-
guencies. The infection being the highest in case of bacteria (13 to 85 per
cent), foilowed by Tricholioboius padwickii (31 to 41 per cent), Aspergifius
sp. {1 to 39 per cent but was absent in Kangni 27 and Kangni X. Torh),
Cochiioboius specifer (1.9 to 3.5 per cent), Curvuiaria verrucuicsa (1.5 1o
3.5 but upto 20 per cent in case of Dokri Basmati) and Nigrospora siate
{1.5 10 3.6 per cent). Onty two varieties (Kangni 27 and Jajai 77) have been
found to beinfected with Chaestomium (1.510 2.5 pet cent) while Aliernaria
from Sonhari Sugdasi (3.6%) and Fusarium sp. from Bengalo (1%) have
been isolated. These organisms have been found to impair the ger-
mination by 2-3 per cent in different varisties while seéd treatment with
Agrosan GN and Ceresan M increased both the seed germination capacity
and the yield level by approximately 16.6% where Ceresan M was used.

Nawaz (1961) while carrying out studies on Helminthosporium blight
has reported enhanced germination of rice seeds treated with seed dress-
ing fungicides ieading to higher number of tillers, ears and yield increase
and similar results have been obtained by spraying the crop with chemi-

cals such as Perenox, Zerlate, Parzate, Fermate or Dithane.
' Similar studies carried out in the Punjab vielded average infections of
78 and 47 per cent from surface and interior of the seeds, respectively. in
order of prevalance, the isolated fungi were Curvularia, Helminthosporium,
Aspergillus, Fusarium; Alternaga, Mucor, Denaryphiefis, Cephalosporium
and Heficoma; the first two being more predominant. They reduced the
seed germination causing seedling mortality and could be controlled
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through seed dressing..

Nayeemullah and Kafi (1978) while discussing the role of rice
diseases in the economy of rice production and necessity of seed treat-
ment for controlling seed-borne diseases, have described the
methodologies of fungal isolation methods (Blotter and Agar plate) and
given the names of various fungi isolated from rice seeds. These are Alter-
naria tenuis (26.2%), Alternaria tepuissima (5.2%), Trichoconis padwickii
(80.7%), Drechsfera oryzae (41.0%j), Curvularia iunata (17.5%), Curvularia
genicuiata (5%}, C. oryzae (4.5%), Fusarium equiseti (2.2%), F. moniliforme,
Gibberella fujikuori (5%), F. semitectum {17%}), F. grarninearum (1.7%) and
Nigrospora gryzae (6,2%). On the basis of these results, the necessity of
seed health testing and treatment has been emphasized to ensure distri-
bution of healthy seeds.

Maize

(§°)Thirty representative samples of marize seed (sound and damaged)
collected during 1864, 1965 and 1967 from different placss in Pakistan
have given very high percentages of fungal isclations {upto 90-96%) with
averages of 71.7% from sound and 83.7% from damaged grains. The fungi,
in order of prevalence, included species of Aspergiltus, Penicillium, Mucor,
Hormodendrum, Fusarium, Cephalosporium, Helminthosporium and Alter-
nparia with very little difference in the nature of isolates from sound and
damaged seeds. However, in case of surface-disinfected seeds, speciesof
Mucor, Aspergilius and Penicillium have not beenisolated. The cultural stu-
dies have shown their optimum temperature requirements for growth as
20-30° C and 30-35° C for different groups, while the disinfectants like
Arasan and Dieldrex have increased the seed germination capacity. In
later studies, Aspergillus and Penicillium have been found to be
predominantly present on stored grains, showing differences in varietal
reaction.

Sorghum

Junejo and Malik (1967), after canying out a survey in Sind province
have isctated species of 15 fungi with maximum of 30% contamination in
Sakrand and minimum of 1% in Larkana from unsterilized sorghum seeds
compared with the corresponding percentages of 64 and 48 from sur-
face-sterilized seeds in Khipro and Mirpurkhas, respectively, The isolated
organisms consist of Mucor, Rhizopus, Asperghius, Peniciium,
Chastomium. Phoma, Hormodendrum, Alternaria, Helminthosporium,
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Cochliobolus, Curvularia, Monilia, Hetrosporium and Acrothecium as well
as bacteria, The most frequent ones being Aspergilius, Helminthosporium,
Curyularia and Fusarium. Pathogenicily tests have shown that all the 15
isolates reduced the germnination of sorghum seeds by between 7 and 60%
bath in the laboratory and in the field (some being more deleterious).
Simitarly, 11 fungi have been isclated from Sorghtum grains in the Punjab,
Kamal and Moghal {1968) isolated a number of fungi both from un-
sterilized and surface-sterilized sorghum seeds coifected from different fo-
calities of Sind, showing varying frequencies based onvarieties as well as
localities. Percentages of sorghum seeds carrying fungi externally varied
from 61 to 90 with an average of 75, The most predominent isolates have
been Aspergiitus sp. followed by species ot Helminthosporium, Alfernaria,
Fusarium, Curvularia and Rhizopus. In case of surface-sterilized saeds, 48
to 84% with an average of 57.2% seeds showed the prasence of fungi.
Fungal species isolated were Cochliobolus (Helminthosporium), Aspergil-
fus, Fusarium, Alternaria and Curvularia. These fungi have also been found
to reduce seed germination considerably while in seeds artificially infec-
ted with Fusarium and Cochiiobolus spp. the percentage of pre-emer-
gence kill has been very high. The seed treatment increased hoth the seed
germination and the yield. The chemicals in order of their effectiveness
were Orthocide HCB, Copper carbonate, Mergon, Emcon, and Agrosan
GN. The need for seed treatment has been highlighted.
Although no work has been carried out on the economics of seed
treatment, the beneficial effects of seed dressing can be visualized to be
large.

Brassica

{*1+) Ninety representative samples of sarson (coiza), toria (rape) and raya
{mustard) collected from fields and stores in Pakistan have given quite
high percentage of infestation (as high as 85-90%) while these figures are
lower {aimost half) in case of surface ~ disinfected seeds. The fungi infest-
ing the seeds include, in order of prevalence, the species of Aspergillus,
Penicitlium, Mucor, Alternaria, Rhizoctonia, Fusarium, Hefminthosporium
and Sg_{gc@_aum with predominancé of Asgg_tgmus Peniciltium and Alter-
naria. These fungi greatly reduced the germination and y1e!d Fung:csdal
treatments with Granosan M, Grancsan N, Agrosan GN, and Arasan-have
contralled the deleterious effects.

Groundnut

Ali and Nayeemullah (1960) have investigated the effect of 9 fungi-
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cides (4 mercurials, 2 thirams and 3 fungicides combined with insecti-
cides) on the control of seed-borne diseases and vield of groundnut for a
period of three years. The reported isolated seed-borne fungi are {'?_Qigpc-
tonia bataticola {22%), Fusarium spp. (28.3%), Aspergilius sp. (15.3%),
Penicillium sp. (28%}) and Cephalosporium sp. (4%), which caused seed
rot, root rot or seedling rot. The resulis on seed treatment have shown
increased percentage of germination by controliing the mortality of seeds
and seedlings and increase in the yield by 360 kg/ha. Out of the chemicals
tested, Dieldrex, Seedox and Arasan SFX have been fou 1d 1o be safer and
more effective, while mercurial compounds showed toxicity with slight
increase over the recommended dose of 1 g per 1.5 kg of seed.

This shows the beneficial effects of seed treatment in controlling
seed-borne and in some cases soil-bome diseases resulting increased
yield of groundnuts.

Kamal and Moghal (1968) have studied the fungicidal treatment of
groundnut with different chemicals against the artificially infected seed
with a culture of Fusarjumn coeruleum (causing wilt diseases), and found
that seed treatment with Granosan M increased the seed germination by
2.3-13.5% and yield by 250-600 kg/ha.

Saffiower

Studies carried out at the Agricultural University, Faisaiabad have indi-
cated externaland internal infestation of safflower seeds ranging between
4593 and 37-71%, respectively. The isolated fungi are the species of
Aspergitius, Rhizopus, Helminthosporium, Curvularia, Fusarium, Selerotium
and Alternaria. infected seeds sown in infested soils have given much
more reduced germination, particularly with the combination of all the fu-
ngi; Fusarium being highly pathogenic.

Summer Vsgetzbles

Fifty two seed samples of five summer vegetables (cucumber, bitter
gourd, okra, tomato and marrow) collected from different localities in
Pakistan have given quite high percentages of fungal infestations with
averages ranging between 57-87.5% while these figures are lower in the
case of surface — disinfected seeds (19.8-31.8%). The fungi generally
isclated include species of As spergiltus, Peniciliium, Alternaria, Fusarium,
Sclerctium, Chaetomium, Curvularia and Helminthosparium. These fungi
have reduced the seed germination and increased mortality of seediing

whereas the usual fungicidal treatments have proved to be effective in
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controifing the deleterious effects. The most effective and wide-ranging
chemicals are Arasan, Dieldrex and Agrosan GN.

Castor Boean

Siudies carried out at the University of Agriculture, Faisalabad, on
seed-borne fungi have shown heavy external and internal infestation of
castor beans, with respective averages of 70 and 50%. The isolated fungi
are species of Curvularia, Helminthospotium, Fusarium, Botryodiplodia, Ni-
grospora, Altemaria, Aspergillus, Rhizopus, Mucor, Th_ig_!gvia, Sclerctium
and Penicifiium; the first two being predominant. These fungi have shown
reduction in seed germination within 12-21% range. Qut of the seed dress-
ing fungicides, Brassicol has proved to be the best, followed by Tonsin M
and Quinolate.

Chilllies

Out of the eight fungi, comprising species of Colletotrichum, Fu-
sarium, Alternaria, Curvularia, Aspergiflus, Muge
f_i__qm, isolated from chillies the first four have proved to be pathogenic,
producing seed rot and fruit rot; Cofletotrichum capsici being more des-
tructive. The fungicidal treatment improves seed germination, the best
results have been obtained by using Beniate followed by Brassicol and
Moreston. Spray fungicides (like Zerlate and Perenox) have effactively

controlied the anthra isease (C. capsici) in the field.

Rosaceous Fruiis

The isolations made from rasaceous fruits have beenfoundteo include
3 species of Alternaria, 5 of Aspergifius one each of Cladosporium, Curvu-
laria, Fusarium, Heiminthosporium, Mucor, Monilia, Paecilomyces, and 3
each of Peniciliium and Rhizoctonfa, most of them proving to be patho-
genic.

Misceilaneous Crops

Studies carried out at the Department of Plant Pathology, University
of Agriculture, Faisalabad, on seed-borne fungi of many crops have shown
‘varying degrees of seed infestation; paddy {7 5-92%), sorghum (35-38%),
sotton 80-90%), and winter vegetables (60-70%) with a number of fungi;
predominant being species of Aspergillus, Penicillium, Alternaria, Hel-
minthosporium, Fusarium, Curvularia, Mucor, Rhizoctonia, Rhizopus,
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Scierotium and Chaetomium. In most ot the cases, seed treatment has
controtled the seed-borne diseases, giving higher germination, better crop
stands and increased vields.

Investigations reported by Nayeemuilah, (1872) on the isolation and
incidence of micro-organisms_on seeds of nine piant species coflected
from grain markeis of Lahore, Sahiwal, Sialkot, BRawalpindi, Peshawar and
Quetta, by using Blotter Method, have revealed the presence of a large

number of fungi in varying frequencies (Table 1.2).

Table 1.2. Incidence of fungi isolated from seeds of different crops

Crop

Fungi

Percentage range
of infection 1/

1. - Rice
{Oryzae sativa)

2. Whesat
(Triticum
aastivum)

3. Maize
(Zea mays)

4. 'Sorghum

{Sorghum vulgare)

10

Alternaria padwickii
Curvularia junata
Curvularia geniculata®
Curvularia oryzae™
Drechslera oryzae
Fusarium equiseti*
Fusarium moniliforme*
Fusarium semitectun
Fusarium graminearum®
Nigrospora oryzae

Afternaria tenuis

Afternaria triticina™
Drechsfera sorokiniana

" Fusarium equiset™

Fusarium maniliforme*

Aspergiifus flavus
Aspergilius niger
Gibberella zeae
Drechslera maydis™
Fusarfurm monififorme*
Fusarium semitectunr™

Botryodiplodia sp.*
Curvularfa eragrostidis*

205
5.5
22
25

185
20
4.2
0.0
0.0
50

49.0
7.7
3.0

Q0.0

32

46
30
25
2.2
32
0-0

27

.27

50.7

17.5
50
45

415
2.2
5.0
1.7

17
6.2

897.0
10.0
6.5
22
3.5

8.2
8.2
3.0
27
55
25

4.5
3.7



Mercentage range

crop Fun?r _ o of infection 1/
Drechslera oryzae* 30 - 37
Drechslera sorghicola 60 - 27
Fusarium moniliforme* 36 - 67
Fusarfium semitectum® 17 - 25
5. Barley ) )
(Hordeum vulgare) ~ Drechsiera soreokinfana 35 - 57
Drechsiera teres 27 - 80
Fusarium monilfforme* 35 - 45
Fusarium semitectum* 00 - 32
6. Linseed (Linum
usitatissimumy Fysarium moniliforme* 0.7 - 30
7. Lentit (Lens Fusarium moniliforme™ 00 - 02
esculentum) verticilliurn sp 0o - 05
8. Gram{Cicer Alternaria tenuis 50 -150
arietinum ) Fusarium moniliforme* 00 - 30
Fusarium equiseti® 20 - 27
9. Coriander Alternaria porri* 00 - 32
{Coriandrum Botryodiplodia sp. 99 « 27

sativum) Fusarium moniliforme* 20 - 27

1. Five samples each crop, consisting 400 seads per sample were tested.
*New records for Pakistan

Most of the fungi isolated have already heen reported from Pakistan
or elsewhare except the new records (identified in the Table 1.2); some of
these micro-organisms can cause serious damage to the.crops. _

Similarly, studies carried out on Bragsica species, have shown the
presence of a bacterium (Xanthomonas campestris), which can become
seriolis sometimes. In view of large-scale seed infestations, the impor-
tance of seed health testing and seed treatment has been emphasised.

Stored Grains

Studias carried out at the University of Agricutture, Faisalabad, from
stoted grains have yielded sixteen fungalisolates. Sifica ge! thinlayer tech-
nique appiied for determining afiatoxin B1, B2, G1 and G2 has yielded
aflatoxin from many isolates; all the four toxins being produced by
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Aspergillus nidulans, A. wentli, A candidus, A. niger and A. parasiticus.

Later studies have confirmed these findings and have further shown
that the quantities of aflatoxin increase with storage period as well ag with
type of stores conducive to higher moisture. The aflatoxin producing spe-
cies were Aspergifius flavus, A, parasiticus and A. ochraceus.

Poultry Feeds

I view of the increasing importance of the manufactured poulitry
feeds, Jamal and Ghaffar (1974) after investigating the mycofliora of poul-
try feed samples (wheat, rice, millet, rye and fishmeal) with pM 5.-5.6 and
moisture percentage of 7.6-9.6, have reperted heavy infestations ranging
between 4,000 to 38,000 of fungal propagaules per g of fresh samples. The
dominant fungi being Aspergillus fumigatus, A. niger, A. candidus, A. flavus,
A. caespitosus, Cladasporium herbarum, Fusarium oxysporum, F. sofani,
Mortifia sitophila, Paecilomyces varioti, Penicillium and Mucor'spp. Of the
fungi isclated, Aspergiflus fumigatus has been reported to produce
“brooders pneumonia” in birds, especially in chickens while some isolates
of A. flavus can produce large amounts of afiatoxin.

Necessary steps for manufacturing and storing including certification
of poultry feeds are essential to safeguard the health of poultry and the
consumers. : '

On the basis of the reported studies, all the isclated micro-organisms
have been summarized-aiphabetically in Table 1.8 in order to indicate their
association with various hosts for the benefit of the research warkers.

Table 1.3. Consolidated list of fungi/bacteria isolated from seeds of
different crop plams. .

Micro-organisms Crops

1. Alternaria. Cotton, wheat, rice, maize, sorghum, gram,
brassica, safflower, summer vegeta'bies.
coriander, castor beans, fruis.

2. Aspergillus Cotton, wheat, rice, maize, sorghum, bras-
sica, groundnut, saffiower, summer vege-
tables, castor beans, fruits, poultry feed.

3. Botryodiplodia Sorghum, coriander, castor beans.
4. Cephalosporium Maize, groundnut.

5. Chaetomium Rice, sorghum, summér vegetabies.
8. Cladosporium Fruits, poultry feed.
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Micra-organisms

Crops

10.
11

12,
13.
14.
15.
16.

17.
18,
19.

20.
21,
22

23.
24.
25,
26.
27.

Cochfiobolus

{Helminthosporium)
Helminthosporium

Curvularia

Drechslera

Fusarium

Gibberefla
Hetrosporium
Hormodendrum
Manilia

Mucor

Nigrospora
Paecilomyces
Penicillium

Phoma
Rhizoctonia

‘Rhizopus

Sclerotium
Tricholiobolus
Trichoconis

Verticillium

Bacteria

Rice, sorghum.

Cotton, wheat, maize, sorghum, brassica, saf-
flower, summer vegetables, castor beans,
fruits.

Cotton, wheat, rice, sorghum, safflower, sum-
mer vegetable, castor beans, fruits.

Wheat, rice, barley, maize. serghum.

Cotton, wheat, rice, barley, maize, sorghum,
gram, brassica, groundnut, safflower, linseed,
lentil, summer vegetables, coriander, fruits,
poultry feed.

Rice, maize.

Sorghum.

Maize, sorghirm.

Cotton, sorghum, fruits, poultry feed.
Sorghum, brassica, castor beans, fruits,
poultry feed.

Rice, maize, castor beans,

Fruits, poutltry feed.

Cotton wheat, maize sorghum, brassica,
groundnut, summer vegetables, castor beans,
fruits, poultry feed.

Sorghum.

Cotton, brassica, groundnut, fruits.

Cotton, wheat, sorghum, saffiower, castor
beans.

Brassica, safflower, castor beans.
Rice,

Rice.

Lentil.

‘Cotton, rice.

Note: Later studies of 1974 on 81 zeed samples of 21 imporfiant cereals, pulses and vege-
tables have shown the presence of 30 fungal species belonging to 12 genera with
wider host ranges of Aspergillus, Drechsfera and Fusarium and one of a bacteriom
(Xanthomonas campestris on onion and mustard).

All the isolated fungi from the seads of different crop plants (Table
1.3) show the presence of 26 genera with preponderance of Alternaria,
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Aspergiifus, Curvularia, Drechslera, Fusarium, Helminthosporium, Penicil-
fium and Rhizopus, each representing several species. While the remain-
ing 18 genera are specific to one or two crops, mostly grown during sum-
mer (cotton, rice, maize, sorghum and groundnut) under high bumidity and
temperature, causing comparatively bigger losses. Most of the fungi are
surfacaborne while a2 few are carried ingide the seed (e.g. Rhizapus). Same
of the fungi are saprophytes, developing under moist storage (high mois-
ture contenis of seed and/or storas) while many are pathogenic, produc-
ing various symptoms-seed rot, root rot, stem rot, seedling blight, leaf
spot, boll spot and boil rots. Tha losses due to reduced seed germination,
stand of the crop and low yields, are higher under conducive conditions of
high humidity and temperature as wej! as when there is a cambined infec-
tion of fungi and associated bacteria or of sead-borne and soil-borne fungi.
Moreover, starchy grains and high energy oliseeds provide good sub-
strates for the rapid growth of fungi, producing deleterious effects on flour,
oil and other by-products; Aspergillus species are more harmful becausé
of their quicker growth rate and production of aflatoxins, Some pathogens
are weak parasites, causing infection in the presence of wounds Or.injuries
while others are quite aggressive in nature, causing considerable damage
during storage and/or in various stages of crop growth and canbe control-
led with suitable seed treatments. In view of the high losses caused, itis ne-
cessary to introduce grain storage sanitation and seed treatment, with
surface protectants and systemic chemicals, besides seed heaith certifi-
cation in the country on compulsory basis. Very little work has been done
on seed-borne micro-organisms of vegetables, condimenis and grain
legumes (many of them also having seed-bome infection of viruses such
as tomato mosaic virus). These studies can better be taken up at natienal
tevel in awell established Seed Pathology Laboratory, which has now been
set up at Karachi under the auspices of PARC.

sﬂgd Dressing Fungicides and Toxicity

A number of seed dressing fungicides for wheat, oats, barley, paddy,
cotton, sugarcane, sorghum and groundnut have been tested with a view
to finding out their safe limits,avoidina injury due to over-dosing. In general,
seaed dressing fungicides applied at the recommended rates have
enhanced germination of treated seeds ahd given higher vields. Products
combining fungicides and insecticides have proved to be better, especial-
ly for maize and groundnut. The deleterious effects of overdosing vary with

the type of seeds and the nature of the chemicals. For example, Granosan
M does not show any injurious effects onwheat when used 18timesthere-
commended doze while it injures paddy seeds even at 4 times con-
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centration. Most of the chemicals for various crops are. Granosan M.
Agrosan GN, Dieidrex, Spergon (for wheat), Arasan and Spergon {for cot-

ton), Dieldrex, Cerenox Special and Zeriate (for sugarcane), Arasan and
Spergon (for sorghum) and Dieldrex and 1.0-a combined fungicide and
insecticide (for maize and groundnut). The chemicals with wider range of
safe application are Arasan, Spergon, Dieldrex and Granosan M. Overdoz-
ing and humid storage conditions have heen found to produce deleterious
affects on seed germination and these conditions have to be avoided by
using the right type of chemical application machinery and dry siore
houses.

The dressing of khatti (Citrus limon) seeds with Arasan and Dieldrex
has proved helpful in controlling damping off and seedling diseases and
increasing the seed germination appreciably.

Summary

This chapter describes the tungat flora and the seed mycofiora of
Pakistan. It traces the history of the work done on fungaltfiora coveringthe
period of 50 years from 1931 to 1982 resulting into many surveys and
publications of severat accounts describing 847 genera and 3383 species
arranged into six major groups.apart from the list of wood-destroying fu-
ngl. This work provides a sound basis for future studies at the schools of
research to be established in various national universities for authentic
identification and the development of productive relationships beiween
systematic mycology and plant pathoiogy with piant breeding.

The seed mycofiora of impertant crops like cotton, whaat, barley, rice,
maize, sorghum, oletferous brassica, groundnut, safflower, chillies, castor
beans, summer vegetables and fruits as well as of stored grains and poul-
try feeds have been described alongwith their deleterious effects on seed
~ germination and yield and their control through the use of chemical disin-
factants. The fungi isolated fall into 26 genera with preponderance of
Alternaria, Aspergitius, Curvulara, Drechslera, Fusarium, Helminthos-
porium, Penicillium and Rhizopus, each representing several species; the
remaining genera are specific to one or two crops only. Most of the fungi
are surface-borne while a few are camied inside the seed. Many being
pathogenic, produce various symptoms of seed rot, roct tot, stem rof,
seedling blight, leaf spat and boll spot and cause considerable damage,
which can be controlied with suitable seed disinfectants. in view of the
great importance of the losses caused by seed-borne micro-organisms,
the introduction of grain storage sanitation, seed treatment and seed
health certification have been emphasized.
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Chapter it

Wheat and Barlefy

Wheat

Wheat occupies a position of paramount importance amongst
world's crop plants both in extent of area and magnitude of food produc-
tion. Pakistan grows annually 5.5.t0 6 million hectares of wheat, from
which the annuat producticn amounts to more than 12 million tons of grain
{as against 3.4 million tons from 3.8 million hectares. in early fifties).
Although Pakistan has made an outstanding progress in total production
and per unit area yield, the productivity leve! is still low tagging behind
many advanced countries. Barley occupies 172,000 ha and is wsually
grown on marginal fands with very little fertilization. However, ils impor-
tance is increasing on account of rising demand in cattle feed. There are
many constraints including the heavy losses caused by a number of
diseases to the wheat and barley crops in Pakistan. A brief account ofthe
work carried out so far on diseases of wheat and barley in the country is
given in the fext.

t, Ustilago tritict (Pers.) Rostr.
Oc:currence and Symptoms

Loose smut of wheat, which is characterized by the appearance of
black sooty ears containing spores of the causal fungus instead of nomat
grains, occurs commonly throughout the country. Initially spores are
covered by a delicate silvery membrane which bursts before the emer-
gence of ears. The spores are blown away by wind, leaving behind naked
rachis (Fig.2.1). it causes on an average 1% damage, but in humid parts of
the country and foothill districts, the damage caused by the disease can
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be as high as 10-20%, depending upon the wheat varieties under cul-
tivation. Epidemeciogical studies have indicated that if no action is taken
to control the disease, it will go on increasing every year in some localities,
in others it wiil decrease gradual ly while in still others it will remain con-

stant. This peculiar behaviour of these fiuctuations is due to the varia-
tions in humidities prevalent at the time of earning at various places.

(e}
Fig. 2.1:  Lpose smut of wheat. (&) Smuited heads, (b) Seeds from incculated heads,
showing shrivelling; (c) Grains from healihy heads; (d) Dispersal of chiamydos-

pores, causing floral infection; and {g) Hibetnating mycehium in crushed smbryo
as seen unter microscope, :
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Perpeiuation

The smutted ears appear eartier at the time when normal heads are
flowering; these become infected with the wind-blown spores of the
fungus, which on germination penetrate the ovary. The fungus remains as
dormant mycelium inside the embryo. The disease is perpetuated from
- year to year through sowing seeds containing hibernating myceklum
inside, although they look normal apparentiy The mycelium resumes
"'growth asthe seed germmates “and causes: systemtc 1nfect|on, gwmg rise
'te mutted ‘ears. . : Sl o

"';Mesthods of !nocufatfon

_ Wheat heads of C- 591 lnocuiated at’ aniheSis stage by (a} hypoder-
E rmc negdle, and (b) partial vacuum technique. {(Moore, 1936) produced90-
100 -and 75-80% infections, respactively; As the formermethodis tedious
‘andtime: consummg the latter has been usedi inall the studtes in order to
acceierate the varietal screenmg programme the mveshgatmns cartie
out have mdmated thatthe Inoculated grains. when etther (a) embryo
. ted Y Stmmond’s me’thod* or (b) field-tested; show high correiatl_ :
: dlsease percentages varying bétween 38- 62, showmg difference: of only
2% between thé two tests, Thus. embryo testingcan acceleratethe vatieral
screening and early development of resistant varieties.

Conirol
Hot Water Treatment

. The ear! ier studles on the mod |f|catlon of hot water treatrnent of the
lnfected grams as reccmmended :n advanced countries, have given the
foilowmg resuits: o

-~ ¥f wheat seed presoaked in water at room temperature 18- -24°C
for four hours is 1mmersed in-Hot water at 46°C for two minutes
- and., then for ten minutes: at_-‘.54~56°C the disease is eliminated
without adversety affectlng the seed germmatqon capacity;

- The disease is also eliminated if presoaked seed is first immersed

in hot water at 49°C for five minutes and then for seven minutes
at 53-56°C. Even presocaking upto eight hours does not affect the

*Wheat greinz arg sbaked avernight in t0% sodium hydroxide solution to facilitats embryo seperauon.

These are then thoroughly washed and gradually bolled for 30-40 minutes in lactophienol solution (lac-
tic acid and phenct 10 e¢ sach; mixed in 50 oc of distilled watar) until they become transparsnt. They
are then stained in cofton biue and placed on a silde {20-30 embryos par sixie), which is then covered

py anather slide to crush the embryos for examinmation under micro scope. Dark stranas of mycetium
become clearly visible in lifected smbryas.
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seed germination capacity.
On the basis of the above results a simple method of hot water treat-
ment was evclved, which is described below:-

Simpiified Hot Water Treatment
. Equipment T

i Two heaters locally called Hamarns each with a capacity of about
35 galions of water;

i} Two galvanized iron tubs, each with a bottem measurement of
100 cm and having level marks on the sides at 25 galions of water:

i) Abig tub or a vessel of any other kind to be used for pre-soaking
of seed wheat;

iv) Two sheets of coarse cotton cloth, @ach measuring about 2X1.5m;
v) QOne stirrer preferably a small vessel:
vi) One centigrade thermometer;

vii} One ormore sheets of cloth of suitable size on which seed isto be
spread for drying after treatment.

Method

The two heaters (Hamams) with the two standardized tubs, which
may be designated as No.1 and No.2, are placed opposite tc one ancther
in.a well ventilated room, Charcoal is used to heat water in Hamams, and
temperature of water is brought near to the boiling point before the treat-
ment is commenced. During the course of the treatment draught should
be avoided to prevent rapid fall of temperature of watsr in the tubs.

Approximately 90 kg seeds of wheat are soaked in water in the morn-
ing at about 7 O’ clock for four hours, if the treatment is carried out in Sep-
ternber when thetemperature inan ordinary room is about 29°C. If wheat
is 1o be treated in October or November, it should be soaked for 5 and 7
hours respectively, as the temperature falls to 21 and 15°C. In warm
weather water soaks into the grains more quickly than under cooler con-
ditions. As the temperature in October and November is lower, more time
has to be given to let water penetrate into the grains properly. The soaked
wheat seed is taken out and divided into nearly five equal lots.

About 10 gallons of ordinary water are putineach of the two tubs, and
hot water from the Hamams is run into them until the level of water is
brought up to the 25 galions' mark and the thermometer shows 56°C.
Then one {0t of the soaked wheat, carried in a cloth sheet, is dipped in
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water in tub No.1 for five minutes. The grains are shaken by means of a
stirrer. The temperature will fall 1o about 48-50°C. Wheat is then taken out
and immersed for 7 minutes in tub No.2, where the initial temperature of
water is also 56°C. The grains are stired and the temperature falis to
about 55°C. If it drops further it shouid be kept at 54.5°C or above but not
beyond 56°C during the required immersion time of 7 minutes by adding
hot water. In case the temperature does not fall below 54.5°C hot water
need not be added.

The treated seed is then spread out in the shade on a cloth sheet to
dry. The remaining four lots of wheat are treated in the same way succes-
sively. By this method 350 kg of seed can be conveniently treated in a day
of 8 hours with one set of equipment. The treated seed should not be dried
under the sun which can markedly impair the germination because of
double treatment i.e. hot water and solar heat. '

The treated seed after drying can be sown immediately or if desired,
can be stored for twe months but thorough drying is-essential previous to
storing to protect the seed from mold fungi.

As the germination of seed is likely to be reduced by about 5% on
account of heat, itis recommended thatihe seed rate should beincreased
accordingly in order o get a normal stand.

Single-Bath Sun-Heated Water Method

Similarly further experiments carried out have shown that soaking of
seed at 40%43° and 48° C for 8,6 and 4 hours respectively, is adequate to
get rid of the disease (Fig.2.2}.

On the basis of these resuits single-bath sun-heated water method
was evolved. This method is as follows:- :

A galvanized iron vessel (35 c¢m high and 45 cm in diameter)
blackened from outside, is half filled with water and placed in the sun inthe
morning at 8 0'cleck on a bright sunny day in summer. The seed is added
at 12 noon, when the temperature of water rises to 35-38° C. At 2 pm the
temperature further rises by 2-5° C and at 4 pm it often reaches 45-54° C.
The seed is then taken out and dried in the shade and stored till sowing
time.

Sofar Energy Method

Later experiments, which have been carried out with a view to uiilizing
the solar energy in getting rid of the disease, have yielded a very simple
and fool-proof procedure, which has been named the “Solar Erergy
Method". In this case seed is soaked in water for four hours (8 a:m to 12
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nocn) on any bright sunny day; then it is taken out and exposed to the sun
in a thin layer till it dries thoroughiy.

1

) UNTREATED /
-—-—_-—-"---'___

10

PERCENTAGE OF INFECTION
5 ]

HOLURS

Fig 2.2 The efficiency of single bath sun-heated-watar-mathod in controlling lodse smut of
wheat.

It has been found that in localities where maximum temperature
under shade goes above 38° C, “Solar Energy Method” is efficient. This
method is, therefore, recommended in all the districts of the plains whilein

hilly tracts simgnﬁ’éd method of “Hot Water Treatment” is recommended.
The underlying‘;‘f;r'%nciple of this treatment includes activation of dormant
mycetium by so'aking, foliowed by its killing with high tfemperature. These
methods can be used either by individual farmers for treating their seeds
or by seed producing Agency for the treatment of basic seed to be multi-
plied into-certified seed.

Treatment with Systemic Fungicides

Caontrol of diseases caused by embryo-borne infection through sys-
temic fungicides is-an impertant milestone. Studies carried out in Pakistan
with infected seed of Sonalika and in Denmark with cuitivars MY-1328 and
Maris Ranger by using three systemic fungicides namely, Triadimenol,
Fenfuram and Carbexinin Pakistan and Fenfuram in Denmark have shown
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100 per cent effectiveness of Fenfuram at the rate of 2g/kg with an
increase of 8-15 per cent in yield both in Pakistan and Denmark.
Triadimenol can also effectively control the disease while Carboxin does
not completely eliminate it. Similar results have been obtained with
Vitavex, Bentate, Topsin M, Panoram and Baytan at the rate of 2.5 g/kag.
Solar energy method is as effective as systemic fungicides. However, in
view of high cost, the use of systemic fungicides is recommended for treat-
ment of basic seed to be multiplied into certified seed at the seed multipli-
cation farms or use of solar energy method should be encouraged.

Use of Resistam Varietlies

Plant pathologists have been testing the contemporary cultivars from
“time to time for resistance against loose smut and have found substantial
vatietal differences. In one study during 1968, thirly three varieties have
been arranged into six groups {0-6% lowest and 61-100% highest)
according to the scale suggested by Aamodt (1930). Seven varieties, H.
Rojo, L. Rojo, W-274, Mexi Pak, Penjamo 62, H.23-42 and (CH 53 X N 10)
¥-54 have fallen in the first group, C-581, 5747, Nainari 60 and Drik in the
last group and others in between, showing high susceptibility of local
varieties {excepting H 23-42). The reactions of present cultivars are given
in Chapter XX. it has aliso been reported that varieties with more ciosed
glumes show greater resistance and this morphological character car be
successfully incorporated into the breeding programmaes. The use of high-
yieiding varieties resistant to loose smut is a practical and economical
mathod of contro!hng the disease as well as of reducmg the chances of its
spread and mulitiplication over the years.

2. Flag Smut, Urocystis tritici Koern

Oceurrence

In the unpartitioned Punjab, flag smut was first noticed in 1906 at
Faisalabad by Butler, Later on it became widely prevalent in Gurdaspur,
Ferozepur, Hoshiarpur, parts of Ludhiana, Ambala and Kangra districts of
India, with an average incidence of 5% and uptc 60-70% in individual
fields. in Pak Punjab the disease causes about 1% damage of the wheat
CTOp 30wWn in the districts of Campbellpur, Sialkot, Guijrat and Jhelum_ Asa
result of cultivation of Barani-70 and Pothohar, upto 12% incidence was
recorded during 1972-76 period. The disease destroyed 70% plants of
Barani-70 at the Agricultural Farm, Rawalpindi in 1972-73 and was found
to-be present in the districts of Rawalpindi, Campbellpur, Sialkot and

26



Loralai. It can be a potential threat in the rainfed areas, if susceptible
varieties are cultivated continuously.

Symptoms and Progress

The disease appears on the leaf blades in the form of black swollen
streaks running parallel to the veins. These streaks, when ruptured, expose
a black powder consisting of multitudes of spores. The affected leaves
assume a drooping form, which is followed by withering (Fig.2.3).

Fig. 2.3: Flag smut of wheat.

As a rule every shoot of the plant is infected in the case of a suscep-
tible variety The tillering capacity of the infected plants is decreased by 30
to 75%. Eighty-five to ninety per cent of infected plants fail to produce ears
and where the ears develop the few grains produced are shrivelled

The earliest recorded lesions have been observed on 40-day old
plants and this period varies from 40 to 71 days. The disease may appear
on plants in any stage of growth, but it has not been observed to appear
after 10th of April at Lyallpur and Gurdaspur,

The maximum number of infected plants appears in the 2nd, 3rd and
4th weeks of February and after that the number declines.
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METHODS OF SOIL INFECTION AND POT EXPERIMENTATION

Soil Infection

A good deat of difficuity was experienced in the beginning in securing
an adequate soil infection in field experiments with the spores of Urocystis
tritici. Moreover, big quantities of smutted material were needed to infect
the soil on a large scake.

The following simple method has been evolved after intensive experi-
mentation for obtaimng the maximum amount of infection with the
minimum amount of spore . - A

The spores are. kapt_ b
The plot thus infected is wate
intervals. At the time of so
into 2 fine tilth and used
the seed in a thin iayer_

Thus it may be cancnud
infection in the case of ﬂag St
been kept under moist condi
before conducting the actial awing.

er crop is harvested.
od at regutar 7 days
the “soil is worked out
by putting it over
it with-an ordinary soil.

igh percentage of
pores to'be used, must have
for a penod of a few months

Pot Experiments

Similarly, great diffi iculty was expenenced in pr ducmg artificial infec-
tion in potsin the case of ﬂag smuf _'th ¢ t and other smuts beionging to
the seediing infection group. Whﬁe on the other hand it was easy to re-
produce the disease in the fieid: After carrying cut experiments, it has
been found that the incidence of the disease in pots varies in direct
proportion to the depth of sowing probably due to the fact that seeds
sown at greater depths take longer time for their shoots to reach the soil
surface and hence more infection is produced. In addition to this, it is also
observed that the highest percentage of infection occurs if the soil mois-
ture varies between 8.5 to 11.2 per cent during the germination period and
the incidence is reduced to a great extent when sowings are done in wet
soils, on account of the unsuitability of the higuer moisture contents ofthe
soil for the germination of spores. 1t is thus seen from the nature of the
results that the faiture to produce artificial infaction in pots is mainly dueto
two factors, namely shallow sowing and daily watering of the pots. Thefor-
mer is responsible for pramoting the early emergence of the seedlingsand
thus reducing the period for which the seediings remain liable to infection
white the latter resuits in increasing the moisture contents of the soil and
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thereby crealing unsuitable conditions for the germination of spores.
Hence a method of conducting pot experiments has been developed and
standardized in which case these two important points have been given
due consideration. Use has been made of large-sized earthen pots in or-
der to accommodate large quantities of soil to permit the gertination of
the seedlings without further application of water to the pots. Secondiy.
care is exercised {0 sow the seed at a depth of not less than 8 cm in order
to prolong the emergence period during which the seedlings are fiable to
be infected and thirdly care is taken not 1o water the pots till all the seed-
lings have emerged. The technique described above hasbeen foundto be
very suitable and efficient not only for conducting artificial infection ex-
periments on flag smut of wheat but alsc in other smuis like covered smuts
of barley and oats (Ustilago hordei and U, kollerf}, loose smut of oats (U
avenae), grain smut of sorghum {sphacelotheca sorghi) and sugarcane
smut {U. scitaminea), whers seedling infection takes place.

Germination of Spores

Germination of spores can be obtained by presoaking them in water
for three days and then transferring to awatch glass containing dituted sap
solution extracted from freshly germinated wheat seedlings. The watch
glass is covered by another watch glass after applying a thin layer of
vaseline to the edges and then kept at 22-24° C for 18 1o 24 hours.

The germination is very much influenced by sealing the watch glass in
which spores are kept. This is probably due to some heneficial effect of
certain voiatile substances coming out of the sap solution. The ger-
mination of the spores is more than 50 per cent when smaii pieces of infec-
ted leaves are used as compared with the use of powdered spores alone
with 22 per cent germination. The minimum, optimum and maximum tem-
- peratures for the germination of the spores are 15°, 22-24° and 27-30° C,
respectively.

Modes of Perpetuation

The disease has been found 10 be carried over trom year to year by
the following two methods:- _

i} The disease is produced by sowing seed which becomes contami-
nated with the spores at the time of threshing and winnowing;

i) The disease is perpetuated through soit contamination with
diseased straw of the previous wheat crop, Piants may also
catch infection if seed is sown in soil containing either compost
manure prepared from diseased wheat straw or dung obtained
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from animals fed on diseased straw.
Soil-borme infection is more important than seed-borne infection
under natural conditions (Tabie 2.1).

Table 2.1: Mode of pérpetuation and relative imporiance of seed and
soilborne infection.

Year Percentage of infection-Av. of 3 replications

inf. seed Healthy seed inf.seed

heaithy soll inf. soil inf. soil
Firgt 46.2 378 £5.6
Second 21.7 517 678
Third 252 536 685

Viability and Longevity of Spores

The spores of Urocystis tritici have been found to remain viable and
retain their infactive capacity in soil for at least four years under natural
conditions at Lyallpur (Table 2.2). '

Table 2.2 Viability of spores of Urocystis tritici under naturai field condi-
tions in five successive years.

Percentage Infection

Year Plat A Ploi B Plot C Flot D

Base Year 270 2740 27.0 27.0
First 411 Fallow Fallow Fallow
Second 44.6 17.9 Faliow Faliow
Third 57.1 2890 5.1 Failow

Fourth 62.3 34.5 9.7 02

The spores can retain their infective capacity in compost manure pre-
pared from diseased wheat straw. They can also remain viable even after
passing through the-alimentary canals of the farm animails.

Factors !nﬂuencr’hg the incidence of the Disease
Refation to Témperature
The minimum, optimum and maximum soil temperatures required by
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spares of Urocystis tritici to cause infection are 10° C, 15.5° C 1o 24.8° C
and 29° C, respectively, producing 15, 50-70 and 14% infections.

It has been proved that under Lyalipur conditions wheat sown in the
first fortnight of October is absolutely free from the disease even under ar-
tificial conditions of high infection; when sown in the second fortnight the
incidence of the disease varies from 0 to 2.0 per cent. The intensity of the
disease increases gradually with the delay in sowing tii it reaches 70-80%
in wheat sown in the third week of November. This high percentage of
infection is maintained in all the sowings carried out up to end of Decem-
ber.

Relation to Molsture

The highest percentage of infection ocours at 8.5 to 11.3 per cent
moisture content of soil during the germination period and the incidence
of the disease is reduced by 38 to 50 per cent when the moisture content
of the soit is kept at 18.0 to 21.7 per cent.

The incidence of the disease is two to three times higher if infected
seed is sown in healthy or infected soit with 8-11 per cent moisture as
against sowings in dry soil, watered immediately afterwards. Application of
water either 12,24 or 48 hours after sowing reduces the incidence of the
disease but the amount of reduction becomes proportionately less and
less with delayed watering and showing no reduction when water is ap-
plied six days after sowing.

Relation io Depth of Sowing

Theincidence of the disease increases with the depth of sowing. From
2 to 7.5 cm the percentage of disease increase is much more than from
7.5 to 12.5 cm. This happens because in deeper sown seeds more time is
taken by the seedlings to emerge, rendering them liable to infection for a
longer period.

Relation to Previous Summer Rainfall

The incidence of the disease caused by soil-borne spores is directly
‘influenced by the amount of rainfall in the previous summer. The disease
“intensity is six times higher at 400 mm., as against 75 ram. This factor is the
most impeortant in the distribution of the disease, whichis prevalent mostly
inthe districts where the summer rainfail is above 425 mm. Thisisin accar-
dance with the results already mentioned under method of artificial soil
infection where it has been stated that the infective capacity of the spores
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is increased if they are kept buried in soil during summer under moist con-
ditions.

Control Measures

Diginfectants

Seed treatment with disinfectants such as copper carbenats, pow-
dered copper suiphate at the rate of 4g/kg and formalin (dipping the seed
in-a sofution containing one part of formalin in 320 parts of water for three
minutes and then covering under moist gunny bags for two hours and final-
ly drying it before sowing) is effective to check 70-85 per cent of the seed-
borne and 10-40 per cent of soil-borne infections. Efficiency ofthese disin-
fectants is reduced in highty infested soils. As copper sulphate and for-
malin treatments may reduce the germination of seed, it is recommended
to increase the seed rate to maintain optimum crop stand. However,
copper carbonate has no injurious effects on seed. Ceresan has been
found to check 70-90 per cent of seed-borne as well as soii-borne infec-
tion. Seed treatment with ceresan at the rate of 4 g/kgis therefore, recom-
mended in the infected localities. The new promising fungicides are Bay-
tan, Vitavex, Benlate, Topsin-M and Panoram.

Rotations: - Leaving the field fallow for at least two season reduces the
incidence of the disease considerably provided such fields are not con-
taminated from the adiacent infected crops. Green manuring with guar
(Cyamopsis psoralicides) reduce the dlsease tnctdence by about 25 per
cent.

Roguing: The disease can be checked coensiderably by roguing out and
burning the infected plants as soon as they appear during the growing
period.
Date of Sowing

It has been proved that under Lyallpur conditions wheat sown in the
first fortnight of October is absolutely free from the disease, evenunder ar-
tificial conditions of high infection. When sown in second fortnight, the
incidence of the disease varies from O to 2.0 per cent only. in order to
obtain a crop aimost free from the disease it is advisable to saw the cropat
times when the soil temperature is above 27° C. it may vary from locaiity 1o
locality. This condition is prevalent during first fortnight of October in the
cantral and sub-montainous districts and in second fortnight at Lyaltpur. it
has been found out that sowings done in the fourth week of October at
Lyatipur have given quite normal yields. -
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Methods of Sowing

The disease incidence is reduced by about 50 to 75 per cent when
seed is broadcast in moist soit and by 75-34 per cent when broadcastingis
carried out in dry soil to which water is applied immediately afterwards as
against plantings done by driiling in moist soils.

n moist soil, water applied one, two or three days atter sowing, helps
to reduce the incidence of the disease, but the reduction is almost
indirectly proportional to the delay in the application of water.

In the late sowings wheat broadcast in dry soit and watered
immediately afterwards out-yields the one sown by normal method. Asin
the case of early sown wheat, the percentage of germination of wheat
seed is not reduced, it is presumed that the yield will ajso not be lowered

Sowing Methods and Seed Disinfectants

The efficiency of copper carbonate and Ceresan for reducing the
the incidence of the disease is stili increased when the infected seed
treated with these chemicals is sown in dry soil followed by immediate
watering.

Ceresan has shown its superiority over ali other seed disinfectants so
much so that under Lyallpur conditions the incidence of the disease was
almost negligible when infected seed treated with Ceresan was sown,
even at 12 cm depth in highly contaminated dry soit which was watered
soon after sowing. When infected seed treated with either copper car-
bonate or Ceresan was sown in amoist field irrigated within three days of
sowing, the reduction in the disease incidence was similar {o that shown
by infected seed, without dusting, which was sown in dry soil receiving
irmediate irrigation,

Resgisiant Varieties

It has been proved that in order to find out the true resistance of
wheat varieties to flag smut, the varietal trials should be carried out under
conditions of hgh infection and seasonalvariations. Thishas been done by
studying the incidence ofthe disease indifferent types of soit for anumber
of years by sowing seed wheat coated with the spores of U, iritici in highly
infacted soil. it has been found that the percentage of infected tillers is
directly correlated with the susceptibiiity of a certain variety consequentiy
reducing the yield proportionately. The incidence of the disease should,
therefore, be recorded on the basis of the infected tillers. -
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The Punjab durum types 1, Z and 3 and an Australian variety Nabawa
are almost immune to flag smut while imperial Pusa types 4, 80-5and 111
are highly resistant. Out of the 926 varieties/lines tested during 1972-76,
111 remained resistant for three years, providing useful sources of resis-
tance, which need o be exploited. Since none ¢of the 28 present cultivars
(Chapter XX} is resistant, therefore dry broadcasting of disinfected seed
wheat should be resorted in areas of high infection. However, inrecent stu-
dies out of 74 only three varietis namely (Triticale 183, K-342 and Naeem
82) have shown resistance. '

Physiological Spacialization in Urocystis Tritici

Flag smut of wheat (1. tritici} is known to oceur in almost all the wheat
growing countries of the worid. As regards its physiological specialization,
twelve races have been described to exist in China and two races in the
United States of America. No work had been done elsewhere o compare
coliections of U. #ritici from different countries. Such an atiempt has been
made with eleven coltections from United Siates of America, Australia,
China, ltaly, Cyprus and Inde-Pakistan sub-continent, The following main
canclusions are drawn from the resuits of these investigations:

a. Four collections, namely, the Australian, the two ltalian and the
American race No.2 are similar-and constitute one race, which is
however, different from those occurring in Southern Ching;

b} The two collections from the sub-continent of Indo-Pakistan are
identical and represent a saparate race;

¢) The cyprus collection might resemble one of those from China
which are in fact three separate races from that country. This
remained unconfirmed on account of the fact that the differen-
tials got from China gave very poor germination.

3. Septoria Leaf Spot, Septoria spp.

Septoria is a common disease of wheat as it occurs almost
throughout the country. A comparative study of the local isolate with two
cultures of Septoria tritici Desm. and S. nodorum Berk ¢btained from Cen-
traabureau Schimmelcultures, Baarn; Holland has been made as regards
their morphology and physioiogy. Mode of perpetuation and measures to
contro! the disease have also been studied.

Symptoms

The loca! isolate attacks leaf and leaf sheaths producing more or less
circuiar or ovalirregular spots studed with black pyenidia. Stemsand awns
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are rarely attacked without any definite spot but the pycnidia are present.
Under artificial conditions of inoculations Septoria tritici produced similar
sympioms, while 5. nodorum developed small, irregular chocolate brown
spots mostly on glumes giving rise to black dotted pyenidia (Fig. 2.4).

Fig. 2.4: Septoria of wheat: Local sp. on {a) leaf, (1) Sheath and {c} Stem.

Morphology and Physiciogy

The results of the comparative studies on size of pycnidia, pycnos-
pores, septation, temperature and pH requirements of the three cultures
are given in Table 2.3. :

Table 2.3: Morphological and physiological characteristics of the three
Septorla cultures.

Sepotria cultures
Characteristics Local isolates 8. tritici S. nodorum

Pycnidial formation ~ Forms pycnidia  Sameasin  Forms pycnidia
' o on all Media localisolate  only on oat meal

agar and potato

dextrose agar
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Size of pycnidia
Size of pycnos-
pores

Septation of pycno-

spores

Growtnh rate
Growth tem péf?—
tures '
Growth pH

Pathogenicity. and
inoculation period

150x100u
H5x2.6u

{(also produces
conidia)

1-4 septate with
higher frequency

of 3 septate

Comparatively
slow

Optimum 20°C
Maximum 25 o
30° C, Minimum
5 C,

Optimum 4 .6-6
Maximum 3
Minimurn &
Virulent parasite
on wheat only,
14-16 days

150¢100u
55x2.6u

2-5 septate
with higher
frequency of
3-4 septaie
Sameas in
local isoclate

Sameasin
local isolate

Same as in
Incal isolate

Virulent para-
site on wheat
only. 14-16
days

109x92u
21x3.6p

1-3 septate

with higher
frequency of

3 septate

3-4 times faster
than the other
two cultures with
abundant

aerial mycelum
Sameasin others

Optimum 3-8

Virulent parasite
on wheat only.
14-16 days

Thus it may be concluded that the local isolate of Septoria is identicai
in almost alt essential respects with Seploria tritici and differs distinctly
from 8. nodorurn, which has shorter pyenidia and pycnospores with lower
septdtion, faster growth and production of aerial myecslium in culture
basides its attack on glumes of wheat only and rare occurrence on leaves

in nature.

Perpetuation and Spread

The pycriospores of the fungus, embedded inside the pycnidia onthe
diseased wheat straw (used for storing wheat chaff?), remain viable
throughout the summer ang cause infection in the next season.

The fungus aisa remains viable in chaff made from diseased straw
and also in diseased Ieaves which may remain lying on the surface of the

*Oat-meal agar, Potato dextrose ager, Brown's agar, Czapeck’s, Wheat leaf decoction and

Onion leaf decoction.
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s0il during summer, serving as a potential source of inoculum.
The spread of the disease takes place through wind and rain.

Control Measures

The disease ¢an be controlled by suppressing the sources of infec-
tion, but in practice it faces several difficulties. The rélative resistance of
the Punjab wheat types hias, therefore, been studied and it has been found
that the durim types 1,2 and 3 are almost immune whlie Compactum and
Vuigare types are susceptible to the disease. Work needs to be done cn
the development of resistant and high-yielding varieties.

4. Foot Rot, Hefé?fnthospoffum"i-sa' i

Foot rot of Wheat commonl' k‘ own as. Uikfiera and: armneously attri-
buted by the farmers tofwhite ant attac'k is a'serious disease in the seedi-
ing stage. The incidence may v vary from place to place and from field to
fieid. It is more severe inthe ramfed areasthan in the irrigated tracts. Fung
isolated from roctrot affected plantsin different parts of the country com-
prised in order of predominance and adverse effects, Helminthosporium
sativum {72.3%), Fusarium sp. (19.7%) and Alternaria sp. {8%). Hel-
minthosporium sativum has also been found to cause ieaf spot disease of
wheat in the Hyderabad region ranging between 2-7 per cent. [t appears
on lower leaves forming oval to oblong spots (upto 1 mm. in diameter),
which graduali?en!arge turning the leaves brown but causing negligible
damage.

Symptoms

The attack of the disease has beenfound 1o start soonafter the emer-
gence of the séadlings from the soil. in severe cases the seeds as such
may even rot in the soil and thus affect the germination very badly. The
rootiets of the infected plants are completely destroyed and the basai
pertions exhibit a greyish brown tinge containing dark brown lesicns ofthe
causal fungi. In some cases, the disease may re- appear in the months
of Marchand April when the temperature agam becomes favourabie forits
development and thus it gives rise to deaf ears (white coloured ears
without grains) which results in jow yield. In brief, it causes prée-amergence
blight and seedling mortality as well as reduced germination, number of
ears, number and weight of grains and grain yield. i may aiso cause brown
ieaf spot of varying size (Fig. 2.5). The infection from three fungi (Hef-
minthosporiym, Fusarium and Alternaria) has proved more harmfu! than
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each of them alone.

Fig. 2.5: Foot rot of wheat.
Cause of the Disease

a) The disease has been found to be caused mainly by the fungus
Helminthosporium sativum, which is sometimes accompanied
by Fusarium and Alternaria spp. also;

b) The fungus causing foot rot and the one producing leaf spot
are identical.

c) Black-pointed wheat grains infected with Helminthosporium
sativum can also cause foot rot, when sown in the field.

Perpetuation

a) Wheat grains infected with black-pointed ends give rise to
diseased wheat plants;

b) The infected debris and dead seedlings contaminate the soil
with causal fungi, which also give rise to the infected crop next
year.

Factors Influencing the Incidence of the Disease

The optimum temperature for the growth of the fungus has been
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found to be between 25°C and 30°C. The infection is, therefore, greatly
reduced at lower temperatures with the resuilt that the crop sown in 3rd
week of November remains practically free froim the disease.

Soil‘moisture above 16 per cent reduces the infection both in pots
and in the field. Moreover, when wheat is sown in dry soil to which water is
applied immediately afterwards the incidence of ihe disease goes down
by 40 to 50 per cent. Plant mo rtality is reduced by 40-80 per cent in case
the first irrigation is applied 15 days after sowi ng-against the crntrol where
imigation is applied 35 days after sowing.

The incidence of the disease decreases with the reduction in the
depth of sowing. It is further reduced (by about 80%j) if shallow seeding
is done in dry soil, to which water is applied immediately afterward.

When complete plant food material (Helner's solution) is suppiied to
the plants, the incidence is insignificant and on the contrary, it is the
highest in cases where nitrogen or phosphorus are omitted. The same
type of results have been obtained in the fieid under manurial experiments
where green manuring or the application of well rotten farm-yard manure
reduced the incidence of disease by about 60 per cent. Later expstiments
have confirmed that low nutrient concentrations, which tend to weaken
the plant growth, can stimulate the pathogen activity, resilting into higher
infections, This:shows the usefulness ot valanced fertilizer application for
controlling the disease. Similar results have been repoited in case of root
rot of barley and biight of rice. -

Control Me_asures_

The following control measures have been emphasized: .

Seed dusting: Dust the seed'with sither powdered copper sujphate or
Ceresan at the rate of 2 g/kg. Qutof the six fungicides (Dieldrex; Granosan
M, Granosan N1, Agrosan GN, Arasar and Delsan) tested recently, Diel-
drex has given the best results in increasing seed germination, reducing
seediing mortality, enhancing tillering, earing and number and weight of
grains. S e D 3
Cuitural methods: Sow the crop in dry soil and then irrigate the field
immediately afterwards. Delay the sowing till the 3rd week of November
and apply the first watering 15 days after sowing.

Varietal resistance: None ofthe varieties is resistant to the disease ex-
cept Punjab types, 4, 7 and 9 in which case percentage of infection varied
from 2.1 to 2.7 as against 10-20 per cent in other varieties.
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5. Black Point Complex, Alternaria, Heiminthosporium etc.
Oceurrence, Symptoms and Control

This disease, first noticed in 1948, is quite commoniy found in various
wheat cultivars grown in different parts of the country, particulary in hu-
mid localities orunder wet conditions during harvestingand threshing. The
complex microfiora comprising species of Alternaria, Helminthosporium,
Fusarium, Curvularia and Stemphylium infect the grains in the field causing
shrivelling and development of black ends. Such infected grains reduce
the guality of the produce, seed germination, number of geediings and
tillers as well as the yield (Fig. 2.6). Although no work hasheendone onthe
control measures, protecting the crop fram humidity during harvesting
and threshing operations, drying the grains urider the sun before siorage
and seed disinfection can greatly help to check the disease.

Fig. 2.6: Black poini, Complex of Wheat.

6. Bunt or Stinking Smut, Tiiletia tritici (Bjerk) Wint.
Occurrence and Sympioms

Buntis an importén’t disease of wheat. 1t mosily occurs in the hitly
tracts of Murree, North Western Frontier Province and Baluchistan; caus-
ing on an average 20-25 per cent damage, which may increase upio 60-70
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per certin epidemic years. Itis essentially a disease of wheat grains, which
when formed are found to be filled with black powder of spores of the cau-
sal fungus instead of starch. These spores on crushing, give out an offen-
sive smell fike that of a rotten fish, spoiling the quality of wheat flour. Usual-
ly the diseased ears get very much reduced in size. But at Kulu {India)
under severe conditions of soil infection the diseased ears have shown
pronounced elongation which vary from 35-45 cmas comparedwith 10to
14 cm in the case of healthy ears (Fig. 2.7).

. {b} .
Fig. 2.7: Complete bunt of wheat (2) Infected head (L) bunted grain.
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Perpetuation

This disease, which was considered to perpetuate through conta-
minated grains in the Indo-Pakistan sub-continent, has now been de-
finitely proved (by conducting experiments at Kulu fora number of years)
to be carried over from one year to another both through seed-borne as
well as soil-bome spores. This is also possibily true in Murree and Quetta
hills. ‘

Similarly, from the restricted ocourrence of the disease in the hitly
tracts, it was considered that the disease essentiafly belonged to the high
lands. Now it has been definitely found out that it can be reproduced to a
very high intensity evenin the plains simply by delaying the sowing of ariifi-
cially infected wheat graing till the end of December, when the soil tem-
perature becomes suitable for the germination of spores.

Factors Influencing the Incidence of the Disease

The date of sowing, on account of saii temperature, has a direct in-
fluence on the incidence of the disease, which varies between zero, 1-30
and 30-74 per cent when wheat is sown i the secend fortnight of October
or in the second tortnight of: November and durmg December, respec-
tively.

The incidence of the cilsease increases with the depth of seeding.
Hence the percentage of attack igmore. where wheat i5'sown by drilling as
compared to sowing by broadcastmg :

The spores have been foundto survwe and be capable of producing
infection even after passing through the alimentary canal of farm animals.

Seed dssmfectants fike copper sulpha‘te and. copper carbonate can
lower the incidence of dlsease toa great extent when wheat is sown ina
healthy soil. Under infected soil condltnans Ceresan has proved much
better than copper- -based disinfectants, -

The sixty-one neat types tested at Lyafipur can be arranged in the
following six group ording o thair cilsease ' n, when seed of
wheat was inoculated with- spores .thalnad_ _f_rq_m roper {Table 2.4},

Table 2.4 - Varietal res

Infection percent - E

No infection

G045, G247 d248 ©217. C.296. C.275.

1~-5
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6 — 20 15 16, 1.7, T.8 TA0, T.11, 712, T.18,T.14, T.15,
T.16,71.22,7.23,7.26,8.A,9.C9D,C.409,C499,1 P4,
LP.12,1P.80-5,1P.111,1P.114, C.250, C.256, C.258,

C.262, C.270.

21 ~ 40 T.9, 718, T.19, T.20, T.21, 8B, C.231, C.244, 1.P.52,
1.P.120, 1150, C.237.

41 ~ 70 T24,T.217. €228, €230, C518, IP.101.

More than 70 C.215, |P.165.

Controi

Copper-based or organo mercurial seed disinfectants have proved
effective in controlling the seed-borne infection and the latter soil-bome
infection aiso to some extent. While experiments on seed treatment with a
new group of fungicides carried cut during 1978-78 on artificially inocu-
lated seeds {2-3 g spores/100 g seed) have shown the best contro) by
Vitavex 200 at the rate of 2.5 g/kg seed, followed by Vitaflo (5 ofkg) and
R.H.124 (2.5 g/kg) and the reductions obtained ware 98.6, 90.0 and 89.2
per cent, respectively. in recent experiments, seed treatment and Nitro-
gen fertilization have almaost doubled the yield in Baluchistan.

Sott disinfectants so far tried have not vielded good results but in the
case of formalin and toluene the incidence of the disease has been
lowered down by 63 and 31 per cent, respectively. As soit disinfection s la-
boriousand costly, the combined use of resistant wheat varieties and seed
disinfectants will be practical and economical urider such condatlons Out
of the present cultivars the variety Zamindar has proved to be. resistant
while Zarghoon and Khyber 79 have shown intermediate reactlon The
remaihing 25. vaneties are suscept;bie :

7. New Bunt or. Partial Bunt Neovossia Indica. (Mitra) Mundkar:

Occurrenee and S}fmptams

As new bunt c‘f wheat was flrst -’recordecl tn the year 1933 by Mitra.
from Karna! |t is also ¢al ad Kam__' 1t At that tife on examination of 10
gr fipur, afe __dlseased graing were

= _ ved that the infection had been: present in-the Punjab
smce !ong The dnsease attracted attentton anly when its mcldence
increased due to the cuttivation of naw imprevedtypes pamcuiariy P52,
which happened to be very susceptibie. However the disease isrestricted
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to the foot hill districts and is found in traces (2-5 per cent) and sometimes
upto 20 per cent in susceptible varieties like C-273. "

The disease is not noticeable till the grain formation has taken place.
When the grain ripens, the diseased spikelets are more apen, the outer
giumes spread out giving encugh space to the inner giume and the palea
to expand with the rasuit that the bunted grains become visible between
the glumes. In badly infected spikelets, the glumes spread apart and later
on fall off, thus exposing the bunted grains, which alse fall to the ground
with the slightest disturbance. It has been seen that only individual grains
are attacked and they are also partially affected, generally in the grooves
or at the tips of the grains (Fig. 2.8). In the diseased portion, spores tike
those of complete bunt are produced but their size is aimost double. The
diseased grains, if present in high percentage, can spoit the guality of the
wheat flour.

Mode ef infection

It has been found that infection takes place by air-bome sporidia
when the wheat ears are in preanthes:s stage. In nature, the spores shed in
the soil at the time of threshing and winnowing, remain viable till the suc-
ceeding months of January, February and March, when th_e.y germinate
and produce sporidia. They being lighter than air, are carried by wind an_‘t_i
fali on developing individual grains where they grow and cause infection of
grains in the same season. The pathogenicity of the fungus has been

Fig. 2.8: Partial bunt, wheat grains showing infedtion of groves and tips.



proved through artificial inoculations carried out with the culture of the
furrgus in preanthesis stage of the ears. Experiments carried out to test
seedling infection by seed-borne and soil-borne-spores have so far given
negative results.

Factors Influencing Disease Deveiopment

it has been found that weather conditions prevailing at the time of ear

and grain formation exercise a profound effect on the disease develop-
ment. In the absence of adequate rainfall at the time of ear emergence
during February and March, the disease does not appear, whereas in years
with high rainfall during this period the disease is very much pronounced.
The time of sowing has been found to influence the incidence of the
disease indirectly in so far as it affects the time at which ear formation
takes place. Early sowings are infected more severely.flf' rains in the spring
are earty and sumlar!y Iate sown crops are attacked- _tft_he rains setin
110 : ided for raising

1at theincidence
jed crops due to

ction, the disease
ssible approach
rs; only one variety
¢e under artificial
fig and long range
ice ofthe disease.

ckie di ence and is mostly
found in the dist irgarh and Jhang, espe-
cially in aréas irrig port d from Baluchistan
in 1948.in. trace 10us;:causing 10-15 per
cent damage Thedisease may be ncsttced i young plants by the wrinkiing,
roiling and distortion of the leaves and enlargement of the stems of the af-
fected shoots, The effects of the disease are very much pronounced inthe

heads which are generally twisted, yellowish. sticky and remain green for a

*As rule it should have been included in- chapter XVion namatodal pathogens hut for itsearlier lm-eaii-
gations along with fungal diseases.




longer period and are shorter than the normal ones. The infected grains
are black,round,hard and shorisized. They are calied galls,which on break-
ing reveal the presence of a large number of eel-worms when seen under
the microscope{Fig.29). The disease perpetuates, from year {o year
through galls mixed with the seed or those lying in the %0il. The eel-worms
cause infection in the seedling stage. it has been seen that the egl-worms
can remain dormant in the galls over a period of more than ten years,
capable of causing infection when sown with the seed.

Control

It has been shown by experiments that ear-cockle of wheat can be
controlied by sowing seed free from galls. The seed canbe cieaned by win-

Fy 2.8: Ear Cockie of wheat showing distorted heads,
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nowing and sieving or by immersing it in 2 per cent agueous solution of
common salt in which case the galls float on the surface and can be skim-
med off very easily. Three nematocides (Nemagoen, Nemaphos and
Telone) have been tested in artificially infested fields achieving good con-
trol by using Nemagon at the rate of 2.5 gallons/acre. However, compatring
with the floating method, the farm-application of costly nematocides is
doubtful. in varietal trials six varieties have been found to be immune and
twelve highiy susceptible while the remaining thirty-one varieties showed
various degrees of infection ranging between 5-20 per cent. Introduction
of resistance inte high vielding wheat varieties can be a practical
approach, if jointly pursued by breeders and plant pathologisis. Long-
‘range rotation can also be useful for the contro! of soil-borne infection.

9. Rusts Puccinia spp-
Occurrence

All the three rusts (a) black or stem rust (Puccinia graminis tritici),(b)
orange or brown or leaf rust (Puccinia recondita triticl} and (o) vellow or
stripe rust (Puccinia strifformis tritici) are of major impottance and periodi-
cally develop into epidemic forms causing heavy losses.

Stem rust used to be of wide occurrence throughout the country. It
has now been contained with the introduction of resistant varieties from
1966 onwards.it appears generally by mid-February in the southern coas-
tal region, by mid-March in the central region and by mid-April in the
northern regions, '

Leaf rust occurs widely, making its first appearance in the southern
and coastal regions and by early March and April in the central and
northnm regions, respectively. Its incidence started increasing with the
mtroductnon of stem rustresistant varieties which happened to be suscep-
tlbie o stnpe and Ieaf rusts resuitmg in an epidemnc in 1978,

Stripe rustis generally confined to northem'foothilid istrictsand Quet-
ta and tosome extent inthe centrairegion, appearmg inJanuary and con-
~tmusng upto March dependlng upenthe prevalence of low temperatures;
¢ausing. more damage when it also attacks ears and grains (Table 2.5).
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Table 2.5: Tim& of appearance of the three rusts.
R 8 g i o] n 5
Rusts Coastal Southem Central 'North_em

Stem rust  Mid-February  Mid-February - Mid-March Mid-Apri

Leaf rust Early-February  Earty-February Early- Earty-April
March
Stripe rust - -— danuary  Jahuary-
March

The incidence of the three rust varies from year t0 year depending
upon the varietal pattern, favourable conditions of suifable temperatures
and high humidity, succulent plani growth due 1o excessive use of inputs
like nitrogenous fertilizers and irrigation water, and time of appearance of
rust. The annual losses from rust have been estimated at Rs. 30-40 million
while in epidemic years they are very large. For example, the 1877-78
epidemic of stripe and leaf rusts reduced the total wheat production by
2.2 million tons worth US$ 330 mittion.

Syrptoms

Studies carried out on the symptoms of the. three rusts have
emphasised the following distinguishing characters. :

In case of stem rust, elongated, reddish brown pustules appear on
leaves, stem and stem sheaths and sars. Theyincreasein number and size
uttimately rupturlng the cuticle and disturbing the supply of water and rate
of photosynthesis. Within the pustules, uredospares are produced which
may repeat the cycle of infection several times during the crop season. On
maturity black spores (telsutospores) are produced which over-summer
on stray wheat plants at higher elevations or infect barberry plants (Ber-
beris spp.) and produce new infections on next year's wheat crop. New
races may also originate through hybndizatton on barberry plants The
damage done to the crop is quite heavy if the mfec’uon appears in
developing stages of grams accompamed by sudden nse in temperature
and prevalence of hot winds, resulting in Iodgmg of crop and production of
shrivelled arnid lightweight grains.

in leaf rust, the pustules produced are small, efiptical and yellowish-
orange in colour. They develop scattered on the leaves and leaf sheaths
and their number increases through repeated reinfections during ike
season. Early infections may even kil the plants while the late infections
reduce the overall yisid. The mature spores of izaf rust may over-summer
in aecidial stage on Thalictrum, an alternate host plant.

The stripe rust appears on ieaves, leaf sheaths and stems as small yel-
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lowish, pustules arranged in lines, resembling thread stitchings and may
develop sometimes on the ears (out and inside the glumes filled with
spores). Like other rusts, there are repeated infections during the growing
season and over-summering on stray wheat plants in the hills. The damage

caused depends upon the severity and time of infection, resulting into
yield reduction (Figs. 2.10, 2.11 and 2.12).

{b)
(b) Head infection

(a) (b)

Fig. 2.11: Brown or leat rust of wheat (a) Leaf infection (b) Stem infection.
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It will be interesting to give below some of the salient features of the
work carried out by Mehta, during pre-partition period under a rust
scheme sponsored by the Government of undivided India.

Fig. 2.12: Black or stem rust of wheat.

Early Investigations

Germination of Spores

Teleutospores formed in the plains are not viable but those formed in
the hills at lower temperatures can be made to germinate when after some
period of rest, they are frozen for about one week in ice and then kept at
about 4.4° C.

The failure to infect barberry plants in the beginning was due to the
fact that the plants present in the Himalayas had been wrongly named as
Berberis vulgaris. Later on it was possible to infect barberry plants raised
from the seeds obtained from England.

Uredospores of black stem rust stored at 5° C under conditions of 50
per cent relative humidity, have remained viable for about one year.

Alternate Host Plants

Berberis lysium, Berberis aristata and Berberis coviarie are the three
alternate host plants of Puccinia graminis. These have been found to play
very little role in the annual outbreak of black rust in the plains, because
the aecidia are formed on their leaves at such a time when the wheat crop
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in the hills is over and by the time the next wheat Crop is sown, aecideos-
pores are not in & viable form. Similarly, Thalictrum which is possible alter-
nate host plant for brown or leaf rust, does not play any important role. No
aiternate host plants have been found for yellow or stripe rust.

Annual Outbreak

in the plains, the summer heat that follows the harvest, kills all the
uredospores of the three rusts. Consequently there is no local source of
infection when the next wheat crop is sown in the plains.

In the hills, on the other hand, all the three rusts have been found to
over-summer in stubbles, volunteer wheat plants and out-of-season wheat
crops at different altitudes ranging from 1350- -2500 m. (Yellow rust from
2500-3000 m;, leaf rust from 2000-2300 m and black rust from 1300-1600
m).

Wheat cropsin the hills become infected rather early in the season in
the neighbourhood of rusted volunteer wheat plants and the uredospores
are disseminated by winds to the foot hilis which are responsible for caus-
tng further infection in the plains.

The direction of air currents in the manths of January, February and
March has been found to be from hills towards the plains.

Spores of ali the three rusts have been caught on aeroscope slides at
a large number of stations in the plains before the local appearance of
rusts, showing thereby that the spores are introduced through air currents
coming from hiils.

Black rust is able to withstand warm weather better than yelow rust,
which thrives under cool conditions, the leaf rust pecupies anintermediate
position. As a consequence of temperatures prevailing during the growing
season the yellow and leaf rusts are common during January-February
and black rust in the months of March-April.

Physiolagical Races

As already menticned under alternate host plants, the role played by
barberry planis is of very little importance in the outbreak of rusts in Pakis-
tan and therefore due to less frequent chances of hybridization the num-
. -ber.of physieiogical races is also very small as compared to that found in

foreign countries. Nine races of black rust, 8 of ieaf and 10 of yellow rusts
- were discovered upto 1933 in the sub-continent of indo-Pakistan.

Control Measures
Clean up campaign of self-sown wheat plants in the hills had. been re-
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sommended in order to eradicate the foci of infection. This carripaign,
however, did not hold out any good promise on account of it physical
impossibility and uneconomic nature. Suspension of wheat and barley
crops in the hills was further recommencded. This was also not practicable.
The best method is to evolve rust resistant types of wheat.

Varietal Resistance

None of the wheat varieties was found 1o be resistant to all the races
of the the rusis.

Post-Partition Studies

A good deal of work has been carried out during the post-partition
period on the rusts at different research stations, especially under the
coordinated programme of the Cereal Diseases Research Institute, initial-
ly started in 1955 The main achievements are given in Chapter XX show-
ing that productive and weli-coordinated research programmes have
been in progress which have paid rich dividends in containing the three
rusts. However, there is a need to continue and strengthen such pro-
grammes for safe guarding against the new physiological races in order to
maintain stabilized production and avoid epidemics.

The salient features warth mentioning are that although during the
past 50 years there have been fluctuations in the frequency of races, the
number of races remained constant for leaf rust while it increased by Zand
4 in case of stem rust and stripe rust, respectively (comparing with those
reported by Mehta in 1933 (Table 2.6).

Tabie 2.6: Number of races of the three rusts reported in 1933 and 1982

Rust 1933 1989

Stem rust 9 11
Leaf rust 8 8
Stripe rust 10 14

This is probably due to less chances of hybridization because of the
fittle role played by barberry and other aiternate plants in the sub-con-
tinent of Indo-Pakistan. |t facilitates the breeding programmes uniike in
European countries where the number of races is comparatively much ar-
ger. Moreover, these races have not shown any regional specificity as they
are mostly present in thefour provinces of Pakistan as'well as in the coun-
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tries of the Near East region. Amongst the alternate hosts, barberry and
Thalictrum spp. bave been found to help over-summering besides the
volunteer wheat plants in hilly areas. it is interesting to note that uredos-
pores of stem rust were found to over-summer in the experimentat wheat
plots sown side by side at weekly intervals during May-October, 1955-59
at the Tarnab Agricultural Research Institute {temperature going beyond
42° C}. This shows that uredospores of Puccinia graminis tritici can survive
high temperatures of summer, if fresh wheat planis are available for infec-
tion; which is contrary 1o the earlier conclusions reported by Mehta.
Since 1875, efforts are underway on the analysis of virulence geriesin
stern ang leaf rust pathogen populations by testing them under green
house and field conditions against the known menogenic fines containing
St and Lr genes. Investigations on genetics of resistance carried out by
Attaullah (a Pakistani Scientist) in Australia have shown that Khapiiemmer
possess two dominant genes for resistance to Australian stem rust strains
21-2 and 222-4 and one dominant gene to strain 126-1. The gene Srt 1
conditions type 1-reaction to all strains while Srt 2 produces 1-X type-
reaction to strains 21-2 and 222-4. Both the genes have been found to
produce additive effect. Adult plant resistance alsc depends upcn the
dominant genes, which are either same or closely linked with those res-
ponsible for seedling reaction in the green house. Similarly, two Ethiopian
wheat (St. 464 and C.I. 7778) have heenfound to possess the same allelic
or very closely linked genes for resistance to Austraiian strains of stem
rust. They seem to have three dominant genes designated as Srt 1, Srt 3
and Srt 4. Similar studies carried out on four durum varieties have shown
that each of these varieties have two different dominant genes (8rt 1 and
Srt 5, Srt 3and Srt 10, and Srt 8.and Srt 9) and one variety has two recessive
genes (Srt 16 and Srt 17). Studies on inberitance of leaf rust resistance in
two varieties have shown that resistance in C.1. 7809 to Australian strain
135Dis condlttoned by a dommant gene Ln‘ 1 and two recesswe genes Lt

andirt2, respe&‘:tlveiy
s controffed by two reces-
have been reported from

ing varieties, Thus these mvestigatlons hold-good promise of developing
broad-based resistant vanetles ‘of more tas‘flng nature, containing both
vertical and horizontal sources of resistance. Promising high-yielding
resistant lines must be always kept in the pipeline for the early re-
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placement of varieties, developing susceptibility.

Work carried out during 1972-76 on stem rust of wheat has identified
some resistant varieties under artificial inoculation conditions both in the'
green house and in the field. This has provided useful sources of broad-
based resistance either for yield testing and direct introduction or for use
as resistant parent stocks (for details see chapter XX).

Recent studies carried out at Faisalabad on control of leaf rust
through fungicidal sprays have shown above 100 per cent average
increase in 1000 kernel weight and nominal to above 150 per cent yield
increase in two wheat varieties (WL-7 11 and Blue Silver); fungicides Indar
70LC, Daconil 75 WP, Bayleton 25 WP and Plantvax 75 WP giving better
results. However. its large-scale application on time is questionable.

10. Downy Mildew — Scleropthora (Sclerospora) macrospora (Sacc.)
Shaw and Naras

Symptoms and Incidence

With the large scale introduction of Mexi-Pak, the occurrence of mil-
dew was first time recorded in 1969 from Hyderabad region, showing upto
5 per cent infection and was later on reported from the Punjab in 1976. It
infects maostly varieties of Mexican origin. Since then it has beenpresentin
traces here and there and has not and is unlikely to assume an economic
importance because of lack of favourable temperature conditions in
wheat growing areas of the country. The infected plants show variable
symptoms including dwarfed thickened and twisted upper leaves, distor-

2 »

Fig. 2.13: Downy mildew of wheat.
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ted ear heads, elongated and twisted or bent-back rachis and curled and
distorted awns (Fig. 2.13) which resemble to those reported by foreign
scientists. Examination of transverse section of leaf sheaths, has shown

the presence of cospores around the vascular bundles and some
remanents of intercellular mycelium.

The other minor diseases reported are powdery mildew (Erisiphe
graminis), leaf blight (Helminthosporium sativa), alternaria blight and head

blight (Fusarium sp.) on which practically no work has been done
(Fig.2.14).

(d)

(c)

Fig. 2.14: Minor diseases of wneat. (a) Powoery mildew (b) Helminthosporium blight (c) Alternaria
leaf blight and (d) Head blight. 55



Control

No work has been done on control measures. In view of the large
scale introduction of Mexican genetic stocks, it is necessary to screen the
material thoroughly to avoid inadvertent spread of the disease. However,
built-in varietal resistance may lead to practical control of this potentially
threatening disease.

Barley

1. Loose Smut, Ustilago nuda (Jens.) Rostr.

Occurrence and Symptoms

The disease occurs throughout the country in traces and upto 3 per
cent in more humid areas, fluctuating according to the climatic conditions
during the flowering period. Like loose smut of wheat, it is essentially a
disease of ears, which emerge earlier than normal ones, containing smut-
ted grains covered with delicate membrane rupturing with time and releas-
ing a mass of dark brown spores (Fig.2.15). The extent of damage corres-
ponds to the percentage of infected heads.

Fig. 2.15: Loose smut of Barley.
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Pathogen and Perpetuation

The spores of the Ustilago nuda, the causal fungus, are dispersed by
wind, rain and insects, falling on the healthy flowers, where they germinate
and infect the developing grains, which when used as seed produce smut-
ted plants.

Control

Like loose smut of wheat, hot water treatment or use of systemic fu-
ngicides can help in controlling the disease. Some exotic varieties, found
to be loose smut resistant, need to be yield<tested and used in the breed-
ing programimes.

2. Govered Smut, Ustilago hordei

Occurrence and Symptoms

Covered smut has been found tc be present in aimost every field of
barley throughout the country from traces upto 5 per cent, with higher inten-
sitieg in sub-mountalnous areas. Like bunt (Tilletia tritici) of wheat, the
disease appears at the heading stage developing diseased or smutted
ears, which are produced on all the tillers of an infected plant, The smutted
grains in the ear are enclosed in a sac which does hot break except during
harvesting and threshing operations (Fig. 2.16). it reduces the yield
proportionate to the diseased plants.

Fig. 2.16: Covered Smut of barley.
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Pathogen and Perpeluation

The spores of the fungus Ustifago hordei when coated on the surface
of the seed have produced the diseased plants in experimental crops.
These spores have beén isolated from the barley seeds due 1o their con-
taminaton during harvesting and the threshing operations. The mode of
perpetuation is seedling infection like bunt of wheat, showing the disease
symptoms at ear formation stage.

Factors Influencing the Dicsease incidence

Like other seedling inféctions; covered smut of barley is also in-
fluenced by depth of sowing, high soil moisture and oplintum temperature
at the seeding time, consequently facilitating its control through modifi-
cations in cultural methods. Varietal variation in disease reaction has aiso
been discovered.

Control

I resistant varieties are not available, the disease can easily be con-
trolled by:
i) Seed treatm ent with any of the copper-based fungicides or orga-
nomercurials as recommended in the case of bunt of wheat;
i) © Change in seeding time or method (shallow sowing in dry soil, with
immediate application of water);
i} Using healthy seed obtained from a healthy crop.

3. Leaf Spot, Heim ativum Par; King and Bakke

Occurrence and Sympts

Leaf spot or spot blotchis found to occur throughout the country in
various intensities but:{ amage: caused o1 serious, except under
high conditions of mfect{on The Sease can ppear in different stages of
plant growth causing & irig “blic ; i rot resuiting into poor
stand of crop in ear ants it causes round or
elongated leaf spots wi mber coalescing to form
large dry blotched areag kernels are also infected
developing brown discoloy g, sterility or improperly
developed grains (Fig. 2.17). T

Pathogen and Perpetuation
The fungus Helminthosporium sativurn has been isolated from con-
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taminated seeds as well as from diseased plant debris and has praved io
be pathogenic oninoculation. The disease is carried over either by sowing

infected seed or healthy seed in infected field containing crop residue. It
ailso produces spores, which cause secondary infection during the
growing season, when blown by wi T rain splashes, It can also attack
wheat and some grasses and the r d species like oats and rice.

Fig. 2.17: Leaf Spot of Barley.

Control

Many seed disinfectants have controlled the seed-borne disease but
not the debris-borne or the secondary infections. Development of resis-
tant varieties is the only possible and economical contro! measure on
which work-needs to be concentrated.

4. Powdery Mildew Erysiphe graminis hordei E. Marchal
Occurrence and Sympioms

The disease accurs in traces mostly in cooler areas of the country,
causing slight losses to the crop. It starts with the appearance of powdery
fungal growth on-leaves, leaf sheaths and sometimes on fioral bracts as
scattered spots, which increase in number and size covering large areds.
The affected leaves and plant parts turn yellow and dry subseguently,
affecting the weight and size of the grains {Fig. 2.18).
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FPathogen and Parpetu&i?ﬁn'

The disease s causn doy & rsiphe gramin ch has a wide range of
host plants comprising grasses and cereals The flingus remains viable in _
the form of spores enclosed in black dot like fruiting bodies, while the se-
condary infections take place through conidia disseminated by wind dur-
ing the growing szason. Variation in varietal reaction has been noticed;
most of the iocal varieties being susceptible. '

Control

Since fungicida! control is uneconomical andimpracticable; develop-
ment of resistant varieties is the anly practical method. Very littie work has
been carried cut in the country except some varietal screenmg under
natural conditions of infection.

In short, very little work has been done on diseases of bartey in Pakis-
tan except on seed-porne fungi and the above mentioned preliminary stu-
dies. Although the area under barley is medium, this crop has a big scope
for expandad hectaragé through réplacing wheat in marginal land (rainfed
and/or saline areas) and its use as a fodder and feed for livestock and poul-
try. Much more concerted efiorts are needed on the development of high-
yielding and disease resistant varieties -(meant for grain or fbrage) suited
to various ecologica!l conditions in the country.
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Summary

Satlient features of investigations carried out on loose smut, flag smut,
septoria leaf spot, foat-rot, black point, bunt, new bunt, ear cockls, rusts
and downy mildew of wheat have been given.

Forthe control of loose smut of wheat hot water treatmerit of infected
grains has not only been simplified but aiso a very simple and foc] proof
solar energy method has been developed. This consisis of scaking the
sesd in ordinary watar on a clear sunny day for four hours in the moming
and spreading it in the sun in thin layets to dry. New systemic fungicides
like Vitavex or Benlate have also been found to control the disease effec-
tively which should preferably be used at the seed multiplication source
because of their high cost and intricated nature of treatment.

in the cage of flag smut of wheat, which is a serious disease of sub-
mountainous districts, its modes of perpetuation, factors affecting the
incidence and control measures consisting of seed disinfection, culiural
methods and resistant varieties, have been determined. i has been found
that seed-borne infection can be successiully controlled by seed disinfec-
tants like ceresan and copper carbonate, while:soil-borne infection canbe
reduced considerably by broadcasting the seed in a field to which waler is
applied immediately after sowing or by sowing wheat early. Work hasalso
been carried out on the physiologic specialization of Urocystis trifici, the
causal fungus of flag smut, by comparing 11 coflections from USA, Aus-
tralia, China, ltaly, Cyprus and Pakistan.

- Septoria leaf spot has been studied in detail as regards physiolbgy
and morphology of septoria species isolated from iocally infected plants
and two other spp., Sepiloria tritici and Septoria nodorum. Modes of per-
petuation, factors affecting the incidence and measures to control the
disease have also beenworked out. Apart from suppreassing the sourtesof
infection, the most economical and practical way for controlling the
disease is the development and large-scale use-of the resistant varieties.

Foot rot of wheat, erroneously attributed by tarmers to white ant
attack, has been found to be caused by the fungus Heiminthosporium
sativum, which is sometimes assoctated with Fusanum and Alternaria spp.
The fungi causing foot rot and the one pmducmg leaf spot have been
s_h_own to be 1_den‘t|c_:al it has aiso been found out that Helminthosporium
s_é_tlvum, isolated from black-pointed grains can also cause foot rot. Fac-
tors aﬁectihg the incidence and medsures to control the diséase by seed
disinfection, cultural methods and resistant varieties have been studied.

Bunt of wheat, -which was hitherto considered to be exclusively
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carried through contaminated seeds, has been discovered to be soil-
borne also. It has been found out that under severe conditions of infection
the diseased ears also show pronounced elongation varying from 30-45
cm as compared to 10-12 ¢m, the normal size of healthy ears. Factors
affecting the incidence df the disease and control measures including
seed disinfectants and resistant varisties have been worked out.

in the case of new or partial bunt of wheat, the infection has been
found to take place by air-borne sporidia when the wheat ears are in
preanthesis stage. Weather conditions prevailing at the time of earing and
grain formation exercise a profound effect on the incidence of the disease.
High humidity and comparatively lower temperatures at the time of ear
formation are conducive to the development of the disease.

Ear cockle is controlled by sowing seed free from galls which can be
removed by seiving and winnowing or by immersing the seed in salted
water and skimming off the galls. Out of the tested nematocides, Nemafos
and Telone have provided good contrel but their farm-applicationis cosily.

Rusts of wheat, which constitute a continuing threat to healthy cul-
tivation of wheat, have been found to perpetuate through uredospores
which remain viable during summer on stubbles and volunteer wheat
piants and out-of-season wheat crops at different altitudes ranging from
1350-3000 m (yeliow rusts from 2500-3000 m, leaf rust from 2000-2300
m and black rust from 1300-1600 m). Wheat crops at high elevations get
infected rather earlier during the season in the neighbourhood of rusted
valunteer wheat plants and the uredospores are disseminated by winds to
the foot hills and then to the plains, causing infections. The direction of air
curents in the months of January to March have been found tobe fromhill
towards the plains. Alternate hogt plants, which have been determined for
black and teaf rusts, have been found to play very little role in the annual
outbreak of rusts in the plains. No alternate host plant has so far been dis-
covered for yeliow rust. Stem rust has been made to oversummer in ex-
perimental wheat plots sown side by side at weekly intervals. Work carried
out gn the development of resistant varieties from 1968 onwards has paid
rich dividends in containing the three rusts. it needs to be strengihened
and continued embracing other diseases also.

As regards diseases of barley a brief account of loose smut (Ustitago
nuda), covered smut (Ustifago horded), leaf spot (Helminthosporium
sativum) and powdery miidew (Erysiphe graminis), has been given cover-
ing occurrence, symptoms, pathogens, perpetuation and control
measures. In view of the increasing importance of barley much more con-
certed efforts are needed on the development of high-yielding and
disease resistant varieties suited to the different ecological conditions in
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the country,
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Chapter Hi

Rice

Therice OCCUDIE'.'S an mportant pos:tlon amongst the food grain crops

and is very suited for th localities where: Elthel‘ Khanf (summ er) water sup-
ply is abundant or where:d 5¢in the gro. ter

sible to grow other _cr_' Atthough nce s grown in small areas in many
parts of the country;t: tral and southermdistricts af the Punjab and Sind,
respectively, are very well su:ted for tts cultwa n The area under this
crop is about 1.9 mlmon hectares With a aver ge }/i&id of 15671 kg/ha.
Pakistan grows’ bothi fine -and ‘codrse varieties; out of which Basmati
(a fine type) has an established overseas market and selis at a high
premium. The country has not only achieved self-sufficiency, it also ex-
ports sizable quantities of rice (0.4 miliion tons) earning an appreciable
amount of foreign exchange. This crop is subjected to many diseases and
the results of the investigations carried out on some of them are given
below:-

1. Stem Rot, Sclerotium oryzae Catt

Stem rotof rice is animportant disease as it brings about losses vary-
ing from betow 1 to 26 per cent, while in many individua! fields the damage
caused surpasses even 80 per cent or more. The average losses can be
taken at 2 per cent.

Symptoms

The plants, when they are about 2-3 months old, begin. to wither and
uttimately dry up, the sheaths soon turn somewhat dark and start rotting.

61



At this time the fruiting bodies (Sclerotia) of the fungus appear as small
black dots at the base of the dried leaves and certain leaf sheaths. At first,
small darkish spots appear and then the infection spreads involving the
whole internode below the affected leaf sheath. The infected part of the
stem begins to rot and becomes so soft that it collapses and the plant falls
down. In severe cases the affected shoots dry up altogether and if they
remain green, the ears are totally or partially sterile (Fig. 3.1).

Fig. 3.1: Stem rot of Rice.

Pathogen

All the isolations, made from the dark spots present on the infected
stems and leaf sheaths, yielded the fungus Sclerotium oryzae. Detailed cul-
tural studies were carried out on this fungus in the laboratory.

Inoculation experiments, conducted in pots as well as in the field,
showed that the fungus Sclerotium oryzae was parasitic on rice plants.
Seeds, contaminated with diseased rice stubbles or pure cultures of the

fungus, produced infections ranging between 4-15 per cent in pot ex-
periments

Modes-of Perpetuation

The disease is produced when seed is sown directly or when trans-
AR



planted seedlings are raised on infested soil. Rice grown on fand, which
carried a diseased crop in the previous year also becomes infected.

Nature of the Pathogen

Scierotium oryzae s pleomorphic fungus, producing 3 kinds of dii-
farentiated fruiting organs viz., the sclerotium, perithecium and conidium
in its life cycle. These stages of the fungus are respectively recognized as
S. oryzae, Magnaporthe salvinii and Nakatea sigmoidea. In Pakistan only
the sclerotial stage is associated with stem rot of rice while the perithecial
and conidial stages have not been observed either in culture or in field.

Poputation and Viability of Sclerotia

A wet sieving and floatation technigue, developed fo study the popu-
lation of sclerotia of S. oryzae in'soil, has shown that the number of sclero-
tia is high under wheat (26-35 g-') or fallow fields (1 2-15g-1) as compared
to rice crop (4 g-'). Greatest numbers of viable s¢lerotia have been found
in surface soil with a gradual decling in numbers at increasing soil depths.
The sclerotial population increases when soil is turned over irrespective of
the removal of stubbles. S. oryzae was also first time found on Echinochiloa
sp. growing as a weed in paddy fields.

Antagonism

Of the 63 different isclates of fungi and 27 other micro-organisms
(16 of actinomycetes and 11 of bacteria), obtained from soil and infected
paddy stubbles, many have inhibited the growth of Soryzae in agar cul-
ture, The important ones are Trichoderma hamatumn, T. harzianum, Stachy-
botrys atra, Aspergilfus flavipes, Arugufosus, Peniciflium purpurpogenum,
Pseudoarachinotus roseus, Streptomyces albus, S.nouresi, S. rimosus and
Bacilius spp. It has also been found that T. hamatum reduced the sclerotial
production and parasitized the scierotia of S atra.T. harzianum, Strepto-
myces sp., and Bacillus spp. have neither reduced sclerotial numbers nor
affected their viability, Of these, two strains of Bacifii are more effectivein
reducing the viability as compared to fungi or actinomycetes.

Factors Influencing Sclerotial Population

Amoang the inorganic fertilizers, nitrogen, phosphorus and potassium
have shown little difference in population density of sclerotia, However,
none of the sclerotia.can remain viable after 10 days in ammonium sul-
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phate and urea at 1000 and 10,000 ppm. Urea used at the rate of 200
ppm in field has shown increased sclerotial viability with no significant
difference in Disease Severity Index.

The soil amendments with dried stems and leaves of luceme at 5 per
cent w/w have not changed the population of sclerotia but reduced their
viability 16 zero after 40 days, as compared to rice, wheat and mustard
amendments. Amendment at 1 per cent level has been less effective.
Combined effect of organic amendments and ammonium sutphate has
shown constderab!e loss in viability of sclerotia at 75 and 100 per cent
moisture levels. The production of sclerotia is greatly reduced in soil dur-
ing early stages of decamposition of mustard, luceimne, rice and wheat
residues; probably due to volatile substances, produced during decom-
position which also inhibit germination of sclerctia: The naturé of the
volatile substances has not been studied.

Repeated cycles of hydration and desiccation have not affected the
viability of sclerctia while solarization of soit through muiching with tran-
sparent sheeting of polyethylene has resulted in complete foss of sclero-
tial viability. it has been found out through experiments at 3 places
{Karachi, Sakrand and Lahore) that mulching of soil infested with Sclero-
tlum oryzae, moist or dry, with transparent potye._thylene sheeting during
May and June increased soif temperature from 37°C ambient to 489C and
resulted inloss of viability of scierotia. Mulching of soil has not affectedthe
number of sclerotia but reduced their viability by 100 per centto a depth
of 5 cm after a minimum of 3 day mulching treatment. Sclerotia from. 20
cm depth, when brought back to the surface, were aisokitled after another
4 days mulching treatment. Although mulching tréatment has shown
increase in yield by 22.8 per cent, there has been no significant difference
{p=75 per cent) in number of culms and Disease Severity Index (DSI)
Similarly mulching of soil during winter months has reduced sclerotial via-
bility by 40-60 per cent in 7 days.

These results hold out a promise of developing some practical ¢ul-
tural control measures based on the use of soil amendments through
suitable crop rotations, combined use of soil amendments and
ammonium sulphate, exposure of rice stubbles on the soil surface, use of
some antagonistic organisms and mulching technigues for raising soil
temperature above 48°C,

Varietal Resistance

Nineteen varieties were tried and it was found that they differed
markedly as to their relative susceptibility to the disease. Varieties No. 14,
348, 346, 360; 3/30, 337/A, 202, 125 and 278 were susceptible, the infec-
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tion percentage varying from 72 1o 96, while Basmativarieties like 370 and
7 were less susceptible although the infection percentage in some cases
was as high as 20.

Control Measures

1. Infection is reduced if late sowing or lale transplanting is carried
out butis not recommended onaccount of its having adverse effect onthe
yield of the crop.

2. Keeping water stagnant throughout the growing period of crop
increases the incidence of the disease. If water is drained off frecqquently,
the incidence of the disease is reduced. '

3. The Basmati and Mushkin groups have been found to be resistant
to the disease while Sathra and Son are very susceptibie.

4. Burning of diseased rice stubbles in situ eliminates the disease
whereas it varies from 6-18 per cent when the diseased rice stubbles are
not burnt, '

8. Use of cultural control measures including soil amendments
(through suitable crop rotations), antagonistic organisms, mulching and
exposure of rice stubbles on the soil surface holds good promise.

2. Blight or Brown Spot, Helminthosporium oryzae Breda de Haan.

Occurrence, Symptoms and Perpetuation

Rice blight (which was formerly known as brown spot) occursinalithe
rice-growing. areas of Pakistan in various degrees, appearing in the middle
of August because of comparatively lower temperatures and higher hu-
midity. it can attack the plant at any growing stage, causing seedling and
adult plant infections. infected seeds show rotting and poor germination,
which reduce the crop stand. It appears on foliage as scatiered brown
spots, which coalesce and result in withering and yeliowing of leaves. i
also causes sterility, reduced seed setting, shriviting and tow yield of
grains (Fig.3.2). The causal organism, Helminthosporium oryzae, hag been
extensively studied in culture for its growth, morpholegicat characters, nu-
tritional and temperature requirements and pathogenecity, showing wide
nutritional and host range requirements. The disease is seed-borne as well
as prodiced through disease plant debris and infested soil. The secondary
infections develop through air-borne spores and irrigation water.
Cuitural and Pathogenic Variation

Fourteen monoconidial isolates of Helminthosporium oryzae
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cbtainegd from typical blight lesions occurring on different rice varieties,
have been studied on five culture media (basal medium adjusted to pH 7)
at six temperatures. The main resulis are:-

The monoconidial isolates comprised at least nine cultural races
differing in colony diameter and other cultural characters;

Five isclates have shown the best growth on Richard’s agar, four
on basal medium, three on oat meal and two on potato dextrose
agar, showing varying nuiritional requirements;

The size of conidia was almost the same in ali the isolatés while

- three isolates have shown marked difference in conidial septation:

The isolates have aisc shown some differences in their tempera-
ture requirements of either 35° C of 30° C, while the best

sporulation of three isolates occurs at 36° C. There is a reduction
in conidial size at higher temperatures. The minimum and maxi-

mum ternperatures are 5" C and 40° C while the lethal temperature
is 557 C. '

Allthe isclates have shown good growthwithinthe pHrange 3 2to
8.1 the optimum pH being 6.0

On the basis of pathogenecity tests on four rice varieties, the 14
isolates can be grouped into five pathogenic races (Table 3.13.

Table 3.1. Reaction of four varieiies of paddy to five pathogenic races

Race

U W Ny -

of Helminthosporium oryzae*.

Basmati Paiman Sathra Jhona - Isolates
370 246 278 349
R S S S 2,39
R R S S 57,11
R 8 R ) 8
S R S S 13
5 S S S - 1,4610,
12 and 14

*# und 5 denote resistant and _‘éusc_ephbie reacton.

In view of the wider requirements of the pathogen and occcurrence of
five physioclogic races, the development of resistant varieties is compli-
cated and assumes greater importance, needing more concetted efforts
to find polygenic resistance.

Varietal Resistance
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some of them (Hybrid Kangni X Kolumbia 184 called Silver Jubilee and Hy-
brid 38-845-70) have a high degree of resistance while Kangni 27, Sonhari,
Dokri Basmati and some IRRI varieties have medium resistance.

Controf

The seed (or primary) infection has been found to be centrolled aither
by hot water treatment {54° C for 10 minutes) or with seed dressings (Cu-
pric oxide, Dieldrex, Granosan N1, Arasan or |.D) while the secondary
infection is controlled by repeated sprays with chemicals such as Perenox,
Zerlate, Parazate, Fermate or Dithane. Soil-surface borne infection can be
eliminated by destruction of diseased plant debris and clean cultivation.
This integrated approach, to be followed by afl the farmers, is quite difficult
and impractical. The best possible control measure, therefore, lies in the
built-in resistance of the rice varieties.

3. Bunt, Tilletia barclayana (Berf) Sacc. and Syd.

Occurrence and Symptoms

Bunt or Kernel smuthas beenrecorded in Sind on all the IRR! varieties
with the percentage of infection ranging between 0.8 to 5.5 and in other
varieties like Kangni 27 and Jajai 27. i has aiso been reported from Hafiza-
bad and Kala Shah Kaku in the Punjab. Surveys carried out from 1967
onwards have shown the "presence of the dissase in almost all the rice
growing areas from traces to appreciabie amounts. |RRI varieties have
been infected as well as others Jike Sathra 278 and Jhona 349. The
- disease appears as minute black pustules or streaks bursting through the
giumes, while the grains {(which contain masses of black spores) are par-
tially or completely inffected (Fig.3.3).

Perpetuation

The disease could not be produced through artificial seed or soil
infections while floral inoculations using Moore's partial vacuum method
with agueous sporidial suspension could praduce the disease in upto 84
per cent of plants.

Varietal Resistance

The 364 rice varieties, tested under artificial inoculation conditions
during 1967-71 at Kala Shah Kaku, were arranged into three groups se-
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parately on head basis (0-10 per cent = Resistant, 11-40 per cent =
Intermediate and 41-100 = Susceptible)and on grain basis (0.02 percent
= Resistant, 0.3-1.5 per cent = Intermediate and 1.6 per centormore =
susceptible). Only seven fine varieties (622 B, 66107 B, Imperial blue rose,
197 B, 198 B, Jajai and Bengalo) have been found to be resistant (0.2 per
cent grains infected), 29 varieties intermediate (0.3-1.5 per cent grains
infected) and the remaining varieties susceptible (which also included
most of the coarse varieties). However, it will be interesting to correlate the
varietal reaction with the temperature, humidity, wind velocity during the
flowering period.

B4
%
-8
%

3

Fig. 3.2: Brown Spot of Rice.

Physiologic Specialization

Inoculations of 12 selected varieties with 19 representative samples
of the pathogen, collected from various places, have not indicated the
presence of different physiologic races in the country.

Control

Since the disease perpetuates through floral infection in preanthesis
stage, the development and large-scale cultivation of resistant varieties is
the only practical solution.
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Fig. 3.3: Bunt of Rice.

R

Fig. 3.4: Blast of Rice.

4. Blast, Pyricularia oryzae Cav.

Blast has been recently recorded in traces in Sind on IRR! varieties
and is stilt a minor disease. Higher fertilization of the crop is conducive to
the development of the disease. However, it is a serious disease of many
South Asian countries. The IRR| scientists have identified 255 races of
Pyricuiaria oryzae and only a few varieties have consistently shown a
broad spectrum of resistance, suggesting thereby that quantitative resis-
tance may probably be the only hope (Fig. 3.4). The bacterial and viral
diseases of rice have been given in separate chapters. However, typical
leaf lesions produced by seven rice diseases are shown in Fig. 3.5.
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Typical Leaf Lesions of Seven Rice Diseases

Biast Brown Cercogpora Bacterial Leaf Smut Bacterial  Stackburn
Spot  Leaf Spot Leaf Streak Leaf Blight  Disease

All the diseases iHlustrated sbove ere found throughout southéast Asia, atthough leaf smut and
stackburn disease are rare. The diseases are caused by the following organisms:

Blast, or rotlen neck: Piiculara oryzae - a fungus.

Brown spot, brown leaf spot, sesame leaf spot, Heiminthosporium leaf blight ar spot: Cochfio-
bofus miyabeanus {-Helminthospordum oivzae) — a fungus.

Cercospora leaf spat or blight, namow brown |saf spot, namow brown spot: Sphaenifina orizina
{-Cercospora oryzae) — a fungus.

Bacterial leaf streak: Xanthomonas transitcens f sp. arvzae — & bactadum.

Leaf smut: Entyloma onyzae — a fungus.

Bacterial leaf blight: Xanthomonas oryzae — a bacterium,

Stackburn disease: Trichoconis padwickk — a fungus.
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Summary

As rice provides staple food and earns foreign exchange, it occupies
an importiant position in Pakistan agriculture. The rice crop is subjectto a
number of diseases both of minor and major nature causing considerabis
losses.

Stem rot manifests itself on 2-3 months old plants causing withering
and drying,rotting of sterm near the soil level and ultimately the plants fall
down. Fruiting bodies of the fungus(sclerotia) appear as small black dots
on the infected portions. In severe cases the affected shoots dry up and if
they remain green the ears are totally or partiaily sterile. The disease is
produced when seed is sown directly in infested soil or when seedlings
raised in infested soil, are used. Rice grown on land, carrying the diseased
crop in the previous year, becoms infected, Investigations carried out on
nature of the pathogen, population and viability of sclerotia, antagonistic
fungi and factors influencing sclerciial populations have given some
interesting results, indicating the possibility of developing cuiturat contro!

‘measures based on the use of soil amendments, antagonistic organisms,
mulching and exposure of rice stubbles on the soil surface. Varietal resis-
tance trials have shown that varieties differ markedly in their relative sus-
ceptibility to the disease. Work has also been conducted with a view to
finding suitable conirol measures other than use of resistant varieties.

Blight or Brown spot which occurs in various intensities throughout
the country appears in the middie of August and is influenced by com-
paratively low temperatures and high humidity. {t can attack plants at all
stages causing rotting of the seed, poor germination, witheringand yellow-
ing of Ieaves, and sterility or reduced sead setling. Studies have been
carried out on cultural and pathogenic variation of the causal fungus Hei-
minthosporium oryzae showing its wider nutritionat requirements and host
range. On the basis of pathogenecily tests, 14 isolates have been grouped
inte five pathogenic races. Investigations on varietal resistance have
shown a great variation in their disease réeaction. As a result of work on
control, sorhe measuras have been suggesied inciuding hot water treat-
ment of seed, seed dressing and chemical sprays; although the best pos-
sitle control measure fies in the development of resistant varieties.

Bunt or Kernel Smut is present in various intensities throughout the
country. 1t is essentially a disease of the grain which is paitially or com-
pletely infected and contains a mass of black spores, perpetuating from
vear to vear through floral infection, The varieties tested have shown a

" range of reaction to the digease falling into different groups; a few being

resistant. Because of the fioral nature of infection, the development and
cuitivation of resistant varieties is the only praciical way of controlling the
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disease. This aspect needs more concerted effarts,

Some preliminary studies have been reported on minor diseases such
as cercospora leaf spot and ieaf scald with suggestions to strengthen and
pursue researches at national level.
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Chapter 1V

Sorghum, Millet and Maize

The sorghum or Jowar, occupying about halfa million hectares, is one
of the important crops of certain areas of Pakistan, where it serves a dual
purpose, being used for fodder and as grain. Sorghum is-a kharif crop and
is sown in April-duly and harvested in July — November. it occupies an
important positionn in the. Divisions of Rawalpindi, Sargodha, Multan,
Bhawalpur, D. |. Khan, Sukkhar, Hyderabad and Sibi, where it is mostly
used as a grain crop. This crop'is subjected to anumber of fungal diseases,
which reduce the vield and bring about heavy 'I'oss_e's;-:s_ome of the diseases
like grain smut, long smut, red feaf blight and leaf spots have been under
investigation for a number of years. The résults of importance are sum-
marized below. ' e

Sorghum

1. Grain Smut, Sphacelotheca sorghi (Link) Clint.

Qcceurrence and Symptoms

Grain smut is of commaon occurrence and is found almost in all the
fields ranging hetween 3 to 10% and sometimes as high as 30 to 50 per
cent., Asitis essentially a disease of grains, itis noticeable in the grain form-
ing stage. Mostly all the grains on the head are infected, and are transfor-
med into white greyish sacs (smut sori), which are slightly pointed to oval
in shape and are filled with chlamydospores of the causa! fungus instead
of starch{Fig. 4.1). Suchinfectied heads on harvesting and threshing break
up releasing a multitude of spores, which either fall on the soil or stick on
the surface of healthy seeds causing contamination.

79



Parpetuation

The disease is caused by Sphacelotheca sorghi which produces
round te slightly oval spores, brown 1o brownish olive in colour (measur-
ing 5-2 u); and can germinate easily in water over a wide range of tem-
peratures. The disease is carried over from year to year through con-
taminated seeds. The appearance of the disease is influenced by the soi
temperature at the time of soewing; 25-30° C being more suitable. The
incidence of the disease is reduced in late plantings when: the soil tem-
peratures are 35-40° C.

Fig. 4.1: Grain Smul of Sorghum.

Control

1. All the local cultivars have been found to be susceptible, with
infections ranging between 20-80 per cent. Of the 25 varieties tested in
1973, five varieties (Lyallpur Hybrid, 1616 X PRS, $81, V-3 and Sorokar-
toho} proved to be tolerant; producing upto 10 per cent infection.

2. The disease can be completely controlled if the seed is dusted
before sowing with either powdered copper sulphate, copper carbonate,
caresan or sufphur at the rate of 4 g/kg. Seed freatment with formalin solu-
tion (one part of formalin in 320 parts of water) is also an efficient method
of contral. In recent studies many other chemicals {organomercurials and
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copper or suiphur — based) have been found to control the disease suc-
cessfully. Seed treatment also improves the germination capacity, vigour
of seedlings and vield by 20-30 per cent besides being the cheapest
method of controliing the disease However, heavily contaminated seed is
more difficult to disinfect than lightly contaminated. Seed sampies collec-
ted from varfous places have been found to be lightly to heavily con-
taminated with viable smut spores (31-65 per cent). As there is good
correlation between [aboratory tests on spore germination and field ex-
periments on infection, the seeds meant for sowing can be easily
evaiuated in the laboratory. In addition to seed treatment, the following
useful cutturat methods of control have been developed.

3. The disease can be reduced by 70-90 per cent when seed is
broadcast-on dry soil 10 which water is applied immediately after sowing.

4. The dates of sowing exercise a great influence on the incidence of
the disease. The percentage of attack is the highest (23.7 per cent) when
sown in the month of May, soil temperature being 32-35°C while the
incidence of the disease varies from. 1-2 per-cent in sowings carried out
during the month of June, when the soil tempefa-’it}re- is 37-39° C.

2. Long Smut, Tofyposponum ehrenbergu {Kuhn) Fat
Occurrence and Sympto:ns

Long smut of snrghum was first- recorded at Mtrpurkhas (Sind} in
1915 and from Dera Ghazi Khan in 193{} 1t is also prevalent in various
intensities in the districts of Multan and. Muzaffargarh and central parts of
Sind. The incidence of the disease on an averaga gomes to 5-7 per cent.
Losses from 40-60 per cent have been obsarve inindividual fields. The
individual grain$ are transformed mt - sut $6v), which are scattered all
over the surface Oﬁhe ear (1 to 30 perhead) witl mdre concentratnon on

upto 1945 The mam ccncius;ons drawn fram tha researc:h werk carried
out on this disease are given below:
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Modes of Perpetuatsion

82

The disease has been found to perpetuate by the following methods:-

By sowing contaminated seed in the soil;

By sowing seed in soil which is contaminated with spores in the
pravious season:

Secondary infection in the same growing season also takes
place either from the spores shed on the soil in the previous
year or from the sporss produced in the infected sacs in the
same year; : .
Inoculations with sporidial suspensions in the flower buds with the
help of a pipette can produce upto 90 per.cent infection. Air-
borne sporidiat infection at the flowering time appears to be of
major importance.

Fig. 4.2: Long Smut of Serghurm.



In jater experiments very high percentage of disease could be pro-
duced by Moore's method for florat inoculation or by using sporidial sus-
pension prepared from a culture grown on potato dextrose agar.

Germination of Spores* .

The spores start budding afier 3 1/2 hours, while sporidia are formed
in 7-8 hours when the percentage of germination reaches 81-90.

The range of optimum temperature for germination of spores is
between 25-30° C. The minimum and maximum temperatures for ger-
mination of spores are 10-12° C and 38.8-39.5° C. respectively. The
sporidial formation is absent at about 37.7" C and below 13.3" C, Distilled
water. glucose solution and glucose peptone solution {(0.5-3 per cent) are
suitable media for spore germination, but glucose peptone solution is not
good for sporidiai formation. Luxuriant sporidial growth takes place when
mannitol and sodium nitrate are used as carbon and nitrogen sources in
Richard's medium. The fungus can grow in pH ranging from 4 to §:
aptimum pH being 7.

Perpetuation

e spores in the separated form are killed by:
~— Dipping them in either 1 O per cent or 0.5 per cent copper

sulphate solution for 1 minute and 10 minutes respectively;

- Dipping them in 1.0 per cent or 0.5 per cent mercuric chloride
solution for 1 minute and 5 minutes, respectivaly;

= Treating them in formalin solution from 1:320 to 1:640 strengths
and covering them with a moist cloth for 2 hours.

The spores in the broken sacs are kilied by:

=~ Dipping them in 3 per cent mercuric chiloride solution for 10
minutes; _

— immersing themin 1 per cent liquid ammonia without covering or
in formalin solution (1:320) with covering.

Genetic of Smuts

Studies carried out onthe genetics of Tolyposporium smuts (7. ehren-
bergii of sarghum and 7. penicillariae of millet) and Ustilago sciltaminea of
sugarcane have shown that the two Tolypasporium smuts are heterothal-
hc,segmgatmg on 2.2 basis for sex and ¢ultural characters either in the

Thore are two tygies of spores larqe {(14-18 1y and small (6-8 p1 Large spore:-. could natbe gerrated
daroyg these experlmen_ls :
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first or second division of fusion nucleus with no evidence of segregation
on the basis of independent factors. The four monosporidial isolates aris-
ing from single chlamydospores of the two smuts comprised two cuitural
groups for the colony diameter and other cultural characters when grown
on a synthetic medium. The possibility of recombination of factors through
compatible sporidia, arising from different chiamydospores, is higher in
Tolyposporium smuts resulting into greater variation. Like wise sugarcane
smut has algo proved to be heterothallic as it happens in other species of
the genus Ustilago. The segregation for sex factors is an 2:2 basis with
evidence of occurrence of physiologic specialization.

Factors influencing the Incidence of the Disease

The disease generally appears at Lyalipur in the sowings done in April
and May and the crop sown in June is either free from the disease or the
incidence is reduced considerably. In July sowings the disease does not
appear at all. The factors responsible for this variation appear to be mean
soif temperature during germination period and the amount of rainfall dur-
ing the flowering period. In April and May the mean soil temperature is
favourable for the germination of spores while in June and July it is
unfavourable, which consequently checks or reduces seeding infection.
Maoreover, there is usually no rainfall during the flowering periods of the
crop sown in June and July, whereas the flowering periods of the crops
sown in April and May fafl in the rainy weather and hence more chances of
aerial infection. Similar results have been.achieved in Sind, showing higher
incidence of disease in-crops which flower in rainy seasons confirming the
greater role played by aerial infection.

Varietal Reaction

All the eleven varieties observed under natural conditions in Sind
showed susceptibility with infections ranging from 1.9 to 46 per cent except
some exofic stocks, particularly dwarf and early maturing ones showingles-
ser degree of infection (probably due to escape mechanisim). In artificially
inoculated triais during 1967-71, seven varieties (NK-125,NK267, Aus-6,
C-45, NK-404, Martin and Caprock) have shown resistance with infections
ranging between 0 to 0.2 per cent on grain basis. Varieties with ciosed
glumes have proved to be more resistant than with open glumes. Such
morphological characters need to be fully investigated and utilized in
breeding programmes. '
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Control Measures

All the seed treatments such as hot water, formalin, dusting with
copper carbonate, copper suiphate and other chemicais are ineffective in
controlling the disease. This is most probably due to the fact that soil and
secondary infections also take place. The fallowing methods are. however,
suggested for the control of disease at this stage: B

— Seed should be obtained from a healthy crop; : o
Seed should be treated with copper ca'r'b'on__ -"br any other

suitable chemical at the rate of 4 g!kg as. thIS wﬂi hefp in
reducing the seed-borne infectiors .

Infected sacs should be destroyed by careful pickmg and burn-
mg them, as far as possible. This step can greatlyhelp in controlling
econdary mfectien as weH as grain contamination;
e rotation should be practised. if

Disease resistant ¢
- as-and when availab
may prove meﬁectwe

sorghum varieties should be grown,
se preventive and chemical methods

3. Red Leaf Spot, Phyilosticta sorghina Sacc.

Occurrence and Symptoms

Leaf spot caused by Phyllosticta sorghina was recorded for the first
time in the Punjab in 1947 and it has proved to be one of the important
disease of sorghum, causing considerable damage to this.crop. Smali red
spots appear on the leaves and stems, later on joining and giving rise to
targe infected areas, which ultimately resutt in the drying up of the plants
(Fig.4.3).

Cultural Studies

Studies have been carried ocut on this disease and somé of the impor-
tant results are summarized below:

The digeasé was found to be produced by the fungus Phyllosticta
sorghina either through infected seed or through diseased plant debris
lying in the soil. In Sind, Tnchomerashaena taurica Luttrell has been recor-
ded as the causal pathogen.

Thie maximurm, Optlmum.and minimum temperatures for the growth
of the fungus are 35-40° C, 25-30° C, and 10-15° C, respectively.

Thie optimum pH for the growth of the fungus in culture is 6.5 and the
maximum and minimum are 2.8 and 8.3, respectively.
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The maximum, optimum and minimum temperatures for the ger-
mination of the spores are 35° C, 25" C and 10-15" C respectively. The
spores are killed when they are immersed in 1.1 per cent mercuric chloride
solution for 2 minutes. The thermal death point of the spores is 68° C. The
control lies in seed disinfection and destruction of diseased plant debris

Q
:Q °

Fig. 4.3: Red Spot of Sorghum Pycnidia and Conidia.
(a) Pycnidia and conidia showing germination.
(b) An infected leaf.

4. Red Leaf Blight, Colletotrichum graminicolum Cess. Wil.
Occurrence and Symptoms

The disease is more common than the Phyllosticta leaf spot and has
been doing much damage to the sorghum crop. The symptoms are essen-
tially the same as described for the Phyllosticta leaf spot. They start
appearing at the seedling stage and continue to develop throughout the
growing period; with maximum intensity during periods of summer rains,
the disease being favoured by high humidity and high temperatures. Inthe
beginning, small, ovate to irregular red spots appear scattered on the
leaves which later on increase in number and size covering large areas of
foliage. The diseased leaves become reddish brown, developing necrosis,
drying up of plants, premature ripening and formation of shrivelled grains
(Fig. 4.4). Studies carried out on the disease during 1946-48 have yielded
the following important results:
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Morphology and Physiology of Pathogen

The causal fungus of the disease has been found to be Colietotrichum
graminicolum.

The fungus has not sporulated throughout cultural studies on a variety
of media* except that a very small amount of spores was produced in a
culture grown on potato dextrose agar. On a previous geeasiontwo forms
of this fungus were isolated, one highiy sporulating and the other non-
sporuiating.

The maximum, optimum and minimum temperatures for the growth
of the fungus are about 407, 25 and 10" C. respectively.

The optimum pH for germination of conidia is 4.2 to 6.8, the maximum
and minimum being above 1.2 and 9.2, respeciively.

Later studies have shown that the fungus produces black, circular to
oval acervuli superficially on the lower sheaths, Conidia are hyaling, single
celled, spindle shaped and slightly curved measuring 3.7 X 16-34 1 and
aeach conidiophore has a single terminal conidium.

Fig. 4.4; Red Leaf bl?ght or Anthracnase of Sorghum.

*Datmeat agar, Richard's agar. Brown's agar, Brown’s starch agar, glucose peptone agar

and nutrient glucose agar.
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Modes of Perperuation

The disease has been found to be camed over from year 1o year by
the foliowing methods;
— By sowing seed artificially contaminated with conidia:
— By sowing diseased seed. In this case the seed is found to be
infected by the fungus which gives rise to acervuli on the seed coat
if placed under moist conditions;
— By disease-i plant debris lying in the son

Control Measures

The foliowing methods have been recommended for controling the
disease;

1. Sowing hot water-treated healthy seed. The treatment consists in
soaking the seed in ordinary water for 4 hours and then immersing it for 1
1/2 hours in hot water at 55.5° C;

2. Carefully removing and destroying diseased plant debris;

3. Spraying the infected crop in the garly stages with 5.5:50 Bor-
deaux mixture or any other suitable copper-based fungicide:

"4, Usmg* sistant or- tQEerant varieti nt cultivars have
50 per cent. The

in Sind.

Occurrence

Grain m
sive survey G
percentin
cent at Dagu
fs known by

war. This disease
‘grain weathering
nd the symptoms
: sal fungi, time and
severity of mfection Severely mfected gral tely covered with
pink or black mold (breaking during the threshing operation), slightly infec-
ted grains show slight pink or black discolouration and even from
apparently healthy grains fungal spores can be isolaied. In case of head
tjight the inflorescence is invaded showing various degrees of head des-
truction. The disease adversely affects both the quantity and quality ofthe
grain, depending upon the disease intensity (Fig. 4.5).
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Pathogen and Perpetuation

in Pakistan fungal spéc'ié's of the génera Fusarium, Curvularia, Afier-
natia and Ascochyta have bee_ solated-as primary grainmolds from infec-
ted heads. A number: 'ather Sfungi have been lsol'a'ted from sorghum
grains (listed in Ch‘a’;j '_-'reduce the: seed germmatlon and stand
of the crop. Fungi bel 0 32.genera have besn reported from other
countries put of whick (Fusariam, Curvularia, Alternaria, Aspergilius
and Phoma) have shown th rédommance ln'-pathogentmty tasts,
carried out at anthesis ¢ tage he Fusanum and ¢ _-vu!ana fungi provea o
be the principal pathogens producmg evely embryo infections ranging
between 16-23 per cent. Fusarium monififorme has shown greater pathc. -
genicity than F. semijtectun. Wet weather during flowering period is co..
ducive to attack. Molds can also devetop as saprophytic fungi on heads
or grains, if left in the field under moist conditions.
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Control

Since chemical control through spraying is impractical and uneco-
nomical, the development of resistant varieties is the only possible solu-
tion. In varietal testing trials in Pakistan, ten varieties were found to be
moderately resistant and two moderately susceptible (with 2 and 3
ratings, respectively) according to 0 to 5 scale. Some sources of resis-
tance have been identified by the sorghum breeders and are being utilized
in the development of resistant varieties. Such varieties are now available
in India, in which heads mature while the stalks are still green and are used
as fodder.

The other minor fungal diseases recorded are downy mildew
(Peronosclerospora sorghi), rough leaf spot (Ascochyta sorghi), grey leaf
spot (Cercospora sorghi), zonate leaf spot (Gloeocercospora sorghi),
sooty stripe (Ramulispora sorghi), head smut (Sphacelotheca reiliana) on
which practically no work has been done (Fig. 4.6).

(d)

Fig. 4.6: Minor diseases of Sarghum (a) downy mildew (b) Rough |eaf spot (c) gray leaf spot
{d) zonate leaf spot (e) sooty stripe and (f) head smut.
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Miflet

Millat or Bajra (Pennisetum typhoideum) oecupying more than
600,000 hectares is an important crop of low rainfali and marginal areas
and is used both for fodder and as grain. Out of the four diseasesrecorded
(green ear — Sclerospora graminicola, grain srut — Tolyposporium penicil-

lariae, rust ~ Puccinia peniciilariae and leaf spots caused by Curvularia
penniseti (Mitra} Boed and Helminthosporium hawaiiense Bong) the first
two are of economic importance. The satient features of the work done at
Tando Jam are given below:

Green Far --Scierospora graminicola (Sacc.) Schroet.

Occurrence and Symptoms

The disease is found in almost alf the miliet — growing areas in varying
intensities, causing reduction in the yield due to deformation of ears which
produce no grain. The disease is noticed at ear formation stage when the
leaves become distorted, twisted, crinkled and lose their green colour,

...Ears are transformed into green leaty structures with enlarged glumes

. turning wholly or partly into loose heads. (Fig. 4.7).

Pathagenicity and Péfp.;etua_tion S

The disease is caused by the fungus Scleros ra graminicola through
the diseased plant debris cdntaining oospores, ling on the soil, infecting
the plants in the seedling stage. The secondary infections take place from
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the production of a targe number of 2008pores which fall on the plants
through wind or rain spiashes. The mycelium of the fungus produces non-
septate sporangiophores (268 M long) giving rise to hyaline and efliptical
sporangia, measuring 12-35 X 12-24 M, containing thick walled and round
oospares (35 u in diameter). ' ' :

Conirol

In the absence of resistant varieties, only sanitary and cuftural
measures can kelp to keep the disease under check. These include {a)
collection and burning of diseased plants as soon as they appear; {b) des-
truction of diseased plant debris: and {c) use of 2-3 vears rotation.
However, more intensive studies are needed to have a full insight ofpatho-
gen and factors affecting the incidence, with a view to developing more
reliable confrol measures including breeding of resistant varieties.

Grain Smu'.t, Telyposporium peniciliariae Bref.
Occurrence and Symptorns

The disease occurs in traces here and there in lesser frequencies than
“green ear”. It manifests at the head formation stage cotiverting heatthy
grains into diseased ones, scattered or concentrated on the surface of
head like long smit: of sorghu 1. The smutted grains are thick, slightty
elongated, ¢ nd blackish green membrane filled with
spores. The r n direct proportion {o the percentage of
the diseased N L

Fig. 4.8: Grain smut of millet.
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Pathogenicity

Apart from seed-borne infection, the disease perpetuates mostly
through air-borne sporidia released from germinating chlamydospores
lying on the soil as in the case of long smut of sorghum.

Conirol

In the absence of resistant varieties, early collection and burning of
diseased ears is a good preventive measura. However, much more work
remains to be done an various aspects of the disease and development of
resistant varieties.

Maize

Maize is an important crop of Pakistan, occupying more than 0.7 mil-
lion hectares with total annual production of 0.8 million tons. it1s multipur-
pose crop used for fodder and grain as weil as for production of edible oil,
starch and glucose. Because of improvement programmes, its average
yield has been increased to 1300 kg/ha besides its successful introduc-
tion as a spring crop. The yield can be further improved through the use of
good husbandry practices and control of som_e_--’ihportant diseases. A
summarized account of such diseases is reproduced below:

1. Leat Blight, Helminthosporium maydis Nisik and Mity.
Occurrence and Symptoms "

The disease aiso known as southern leaf blight, is of common
occurrence being present in almost all the fields in varying intensities. It
can be observed on all the plant parts {feaves, stalks, leaf sheath, ear husks
and cobs) but it is conspicuously visible on the leaves, which develop well
defined and eliiptical lesions of varying size with reddish brown colour,
which progressively increase in number involving large areas. Ablack, soo-
ty mold may cover affected kernels. The fungus sporulates profusely inthe
centres of the lesions and the conidia disperse by air and rain, causing
additional secondary infections on the newly emerging leaves. In severa
cases the leaves die inflicting damage to the crop in the form of its
reduced stand and grain vield (Fig.4.9).

Pathogen and Perpetuation
Apart from Helminthosporium maydis, two other species H. turcicum
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{Northern leaf blight) and H. carbonum have also been reported which
produce rather distinct symptoms and are confined to certain specific
areas with cooler temperatures. The lesions are rectangular and give burn-
ing look to the leaves.

The disease perpetuates from the infected plant debris, infacted
graing or by the spores carried from distinct areas or from the other host
plants like sorghum, Sudan grass and other grasses. The secondary infec-
tions take place by the spores formed on the lesions during the growing
period.

Fig. 4.9: Leaf blight of maize.

Control

Since fungicidal sprayings are uneconomical, the development of
resistant or tolerant varieties is the only practical solution of controlling the
disease. No work has been reported to be carried out in Pakistan, except
that the variety Pool-20 has medium tolerance. However, some progress
hasg been made in the advanced countries.
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2. Stalk Rot, Fusarium moniliforme and other Pathogens.
Qccurrence and Symptoms

The disease is present in many maize growing areas of the country.
No systematic studies have been carried out on the incidence, losses
caused, control and other related aspects of the disease. The disease is
not visible outwards as the infection develops internally involving the stalk
or ears in some cases. The planis become weak with the progress of the
disease till the stalks start breaking near the maturity period. The infected
stalks show rotting on spliting while a few kernels may also develop rotiing
symptoms. The causal fungi produce different discolourations (Table 4.1).
The disease produces lodging and yield reduction as well as poisoncus
effects, when infected grains mixed with normal ones are used for eating
{Fig. 4.10).

Fig. 4.10: Stalk riot of Maiza (Macrophomini Phegeail.
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Table 4.1: Nature of symptoms produced by different pathogens.
Name of pathogen Symptoms

Fusariur moniliforme Produces rotting of roots, basal parts and
lower internodes; giving rise to whitish pink to
salmon discolouration of the pith, breaking of
stalks and premature ripening. Sometimes
aiso produces kernel or ear rot characterized
by pink to white powdery or moidy growths
which are toxic in nature. -

Hhizoctonia bataticoia Causes ‘charcoal rot in seedlings or planis
approaching maturity, converting the lower
interncdes grayigh in colour. it develops shred-

" ding- of . the pith”’ and abundance of black
sc:!erotfa

Gibberella zeae -~ . Produces rotting

rs starting from the tip
io red discolouration.
Infactlon ‘takes pl zethrough and around the
. C snks after polllna '
Cephalosporium.. Produces white fiufy mycelium under the husks
acremonium v aﬁectmg the quality of the grains.
Diplodia maydis. - Cauges brownlng pith of basal intemodes
. - accompanied by abundant pycnidial forma-
tion ‘on the surface; -
Causes bacterial_. staik rot of upper ground
paris -producmg-.dzscolouratlon of internodes
\ 'soft and mushy, emitting un-
pleasant odour. _'Fﬁiants oftern wilt and die.

Erwinia caroto

Pathogen and Perpetuatmn

Therearea number of stalk rot ‘fung[ mo}udsng usarium (asimperfect
stage) and Gibberefla (as perfect stage), Dipiodia and Cephalosporium
acremonium present alone or in combination, depending upon the
weather conditions. They also infect wheat and barley crops, causing
blight and scab diseases. The other stalk rots are charcoal rot (Rhizoctonia
bataticola), bacteriat stalk rot (Erwinia carotovora var. zeae). Pathogenicity
experiments have shown that plants two weeks after tasseling become
more vulnerable to the disease, which can be produced in high intensity
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with the combined cultures of Fusarium moniliforme and Macrophomina
phaseolina.

It perpetuates through the infected plant debris while secondary
infections can take place during the growing period of the crop, depend-
ing upon suitable temperature and humidity.

/

Control m/
The use of resistant varieties is the only economical’and lasting con-

trol measure as the other methods are both unsatisfactory and une-
conomical. Out of the twelve varieties tested under artificial conditions of
inoculation in Pakistan, none was found to be resistant; disease rating
scale ranging between 3.1 to 3.6 (3=>51-75 per cent infection).

3. Smut, Ustilago maydis (DC) Cda.
Occurrence and Symptoms

The disease, although present in the country, is of rare occurrence
causing negligible damage. It develops white to greyish-white galls of dif-
ferent sizes (2.5-15 cm diameter) on plant parts — leaf midribs, base axils
of the leaves, stems, tassels or ears. The galls, which are light coloured in
early stages, become blackish on maturity enclosing masses of black
spores. Seedling infections result in distorted and dwarfed-plants and
infections can take place on any vegetative part during the growing
period; mechanical injuries making the plants more vulnerable. The ear
infections are very conspicuous due to their large-sized galls involving the
entire head (Fig. 4 11).

Fig. 4.11: Smut of maize and head smut of maize.
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Perpetuation

The disease perpetuates through infected plant debris while the se-
condary localized infections can occur throughout the growing period by
spore dispersal through wind and rain splashings.

Control

Since the fungicidal sprays are not economical, development of resis-
tant varieties is the only possible solution. No work has been done in Pakis-
tan, except on preliminary screening of some germ plasm stocks.

4. Seed and Seedling Rot, Pythium spp.
Occurrence and Symptoms

The seed and seedling rot, which is also called damping-off has been
found to occur in cold places having poorly drained and wet soils, causing
pre or post-emergence rotting, which reduces the stand of the crop and
consequently the yield. The main symptoms include rotting of the seeds,
wilting and chlorosis of leaves and rotting of stems at ground level. The
disease may also appear on adult plants under favourable temperature (8-
10°C) and moist soil conditions (Fig. 4.12).

Fig. 4.12: Seed and seedling blight of maize

Pathogen and Perpetuation

Many soil and seed-borne fungi may infect germinating maize seeds
but the most important group is Pythium spp., which also infects sugar-
cane, sorghum and related crops. The disease is carried over from year to
year through infested soils and diseased plant debris.
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Control

In the absence of resistant varieties, phytosanitary measures (burning
of diseased plant debris, crop rotation, planting on well-drained soil, avoid-
ing cold weather and seed injuries) as well as use of seed disinfectants can
greatly help to reduce the incidence of the disease and damage to the
crop.

There are some other diseases of minor importance. These are rust
(Puccinia sorghi), downy mildew (Sclerospora spp.), nematode and viral
diseases as well as striga (which have been discussed separately). A new
disease called Banded Leaf and Sheath Spot, has been reported from
Pakistan, which was reproduced by inoculating the ear husks with the cul-
ture of Hypochnus saskii, isolated from the infected ears (Fig. 4.13).

Maize rust may appear in higher hills, producing golden — brown
pustules on leaves later on becoming brownish — black and killing the
leaves in severe cases. The inheritance of the pathogen is controlled by a
single gene. Downy mildew is caused by many species of Sclerospora
(such as Philippinesis, sorghi, sacchri or maydis), producing leaf streaking,
chlorosis and stunting.

Many types of ear rots caused by different fungi (Gibberella. Clavi-
ceps, Penicillium, Aspergillus and Physalospora) have been recorded. Inall
33 fungal, 3 bacterial and 5 viral diseases have been reported.

(b) ©
Fig. 4.13: Minor diseases of maize (a) rust (b) downy mildew and (c) Banded leaf sheath spn!
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Summary

Waork carried out on grain smut, long smut, red leaf spot diseases and
grain mold of sorghum is discussed in this chapter. Grain smut of sorghum
{Sphaceiotheca sorghi) has been found to be checked by disinfecting the
seed with any one of the chemicals like copper carbonate, powdered
copper sulphate, sulphur or ceresan. In addition to this, it has been dis-
covered that the disease can be checked by about 70 to 90 percent when
the sorghum seed is broadcast on dry soil and water is appiied
immediately afterwards. The date of sowing has also a great influence on.
the incidence of the disease. Sowings casried out during June and July
when soit temperature is above 38°C {which is unfavourable for spore ger-
mination) tend to reduce the incidence of the disease considerabiy.

Long smut of sorghum (Tolyposporium ehrenbergil), which causes a
good. deal of damage in certain areas of the Punjab and Sind has been
investigated for the first time as regards its life history, which was unknown
to the scientific worid upto 1945, The disease has been found to per-
petuate either by sowing contaminated ssed, sowing seed in con-
taminated soil or through secondary infection (which takes place from
spores shed on the soil in the previous year or speres produced in the
infected grain sacs in the same year). The aerial infection plays a major role
in the perpetuation of the dlsease Work has alsc been cained out on
spore gerﬁ‘f" Hon: & ffect of : n 'spores Factors affectmg the

that the dlsease g
April and May andt
the mc:dence _' ca

0wmgs done in the month of
: ither free from the dlsease or
_ se in. the former case flower-

two types one causéd by Phyﬁosncta sorghma and the Uther by Colieto-
trichum graminicolum. These diseases are perpetuated either through
infected seed or through diseased plant debris iying in the soil. The
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disease caused by C. graminicolum is more common than the other. Phy-
siology and morphology of both the fungi have been studied and the con-
trol measures have been worked out which consist in soaking seed in or-
dinary water for four hours and then immersing it for 1 1/2 hours in hot
water at 55°C. Careful removal and destruction of the diseased plant de-
bris is also very helpful in checking the diseases.

Grain mold caused by many fungi with predominance of Fusariumand
Curvuiaria spp. has been studied as regards its occurrence, sympioms,
causal fungi and varietal reaction. it has widespread occurrence particu-
larly under moist conditions during the flowering period. The principai con-
trol measure lies in the development of resistant varieties, for which
sources of resistance have been identified.

In case of millet, out of the four diseases recorded some preliminary
studies have been carfied out ongreen aar and grain smut diseases cover-
ing symptoms, pathogenicily, perpetuation and possible control
measures. However, much more work needs tc be done to fully unders-
tand the nature of the diseases and develop suitable resistant varieties.

Salient features of some investigations carried out on diseases of
maize inciuding leaf blight (Helminthosporium maydis}, stalk rot (Fusarium
spp.). smut (Ustilago maydis) and seed and seedling rot (Pythium spp.)
have been given suggesting the need for development of resistant
varieties because of uneconomic control by fungicidal treatments. In
addition, the presence of some minor diseases (rust and downy mildew)
as well as a newly recorded disease {banded leaf and sheath spot. caused
by Hypochnus saskii) has also been reported. So far identified diseases
comprise 33 caused by fungi, 3 by bacteria and 5 by viruses.
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Chaptoer V

Sugarcane

The importance of sugarcane ¢rop is quite great in Pakistan as it
occupies 0.75 million ha with an average pmductaon of 37 tons/ha, which
is comparatively much lower than many sugarcane producing countries of
the world. Its value lies inthe fa._pt' hat it ig not only cash crop for the far-
mers but it also prov-ides’them.-_ﬁ!i \?e'ry-:f-_gOod:'subst-itute for sugar inthe
form of jaggery, sugarcane top's’-asfad'der?an d baggasse as fuel, Since the
. establishment of Pakistan, the importance of sugarcane was further
enhanced because Pakistan, being deficient in sugar, had to depend
heavily on costly imports till 1981. Later on self-sufficiency was achieved
due to varietal improvement, use of good husbandry and introduction of
guaranteed price for the produce. However, the pér unit aréa:yiel'ds are
still low, [t is, theretore, evident that all efforts, directed towards improving
the present oulput of sugarcane, will prove ultlmatety beneficial to the
country. The protection of this crop against diseases willgo a long way in
improving the present situation. Some of the lmp{;rtant resuits of the work
carried out on smut, stem canker, red rot, mosaic, yeflowing, chiorosis and
Ieaf spot diseases of sugarcane, which reduce the yieid, are given below:

1. Smut, Ustilago scitaminea Svd.

Occurtence and Symptoms

The smut disease which has been reported from atleast 36.countries,
is prevalent throughout Pakistan with varying degree of intidence being
comparatively higher in neglected and ratoened. cropping areas. The
infection percentage is between 1 - 2, on-an average basis goingas highas
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30-40 in some individual fields. It has been found to decrease the yield by
0.7 to 0.8 per cent for each unit 1 per centincrease in infection. Itis essen-
tially a disease of thin and medium varieties. The affected canes produce
long, black whiplike and coiled or curved shoots, which are covered with a
thin silvery membrane containing masses of chlamydospores of the
fungus. The smutted shoots may arise from the top of the cane or from
lateral buds (Fig. 5.1). Later on the thin membrane ruptures releasing a
multitude of spores, which contaminate soil and the standing crop. In cer-
tain cases the infected plants remain stunted in growth with increased
tillering of little value.

Fig. 5.1: (a) Whip smut of Sugarcane.

Germination of Spores

The optimum temperature for the germination of spores is about 30°
C, the maximum being 36 to 40°C and the minimum lies between 5-13°C.
The spores on germination produce either one or two germ-tubes, bearing
sporidia at all the temperatures except at 30°C and above. Glucose solu-
tion (0.5 to 5 per cent) and sugarcane leaf decoction (0.12-1N) are the
best for the germination of spores. The germination in these solutionsis so
rapid and vigorous that observations on percentage of germination and
length of germ-tubes have to be recorded after 5 hours, whereas in other
cases these are recorded after 9 hours. Germination does not take place
in 1.0 per cent solution of sodium carbonate and sodium chloride and 0.5-
1N concentrations of dung extract. Germination is less than 1.5 per cent,
after 22 hours in 0.5 to 1.0 per cent solutions of magnesium sulphate, po-
tassium sulphate, sodium nitrate, 1N soil extract, 1.0 per cent potassium
nitrate and ammonium sulphate and in 0.06-0.12N of dung extract. Fair or
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good germination is obtained with lower concentrations of the nutrients
stated above and in 0.1-1.0 per cent of potassium phosphate and potas-
sium chioride solutions and distilled water,

Viability of Spores

The spores kept in the laboratory at different temperatures varying
from 5 1o 35°C for 210 days gave germination up to 70 per ceni, The
spores, when buried in the soil ata depthof 2.5, 50r 15 cm, lose their via-
bility within 4-7 months, while those, which are kept on the surface, do so
within 7-10 months. _

When spores are buried after coating them on cane settsata depthof
10-20 cm at different temperatures varying from 14 to 31°C and kept
moist, they lose their viability after 3 weeks. Spores remain viable when

buried in ice for even 120 hours. The thermal death point of the spores is
62°C.

Modes of Perpetuation

i has been found that the disease is carried over from year {0 yearby
the following methods:-

{a) By planting setts taken from smutted shoots of cane. The my-
celium of the causal fungus lies dormant in such canes and begins to grow
as the buds sprout and produces smut (30-50 per cent infection}.

{b} By spores adhering to the buds of setis at the time of planting.
The: spores germinate as the buds sprout and the germ-tubes penetrate
theyoung seedlings and then the mycelium grows inside the seediingsand
produces srut (average infection 23.5 per cent).

(¢} When the cane crop is in the field, the spores from smutted
canes are carried by wind and may fall on the buds of standing canes and
produce germ-tubes which enter the buds and cause infeation. Some of
the infected buds sprout during the same season and produce smutted
side-shoots. Those which do noet sprout contain mycelium, which remains
dormant. When setts with stich buds, having dormant myceliuminside, are
planted next year, the canés produced are smutted (30-50 per cent infec-
tion}.

{d} By ratooning smutted canes. The mycelium remains dormant in
the stumps andresimes growth as the canes grow and produces 100 per-
cent smytted cdnes. Although all the four modes of perpetuation are
effe‘ctivé, tatooning of the €rop is the most serious.
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Physiologic Races

Six collections have shown five different races on the basis of their
pathogenicity tests on four differential varieties of sugarcane, Co-312,
Col-44, Col-38 and Co-2.

Varietal Resistance

Twenty eight sugarcane varieties tested canbe arranged in' the follow-
ing groups according to their resistance to this disease. (Table 5.1).

Table 5.1. Reactlon of sugercane varieties 1o smut.

trfection Name of vartaty
No intection None
140 Col. 4,5589,12,30,31,22 24,28,

Co, 285, 617, 360, 421, 453.
5. 1150, 1234, 125, 1199, 1200 and

COK. 30.
1120 Co. 312, 318 and
COL €2,
2130 cot 88
3150 coL 1.
Above 50 Katha.

[

Bizeased sat Epores glicking Infected bud Spores infecting
to bud at plant- from  standing huds of stand-
ing time, cane. ing canes.

Fig. 5.1{b} Diagrammtic sketch showing perpetuation of sugarcane sanrr

The later studies have shown that out of 76 varieties tested at Tando
Jam none is resistant, seven have shown 110 per cent infection (the
important being Co. 622 and PR 100), eighteen (11-20 per cent), twelve
(21-30 per cent), sixteen (31-40 per cent), seven (41-50 per cent) and six-
teen (above 50 per cent). Varictal tests carrid out at Faisalabad have
shown that early varieties (Col. 65, BL-5 and 11, 5-2348) and late varieties
(BL-7, 9, 14,5-2727, 2811, Col-61) have proved to be some what resistant.
Similar results were abtained at AARI, Lyallpur (Faisalabad). Work on the
development of resistant and tolerant varieties needs to be concentrated.
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Factors influencing the Incidence of the Disease

Soil moisture during germination period plays a veryimportant roleon
the incidence of the disease. With high soil moisture contents the spores
of the causal fungus show poor germination, resulting in low infection. The
incidence of the disease is reduced by 75 per cent when the plantings are
carried in dry soil to which water is applied immediately afterwards.

Since 30°C is the optimum temperature for the germination of the
spores of the pathogen, soil temperatures at the time of sowing can also
affect the infection percentage, as is evident from the pathogenicity tests
where the infection is much higher in September/October plantings than
in March plantings. Autumn planting of the crop should, therefore, be
avoided,

Control

The following measures have been found to he effectlve ang. are re-
commended to the farmers:- S :

1. Setts from smutted canes should not be used:

2. Seed-setis should be disinfected either in 0.1
chloride solution for 5 minutes or in 1.0 per cent formal
minutes, followed by 2-hour covering under a moist clot
tive chemicais are Antimucin, Aretan 8. Cerenox special
improved, Dithane M-45 and Agallol. These treatments apa
ing the disease incidence, give higher emergence, v1gorous
increased yield. Hot water treatment of setts (at 52°C for
help eliminate the internal infection, _

3. Smutted plants should be rogued out careful]y d b
as they appear, preferably before the bursting of the spc

4. Ratooning of the diseased crop should be _d_i_sqqr
suitable rotations with non-host crops should be pra

5. Dry sowing of the crop should be carrled g¢] where
disease is prevalent. '

8. Autumn planting of sugarcane should be avmded_"' S

7. The use of resistant varieties such as BlL-4, BL-16, Triton, L-116
and PRO-1999 should be encouraged.

2. Stem Canker, Cytospora sacchari Butl.
Symptoms

The disease manifests itself in differerit forms. In its most serious form
the disease causes wilting of canes. The affected canes show drying of
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leaves from top downwards as if they are suffering from drought. The cane
stemns are shrivelled with considerable reduction in quantity and quality of
juice. The whote stool cr only a few canes in a stool may be affected. It has
been seen that the mother setts of such stools bear pycnidia of the causal
fungus. Holes and wounds facilitate the entry of the fungus and in such
cases the fungus remains confined to few internodes only.

The pycnidia of the fungus develop when the cane has compietely
dried up. Pycnidia have been found even on buds of some badiy diseased
nodes or in the hollows of diseased cane stems. The fungus also attacks
the leaf sheaths. The pathogen has been found to be more virutent when
the cane approaches maturity. The disease also damages the canes which
are buried for seed purposes, as practised by the farmers, in ordes to pro-
tect them from frost (Rg. 2.2).

Diameter of Colony (mms.}

§

3 % P :

1 a
5—,'5 . pH . .7 A
}. Effect of pH on colony diameter of C. sae
growth ar 30°C. : .

Fig 5 2: Stem canker of Sugarcane.

Fig. 5.3: Effect of pH on colony diameter of C.Sachhasi after 6 days growth at 30°C.

Inoculation. experiments have shown that the fungus Cytospora
sacchari is more parasitic when canes are reaching maturity.
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Modes of Perpetuation

The fungus remains viable in diseased canes. which remain lying in the
fields after the crop is harvested. The spores formed in pycnidia an such
canes can initiate infection next year. Results of inoculation experiments
have shown very high degree of pathogenicity of the fungus, resulting into
100 per cent infection of the tested varieties (Co. 312,313, 323,371 and
373).

Physiology of the Fungus

For finear growth of the fungus, gur (jaggery) agar, catmeal agar and
Richard's agar are better than nutrient glucose agar, Brown's agar and
Brown's starch agar. The maximum growth of the fungus takes place on1-
2N cencentrations of Richard’s agar. Above and below these cancen-
trations the growth falls. Elimination of sucrose from Richard's agar
reduces the grewth of the fungus by about 50 percen but the mdmdual
elimination of potassium nitrate, potassmm ‘dihyd -
magnesium sulphate from the madium does’ Aot Sub:
growth if pH of the medlum is ad}usteci at 5 O

substituted for sucrose, the growth remams unaff_ _
graduaily increases with the increase inthe amount ot s {JSB in ch ard 5
agar tili it reaches its maximum when the amount of § crose is faISEd to
200 g per litre. B : :

The optimum temperature for the growth. of the § mgus is about 30°C
the maximum lies between 35 and 40°C and the minimum is below 15°C.,

The maximum growth of the fungus is at pH 3.8; on-the acid side
growth stops at pH 1.8 and on the alkaline: sajde at pH 7.8 {Fig. 53} The
importance of this.interesting behaviour of the -fungus.1 : {_—_‘:_I_c_-.‘_'tio_r;{’to_f}pH is
heipful in control!mg the disease. : S

The fungus forms pycmdta on guy Qaggery)_agar and _
none on other media (Richard’s agar, Nutrient glicose aga _,_.Brown s agar
and Brown’s starch.agar) within 35 days-of growth. The numberof pycnhidia
produced on oatmeal agar varies in direct proportion to the concentration
of the medium as well asto the amount of sucrose added in oatmeal agar
(Table 5.2). Light and maitose also favour the formation of pycnidia.
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Table 5.2. Effect of different amounts of sucrose on the formation of
pycnidia after 37 days' growth at 26°C.

Quantity of sucrose g/1000 mi Formation of pycnidia
200 Abundant
100 Abundant
50 Moderate
25 Moderate
12.25 Scanty
6.25 Scanty
0 Scanty

fig 5.4(a): Red rot of Sugarcane

Fig 5.4(b): A cane set showing the fruiting bodies of the fungus at the node.
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Control

Since the soils of canal colonies in Pakistan are alkaline and
unfavourable for the growth of the causal fungus, it will not grow in these
soils but it can remain alive in diseased canes lying in the field from where it
can cause infection next year. Therefore, the destruction of cane piant de-
bris alone would control the disease in such places. However, the develop-
ment and use of resistant varieties will be a mere practical and economical
cantrol measure.

3. Red Rot — Collectotrichum falcatum Went,

Symptoms

Red rot of sugarcane was first recorded from Java in 1883 and in the
sub-continent of Indo-Pakistan by Barber and later on by Butler in 19086. 1t
" isaserious disease of Ponda cane (thick chewing variety} andis caused by
the fungus Colletotrichum falcatum. The attack on thin varieties is general-
y slight. The disease first appears as red bright lesions on the mid rib of
leaves and shows itself in the form of drooping and changing of colour of
upper leaves when the plants approach maturity from September
onwards. Withering of the leaves proceeds downwards-with the progress
of the disease. Usually third or the fourth leaf from the top is affacted and
later on the whole crown withers and droops. In severe cases complete
destruction of the stools is brought about. When the infected canes are
split open they give out an alcocholic smell dueto fermentation and show
reddened areas, varying in size according to varietal reaction. The infec-
tion spreads through the nodes to the adjoining internodes. The pith gra-
dully dries up with the progress of the disease and ultimately the rindfails
in:thus giving rise to longitudinal depressions and the cane becomesvery
light in weight. With the drying of the cane, fruiting bodies of the causal
fungus are noticed on the rind usually just below or above the nodes (Fig.
5.4). in resistant or tolerant varieties the sympltoms are masked and re-
main restricted, '

Pathoen

The causal fungus Colletotrichum falcatum, has its perfect stage as
Physalospora tuctimanensis Speg. While some scientists have named it as
Glomerella tucurnanesis Von Arnx and Muller. 1t produces oval acervuli with
setae, hyaline and septate conidiophores and one-celled hyaline conidia.

'Perpetuation

it has been found that the diséase is-perpetuated from year to year by
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planting setts frem infected canes (which carry the fungus in bud scales or
. inside the cane) and also through the fungus which remains viable on
diseased canes, lying in the fields after the crop is harvested. Secondary
infections take place during the rainy period through coridia, falling onthe
nodes.

Controi

in addmon to ptantmg of setts from heaithy canes and destruction of
diseased cane debris for the control of the disease, nonratconing and use
of registant varieties is recommendad. Disinfection of setts withfungicideés
{Dithane M-45 or Benlate) can help in getling rid of surface-borne spores.
Earlier fwo varicties of ponda cane (BFS 12{17)and B 6308) were foundto
be resistant to the disease. Recent studies on 68 varieties have shown four
commercial varieties (COL-54, BL-4, Triton and L-118) to be resistant
while COL-44, COL-29 and L-116 are highly susceptibie.

4, !.eaf Spot - He!mmrhosponum spp.
Qecurrence and Sympteoms:

- The disease was first time recorded in 1966 at Tando.Jam bothvatthe
Agricultural Research Institute and in the farmers’ fields eccurring in
traces 1o five per cent. The disease tanifests itself on leaves as small
lesions, measuring 3-5 mm. in diameter, which gradually enlarge-alongthe
mid. rib and assume dark red to brown celour. in severe infections the
teaves hecome dry affecting photosynthesis. It has net been found {o do
much damage tc the crap» -

Pathogemcrty and;-Parpewann

Artificial inoculations with ihe cultupe of the fungus both in the la-
boratory and in.the field have given positive resuits. The disease per-
patuates through the fungus present in the infected leaves lying in the field
and spreads through fresh crops of conidia faliing on leaves of adjacent
planis.

Morphology of the Fungus

The morphological studies have shown that the mycelium of the
fungus consists of septate and profusely branched hyphae.
Conidiophores are septate and dark olivaceous in colour with conidia of
same colour, straight, elongated and elliptical, tapering towards the round
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ends. The conidia are usually four-celled, measuring 14-35 X 8-12 y and
germinate by producing germ tubes from each polar region.

Control

No work has been done on the control measure. Phytosanitary pre-
cautions in suppressing the sources of inoculum should greatly help in
reducing the incidence of the disease.

5. Pokkah Boeng — Fusarium moniliforme Sheldon
Occurrence and Symptoms

Pokkah boeng (meaning distorted top in Javanese) although repor-
ted from Java since long, its causal agent was not established till 1927 by
Bolle. It is now present in many countries including Pakistan. Very little
work has been reported except some preliminary studies. The disease
appears in different stages representing development of chlorotic areas
at the basel parts of the lower leaves, development of irreqular reddish
specks or stripes and appearance of top rot followed by total killing. The
young leaves may also show pronounced wrinkling, twisting and shorten-
ing, depending upon the varieties and climatic conditions. In tolerant

varieties there may be recovery of growth, when the conditions improve. _
(Fig. 5.5).

Fig. 5.5: Pokkah, boeng of Sugarcane
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Pathogen

The causal fungus is Fusarium moniliforme which has Gibberelfa
moniliformis (Sheldon) Wineland as its perfect stage. The perithecia are
usually 8 spored, meastring 68-108 X 2-14 p and ascospores are aimost
straight, rounded at the ends and are 1-3 septate.

Control

The practical control measure lies in the cuitivation of resistant
varieties. Out of 31 tested varieties a few have shown 010 4:per cent infec-
tion (R-366, HF-147, COL-54, BF-142, BF-142) while in others the
incidence ranged between 5-34 per cent. f resistant variéties are not
available care should be observed not to use seed setis from diseased
plants.

~ The other diseases reported from Pakistan are ratoon stunting, yellow
spot (Cercospora kaepheil, rust and genetic varigation of leaf and sheath
on which.no work has been done.

Summary

Work carried out on smut, stem canker, red rot, leaf spot and pokkah
boeng diseases of sugarcane has been described. Smut is common
disease of thin varieties. The physiclogy of the causal fungus, Ustifago
scitaminea has been studied and the viability of the spores has been deter-
mined both under laboratory and field conditions. The disease has been
found to perpetuate through either infected setts (carrying dermant my-
celium of the fungus), buds of setts contamrnated with spores, infected
buds containing dormant mycelium, or. by'r___ tooning the infected crop.
Work has also been cafried out an varietal resistance. Out of the 28 dif-
ferent varisties tested, none has been found 16 be resistant to this disease,
white there are a few varieties in which the degree of resistance is quite
tolerable. Later studies, on field testing of 76 varieties, have given similar
results. Factors affecting the incidence .of-"i-th_é disease and control
measures have been worked out.

Stem canker, caused by Cytospora saccharf brings about drying of
leaves from the top downwards. The cane stem becomes shrivelled and is
very poor in juice. The pyénidia of the fungus develop when the stem has
completely dried up. The fungus is more virulent on canes nearing
maturity. The canes buried for seed purposes, are also damaged. The
disease is perpeiuated throu__gﬁ' the fungus, which remains viable in
diseased plant portions lying in the field. Studies on the physiology of the
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causal fungus have revealed that sucrose enhances the growth of the
fungus to a great extent. Destruction of diseased plant debris helps incon-
trolling the disease. The fungus does not thrive in the soils of canal
colonies which are alkaline.

Red rot of sugarcane caused by Colletotrichum faicatum has been
found to perpetuate through setts taken from diseased canes and also
through the fungus that remains viable on diseased canes lyingin the field
after the crop is harvested. The ratoconing of the infected crop also
produces the disease. In addition to planting of setts from healthy canes,
destruction of diseased cane debris is helpful for the control of the
disease. Sugarcane varieties, which have been found to resist the disease
are also recommended for growing.

Studies on Helminthosporium spp. leaf spot {a minor disease) have
shown the pathogenicity of the fungus and its perpetuation through the
infected leaves lying in the field. Marphology of the fungus has been deter-
mined and controt measures suggested. Pokkah boeng (top rot) caused
by Fusarium monififorme has been described as regards symptoms and
some control measures have been suggested.
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Chapier V1

Cotton

and Phizoctonia solam Kuhn

Occurrence and Symptoms

Root rot is pravalent in traces or in high intensities in localized areas
throughout the cotton growing tracts of the country. As the name implies,
the disease affects the roots exclusive!y{ causing pre wilt shedding of cot-
ton leaves, yellowing of {foliage, disintegration of root tips, discolouration
and shredding of rocts, exudation of drops of smelly liquid from the rotted
areas, producing at first, wiiting of shoots, which ultimately results in the
ddath ofthe entira plant (Fig..6.1). The attack starts when the cotton plants
are about six weeks' oidg The disease appears in June and within a fort-
night the percentage of attacked plants reaches its maximum. it, hoewever,
continues to be vigorous throughout the menth of July. In August the
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death rate of plants gradually declines and the disease almost ceases to
appear by the end of September. Both American and desi (old world)
varieties are affected equally. The incidence of the disease varies from
field to field but on an average the loss has been estimated at 3 per cent of
the total area under cotton, amounting to destruction of about 570.000
hectares of cotton, producing 162 million kg. of lint valued at Rs. 2800 mil-
lion according to 1984 price.

The'following important results have been obtained from the sys-
tematic investigation carried out for 9 years at Lyallpur (Faisalabad) by a
special research staff under a scheme sponsored by the Indian Central
Cotton Committee. The results of the later studies, carried out at the Cen-
tral Cotton Research Institute, Multan and at the other Research Institutes
including Universities are given at the end.

(a) (b)
Fig. 6.1: Root rot of cotton (a) shreded roots and (b) wilted seediings,

Pathogenicity and Morphology of the Causal Fungi

The disease is caused by the two fungi, viz, Macrophomina phaseoli
(Rhizoctonia bataticola) and Rhizoctonia solani.

Both are fairly fast growing fungi with optimum growth at 30°C. Above
30°C there is a fall in the rate of growth and desiccation occurs at 40°C on
Richard’s agar, cotton leaf and root extract agars and cotton root sy-
nthetic agar but on Brown's agar Rhizoctonia bataticola exhibits slight
growth upto 40°C, which stops at 45°C. The minimum temperature for
both the fungi is below 20°C. They have very wide range of tolerance to
acidity and alkalinity, producing fairly good growth between pH 3.2 and
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8.5, and growing best at pH 810 7.

Rhizoctonia solani fails to grow when exposed 1o 60°C for 5 seconds
and in the case of Rhizoctonia batfaticola an exposure of § seconds to
68°C is required to kit the fungus.

The parasitic activity of Rhizoctonia solani increases in the presence
of certain other fungi, when these are added in the inocuium.

Mercuric chloride 0.09 per ceni, copper suiphate 0.3 per cent and
phenol 0.5 per cent solutions are effective in checking the growttyof the fu-
ngi. Sclerotia of the fungi, when exposed to the moist condition for 45
minutes in hydrocyanic acid gas, lose viability but under dry conditions
they remain viable even after one week's exposure.

Hydrocyanic acid gas penetrates inthe soliup 1o adepth 45cm after 6
days and kills the sclerotia of both the fungi.

Chemical Composition of Plants

Reducing sugar and sucrose are higher in all parts, i.e. raots, stems
- and leaves of diseased than in the corresponding parts of the healthy
plants, Similarly, N, Fe, Ca and K ¢ontents have been found to be kigher in
diseased roots,

Factors Affecting Incidence of the Disease

Cotton plants suffer higher mortality from root rot due to Rhizocionia
solani and Rhizoctonia bataticola at teroperatures of 35 and 87°C, respec-
tively. Aithough Rhizoclonia bataticola is actively parasitic over a range of
temperature varying from 25-39 °C, there is a noiiceable fall in the
parasitic activity of Rhizoctonia solani above and below 35°C.

Soils on which disease develops usually contain higher amount of
acid soluble calcium and higher calcium/magnesium ratio.

Soil fumigation with calcium eyanide, para-dichloro-benzene and
various cultural treatments comprising addition of farm-yard manure,
removal of diseased debris, removal of diseased debrs combined with the
appiication of farm-yard manure and the application of artificial fertilizers
such as ammonium sulphate, superphosphate alone or ammonium su-
iphate plus superphosphate do not reduce ihe incidence of the disease.
Similarly, the addition -of mineral elements such as borax, zine sulphate
and magnesium chloride has nc effect on the disease.

The incidence of the disease is however reduced considerably if cot-
ton is, either sown late (after 20th June) or very early (in the beginning of
Aprit}.

The incidence of the disease can aiso be reduced considerably by
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sowing cotton mixed with moth (Phaseolus radiatus) or sorghum which
should not be removed from the field before 15th August.

There is no_significant difference in the incidence of the disease
whether cotton is sown on ridges or on flat land.

Later Studies

The salient features of the resuits of the later studies are given below: -

1. Thework carried out onthe disease at the Plant Pathological Sec-
tion, Lyailpur (Faisalabad) has shown that contrary to the results obtained
under the scheme, it has not been possible to produce infection by artifi-
cial inoculations with Macrophomina phaseofi (Rhizoctonia bataticola) and
Rhizoctonia sofani either in the field or in pots, indicating the presence of
some unknown soll factors which predispose the cotton plants to the
pathogenic or saprophytic attack of the causal fungi.

' 2. The investigations made at the University of Agriculture, Lyallpur
(Faisalabad) have shown that out of about 10,000 root-rot affected cotton
samples, coflected over a period of 11 years from all over Pakistan, 56.9,
19 and 1.7 per cent yielded fungi, bacteria and nematodes, respectively,
on isolation. The important fungi included Rhizoctonia bataticola, Rhizoc-
tonia solani and Fusarium spp. with 26.7, 203 and 26.5 per cent
occurrence while the other isolated fungi belonged to fourteen genera.
The above mentioned three fungi have failed to produce the disease with
artificial inoculation. However, the filtrates of these fungi have caused wilt-
ing in cotton seedlings because of their toxic nature. The otherresulis are:

- It has been possibie to produce for the first time the pycnidial
stage -of §. bataticola on cotton leaves through the use of stems
of Seasum indicum inoculated with Macrophomina phaseolfi
culture; '

— Fungi belonging to 55 genera have been isolated from cotion
growing soils of the country;

- There is no effect of deep cultivation and application of irri-
pation water on the disease:

— Intercropping cotton with Vigna aconitifolia reduces the disease
incidence but decreases the yield (except in highly infected pat-
ches); -

~ Growing of or green manuring with winter legumes have not re-

duced thé disedse in the succeeding coiton crop;

The incidence of the diseasa is high when cottonfollows oats and
low when it follows bartey, while it is in between when cottonis
sown after wheat.

3. The resuits of the studies made at the Central Cotton Research
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institute, Multan have shown that:

~ Inspite of higher frequencies of isolations of Rhizoctonia solani,
R bataticofa and Fusarium spp. from diseased plants and soit as
compared o healthy ones, the fungal cause of the disease has
not been established so far; ’

— Presowing and postsowing chemicat ireatments of the known
root-rot affected patches have not reduced the incidence of the
disease. in some cases it has even doubled the mortality, which
may be due to kKilling or suppressing of the soil antagonists and
saprophytes;

— Intercropping with moth has effectively controlied thedisease (O
vs. 13.2 par cent) and has also reduced the frequency of Rhizoc-
tonia sofarid by about 50 per cent but increased that of other soll
fungi and bhacteria. This pattern of soil fungi and bacterial popula-
tion may be respoensible for controliing root rot in cotton inter-
crapped with moth, but scientific explanation is still lacking;

- None of the varieties, previously tested, has shown resistance.
Some of the hexaploid cotions (developed by doubling the chro-
mosome numbers of Gossypium sturtianum followed by crossing
with Gossypium hirsutum with branching root system} have
shown some escape rather than genetic resistance to root rot
caused by Phymatoirichum ommnivorum in Texas, USA. Such lines
(TX-MAR-76C, TX-GOR-76C and TX. GN-76C) when tested in
root-rot affected patches in the Punjab have given 7-14 per cent
infection vs. 94 per cent inthe check. Work isin progressic make
use of these genetlic stocks. At present CIM-70 has shown high
degree of tolerance,

4. The main results of the investigations carried out at the Depatrt-
ment of Botany, Karachi University have shown thai:

— The cotton seedlings inoculated with Macrophomina phaseoiina
infected the root system, producing brown lesions and micro-
sclerotia without showing any above ground symptoms (which
appears to be a case of weak parasitism);

- The deficiency or excess of N—and K+ in soil over a wice range
do not predispose cotton plants to wilting due to M.phaseoiina
infection uniike the results reported regarding Fusarivmand Ver-
ticillivm. wilts:

—~ Cotton plants when subjecied io waier stress, are more predi-
sposed to Macrophomina wilting (Table 6.1) and such conditions
are of commion occurrence during cotion growing season;
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— Total protein contenis of inoculated planis, subjected to water

stress, are twice as high compared to those of regulary watered
plants;

Anumber of antagonistic fungi have been identified which inciu-
de Penicillium nigricans, P. urticae, Stachybotrys atra, Trichoder-
ma virides, Streptomyces griseus, S. albus, and S. noursei. Addi-
tion of organic substances like aifalfa meal and barley straw

-enhance the population of antagonistic fungi, actinomyces and

bacieriain soil resufting into increased antagonistic action; which
prebably explains the beneficial affect of mixed sowing of cofton
with moth;

When buried in soilunder dry conditions the myceliumof the fun-
gus M. phaseolina diesin 7 days and sclerotia remain viable upto
10 months. Complete elimination of sclerotia can be obtained
after one week mulching of moist or dry soii with transparent po-
lyihene sheets, irrespective of using lucerne or wheat soill
amendments because of very high temperatures reaching 52°C
or above;

- Athough inoculum (sclerotial} densityis directly relatedto the di-

sease severity, the infection has been found to be abviousty con-
ditioned by soil moisture and progressively reduced at its increa-
sing levels. For 50 per cent infection at 25 per cent WHC, inocu-
lum levels of sclerotia per g. of soil are 5 for black gram, 20 for
okra/guar and 40for cotton. Sclerotial populations decline rapid-
ty in high soil moisture regimes of 75-100 (WHC). Under these
conditions the sclerotial populations are reduced by 86-96 per
cent with 1 per cent aifalfa, clover or mustard amendments and
by 27-33 per cent with wheat amendment after 3 weeks' interval.

Table 6.1 Effect of water stress on development of root rot of cotton

caused by Macrophomina phaseol.

No. of plants treated/No. of plants affected

Subjected to Waierad

water stress regularly
Fungi Wiited Infected Wilted Infected
M. phaseoli inoculum?® 6/8 8/8 8/0 8/0
in waier
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M. phaseoli inoculum in 1% 715 717 8/0 810

sucrose

M. phaseofi inoculum in Czapek's 8/7 8/8 8/0 8/1
solution

1% sucrose solution 8/ 8/I0 8/0 8/0
Czapek's solution 8/0 8/0 8/0 8/0
Noninoculated, watered only 8/0 B/O B/O 80
Inoculated buf not watered 212 210

a. Seven-week-old cotion plants in 4-inch pots of plaster sand were inoculated with

20 mi/pot of a mycelial suspension of M. phaseofi; at temperatures ranging

between 25-40° C.

b. Infection was indicated by the presence of micro-sclerolia on racis and disco-
louration of both cortical and xylem fissues without showing any above ground
symptoms (weak parasitism).

5..

The satient features of the investigations carried out at Tando Jam

are as follows:

The disease has been found to be quite severe (1-60 percent) in
the cotton growing areas of Nawabshah and Khairpur districts,
where the ground water table is cmparatively higher.
Inisolations, R, solani, R. bataticola and Fusarium sp. have predo-
minated while the presence of other fungi {Aspergiilus, Penicil-
fium), bacteria and nematodes iz associated with advanced sta-
ge of the disease which therefore appear to be of saprophytic na-
ture. Similariy, the micro-organisms obtained from healthy or di-
seased soil are more or less the same;

The pathogenicity tests carried out under optimum conditions
have remained inconclusive except some indications of weak pa-
rasifism in seedling stage;

The two fungi (R. bataticofa and R. solaniy have shown protopect:
nase activity, varying with the strains and growth conditions;
being higher in more active strains and in the presence of pectin
at the optimum temperatures,

There is no effect of dates of sowing, number of waterings and
fertilizer application on the incidence of the disease while inter-
cropping with moth reduces the disease 1o some exient;
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—  Certain specific conditions of soil, temperature, moisture and
nutrition, causing stress on the plant growth, are a prerequisite
for the appearance and spread of the disease.

All the later studies have clearly shown no parasitism (of very weak
parasitism on cotion seedlings) of the Rhizoctonia species and Fusatium
sp. alone or in combination and pre-requisite requirements of certain con-
ditions of soil, termperature, moisture and nutrition for the development of
the disease. This view is further strengthened by the fact that the disease
appears in patches in the field and remains always confined to those
patches inspite of all the cultural operations carried out year after year.
Even sometimes the disease from these paiches has also been found to
disappear, which might be due to the improvement of soil brought about
by confinuous deep ploughings and some other cultural operations.

It is, therefore, surmised that the presence of some unknown factors
in these patches is responsible in predisposing the cotton plants to the
attack of the fungi either directly or indirectly by injuring the roots and thus
making them susceptible. It is, therefore, obvious that on account of the
failure of the previous attempts to find out the predisposing factors the
methods devised to control the disease are of empirical nature and based
on principles which lack scientific explanation. The lower mortality ot cot-
ton plants in June-sown crop as compared to that sown in the month of
May. has been atiributed to the comparatively low soil termperature in the
month of June but actually it has been seen that the temperaturas prevail-
Ing at this pericd are quite suitable for the growth of the causal fungi shiow-
ing thereby the invalidity of the explanation as advanced above. Sirmilariy,
the reasons of lowered temperatures in mixed crops as compared to
those in the pure crops also do not hold good asthey have been found to
be 29°C and 33°C, respectively, and both of them are suitable for the
growth of the causal fungi. As mentioned earlier in the later studies also,
intercropping with moth has definitely reduced the disease butitis notdue
to lower temperatures. The possible factors may be reduction in the fre-
auency of Rhizoctonia spp. and increased population of some anagonis-
tic fungl, which in the presence of mothas a soll amendment, help in reduc-
ing the incidence of the disease. Moreover, sowing date and moth inter-
cropping methods of contro), although effective to some extent, are open
to the following two important objections:

— Late sowing of cotton is not practicable in the whole area on
account of the reason that in the canal coloniaes, sowing of cot-
ton, like other crops, is governed by the availability of water and it
is not possibte to sow more than 1/3 of the area on one water-
trn.
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- Mixed sowing of moth with cotton has been found to affect the
vield adversely. Moreover, the advartage of moth as source of
exira fodder is forteited on account of the reason that its removal
is not advisable before the 15th August, the period when actualty
there is shortage of fodder, as later on it does not exist.

6. Further work has been carried out in the Plant Pathclogical Sec-
tion, Lyalipur (Faisalabad) to establish the connection of Rhizoctonia
bataticola isolated from cotton plants and some other isolates of Rhizoc-

torda bataticola. The results obtained are reproduced beiow:
Ounng the earlier investgations on root rot of catton, it was not pos-

sible to produce pycnidia of Rhizoctonia bataticoia artificially and there-
fore, this fungus could not be connected with any spore forming stage.
Similarly, forms of Rhizoctonia bataticola which occur commonly on
tobacco (Nicotiana tabacum), citrus and chillies (Capsicum annum) in
Pakistan have not been connected before with afny such stage. On
Sesamum indicum, however, Rhizocionia bataticola freely produces the
pycnidial stage of Macrophomina phaseoli, With a view to establishing the
connection of Rhizoctonia bataticola {occurring on these hosts) with the
sparing stage, inoculation experiments, were carried out on various living
planis in pots as well as in field, and also on cut pieces of twigs of varicus
plants in potato test tubes at 30°C. The following important results have
been obtained:

All the isolates have infected living plants of Sesamum indicum,
Arachis hypogaea, Glycine hispida, Citrullus vulgaris. var. fistulosus, Nico-
tiana tabacum, Citrullus vulgaris, Phaseolus radiatus and Vigna catiang.
However, they couid not infect Gossypium, Ricinus communis and Cucu-
mis melo var. utifissima,

Afi the isolates have formed only sclerotia on all the infected plants ox-
Ceplon sesamum where both sclerotia and pycnidia have been produced.

Inoculations done on cut pieces of twigs of different plants have
always given rise to scierotia and pycnidia on sesamum and less frequent-
ly on citrus twigs. Single pycnospore isolations from pycnidia of alt the
isolates have given sclerotial cultures identical with those with which the
inoculations had been made.

The pycnidial stage has been identified as Macrophomina phaseol;
(Malub) Ashby.

The above results are important from both an academic and

-ecenormic points of view, As far as the academic point of view is concerned
itis the first record of the establishment of the connection of Rhizocionia
bataticola, (which, according to earlier studies, is one of the two causal fu-
ngi of root rot of cotton in Pakistan) and Rhizoctonia bataticola occurr ng
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on tobacco, citrus and chillies with the pycnidial stage, Macrophomina
phaseofi, Moreogver, pycnidia of many isolates of Rhizoctonia bataticola
can be formed at will on twigs of living or dry sesamum plants and also less
frequently on citrus twigs.

from economic point of view it is impaortant to note that the inclusion
of sesamurn in the rotation in localities, where crops susceptible to
Macrophomina phasecli are grown, is dangercus because a single
sesamum crop can help in large-scale multipiication and dispersal of ino-
culum in the form of pycnospores, exposing various ¢raps to the danger of
disease attack.

As already reported in the earlier studies that Rhizoctonia bataticola
freely attacks cotton and produces root rot, but the later experiments
carried out at various reésearch institutes and the University of Karachi
tend 1o show that neither the isolates from cotton, nor thosé from tobac-
co, sesamum, citrus and chillies have been able to attack cotton. This view
has been invariably strengthened by the resuiis of the expériments overa
number of years indicating the inability of the fungus to attack without the
nre-requisite specific conditions.

Control

Inspite of about 50-year research activities it has not been possibleto
find out clear cut control measures because of the tailure to éstablish the
pathogenicity of the fungus. Thus it is evident that the disease is of com-
plex nature and will require specific approach for its control. Singe it is
found in localized patches, the control measures should only be confined
to such areas, which can be easily earmarked by each farmer. The possible
methods may be Hevelopment of varieties with branched foot.system
(providing moreroots to withstand the attack)and use.of cultural practices
including intercropping with moth besides using antagonistic fungi in
moths orwith ather soil amendments. Such packagés of control measures
should be extensively tested in root-rot infested areas and demons‘zrated
to the farmers. These results clearly indicate that un'_i_es_s-ce_rtain soil factors
which may be in the form of hard pan or higher concentration of saits, or
water stress are present, the fungus probably will not be able to gitack cot-

ton. There is a great need io test and demonstrate the cultural control
measures including the use of aniagonistic fungi.

2. Boll Rot, Aspergiffus niger, Fusarium oxysporum, Rhizopus oryzae
and Xanthomonas malvacearum.
Occurrence

Boll rot is-an important disease of all cotton growing areas, becoming
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very serious under high humidity conditions of monsoon rains, which
tavour development of both insects and fungi causing boll rot. Correlation
and regression analysis, under Sind conditions has shown that 1 per cent
boll rot infection reduces the vield by 0.22 per cent.

The incidence of the disease has been reported to range between 3-
18 per cent in Sind province (being higher in more humid conditions inthe
South), while the survey carried out in the Punjab has shown maximum
infection of 60 per cent caused by Botryodiplodia sp. and of 33.3 per cent
caused by Xanthomonas malvacearum in the districts of Sahiwal and
Lahore, respectively.

Symptoms

Work carried out in Sind province has identified four distinct types of
boli rot, caused by specific groups of pathogens in decending order of
incidence;'(a) Aspergifius rot, {b) Fusarium rot, {€) Rhizopus rot, and (d)
Bacterial rot. Aspergilfus rot is more common and the bolls become
pinkish brown and finally sooty black due to overgrowth of the fungus. In
Fusarium rot the bolis are dried with colour assuming reddish and brow-
nish tinge and showing white fluffy fungal growih inside the bolls, Rhizopus
rot turns the bolis greyish covered with fungal growth, while inBacterial rot
caused by Xanthomonas malvacearum, water-soaked areas develop on
the bolls giving out gummy substance and foul smell. The other associated
fungi are Helminthosporium spicifer and Penicillium sp.

In the Punjab, mycoflora representing 24 genera (associated with cot-
ton bolls both externally and miemaﬂy) have been lsolated Out of them
Aspergilius flavus; Alternaria’ macros;:ora,’ -CIadosponum c!adcs;:ono;des
and Fusarium sem;tectum ‘are’ predominant These fungl besides
additional ones like Aspergn‘!us niger, Rhizopus oryzae, Botryodfp!od:a sp.
Mucor sp., Circinella sp, Trichoderma koningie and some bacteria have

also been isolated even from apparently heaithy bolis, Recently, Diplodia
gossypina has been found to be the causal pathogen of boll rot instead of
Botryodiplodia.

Q’Jhe symptoms have been classified into two categories (a) those
produced by strong parasites like Botryodiplodia theobromae, Colieto-
trichum capsici, Xanthomonas malvacearum and Myrothecium roridum
and (b} those produced by weak parasites like Afternaria infectoria, Fu-
sarium semitectum, Fusarium solani and Trichothecium theobromae. As in
Sind the gymploms also vary in the Punjab with the associated pathogens
(Fig. 6.2).
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Pathogenicity and Perpetuation

In Sind, artificial inoculation experiments have shown that the disease
can be reproduced by introducing the inoculum into wounds made on the
surface of bolls, (upto 100 per cent in case of Aspergillus niger) while
spraying the pathogen suspension in water has failed to produce the
disease. This shows that the disease is associated with the injuries caused
by insects and could be controlled with their elimination.

In the Punjab, out of 21, three isolates (Colletotrichum capsici, Bo-
tryodiplodia sp. and Myrothecium roridum) can cause infection without in-
jury, seven are wound parasites and others non parasitic. The bacterium X.
malvacearum has caused maximum incidence, followed by Botryodiplodia
and Colletotrichum capsici.

The disease perpetuates through diseased bolls lying in the field and
by sowing contaminated seeds.

Fig. 6.2: Boll rot of cotton.

Control

Apart from survey, isolations, symptoms and pathogenicity no sys-
tematic efforts have been made either to develop resistant varieties (all
cultivars have been found to be susceptible) or to find out other practical
control measures. However, it has been reported that primary infection
arising from seed-borne pathogens can be checked by seed dressing with
suitable chemicals (Agrosan) while at later stages spraying with insecti-
cides and a compatible copper-based or an organic fungicide (Perenox at
the rate of 2 1b/100 gal; 4:4:50 Bordeaux mixture or mixture of 0.1 per
cent Toxaphene and 0.2 per cent Cupravit) can provide an effective con-
trol, the economics of which needs to be investigated.
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3. Anthracnose, Colletotrichum gossypil and Coiletotrichum capasici
(Syd.) Butl.

Occurrence, Sympiom and Perpetuation

The disease occurs widely in the Punjab (excepting in dry localities).
Prodonged humid conditions are highly conducive for its development and
spread. These conditions have direct association with the time of
appearance and amount of rainfall. Infections upto 100 per cent have
been recorded. The disease has also been reported from other pars of
the country.

in the beginning, small, light coloured (usually reddish} spots with
ashy centres appear on the leaves. Later, the affected parts develop ne-
crosis with masses of fungal spores appearing in the centre. On bolls the
pathogen (Colletotrichum gossypil) farms sunken spots, with the resuit
that they are deformed and dried up. 1t can also cause damping off as well
as stem lesions and boll rots (Fig 6.3).

Fig. 6.3: Anthracnose of cotton.

The disease perpetuates through the contaminated seeds and/or
diseased pilant debris, both causing primary infection. The intensity of the
disease can increasé during the growing period through secondary infec-
tions caused by masses of the fungal spores.

Controf

All the 22 varieties, tested under ariificial inoculation cénditions‘, have
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been found to be susceptible. However, seed dressing with 3 fungicides
{Benlate, Vitigran blue and Vitavex) has proved {o be effective in controli-
ing the growth of the causal fungus in vitro. Repeated fungicidal field appli-
cations will be needed for controlling secondary infections, which may not
be economical except in case of high disease intensities.

4. Various Pathogens

Four types of leaf spot diseases have been reported from varidus
parts of the country. These are described below:

A) Myrothecium Leaf Spot — Myrothecium roridum Tode. Ex. Er. Syst.
Myed.

Symptoms and Pathogenicity

Leaf spot disease caused by Myrothecium roridum, appears as circu-
lar, white, purple ringed spots with definite margms onthe leaves. Lateron,
the spots join w1th each other_ _and deve[op concentric rings under
g-rise 1o b ead size sporodochia on
both sides of the Jeaf, W he dise d tigsues fall out producing

&3 cé the disease when inocu-
la¢] r;i-rlier in the latter case.
The pathogen can also inféct some weed: plants, which can serve as
sources of inoculum. o

No detailed work
sity of damage, varieta
disease, excepting that’
disease by about 50 pe

idence, prevalence, inten-
al-contral measures of the
‘féduce the incidence of
atisfactory control).
gossypina Cke.

i ! $ cotions not in young4eaf
stage but on mature ieaves durmq October < Novémber. Round or irregu-
lar spots, which are yellow brown in colour and brown to black at borders,
appear on leaves. The 'spots coalesce and form bigger tesions. Under
severe conditions of infection, defoliation takes place, particularly in G. ar-
boreum,

C) Alternaria Leaf Spot — Aiternaria tenuis Ness, _

The pathogen is highly virulent under humid conditions giving rise to
dark brown to black spots on the leaves, which ultimately fall o the
ground. Indigenous cotton appears to be somewhat resistant. Sprayingis
eftective for controliing the disease. Polyram combi and Brestan-80 have
given promising résults.
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D} Socty Mold — Microsphierella hibiscifolia

It being first reporied from Sind in 1972, is now found in all the cotton
growing areas of the country. Dark specks are found on the lower surface
of the leaves near the glandutar parts, which change their colour from yel-
low to red and black. Black patches of the fungus are easily noticeable on
the surface. The disease can spread to the whole leaf surface, stems,
branches and bolls. Sucking insects with honeydew praduction favour the
spread of disease.ndigenous cotton varieties, which are non-glandular
escape the disease. This character is being exploited in the breeding pro-
grammes on the development of resistant varieties (Fig. 6.4).

in conclusion leaf spot diseases caused by four different pathogens
mostly infect leaves and sometimes branches and bolls producing de-
foliation. the extent of damage depends upon the time of disease
appearance and degree of leaf shedding, which may notbe deleteriousifit
appears late. Humid conditions and presence of sucking insects are more
conducive to attack. Because of the aerial type of infections, use of resis-
tant varieties or combined fungal and insecticidal sprays (if economical}
and phytosanitary measures through culturatl practices will help to controt
the leaf spot diseases.

@ . 1))

Fig. 6.4: Leaf spot of cotton (a) Myrothecium leaf spots, and (b) Alternaria leaf spots.

5. Tirak or Premature Opening of Bolls
Symptoms :
This disease is characterized by bad opening of bolis and can, there-
fore, cause heavy reduction in yield upte 76 per cent in years of epidemics
+ {1926-28 and 1331-32). Detailed observations made on tirak ;- affected
ceotton plants have shown some abnormalities in the tissue of the leaves,
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These include accumulation of starch in the mesophyll cells of the leaves
by July or later and that of fannins in the palisade and spongy cells at
about the beginning of flowering stage. These abnormalities preceed the
ouier symptoms of tirak consisting of yeitowing and reddening of {eave_s
towards the beginning of reproductive phase. This is due to the break-
down of pholosynthetic apparatus. On the other hand the accumulation of
tannins is not found in the healthy plants at any stage of the growth. in
diseased plants there is a relationship between nitrogen metabolism and
the accumulation of tannins in the leaves indicating a total nitrogen of the
leaves less than 2.5 per cent. Leaves of plants grown in unmanured plots
give a positive test for tannins by the beginning of September while the
test is negative in the fertilized plots. The indication of the positive tannins
test at the flowering phase (August — September) is thus an index of nitro-
gen dsficiency, which can be remedied by applying 80-100 kg of
ammonium sulphate per acre at that time. The bad opening of balis affects
both guantity and quality of the lint produced as well as the development
of the seeds, which remain unmaiured (Fig. 6.5).

Healthy plants "

Fig. 6.5:- Premature cpening of -cciftfc‘:ﬁ}boﬂs:__: T
Soit Factors

The leaves of the plants grown in good soil neither show tannin accu-
mulation nor bad opening of bolls, those from medium soil exhibit-slight
symptoms whife the plant raised in bad scil indicate large accumulation of
tannins at an early stage of growth. The bad soils are found to contain
abnormal amounts of sedium salts (0.2 per cent) or more in the sub-scil
from 3rd or 4th foot dowawards. Sodium in soluble or exchangable form is
highar than calcium. If the quantity of total saits is 0.01 to 0.15 per cent,
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tirak does not appear under favourable conditions of weather and ade-
guate water supply but it can develGp in sych soils in years of hot weather
and/or absence of adequate water supply. Sodium carbonate has proved
less harmful in the presence of chloride. There is also deficiency of patash
at the fruiting stage in tirak ~ affected plants, resulting into immature
seeds. The comparison of four types of soils (normal sandy soils; sandy’
foam with saline sub-sail; light sandy soit with nitrogen defeciency; and
light sandy soil with nitrogen deficiency and saline sub-soil} has shown
suppression of growth of all parts of cotton on saline sub-soil by the in-
jurious effect of sodium salts on the root system due to physiological
drought. Thus the physicai texture ot soil, the sodium, calcium ratio and
the relative amounts of different sodium salts are important soit factors
that increase or decrease the intensity of tirak. Another soil type condu-
cive 1o tirak is light sandy soil, which produces defeciency of nitragen in
plants at the flowering stage.

The tirak years are characterized by hct and dry months of Septem-
ber and Ociober; even ten days of a spell can produce the disease.

Controf

The control measures given below are governed by the type of soils.

1. Insandy soils which are deficient in nitrogen with saline or aikaline
sub-soi, late sowing and application of extra water at the time of fruiting
are recommended. The application of nitrogen on such soils does not
improve the opening of bolis altheugh it may increase the yield through
more profused bearing. Closer plantations should be carried out in late
sowing to overcome yield depression,

2. Inlight sandy soils deficient in nitrogen, application of ammonium
sulphate (80-100 kgfacre) is advised.

5. Stunting or Reduction in Size of i.eaves

A survey was made on this condition during 18332-34 in the Punjab. it
was found to be serious in the fields of Puniab Agricuttural Coliege estate.
The incidence was above 40 per cent but it was of no consequence in
other parts of the cotton belt of the Punjab. It was found primarily to attack
the varieties of American cotton grown: at the institute while very few
plants of indigenous varieties were affected The attack started when the
plants were about one month-old. The disease was very active during Au-
gust and early parts of September. The affected plants remained smail
and stunted in size and the boll development was either absent or very
small bolis could develop. The spread of theinfectioninthe plant was quite
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regular throughout but sometimes a few branches remained. heaithy)
The condition was not found to be of hereditable mature. 1t could
not definitely be established whether the condition was of physiologicalor
of virus origin. 1t thus shows that the odcurrence of the small leaves ar
stunting in American cotton only, was probably not a disease but wasdue
to the environmental effects of early acclimatization period and, therefore,
the abnormal growth of the planis disappeared after the gstablishment of
the varieties.

' The later studies reported in 1977 have shown that sturiting of cotton
is a serious physiclogical disorder occurring only in the case of newly
introduced exotic varieties when planted earlier (March-May) and the
incidence varies from year to year and locality to locality (the highest re-
corded infection being 64 per cent at Multan}. The disorderappears within
1-8 weeks of germination showing a range of symptoms inciuding dis-
colouration of ieaves and stems, shortening of interodes, reduction in
size of leaves, cessation of growth, poor development of roots and root-
lets, reduction in size, number and weight of boiig} Soil and root isolates
mostly (Fusarium, Rhizoctonia and Aspergillus spp.) have failed to re-
produce the disease in pathogenicity tests. March planting showed the
highest infection, followed by April and May while in June sowings the
incidence was almost negligible. Out of 58 varieties, 34 remained free of
stunting. Manifestation of stunting is, therefore, due to genotypic-environ-
mental interaction rather than pathogenic in origin and it is likely to
disappear after-acclimatization period, which may differ for each variety.
While some varistiss may not need any acclimatization because of the
similar climatic conditions of their places of origin with those found in
Pakistan. :

7. Nematodes

First observation made in 1958 had shown a close association of
nematodes with Fusarium oxysporum and Fusarium vasinfectum, the cau-
sal pathegens of cotton wilt. Later on, in 1968 two species of nematodes
{Aphelenchus and Pratylenchus) were reported in Sind ending up into
isolation of 30 genera of nematodes from cotton roots and cotton soeils of
Lyallpur by 1973. Of these the important species belong to Aphelenchus,
Dorylaimus, Hoplojaimus, Xyphinema, Tylencharhynchus and Pratylen-
chus. Similarly, 19 genera from 133 samples have been reported to be
isolated at Multan, 40 per cent belonging tc parasitic group with greater
frequencies of Tyfenchorhynchus, (44.3 per cent) and Hopiolaimus (23.3
percent) and average populations 10.8 and 11.9 per sample, respectively.
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While soll forms representing 10 genera have shown the common
occurrence of Cephaiobus and Cervidellus. Later studies have shown 91.7
per cent samples from 81.7 per cent locaiities having 0-25 population
range of parasitic nematodes per sample, while high poputation ranges of
nematodes (26-100) have been recorded from very low percentages of
samples and localities {1.5 - 8.7). Since very high nematode poputations
ara needed to produce deleterious effects (Table 6.2}, the low populations
recarded in Pakistan (because of unfavourable ecolegical conditjons, ro-
tational and varietal pattern, and soil factors) do not produce any serious
damage in cotion and are therefore not alarming.

Table 6.2. Minimum soil populations of different nematodes essential for
producing damaging effects®.

Nematode Minimum Population
Trichodorus chrisiie 14580/500 g
Hoplolaimus tylenchiformis 25500/ pint
Hoplolaimus coronatus 500110 ¢
Belonolaimus gracilis 8903/pint
Rotylenchulus reniformis 30000/pint
Pratylenchus sudanensis 100/200 g
Summary

The chapter inciudes the work carried out on root rot, boll rof,
anthracnose, leaf spots, premature opening of bolls, stunting or reduction
in size of leaves and nematode diseases of cotton. The earlier invasti-
gations on root rot of cotton have shown that it is caused by
Macrophomina phaseoli {Rhizoctonia bataticola) and Rhizoctonia solani.
Symptoms ofthe disease and physiology.of these two fungi have beensiu-
died in-detail and it has been found that temperatures ranging between
35-37°C are optimal for their growth. Chemical analysis of healthy and
diseased plants has been carried out. Factors affecting the incidence of
the disease have been studied and tentative methods to control the
disease have been devised consisting of late sowing and intercropping
with moth, Further studies. carried out over a number of years have shown
that it is not possible to produce infection by artificial inoculations with the
cuitures of Rhizoctonia batatfcoié, R. solani and Fusarium sp. alone orin

combmat:on and that there are some factors (soil, temperature melsture

*Fof detaﬂs see Chapter XVl on diseases caused by nemalodes.
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and nutrition) which predispose the cotton plants to the attack of fungi.
This view is further strengthened by the fact that the disease appears inlo-
calized patches inspite of all the cultural operations carried out year after
year and sometime the disease autcmatically disappears. Some interest-
ing results have also been obtained in controlling the disease through the
use of antagonistic fungi and certain soil amendmernts. Experiments. on
Rhizoctonia bataticofa occurring on cottan, tobacco, citrus and chilfies
have established its connection with the sporing stage and the pycnidial
stage has been identified as Macrophomina phaseoli (Malub.) Ashby-.

Boll rot is an important disease of all cotton growing areas becoming
very serious under high humidity conditions of monsaon rains. Work has
been carried out on symptoms which differ with three graups of bol rot-
causing fungi; some of them are strong parasites while others are weak
{(dependent on injuries caused by insects). Pathogenicity and per-
petuation have been studied alongwith control measures comprising seed
dressing to control seed-borne infection and insecticidal sprays on the
cotton crop.

Anthracnose of cotton caused by Colletotrichum spp. has been stu-
died as regards its occurrence, symptoms and modes of perpetuation. All
the 22 cotton varieties tested, have been found io be susceptible. Seed
dressing with Benlate, Vitigran blue and Vitavex has proved to be effective
in controling the growth of the pathogen in vitro.

The studies on leaf spot diseases have shown that these are caused
by four groups of fungi (Myrothecium, Cercospora, Alternaria and Mi-
crosphierella), producing different symptoms on various parts of the
plants. The extent of damage depends upon the time of disease
appearance and degree of leaf shedding, which may not be deleteriousifit
appears late. Because of aerial type of infections use of resistant variaties
has been recommended.

Tirak of cotton, which is characterized by bad -opening of bolls, has
been investigated in detail. Analysis of infected plants has shown that
there is break-down of photosynthetic apparatus in teaves and develop-
ment of tannins. Largest accumulation of tannin occurs in plants growing
either in alkaline soils or unmanured plots. Developmierit of tannin has
been correlated with the deficiency of nitrogen in soils with presence of
abnormal amounts (0.2 per cent or more) of sodium saits. Disease
incidence is also higher in sandy soils deficient in nitrogen. Late sowing
and application of extra water at the time of flowering and fruiting has
proved to be successful in remedying tirak on soils which are not ofily san-
dy and deficient in nitrogen but are aiso satine or alkaline in the sub-soil.
June sowing decreases the disease irrespective of the tirak promoting soii
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conditions. Application of Nitrogen is recommended to sandy soils.

Some preliminary investigations carried out on stunting or reduction
in size of leaves in American cottons have shown that the disease could
not be associated with physiological or virus origin and moreover it
occurred only when American cotton was newly introduced in the Punjab.
11 has thus shown that reduction in size of leaves in American cotton was
not probably a disease but was due to the environmentai effects of an ear-
ly acclimatization period.

Similar results have been obtained in case of fater studies carried out
on many exotic varieties, showing that stunting is due to genotypic-
environmental interaction rather than being pathological in origin.

The studies made on nematodes have shown their close association
with Fusarium oxysporum and Fusarium vasinfectum, the causal patho-
gens of cotton will, A large number of genera of neamtodes have been
isolated, some of them have been found to be parasiiic with greater fre-
quencies of Tylenchorhynchus and Hopiolaimus, Investigations carried out
on population range of parasitic nematodes per sample have shown that
as a result of low populations recerded (because of unfavourable ecologi-
cal conditions, rotational and varietal pattern and soil factors) the
nematodes do not pose any sericus problem to the cotiton crop.
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Chapter Vi

Oilseeds and Oilseed Crops

Oilseed plants include ali those crops which are well known for their
high oil contents and are, therefore, culiivated throughout Pakistan with a
view to meeting the need for vegetable oils of the country, Theimportance

of these crops has been greatly enhanced due to increasing requirement
of edible oils. The domestic production is meeting only 35 per cent of the
total requirements, which are- annually increasing by 10 percent. in 1981-
B2 out of 750,000 tons of edibie oit consumed in the country, 65 percent
(487,500 tons) were imported at a cost of Rs. 3 billion inforeign exchange.
it has been estimated that from within the country cotion alone provides
56.5 percent of the total oil requirements followed by 33 percent from
rape and mustard and the rest (10.5 percent) from other Grops.such as
groundnut, sesame, soybean sunflower and safflower (which are now
gaining importance). The oilseed crops occupy about 535,000 hectares at
present, with a further scope of i increasing area under non conventtonal
crops which should be sufficient to meet the domestic requnrements if
yield levels are increased through dlfferent means including centrol of
diseases, discussed below:

~ Sarson {Rape)

1. Downy Mildew — Peronospora parasitica (Pers ex Fr) Fr.

Occurrence and Symptoms

Downy mildew occurs on several brassica species throughout the
country, with sarson (rape) being the most important host, suffering
appreciable losses; particularly when # is accompanied with white ‘rust
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infection. Irregular spots appear on the surface of leaves, which are
greyish white on the lower and yellowish brown on the upper side. The
spots increase in number and size ultimately covering large areas of
foliage followed by defoliation and infection of stems also, causing con-
siderable losses in yield (Fig. 7.1).

Morphology of the Fungus

Peronospora parasitica has been isolated from the diseased spots of
many brassica crops. The fungus produces conidiophores (180-480 X 9-
15 y) while the conidia are hyaline, globose to elliptical, measuring 15.5-
26.3 X 15.5-23 . The production of conidia is very much enhanced in cool
and humid weather, which is also conducive to secondary infections.

Perpetuation

The fungus which over-summers in the form of oospores in diseased
plant debris or on seeds, has proved to be pathogenic on brassica crops
under artificial conditions of inoculation. The disease has been found to
perpetuate mostly through diseased plant debris lying on the soil and
sometimes by sowing contaminated seeds.

Control

In the absence of resistant varieties, the disease canbe greatly che-
cked through (a) collection and burning of diseased plant parts and debris

Fig. 7.1: Downy mildew of rape and mustard.
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for checking the primary infection, and (b) carrying out 2-3 sprays at 15
days interval with 4:4:50 Bordeaux mixture or Cupravit (2 1b/100 gal. of
water) or Polyram M for containing the secondary infection. Dithane — M,
Deconil and Captan have also proved to be effective sprays. Seed treat-
ment can control seed-borne infection.

2. White Rust — Albugo candida (Pers. ex. Hook) Kuntze

Occurrence and Symptoms

White rust is a disease of cruciferous plants, being more serious on
rape. Itis found all over the country in various intensities varying from year
to year, depending upon the weather conditions. Early infections attack all
aerial parts of the plant doing more damage. The disease usually appears
at flowering period (early in Sind and later in the Punjab and other
provinces). The disease principally attacks the leaves, which become thi-
ckened. It also appears on stems, floral parts and pods, with the develop-
ment of whitish pustules, increasing in number and size and coalescingto
form bigger patches. These pustules, which are formed under the epider-
mis with raised up surface, ultimately rupture releasing powdery mass of
conidia of the causal fungus (Fig. 7.2).

Fig. 7.2: White rust of Crucifers.
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Pathogenicity and Perpetuation

The disease is caused by Albugo candida, through diseased plant de-
bris, harbouring oospores of the fungus, responsible for producing
primary infection when emperature and humidity conditions are
favourable. The fungus produces conidia in chains measuring 12-18 u,
which spread the disease through secondary infections.

Varietal Reaction

All the cultivars tested proved to be susceptible with varying degrees
of infection (28-50 percent).

Controf

In the absence of resistant varieties, the disease can be checked
through (a) destruction of diseased plant debris, which is a source of
primary infection, (b) collection and burning of diseased plant paris as
soon as they appear to check secondary infections, and (¢) spraying with
fungicides like Melprex, Polyram and Cupravit three to four times before
flowering, keeping in view the benefit: cost ratio. Timely sprays have been
found to reduce the disease by about 80 per cent.

3. Powdery Mildew —  Erysiphe polygoni DC

Occurrence and Symptoms

The disease occurs throughout the contry in various intensities on
almost ali the cultivars, reaching its maximum by the month of March. it
makes its first appearance in January as white powdery spots on leaves,
stems and pods which increase in number and size with the time, covering
toliage like a talcum powder. The affected leaves ultimately droop, sftems,
rot, and pod and seed formation are badly affected.

Pathogpmcny and Perpetuanon

The dlsease is caused by Erys;phe polygoni on arilflc:al inoculation
and is carried over from year to year through diseased plant debris of
volunteer host plants, while secondary infections are praduced through
conidia, formed in chains on vertical conidiophores, after falling on healthy
plants. The conidia are hyaline eliptical to cylindrical, measuring 35-45 X
1519 L.
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Contro!

Destruction of diseased plant debris after thie harvest of the erop is
useful in controliing the source of primary infection, While for contralling
the spread of the disease dusting the crop with sulforon at the rate of 25
Tbi/acre is beneficial, which also increases the yield. However, economics
of dusting will have to be taken into consideration.

4. Blight — Alternaria brassicae {Berk) Sacc.
Occurrence and Symptoms

Blight is a common disease of brassica causing spotting on leaves (in-
cluding cotyledons), branches and twigs with the result that the plants are
heavily damaged. The incidence of disease is severe in dense and closely
planied crops but light in poar and thin plantations because of higher
degree of secondary infection in the former case. Humid weather con-

ditions are more conducive for the development and spread of the
disease.

Pathogenicity and Perpetuation

The disease can be artificially produced by spraying the culture of the
fungus i aguecus sclution on the different brassica crops. Under naturai
conditions the disease has been found te be carried over from year te year
by either sowing infected seed containing hibernating mycelium of the
causa! fungus or by the spores which remain viable in diseased plant de-
bris of the previous year's crop.

Control

" The mycehum in fhe seedis Killed by sodaking lt n hot waterat45° Cfor
10 minutes. '

Spraving with Bordeaux mixture (4:4-50), Poiyram (500 g/ha) ar De-
conil (1.7-2.3 Kg/ha) is quite effective in checking the spread of the
disease. The economics of spraying, however, regquires to be taken into

consideration. Growing of resistant varieties constitutes the rmost effec-
tive control measure. :

5. Wilt of Toria— Fusarium sp.

The disease appearsmostly inthe seedling stage. thas beenfound to
be caused by Fusarium sp., infesting the soils.
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The optimum, maximum and minimum temperatures for thr growth of
the causal fungus are 25° C, above 40° C and below 10° C, respectively.

The incidence of the disease is the highest when the crop is sownin
the first fortnight of September on account of high soit iemperature, which
is suitable for the growth of the causal fungus. The incidence decreases

with the delay in sowing. No work has been carried out onvarietal reaction
and control measures.

8. Stem and Root Rot ~ Scierotinia sclerotiorum (Lib.) de. Bary

Occurrence and Symptoms

This disease was recorded for the first time from Pakistan on a mus-
tard cropin 1980 in Rawalpindi area in traces under rainfed conditions and
has nctbeen reporied so far from other places. K can attack teaves, stems
and pods showing white cottony mycelial growth containing sclerotia of
varigble size; ultimately kiling the infected parts and reducing the yield.
The seeds are also infected through the pod walls in severe cases of
attack.

Pathogen and Perpetiation

The fungus Sclerotinia sclerotiorum, which is soil-borne, has been iso-
lated from the infected plants, and it has proved to be pathogenic onartifi-
cial inoculations. Morphological and cultural characteristics of both the
perfect and imperfect stages of the causal fungus have been studied. The
disease perpetuates through either infected seeds, seeds contaminated
with srnali bits of infected piant parts or debiis lying on the s0il. The fungus
having a wide host range including sunfiower, soybean, lentil, peas, alfalfa,
beans, lettuce, can survive in the soil for long periods.

Controf

in the absence of resistant ‘varigties’, phytosanitary measures includ-
ng destruction of diseased plant debris and volunteer host plants, seed
cleaning, long rotation aswell as repeatedfoliar sprays with suitable fungi-
cides (Topsin M at the rate of 0.7 - 1 kg/ha) can help 1o keep the disease
under check. '

145



7. Storage Rots — Rhizoctonia bataticola and Aspergillus, Pen:fcimum
and Fusarium spp.

For the study of storage conditicns a number of store houses were
examined throughout the Punjab and the following conclusions have been
drawn:

Condltions of Storage

Sarson (Brassica campestris): in the markets after abargain has been
struck sarson seed is filled in gunny bags and sent to the purchaser’s
stores where it is unsacked and thoroughly dried. 1t is again fittled in gunny
bags, which are piled on brick flooring in pucca stores. Concrete flooring is
rarely met with. Store houses are usually dark, where sunshine and air
have no free access. Some store houses, which aré lacated in areas where
water table is high, are damp. in vilages the local oilseed crushers store
only a small quaritity of seed in gunny bags on kacha flooring. This type of
storing does not matteras the stocks are generally consumedwithin a few
days. '

Toria(Brassica napis): Toria is handled and stored under exactly the
same conditions as sarson, with the difference that it is frequently sun-
dried after showers of winter rains, which generally foliow its harvest.

Linseed (Linum usitatissimum): The produce is marketed in smal
quantities by farmers individually. 1t then flows to bigger markets whereitis
handied and stored exactly in the same fashon as sarson and toria. -

Groundnut {Arachis hypogaea): Groundnut is marketed before it is
partially dried and has a lot of earth sticking to the surface of the pods. Be-
fore storing the nuts, they are thoroughly dried, bagged and piled on brick
flooring in pucca stores.

Nature and Amount of Damage

Sarson and Toria: Under humid conditions of storage the brassica oil-
seeds form lumps, which with rfige in temperature begin o rot. The growing
mycelium of the fungi binds the grains together and the size of the tumps
increases with the progress in rotting. The cotyledons of rotten seeds turn
brown. Ol content of rotten brassica oilseeds often decreases to nil
besides deterioration in quality and seed germination. The percentage of
rotting varies according to conditions of storage. it has been found to vary
from 4 to 42 percent in differant stores with an average of 14 percent.

Linseed; Linseed suffers much lessrotting than brassica oilseeds. The
outside lustre fades away with the age of storage. During storing big lumbps
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areformed, if moisture is available. The percentage of rotting varies from 2
to 20 with an average of 7,

AGroundnut: Groundnut suffers three kinds of losses in stores:
i) Prolonged storage combined with humid conditions cause dis-
colouration of pods and kernels;

iy The testa of the kernels become bitter;

i) The kernels are totally or partially destroyed by the fungt.

These losses bring about a substantial reduction in oil contents.
Apparent damage done te groundnut in storage varies from 5 to 38 per-
cent,

Causal Organisms

The isolated fungi can be arranged into four different groups namely,
Aspergillus sp; Peniciflium sp; Fusarium sp; and other saprophytic fungi. in
the case of groundnut Rhizoctonia bataticola has also been isclated.

Inoculation experiments have been carried out in the laboratory for
testing the pathogenicity of the fungiisolated from the rotten samples. The
resutlts have shown that the isolated fungi are highly pathogenic and cause
big damage under suitable conditions of temperature and humidity.

The pathogenic fungi have been studied in detail regarding their
growth behaviour under different environmental conditions. The optimum
temperature for Fusarium sp. and Penicillium sp. is 25° C and for Aspergil-
lus sp. it is 30° C.

Rotling of seeds of sarson, toria, linseed and groundnut has been
found to vary indirect proportionto the degree of wetness in store houses.
This is due to the fact that the seed testas become soft at higher humidity
and are therefore, vulnerable to the easy attack of these fungi.

Control Measures

The following recommendations have been made for checking the
rotting in storage:

a) The store houses should be provided with concrete flocring to
prevent the soil moisture contact with Dilseeds;

b) In order to minimise chances of infection with the seed rotting
fungi, oilseeds should be frequently sundried. It is more impor-
tant in the case of toria and groundnut than in the case of
sarson and linseed; _

¢y Fumigatien of the store houses should be carried out occa-
sionaily with suitablé chemicals available in the market.
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lLinssed

Wilt -~ Fusarium lini Bolley.
Occurrence and Symptoms

Linseed (Linum usitatissimurm) wilt is one of the very important fungal
disease of this crop. The extent of damage goes as high as 50-80 percent
in the years when the conditions are favourable for the development of the
disease.

The seedlings as well as mature plants are affected. The end points ot
branches begin to droop and subsequently the whole plant dries up. In
advanced stages of attack, the root bark becomes loose and shredded
The disease has been found to be caused by the fungus Fusarium fini,
which has aiso been proved through artificial inoculations.

Physiology of the Pathogen

The linear colony growth of the fungus is the highest on Richard’s agar
which is followed by potato dextrose agar and Brown's agar. On the other
media tried, the growth is also fairly good.

The minimum, optimum and maximum temperatures for the growth
of the fungus are below 20° €, 25° — 30° C and 38° C, respectively.

The fungus grows on wide range (3.0 to 9.0) of pH. The maximum
growth takes place at pH 4 and no growth occurs at pH 2.6.

The colony growth of the fungus is the greatest in the normalconcen-
trations of Richard's agar followed by 0.5, 0.25,0.12, 2, 4 and 8Nif the or-
der named. The colony growth of the fungus is optimum on comnplete
Richard’s agar and Richard’'s agar lacking potassium dihydrogen
phosphate butit is very much affected when either cane sugar, potassium
nitrate or magnesium sulphate is omitted.

The average size of sporesis 21.2 X 8.6 jt at 25° C and 30° C. Larger
spores are produced at 4.4 to 6.4 pH values and comparatively small
spores at the remaining pH values of the medium. .

Sporulation is fairly good both in kght and in darkness. Sporulation is
abundant on oatmeal agar, Richard's agar and potato dextrose agar white
it is fairly gocd on the other culiure media tried. There is no difference in
the amount of sporulation at temperatures ranging from 20° C to 35° C.

Spores start germinating in distilled water after 2 hours and percen-
tage of germination reaches upto 68 after 8 hours. Nutrient solutions such
as sodium chloride, potassium sulphate, potassium chloride, potassium
nitrate and glucose favour the germination of spores.
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Factors Affecting the incidence of Disease .

ininfected soil the disease appearseariier at 25to 30° C thanat 20°C
and 35° C. Similarly, it starts to develop a few days earlier at low soil mois-
ture contents (8-12 percent) than at high soil moisture contents (15-18
percent}.

The incidence of the disease is greatest in early sowings carried out
between 5 to 25 October than in late sowings, during the month of
MNovember. This is due to low s0il temperatures present in the latter case.

Control

The incidence of the disease is reduced by 21 percent when seed is
.sown in dry soit to which water is applied immediately afterwards, as com-
pared to normat vatiar sown crop.

The seed disinfectants like copper suiphate, copper carbonate and
suiphur are not helpful in reducing the incidence of the disease.

One percent toluene, 2 percent copper sulphate and 1:160 formal-
dehyde solutions when tried in potted soil as soit disinfectantsreduced the
incidence of the disease by 52, 45 and 43 percent, respectively.

Out of 223 crosses and varieties of linseed tried in highly infected
soil, 64 showed & degree of resistance towards wilt disease. The varieties
are:-

(1} Derivatives of the cross C.12-4 X Danubian, P.174, P.186

and P.189;

{2} Derivatives of the Danubian X €123, P.16 and P.260.

{3y Derivatives of the Danubian X T.5, P.11 and P.12.

Since the disease is soil-borne, the most effective controi Yies in the
use of resistant varieties or antagonistic fungi or by foliowing 2-3 years ro-
tation with inclusion of those crops which are not affected by Fusarium.

Groundnut

Groundnut crop has assumed greater importance after the creation
of Pakistan and the area under this crop has been steadily increasing with
the result that it now occupies 43,000 hectates, producing 59,000 tons
with an average production of 1348 kg/ha. The salient features ofthe wark
done on root rot and wilt as well as on Tikka disease at Lyailpur (Faisala-
bad) and Tando Jam, are given below-

1. Root Rot and Wilt — Rhizoctonia bataticola and Fusarium sp.

Root rot and wiit diseases had been found to cause & to 100 percent
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damage to the groundnut crop inthe districts of Ludhiana, Hoshiarpur and
Juliundur (Bharat) in pre-partition period. The isolations and inoculations
carried out have shown that the fungi (Rhizoctonia bataticola) and Fu-
sarium sp, are responsible for causing roct rot and wilt diseases, respec-
tively. in later studies Fusarium coerufeum {Lib.) Sacc. has been identified
as the pathogen of wilt disease and Botryodiplodia theobromae Pat. asan

additional pathogen for causing root rot. (Fig. 7.3).
Control

Later studies have shown that seed ireatmenis with Arasan or
Granosan M have enhanced the seed garmlnatlon by 2-13 percent and
yield by 200-500 kg/ha. Hence seed treatment and destruction of
diseased plant debris can help in controlling the diseases.

2. Stem Rot — Dipiodia sp.

This disease’is characterized by withering of the top shoots and con-
sequent wiltifig of the whole plant. The percentage of attack has been
found to vary from 15 to 25.

in all cases the fungus Diplodia sp. has been isolated from the
diseased specimens. The fungus has been proved to be pathogenic on
groundnut plants. Further work is required to-be done with aview to finding
out some suitable control measures.

As mentioneg earlier, groundnut also suffers from kernel rot in
storage under high temperature and humid conditions resulting in dis-
colouration of pods, substantial reduction in oil contents and production
of aftatoxin. Its one of the causal fungi is Aspergillus. This renders the

“product unsafe for consumption and reduces its market value.

3. Tikka —  Passo#lora personata (8 and C) S.A.Khan and Kamal.
Occurrence and Symptoms

# is common and wide spread disease throughout the groundnut
growing areas: sometimes occufring in epidemic forms causing heavy
tosses (as it happened in 1960 at Tando Jam). it appears, when the crop s
about two months old, as conspicucus dark brown circular to sub-circular
spols, measuring 2-8 rim in didmeter on leaves. Later on these lesions are
surrounded by light yellowish haloes, making the leaves to shed, which
affects the yield considerably- (Fig. 7.3). -
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, L)
Fig. 7.3: (a) Tikka disease of groundnut (b) Root rot and wilt of groundnut,

Physiology of the Pathogen

Previously, Cercospora personata (B and C)EIl. and Ev. was repor-
ted to be the causal fungus but the microscopic studies (described below)
have revealed the pathogen to be more close to the genus Passolora
rather than Cercospora. Hence it has been suggested to rename the
fungus as Passolora personate. The studies have shown that conidio-
pores are amphigenous, developing in large numbers on lower surface of
leaves with light brown colour, 0-3 septation without constriction,
unbranched but curved measuring 23.2-49.8 X 5-8 y. Conidia are

obelavate to cylindrical or spindle shaped, light brown, 1-4 celled and
rarely 5 or 6-celled, measuring 16.60-53.12 X 5-9.96 j.

Perpetuation
The disease perpetuates through the diseased plant debris lying in

the field, starting primary infection while the secondary infections take

place during growth period through a large number of fresh crops of
conidia.

Control
Destruction of diseased plant debris to avoid primary infectio_lbseed
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freatment and copper fungicidal repeated sprays can help in mhimlzing
the incidence of the disease. The rea[ control fes:in the develepment of
resistant varieties .
The accurrence of leaf spot disease caused by Alternaria ten : '_
(Nees Ex. Fr ) Wilt has aiso. been recorded but no work has been done so
far. '

Sesamum o

Sasamum (Sesamum mdtcum) occupymg 30 00 '_hectares is.an
1mportant "'|i crap nid also used in contectlonery 1] suﬁer from three
dtseases,_ namef rbot and s‘tem rot {given: below) Ieaf curlzand phyliody
(ChapterXV} nvarymg mtensrtles alt overthe cauntry : maln re"'mts of
the work carried out at: Tando Jam are given below:

Root and -Stem Roi —Macrophomma? phaseoh {Maubl )-:;Ashby .ancl-_--Bot-
ryosphaeria ribis Grossenb and Dogg.

Ocecurrence and Sympioms

This disease has been recorded since many years in sesamum grow-
ing areaswhereitrangesfrom 1-5 percent, with occasionalincidence upto
80 percent in badly infected areas. The disease usually makes its
appearance inJune and continues spreading till the end of August. It main-
ly attacks roots and stems, causing discolouration and rotting. As a result
the leaves turn yeliow, wilt and wither. A large number of pycnidia and
sclerotia appear as dot like structures on the infected plant parts, which
contain a multitude of spores capable of causing secondary infection dur-
ing the growing period of the crop under humid weather conditions (Fig.
7.4).

Pathogenicity

Qut of the three isolated fungi (M. phaseoli, B. ribis and Fusarium
spp.), the first one is the main cause of the disease, which has also been
proved under artificial conditions of incoulation. Recently B. ribis has also
" shown its pathogenic nature when inoculated on injured or un-injured
roots. The combined presence of both these fungi may prove {o be more
harmful.
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Fig. 7.4: Root rot and stem rot of sesamum.

Physiclogy of the Pathogens

M. phaseoli produces good mycetai growth on Richard’s agar when
glucose and ammenium nitrate are used as sources of carbon and nitro-
gen while manitol and ammonium chioride are more suited to Bo-
tryosphaeria ribis. The optimum growth temperatures are 30-35° C for M.

phaseoli and. 28‘3{3" c for B ﬂbeWhlIe the best pH_v_ luesare 5.5and 6.5,
respectweiy ' e

Perpetuatib;__i-_'i o

”h_.:-_lnfected plant
ature, can survive

reduce the oceurrence of secondary irtfec ens
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Soybean

debe'e’;_'n.;_._:'a ‘miracle crop, because of its m'QIti_pi_e_.us_és. is @ new

! : sly btack ncl shaw rottlng in
2-3 days The surviving seedlmgs devetop lesions typical of stem rot within
wo months and the plants start wilting and ultimately die. Sometimes
roots are healthy but plants show drying from top to bottom. in some
cases one or more branches are attacked at nodal portions, turning ashy
brown with silvery bark embedded with black pycnidia. Lisually the disease
occurs in scattered patcheds. Most of the affected plant paris or plants
are ultimately killed (Fig. 7.5).

154 Fig. 7.5: Stem rot of Soybean.



Pathogen and Physioiogy

Macrophomina phaseofi has been invariably isolated from the
diseased plant parts and it has also produced the disease symptoms on
artificial inocutations through sofl or spraying. This fungus has a wide range
of host plants including mung, castor, sunhemp and groundnut. The wide
host range, providing greater chances of carry over on a variety of crop
stubbles together with its capacity of saprophytic survival, lohgevity in the
soil and its aggressive nautre, make the pathogen more difficuitto control,
The fungus not only remains viable but multipiies in infected stubblies over
a long period even after irtigation and ploughing of the fields. it is, there-
fore, not possible to get rid of the fungus through conventional crop
production practices. The laboratory studies carried out on the fungus
have shown that:

- Richard’s agar is the best medium for its finear and myecelial

growth;

— The fungus can grow over & wide range of temperatures, with
optimum of 30° C and at pH range 0f4.7 to 8.4 with a tendencyto
change the reaction of the medium to alkaline side. [t also produ-
ces protopectinase enzyme, increasing with the addition of 1 per
cent pectin.

Contro}

Until resistant varieties are evolved, collection and burning of
stubbies can greatly help in checking the primary source of infection. Ro-
tations including maize, sorghum of other non host crops will markedly
reduce the fungus in the soil. Use of antago nistic fungi, if developed, may
also prove fruitful. o

2. Purpie Seed Stain -~ Cercospora kikuehii (T.Matsu and Tomoyasu)
Chupp.

This disease has beéen first time recorded at islamabad and Swat on
cultivar William intracés to 5 per cent, producing dull colour and cracking
of seeds. The fungus also being seed-brone, is presumed to have been
introduced into Pakistar. So far no work has been dorie on this disease.
(Fig. 7.6). ' '

Sunfiower.

Leaf Spot —  Septoria helianthi E. and Kell.
1585



Occurrence and Symptoms

The disease was recorded for the first time at the Natiinal Agricultural
Research Centre, Islamabad in 1980 with intensities ranging between
traces to severe infections. Dark brown spots, more or less circular and 2-
7 mm in diameter, appeared on the leaves. The lesions frequently
coalesced to form irregular patches in severe cases of infection. Minute
black pynidia developed in mature lesions primarily on the lower side of
leaves. The fungus was isolated and identified as S. helianthi.

No detailed studies have so far been carried out on the various
aspects of the disease.

The other three reported diseases are rust (Puccinia helianthi Schw),
leaf spot (Cercospora helianthicola Chupp and Viegas) and Plasmopora
helianthi, on which no work has been done.

Fig. 7.6: Purple seed stain of Soybean.
Summary

The importance of edible oil producing crops can not be over-
emphasized as domestic production can onlv meet 35 percent of the total
requirements, necessitating annual imports worth US$ 400-500 million.
There are a number of reasons for this short-fall including the low levels ot
production because of many factors including losses caused by diseases.
The main results of the researches carried out on these diseases are
embodied in this chapter.

The diseases of rape and mustard include downy mildew (Peronos-
pora parasitica), white rust (albugo candida), powdery mildew (Erysiphe
polygoni), blight (Alternaria brassica), wilt (Fusarium spp.), stem and root
rot (Sclerotinia sclerotiorum), and storage rots. For all these diseases,
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symptoms, pathogenicity, perpetuation and conirol measures have been
worked out. Since most of these diseases perpetuate through diseased
plant debris lying on the soll, the destruction, coltection and burning of
infected plant parts and the use of chemical sprays to check secondary
infactions have been recommended. In case of storage rots, which have
been found to be caused by four different types of fungi (Aspergifius, Peni-
ciliurm, Fusarium and Rhizoctonia spp.), initial infections coupled with
favourable storage conditions (high temperatures and high humidity)
are mainly responsible for substantial damage affecting both the oil con-
tent and ol quality. On the bhasis of these findings suitable conirol
measures have been suggested.

Wilt of linseed has been found to be produced by Fusarium lini, the
physiclogy of which has been worked out in detail. 1t hasbeen discovered
that the incidence of the disease is controlled by the time of planting;
being higher in early sowings and iower in later ones owing to the influence
of the soll temperature on the growth of the fungus. The disease is
reduced considerably by carrying out sowings in dry soil, which iswatered
immediately. Seed disinfectants have failed to control the disease while
soil-disinfectants have given promising results but may be a costly
proposition.

In the case of groundnuts, three diseases (root rot and wilt, stem rot
and fikka) have been studied. Root rot and wilt are produced by Rhizoc-
tonia bataticola and Fusarium coeruleumn, which are soil-borne and can be
checked through destruction of diseased plant debris, long rotation and
use of resistant varieties (if availabie). Stem rot is caused by Dipiodia sp.
on which more work needs to be done.

The tikka disease has been found to be caused by Passolora per-
sonate. lis physiology has been worked out along with perpetuation and
control measures ¢of the disease.

‘As regards, root and stem.rot of sesamum, caused by Macrophomina
phaseoli and Botryophaeria ribis, symptoms, pathogenicity, phsiology of
pathogens, perpetuation and conirol measures have been studied. For
both-the pathogens, sanitary and cultural control measures have been
suggested in the absence of resistant varieties.

- Soybean, which is a new crep, has been found to be attacked by
Macrophomina phaseoli causing. stem and root rot. Symptoms, patho-
genicity, perpetualion and control measures have been investigated. Be-
cause of the soii-borna nature of the fungus and its wider range of host
piants coupied withits abiiity to survive as a saprophytic colonizer, it is very
difficult to suggest effective controt measures since resistant varieties are
not available at present.

167



Inaddition, purple seed stain caused by Cercospora kikuehii has been
recorded first time on the cuitivar William at Islamabad and Swat produc-
ing cracking of the seeds.

Sunflower ieaf spot disease caused by Septoria helianthi was recor
ded first time in 1980 but no detailed studies have been carried out.
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Chapter Vi

Chickpea

The gram, which 1s an important pulse crop, occupies about one mil-
iion hectares in Pakistan, with an average yield of 550 kg/ha. Hs greatest
value iies in the fact thatitis almostthe only rabicrop that can be success-
fully grown in the vast sandy baranj {rainfed) iracis and therefore carries a
great economic importance for the buk of the farming community of
these areas. Unfortunately, this important crop is subject to two very des-
tructive diseases, namely, blight and wilt apart from a condition causing
reduction in size of leaves and some minor diseases. Since moreintensive
studies have heen made on diseases of chickpea, these are included in
this chapter, which is separate than the one embodying diseases of other
food legumes. A brief aceount of the research work so far carried out is
given below.

1. Blight —Mycosphaereila rabiei Kovaceveski (Ascochyta rablei Pass)
Labrousse.

Occurrence and Distribution

This disease has been reported from 26 countries out of which it is
quite severe in 16 e.g., Aigeria, Bulgaria, Cyprus, Greece, lrag, Israel, Jor-
dan, Lebanon, Morocco, Pakistan, Romania, Spain, Syria, Tunisia, Turkey
and the USSR. In Pakistan it mostly occurs in the districts of Attock,
Jheium, Bunnu, Karak, Mianwaii, D..Khan, Khushab, Bhakkar, Leiah and
parts of Jhanhg and Bhawalnagar; thus its distribution is correlated with the
amount of winter rainfall. The disease attracted attentionfirst of all after a
succession of four severe epidemics during 1936—37 to 1939-40, fol-
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lowed by more epidemics in the later years. Surveys carried out duringtwo
crop seasons ending 1981-82 revealed high infections (ranging
between 50-100 percent) in all the Qbove mentioned districts with drastic
reduction in production levels; the severely hit areas were Attock, Bannu
and Sargodha districts. Whereas in 1882-83 the incidence of the disease
was comparatively low in Khushab, Bhakkar and D.LKhan, it was higher in
Karak, Bannu and Attock districts. The last epidemic years drastically
reduced the total production, obliging the Government to import large
quantities of gram at a heavy cost of foreign exchange. The disease, thare-
fore, has the capacity to causeé heavy losses both in volume of commaodity
and io farmers’' income.

Symptoms

The affected plants cannot be distinguishedin early stagesfrom adis-
tance. From February onwards such plants show partial or total drying: At
this stage brown spotsofvaryingsize are noticed on stems, branches, feaf
stalks and leaflets. At first, individual diseased plants may be observed
scatterad over the field but later the disease spreads in circular patches,
The diseased plants appear tc be scorched by fire. and therefore the
diseasa is erroneously attributed by the farmers to the éffect of lightening,
which usually accompanies the rainfall. i ‘the weather during February-
Aprit becomes rainy, the whole field may be completely destroyed. i the
plants survive to produce pods, the diseased spots develop onthem with
great vigour and there is rapid formation of abundant pycnidia, in charac-
teristic concentric zones. In severe cases, the fungus can penetrate into
the pods and thereby gives rise to blackish infection spots on the grains,

which remain shrivelled (Fig. 8.1). Under favourable growmg conditions
the diseased plants may regrow but there is seldom any grain formation
in such: regrowths if late, whlle snme yield may be obtamecl from early
regrowths. - _ _ _ .

This disease can also appear in seedlmg stages on the plants, whlch
are ktlied out right and provide source of inoculum for the spread.of the
diseasg durmg the spring ramfall when the: temperature and humld:ty are
8 mtahle for the growth of the pathogen ' :

Pamogenicny of rhe Fungus

The fungus causmg gram biigfrt m Paksstan (G) has. bee_ f _ompared as
regards the symptoms produced as well as morphalogy and physiolagy
with other Ascochyta cultures. These included two cultures of Ascochyla
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pisi Lib. isolated from Pisum sativum i.e., A. pisi (India) designated as (P)
and A. pisi (England). The other Ascochyta species comprised (V) isolated
from Vicia sativa at Slough, England; (L) isolated from lentil at Palampur,
India; Phyllosticta rabiei (Pass.) Trotter isolated from gram at Madrid, Spain
and two cultures of Mycosphaerella pinodes (Berk and Blox) Stone and
Ascochyta pinodella Jones obtained from Centraalbureau Voor Schimmel
Cultures Baarn, Holland (Fig. 8.2). Cross inoculations with these fungi
were also carried out on gram, lentil, pea, wild and cultivated Vicia sa%va
and broad beans.

Fig. 8.1 (a): Ascochyta biight of chickpea.

Fig. 8.1 (b): Blighted field under gram crop.
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The following conclusions are drawn from the experiments carried
cut in this connection:-

The fungus, causing the blight of peain Pakistan, is typical Ascochyta
pisi Lib.

The fungus, causing blight of gram in Pakistan, is identical with Phyi-
losticta rabiei (Pass.) Trotter, but in the light of research carried out by
Kovaceveski, it is correctly designated as Mycosphaerelia rabiei Kova-
cevaski (Ascochyta rabjei {Pass) Lab).

Ascochyta pinodella Jones and Ascochyta pinodes Jones {My-
cosphaerella pinodes) {Berk and Blox) are confirmed as good species and
are distinct from Ascochyta pisi Lib. and Ascochyta rabiei (Pass) Lab.

Each fungus, with the exception of Mycosphaerella pinodes and
Ascochyta pinodella, is specialized largely to its own host plant.

Mycosphaerelia pinodes and Ascochyta pinodelia causa severe foot
rot while the others cause leaf, stem and pod blights.

Atungus isolated from peas in Pakistan in association with Ascochyta
pisi Lib, is considered to be a weak parasitic race of Ascochyta pinodelia
Jones.

Colony growth (mm.)

. o o o o - P AT -
A6 b S ey PRI Pepgma

Fig. 8.2 (a): Colony growth on different culture media allaboratery teimperature {18-23°C)
after twenty-one day's growth.

Morphology and Physiology of Mycosphaereila rabiei (Ascochyta rabiei)
The main resuits are:-
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Fig. 8.2 (b) Effect of temperature upon colony diameter, after fourteen days' growth on
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The perfect stage has not been found in Pakistan. The studies on the
imperfect stage have shown that the average size of pycnidiais 182 x 159
u; while the average size of pycnospore is 10 x 4. Under dry conditions
imperfect stage have shown that the average size of pycnidia is 182 x159
M; while the average size of pycnospore is 10Ux4 u. Under dry conditions
99 0 percent spores are non-sepiate and only 1 percent are septate, but
under very moist conditions the parcentage increases to 10. The
optimum, maximum and minimum temperatures for growth are 25°, 32.6°
and betow 10°C, respectively. This fungus has the iowest growth rate of
the group of the fungi mentioned above.

Though the fungus has maximum growth at about the neutral point, it
grows fairly well over a range of pH varying from 4.0-8.8.

The germination of spores and length of germ tuhes are very meagre,
siow and uncertain in water and is greatly improved in the presence 01 0.5
to 0.25 per ceny malic acid concentranons or an acidified medium.

The maximum, optimum and minimum temperatures for the ger-
mination of spores are 32.5°, 25° and below 10°, respectively, which agree
with those for the growth of the pathogen in the fieid.

Viability of the Fungus

In Diseased Gram Debris Lying on the Surface of Soil
The fungus remaing viable inthe infected debris lying on the surface of
the soil. During the summer rains the amount of ineculum may increase
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due to the saprophytic spread of the fungus on the dry but healthy stems
lving beside infected ones. The diseased stems exposed on the surface of
afield forone year, when used for inoculation of healthy crop, canproduce
100 percent infection as against only 9 percent produced by those ex-
posed for two years. The tungus is killed totally, if diseased stems are
allowed to remain lying on the surface of a field Yor 3 years, showing there-
by that after three vears it is safe to cultivate gram in such fields.

In Diseased Gram Debris Buried in the Soif

The fungus cannot survive in the infected debris when it is buried
under ground during summer, provided there is rainfall in this period. For
totai destruction of the fungus, the least burial depth should be 5 cm,

The duration of burial for obtaining complete kill varies with the
amount of summer rainfall. The more the rainfall, the shorter is the period
required and vice versa. When the rainfall is 50 mm; a period of 60 to 70
days is sufficient to kill the fungus totally.

There is no adverse effect on the viabiity of the fungus if infected de-
brig is buried in dry soil due to lack of pycnidiai bursting and initiation of
spore germination, showing thereby that it is not the dry heat of the sum-
mer which kills the fungus but instead it is the wet heat which is deterimen-
tal to the mycelium and spores of the fungus, '

'If the infected. matarial is buried in amanure pit for a sufficiently long -
time (2-3 months), it is completely freed from infection and the manure
resutting therefrom is safe for use in the fields, T

Furrow turning ploughs like Meston, Raja and Hindustan have been
found to reduce considerably the infective capacity of the diseased plant
‘debris by buryinga greater'percent_age ofthem inthe soil. in this case care
has to be exercised not to replough such fields, atieast for three months,

otherwise the buried stems will tend to come to the surface of the soil and
heip fungus to remain viable.

In Diseased Seed

The viability of the fungus in infected seeds decreases gradually with
the increase in time of storing of the seed so much so that it js not possible
to isolate the fungus from blighted seeds kept for two years in the la-
boratory. Such seeds are quite safe for sowing purposes, after testing their
germination capacity. The fungus is also kitled in 34 months, if the
diseased seeds are stored in air-tight containers due to the high concen-
trations of CQO2 build up through respiration of seeds.
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In Artificial Culture

The fungus when grown in culture and kept as such in dried form
retaing its viability even after eight months,

Under Cther Conditions

The fungus present in the diseased material is killed when it is fed as
hay to cattle. Itis thus clear that the diseased bhusa canbe safely used for

feeding purposes. Prolonged freezing in dry state has no adverse effecton
the viability of the fungus,

Development of Pycnidial Concentric Zones on Pods

Observations made in the field showed that the fungus produced pye-
nidia on pods in concentric circles but that sometimes they were absent,
Hence work was carried with a view to finding out the factors responsible
for this behaviour on culture in laboratory as well as on pods in field.

Brown's starch agar was selected for carrying out detailed studies
and the results obtained are summarized in Table 8.1 and shown in Fig.
83.

Tabile 8.1: Facters affecting zonation of the fungus in culture

Facltor Zonatior:

Qantity of medium 20cc per peiridish Normal

(110 mm diameter)

Higher or fower quantities of medium Abnormal due to change in
' growth habit

Normai concentration of medium Normai -~ .. ..

High or low comentrattons ot medlum Abnon-nal'

. source omitied: - .- Normal |

High concentration of_ :N-'Qe.urcé:__ Abnarmal due o abundam

pycnidial formation
Giucose and starch omitted Normat

High concentration ;q.f"starCH - K No zona‘clon due to higher
S ' mycelial growth

Phosphates omitted No zonation due to ab-
- o : sence of pycnidia:
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pH range (4.2 to 6.8) Normai

Alternate light and darkness at same No zonation due to similar
incubation temperature type of growth '
Alternate variation in incubation tem- Normal

perature (with 5°C or more difference}
when one of the temperature is
opHmum

Minimum incubation pericd at each Normal
temperature (12 hours or more)

An analysis of these factors indicates that both the quantity and the
quality of the medium are of importancein as much as they determine the
type of the growth of the fungus which is essential for this purpose. The
medium should be neither too rich or too great i in quantity to give rise to
intenise mycelial growth or sparulation, nor tco poor or too smail in guan-
tity to produce feeble growth of the fungus With the former, the zones
remain obscure because of overapping arising from intense mycetial or
pycnidial production and with the latter the zones are incomplete on
account of under development of pycnidia.

The second important factor for the production of zones is the
variation in the incubation temperature. It has been found that when the
culture of the fungus is transferred to temperatures higher or lower than
the optimum, it is induced to give rise to greater pychidial productmn at
the region to which its growing margin extends at the time of transition
from one temperature to another, Hencea pycnidial zene develops at this
piace.

Fig. B.3a Dishes kept at a!temate temperatures of 25“0 and 15“0
nnder constant darkness.

Fig. 8.3b Dishes kept at afternate temparatures of 25°C and 15°C
under constant light,
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Sirnilarly, under field conditions the right type of the medium for the
growth of the fungus is provided by the gram pods and the required
variation in the incubation temperature is brought about by the daily and
or day to night fluctuations of temperature. These conditions induce
zonation on pods. The zones may not develop if required temperature
variation is lacking.

Mode of Perpetuation and Spread

The disease is carried over from year to year by the following me-
thods:-

1) By sowing infected seed, In any sample of the seed taken fram a
diseased crop, every gradation is seen from apparently healthy and fully
developed seeds to those which are shrunken, discoloured and with targe
iesions on their surfaces. From such discoloured seeds soma percentage
of infected seeds can germinate and produce diseased seedlings. Even
apparently healthy seeds (which carry infection inside) give rise to
diseased seedlings on germination.

iy The fungus remains aiive in diseased plant debris lying on the sur-
face of soil in threshing floors or in fields for three vears and the sporesin
pycnidia present on such debris initiate infection in the next gram crop
when there is rain. The amount of inoculum may aiso increase due to
saprophytic spread of the fungus on healthy debris lying in the field.

The fungus alsc remains alive in diseased gram stems and the infec-
tion spreads when such material is carried from fields to the village or from
one village to another

-Effect of Environmental Factors

Rainfall: During summer it indirectly affects the incidence of ihe
disease. Heavy rainfall washes the spore bodies from the gram staiks and
thus reduces the inoculum while in scanty rainfall the inoculum is not
reduced but sometimes even multipiied saprophytically.

The critical rainfall period is, however, from February to April which
covers the flowering and fruiting stages. it has been seen that the disease
appears in an epidernic form, in those years only, when the rainfall during
this period is abbut 150 mm or more.

The oceurrence of blight in the Indo-Pak Sub-continent seems to be
highly correlated with the amount of rainfall during these periods. These
resuits have been confirmed in the later studies reported in 1985, giving
rainfalt analysis of the epidemic years.
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Temperature: A few spores germinate and cause infection during
December and January due to very low temperatures. The spores, how-
ever, remain viable during freezing periods and cause infectionin February
and March, when the temperature varies from 20-27°C, which is optimum

for the spore germination.

As the maximurn iermperature for the germinationof sporesis 32.5"C,
the seed in pods will not be infected i localities where at the time of seed
formation the temperature is about 32.5°C or higher. The disease in such
localities will automatically disappear in a few years even if introduced,
provided plant debris is destroyed.

Control Measures

To beginwith, the foilowing control measures were devised and put
into practice:-

a} Use of blight-frec seed for sowing and removing of shrivelled

grains by winnowing and sieving;

b) Elimination of diseased plant debris through:-

iy Harvesting the crop by pulling gut the plants by handin sandy
fields; ) .

i) Sweeping the threshing floor and-burning or burying the col-
lected debris; )

Hi) Floughing the field with furrow turning plough, after the first
shower of rain in summer in order to bury the remnants of
diseased plants;

i) Discontinuing the making of bhusa stacks in field.

c) Mixed cropping of gram with wheat, bariey or mustard to check

the spread of the disease;

dy Suspension of gram crop for three years and cultivation of

other crops like barley, rape and mustard or saffiower.

As secondary infection also takes place to a great extent, these
methods are only effective if all the farmers adopt them collectively. Under
fiormal conditions they have proved effective but in years of abnormal
rainfali the disease spreads from the un-attended fields. Work was, there-
fore, carried out to evolve high—yie'ldimg blight resistant types. For this pur-
pose studies were first conducted on the physiological specialization of
the pathogen. '

Variation in Ascochyta rabiei

Six forms were isolated from diseased gram planis affected with
Ascochyla rabiei. Detailed studies have shown that five of these forms dis-
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tinguished as (B}, (C}, (D), (E) and (F) belonged to Ascochyta rabiefand the
sixth form designated as (A) oceurred on gram plants as a saprophyte.
Though the five forms mentioned above differed some what in their colony
growth, they were similar in their reaction on various gram types, showing
thereby that they constituted one physiclogical race. Similar results have
been reported from the later studies in Pakistan. However, in india two
races (1 and 2} and one biotype of race 2 have been identified using 5 cul-
tivars (1-13, EC26 435, C 235, F8 and V 138) asdifferentials. This
needs verification. It has also been reported that the fungus can infect
cowpeas (Vigna sinensis) and beans { Phaseolus vulgaris) when inoculated
artificially, producing mild symptoms, but that alse needs confirmation.

.New Method of Inocuiation

A great deal of difficulty was experienced in carrying out inoculation
of gram plants on a field scale by means of spraying spore suspension in
water, although this method had previously proved to be very efficient in
bringing about heavy infections under controlled conditions. it was not
possibie to utilize this method ona large scale unless some arrangements
could be made to grow large amounts of the inoculum of the fungus for
preparing spore suspension and to create artificial humidity over the field
at least for three days. This handicap was overcome by evolving a very
simpie method in which case small pieces of blighted gram plants were
very carefully broadcast on the standing crop in the field, after ensuring
that the debris carried plenty of viable pychidia. The infections automati-
cally occurred after rain, even if it was received months after inoculation.
This technique proved to be very easy and as successful as the criginal
method of spraying spore suspension in water.

Resistant Varities

The work on testing of varigties was started in mid 1230s. At first 187
types and later oﬁ' 392 types and coliections of gram obtained from dif-
ferent places of Inda—Pak Sub-contment and foreign countries were tested
as regards their relatwe resrstance to Ascochyfa rabiei through artificial
inoculations both wlth spore su_sp_ensmn and diseas_ed plant debris. Alithe
Indo-Pak types were found to be susceptible to the disease while out of
the exotic material three varieties ( Pois-chiches Nos. 4 F32,:199 .and
281), which were ren: med as F8, F@ and F10,respectively, showed
ree of resistance 1o the disease, Later: on, abOu' 00 agditional
g _eworid were aise ed, b yAg

be resigtdnt- +
Of the three resistant types, F8 gave the highest yield and it also pos-
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sessed other desirable morphological charactersincluding the normalyel-
low grain colour. F8 was, therefore, selected for distribution to the far-
mers in the blight-affected areas. As this type was found to be low yielding
than Punjab type 7 (the premier Punjab type already under cultivation)
and susceptible to wilt, work was continued to evolve a type having yield
and tolerance to wilt atleast equal to Punjab type 7. For this purpose,
selections from natural crosses were made and also F8 was crossed with
Punjab type 7 . As a result of these activities, a number of disease tolerant
varieties were developed and released from time to time. Some of themin-
cluded C12/34, C62/18, C235, C612, C727, RC32 and C44. But
none of them proved to have continued resistance resulting in occurrence
of epidemic years (1956-59 @nd 1980-83). However, in view of the serious
nature of the disease, the work on screening of varieties was intensified
and enlarged in cooperation with ICRISAT and later on ICARDA. During the
decade starting from 1972, thousands of varieties have been tested but
none has shown real resistance, although some varieties such as ICL
195,NEG-138-2 and ILC 482 have indicated varying degrees of
tolerance. This shows lack of sources of resistance in the so far available
germplasm. Mutation may be a possible approach for creating genetic
variability and making its use in conventional breeding. This is confirmed
from the production of high degree tolerant mutants like CM68 and
CM72 (obtained from irradiation of a local line N0.6153); the latter is
now under seed increase on the basis of its promising performance during
1982-83 crop season, accupying over 120 hactares. Since blight is a
serious disease of more than 16 countries, ICRISAT and ICARDA should
carry out basic studies as well as develop joint breeding programmes
using mutation for obtaining genetic diversity.(Fig. 8.4).

Fig. B.4: Range spectrum of A. Rabieai.
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Basis of Resistance in F8 and F10

Work has been further carried out to determine the basis of resis-
tance in types F8 and F10 and the following conclusions have been
arrived at:-

The results of experiments so far carried out show that there are three
factors which may be responsible for buiiding up the resistance in these
types.

Firstly, the hair population in the resistant plants is higher. There is a
well known feature of the gram plant to give out an acid secretion {mostly
malic acid) from the gianduiar hairs on its surface, This secretion
increases with the advancing age of the plants both in susceptible and
resistant types and in the latter on account of higher population of hairsits
concentration becomes so high that it adversely affects the germination
of spores.

At the advanced stage of growth, the spores, which may be present
on the resistant types, do not germinate up to 48 hours and the ger-
mination remains feeble even after 72 hours with short germ tubes on
account of the high concentration of matic acid. Many plants of the resis-
tant type, therefore, escape infection. The importance of this factor seems
to be great because the disease, due to rain and suitabie temperature
actually appears in the field when the plants are of advanced age.

Secondly, there is a slow penetration of the fungus in resistant types,
which is due either to much delayed germination of spores or to some cuti-
cular diffarences. As the presence of humid conditions is necessary for
successful penetration of the fungus, the duration of such conditions must
necessarily be longer in the case of resistant varieties. Under natural con-
ditions, if high humidity is not maintained for longer period, plants of resis-
tant types escape infection while those of susceptible types are liable to

be infected. This, probably is alsc one of the main reasons why resistant
~ types show up well under field conditions.

Thirdly, the progress of the disease is comparatively slow inthe case
of resistant types. This can possibly be attributed to some structural dif-
ferences or 1o specific chemicai properties of the celi-sap, The results
obtained so far have shown that no structural difference has been detec-
ted in transverse sections of susceptibie and resistant types, also the
growth of the fungus is equally good in the cell sap of both types at dif-
ferent siages of growth. Microtomic sections of gram stems, which were
cut passing through infected portions did not show the formation of any
cork barrier. in fact, fungathyphae have been observed invadingright up to
the pith. The cause of the slow progress of the disease in resistant types.
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thus remains unexplained though it perhaps may be atiributed to the
production of some toxic substances which retard growth of the fungus.

inheritance of Blight Resistance

The mode of inheritance of blight resistance in gram has been studied
in a large number of reciprocal crosses of resistant types (F8 and F10)
and susceptible types (Pb. 7 and C7). The following is the summary of
the main results obtained in this direction.

The crosses between resistant types have given resistant progenies
and those between the two susceptible parents susceptible offspringinF1
generation. All the F1 plants of crosses between the resistant and suscep-
tivle types have been found to be resistant to blight like the resistant
parents; showing the dominance of resistance over susceptibility.

On the basis of disease reaction, F2 plants have been found to
segregate into four classes, namely, resistant; moderately resistant; sus-
ceplible; and highly susceptible in the ratio of 22:5:5:4 (9.78: 2.22: 2.9
1.78), showing thereby that thereis a good possibility of combining blight
resistance with other desirable characters because 22/36 (i.e., 60 per-
cent) F2 plants are resistant.

Resistance to blight in gram has been found to be controlled by two
genes (R1 and R2) whichare linked in a recombination value of 32.22 per-
cent.

Disease Rating Scales

Diiferent disease rating scales have been used from time to time,
Some of these scales are given below:-
Vir and Grewal 5-Point Scale
0= No infection;
1=A few minute localized lesions on stem and/or upto 5 percent
foliage infection: '
2 =Stem lesions 2-6 mm long which may girdle the stem and/or 5-25
percent foliage infection;
3= Stem lssions bigger than 6 mm girdiing the stem andfor 25-75
percent foliage infection;
4 = All young shoots and leaves are kilied.
The other scales suggested are those of Morall and Mekenzie (6-
point) and Singh et al; and Reddy and Nene (9-point).
Reddy and Nene - 8-Point Scale
1 =No lesion;
2=1{esions on some plants, usually not visible;
3=A few scattered lesions, usually seen only after careful
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examination;
4 = Lesions and defoliation on some plants, not damaging;
% = esions common and easily observed on all plants but defoliat-
tion/damage not great;
8 = Lesions and defoliation common, few plants killed,
7 = Lesions very common and damaging, 25 per cent of the plants
killed;
8 == All plants with extensive lesions causing defoliation and the drying
of branches, 50 percent of the plants killed,
9 = | esions extensive on ali plants, defoliation and drying of branches
more than 75 percent of the plants are Killed.
Each of these rating scales has merit; however, there is a need to sim-
plify the rating scale for adoption by the research workers on uniform
basis.

Association of Morphological Characters with Blight Reaction

Along with studies on mode of inheritance of blight resistance, work
has also been carried out on the association of morphologicat characters
with blight reaction. it has been found thai there is no significant difference
hetween resistant and susceptible types as regards number of primary
and secondary branches per plant and number of isaves and pods per
mmair shoot; but resistant types { F8 and F10) are significantly tatier, pos-
sess larger number of hairs per unit area of stem and leaf and have a
smaller number of tertiary branches than susceptibie types (Pb. 7 and
C7).

Association has been found to exist between blight reaction and cer-
tain morphological characters. Blight resistance has been discovered to
be positively correlated with hair density and weakly correlated with the
héf’éht of piant and number of tertiary branches per plant. (These resulls
are in confirmation with those aiready stated under basis of resistance).
- The character of dense hair population may prove useful for breeders
working on the evoiution of gram types resistant to blight.

Cytology of Resistant and Susceptible Gram Types

Cytologica! studies carried out have shiown that both resistant (F8
and F10)and susceptible( Pb.7 and C7)typespossess 16 diploidand 8
haptoid chromosomes and there does not exist any difference in the num-
ber and make up of chromosome compiement.
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Recent Studies

Chickpea blight being quite serious in many countries, the highlights
of the studies carried out by ICARDA are given below:

1.

2.

4.

Seed dressing with Calixin M {11 Tridemorph + 36 Maneb) alone
or in combination with Beniate (C.3)6g/kg could completely era-
dicate the pathogen from the seeds, Repeated sprays (17 times)
at 7-10 days interval with Bravo 500 alone or alternated with Ca-
lixin M on artificially infected susceptible cultivar also controlied
the disease but in case of tolerant variety ( ILC - 482 ) spraying at
early podding stage was found to be enough.

The pathogen in addition to infected seeds and diseased chick-
pea plant debris, can also survive as a saprophyte on many food
and forage legumes. _
Sampling of biight pathogen populations during 1978-79 to
1980-81 has revealed the presence of three isclates, responsible
for breaking down the recorded resistance or tolerance of some
cultivars. Out of the genotypes tested, 1CC-4107 has shown
resistance and 1L.C-1929 susceptibility to all the three isolates.
Based on the reaction of five isolates on seven genotypes, each
isolate has behaved like a separate race of A rapief {Table 8.2).
Studies are underway on sporulation capacity of different iso-
lates on various genotypes (showing great variation but no
correlation has been found with disease severity}; lesion size
{lesions aré€ not formed in resistant varieties); leaf wetiability
(not uniformly present among resistant lines); effect of humidity
duration (disease severity increased with time and most of the
lines developed infection in 15-day period, showing the main role

~of rainy period on disease development) and- effect of cultural

practices (dsep-sown seed or burial of diseased plent debris at
10 ¢m reduced the sources of inocutum), '

Table 8.2 Differential interaction of some chickpea genotypes with five

isolates of Ascochyta rabiei from Syria and Lebanon.

Genotypas TH-1 TH-2 TH-3 Lattakia . Terbol
iLC 72 R R S R R
HC 194 R R R-T S 5
iLC 249 R S s R R
ILC 482 R T S s R
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ICC 4107 R R R R R
ICC 1591 S R S S i
ILE 1929 S S S S S

= resistant, T= tolerant, S= susceptible reaction, TH= Tel Hadya.

The results are more or less in conformity with those reported above
and reiterate the agressive nature of the pathogen and hence a need for
the development of resistant/tolerant varieties and use of suitable cultural
practices (excluding crop spraying, being uneconomical and not practi-
cal) for controlling blight of chickpeas.

2. Wilt — Fusarium orthoceros Var. ciceri

Symptoms

The second important disease of gram is wilt in which case the roots
are attacked by the fungus with the result that the conducting vessels are
clogged up. The plants start wiltingand ultimately dry up (Fig. 8.5). The wilt-
ing of the plants takes place at two stages of growth, namely, seedling
stage occurring in the months of September-October and flowering stage
in the months of March-April. This is because of the fact that soil tem-

perature at these two stages is optimum for the growth of the causal
fungus.

Fig. 8.5: Wilt of chickpea.



isolation and Pathogenecity

Isolations from roots of wilted gram plants yielded 90 percent Fu-
sarfum orthoceros, 0.5 percent Rhizoctonia bataticola, 0.5 percent Penicil-
lium sp. and in 9 percent cases no organism could be isolated. it is thus
clear that wilted plants mainly yielded Fusarium orthoceros. This fungus
&iso proved to be pathogenic in artificialinfection experiments. In later stu-
dies, the fungus Verticillium alboatrum has also been isolated along with
above mentiened fungi and found to cause high degree of seed rot and
wilting. A number of other fungi (Operculella padwickii, Sclerotium rolfsii,
Phytophthora spp., Ascochyta pinodella, Sclerotinia sclerotium etc.) have
been associated with the wilt disease in Pakistan and other countries.

Cultural Studies of the Fungus

The colony growth is the highest on oatmeal agar followed by
Richard's agar, Brown’s starch agar, glucose peptone agar and nutrient
agar,

The maxirmum, optimum and minimum temperatures for the growth
are 35-40°C, 20-30°C (growth at 20°, 25° and 30°C is almost equal) and
below 10°C, respectively.

The maximum, optimum and minimum pH forthe-grow-th- isabove 8.6,
6.2 and below 2.8, respectively.

The spores are the biggest (18 x & p) on Richard's agar followed by
caimeal agar (13 x 5 1). On other media the size is about 10x 4 MA1E-
35°C the srze ‘ot the spores is normal, but at 10° and 40°C it varies from
2 to.3 - :

The_ spores are killed when exposed 10 67°C for 5 seccnds The cul

studies¢ arne_d outon Verticillium alboatrum, have shown product ion

I ycelial growth -and sporulat:on on the three medla at 20—
|ghest 'elng on Basal or Malt extract agars - L

ffeoﬁng the Inc:dence of me Dfsease

'Experlments carrle'd in. amflmally mfec‘ied s’bii have show

40°C germination is about 60-percent and il the: piants wilt with
night. At 35°C seed germipationis 70 percent and all the: pian’csw
17 days. At 30°C seed germination is 1'-Q'Ofpe'rcent and allthe p’la'rits"-r_
heaithy for 45 days. it may be mentioned that the ungerminated seeds at
temperaturesof 35°C and 40°Chave been seen to- rot compieteiy dueto
the fungus AE30°C rattmg of ungermmated seedsis partialwhile at 25‘301’1-
is extremely slow. All the plants under different soll moisture contents,
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show that wilting is indiractly proportional to the percentage of soil mois-
ture both in seediing and aduit plant stages.

The experiments, carried out in the field for a number of years, have
shown that the incidence of the disease is the highest when the sowing is
done in September and it is gradually reduced with the delay in sowing
time. it is almost nagligible when the sowing is carried out in November,
but the vield of the grain is reduced by about 50 percent as against
October-sown crop. Keeping both the incidence of the disease and the
yield of the grain in view, the best period during which the sowing should
be carried out varies between 15th to the end of October at Lyafipur
(Faisalabad). Accordingly the experiments carried out under controlled
conditions have shown that 30°C soil temperature at the time of sowing is
optimum for the maximum intensity of the disease. The best way to get rid
of the first phase of this disease would, therefofe, lie in avoiding sowing
when soil temperature is high. The suitable time of sowing should, there-
fore, be in October, atthough it may differ in different localities. Application
of supplementary irrigation during February-March will greatly help in
reducing the incidence of the second phase of the disease.

Soil moisture near the saturation point and :5 percent moisture con-
tent are favourable for the development of the disease. When the soil
moisture increases above 9.5 percernt the incidence of the disease de-
creases and the decrease is marked upto 19.5 percent soil moisture.
There is arapid increase in the incidence of the disease if the soilmoisture
goes above this limit.

All the available Punjab types and crosses as well as exotic varieties
have been tested for their relative resistance to Fusarium orthoceros but
so far no type hasbeenfound resistant to the disease. Studies on wilt reac-
tion and yield performance of eight gram varieties carried out over a
period of five years (1963--67) at six different places, have shown that the
wilt incidence is negativeb‘r correfated with the amount of rainfall received
during the growing period, and the variety G-727 has shown com-
paratively better resistance (statisticaly non-significant) but giving signifi-
cantiy higher yield each year than. C-612 (the standard variety). The blight
resistant selections although high yielding in blight areas, have given fower
yields in wilt infested areas. |t has been conciuded that C-727 combines
moderate resistance to blight and wilt besides giving higher vield. The
results further indicate that the varietal requirements for blight and wilt
rasigtance are different, making the breeding programme more difficult.

Pakistan can be divided into three belts according to the distribution
of blight and wilt diseases. The first belt comprises northern: districts,
where blight is a serious disease. The second beit includesthe cential dis-
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tricts, where both blight and wilt can coexist according to weather con-
ditions prevaiting in a certain year, while in the third belt (southern areas),
where rainfall is low, only wilt is present. Work ig, therefore, in progress with

a view to evolving a blight resistant type for the first zone, a type resistant
fo both blight and wilt for the second and a wiit resistant type for the third
zone. For further information see chapter XX

3. Reduction in Size of Leaves. (Cause Unknown).

Symptoms

The growth of the plants is quite normal in the beginning but later on
the diseased plants start showing symptoms of retarded growth which
results in the reduced size of the various plant parts including leaves, lea-
tets, branches and stem. The plants remain stunted in growth, the leaves
ultimately change colour, dry and shed, rendering the branches bare. In
severe casges there is no pod formation at all while in others the pods for-
med are of reduced size with shrivelled grains.

This disease was first observed in 1844, practically confined to the
crop at the Agricuitural Farm, Campbellpur. it started appeating in traces
and the incidence of the disease went on increasing gradually year after
year till it assumed an alarming form in 1848-49. The intensity of the
disease at the Farm was exceptionally high during 1949, and ranged
between 80-100 percent. There were only few fields which either did not
show any disease or where the incidence was very little, although the
variefy under cultivation and the dates of sowing were the same. From the
survey of the gram crop at the Farm it appeared that the soil had to do
something in influencing the conditions favourabie for the development of
the disease. A survey made in Attock district for the presence of smaliing
of leaves in farmers’ fields showed that only traces ofthe disease could be
located here and there and the crops on the whole'seemed to be aimost
free from the attack of the disease. _

Experiments carried out both at Campbellpur, and Lyallpur(Faisala-
bad) have definitely shown that the disease canbe artificially reproducad
by earrying out inocutations with the juice extracted from the diseased
plants and the symptoms of the disease are pronounced when the plants
are in early stages of growth. In late stages sither the disease does not
rake its appearance or tha symptoms remain masked with the result that
after a few days intervat the inoculaied plants recover and they appear to
be quite healthy. Similarly, it has been noticed that in inoculations carried
out on tender growing points, better symptoms of the disease can be
produced and the incubation period is also decreased when compared to

180



the incculations done on grown-up parts ot the plants. Onthe other hand,
the inoculations carried out, either by adding diseased plant debris in soil
or by putting juice extracted from the diseased plants in the soil, have
given negative results. Varietal trials carried out by sowing F8, C82/18, -
C12/34, B.R. 786, B.R. 334/1, Pb. 7 and local type in a fieid where the
infection had been very high during 1847-48, have shown that ali the
varieties under test have caught the disease very severely {infection per-
centages ranging between 80-100) and the yield of the crop has been
very much reduced, averaging between 100-500 kg/ha. in different
varieties, However, from the vield data it has been seen that 334/1 and
Ph. 7 are better varieties out of the whole lot.

Although from the account given above it is concluded that the
disease can be reproduced by carrying out artificial inoculations with ex-
tracted juice from infected plants, the peculiar nature of the disease as
regards its confinement to Agricultural Farm, Campbelipur, and its high
intensity in particular fields of the farm lead one to suspect that some
other unexplored factors of the soil are responsible for this typical
behaviour, which needs 10 be investigated.

The other minor diseases of gram so far recorded are rust (Uromyces
cicris - arietini), Alternaria and Cercospora leaf spots, powdery mildew
(Leveiliula taurica), Rhizoctonia root rot (Rhizoctonia solani), Verticillium
wilt {(Verticillium alboatrum), stem rot (Sclerotinia sclerotiorum), Botrytis
grey mold (Bolrytis cinera) and Stemphylium blight (Stemphyiium sar-
ciniforme); on which no research work has been done.

Summary

in this chapter the work carried out on three diseases of gram crop
namely, blight, wilt and smalling of leaves has been described. Asfar as dis-
tribution of blight and wilt is concerned, Pakistan can be divided into three
zones. In the first zone, which constitutes the districts of Attock, Jhelum,
parts of Mianwali and Rawalpindi, blight is serious whereas wilt is of little
importance. In the second zone, which comprises Lyallpur (Faisalabad),
Sheikhupura, Lahore and Sahiwal districts, both blight and wilt coexist
while in the third zone including Mianwaii, Jhang and Multan districts wilt is
the main problem.

Since gram blight started appearing in epidemic form during
193640, the work was taken into hand systematically. it has been found
out that the disease is caused by the fungus Mycosphaerella rabiei (As-
cachyta rablei). The disease appears from February onwards with the
advent of spring rainfail, producing brown necrotic spots of varying size on
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stems, branches, leaf stalks and leaflets. The disease also spreadsto-gram
pods and through them on to the developing grains. The causal fungus has
been compared with other allied fungi iikke Ascochyta pisi; Ascochyta spp.
isolated from Pisum sativum, Vicia sativa and lentil; Phyllosticata rabief
isclated from Cicer arietinum (gram) from Madrid {Spain); Ascochyta
pinodelia; and Ascochyta pinodes, giving main conclusions. it has been
determined that the disease perpetuates through infected plants debris
from the previous vear's crop and by sowing gram seeds having diseased
lesions on them. Factors affecting the incidence of the disease have been
worked out and control measures developed. Work has also been carried
out on varietal resistance. Out of the types tested, three types, namaely,
F8, F2 and F10 have been found te be resistant to this disease. F8,
being the best of the three has been used as one of the parents in evelving
blight resistant varieties (C12/34, C6 2/18, C727, RC32 and C44
have been developed from time to time and disiributed o the farmers).
Ultimately alt of them, with breakdown in resistance, fell prey to the
disease, showing the continuing potential threat of blight resulting into
epidemics. From 1872 onwards, researches have been strengthened in
cooperation with ICRISAT and {CARDA it appears that effective sources
of resistance from the available germplasm are lacking, and hence mu-
tation holds good promise for creating genetic diversity and making its use
inconventional breeding. Tilk high-vielding and blight resistant varieties are
available, the disease can be effectively contrelled through the use of the
healthy seads and destruction of diseased plant debris at all farmers level,
These methods have heen fully described in the text. Studies have also
been carried out on the inheritance of diseass resistance and on the fac-
tors responsible for resistance, the results of which can help in improving
the breeding programimes.

Wilt, which is the second important disease of grarm ¢rop, has also
heen studied and it has been found -out that i is.caused by the fungus Fu-
sarium orthoceros var, ciceri. The fungus hag been studied in cuiture. The
factors affecting the incidence of the disease have been worked out and
measures o control the disease suggestied. Since the varietal re-
quirerments for resistance to blight and wilt are different, development of
dual purpose varieties is difficult. The possible solution may be develop-
ment of separate varieties for blight and wili zones. Some preliminary work
has also been carried cut on reduction in size of leaves, alocalized disease
of gram crop, which made its appearance at the Agricultural Farm, Camp-
bellpur in late 1240s. The present studies have shown itsvirus nature cou-
pled with some scil factors, which remain undetermined.
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Chapter IX

Pulses and Legume Crops

Mung

Mung (Phaseolus radiatus), moth (P. aconotifolius) and mash (P.
mungo) constitute the important pulse crops of Pakistan, occupying a to-
tal area of 150,000 hectares. These crops are subjected 1o two very des-
tructive diseases, namely, biight and anthracnose. nvestigations have
been carried out in some details on these two diseases and the following
important results have been obtained:-

1. Blight —Phylicsticta phaseolina Sacc. and Ascochyta phaseolorum
Sacc.

Occurrence and Symptoms

The blight disease occurs in aimost all the areas in various intensities,
depending upon the cultivars and favourable temperature and humidity
conditions: sometimes causing heavy losses in yield, quality and totai
production. )

The disease affects leaves, leaf stalks, twigs and pods and the symp-
toms are like those produced in gram blight disease; resuiting in total or
partial drying of plants while the infected pods either produce shriveiled
and infected grains or no grains at all. During rainy period the fruiting
bodies of the pathogen burst, releasing multitude of spores, which fail on
the neighbouring plants causing secondary infections.

Pathogenicity and Morphology of the Pathogens

Two fungi have been isolated from diseased plants. Qut of them one
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designated as (A) has got small-sized spores (5.0-7.0px 2.0-2.8 ), and the
other designated as {B) has got big-sized spores (12.0-16.0ux4.0-5.3 p).

Both the fungi show good growth in artificial cuiture but fungus (B} is
comparatively quick growing.

The optimum temperature for growth of both the fungi is 25° C, the
maximum lies between 30-35° C and the minimum between 10-15° C.

The fungus {A) produces copious pycnidia in artificial culture media
while the fungus {B) produces scanty pycnidia from which pinkish spore
masses exudate. The optimum growth femperature is also optimum for
sporulation. Sporutation of the fungus (A) is completely inhibitedat pH 4.0,
whereas the fungus (B) produces reduced amount of sporulation also
towards the aikaline side.

Spores of both the fungi germinate within 6-8 hours of sowing.In the
fungus (B) septa appear in about 70 percent of the spores prior to ger-
mination. The optimum temperature for the germination of spores of both
the fungi is 25° C.

inoculations have been made on a number of crops with the fungus
(A} but with the fungus (B) only on mung and mash. The fungus (A) can
attack ali the four species of phasecius and sesamum indicum to a slight
extent whiie the fungus (B) attacks hoth mung and mash. The fungus {A)
has proved {o be comparatively more virulent than the fungus (B). On the
basis of these studies the fungus(A) has been named as Phyllosticta
phaseolina Sacc. and is considered 1o be synonymous with Phyilosticta
phaseofum and Phoma phasecoiina. The fungus {B) has been named as
Ascochyta phaseolorum Sace.

Perpetuation

The disease is perpetuated either by sowing infected seed {contain-
ing hibernating mycelium} obtained from previous year's infected crop or
by sowing seed in a field containing diseased plant debris in which the
fungus remains in a viable form.

The prevaience of suitable temperature and occurrence of rainfall
during the growing period are very important factors, which heip in the
spread of the disease. '

Control

In the absence of the resistant varieties, on which work needs 1o be
done, the following control measures are recommended:-
- Use of healthy seed and destruction of diseased plant debrisare very
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helpful in comtrolling the disease.

Mixed cropping of moth, mung and mash with sorghum or millet- {Pen
nisetum typhoideum) can check the spread of the disease to a great
extent. :

Comparative Studies on Phylfosticta spp.

Since blights are common diseases of many cultivated and wild
plants, comparative studies have been carried out on Phyllosticta isolates
from seven plants; Le: loquat (Eribotrya japonica), mango (Mangifera indi-
ca), ber (Zizyphus jujuba), ficus (Ficus bengalensis), guava (Psidium
guyava), grape fruit (Citrus maxima) and sorghum (Sorghum vuigare) in-
cluding one isolate of Phoma from mango. The main results are that-

a) Al the isolates have proved pathogenic on their respective
specific host plants;

b) There is no difference in their requirements for minimum tem-
perature and pH values of media while optimum temperatures
are 30° C for isolates from loquat, ficus and sorghum and 25°
for other isolates;

€) Since no cross inoculations have been carrled out, it is not
possible to classify and group the isolates into different strains.

It will be interesting to continue such studies with a view of finding out
different physiological races of pathogens and resistant plant varieties.

2. Anthracnose ~ Gloeosporium phaseoli Rich.
Occurrence and Symptoms

The disease is of common occurrence throughout the country, caus-
ing considerable losses under favourable environmental conditions. |
affects leaves, leaf stalks, stems and pods. The diseased spot are scat-
tered, to begin with, butiater on they may join, giving rise ta broad lesions
and ultimately the areaslying beiow the infected spots become dead. Thie
leaves sometimes become torn. The peticles, becorming badiy affected,
are unable to support the leaves. Similarly, seedlings raised from badly
diseased seeds, show biackened cankers on the cotyledons and may die
in case of severe infections. (Fig.9.1). o

Pathogenicity and Morphology

The causal fungus has beenidentified as Gloesporium phaseoli, and it
has been possible to produce the disease under artificial mocuiatlon con-
ditions.
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The fungus grows well on all the media tried. The optimum tem-
perature for growthis 30° C, the maximum and minimum temperatures lie
between 30 -35° C and 10 -15° C, respectively.

The effect of pH value of the medium is very marked on sporulation,
which is totally inhibited on alkaline side,

The spores of the fungus germinate freely in water and other nu-
trients.

Fig. 9.1:  Anthracnose on Mung

Cortroi

Use of healthy seed, destruction of diseased plant debris andliming of
soil are helpful i getting rid of the disease, till resistant varieties are
avaitable for cultivation.

Guar
Cyamopsis posraloides -

Amongst the legume crops, other than pulses, work has been carried
out at Tando Jam on the two diseases (wilt and powdery mildew) of guar
(cyamposis posraipides) which occupies ahout 300,000 hactares and is
used for food, fodder, green manuring and preparation of gum, giles and
adhesives {fetching a substantial amount of foreign exchange). The salient
features of the results achieved are given below:-
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T. Wilt — Fusarium solani (Mart) Sacc. and F. semitecturd: Berfi. Pers.
Occurrence and Symptoms

The disease is present throughout the country and sutveys carried
out during 1964 and 1965 in Sind province have shown the incidence
ranging from 1.6 to 27.5 percent, with anaverage of 9.5 percent infection.
As high as 50 percent infection has been noticed in some low lying areas.
The disease starts developing in the seedling stage and may continue to
appear throughout the growing period of the crop. The leaves show yel-
lowing and drying, foliowed by wilting and drooping of thediseased plants,
causing entire loss. Dark brown discolouration of the infected roots and
stems near the ground level can aisa'-ibe' riadticed.

Pathogenicity and Physmlogy of the Pathogen

Two Fusarium spemes 'F_-;' sofam and F semrtectum) have been
isolated from the infectéd roots and steims, which reproduced the disease
on artificial mocuiation Wlt the cultures of the fungl Both the fungi have
shown good growth on F{!chards and potate dextrose agar media with
optimum ‘temperature of growth at 30"' C ' '

Perpetuation

Studies carried out on modes bf perpetuation have shown the carry
over of the disease both through infected soil and diseased plant debris
lying on the soil, where the fungi remain viable over a long period.

Control

In the absence of resistant varieties sanitary measures can help in
checking the disease intensity. These include (a) uprooting and burning of
diseased plants, (b) destruction of diseased plani debris, {c} 2-3 years
crop rotation, and (d) avoiding cultivation of guar inlow lying areas orprac-
tising good drainage.

2. Powdery Mildew, [eveiflula taurica (Le'v.) Arnd.
Occurrence and Symptoms

The disease ocours in many areas but in lesser intensity as compared
with wilt. It generatly appears late in Augusi, reaching its maximurn inten-
sity during September through the spread of the disease due to secon-
dary infections. To begin with, greyish white spots develop on the leaves,
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which steadily increase in size and ultimately cover the entire leaf surface.
The leaves turn pale yellow, followed by defoliation resuiting in reduced
yialds.

Pathogenicity

The disease has been artificially reproduced with the fungus Levelfiula
taurica, isolated from the infected plants, The fungus has many host plants,
which help in the build up of the inocutum.

Control

The disease can be effectively controlled through repeated dustings
or sprays cf sulphur-based fungicides (like Sulfaron at the rate of 285
ka/ha or Cosan or Thiovil) starting early in August.

Summary

Mung, (Phaseolus aconotifolius), moth (P. radiatus) and mash (P.
mungo) constitute the important puise crops-of Pakistan. They are subjec-
ted to two serious diseases, ie.; blight and anthracnose. Blight, which
produces similar symptoms to those of gram blight, has been found to be
caused by two fungi namely, Phyllosticta phaseolina and Ascochyta
phaseoiorum. The physiolegy of both the fungi has been studied. in inocu-
iation tests, the fungus P. phaseofina has proved to be comparatively more
virulent than the other fungus. The diseaseis perpetuated either by sowing
infected seed (containing hibernating mycelium) obtained from previous
year's infected crop or by sowing seed in a field containing diseased plant
debris. The prevalence of suitable temperature and occurrence of rainfall
during the growing period help in the spread ofthe disease. Use of healthy
seed, destruction of diseaséd plant debris and mixed cropping with
sorghurmn or miliet are heipful in checking the disease. Comparative studies
carried out on Phyllosticta isolates from seven plants namely, loquat,
mango, zizyphus, ficus, guava, grape fruit and sorghum have shown their
specific pathogenicity on their respective hosts and simitarity in their cul-
tural requirements except having two optimal temperatures; i.e.; 25° and

"30° C {for isolates from loguat, ficus and sorghum),

Anthracnose of pulse crops has been found 10 be caused by Gloeos-
porium phaseofi. The physiology of the fungus has been studied and it has
been found that pH vaiue of the medium has got a marked effect on the
sporulation of the fungus which is totally inhibited on alkaline side. Uise of
healthy seed, destruction of infested piant debris and iming of soll are
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helpful in checking the disease.

Two diseases of guar fwilt and powdery mildew), respectively, caused
by Fusarium spp. and Leveilfula taurica have been studied as regards
symptoms, physiclogy of pathogens, pathogenicity, perpetuation and
possible controi measures. In the absence of resistant varietieswiit can be
conirolled through sanitary measures inciuding destruction of diseased
plants in the field and diseased plant debris lying on the soil and following
2-3 years rotation while the powdery mildew can be checked by carrying
out 3-4 sprays with sulphur-based chemicals, starting early in August, kee-
ping in view its financial effectivity,
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Chapter X

Tobacco

Tobacco crop provides a good deal of profit to the farmers in addition
to meeting their domestic requirements. [t is grown over an area of 49 000
hectares annually with atotal production of 70,000 tons giving an average
vield of 1424 kg/ha. Both\nrgm;a and indigenous varieties are grown and
used; respectively; for cigarette manufacturing and for local smoking.
Appreciabie quantities of cured tobacco and cigarettes are also exported
earning a substantial amount of foreign exchange up to US $ 120 million
perannum. The crop suffers from a number of diseases both of fungat and
viral nature, reducing considerably the yield as well as the quality. The main
resulis of the work done on some of the diseases at Lyallpur (Faisalabad)
and Tando Jam are given below:

1. Root and Stem Rot — Macrophomina phaseoli and Rhizoctonia
“solani Kuhn.

Occurrence and Symptoms

One of theimportant fungal diseases of this crop isroot and stem rot,
which is also known as charcoal rot. it ‘has been found to ¢ause much
damage to this valuable crop all over the country. As the nameimplies, the
roots and stems show: rotting syrnptoms when the piants are about 6-8
weeks old. The disease steadily progresses with the resuft that ultimately
the affected plants witt and: tha bark becomes covered with the embed-
ded sclerotia of the fungus (Fig. 10.1

Pathogenicity -
Two fungi isolated in frequencies of 45 and 30 percent, respectively;
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have been found {o cause this disease. These have been identified as
Macrophomina phaseofi (Rhizoctonia bataticola C strain Haigh) and Rhi-
zoctonia solani Kuhn. The disease has been produced artificially with the
cultures of these fungi under controlied conditions.

Physiology of the Fungi

The linear colony growth of Macrophomiina phaseoli increased with
the quantity of medium used while Rhizoctonia sofani produces. good
linear colony growth on all the depths of media tested. M. phaseoli grows
best on a rich medium while R. sofani produces the largest colony growth
on comparaiively poor medium. M. phaseoii grows well on normal
Richard’s agar and its growth is reduced at higher and lower concen-
trations while A. solani does well onlower concentrationssuch2s0.5,0.256
and 0.125 N.

The optimum temperature for the growth of both the fungiis 31° C.
The maximum and the minimum temperatures are 40° C and 10° C, res-
pectively; for M. phasecli and 43° C and 15° C, respeciively; for R. solani.

The growth of both the fungi is the highest at pH 4.4-4.8. It declines
very sharply in the case of M. phaseoli with everia sliight change inreaction
while in the case of R. solani the growth also decreases but not so sharply
as it remains guite good up ta pH 6.8. _

The amount of asriat mycelium of both the fungi is abundant at tem-
peratures varying from 25° -35° C and it decreases al higher and lower
temperatures.

Fg. 10.1: Healihy ard Aol Rol affpoted Tobacoo plants.

194



In the case of M. phaseoli, scierotiai formation is maximum on
Richard's agar and in the case of A. solani it is maximum on Brown's agar.
The sclercotial formationis at its maximum at 31° Cin both the fungiwhile it
is guite abundant at temperaturesvarying from 25-35° C. However, in case
of R. solanf comparatively lower concentrations are suitabie for scierotial
formation.

The size of scierotia of A. soJam is 110-317ux 131-236p and that of M.
phaseoii is 80-174p x 76-121. Sclerotia of M. phaseolf are killed in 0.05
percent mercuric chloride solution when sieeped for 10 minutes and in
0.1 per cent if steeped for 5 minutes while the sclerotia of R. solanirequire
10 minutes steeping in 0.2 per cent mercuric chloride sclution. The sclero-
tia of both the fungi do not iose their viability even after 21 months of
storage in the laboratory. The thermal death (inactivation) point of M.
phaseoli lies between 75-80° C and that of R. solani between 65°-70° C.

The sclerotial stages of both the fungi, which cause the root and stem
rot of tobacco have been identified as Rhizoctonia bataticola C strain and
Rhizoctonia solani; respectively.

M. phaseoli produces sclerotia both on the host and in culture media
while R. solani has not been observed to preduce sclerotia on the host.

Inoculation experiments have been conducted on nearly 104
varieties of tobacco and cut of these only Type 244 has shown resistance
to both the fungi under all the conditions tried.

The reaction of the soil has been found to have a great |m‘1uence on
the incidence of the disease. Application of lime af 2.5-5 t/ha makes the
soil alkaline (generally Paklstan s0il3 are: atkal:n’_"'but" hey tend to became
slightly acidic after growing of. tohacco orop ¢ years) and the
attack of the disease is considarably ri "duced i se_'ﬁf R.solaniandis
almost checked in-the case of M. pha '__ah - g

The host range of the fungi has been w 'rked
been found to attack the followmg plants wh
cending order of their suscep’ubihty Sesam
chis hypogaea (Groundnu*t} C ' uﬂus vulgans

d:aut. M. phaseoli has
are: arranged inthe des-
¢ m_:(Sesamum) Ara-
f:StuJGSUs (Gourd}, Cu-
L Mung), fea mays
afiang: pbla). Rhizoctonia
abia). Arachis hypo-

fgaris var. fisiviosus
s (Water meton).

Controi

The cultivation of resistant varieties constitutes the most suitable con-
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trol measure. However, in the absence of resistant varieties, phytosanitary
measures can greatly help in checking the disease. These include destruc-
tion of diseased plant debris, application of ime and long cycle rotation in-
cluding non host plants. As M. phaseoli has wider range of host plants than
R. solani, and it also produces sclerotia on host plants unlike the latter, it is
comparatively more aggressive.

2. Black Shank - Phytophthora parasitica Var. nicotianae (Breda de
Hann) Tucker.

Occurrence and Symptoms

This disease has been reported from most of the tobacco producing
areas with varying degrees of infection. It can attack either the seedlings at
2-4 |eaf stage or rapidly growing young plants. It makesits appearance on
the stems of the seedlings at soil level, invading the outer tissue,
developing soft rot and post-emergence death of seedlings. In young -
growing plants, the bottom leaves turn yellow to brownish, shrivel; droop
and appear to be water-soaked. The rotting extends from soil level to
about one foot above on the stems or involving the whole stem in case of
early infected plants. On up-rooting the plants, the infected parts are
found to be brown to black in colour besides decaying and becoming
dead. If the stems is split longitudinally, the pith is found to be blackish
In colour and divided horizontally into disks. (Fig. 10.2).

Fig. 10.2: Black shank of tobacco.
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Fathogenicity

The isclations have yielded the presence of the fungus, identified as
Phytophthora parasitica, which can produce the disease within 48 hours
on the seedlings under artificial inoculation conditions. Such seedlings
when transplanted, developed wilting in 2-3 days and died within a week.
There Is avariation in varietal reaction, some varieties develop the disease
symptoms comparatively more slowly than the most susceptible cnes and
may therefore escape heavy damage. The cultural studies have shown the
optimum temperature at 24.3° C while temperatures above 20° C and a
wide range of pH values are very suitable for the growth of the fungus.

Factors Affecting the incidence

The studies carried out have shown that high temperature and high
humidity are conducive 1o the growth and sporulation of the fungus. Heavy
sotis are more suited to the fungal attack than the light ones although soil
organic content has shown littie effect. Addition of compost manure (con-
taining diseased plant debris) accelerates the development of the disease.
Spores of the fungus have been found to be transported to healthy fields
through irrigation ar drainage water and movement of contaminated toois.

Perpetuation

The disease perpetuates through the diseased plant debris lying on
the soil or through raising nursery plants in infected soils for transplan-
tation to healthy fields or through irrigation water passing through the
infesied areas.

Controf

in the absence of resistant varieties, sanitary and cultural practices
can help in checking the disease. These include 2-3 years rotation inciud-
ing non-host plants, raising of nursery in healthy fields or disinfecting the
nursery area with methyl bromide gas (which will also. control root knot,
black root rot and weeds); destructiion of diseased plant debris and
stopping the movement of irrigation or drainage water from the infected
fieids to the heaithy ones.

The other reporied fungal diseases are Alternaria leaf spot, powdery
mildew, wiit and frenching {chiorosis) on which almost no work has been
done. The bacterial, viral and nemaiode diseases are reported in chapters
XV 1o XVi.
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Summary

lopacco crop is subjected to a number of diseases of fungal, bac-
terial, nematodal and viral nature, One of the most serious fungal diseases
is known by the name of root and stem rot on which investigations have
been carried out. Two fungi namely, Macrophomina phaseoli (Rhizoctonia
bataticola C strain) and Rhizoctonia solani have been found to cause this
disease. Physiology of the fungi as regards growth rate, aerial mycelium
and sclerotial formation has been studied. inoculations have been carried
oui on many plants and host range has been worked out. Varietat reaction
of 104 varieties of tobacco has been tested. Out of them only one varisty

tesignated as Type 244 has been found o resist the attack of both the
fungi. The application of lime at the rate of 2.5-5 t/ha makes the soil
alkaline, reducing the attack of the disease considerably.

The second important disease called black shank (Phytophthora
parasiltica) has been investigated as regards symptoms, pathogenicity,
factors affecting the incidence and control measures. It has been found
out that the disease attacks either the seedlings or rapidly growing young
plants, causing soft rot and post-emergence death of seedlings or rotting
of the stems of the adult plants. Temperatures above 20° C and high hu-
midity are conducive to the development of the disease. As the disease
perpetuates through infected seedlings and diseased plant debristying on
the soils, methods have been suggested to contro} these przmary sources
of infection for checking the disease.

Alternaria leaf spot, powdery mildew, wilt and chio rosis have beenre-
corded in traces but no investigations have been made on these diseases.
The diseases caused by bacteria, viruses and nematodes are discussed in
chapters XIV to XVl
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Chapter X

Vegetables :

Vegetables constitute an important sector of farming, eccupying
annually 150,000 hectares with an average production of 1.8 miliion ons.
Vegetable farmingis a lucrative industry mostly concentrated in the hinter-
lands of cities and big towns, which provide an established and easy
market. There are a variety of vegetabie crops grown during Kharif and Ra-
- bi seasons. Vegetables are alsc grown on small areas in the villages to
satisfy the daily requirements of the individual farmers. if the produciionis
increased, export of vegetables, particularly to the Guif countries, holds
good promise for earning much needed foreign exchange. Although
vegetable growing is a profitable business, it involves heavy investment in
purchased inputslike seeds, fertilizers {both organic and inorganic), inten-
sive fabour, field machinery, irrigation water, fungicides and weedicides
along with spraying and dusting equipments. Vegetables also demand
careful and timely harvesting, grading, packing, crating and transport to
the market. In spite of the heavy investment, the vegetable growers are
faced with many destructive diseases and pests, which can cause huge
losses even devastating the crops in years of epidemics. Investigations
have been carried out on some diseases of a few vegeiabie crops at
various agricuitural research institutes in the country. The main results are
reproduced below except those on the viral, bacterial and nematodal
diseases, given in chapters XIV to XVi.

Potato

1. Tuber Rots
Thers are three types of tuber rots, which have been found to attack
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the tubers, causing heavy damage. These include brown rot, wet rot and
dry rot.

(a) Brown Rot — Pseudomonas solanacearum (E.F.5m.) Dows.

Oceurrence and Symptoms

Brown rot of potatoes which is also called ring rot, has beenreporied
to occur in the districts of Sialkot, Faisalabad, Jhang and Lahore causing
3.6 to 4.1 percent infection of plants and corresponding loss in vield. The
causal organism is seed-borne becoming systemic on growth of the plant.
Typical symptoms are burning of leaves, reductionin plant height, leaf size
and dry weight of tubers as well as discolouration of vasgular bundles and
exudation of foul smelling liguid in advanced stages. The produce of the
infected crop, when stored, develops tuber rot, causing considerable ioss.
No work has been done on varietal reaction and control measures. Seed
disinfection may help in checking the disease. The details are given in
chapter XIV.

{b) Wet Rot — and Storage Rot — Trichurus spiralis Bassel.

Symptoms and Causal Organisms

The symptoms differ according to temperature conditions under
which tubers are stored. At high temperatures (35°-40° C), the rot is
always wet due to physiological break down; gradually involving the whola
tuber, which becomes soft and can be crushed easily, giving out brown
drops of fiquid. t emits an offensive smell if rotting 15 accompanied by
the attack of Pseudomonas solanacearum and other saprophytic or-
ganisms. Storage rot is also caused by different fungi but mainly by
Trichurus spiralis Bassel. Affected tubers become discoloured, usually
brown to black, rupturing later on showing deep cavities. Selection of tu-
bers from a healthy crop and eold starage can help in controlling the rot.

(¢) Dry Rot ~ Fusarium angustum Sherb and Fusarium oxysporum Schi.

Symptoms

Dry rot usually occurs at lower temperatures as against wet rot at
higher ones. Sunken, shrivelled or concentrically wrinkied areas devetop
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on the surface of tubers The affected areas are brown to black in
appearance with cccassional growth of the fungus on the surface. On cutt-

ing open such tubers, cavatiss are found lined with white fungaimycelium.
fhe tubers exhibiting dry rot symptoms, are finally transformed into dry
somewnhat hard, shrinked and greyish crumbiing masses. {Fig. 11.1).

Pathogen

Two Fusarium species have been found to cause the disease. These
have been identified as (3) Fusarium angustum Sherb. and (b) Fusarium
caysporum Schl. These fungi were invariably isolated from the diseased
specimens and also produced dry rot symptoms when healthy tubers
were inoculated through wounds with the cultures of these fungi. The
infections start by producing pockets of decay which gradually develop
involving whole tuber. At Tando Jam Fusarium soianiwas also found to be
associated with F. oxysporum, which was the main causal pathogen,
Physiology .

The detailed studies carried out on Richard's agar have given the fol-
fowing results {Table 11.1).

Table 11.1 Physiologi¢a1 characteristics of Fusarium angustum and
_ F. oxysporum . e e .
Characteristic Fusarium angustarm F. oxysporum

ta ximum temperature 35-40°C 35-40° C

Minimum temperature  5-10° C 510°C

Optimum temperature 25-30° C 25-30° C

Aerial mycelium Abundant Abundant

Colour of mycelium  Creamy white Creamy white becoming

pinkish on PDA and sol
man on Richard's agar
under cnnstant light.

Sporulation Abundant Abundant

Size of macrospores 20.2-26.2u X 29.2-34.0p x 3.3-6.3u
’ 2128 p

Size of microspores  7.8-10.0u X 9.3-100ux 18-2.1 s

2.1-29 u
Septation 0-4 0-5
Twne for spore 6 hours 6 hours
germination '
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Control

A number of cold stores have been constructed both under public
and private sectors for storage of table and seed potatoes but they need
further extension and functional improvements, On the basis of the stu-
dies so far made the following precaulions, if taken, can help in reduging
the losses. These include (a) selection of those cultivars which are
relatively more tolerant to tuber rot (as varieties have been found to differ
considerably regarding their reaction}; {b) selection of produce of crops
free from diseaseslike early blight, wilt and viruses; {¢) setection of healthy,
sound and mature tubers without brusis and injuries; (d} surface sterili-
zation of potato tubers with formalin solution in water (1:320 parts); (e)
disinfection of store rooms either by spraying with formalin solution or by
burning sulphur at the rate of 1 Ib./ 1,000 cubic feet space or any other
suitable chemicals (Semsan bei, Dithane M 45) and {f} maintaining suitable
temperature within range of 12° -15° C and aeration (at which tuber rotis
reduced {o a negligible proportion). Since potatoes grown in the hilly
tracts are harvested lata in summer months, the produce can be stored at
nearby cooler places and used as seed for growing autumn crop in the
plains. This approach may be more econornical and needs to be investi-
gated. Production of seed potatoes from certified seed during autumnin
the plains under strict controiled conditions (as heing done in India) can
also help solving the problem.

2. Wilt - Fusarium oxysporum Scht and F. radicola (Wr.) Sny. and Hans.
Occurrence

Wilt of potatoes is known to occur in almost all the potato growing
countries of the worid and is caused by different species of Fusarium and
Verticillium. In Pakistan two species of Fusarium; ie.; F. oxysporum and £,
radicola have been isolated and proved to be pathogenic under artificial
conditions of inoculation. The wilt has been found to cause varying
degrees of infection depending upon the crop season. Mostly, itis found in
the spring-sown crop white very rarely noticed in autumn crop due to lower
soil temperatures. The work on the digease was carried out in the
undivided Punjab. This disease was found to occur sporadically in all parts
of the pravince but its attack was generally rather serious in Kangra valley
from where appreciabie quantities of seed potatoes were obtained for
sowing the autumn crop in the plains. Pakistan has beenconfronted witha
similar problem as the potato seed supply moves country wide. Ih the
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beginning the Punjab (Pakisian) obtained seed poiatoes for spring crop
from Baluchistan (where this crop had favourable conditions for the
development of wilt disease) and Baluchistan in turn depended for her
seed supply on the autumn crop of the Punjab. More recently seed suppiy
links have been developed between the provinces of the Punjab and
NWFP. This supply system will ultimately help in the production of cheaper
and healthy seed potatoes and healthy potato craps.

Symptoms

The first traces of the disease are visible when the planis are abouta
foot high or nearly 4-6 weeks old. Affected plants show yellowing, wilting,
drying and death of the leaves within 2 weeks offirst symptoms appearing.
In badly affected plants rootiets and root hairs become rotted. A tran-
sverse section of the affected rootiets under the microscope shows the
presence of deélicate filaments of the fungus in the xylem bundies, The
disease makes rapid progress in the presence of high humidity and tem-
perature. (Fig 11.1).

Pathogenicity

It is clear from the pathogenicity tests that the plants cannot be artifi-
cially infected in the autumn crop while the disease can be easlly
produced m the spring crop. Though no definite experiments have been
condUcted to analyse the meieorological factors affecting the pathogeni-
city of the fungus, it seems that mgh soll temperature and dry weather are
favourable for the development of the disease in the spring crop. This temn-
perature has been found to correspond with the optimum growth tem-
perature of the fungus in the experiments carried out in the laboratory.

Fhysiology of the Fungus

The following are some of the main conclusions drawn from the cui-
tural experiments carried out in the laboratory on the fungus {which was
identified as Fusarium oxyspartim Schi},

The maximum temperature for the growth of the fungus is between
35° C and 40° C, the minimum between 5° C and 10° C and the optimum is
25° Cto 30° C.

Thelinear colany growth of the fungus remains practically unchanged
from pH 4.0 to 9.4 and the growth is checked at pH 2.6. The fungus
produces abundant linear colony growth from 2N to 0.25N concentrations
of Richard's agar while at higher concentrations the growth is very much
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Fig 11 1 t2) Dry rol of potat . vb) WAL of Potato.
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reduced. The amount of aerial mycelium is almost the same at tem-
peratures varying from 15° -30° C. It is maximum at pH 4.0 and 4.8 and is
fairly good up to 9.4,

Good spordlation occurs between 25 -30° C, becoming. sicanty at1b°
C and 35° C. Abundant sporulation is produced at pH values varymg from
401060,

The macrospores are shorter at 35° C, 15° C and 20°C than at25°C
and 30° C. The size of macrospores is normat at pH 7.4 and 8{3 while at
other pH valuss their length is shorter.

The spores are 0-5 septate. The saptation is somewhat less at 35° C.
Sixty to seventy percent of spores germinate after six hours at25° Cand
the germination can occur at a wide range of pH values.

Control

The followmg measures if taken, can help to contam ’Ehe disease:-
— Selection of wilt-tolerant cultivars, as the varieties have shown
varied degree of reac:tlon under art;ficlai condltions of inocu-

; oes from heaithy crops grown in healthy

uding non-

to potato

a) Peeling the potato tubers (Ieavmg the eyes intacty’ and storing
them under moist saw dust for 7-10 days can break the dor-
mancy.

b) Cost of peeling can be reduced by 75-80 percent, if potato
tubers are rubbed against the wooden cot woven with rough
fibers.

¢} Potato varieties differ markedly in their dormancy periods, Those
with shorter dormancy period also give better response io peel-
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ing treatment. Development of such varieties with high yield and

other traits may be useful
“Further investigations are needed to be carried out to solve the po-
tato seed supply problem and the private sector should be encouraged in

the production and distribution of seed potatoes instead of depending on
imported costly supplies.

Fig. 11.2:  Early blight.
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3. Early Blight;  Aiternaria sofani {Eli. and Mart) Jones and Grout.
Cecurrence, Symptoms and Perpetuation

Early blight oceurs in alf the potato growing areas in various degree of
infestation; sometimes causing heavy losses, It first appears on the leaf
margins as, dark brownish lesions, which increase in size with time
utimately causing curling, blighting and drying of leavés. The disease
reduces ine size o1 tubers and quantum of vield (Fig. 11.2). The pathogen
(Afternaria solani) perpetuates through infected seed tubers andfor
diseased plant debris lying on the soil. Cultural studies have shown that the
conidiophores of the fungus are dark brown in colour, meastring 50-80p x
8.9 u and conidia are borne singly. They are 5-10- septata, measurmg 130-
3000 x 12~ 20p and can.germinate and grow well on potato dextrase agar.

Physiological Strains

Studies. camed out on variation of fwe lsalates of. Aftemana sofam
from potato, brinial, tomato, datura (D, stramoriiurn) and mako (S, figrum)
have shownverylittle dmerences in cuituralgrowth, optimum temperaiure
and pH requiréments and in lack of sporulation. However, these Solates
constitute five varieties or strains as mdlcated by comparatwe mocuiation
studies (Tabie 11.2). : S

Table 11.-2:-"_Comparative inoculation behaviour of _ﬁye isolates

Isolate from  Non pathogenic on Colony colour

Potato Datura Pink in alkaline and yellow
in acidic media.

Brinjal Datura, Mako and Henbane -do-

Tomato Brinjal, Mako and Henbane -do-

Datura Tomato, Brinjal and Makgo '

Mako Tomato, Brinjal, Datura -

and Henbane

*Pathogenic on the remaining listed plants.

Disease Virulence and Varietal Reaction

Studies carried out on the virulence of isolates from 20 potato
varieties demonstrated that isolates could show different levels of
virulence. Where the variely/test interaction led to a severe attack, infec-
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Fig. 11.3: Late blight of potato; (a) Stem & leaves showing infection; (k) tuber rot caused by
P. infestans.
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tion developed early (8-12 weeks after planting) and where the attack was
moderate, infection developed late {12-19 weeks after planting).

in addition, early potato varieties tended to suffer more from the
disease; ‘Bintie’ and ‘Multa’ being more affected thah ‘Atlantic’ and
‘Desiree’. In another study out of 41 varietigs tested under artificial con-
ditions of inoculation, none-has. pmved te be totally- resistant. One variety
(‘Bend;tta’) has gwen 1= 10 perce : ; infection, three va eties (11-20 per-

carried outin the co_untryhas 1d_en_trfted anumberof usefui 'chemlcals such
as Bordeaux mixture, Kocide, Cobox, Vitigran blue, Brestan, Deconil, Du-
ter, Mezene, Lizo Manzeb, Antracol, Cupravit and Dithane; the last two
being most effective, Three, 5-day interval timely applications resulted in
considerable reduction: of disease mtansity; {upto 80 percent) and vieid
increased by 30 percent. Large-scale po i
arrangements for hieid gprays ti suitanie:
Furthermore, sead tubers should be obtal
trolling the source of pnmary !nfectlon o

4. Leaf Spot - Ge__rcos_pora concs(Casza
Occurrence and Syhibforﬁs’"

The disease has been recorded enapotato cmp grown in the Murree
hills, infesting about . 65 percent fieids with mc;d G¢ '_ang[ng between
traces to 40 per ¢ent. The disecase begins to appear ‘after the monsoon
with the devseiopment of yellowish spots, surrounded by dark fungal
growth on the upper surface of the Ieafiets, while the lower surface be-
comes fluffy grey due to the profuse mycelial growth in later stages. La-
boratory studies have shown that the conidiophores are pale, olivaceous
brown in colour, branched with 0-2 septation, often irregular in width and
variously curved with conidia measuring 20-100ux 3.5-6 4. The fungus has
proved to be pathogenic when sprayed in water suspension on plants and
kept under humid conditions, producing typical symptoms in 12-14 days.
No work has been carried out on the cther aspects of the disease includ-
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ing control measures.

The other disease recorded, on which no work has been done is Rh-
zoctonia blight of young sprouts, stolons and stems giving rise to cankers
and development of sclerotia ontuber surface, it sometimes causes heavy
loss of seed potatoes, particularly when seed germination and plant
growth are slow (Fig. 11).

Rewently in 1984 jate blight (Phytopthora infestans (Mont.) de Bary)
has been recorded in Swat (Malam Jaba, Atrore and Gujar Gabral vallies)
causing intensive and extensive infection of leaflets, rachis, petioles and
stem, exhibiting brownish to purple black lesions with whitish fungal
growth on underside of the leaves, showing conidiophores and conidia
{zoosporangia) under the microscope; conidia measuring 20-38u x 12-23
1 in diameter (Fig 11.3). Conidial and mycelial suspensicn in water repro-
duced the typical symptoms of the disease at 200C. in later stages potato
tubers were also found to be infected, being responsible for disease per-
petuation. The infected pianis produce abundant spores and serve as lo-
cal sources of infection. High humidity and cooltemnperatures are condusi-
ve to infection. Use of healthy seed {ubers and protective fungicides can
help in controlling the disease. Detailed studies are now in progress.

Fig. 11.3 (c} A Potato plant infected by Rhizoolonia canker. 211



Chillies

1. Die Back —Vermicularia capsici (Syd.) Buil. and Bisby and Gloeospo-
SUm piperatuim.

Symptoms

As the name shows, the plants start drying from top downwards. The
end branches are affected first, which show yellowing, withering and dry-
ing. Gradually the whole plant is involved including pods, which develop
partial drying and dead necrotic spots on their surface. In |ater stages the
end branches turn white and siivery in appearance with black dot like
structures. These are the fruiting bodies (acervuli) of the fungus containing
conidia or spores {Fig. 11.4).

Fig. 11.4: Die-Back in chillies (8) infected plant; and (b} healthy plant.
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Cause of the Disease

Isafations from diseased material vielded the fungus Vermicularia
capsicl Artificial inoculations with pure culiures of the fungus have proved
that it is strongly parasitic on chilties. Along with Vermicularia another
fungus Gloeosporium piperatum was also isolated from the branches,
which showed partiat drying and dead necrotic spots on the attached
pods. This fungus has also been found to be pathogenic but is com-
paratively less virulent.

Temperature Relationship

The maximum, optimum and minimum temperatures for spore ger-
mination and growth of the fungi have been found to be between 35° -40°
C, 25°- 30° C and below 20° C, respectively. The development, spread,
incidence and intensity of the disease are very much affected by the
prevailing temperatures during the crop season, With the dropin the tem-
peratures the devslopment and the spread of the disease are restricted.

Toxic Effect of Certain Chemicais on the Fungi

Dipping the spores of Vermicularia capsiciin 0.1 percent copper sui-
‘phate solution for one minute or in 1:320 formalin solution for two minutes
kills them while the needed toxic strength in five times higher for the
spores of Gloeosporum piperatum.

Modes of Perpetuation

The disease is perpetuated from year to year by the foliowing
methods:-
a) By sowing diseased seed (containlng hibermating mycefium)
obtained from diseased’ crop;:- '
b) The fungus remains viable in dzseased piant debris till next year
initiating infection in the.new crop;
c) By sowing seeds contarmnatec! w:tﬁ conidia.

Factors Affecting the Inc:dencer.of_ QI'SB&SE-'-'_.'.'- :

The disease is favoured In its attack and development by moist

weather and high temperature. With the approach of cold weather the
disease ceases to appear. The intensity is very high after rains. Haroo crop
(sown in March-April from seed) suffers comparatively less than the crop
sOwWn in June through transplantation.

213



Cantrol Measures

The foilowing control measures are efféctive:-

a) Use of heaithy seed. If the seed is contaminated with cunldaa
it is treated before sowing by stesping it in 2 percent copper
sulphate solution for two minutes. If the mycelium of the
causal fungus i hibernating in the seed, it is presoaked for
5 hours in water at 18°  to 30° C and then immersed in hot
water at 46° C for 6 minutes or the unpresoaked seed is steeped
in hot waiter at 48° C for 2 minutes. Germination of the treated
seaed should be tested before sowing,;

b) Spraying the crop with 4:4: 50 Bordeaux mixture before the
appearance of the disease. it necessary, it should be repeated
after about 3 waeks to one month interval;

c) Destruction of diseased plant debris.

2. Frult Rot = Alternaria tenuissima, (Nees ex Fr) Wilt.

Occurrence and Symptoms

The disease has been recorded for the first time in 1861 at Tando Jam’
with an averagse incidence of 20 percent and later on in many localities of
Hyderabad region ih varying intensities. The disease usually occurs on
teaves and mature fruits as elevated or sunken spots showing concentric
zonation (2-10 mm in diameter); later on coveting larger fruit areas, which

turn dark brown and rot ultimately (Fig 11.5).

Fig. 11.5: Fruit rat of chillies
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Pathogenicity and Perpetuation

The isolated fungus has been identified as Alternaria tenuissima,
which reproduced the disease under artiticial conditions of inoculation
(100 percent in injured fruits and 33 percentin uninjured ones). Inoculated
fruils, when incubated, have 'sh_own"co mpleterotting within afortnighi. The
fungus has dark fasiculate conidiophores bearing 1-6 scars, septate and
measuring 50-60u x 4—5’.4'p.-"'G'Dnidi.€I are muriform, borne in short chains,
tapering towards beak and measure 23-101 3 X' 12-20 . Potato dextrose
agar and Richard’s medium are best suited for the growth of the fungus at
optimum pH values ranging between 56.

The disease has been found to perpetuate from the diseased fruite
lying on the surface of the soi. '

Contro!

Collection and destruction of diseased fruits lying on the 80l to get rid
of inoculum causing primary infection followed by 2-3 repeated sprays at
fortnightly interval with any of the copper-based fungicide such as Bor-
deaux mixture or 0.2 percent Copper Sandoz are recommended. Dithane
M-45 can also greatly help in controlling the disease.

3. Powdery Mildew — Leveillula taurica (Le'v) Arnd.
Occurrence and Symptoms

The disease has been found to occur in Hyderabad region with an
average infection of 50-60 percenti in many fields, while its intensity is guite
low in other areas. The disease makes its appearance as white powdery
spots on the lower surface of the ieaves which increase in number and size
covering the entire foliage, turning it yeliow and resuiting into defoliation.
The yield is decreased considerably on account of reduction in number
and size of fruits, depending upon the disease intensity {Fig.11.5).
Pathogenicity and Perpetuation

The disease has been found to be caused by the fungus Leveillula
taurica, which has beenigsolatedfrom the powdery spots. Since this fungus
has many host plants, which are probably responsible forits perpetuation,
more work needs to be done on this aspect for developing effective con-
irol measures. :

Conirot _
The disease can be controlied by earrying out timely and repeated
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dustings with chemicals like sulforon at the rate of 28.5 kg/ha or by spray-
ing with Thiovit or Cosan (0.2 per cent). Destruction of diseased plant de-
bris can help in controlling the primary sources of infection.

Fig. 11.5: Powdery Mildew of Chillies

Okra

Root Rot —Macrophomina phaseoli (Maubl.) Ashby.

Occurrence

Okra locally known as Bhindi (Hibiscus esculentus) is an important
vegetable crop, which is subjected to a very serious fungal disease usually
known by the name of root rot. It may be found on individual plants or ona
group of plants in patches spreading rapidly under optimum cenditions.

Symptoms

The disease begins to make its first appearance in June and it con-
tinues till October, while the attack becomes very severe in July. The
disease first shows itself in the form of yellowing and wilting of plants,
which soon droop and die. On pulling out such plants, they show shredded
roots and rootlets, which in advance stage of attack become rotted and
when pressed give out offensive smelling drops of liquid. Both sclerotia
and pycnidia develop on the attacked portions. Black dots, which are the
pycnidia of the causal fungus, become visible in the later stages.
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Cause of the Disease

The fungus Macrophomina phaseoli has been isolated from the infec-
ted rootsand it has been possible to reproduce the disease under artificiat
conditions of inocuiation with culture of the fungus or pieces of infected
plants.

Cultural Studies

Detailed cultural studies of the fungus were. carried out in the la-
boratory with a view to better understanding its physiology under varied
conditions so that the information thus obtained may prove heipful in
evolving some suitable control measures to overcome this disease.

Host Range

It was found by inoculation experiments that besides bhindi, this

fungus could attack important ptants like tobacco, sesamum, mung, mash,
groundnut, potato and tomato.

Factors Affecting the Incidence of the Disease

The studies have shown that the incidence of the disease is very high
when the soul temperature varies between 250-3ge ¢, Simitarly, high soul
molsture is favourable for the development of the disease because these
conditions are conducive to the growth of the fungus.

Control Meastres

The foliowing tentative control measures can be suggested at this
stage:-

1. Alarge number of varieties of bhindi have been tried against this
disease and it is found that Type 15 canresist the disease to some extent.
However, it is necessary to test the reaction of new cultivars, so asto iden-
tify resistant or tolerant v étie_s"; ":':

2. Sowings.carried “different -dates show that the crop sown
from February to 3rd March remains comparatively free from the
attack of the disease whereas the sowings done after March are prone to
heavy attack. Early sowings will help in saving the crop from the attack of
the disease. - -

3. Early application of Chestnut compound near the root zone has
been found to be useful.

4. As the causal fungus remains viable for many vears in the soi,
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proper rotations are required to be worked out and while doing so, care
should be taken to exclude alternate host crops such as tobacco, sesa-
mum, mung, mash, groundnut, potato and tomato as they are liable to be
infected by this fungus. Powdery mildew, caused by Erysiphe cichoracea-
rum DC: has also been recorded but no work has been done onthis disea-
se.

Tomato

Tomato crop suffers from many diseases like early blight, wilt, rootrot,
nematodes and mosaics affecting both quantity and quality of the
produce. A brief account of two fungal diseases is given below.

1. Fruit Rot — Alternaria tenuis Nees and Pers.

Symptoms

The disease commonly appears on leaves as small medium brown
lesions and on various parts of the fruits including blossom ends as dark
brown to black concentric lesions. The lesions are somewhat flattened,
dark brown to black with chlorotic borders, circular in shape and have
wrinkled surface. With aging the lesions crack at the centre and the infec-
ted fruits drop down. The severity of the disease s at its maximum during
January and February, showing upto 50-60 percent infection in many
fields. (Fig. 11.6).

Fig. 11.8: Fruit rot of Tomato.
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Pathogen and its Physiology

in 1966 some work was reported from Sind on the isolation of the
causal organism, its pathogenicity and physiological behaviour. Above 85
percent isolations have given Afternaria in association with other or-
ganisms like Helminthosporium '-iand hacterdum. The morphological
characters studied, have shown the pathogen 1o he Alternaria tenuis,
which has been reconfirmed by -.ti*i_é_'Coh'}mon wealth Mycological Institute,
Kew, England. The pathogenicity _’LESts_showed lesser infection (30 per-
cent} by spray of spore suspension_-aﬁd 100 percent when incculum was
applied after needle inju_ry;' indicating the weak nature of its parasitism.
The physiological studies have shown the optimumn growth temperature at
25° C, Richard’s medium as the bést medium for fungal growth, peptone
and manitol as the most suitable h‘itrogen and carbon sourcas, respec-
tively; and optimum pH requirements at & 10 7. The fungus has dark my-
celium with septate hyphae while conidia, which are borne in chains, have
transversal and longitudinal septations.

Control

No work has been done on varietat reaction. The best disease control
approach lies in the development of resistant varieties. However, the pos-
sible controt measures are destruction of diseased plant debris and re-
peated copperbased fungicidal sprays. Dithane M-45 and Zetiate have
aiso given good results. when repeatedly spraved on time,

2. Wilt — Fusarium oxysporum Schi. F. iycoperisi (Sacc.) Snyder and
Hansen.

Occurrence and Symptoms

The incidence of wilt disease ranges between traces to as high as
more than 50 percent, depending upon the favourabie environmentai con-
ditions. The initial symptoms of witt show yellowing of lower leaves, clear-
ing of veiniets, drooping of petioles resutting in leaf shedding. The disease
progresses successively to other parts of the plants which remain stunted
and finally wilt and die.

Pathogen

Mostly Fusarium oxysporum has been isolated from the infected
piants and infested soils in NWFP and other places in the ¢ountry, while F.
lveopersici has sometime been found to be also associated.
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Fig. 11.7: Early blight of tomato

Out of seven chemicals (Dexon, Brassicol, Vapam, Benlate, Brestan-
60, Dithane Z-78 and Semsan bel) tested through soil application (2 days
before transplantation) reduced the incidence of the disease from 44.4
percent to 7.6 percent. and increased the yield from 6275 to 13109 kg/ha
(i.e; by 93 percent); Dexon (2 percent solution) and Brassicol (dry mixed
with soil at the rate of 1.5 kg/ha) proved to be the best. Cost: benefit effec-
tivity has not been worked out, but it appears to be favourable.

Early biight caused by Alternaria solani (Ell. and Mart) L.R. Jones and
Grout has also been recorded infecting tomato plants, producing circular
to irregular dark spots on the leaves and cankers on stems, branches and

fruit stems (Fig. 11.7). Like early blight of potatoes it can also become se-
rious but unfortunately no work has been reported from Pakistan. The
other disease, reported on tomato, is powdery mildew (Leveillula taurica).

Cucurbits

1. Downy Mildew - Pseudoperonospora cubensis (Berk. and curt.)
Rostow.
Occurrence and Symptoms

The disease is found to occur wherever cucurbits are grown in the
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country. The fungus has a large number of host plants—cucumbers, musk
melon, water melon, squash, pumpkin and gourd. The incidence varigs
from field to field but it can often devastate the whole crop, particularly
when the weather is cool and accompanied by rainfall or heavy dew. In
Peshawar Division losses upto 57-75 percent have been recorded. At
many occassions commercial growers have suffered huge losses while
those who carried out timely control measures have reaped high brofits.
The disease makes its first appearance in the form of pale greenirregular
spots on the upper side of leaves rasembling mosaic mottling symptoms.
with time the spots become yellow and increase in number and size,
covering large areas of foliage. The lower sides of the leaves are covered
with light purplish growth of the causal fungus, containing large lemon-
shaped sporangia. Ultimately the leaves become chlorotic, turn brown,
shrivel and die. The foliage loss decreases flower setting and fruit develop-
‘ment inducing fruit rotting in severe cases. Thus the yield and quality of
fruits are reduceu considerably (Fig. 11.8).

Fig. 11.8; Downy mildew of cucurhits,

Pathogenicity and Perpetuation

The fungus P, cubensis has been invariably isolated from diseasad
piants and it has been possible to reproduce the disease through artificial
inoculation with cultures of the fungus. Cultural studies have shown that
the fungus has coenocytic and intercellular mycelium, giving rise to a
group (1-B) of sporangiophoresthrough stormatal openings. Sporangia are
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greyish to olivaceous, ovoid to elliptical, measuring 14-235 x 21-394. The
disease has been shown to perpetuate through diseased plant debris in
which the fungus remains viable in the form of mycelium or as cospores
(which are sexual fruiting bodies). The secondary infections take place
during crop growth period through the zoospores produced in sporangia.
High humidity favours the production of spores and disease spread and
developmant.

Control

Sanitary measures consisfing of destruction of diseased plant debris
and related wild cucurbit weeds before crop sowing or during growth
period along with the practice of suitable rotations are recommended.
Good results for disease control have also been achieved through 2-3
timely applications of 2:2:50 Bordeaux mixture or any other copper-based
fungicide. Dithane M-45 at the rate of 3.3 kg/ha mixed in 100 gallons of
water has also given good control. In experimental sprays it reduced the
infectionby 87 p tand increased theyueld of musk meion by 216 per-
cent. In coo! ant ofsp
control the dist

affecting variousc
substantial dariag
disease has appea
ing, white sup: ots ap _
the entire surfaee'cﬁ the p!ant iscoveradwitha powdery'mass turning the
plants brown and making them dry resulting in defoliation. Usually, the
disease greatly affects the plant growth and fruit formation and develop-
menti. The fruits are generally not attacked but become malformed and
sunburnt due to lack of foliage cover. it is more serious in irrigated areas or
those localities where heavy dew formation takes place In severe cases

the disease can cause crop failures (Fig. 11.9).
Pathogenicity and Perpetuation

The disease is caused by the fungus Eryslphe cichoracearum, which
has also been found {o eause infection under artificial conditions of incou-
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lations. It perpetuates through the diseased plant debris lying on the sur

face of soil and spreads by multitude of spores causing secondary infec:
tions.

Fig. 11.9: Powdery mildew of cucurbits.

Control

The disease can be controlled through the destruction of diseased
plant debris to get rid of the sources of primary infection and by carrying
out dusting with any sulphur-based chemical like sulforon at the rate of
22.8-28.3 kg/ha, for checking the secondary infections. The development
of resistant varieties can provide more practical control measure.

Two diseases of bottle gourd (Lagenaria vulgaris Ser.); i.e.; powdery
mildew and leaf spot caused by Sphaerotheca fuligenea (Schl) Poll. and
Cercospora citrullina Cooke, respectively, have also been reported from
South West Pakistan.

Peas

Powdery Mildew —Erysiphe polygoni DC
Occurrence and Symptoms

Powdery mildew is found to occur, wherever peas are grown, in
various intensities; sometime the incidence is very high, devastating the
whole crop. The disease first appears in January on leaves in the form of
white powdery spots and later it involves stems and pods and assumes
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epiphytotic proportion by March. The diseased spots increase in number
and size ultimately covering the whole foliage, which becomes pale brown.
The plants are defoliated and become withered. In severe cases the
vegetative growth rots and gives cut an offensive smell. Pod formation is
markedly affected, giving fewer and smaller pods and grains. In severe
infections total yield and quality are reduced considerably (Fig 11.10).

Pathogemclty and .

The fungus has been 1dent|f:ed as Erysiphe pofygom The _isease can
be reproducedbyinoculation of healthy plants. Studies, carried outonthe
fungus, have shown the production of ovate to elliptica! conidia on
conidiophores arising from the mycelial growth, which are responsible for
the secondary infection and spread of disease in the standing crop. The
disease has been found to perpetuats through infected plant debris con-
taining fruiting bodies (cleistothecia) of the fungus. The fungus has many
host plants which render control measures more difficult.

Control

Use of resistant varieties is a practical method of controfing the
disease (on which the work should be concentrated). If resistant varieties
are not available the cultural control measurés {destruction of diseased
plant debris and plant parts, rotation) along with fungicidal dusting are
recommended. Out of the several tungicides tested, three applica-
tions of Sulforon {28.3 kg/ha) or Kumulus (0.2 per cent} have reduced
the infection by 20-30 percent and consequently increased the yvield inthe
same proportion. The spraying must be done ontime andrepeated at fort-
nightly intervals to check the development and spread cof the disease.

The other diseases recarded are leaf and pod blight (Ascochyta pisi)
Lib. which develops sunken spots on leaves, pods and stems containing
biack dots (fruiting bodies) filled with spores, which help in the spread of
the disease as well as in perpetuation; and root rot (Rhizoctonia sp.). No
detailed work has been reported to be done on thase diseases.
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Miscellaneous Crops

A number of diseases on different vegetable crops have been recor-
ded from time to time with preliminary studies on some of them. These in-
clude blight or leaf spot and rust of onion (Alternaria porii Ell. Cif. and Puc-
cinia allii Rud.), wilt of pea (Fusarium oxysporum F. pisi), downy mildew of
radish (Peronospora parasitica), powdery mildew of okra, coriander,
spinach and carrots and Cercospora leaf spot of spinach and okra (Cer-
cospora beticola: Sacc. and C. malayensis). Some information on
the cultural growth studies ot the causal pathogens at various tem-
peratures, pH values and nutritional requirements are available but almost
no work has been done on the control measures. Infact, there are many
other vegetable crops such as cabbage, cauliflower, lettuce, onion, sweet
potato, brinjal which are grown in Pakistan and also suffer from many
diseases. Unfortunately no work has been done and needs careful plann-
ing. (Fig. 11.11).

(c)

Fig. 11.11: Diseases of Miscellaneous Crops (a) Cercospora Leaf Spot of Spinach.

(b) Downy Mildew of Crucifers (c) Blight of Beans. o



Accounts of the diseases caused by bacteria, viruses or nematodes
are given in chapters XIV to XVI.

Summary

"‘Vegetabies constitute animportant secior of farming bothfor internal
consumption and export besides providing cash to the vegatable growers.
A large number of vegetables are grown during the Kharif and Rabi
seasons, -véh ich are subjected to the attack of many diseases, responsible
for reducing both the vield and quality. Investigatiéns have been carried
out on some of the diseases of potatoes, chillies, okra (bhindi), tomato, cu-
curbits(cucumbers, water melon, musk melon, squash, pumpkin, gourd),
peas and heans.

Amongst the potato diseases, tuber rots, wilt, early blight and teaf
spot have been investigated. Tuber rots are of three types - brown or ring
rot (Pseudomonas solanacearumy, storage r_qt-"{'Tﬁ'(_f:ﬂfh'nfusr_s';':iff_r:_aﬁé;)'___a"njd'._'d}ry

rot (Fusarium spp.). Detalled studies: have been carried on dry rot a5 -

regards symptoms, cause of the dtsease physioiogy of the causa) patho-

gens {Fusarium angustum and Fusanum oxysporum} factors affectmg the
incidence and conirol measures. The wilt disease attacks tha potato grop  ©
grown in spring and has been found to.be caused b_ the fungusF oxys- o

porum which is-@ble ta infect at high te';
fungus has been studied in detait and so
on the control of the digease. In the cas

narla, ‘symptoms, pathogemcity, mocies_ ff-gperpetu tion and
measures have been investigated: No variety has been found to be resis-

tant except the indications that the late maturing varieties are less suscep-
tible. A number of5capper-bas -chemlcals tiave beer found tocontrolthe
secondary mfectlon-and spread:of'the disease These ave beanenumera-

Dieback af chllhes wh;ch causes heavy damage to the crophas been
investigated. Two fungl Vermicularia capsici and G!@eosponum piperatum
have been found 16 be'the causal pathogens of the disease. The physiolo-
gy of the fungi has been studied along with tha weather conditions

tavourabie forthe devétopment of the disease. Crops sown irt March-Aprit
by broadcasting suffer comparatively lessthanthose transplanted in June.
The disease has beén’ found to perpetuate through diseased seed and/or
diseased plant. debns Iym' on the soil. Frun rot of chillies has been found
i 'nwssima which aﬁects Ieaves and mature

fruits causing sunken sﬁots with coricentric zonation. Pathogenicity and
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perpetuation have been studied along with possible control measures.
The third disease of chillies; i.e.; powdery mildew {Leveilula taurica) has
been found to cause heavy losses in case of severe infections. It hasbeen
found that the disease can he controlted through the destruction of
diseased plant debris, followed by timely and repeated dustings with sul-
foron at the rate of 28.3 kg/ha.

Root rot of okra (bhindi) is one of the very destructive diseases of this
crop. Symptoms produced are similar to those of cotton root rot. The
disease has been found to be caused by Macrophomina phasecli, which
has wide host range. Factors affecting the incidence of the disease and
sontroi measures have been investigated.

Early blight and fruit rot v1 lomato (Afternaria tenuis) has been found
to occur in varying intensities, depending upan the weather conditions.
Under artificial inoculations 100 percent infection can be produced onin-
jured fruits compared to 33 percent on un-injured ones. Physiclogy of the
fungus has been studied along with possible control measures including
destruction of plant debris and use of fungicidal sprays. Wilt of tomato
caused by Fusarium oxysporum has been found in traces to as high as
more than 50 percent, depending upon the favourable environmental con-
ditions. Work carried out on control has shown the efficacy of some
chermicals not only in reducing the incidence but also in increasing the
vield by 93 percent over the unireated plots

in case of cucurbits, downy mildew (Pseudoperonospora cubensis)
and powdery mildew (Erysiphe cichoracearum) have beenfound to be the
most destructive diseases of these crops causing heavy damage in com-
mercial plantations. Studies on pathogenicity and modes of perpetuation
have shown the diseased plant debris as sources of primaryinfection while
diseased plant parts are responsible for causing secondary infections and
spread of the disease. Control measures have been investigated including
sanitary measures and fungicidal sprays in the case of downy mildew and
dustings for powdery mildew. They have proved highly benificial.

Powdery mildew {Frysiphe polygon)) is a serious disease of peas caus-
ing losses in large plantations. Pathogenicity and modes of perpetuation
of the disease have been studied showing similarity to powdery mildews of
cucurbits. Investigations made on control measures have shown the use-
fuiness of destruction of diseased plant debris followed by dusting with

Suiforon at the rate of 28.3 kg/ha.

A number of other diseases have been recorded including blight and -
rust of onion (Alternaria poril and Puccinia alfii}, wilt of pea (Fusarium oxys-
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porum F. pisi}, downy mildew of radish (Peronospora par'asfﬁca) and pow-
dery mildew of various crops onwhich only preliminary studies have been
made, '

The bacterial, vira! and nematodal diseases of vegetable crops are
discussed in chapters XIV to XVl
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CHAPTER Xil

Fruit Plants

Pakistan due to its varied climatological environment and soil con-
- ditions grows a variety of fruits including citrus, mango, banana, apple,
. guava, apricot, peach, pears, grapes, pomegranate,. -dates and aimonds,

- covering an area of 263,000 hectares with an average annual production
- of 2.2 million tons. Orchards being moré: remunerative, the areas under
fruit trees are inicreasing and efforts are underway to mtroduce new type
offruits in the country, One of the main reasonsfor Eowyleld and qualityis
- the damage done by a number of diseases infecting fruit treesin various
intensities. The saliént features of the investigations carried out at Lyallpur
(Faisatabad), Tando Jam, Quetta and Tarnab, on important diseases of
~ citrus, mango, banana, apple, peach, almond, grapes, pomegranate and

' . papaya dre given in this chapter

Citrus

Citrus is animportant fruit cn‘ the plaing and submontane: areas. cover-
g about 75,000 hectares with an average aniual productionof 722,000
tons. Apatt from ceting the domestic demands, citrusis also éxportedto
neighbouring countr;es providing a good source of.foreign exchange
earning. The dissases. of citrus, on which researches. have been camed
out, are w;themp canker, Wllt root rot and sooty mald

1 "Wﬂhertlp - Coﬂetotnchum gloeospOr:of:des Penz,

Occurrence and Symptoms

Citrus withertip is one of the very serious diseases, causing great
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damage to citrus plantations throughout the country. The first symptoms
of the disease are noticed when the twigs start drying from tip downwards
and hence the name dieback is also sometimes used for this disease.
Later on, the dried portions become silvery white in appearance and are
found to be studded with small, black dots constituting the fruiting bodies
of the causal fungus, Colletotrichum gloeosporioides. The disease spreads
from small twigs to branches and brings about their destruction with the
result that if allowed to continue for some years, it kills the plants'outright
(Fig. 12.1).

(c) Fig. 12. 1 (a) Withertip of Citrus (d)
{b) Citrus Wilt S
(e) Citrus Sooty Mold
(d) Fruit rots
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Pathogenicity and Physiology

Initial work has been carried out by Chauduri of the Government
College, Lahore, on different aspacts of this disease. The main conciu-
sions, which can be derived from the results of his experiments, are given
below:-

Colietotrichum gloeasporicides has proved to be pathogenic on
citrus plants when inoculated on cut leaves and cut twigs. As a rule the use
of cut leaves and twigs in pathogenicity tests should have been avoided as
in such cases even a slightly parasitic fungus can become very virulent.

Bordeaux mixture has proved to be most effective spray for the con-
trol of the disease. As it is often washed off during rains, Bordeaux mixture
with ferrous sulphate can prove better spraying material because it
improves the sticking qualities of the spray and also helps in reducing ch-
lorosis, which is frequently found in the orchards.

Application of nitrogenous fertilizers to citrus trees has not helpedto
prevent the appearance of the disease.

Further studies have been conducted in the Plant Pathology La-
boratory, Lyalipur (Faisalabad), in order to ctarify the relation between
Colletotrichum gloeosporioides the fungus occutring on citrus, Gloeos-
porium limetticolum and the fungus causing anthracnose of mango. A
comparative study of the three fungi has been made on their respeciive
host plants, as welt as in artificial culture media under different environ-
mentat conditions. Cross inoculation experiments have also been carried
out. The important results obtained are summarized below:

The three fungi produce acervuli on the branches, leaves and fruits of
their respective hosts, with no appreciable difference in the size of conidia.

At 30° Cthe growthof G. limeiticolum is remarkably slow on ali the cul-
iure media as compared to the other two fungi.

The optimurm temperature for growth of C, gloeosporiodies, and G.
limetticolum is 25° C while it is 30° C for the mango fungus. The growth of
the three fungiis restricted beiow 15° C and thereis no growth at 40° C or
above,

The three fungi can grow well at pH values from 4.0109.0. The growth
of G. limetticolum is checked at 2.8 pH while others can tolerate this con-
centration. However, there is no growth at pH 1.8 in all of them.

The amount of sporulation in the three fungi varies directly with the
richness of the culture media,

Setae are always produced on ali the culture media in the case of C.
gloeosporicides, and on majority of culture media in case of the mango
fungus. There is no preduction of setae in the case of G. fimetticolum.

The size of conidia of the three fungi on different culiure media is
approximately the same. The conidia of G. limetticolum germinate in water
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after 90 minutes and those of the other two fungi after 120 minutes. Be-
fore germination, the conidia swell and become one septate. The germ
tubes are given out from ends as well as from sides of the spores. The
maximum iemperature for germination of spores of the fungi is between
35 to 40° C, white the optimum and the minimum temperaturesare 25°C
and betow 10° C, respectively. The minimum pH for the germination of
spores is between 2.0 and 2.8 and their germination is evenfair up to pH
9 4. The germination of conidia of the three fungiis identical in0.25t0 1.0
per cent solutions of potassium nitrate, potassium dihydrogen phosphate,
magnesium sulphate and sadium chioride.

The three fungi cause infection on twigs of mango but on twigs of
malta (orange), sangtara (tangering), rough lemon, jullundri khatti, kaghzi
lime*, grape fruit and mokr, either they do not cause any infection or
produce very slight symptoms. They also cause rotting of malta, sangtra
and mango fruits still attached to the plants, resuliing into premature fall-
ing. The fungus C. gloeosporioides and the mango fungus can alsc cause
rotting of detached fruits of all citrus varieties under test except kaghzi
lime.

From ths resulis given above, the following conclusions can be
drawn;-

(1) The species causing anthracnose of mango is identical with
Colletotrichum gloeosporioides, which is confirmed to be dis-
tinct from Gloeosporium limetticofum.

{2) Colletotrichum gloeospaorioides is actively parasitic on mango
leaves, fruits and twigs but it is a weak parasite of citrus,
easily attacking fruits and fruit stalks while it may produce a
sfight infection of twigs and leaves.

These results therefore, show that Colletotrichum gloeosporividesis
not an active parasite of citrus twigs as earlier stated by Chauduri. Further
exper'i ments in this direction have indicated that the infection cannot be
praduced unless the plants have been pre-disposed to the attack. This is
only possible when the piants become weak, either due to high percen-
tage (0.2 percent) of total soluble salts in the root Zone, or 8.5 or greater
pH values of soil, or other adverse soil factors. Work needs to be doneto
determine the nature of such soil factors, which are responsible for creat-
ing suitable conditions for the fungus to cause infection. This will help in
finding out better control measures.

Controf
So far the conirol of the disease consists in pruning and burning of

“Kaghzi lime = Cilrus aurantifolia; Grape fruit = Cnrus paadisi; Malta = CRrus sinesfs; Lemon=
Citrus fimonfa; Sengira= Citrus nobilis var. deliciosa; Sweet lime= Chrus aurantifalia
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dried branches and the application of ammonium sulphate and farm-yard
manure {(at 2 1b ammonium sulphats pius 20 1bs of farm-yard manure per
plant) in addition to carrying out spraying of the plants with 4:4:50 Bor-
deaux mixture as detailed under citrus canker. Cupravit, copper A and

Perencx (0.2 per cent) have also given promising results.

2. Wilt —  Fysarium spp.
Occurrence and Symptoms

Citrus wilt is Tound usually in nurseries although older planis are also
affected. The disease prevails more severely in canal irrigated tracts than
in sub-montainous area.

Characteristic damping-off sympioms are produced in young planis
while in older plants there is a general dectine in health with the result that
chiorctic leaves appear and the fruits fali down prematurely.

Pathogen and Culturat Studies

About 90 percent of the total isolations have yielded Fusarium spp.
Two Fusarium species designated as (P and {QO) were seiected for
detaited cultural studies and the important resuits obtained are as fol-
lows:-

The optimum temperatures for maximum Ynear growth of fungi (F)
and (O) are 30° C and 25° C, respectively. The minimum and maximum
temperatures for both the fungi range between 3-10° C and 35-40° C, res-
pectively.

Both the fungi grow fairly well from pH 7.0 to pH 2.2 and fall to make
any growth below pH 3.0,

The growth of the fungus (F) is adversely affected when any con-
stituent from Richard’s agar is omitted but there is no appreciable de-
crease in the growth of the fungus (O).

Mercuric chloride solutions of 0.05 and (.025 percent strengths are
effective to kill the spores of the fungi (F) and (0), respectively in 5 minutes
while 3 percent copper sulphate solution can also kilithe sporesofthe two
Fungi in 5 and 10 minutes, respectively,

The spore germination in both the fungt is 100 percent at 259 to
30° C,

The specific identity of these fungi was not made,

Both the fungi can cause rotting of seeds and wilt of seedlings in case
nf khatt (Citrus medica), mitha (Citrus imetta) and kaghzi lime (Citrus
aurantifoifa).
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Control

Although no work has been reported {o be carried out on control
measures, disinfection of soil with a suitable chemical in nursery beds or
growing of nursery plantsin tested heaithy solls can greatly he'l_'p to control
seed rot and seedling wilt. Similarly, in adult plants the area encircling the
stem and its root system can be disinfected with 1 part of formalin mixed
in 320 parts of water and then covered with wet sacks for two hours.

3. Root Rot - Rhizoctonia bataticola and rhizoctonia solani Khan

QOccurrence and Symptoms

Rootrot of citrus is mainly a disease of young nursery plants. it ccours
throughout the country but unlike citrus wili, it is comparatively more
serious in sub-montainus tracts than in canal colonies. in NWFP its
incidence has been found to range from 40-58 percent in sweet lime.

The disease causes rotting of the root bark and invades the conduct-
ing vessels. It causes damping-off in young seediings and wilting in grown
up seediings.

In NWFF the symptoms recorded included decay of roots, shrinking
and cracking of affected parts of bark near the soil lavel, exudation of gum,
hesides yellowing and dropping of leaves from the infected branches.

Pathogens and Culiural Siudies

The isolations made from different infected citrus species appeared
to fall into five groups. One representative from each group designated as
AB,C.Dang Ewas selected for detailed cultural studies. The isolates A,B, C
and D belonged to the species Rhizoctonia bataticola and E to the species
R. solani. In NWFP the pathogen was identifled as a Phytopthora species.

The fungi A, B, C and D grow fairly well on higher concentrations ke 8
N, 4N and 2N of Richard's agar while the fungus E does well on low con-
centrations like 0.25N,

All the fungi grow fairly well on pH range varying from 4.2-7.2 except
the fungus (E) in which case growth falls considerably above pH 5.2.

The size of sclerotia in all the isolates varies greatly with the nature of
the medium.

Khatii {Citrus medica) seedlings and its seeds are somewhat less sus-
ceptible to all the fungi than those of kaghzi lime; the temperatures from
30-35° C being optimum for infection.

The thermat death or inactivation point of the fungi A, C, Dand E lies
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between 80-84° C and that of fungus B lies at 62° C.

Formalin soiution of 1:320 strengthills the sclerotia of all the fungiin
23 minutes. Mercuric chioride of 0.05 per cent strength can aiso kill the
sclerotia of all the fungi except those of B for which mercuric chioride of
0.1 percent strength Is required.

Theisolates A, B, Cand D belong to the C strain of the species Rhizog*
tonia bataticola and hence are called Macrophomina phaseoli The fungus
E has been identifiled as Rhizoctonia solani ( sclerotiat stage of Corticium
sofani Prill and Delaer). The optimum temperature for growth of all the
isolates lies at 30° C.

The minimum temperature for A, Band C is between 15-20° C and for
D and E is between 10 and 15° C. The maximum temperature for A, B and
D is a little above 40° C and for C and E between 35 and 40° C.

Control

No work has been done on controt measures. However, disinfection
of soil or raising of seedlings on healthy soil can help to reduce the
incidence of the disease considerably.

The studies carried out at Tarnab, where Phytopthora sp. has been
tound to be the causal organism, have shown thai:-

— sweet lime, lemon and lime are highly susceptible; grape fruit
and rough lime are susceptible; sweet orange and mandarin are
moderately susceptible while sour orange is resistant;

— factors affecting incidence are excessive irrigation, faulty drain-
age, soil salinity and heaping of soil around the plant base; and

— the disease can be controlled to a large extent by avoiding the
above mentioned factors besides application of Bordeaux paste
to the stems near the ground levet and spraying with zinc suiphate
solution.

Comparatsive Studies on Rhizoctonia spp.

Since the fungus Rhizoctonia causes roct rots of many host plants,
comparative studies have been carried out-on-seven isolates from tobac-
co, okra, sesamum, Cotton, citrus, chilies and pigeon peas as regards
symptoms, morphological, cultural and pathological behaviour. The main
results are:- '

= The symptoms produced are more or less similar and the patho-

gens mostly attack the roots and basal parts of stems, causing
shredding, yellowing, wilting and drooping and appearange of
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black-dotted bodies (scleroiia). The affected plants lose their grip

on the soil and can be easily detached. In case of okra and sesa-
mum the fungi also produce pycnidia;

— None of the isolates show specialization of parasitism asthey can

be made to attack a variety of piants under favourable conditions;
groundnut, tobacco and sesamum being attacked by a greater
number of isolates;
— On the basis of morphological, cultural and pathological charac-
ters these isoiates fall into three groups or varigties;
Group 1 - isolates from tobacco, okra, sesamum, citris and
chillies
Group 2 — isolate from cotion
Group 3 - isolate from pigecn pea
—  All'the isclates be named as Macrophomina phaseofi, each group
constituting different varieties.

4. Sooty Moid — Capnodf’um citri Berk and Desm.

Occurrence and Symtoms

it is a common disease of citrus and mango trees, appearingonleaves
as black velvety coating of the mold. This hinders the normal functioning of
the leaves, retarding photosynthesis and giving a set-back to the general
growth and fruit development. The disease may aisc appear on the sur-
face of fruits restricting their development and causing deterioration in
their quality and marketvalue. The disease can thus cause heavy losses to
the citrus and mango plantations in severe cases of infection, particularly
during humid weather. (Fig. 12.1).

Pathogen

The disease appears as a result of feeding activities of insects and its
incidence depends upon the population of sucking insects and the
amount of honey dew deposits on leaves. These deposits provide an ex-
cellent medium for the growth of saprophytic fungi including Capnodium
citri, which dominates under the local conditions. The disease cannct be
produced through artificial inoculations in the absence of honey dew de-
posits.

Controf

As honey dew deposits are pre-reauisite to the development of the
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disease, the controi of the sucking insects can also check the develop-
ment and spread of the disease.

The other diseases recorded are (a) foot rot caused by Phytopthora
species; (b) greasy spot (Mycosphaerelld horii Hara); {C) green moid
(Penicillium digitatum Sacc.) accompanied with :._blu'e_ and pink molds (P,
italicum Wehmerand P. roseum Link . usually founid in markets and stores;
and (d) tristeza or quick decline, which is: a virus disease Almos’t no work
has been done an these pathogens and the|r controi

Mango

Mango occupies a place of great importance and is therefore called
the king of fruits, being-grown on 58 GOO hectares with:
production of 564 GOQ tons. it suffers from a number of disea; s Thea main
results of researches carried out on some of the |m portant t:ilSeases are
given below:- s

1. Anthracnose — Glomerella cingufata Storiem (S and""\"ij'
Colietotrichum gloebsporioides Penz

Occurrence and Symptoms

Anthracnose is of common occurrence throughout Pakistan, espe-
cially in old plantations; sometimes becoming a limiting factor in mango
production,

The disease attacks leaves, petioles, twigs and fruits. On leaves it
forms numerous oval and irregular brown spots of varying sizes. The spots
may begin at the tip or from any other point on the margin or may develop
inthe centre of aleaf. Under damp conditions the spots grow rapidiy, form-
ing elongated necrotic areas, which may sometimes result in the rupture
of the affected tissues.

The petioles when affected turn black or grey and the leaves droop,
bhecome dry and ultimately falt off.

On the twigs the disease produces elongated black necrotic areas.
The tips of very young branches are first attacked and the twigs start dry-
ing from top to bottom. When the fruits are attacked, black spots develop
on them and rot sets in. Fg 12.2.

Pathogenicity and Cultural Studies

The fungus causing the disease has been identifiad as Glomerella
cingulata Stonem, the conidial stage of which is Colletotrichum giceos-
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Fig. 12.2: Anthracnose of Mango.

porioides Penz.

Inoculation experiments have shown that the fungusis pathogenic on
leaves, petioles, stems and fruits of mango and that the optimum tem-
perature for infection is about 25° C.

The maximum temperature for the growth of the fungus is 35-40° C,
while the minimum is between 10-15° C and the optimum between 25-
29° C.

The amounts of sporulation and aerial mycelium are quite good ona
wide range of temperatures i.e. between 20-35° C.

The growth is about the same at pH 4 and pH 9.0 but it falls con-
siderably at pH 3.5 on the acidic side and at pH 8.2 on the alkaline side.

The maximum temperature for germination of spores is between 35-
40° C while optimum is 25° C and the minimum between 10 and 15° C.

Perpetuation

The disease has been found to perpetuate by the following methods:-

1. The fungus remains viable in the detached diseased twigs and
leaves which remain lying on the surface of the soil.

2. In the diseased twigs, which remain attached to the trees the
fungus remains viable for more than two years. Such twigs are,
therefore, responsible for initiating fresh infections.
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Controd

The follomng measures for the cantrol of the disease have bean sug-

gested:- S i :

) Removal and burnmg of all the diseased mango Ieaves and twigs
tying scattered i in the garden. . - -

i) Prunmg of all the diseased. t\mgs and burnmg them. The cut
ends of big branches should be coaltarred or sulphur-pasted.

tif) Spraying of the plants with 2: 3 50 Bordeaux mlxture three times
a year du_r:;_ng February Aprit and September. ___Cupravnt {0.2 per
cent), Melprex or Cobox can replace Bordeaux mixture, if needed.

2. Matformation of Infiorescence.

Occurrence

The disease commonly known as malformation of the inflorescence,
came into great prominence by mid 1940s. Although it was in existence
for many vears in the past, the incidence remained generally low.
However, the disease has been causing greater damage with the increase
in its incidence. The percentage of attack varies greatly from variety to
variety and tree {o tree. Generally the grafted trees of the same variety
show higher intensity of disease than those raised from seedlings,

Symptoms

The symptoms of the disease are very variable. In severe cases the
panicle is much reduced in size and thickened. The florai branches are bu-
nched together in the form of a cone, later changing into a black mass.
Such masses may continue to hang on tha trees for a long time and there
is no fruit setting in such inflorescences. in other cases the panicle is only
moderately reduced in size 50 as to altow someé of theé floral branches to
separate out. Instead of a single large cone, a number of smalier compact
cones appear, In still others the vegetative leaves appear on the panicle
intermingled with the small cones. it is interesting to note that many a time
«1e branches, bearing malformed cones in the previous years, produce
both maiformed and healthy types of inflorescence next year (Fig. 12.3).
The observations made on the diseased flowers have shown that the
proportion of staminate and hermaphroditic flowers is greatly disturbed
and in manv cases unisexual staminate fiowers are exclusively found.

Cause
The early investigations carried out at Lyallpur (Faisalabad), have

241



Fig 12.3: Malformation of mango inflorescence

shown that the disease is not caused by any insect. Similarly the later stu-
dies have failed to prove the association of any fungus or bacterium as the
causal agent. Pruning of branches bearing malformed inflorescence,
severe heading back or ringing of diseased branches and application of
NPK fertilizers alone or in combination have not given any consistent and
positive results. No appreciable difference has been found in the carbon:
nitrogen ratio of healthy and malformed inflorescence. It has also not been
possible to reproduce the disease through inoculation of buds, inflores-
cence or growing branches and seedlings with the juice extracted from
the malformed inflorescence. However, there is some evidence of (a) the
presence of eriophyid mites (Aceria mangifera syd.) hibernating in bud
scales, which may be acting as a vector and (b) transmission of disease
through grafting and budding indicating the probable virus nature of the
disease. However, the exact nature of the disease s still not clear inspite of
thirty five years of research efforts made in Pakistan, India and Egypt. It is
still posing a challenging problem to the scientists.

Control

Because of the unsolved nature of mode of disease perpetuationit is
not possible to suggest any definite control measures except the following
sanitary practices (a) pruning and destruction of branches bearing malfor-
med inflorescence, (b) avoiding the use of material from diseased
branches for budding and grafting and (c) following good husbandry prac-
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tices including fertilization, irrigation, weeding and control of other
diseases. Recent experiments have given some indications of control by
using antagonistic organisms {Trichoderma harzianum, Aspergilius flavus
or Arachniotus spp.) with organic soil amendments but it needs thorough
testing under varying scil and climatic conditions o refine the treatment
and confirm its sclentific validity. For more information consult chapter XXI,

The other recorded mango diseases are powdery (Oidium mangifera)
and fruit rot (Colletotrichum gloeosporioides and Aspergillus niger). Pow-
dery mildew appears during January - February in Sind and can bé control
ted by sulforon dusting before flower opening white fruit rot can be che-
cked by spraying Bordeaux mixture or any copper-based fungicide as re-
commended for the control of mango anthracnose.

Banana

Banana, which was introduced in Pakistan in late 1950s, has now be-
come one of the most remunerative fruits, covering 14,000 hectares with
an estimated annual production of 124,000 tons. Pakistan also exports
substantial quantities of good-quality banana besides meeting its domes-
tic requirements. As the banana plantations have begun to suffer from
marny diseases, research work has beeninitiated to develop suitable con-
trol measures. The salient results of such investigations are given below:-

1. Black Tip or Finger Tip — Botrvodipicdia sp. and gloeosporium
masarum

The studies made at Faisalabad have shown that the disease affects
the banana fruits on their tips, which turr black and develop rotting symp-
toms involving the whele fruit or part of it. The fungus. Botryodiplodia has
been found to be responsible for the development of the disease. The
incidence of ra’tting has been studied at different temperatures andfound
to increase with-rise in temperature (Fig. 12.4). it was 10 percent ati16eC,
1b percent at20° C and 45 75and 90 percent at 25, 30 and 38°C, respec-
tively. |

The iricreasein the intensity of the disease at highertemperatures ex-
plains the prevalence of the disease in plantations situated in hot localities.

According to the recent investigations, carried out at Tando Jam, the
disease incidence ranges between 16-22 percent. There it has been no-
ticed that the disease appears as small, black, circular spots onthe’skin at
the end of fingers. Fruits are blackened and the puip becomes soft and rot-
ten. The causal fungus has been identified as Gloeosporium musarum
which has 30° C as its optimum temperature. It grows fairly well on potato
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dextrose agar and Richard’'s medium with pH range of 4 t0.9; pH 6.5 being
optimum. The fungus alsc secretes protopectinase enzyme and foxins,
which may be responsible for disease causation. The difference in the cau-
sal fungi at the two places may be due to the temperature variation:

Control .

The disease has been found to be controiled witti tne appiication of
4:4:50 Bordeaux mixture or Zerlate (2 1b/100 gal). Destruction of
diseased plant parts can aisc prove useful in gliminating the primary
source of infection.

2. Pseudo-Stem Rot - Gloeosporium sp. and Bdtryodiplodia sp.

Two fungi namely, Gloeosporium sp. and Botryodipiodia sp. which
have been found to produce black or finaer tip disease are also respon-
sible for causing main stalk rot (Fig. 12.4).

The teasivle way of establishing plantations free from the aisease is
either by selecting young and healthy secondary suckers or by selecting
digease free corms, which should be preferably treated with 2 percent
copper sulphate soiution for 10 minutes and dried before planting.

Fip 124 ia) Fingert:p of banana and {b) Leat spot:

3. Stem end Rot -~ Gloeosporium sp.and Botryodiplodia

This is the only serious disease of banana fruits stored in pits for cur-
ing. The two responsible fungi are Gloeosporium sp. and Botryodipiodia,
which have been found to be active at 30-40° C. Cultural studies carried
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out on these fungi have shown that the optimum temperature for both of
them is 30° C but the attack is more vigorous at 35° C.. (Fig. 12.4},

From the above account it is clear that the twe most destructive fungi
are Gloeosporium sp. and Botryodiplodia sp., which cause various types of
barana diseases both in the field and in storage. Thus the controi of the
field diseases will also be effective in protecting the stored fruits. More
work needs to be done to find out economical and effective control
rmeasures.

The other diseases recorded on banana are leaf spots (Hetmmtnos-
porium hawaliense and Alternaria sp. while Cercospora musae Zimm. has
- been reported as a pathogen from other counitries), and those caused by
nematodes such as Rotylenchus juvenile, Hopolaimus, Hehcotyfenchus
and Melo:dogyne sp. The latter are discussed in chapter XVI.

Papaya

During the last decade papaya has become an important fruit of the
Hyderabad and Karachi regions and its cultivation has spread also to the
Punjab plains and sub-montane districts. It is subjected to ‘a number of
fungal, nematodal and viral diseases causing heavy losses bothin quantity
and quality. The salient features of the work carried out on fungal diseases
are given below:-

1. Damping-off and Stem Rot ~ pythium aphanidermatum (Ed.) Fitz.

Occurrence and Symptoms

This disease occurs in low lying areas with standing water and/or in
soils with poor drainage conditions. The stems of the infected plants near
the ground level become macerated and spongy while the terminal leaves
start vellowing, withering and drying. As a result the plants fall down in
advanced stages of infection. (Fig, 12.5).

Pathogen

The causa! organism has been identified as Pythium aphanidermatum,
which is sometime also associated with Rhizoctonia solani. The high soil
moisture contenis predispose the plants to the attack of the causal
fungus, which is soil-borne in nature.
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hg 125 {hseases of Papya: (a) Dammng off, and (b} Charcoal rot

Contivl

Uprooting and destruction of diseased plants followed by
improvement of the poor soil drainage conditions and avoiding the wate
stagnation around the stems can greatly help to keep the disease unde..
check. Use of Bordeaux paste or mixiure on the affected stems and other
ptant parts is beneficial in controlling the spread of the disease.

2. Charcoal Rat ~ Macrophomina phaseoii (Maubl.}) Ashby.

The disease appears unger warm and dry conditions and the charac-
teristic symptoms are breakdown of the parenchymatous tissues of roots
and stems, charcoal-iike appearance of the affected plant parts, develop-
ment of carbonaceous fungal structures comprising sclerotia and pye-
nidia and withering of.leaves (Fig. 12.5).

The disease has beenfound to be caused by Macrophomina phaseoli,
which is soil-borne fungus and has a widerange of hostplants. i, therefore,
perpetuates through diseased plant debris. Destruction of diseased plant
parts along with use of Bordeaux paste can help in keeping the disease
under control,

3. Anthracnose — Colletotrichum dematium (Pers. ex. Fr.) Grove

Occurrence and Symptoms

Anthracrnose is of common occurrence and mainly attacks the fruits
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although it can also develop onleaves and stems. It appears as small circu-
lar lesions on the surface of the fruits, which on aging become dark brown
to black in colour, increase in number and size and involve large areas and
cause deformity of fruits.

Pathiogen and Cultural Studies

The disease has been found to be caused by Colletotrichum
dematium, which when inoculated on unripe or ripe fruits can cause typical
symptoms of the disease within a fortnight. The fungus produced good
linear colony growth on sucrose nitrate-agar and Richard’s solution; po-
tassium nitrate and maltose provide good sources of nitrogen and carbon.
Optimum, maximum and minimum temperatures have been found to be
28°, 40° and 15° C, respectively while the optimum pH is 6.5,

Control

The experiments carried out on the control measures have shown the
beneficial effects of repeated sprayings with Bordeaux mixture or Cy-
pravit at 15-20 days interva!.

4. Fruit Rot —  Rhizopus oryzae Went and Eeri.

Occurrence and Symptoms

This disease is of wide spread naturein the markets and not very com-
mon in the papaya plantations because usually the fruits are harvested
before ripening. i appears as necrotic spots on the surface of fruits. These
spots enlarge and coalesce covering bigger areas, followed by develop-
ment of whitish fungal growth, which renders the fruits pulpy, watery and
unuseable.

Pathogen and Physiology

Three species of Rhizopus were isolated from the infectad fruits, The
unripe or ripe fruits, when inoculated with the isolated cultures and keptat
28° C for 72 hours produced the typical symptoms of the disease; which
developed more rapidly on ripe fruits. Rhizopus oryzae being more agres-
sive, produced 100 percent infection while R. nigricans and R arrhizus, 75
and 60 percent infections, respectively. Rotting does not take piace at
15° C. R starts at 20° Candis morerapid at highertemperatures. The fungi,
when grown on nutrient dextrose medium, gave maximum mycelial
growth and 3 percent of manito! proved as a good source of carbon. The
optimum temoerature for the growth of the fungi s 30° C while minimum
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and maximum temperatures are 15 and 45° C, respectively. They can
grow on a wide range of pH values

Caomtrof

Studies carrid out on toxicity of some spray fungicide on the cuitures
have shown that the growth of the fungus is inhibited when copper and
zinc based chemicals are added to the medium. The most effective chemi-
cals were Dith{ane M-45, Polyram-combi, Copper sandoz, Cupravit and
4:4:50 Bordeaux mixture. Large-scale testing of these chemicais has not
been done under market conditions, for which methodologies need tobe
developed. Provision of low temperature storage (10-15° C) canalso help
to increase the keeping quality of the fruits.

The occurrence of Powdery mitdew {Oidium sp.) has also been repor-
ted.

Diseases caused by nematodes and viruses have been discussed se-
parately.

Apple

Apple occupies an important position among the deciduous fruits in
Baluchistan, Punjiab, NWFP and Azad Kashmir, covering more than 9,000
hectares with 84,000 tons of annua! production. it suffers from the attack
of many pests and diseases causing heavy lossesto the apple industry. A
brief account of the work carried out on apple diseases is given below:-

1. Ripa Rot — Rhizopus arrhizus Fisher
Distriybution, Symptoms and Perpetuation

Ripe rot, first recorded in Loralai, Baluchistan in 1946 has become a
widely distributed and serious disease in all the apple growing areas of the
province: causing an average infection of 15-20 percent. it has been found
to be caused by Rhizopus arrhizus, whiie Botryosphaeria ribis Gros. and
Dug. is the main pathogen reported from SA (which has many host plants
such as rose, avocado, currant and gooseberry). it also infects apricot,
peach and nectarine. The disease appears on maturing fruits, causing dis-
colouration, disfigurement. rotting, shedding and canker formation on the
stalks (Fig. 12.6). Such infected fruits have poor keeping quality and feich
very low price. In some cases mummined truits remain hanging on. the
trees, providing primary sources of infection for the perpetuation and
spread of the disease. The spores contained in sporangia (fruiting bodies)
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are carried through wind or rain and cause infection on fruits injured by
codling moth or fruit fly. The intensity of the disease has been found to be
correiated with the sugar contents of the fruits and higher temperatures.
These conditions are usuatly available when the fruits are nearing maturity
(June-September).

Control

Six spray applications during July-September at 1 5-day interval with 4
fungicides (Zerlats, Dithane M-45, Cupravit, Fermate and Fermate mixed
with Malathion at the rate of 2 1bs/100 galions of water), have reduced the
infection by 52 to 93 percent. The best results, have been achieved with
Fermate mixed with Malathion (93 per cent reductior) followed by Fer-
mate alone (87 percent reduction). As a result of these and other studies
the recommended control measures are (a) pruning of diseased plant
parts, picking and burning of mummified fruits and diseased plant debris,
and (b) spraying Fermate combined with Malathion; first spray in February
followed by 15-day intervai sprays during July/September. Although the
economics of these control measures has not been worked out, it is presu-
med that the operations are highly beneficial because of the complete
control of the disease.

2. Powdery Mildew — Podosphaera leucotricha (Ellet.Ev) Salmon,

Distribution and Symptoms

Powdery mildew is comparatively iess common than ripe rot and die-
back diseases of apple in Baluchistan but can become serious under
favourable conditions of temperature (19-22° C) and high humigity. It can
attack nursery or adult plants, appearing during spring or summer on
young shoots, flowers and fruits as small, irregular, white or graeyish,
coweb-like patches on the under surface (to begin with) and later on
covering all the parts, Infected leaves are curied, distorted, browned and
shed while diseased branches show stunted growth and are kilied forcing
emergence of bushy shoots in the following season. Fruits are covered
with white myceliai growth distorting their development and quality while
infected buds fail to produce flowers and fruits but help in the overwinter-
ing of the fungus (Fig. 12.6). As a result the disease can cause quie neavy
losses.

Perpetuation
The digsease overwinters in buds and the fungus sporulates after
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opening of budsin the spring. It spreads during the growth period through
air-borne conidia of the causal fungus. It perpetuates through ascospores
produced in black dotted fruiting bodies (perithecia) of the perfect stage.

()

Fig. 12.6: Disease of Apple (@) Fuwiary mildew; (h) Scao, and (c) Fruit rot

Control

As a result of various experiments the recommended control
measures are (a) pruning and burning of all diseased plant parts in winter,
and (b) spraying with sulforon (2 1b/100 gallons of water) in February be-
fore the buds open followed by second application after the petal - fall
stage and third and fourth applications each after 3-week interval. The
other equally beneficial chemicals are sulforon dust, lime sulphur (1:40) or
Benlate (4 0z/100 gallons of water).

The other reported diseases, on which no work has been done, are
sooty blotch or fly speck (Gloeodes pomigena Schw.) Colby and Mi-
crothyriella rubi Petr.) appearing on fruit surface as specks in groups; and
scab (Venturia inaequalis Cke. Wint.) affecting leaves, petioles, twigs and
fruits with olive green spots surrounded by velvety growth which cracks
and gives rise to deformed fruits. The fungus overwinters on fallen leaves
and spreads through the spores discharged during moist periods; cool
and humid spring being conducive to the attack and infections, causing
serious losses. Fungicidal sprays scheduled according to rainy and low
temperature periods are the most effective means of controlling the
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disease. The occurrence of leaf spot (Cercospora mali Ell and Ev) has also
been reported to be present in traces.

Peach and Almond

1. Leaf Rust

As a result of survey in Baluchistan, it has been found that the leaf
rust is quite a serious disease of peach and almond (occupying nearly
8000 ha) causing 25 to 30 percent infection on an average and can
assume epidemic proportion in favourable climatic years. The infected
leaves fall prematurey while peach fruits become disfigured, fetching low
price and have poor keeping quality. The infectionappears in spring, form-
ing cankers on young wood and spreading the disease through spores for-
med in sori (Fig. 12.7). Experiments on control using newer fungicides
(Capta;,, Thiram, Zineb, Sulphur) are in progress with promising results.

(b)

Fig. 12.7: Diseases of Peaches (a) Laaf rust; and (b) Leat curl

2. Leaf Curl — Taphrina deformans (Berk.) Tul.

Occurrence and Symptoms

The disease is found in Baluchistan, NWFP and Murree hills in varying
intensities, causing considerable damage, particularly in neglected
orchards. The incidence may vary from 20-60 percent on leaves of young
developing shoots. The typical symptoms include puckering, swelling and
discolouration of leaves (young leaves becoming red to purple and older
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foliage turning veliowish). The affected leaves turn chlorotic, and die fol-
lowed by defoliation. It also attacks terminal twigs, blossoms and fruits,
making the twias sweollen, blossems wither and fruits are deformed and
arop. The fungus also attack nectarines and apricots while ifs other spe-
cies produce leaf curling in many stone fruits including almonds and
plums,

Perpetuation

The fungus overwinters in bud scales and bark of young twigs and
starts infections through opening leaf buds in the foliowing: spring. Cool
and wet weather favours development and spread of the disease.

Control

Fungicidal sprays after harvest or and before bud swelling can easily
controt the disease. The number of sprays will depend upon the exact tim-
ing, whichif well coordinated, will be more remunerative. The first spray be-
fore leaves fall ancl the $6C0 nd before buds swe!i can control the disease

Occurrence and Sympioms

Survey carried out on vineyards in Baluchistan has indicated 10to 15
percent infection caused by Uncinula necator, the causal organism of
powdery mildew. It produces the usual symptoms on the leaves, stems,
branches and fruits, which are mishapen and cracked (Fig. 12.8). i first
appears as greyish - white powdery growth on the growing tips, followed
by infection of shoots, stems, flower clusters and berries. Its spread during
the summer is rapid at 23 to 32° C and high humidity. i remains dormant in
dark coloured spore bodies, which may develop under favourable con-
ditions. The disease may appesr in some vineyards every season and be-
comes potential threat to the crop.
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Fig. 12.8: Powdery mildew of grapes.
Control

A number of experiments on checking the disease have indicated the
following integrated control schedule. (a)cutting and burning of the disea-
sed plant parts, and (b)spraying with Benlate (4-6 0z/100 gallons of water)
first before blossming,second after berry formation and the last nne three
weeks later. The other equally effective chemical is Afugan. Fungicides
tested at Tarnab in descending order of efficiency are Bordeaux mixture,
Perenox, Fermate, Orthophalten, Polyram and Cobox. Frequent treatment
also helped to increase the yield from 9.80 to 20.20 1b/plant besides
improving the quality of the produce.

The other recorded diseases are (a) black rot caused by Guignardia
bidwellii (Ellis) Viala and Ravaz, attacking the new growths forming red ne-
crotic lesions in groups on leaves followed by on shoots, tendrils, leaf
stems and veins': (b) anthracnose or bird eye spot (Elsinoe ampulina); and
(c) downy mildew (Plasmopara viticola)(V & C) Berl. and Det. No research
work has been reported from within the country. Leaf spot caused by
three different fungi (Stigmina esfandiarii Petrak, Pesudocercospora vitis
Le'v. Speg. and Dendrophoma sp.) and grey mold (Cladosporium roesleri
Cattan.) have also been reported as minor diseases.
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Pomegranate

Fruit Rot -  Zythia versoniana

Distribution, Symptoms and Perpetuation

Pomegranate fruit rot, recorded for the first time in 1946 in Baluchis-
tan, has been found to be gradually increasing and spreading in epidemic
proportions, causing upto 25 percent fruit damage. The infected fruits
show rotting of internal tissues around the seeds and later on develop
cracking and drying (Fig. 12.9).The causal fungus has been isolated,patho-
genicity tested and identified as Zythia versoniana. The disease per-
petuates from year to year through the fallen or hanging infected fruits or
fruit stalks. The fungus becomes active in summer and discharge spores,
which cause fresh and new infections.

Fig. 12.9: Fruit rot of Pomegranate showing axternal and internal rots.

Control

The experiments carried out over a number of years have indicated
the following control schedule (a) pruning of infected twigs, hanging
fruits/fruit stalks and collecting of dry fruits from the ground in January/Fe-
bruary followed by burning; and (b) spraying with a suitable copper-based
fungicide (Perenox 1.5 - 2 1b/100 gallons of water) in July, August and
September.
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Summary

Pakistan grows large areas under a variety of fruits, which are subjec-
ted to a number of destructive diseases both affecting the quantity and
quality of the produce.

Some investigations have been carried out on diseases of citrus,
mango, banana, papaya, apple, peach, pear, aimond, grapes and pome-
granate at various agricultural research institutes in the country. In citrus
Colletotrichum gloeosporicides is commonly associated with wither tip. it
has been found that citrus twigs can only be infected by this fungus in case
the plants are poor in health. All factors such as lack of nutrition and high
content (0.2 percent) of total soluble salts in the root zone and 8.5 or
above pH values of soil, which weaken the plants, are conducive to the
deveiopment of the disease. The fungus C. gloeosperioides is, therefore, a
weak parasite on citrus twigs. Physiology and morphology of the pathogen
has been studied and compared with the fungus causing anthracnose of
mango and Gloeosporium limetticolum. On the basis of these results it has
been proved that the fungus causing anthracnose of mango jis identica
with Colletotrichum gloeosporicides, which is confirmed to be distinct
from G, limetticolum. The fungus C. giceosporicides is actively parasitic on
mango leaves, fruits and twigs but on citrus it can attack fruits and fruit
stalks easily, while on leaves and twigs it causes extremely slight or no
infection,

Work has also been carried out on cifrus wilt caused by Fusarium spp.
and root-rot disease caused by Rhizoctonia sp. in both the cases physiolo-
gy of the causal fungi, factors affscting the incidence and measures to
controi have been studied. Morphoiogical, cultural and pathological com-
parative studies of seven Rhizoctonia isolates from tobacco, okra,
sesamum, cotton, citrus, chillies and pigeon pea have revealed these
isclates as three varieties of Macrophomina phaseoli, '

Investigations carried out on sooty mold caused by Canpodmm citri
have shown that as the disease appears on account of feeding activities of
insecis secreting honey dew deposits, the control of insects halns to get
rid of the disease.

In the case of mango, studies have been carried out on anthracnose
which hag been found to be caused by Glomerella cingulata (Colieto-
trichum gloeosproioides). The disease attacks leaves, petioies, twigs and
fruits. Inoculation experiments have shown that the fungus s highly patho-
genic on mango under optimum conditions of temperature and hurnidity.
The disease has been found to perpetuate through diseased piant debris
and diseased piant parts, which remain attached to the trees. Suitable
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control measures have been suggested. :

investigations have been carried out on malformation of mango in-
florescence as regards symptoms and modes of perpetuation. All the
resuits have shown negative association of fungi, insects, bacteria and nu-
tritionat deficiencies of major elements with the development of the
disease. However, there is some evidence regarding transmission of
disease through grafting and budding indicating the possible viral nature
of the disease (which needs confirmation). In the absence of definite
resulits some suggestions have been made on the conirol measures.

Some banana diseases such as black tip or finger tip, pseudo-stern
rat and stem end rot have beeninvestigatad. In ali these diseases Gioeos-
porium sp. and Botryodipiodia sp. have been found to be the causal fungi.
The pathogenicity of these fungi has beén established and control
measures devised.

work has been done on four diseases of papaya (damping-off and
stem rot caused by Pythium sp., charcoal rot - Macrophomina phaseol;
anthracnose - Colletotrichum dematium; and fruit rot - Rhizopus oryzae)
covering symptoms, pathogens, pathogenicity, physiology of the patho-
gens and contral measures,

Ihvestigations carried out on two diseases of apple (ripe rot - Rhi-
zopus arrhizus and powdery mildew - Podosphaera leucotricha), leaf rust
of peach and almond (Trangschelia pruni - spinosae), peach leaf curl
(Taphrina deformans), powdery mildew of grapes (Uncinufa necator) and
fruit rot of pomegranate (Zythia versoniana) have covered the various
aspects of these diseases with a view 1o finding out control measures,
which have béen recommended in each case.

The diseases caused by bacteria, viruses and nematodes have been
discussed in separate chapters. '
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Chapter XIll

Forest Trees

Out of 10.4 miilion hectares classified as forest lands, forest actually
occupy only 4.3 milion hectares, ie., 4.8 percent of the total land area
(87.8 milion hectares) of Pakistan, falling much short of the country’s
needs. This is evident from the fact that timber and fuel wood produced
from local forests and farmlands are not enough to meet the domestic re-
quirements, Total estimated consumption of timber-and firewood in Pakis-
tan in 1979-80 was 1.97 and 1855 miliion cubic meters, respectively.
About 18.5 percent of timber consumed was produced from national
forests, 46.3 percent from farmlands and the gap (35.2 percent) was
bridged through imports. Similarly, the Government forests produced only
1.8 percent of firewood while the buik came from the farmlancds.

The present situation urgentiy calls for enhancement of timber and
firewood production. This can be dene by improving the per unit area
productivity, increasing the forest area both under public and private sec-
tors and by reducing losses of vegetative growth. These losses ocour due
fo severai causes like destruction by mankind, fire out-breaks, indis-
criminate grazing, insect pests and pathogenic diseases.

Forests are one of the most precious gifts of nature for man in meet-
ing his various material needs (timber, firewood, charcoal, grazingiands,
witdlife, water, recreation and minor forest products) -and affecting
environmental and climatic improvermnents (watershed, soil stabifization
and fertifity, rainfall, temperature, humidity, wind breaks, oxygen and car-
bon dioxide balance in the air). Due to varied climatic conditions of Pakis-
tan, ranging from tropical o temperate and alpine, the natural vegetation
also varies.
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Forests are, tharefore, of nine different types. These include:-

i}y Coastal
Mainly composed of Avicennia officinalis, a shrub used for fodder
and firewood.

ii) Riverine
Situated along the banks of Indus and other rivers; mainly compo-
sed of Acacia arabica (Kikar), Populus euphratica(Bhan), Prasopis
spicigera (Jand), Tamarix spp. (Farash) and Daibergia sissoo
{Shisharm).

iiiy Tropical Thorn Forests
The main piant species are Prosopis spicigera, Capparis aphylla
{(Karir), Acacia modesta (Phulaf), Tamarix articulata and Salvadora
oleoides {Pelu), which provide fuel wood and forage.

iv) Subtropical Broad leaved Evergreen Forests
Compaosed of small-sized trees and shrubs such as Acacia mode-
sta, Olea cuspidata (Kau), Zizyphus nummuiaria (Ber} and Dodo-
naea viscosa (Sanatha) mainly degraded by over grazing, brows-
ing and lopping resulting into destruction of watershed areas.

v) Subtropical Conifersious Forests
Located between 800-1650 m and containing Pinus roxburghif
(Chir pine) and Quercus difatata (Oak).

vi) Himafayan Broad-leaved Foresis
Cceurrng on mountains above 1500 m elevation mainly consist-
ing of Quercus dilatata; Q. semicarpifolia, Juglans regia (\Walnut),
Aesculus indica (Horse Chestnut), Ainus nitida (Alder), Prunus
cornuta (Katakath), Acer spp. (Maple}, Pyrus pashia (Batangi),
Betuia (Bhojpatra) and Populus ciliata

vii} Himalayan Moist Temperaie Forests
Situated at elevations ranging between 1650-3000 m on steep
slopes constituting Cedrus deodara (Deodar), Pinus wallichiana
(Biue pine), Abies pindrow {Fir) and Picea smithiana (Spruce).

vii) Alpine Forests
Qacurring between 2850 and 3600 m, containing a mixture of
conifers and broadieaved trees; and

ix) Alpine Scrub Forests
Occurring above 3500 m elevation and mainly composed ot
Rhododendron arborewm and Junipers,

These forests are mosily state-owned, communal or individual
property. The conventional torest products are timber, firewood and resin
apart from mazri and medicinal plants The forest plantations fall short of
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actual requirements, necessitating large-scale expansion and proper utili-
zation of existing forests in the industry (chipboard, hardboard, venser,
plywood, paper and paper board, match, sports goods, crates and pack-
ing cases, furniture, buildings and boat making, agricultural implements
etc). There are many reasons for low productivity including damages
caused by diseases, insect pests and rodents. Some researches have
been in progress on diseases of forest trees, firstly at Dehra Dun in British
India and later on at Abbotabad and Peshawar after the establishment of
Pakistan. These activities resulted in many research findings, which are in-
cluded inthis chapter. The diseases are grouped on the hasis of symptoms
irrespective of host plants to have general understanding of the patho-
gens, their modes of perpestuation, predisposing factors and control
measures with a view 10 improving future researches and application of
research findings. These diseases constitute several groups such as wood
decay and heart rots, powdery mildews, wilts, rusts, damping off, dieback,
and leaf spots and blights, white diseases caused by phanerogamic plants
are discussed in chapter XVIL

1. Wood Decay and Heart Rots — Polyporaceae, Thelephoraceae and
Ascomycetes

Qccurrence and Extent

Timber, consututing a very important itern for human use in house
buitding, manufacture of furniture and other industrial goods, is not only in
short supply in Pakistan (i.e. 0.6 cu. ft. per capita) bui the existing forests
also suffer from decay due to moist conditions (prevailing over long
petiods of the year) favouring the deveiopment of wood-rotting or-
ganisms. The principal causes of destruction and deterioration of timber
are weathering, mechanical wear and fear, chemical hydrolysis of cellu-
losic material, insect attack, bacterial decomposition and fungal decay.
The extent of damage, therefore, varies from place to place, nature of tim-
ber trees and the prevalence of different causes. Wood rots not only des-
troy the timber but also reduce its price and shortens service pericd resuft-
Ing in heavy financiai iosses to the consumers. The protection of timber is,
thetefore, very important to save such heavy losses and make itsuse more
efficient.

Symptoms

The unsoundness of timber due to fungi falis into three categories (i)
wood decays, (if} dry rots, and (it} sap stains and other discolourations.
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The mycelium of the causal fungus, thriving inside the wood at the cost of
the nutrients, produces discolouration and decay reducing the strength of
the wood, which becomes unsuitable for construction. Dry rotis a particu-
lar type of decay associated with dry, cracked and brownish-appearance
of rotten wood, which crumbles intoc powder when rubbed between the
fingers. Sap stains (usually bluish grey, pinkish, yelflowish or brownish) are
caused by specific fungi and can occur very quickly if the wood is stored in
warm, damp and ill-ventilated places. The end result is deteriorationin tim-
ber strength and eventually the destruction of timber.

o

© ' ()

Fg. +3.1: Various types of wood decays and heartrots. {a} Decay through a dead branch

(b infection courl in wond; {c) Decay through a branch; and {d] Deecay forming
& column in wood,

262



Causal Organisms and Perpetuation

Different types of fungi have been seen growing on timbers, logs and
trees and their variation depends either upon the environmental con-
diticns (some bheing restricted to fropics and others are found in
temperate zone} or on timber species (some are restricted to specific
hosts and others have wider host range, depending upon the internal
wood structure). Since fructifications are nearly stable characters, it is
possible to differentiate different groups of fungi as well as individuals. The
causa!l fungi have been divided into two types viz; (a) those producing
white rot and (b) others producing brown rot. The survey carried out in
Pakistan has shown the presence of 75 fungi belonging to the first group
which attack lignin and cellulose and produce white rot and 23 fungi fall in
the second group, which attack cellulose and produce brown rot. The
white rot causing fungi include many members of Polyporaceae (21
Fomes, 3 Ganoderma, 22 Polyporus, 6 Trametcs and one species each of
Hexogonia, Daedafea and Irpex), Thelephoraceae (18 fungi), and Ascomy-
cetes (3 fungi). While brown rot producing fungi mostly belong to Poly-
poraceae (containing 4 Fomes, 6 Polyporus, 1 Polystictus, 2 Trametes, 3
Lenzites, 1 Hexagoniai, 1 Poria, 2 Daedalea and 3 Merulius). The detaiis of
all these fungi alongwith their distribution, characters of rotting produced
and morphological features are given in the published literature cited at
the end of the chapter. Wood rotting fungi are essentially aerobic and can-
noticlerate waterlogged conditions. Once the wood is attacked, the mois-
ture conditions in the wood remain favourable for the continued fungal
growth. Most of these fungi produce myriads of spores, which are dis-
persed by wind, causing new infections under favourable environmental
and host conditions. The number of spores produced per fructification is
fantastic and runs into millions in a very short period of a few hours. The
spores can aiso remain viable for long periods as they can withstand dry
conditions. These two factors are conducive to the longivity and spread of
woodrotting pathogens.

Predisposing Factors

Presence of suitable temperatures, which vary for different causai fu-
ngi, is essential. On this basis the fungi have beendivided into three groups
i.e.; those having optimum temperature below 24°C; or between 24°-
32°C,; orwith optima above 32°C. However, many of the woodrotting fungi
develap under warm and humid conditions (25.5° - 30°C). Proionged ex-
posures to temperatures above maximum can prove lethal, which again
vary with different fungi.
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Similarly, the woodrotting fungi need higher moisture content of
wood to initiate infection and usually do not attack at moisture levels of
below 20 percent. It has been reported that the woodrotting fungi general-
iy produce considerable quantities of water during their respiration pro-
cess, and therefore the rot once established, the fungus continues grow-
ing inside the wood independently of any external supply of water.
Generally 35-50 percent moisture in normal wood is most favourable for
the development of woodrotting fungi and this figure may vary with the
density and structure of the wood. Since most of the woodrotting fungiare
aerobic and require free oxygen, their growth, respiration, sporulation and
the metabolic by-products depend upon free supply of oxygen. Re-
guirements may vary with the species because some canalso act as facul-
tative anaerobes, particularly brown rot-producing fungi, which destroy
cellulose. Ali the woodrotting fungi produce a certain amount of acid (u-
sually oxalic acid) as a result of their metabolism and, therefore, grow bet-
ter on acidic medium {between pH 2 and 3). The acidity persists for several
menths inbrown rot fungibut it falls after an initial rise in case of white rots,
which usually attack lignin. These fungi also produce enzymes, which help
dissclve cell walls and facilitate penetration by he hyphas. Oxidase en-
zymes are mostly produced by white rotting fungi although in many cases
the number of enzymes produced is quite large. All such environmental
and nutritional factors, which increase the growth rate of the woodrotling
fungi, make them more destructive.

Host Plants

In Pakistan about 75 different fungi have been recorded to cause
woodrotling on maore than 60 plant species, which include almost ali the
important trees. However, there are some fungi which are specific only 1o
one plant species. For example, Formes caryophyli, F. lamaoensis, and F,
tricolor attack Polyporus shoreae; Hymenochaete rubiginosa, and Stereum
percome are specifically found on Shorea robusta;white there are others
which altack 2-4 hest plants and still others which are more aggressive
and can infect many hosts such as Fomes conchatus; F. fastuosus; F,
rimosus; F. senex; Ganoderma applanatum; G. jucidum; Polyporus gilvus;
P. polystictus; Trametes persooni, T. pini, Irpex flavus; Stereum hirsutum
and Lenzites betulina.

Process and Spread of Decay

The fungal growth inside the wood initiates the decay process under
favourable conditions of temperature and moisture. This behaviour de-
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pends upon the timber species, quality of sap or heartwood, which may or
may notcontain toxins. The initial or incipient stage is characterized by the
presence of fungal mycelium in the wood and its discolouration, ranging
hetween yellowish, brownish or purplish, ultimately resulting in typical de-
cay stage by breaking short of wood fibres when lifted with knife and in
some cases zigzag brownish lines appear. In the initiat stage brown rot is
difficult to distinguish. Later on, all the symptoms of decay develop which
include destruction of normal wood colour and structure and its total
weakerning caused by the production of enzymes that attack lignin-ceflu-
lose carmpounds resulting in the specific patternof rot (the attack on lignin
produces white rot while destruction of cellulose gives rise to brown rot).
These rots can be further classified into butt rot, top-rot and root rot,
based on the parts of tree attacked. The attack may also be confined to
sap or heart wood of living trees or dead timber, producing dry rots. The
rots are also classified on the nature and location of the damage done-po-
cket or patchy rots, mottled rot, ring rot, stringy rot and spongy rot, which
are characteristics of specific fungi. The various symptoms produced are
also fungal specific and have been classified according to the nature of the
pathogens. Studies have also been made on the physical and chemical
characteristics of the decaying wood. These may be associated with parti-
cular pathogens, type of rots and susceptibility or resistance of different
species of timber.

. The decay may spread to sound wood in a number of ways, l.e, spore
dissemination, vegetative, mycelial contact or through special thread-like
structures called rhizomorphs.

Techniques for diagnosis of decay based on morphelogical and
anatomical examination of wood; isolation, culturing and identification of
pathogens, maintenance of cultures, fructiticabon and tor articial mocu-
iations have been developed.

Wood decays in conifer trees and hardwood trees have been dis-
cussed separately as detaiied below:

Wood Decay in Coniferous Trees

Decay of coniferous species both in iiving trees and felled timbers is
quite common in Pakistan and cther countries of the world, attracting
attention of the research workers. Five important pathogenic fungi (Fomes
pini; F. annosus; F. pinicola; Polyporus schweinitzii; and Armillaria melica)
attack living trees while other fungi such as {L.enzites saepiaria and Fomes
roseus) are associated with decay of felled timbers. These have been stu-
died and their salient features are given in Table 138.1. {Fig.13.1).
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Table 13.1: Main types of wood decay in coniferous trees

Common name Sympioms and fungal characteristics

sidion annosum
{Fr.) Brefeld

3. F.pinicola
Schwartz ex.rr.
Syn. Ungufina .

266

Red Brown
Rot

Fungus

Living Trees lpcalized infection through wounus.

1.Fomespini RedRingor Causes heart rot in trees producing
(Thor.ex,Fr) Pocket Rot large pockets, swollen or punk knots of
Karst pinkish or reddish brown colour, dark
Syn.Teramte brown zones and loss of strength. Fruit-
pini{Thon) ing bodies appear on trunks,
Er Xanthochrous sporophore perennial varying in size,
pini Pat dark rusty coloured turning brown to

black. Spores 5.5 x 4.5-5, many setae
pointed (40u) and dark brown. Rotted
area converted into mass of white fibre.
Mycelium coloured yellowish to brown.
Optimum tem. 25°C and maximum
between 30°-35°C, can remain viable
for many years in dead wood but does
not spread. Fungus dies out after feliing
and timber if otherwise suitable can be
used,

2.F anno- Root Rot or Fungus enters through injured or unin-
sus(Fr} Red Rot or jured roots. Common in Pakistan,
Cooke. White Pockel  causes heart rot. Serious in deodar and
Syn.Un- Rot new plantations. Bracket-shaped fruit-
guling annosa ing baodies bright and reddish brown in
(Fr.) Pat. colour appear on stumps of felled trees.
Tramstes White pockets of rot develop with dark
radiciperda resin zones leading to white linted
Hartig. caevilies and weod is reduced to a
Herteroba- spongy mass. Sporophores vary in size

5-15cm x 4-12cm with whitish pore sur-
face, tubes 4-8mm and basidia hyaline 8
X 6 and spores colourless 4-6x 3 y. it
aiso bears conidia in culturé and easy to
recognise, Attacks bethlignin and cellu-
lose. Fungus continues growing aven in
felted trees under moist conditions.
Found throughout Himalayan range on
fir, spruce, tamarack, pines, balsam
gccasionaily oh fiving trees but mostly



marginata (Gill}
F.ungulatus
{Schasaff)

Sacc. Fomes
ponderosus

4. Polyporus Brown Cu-
schweinitzii (Fr) bical Rot
Syn. Phaeolus
schwelnitizii (Fr)

Pat.

5. Armillaria mel-  Shoe St-
lea (Vahi ex.Fr) ring Rot
Quel Syn. Armil-
faria mefia(Fr.ex.
Vahl)Karst.

on felled timbers. Causes heart rot in a
few years.

Attacks both hard wood and conifers.
Found on pines, fir, kail, spruce, cak and
cherry. Common on kall in Pakistan.
Causes reddish brown cubical heart rot.
Infection cccurs through roots and
wounds near the base, producing light
yellow to pale reddish brown dis-
colouration leading to cubical rot with
thin sheets of palish embedded my-
celium. Fungus produces greenish yel
low growth at optimum temperaiure of
28°C. Sporophores are hairy and plush-
like. Pore tubes greenish yellow 3-5 mm
long to irregular. Spores are 7-8u x 4 .
Even a trace of infection makes the
wood unusable.

Found in tropical and temperate coun-
tries attacking large variety of plants
(conifers and hardwoods). Some times
grows entirely saprophytically in woad
humus. Fruiting body is a typical
mushroom, fleshy, yellowish to pinkish
brown hairy with 5-15 cm diameter.
Spores efiiptical, colourless 8-Gy x 5-6y
Under favourable conditions become
parasitic forming white and firm sheets
of mycelium under the bark and .can
spread from tree to tree through rhi-

- zomorphs. Causes fibbrous, stringy white

rot with zone lines resembling bladder-
like swellings of hyphae and produces
resinosis in conifers. Also causes decay
in felled timbers.
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Felled Trees usually attacks conifer timber struc-
1. Lenzites saepi- Powdery tures,buildings and poles under alter-

rialWoulf)Fr. & Rot nating wet and dry conditions. Three
Lenziles subfer- types of mycelia are found and have
ruginea Berk powdery appearance due to formation

of pidiaintarge numbers. Optimum tem-
peratures are 32-34°C while maximum

is 40°C.
2. Fomies roseus  Cubical nfection occurs through wounds and
(A&S) Fr Heart Rot  stubs of felled wood, producing dis-

colouration and horizontal cracks. Fruit
body perennial 5-30 cm zonate, rough
and watery. Spores colourless, round or
ovoid, smooth 3-4 u. Optimum tern-
perature 26°C.

iy Wood Decay in Hardwood Trees:

Like conifers, decay of living and felled hardwood trees is also com-
maonin Pakistan, causingheavy losses. Twelve types of decay inliving trees
caused by Ganoderma, Polyporus and Fomes species and six types in fel
téd trees produced by Polystictus, Daedalea, Trametas, Stereum, Hy-
menochaete and Xylaria have been identified and studied. The important
results are given in Table 13.2 {(Fg. 13.2).

Table 13.2 Main Types of ward Detay Ln herd wood trees

Fungus Common Mame Symptoms and fungal charac-
) teristics.

Living Trees A cosmopolitan fungus, found in almaost

1. Ganoderma Spongy avery forest in Pakistan, behaves as a

iucidum(Leyss), white Rot  facultative root parasite; commonly

Karst. syn: Fo- anters through wounds or dead roots;

mes lucidus mycelium spreads in  the wood

parenchyma and then through medul-
tary rays, passes into deeper layers. Cel-
fulose and wood gum are dissolved and
the wood becomes spongy white. The
rot advancing towards centre shows a
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‘dark invasion zone. Severely affected
trees are much weakened and can be
easily blown down by wind. Sporophore
is very characteristic. Pileus reddish to
chestnut-brown, orbicular, sometimes
flabelliform measuring upto 10-15x 10-
30cm, sessile or stalked. Stalk is ox-
blood in colour and smooth. Hyphae
either thick-walled, pale yellow, sparsely
branched, 2-5 p broad or thin-walled,
hyaline, branched with clamp connec-
tions, spores brown thick-walled, minu-
tely verrucose, truncate at the apex 10-
12 x 6-8 L.

Fig. 13.2: White-pocket rot caused by Phellinus pini in blue pine (Pinus wallichiana)
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2. Ganoderma
appianatum
(Pers.)Pat.Syn:
Fomes appla-
tatus(Pers.) Gill.
Flacodes appla-
natus(Pers)
Quel,

Rectangu-
iar White
Rot

3. Polyporus givus White

{Schew,)Fr.

270

Spongy
Rot

The fungus is a facultative wood
parasite and causes an active heart rot.
inearly stages, awhitishmottlingoccurs
across the grain, which tends to break
the wood inio rectangular pieces and
uliimately decaying into unifoerm white,
very soft, light and spongy mass, Inliving
wood there is always a narrow, dark
brownish invasion zone about 5 -mm.
wide, The fruit bodies appear on trunks
atapointwhereihere wasabranchstub
or other trunk weound. Sporophore
broad, flattened bracket of typical
fomes type measuring sometimes upto
40 com across. Upper surface flat or
zoned and raised In lumps. Surface
usually rich rusty brown, varying from
russet to mars brown, and often dusted
with & “thick deposﬁ of - ferruglnous
spores, Texture very firm; gontext is thi-
ck rich brown and; Sliky : brraus when
torn apart Pore. tubes 1~5 cm long
brown, pore mouth minute and white.
Active Iy_ grow_mg m_a_rg:_n IS w_h_:_t_e or pale.

Fungus }s.'.u""_aliy .aSSDCIate -w&th dead

spflts tanentlaliy aleng the-andai rmgs &
radically atong the wood rays. Finally the
wood is reduced to a whitish spongy
mass. Sporophore varies both in size
and shape depending upon its position
on the host, moisture supply and tem-
perature. Pileus hard, brittle, brown be-
coming pale yeltowish, applanate, often
imbricate or even rugulose measuring 6



4, Polyporus hispi-
dus(Bull ex.Fr}
Syn.Xanthoch-
rous hispidus

(Bull).Pat.

5. Polyporus
shoreas Waki.

Spongy
whitish
yelow
Rot

White Poc-
ket Rot

% 8 cms. Upper surface coarsely hairy or
smooth, often zoned and pustulate.Un-
der surface porous, light yellow to light
brown, pore tubes uptoc 9 mm roundish

2 mm across. Contexi dark, rusty '

_ brown, soft corky when fresh, otherwise

woody. Spores hyaline to light brown,
minutely verrucose, oval, 4-5x 3, setae
abundani, thick-walled, 1-2 x 6-10 p.

Fungus enters through branch stubs
and wounds due to lopping or ather in-
juries. It spreads up and down the trunk
rendering it a hollow shell. The early
stage is marked by whitish or yellowish
discolouration. It is delimited by a hard
brown invasion zone. In typical stage of
decay the wood is converted into a
spongy whitish yellow mass, The rot
generally starts in the heartwood and
spreads outwards. Sporophores on liv-
ing trees usually appear at the point of
infection; hooflike or short hemispheri-
cal bracket, thick, corky, 10-30 cm
across. Context thick, spongy, yellowish
or chestnut brownand fibrous. The main
body remains soft till quite old when it
becomes hard, dark and cracked.
Upper surface shaggy with thick soft
hair, yellowish to chestnut brown finally
changing atmost black. Under surface
yellowish to snuff browh.--Bas_idia 18-26
x 10 4 and subglobose yeliowish spores
6-10 x 7-8 u. Yellowish brown cystidia
sometimes present.

Both sap and heartwood are affected.
The wood shows oval or oblong white
pockets and is changed into a honey
comp like structure. The shaliow and
obligue pockets become filled with
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6. Polyporus Squa- Spongy or

mosus Hunds,

caFrSyn.Mela- White Rot

Nopus
SqQUAITIOSUS
{Huds)Pat.Cerio-
PoOrus sguamosus
{Huds.)Quel.
Poiyporelius
SQUAMOSUS
{Huds.) Karst,

7. Polyporus sulph- Tan Brown

reus Buli-ex.Fr.

272

Stringy

Cubical
Roi

creamnish yeliow hyphaei and bleached
white fibres. Pockets have walis or par-
titions of brown colour giving partridge
feather effect. In mature trees the white
pockets extend to the trunk.
Spoeraphore imbricate, dimidiate, with a
narrow iappering base, normally funnel
shaped; sometimes applanate or flat-
tened out, hard and brittle in dried con-
dition, big in size, internally vellowish
brown. Upper surface very ruguiose,
with a dark brown to blackish crust
Under surface dark brown. Spores 4-5

LTS

Fungus enters tnrough branch wounds
and penetrates to the centre of the tru-
nk spreading up and down. The hear-
twood is consumed from within ou-

~twards and the stem uttimately be-

comes hollow. Produces spengy or
stringy white rot. Sporophor: rapid
growing and fan shaped, varying greatly
in size usually with a thick lsteral stalk
dark coloured at base. At first soft and
fieshy and leathery later on. Upper sur-
face pale fawn with numerous dark
brown appressed scales or squamules,
pore  ¢ream  coloured,  spores
colourtess, oblong, 10-12 x 4-5 4,

In early stages it has insignificant effect
on the wood and slowly produces a yel-
iowish or reddish discolouration. in typi-
cal decay stage a dark red-brown cubi-
calrotis produced. The cracks often get
filed with mycelial felts Sporophores
are annual, bracket shaped with some
what wavy margin. Colour is bright pale
suiphur yellow to light vellowish orange
above and colour fades when old. Flesh
sofi, chessy and putrifies soon. On in-



8 Fomes concha- Tan Brown
rus(Pers.ex.Fr) Rot
Gill

9. Fomes senex Brown
Nees et.Mont. Spongy
Hot

10. Fomes lamao- Yeliow
ensistMurry Pocket
Saccet Troff. Rot

jury young fructifications exude a pale
yellowish juice, Spores white alliptical
measuring 7-8 x § L.

Fungus enters through wounds. in early
stage the area is brownish with a pale
centre. As the rot spreads, the brown
invasion zone advances irregularly in
the wood. Cracks appear longitudinally
and become filled with dark brown my-
celium. Fruit body sessile, shelving hoof-
shaped but more frequently conch-
shaped semi-circular, hard corky when
young; woody later; size 2-15 x 1.5-9
cm. Colour mouse grey or blackish
usuaily with brownish border, slightly re-
flexed margin to make it saucer-shaped.
Upper surface with rough crust, zoned
rugose or rimose, context brown and
corky. Spores yellowish brown, ovoid
smooth 4-5 x 2-3 u.

Fungus enters through wounds ang
attacks both sap and heart wood. Inear~
ly stage the woodis changed to light yel-
lowish brown and ultimately to light
coloured spongy mass. Fruit bodies,
perennial, sessile, somewhat reflexed,

corky to woody measuring 10-12 x 5-68

cm. Upper surface rough brown and
zoned. Context brown, undersurface
brown, spores round and thinwalled
with 4 x 3 u average size,

In mixed forests young poles growing in
wet and shaddy iocalities are atiacked.
Fungus sets up active sap rot kilting liv-
ing tissues at the base of young poles
and disintegrates sap-wood producing
wide oblong pockets. it is an active de-
composer of heartwood reducingit toa

273



11 Fomes badius Brown
Beok. Spongy
Rot

12. Fomes fomen- White
tarius Linn.ex.  Spongy
Frifr.8ynln- Rot
gitina fonentaria
(Linn)Pat.
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.asiiwy COMD structure. A whitish yellow
sticky mass is filled in pockets. Fruit
nody irregular, hard brown, bracket to
saucer or funnel shaped, rarely with
stalk, single or imbricateand 15-30 cms
across in size. Upper surface dark
brown to black crusty, zoned startified
with radial cracks in the crust. Margin
thick rounded, tawny clive io pale
hrown. Context thick, fibrous zoned,
achraceous tawny o brown with white.

Fungus enters through wounds and cuts
spreading up and down. in early stages,
the rotted wood is mottled reddish to
purple with scattered black dots,
besides the spongy patches which
eventually give rise to holes. Advancing
rot shows brown invasion zone. Fruit
body thick, woody, sessile, 5 x 8 cm in
size, upper surface dull brown, rough,
black when old, context rusty or yel-
lowish. Under surface plane or convex,
bay-brown dull, rough and ridged.
Spores light brown, roundish to oval, thi-
ck walled, 8 x 5 i in size.

Fungus enters through stem wounds or
branch stubs and damageis confined to
upper parts of trees. it producesa white
spongy rot with narrow dark zone. In
early stages, a narrow brownishinvasion
zone is present. Sheets of pale yellowish
white myceiium fitl the cracks inthe de-
cayed wood. Both heart and sap wood
are attacked. Fruit body typical hoof-
ke, perennial structure, 40 ¢m width.
Upper smooth, thick, hard and concen-
trically zoned, grey or greyish-brown to
almost black. Context dull, pinky, soft
and corky. Spores 15-25x 5-10uinsize.



Felled Trees

1. Polystictus ver- White
sicolor Linn.ex. Spongy
Fr.Syn.Coriofus Rol
versicolor(linn)
Quel.

2. Daedalea guer- Red Bro-
cina{tinn.)Fr. wn Cubi-
Syn.Lenzites cal Rot
quercinal.inn.)

Quezl,

3. Trametes Jacti- Ring Scale
nea Berk.  or Ring
Shake
Rot

Common saprophyte of wood under
moist conditions. Intypical decay, wood
is changed to white spongy mass and is
light in weight. It consumes entire wood
substance. Gregarious in habit, forms
imbricate fructifications which are thin
and "tough brackets, 3-8 cm across.
Upper surface greyish or brownish,
always velvety with concnric zones of
various shades. Under-surface cream
coloured, Spores oblong, 6-8 x 3 u
cream coloured mass.

Sapwood is attacked much more rapid-
ly than heartwood. Mycelial felts seen in
rifts and cracks. Usual rot of oak wood.
Sporophore perennial, tough, corky,
pale wood coloured brackets. Context
concolourous, often irregular and bum-
py, occasionally resupinate. Upper sur-
face smooth, rugose and slightly zened.
Spores colourless, thin walled 5-7 x 2-3
W i size.

Bleaches the timber to light coiour,
causing ring scale or ring shake and the
wood splits along the rings. Affected
wood retains its shape but is very light in
colour and friable. In advance stages
timber is changed to light spongy white
mass. Fruit body a shelving bracket,
hard, corky, irregular, white to creamy-
biscuit colour, may develop singly or in
imbricate fashion. Upper surface
uneven or undulating, pruincse,
sometimes velvety, verrucose to regu-
lose and zoned. Margin regular thin,
slightly reflexed; context creamy, white
with a silky sheen whentorn and spores
white in colour.

275



4. Stereum hirsy-  White
tam(Willd.ex.Fr.} Fibrous
S.F.Grev. Rot

5. Hymenochaete White
rubiginosa({Dic- Fibrous
ks) Lev. Aot

8. Xylaria polymor- White
"~ pha (Pers.)Grev. Spongy
Rot

Wood decay by this fungus is white fi-
bruus and light in colour ard soft but
retains its shape. Attacks celllose in
addition to lignin Rot very much iike that
of Stereum sp., pockets are smalier and
narrower. t grows very siowly and is
confined to felled trees only. Fruit
bodies dark brown, thin, hard and
skinny. The spores are hyaline measur-
ing 4-68 x 2-3 u.

Rot very much like that of Stercum sp.,
pockets are smaller and narrower. it
grows very slowly and is confined to fel-
ied trees only. Fruit bodies dark date
brown, thin, hard and skinny. The spores
are hyaline measuring 4-6 X 23 y.

Wood is gradually softened and
changed to grevish white spongy mass.
Mycelium at first hyaline, gradually
forms a bfack crust on the surface or
between the bark and the wood. In the
rotten wood concentric, thin, single or
double black zone lines are commonly
seen. Affected wood is white, spongy
and light in weight. Stroma erect, irregu-
larly finger like, fough, black, 4-8x 0.5-2
cins. Perithecia present in the upper
part of stroma, spores black, one-celled
and asci 8 spored.

Thus it may be seen that about saveniean types of wood rots of living
and eight types of felled trees have beenfound to ocourin Pakistan, caus-
ing considerable losses to timber, which is already in short supply. This
situation, therefore, callsfor the estabiishment of aspecialresearch unit to
carryout detailed studies on woodrotting fungi and their control.

Control

As most of the woodrotting pathogens are soil-borne or host-borne,
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remaining viable over a number ot years, the most effective control con-
sists in preventive measures. These include removal, collection and burm-
ing of the diseased plant parts and stumps followed by painting of cut
parts or wounds with copper-based fungicides. Further spread of the
disease can be checked by irenching and fiming for the isolation of the
infected plants. The durability of the felled timber can also be increased by
special chemical treatments to enhance its resistance to the
attack of fungi. It has been seen that some plant species such as mango,
simul and poplars are more prone to the attack of fungi than frees like
teak, shisham and babul, which have higher concentration of tannin or
other toxic substances in the heartwood. Similarly, there is a good deal of
variation in resistance within the same species and different parts of the
same log, depending upon the internal structure of the wood and its mois-
fure contents.

Generally speaking, more dense and dark coloured wood has greater
resistance than light or pale-coloured one with a few exceptions. Thercare
many methods by which the timber can be made resistant to the attack of
the fungi rendering it more durable. These include application of lethal
temperatures upto 65°Cto kill the pathogens; reducing the moisture con-
tents below 20 percent of dry weight during seasoning which preventsthe
growth of the fungus; steaming ana seascning, which includes steam
sterilization and then subjecting the wood to chemical preservative treat-
ment. The chemical treatments include the use of many kinds of
preservatives for different timber types. However, the selected
preservatives should essentially be toxic to the fungi and must penetrate
the wood readily and deeply. Moreover, the preservatives should be
odourless, colourless and economicalin application besides being stable,
resistant to leaching and safe to handile. The recognised and economical
preservatives are divided into three categories i.e,, (a) preservative ails or
mixtures of oils of low volatility and slightly soluble in water; (b} inorganic
salts used as water solutions; and (c) toxic chemicais dissolved in some
colourless and usually volatile solvents other than water. The important
preservatives are zinc and copper napthenates, creosote, pentach-
lorophenol, zinc meta-arsenite, copper chrom-arsenic preparations and
similar other chemicals. Of them creosote is perhaps most commonly
used for outdoor timber. These chemicals are usually applisd sither
without any pressure through diffusion or impregnated under pressure
into the wood cells. A good dea!l of work has been done on methods of
preservation as well as on the reaction of different pressrvatives on the
growth of various pathogens. Similarly, special treatments have been
developed for checking the growth of molds on timber, which are usually
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recommended for humid conditions.

Other Important Groups of Diseases
Powdery Mildews

They constitute an important group of diseases in Pakistan. Apart
from field and fruit plants, they aiso infect many forest trees in the tem-
perate, tropical and subtropical areas of the country. Powdery mildew fu-
ngi, which comprise the family Erysiphaceae are generally obligate
ectoparasites growing on the surface of the host and invading the cells
through haustoria. The economic'significance of these diseases seemsto
be slight and are therefore, generally ignored. Although, magmtude of
damage inflicted in the forest trees has not been estimated the disease
intensity is quite high.

Occurrence and Distribution

The forest trees atiacked by the powdery mtldews and thelr causal or-
ganisms are summanzed in Table 13 3.

Table 13.3. Powdery miidews of forést trees in Pakistan

Host  BotanicalName =~ Causal -organism'-' Distribution
Teak Tectona grandié ' Uncmufa tectone ' East Pakistan (Now
’ ' ' : '  Bangladesh)
Shisham Dalbergiasissoo Phyllactiniz~ Throughout Pakistan
_ S © dalbergiae ' B
Mutberry Morus alba P.corylae e
Willow Salix tetrasperma P. suftuita and Punjab- .
and Salix sp. . Uncinula salicis =~
Sirig Albizzja labbek Leveillula taurica Sind
Ber - Zizyphus hurmmiaria  Oidium sp. Sind
Devi Kan- Prosapis giandulosa Oidium sp. Sinc
difWalayati
Kiker or
Waiayati
dand)
Symptoms

In early stages, scattered and diffused spots appear on young asrial
parts of the plants. These spots iater on eniarge and coalesce involving
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1105t 0 the rofiage surface. In weak and shisham, the leaves are completely
covered with dirty whitish powdery. mass of mycelium on both sides. In
other plants infection remains mild. Isolated trees at long distances are
also found affected. Leaves of young and old trees are equally attacked
but the fungus is more destructive o younger plants. Under severe con-
dition of infection, shedding of leaves takes place resulting in serious
damage. The infection interferes with the process of photosynthesis by
cutting off the tight and assimilating laminar surface. Low lying areas and
damp places are more conducive for the development of powdery mil-
dews (Fig. 13.3).

Fig. 13.3: Powdery mildew caused by unicula polychasats on Caitis austrafis |eaves.

Pathogen

Several genera of powdery mildew occur and can be recognized by
two characteristics L.e. kind of cleistothecial appendages and the number
of asci in each cleistothecium. Majority of the powdery mildew fungi have
an asexual stage belonging io the genus Qidium.

Uncinula is widespread genus with a number of species attacking
many plants. According to Chatterji (1862), the fungus has been known in
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the indo-Pak sub continent since 1898. U. tectonae forms mycelium on
both sides of leaves of teak, giving rise to 2-3 conidia on each
conidiophore. Cleistothecia are small, orange to black, subgregarious,
hemi-spherical, appendages numerous measuring 75100 4 in diameter,
hyatine, aseptate, usually thin-walled and opaqgue, apex closely uncinate
and some time helicoid, asci 49, small, ovale with short distinct stalk,
ascospores 6—8 and rarely 4.

Another important pathogen is Phylfactinia dalbergiae. [t produces su-
perficial hyphae on fallen leaves, gwe rise to hard reddish to black
round cleistothecia with 5—18 appendages. The tips of the appendages
are mucilaginous which help in sticking to the leaf surface. In each fruiting
body there are 4-5 asci with thin, weak, and short stalks, each producing 2-
3 mature spores ultimately.

Perpetuaﬁon- -

-Dunng actwe growthpenod the canlclla ofthefu

giv
pro _ matd cavities below.
Fine haus ut ] ‘to support the fungal

. The fungus over win-
ters in diff ther in the formfo_. der . miycelium on the sur-
face of living tissues ‘especially in the buds or as'ascospores in cleistothe-
cia on the fallen jeaves in the soil. w

Controf

Generally no treatment against powdery mildew diseases is advo-
cated as the damage is not considered sericus. if the infection becomas
severe, dusting with sulphur or spraying with 4:4:50 Bordeaux mixture or
Potassium sulphate at 15 g/gal of water can provide adequate control.
Powdery mildew of mulberry can be controlied Dy spraying with 0.3 per
cent Karathane or dusting with 1 percent colloidal sulphur, two times at
10-15 days intervals. Cultural practices and sanitary measures such as
growing of nurseries in drier and exposed areas, maintenance of proper
plant density and collection and burning of infected leavas and other plant
parts can help containing the disease.

3. Wills
Fusariosis or witting is a common problem of nurseries and growing
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trees of many plant species in Pakistan. As a matter of fact, soils of Pakis-
tan are rich in Fusariurn spp. which become active under favourable high
temperature and moist conditions, causing tangible losses. Wilts are
usually noticed during March-Aprit  andior July-GOctober be-
coming serious during and after rainy periods, particuiarly in low lying
areas. The disease is quite serious in shisham nurseries or plantations,
while a number of other plants are also affected, The commonly found wilt
diseases of forest trees and the associated pathogens are givenin Table
134.

Table 13.4: Wilt diseases of forest trees and causal organisms

Local name Botanical name Pathogen Distribution
Teak Tectona grandis Fusarium oxysporum Bangtadesh
Shisham Dalbergia sissoo F. oxysporum Sind and Punjab
Babul Acacig arabica  Fusarium sp. -

Khair A. catechu Fusarium sp. Punjab

Siris Albizzia sp. F. solani var. albizziae Punjab

Sal Shorea robusta  Fisaritsm sp. Punjab
‘Sympioms

There is a sudden withering and wilting of plants as if produced by
. drought but actually such conditions are absent. The disease is manifes-
ted in the seedling stage by simultaneous withering of the entire top, but it
may be prolonged with the growing plant giving rise to top wilting, Flagg--
ing, hanging, yellowing and drooping of leaves is also quite common.
These symptoms are followed by thinning of crown, bark peeling and fer-
mentation of rotted tissues. Pinkish brown discolourations are noticed in
the bark and peripheral sap wood. The fungus attacks the collars of 1-2
year old plants, which are ultimately killed. The disease may affect
individual trees or may cause sporadic killing of the treas in small groups
growing inmarshy water logged tracts indepressions along theroad sides
or in low lying forest patches (Fig. 13.4).

Pathogen

Fusarium oxysporum is generally found to be associated with the wilt
diseases. it is an active parasite, especially during and after the monsoon
rains when the temperatures and humidities are quite high, favouring its
development and growth. It is a vascular pathogen with fruiting bodies as
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Sporodochia bearing microconidia and macroconidia. F. sofani and other
Fusarium spp. have aisc been isolated from wilied plants, but to a lesser
extent. The other pathogens involved in wilt complex are species-of Phy-
tophthora, Verticillium and Rhizoctonia.

Fig. 13.4. {8} 'Wilt of Sisso; fb) Discolourstion of wogd Hue to Fusarium solanf

Mode of Perpetuation

The fungus enters the plants through injured roots. The infection
spreads through fibro-vascuiar pundles and ascends with the sap stream,
finally plugging the vessels with gummy substances, produced during the
attack. Soli-borne infection, through spores and mycelial mats ina general
rule, but air-porne conidia can aiso enter through plant injuries infecting
neighbouring trees. '

Control

The following cultural practices, if carried out, canhelp to contain the
disease:

-~ Avoid plantations in marshy wateriogged and low lying areas;

— Before plantation disinfect the soil with formalin solution (1 part
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in300 paris of water) or any other approgpriate available chemical;
~ In early stages of infection (a) prune the diseased plant parts
and apply creosote, coal tar or Bordeaux paste 1o the siubs,
if possible, preceded by a coat of sheltac to protect the living
tissues from injury, and (b) disinfect the soil around the root
zone by drenching with formalin solutionin water, carefully cover-
ing it for two hours;
— Discourage such cultural practices which cause root injury to the
plants;
— Raise healthy nursery plants on healthy sites;
— In advanced stages of infection remove the dead trees and
replace them with healthy young seedlings, after disinfecting the
soil and leaving it fallow for sometime.

#. Rusts

Occurrence and Distribution

The rusts are obligate parasites and cause considerabie damage
either by reducing photosynthesis or dwarfing and kiliing the plants. With
the exception of some important cereal rusts, little is known about the
others bDeyond their taxonomy and kife cycles of some of them. The sub-
continent of Indo-Pakistan is believed to be particularly rich in rust
diseases. By 1954 about 21 genera comprising 53 species had been
collected from various forest trees or alternate hosts in India and Pakistan,
The rusts are found on many types of forest trees including hardwood
trees, conifers and bamboos inflicting varied intensities of infection and
darmage. An overwhelming majority of the rusts attack the leaves and
sometimes twigs and fruits. Some of the salient features of the important
rusts are given below:-

(a) Rusis of Hardwoods

Rusts of harawoods are quite cornmon, mostly affecting leaves and
sometimas twigs and fruits, causing defoliation. They are usually of no
serious consequence excepting when appearingin an epidemicform. The
rusts, however, have devitalizing effect onthe host rendering it susceptible
to other pathogens. Nearly 19 genera have been recorded on 57 plant
species, showing their widespread occurrence inthe country (Table 1 a.5).
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Table 13.5: Recorded rusis of various hardwoods.

Host

| Parts affected

Name of rust

1. LEGUMINOSEAE
Acacia catechu
Acacia eburnea
Acacia leucophioea

Albizzia lebbek

A. procera
Dalbergia sisso

Pongamia glabra
Erythrina sp.
Acacia modesta

Desmodium tiliaefolium
Bauhinia acuminata &
B. tomentosa
Pterocarpus marsupium
Caesalpinia sepiafia

2. SAPOTACEAE
Madhuca latifolia
Mimusops elangi

3. EBENACEAE
Diospyros tomentosa

4. OLEACEAE.
Olea dioica

5. APOCYANACEAE

Holarrhena antidysenterica

Wrighitia tinctoria
6. BORAGINACEAE

Cordia sp.
Eheretia accuminata
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Leaves

Twigs

Leaves
&

Pods |
L eaves

Leaves
&

Twigs

| eaves

"

o

ar

Leaves

I

»

L

Leaves &
petioles

Ravenelia tandoni
Aecidium esculentum Barcl
Hapalophragmium pondero-
sSum.

Ravenelia sessilis  Sphae-
rophragmium acaciae
Ravenelia indica Berk
Uredo sissoo

Uromyces achrous
Ravenelia hobsoni
Uromyces erythrinae
Ravenelia taslimi,

Aecium callianthum
Uramyces vestergreni

Mainsia pterocarpi
Havenelia indica

Uromyces echinulatus
U, mimusops.

Aecidium rhytismoideum

Cyslopsora oleae

Hemileia canthif
H. wrighti

Aecidium brasilieuse
Yredo ehretiae



10.

1t

12,

13.

4.

15.

CEL ASTRACEAE

Celastrus panniculatus

MYRTACEAE

Eucalyptus globulatus

VERBENACEAE
Tectona grandis

EUPHORBIACEAE
Bridelia tomenlosa
Phyllanthus emblica
P. distichus

Buxus sempervirens

MORACEAE
Ficus glomerata
. religiosa
Morus indica
M. aiba

M. serrata

FAGACEAE
Quercus sp.
Castanopsis sp.

SALICACEAE
Populus ciliata
P. alba

Salix daphnoides
S. alba

CAFPPARIDEAE
Crataeva refigiosa

RHAMNACEAE
Zizyphys rugosa
Z. oenoplia

Z. jujuba

Rhamnus procumbens

R. purpurea

Leaves

&

betioles
Leaves &
petioles

_Puc’ciniastwm celastri

Melampsora eucalypii

Diivea tecionae

Bubakia cingens
Ravenefia emblicae
Phakopsora phylianthi
Uromyces ambiens

Cerotelium fici

Aecidium mori

Cronartium guercuum

Pucciniastrum castanae

Melampsora aecidioides

M. salicis - capreae
M. salicis-albae

Aecidium carlaoviae

Crossopsora zizyphi
Phakopsora zizyphi
P. vulgaris

Puccinia coronata
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R. dahurica | eaves Puccinia himalensis
R. virgata

16. SAPINDACEAE

Acer caesium Leavas Pucciniastrum aceris
A. cultratum

17. ANACARDIACEAE Phakopsora odinae
Odina wodier Leaves Cerotelium lamnae,

18. ROSACEAE

Pyrus pashia 7 Thekopsora arealata
Gymnosporangium cunnin-
ghamianum

19. BAMBUSEAE

Bambusa sp. " Puccinia gracilenta

Bambusa metake Culms P. xanthosperma
Stereostratum corticioidae

Bambusa sp. Leaves Dasturella bambusina

Phyllostachys bambusoides ™ Stereostratum corticicides

Dendrocatamus strictus ” Dasturelia divina.

Qut of the above mentioned rusts, six have been studied, which are
described in Table 13.6.

Table 13.6: Description of some importani rusts of hardwood

‘Host Pathogen 'Description _
1. Tectonagrandis  Olivea Found and present through-
tectonae out the year in Bangladesh.

Causes defoliation and af-
fects growth and vigour of
plants. Quite common and
serious in nurseries. Uredial
stage is commaon but also
produces tefiospores in
sort.

2. Dalbergia sissoo Uredao Attacks young tender leaves
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3. Wrightia tinctoria Hemileia
wrighti

4. Pterocarpus marsupium Mainsia

pterocarpi
5. Acacla modesta Ravenelia
taslimif
6. Populus aiba Melampsora
aecidioides

throughout the country, ca-
using serious losses occas-
tonalty.

First reported in 1950, De
velops hypophylus sori. it
is not autoecious.

Found in Bangladesh on lea-
ves and causes defoliation.
Uredia and telia are produ-
ced, the latter stage being
infraepidermal.

Founa in salt range and
Changa Manga, present on
ieaves and stems. One-cel-
led, held in oval-heads by
pendant cysts equal in
number to teliospores.

Found m Apbottabad and
Guite serious on young pl-
ants causing defoliation and
distortion of young shoots.
Sori are hypophylius, yellow
with ¢rimson centres. Petio-
les and twigs are also attac-
ked. Prevalent throughout
the year, subsidingin winter.
Teliospores either intermix-
&d or separate measuring
25 x 36u while uredospo-
res measure 21 x 21u.

{b) Rusts of Bamboo

Two rusts have been recorded on bamboo, (i} Stereostrawm corti-
cioides previously identified as Puccinia corticioides and (i} Dasturella
divina. The fungus S. corticioides produces two-celled teliospores grou-
ped in sori forming cortigium like crusts measuring up to 10.cm. The uredia
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are aiso produced but are sterile. in case of D. divina the sori are hypophyl-
ius, uredia erumpent, light brown, paraphysate, incurved paraphyses.

{c) Rusts of Conifers

The conifer rusts are quite common and when attacking produce a
characteristic disagreeabie odour, clouds of orange yeliow spores, brown-
ing of needless, witches' broom. cankers and galls. The rusts include
anout 15 species distributed on alevations ranging 5,000 to 9,000 fest;
five are teleutoforms and seven aecidial (Table 13.7).

Table 13.7: Rusts on conifers and their alternate hosts.

Alternate host

_Hust siage

Conifer Rust stage
1. Pinus Peridermium himala-  Swerlia angustifoiia ~ Cronartium
longifolia yense. himalayense
S. alata
S. cordata.
Peridermium orien- Campanula coloratd  Coleospo-
tale Cke. ritim comp-
lanatum
2. Pinus  -Peridermium indicum  Ribes ruburum Cronartium
exceisa R. orientafe ribicola
P. brevius Barcl. Senecic rufinervis Coleaspo-
fium
barclayense.
3. Abfes Peridermium abies- Lastrea filixmas Uredinopsis
pindrowina. sp.
4, Picea Peridermium piceae  Rhododendrum aro~  Chrysomiyxa
smithiana Barcl reum himaiensis
P. thomsoni Berk.
Chrysomyxa deformans.
Thekopsora areolata
(Wall) Magn.
5. Cedrus Peridermium cedri
deodara Barcl.
6. Cupres- Gymnosporangium Pyrsu pashia Roestelia

sus toru- cunningharnianum
fosa Barcl.

‘fhe important ones are Croparitum himalayense (attacking Pinus
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(b)

Fig. 13.5: Rusts: (a) Chrysomyxa deformans on spruce (Picea smithiana) needles
(b) Cronartium ribicola on blue pine (Pinus Wallichiana) stem/branches.
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broom in deodar) and Chrysomyxa deformans whsch attacks sb :c;;'f;‘(‘Fig.-.
13.5). Y

Contmf o .

’uces can: help to contaln rust chseases These mclude coﬁectl
ing of dfseased plant parts and alternate host piants toget rid of- St
sources of mfectren avcldmg plantatlons iy water logged and C

rusts and xmprovmg genera} heatth of piants Repeated spray o]
copper-hased fungicides can also help to Sontrol the rusts.in: mdlv -
trees or.in smail piantatlons as. Iarge~soa|e application is both Iaboureo _s'
and:t ostly x - :

Nis'rsery Diseases

Symptoms

ursery diseases, attacking
thé ingidence is serious in
sto@ks under favourable soll
sease appears ih three stages viz.
“during advance growing stage,
using blightand death of the seed-
us under either excessive soil
he formation of new roots and

Damping-offis th
many broad leaved plal
conifers, resulting in de
and environmental conditio
pre-emergence, post-gime
attacking hypocotyl o7 root:
lings. The damage bet
moisture or drought:
revival of plants.
Pathogens "

The most tmporta'
found in the genera of
RAhizoctonia being more.

oThe _ﬁafhdg.ens ¢ausing damping-off are
Rhizoctonia, Phytopthora and Fusarium;
linant in Pakistan.

Controi

Modifications in cultural practices can heip to control the disease.
These include {a) growing of nurseries onwell drained sites with minimum
regime of watering, (b) partial sterflization of soil by steaming or with fumi-
gants iike formalin and methy! bromide before seeding, (C) spraying or
dusting with chemicals ike Captan, Thiride, Cuman or Zineb and (d) seed
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disinfection with a suitable chemical which may or may not be useful for
conifers, because of epigenous type of seed germination.

Root Rots

Symptoms

Root rot diesases remain unnoticed until manifested by symptomson
the above ground plant parts, They attack the roots in different stages of
- growth resulting in peeling off the bark, withering and death of the plants.

The fungi attack a wide range of host plants including conifers and har-
dwood species (Fig 13.6).

‘Gon

55100) -grawing at the basa of affected trea.

odérria fucidsim, a destrictive motvot palhogen on Shisham (Datbergia

r -borne fungi, which have both saprophytic and
parasitic phases and attask the specific ho'sts urider favourable environ-
mental conditions. Many of them belong to the woadrotting group of fungi
{discussed separately) and the others are Fusarium, Verticillivm and Rhi-
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zoctonia species, which remain viable in the soil or on diseased plants
parts for long periods.

Control

in the absence of resistant plant species the possible control
measures are: (a) soil fumigation prior to sowing, (b) crop rotation or fal-
lowing, (c) mixed plantation of host and non-host plants, (d) burning of
diseased plant parts, (e) construction of isolation trenches, and (f) use of
chemical and biological control measures.

7. Diebacks

Symptoms

Dieback diseases are quite common in many plant species like mul-
berry, semul, safaida, salixand bankhor (Indian horse chestnut), producing
different types of symptoms, the general feature being the infection of the
upper plant parts resulting in drying of the plant from top to downwards.
The infections ultimately produce girdling of stems causing slow-death of
the plants. The high incidence of disease is favoured by greater humid con-
ditions and close canopy of plants (Fig 13.7).

Fig. 13.7: Die-back in Chinar (Platanus orientalis).
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Pathagen
The pathogens causing dieback in Pakisian are given in Table 13.8

Table 13.8: Dieback diseases in Pakistan

Host Botanical Name Causal Organisms
Mulberry  Morus ailb Hendersonula toruloidea
Semul Bombax malabaricum Phomopsis salamalica

Salamalia malabarica

Safaida Populus nigra Botryosphaeria ribes

Casuarina Casuarina equisetifolia - Trichosporium vesiculosum
Bankhor  Aesculus indica Botryosphaeria ribes
Control

in the absence of resistant tree varieties those cultural practices can
help to contain the disease, which do not predispose the planis to the
attack of the pathogen. These include sanitary measures like collection
and burning of the diseased plant parts followed by application of Bor-
deaux paste or coal tar to the cut ends, and retaining of open stands of
mixed plantaiions.

Witches'-Broom
Symptomns

The disease has been reported in deodar and casuarina. In case of
decdar the affected needles remain short and curved backwards, giving
rise to yellow fruiting bodies on their surface which subsequently burst,
yielding clouds of yellow spores. Similarly, in case of casuaring, the plants
show bunchy growth of leaves and presence of thickened needles on
which the pycnidia of the fungus develop. However, in both cases the

disease produces witches' breom, which are more conspicuous cutward
sigh of the attack (Fig. 13.8).

FPathogen
The two pathogens responsible for causing the disease are (a)
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Peridermium cederiin case of deodar and (b} Phoma casuarinae incase of
casuarina,

Flg. 13.87 Witches' - broom caused by Hioi

layan dweet mistietoe (Arceathobiin
mingtissimum) in blue pine.

Control

The disease can be kept under control by (8) removal and burning of
diseased and dead piani paris; () avoiding injury to the healthy plants and
(¢} planting mixtures of species and avoiding use of damp valleys.

Leaf Spots and Blights

Occurrence and Distribution -

- Leaf spots and blights constitute an imporiant group amongst the
foliage diseases of forest trees, being found on ail iypes of trees through
out the year. Some of them cause great damage through reduction  in
phoeiosynthetic area and normal growth, besides partial or complete de-
foliation and wood quality deterioration, depending upon the magnitude
of predisposing factors, So far 17 such diseases have been recorded on
ten different host plants in varying degrees of infensity.

Symptoms
- The symptoms differ slightly frorm one disease to another but general-
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ly speaking diseased lesions or spots of varying size and colour develop on
the leaves, sometimes becoming necrotic, producing shot holes or reduc-
tion in leaf size, causing partial or complete defoliation or dieback of tree
branches or appearance of cankers or even total killing of the young
plants. The predisposing factors like favourable temperature and hu-
midity, nutrition deficiency or imbalance, plantations in depressions or low
lying areas or presence of growth stress conditions greatly influence the
appearance, development, incidence and damage caused by these
diseases (Fig. 13.9).

Fig. 13.9: Dothistroma pini, causing serious blight disease
in blue pine (growing in Swat Forests).
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Pathogens and Perpetuation

The pathogens are the universal fungi or bacteria, most frequentiy liv-
ing as saprophytes on dead leaves, iwigs or other plant parts, becoming
aggressively active under favourable conditions. Some are weak parasites
needing injured or bruised areas for attack while the others are active
parasites. The pathogens produce different typesof fruiting bodies tohelp
overcome adverse climatic conditions or overwinter as rmycelium in dead
piant parts. The disease appear as soonas favourable conditionsbecome
available and continue spreading through spores dispersed by wind orrain
splaghings. A list of ten recorded ieaf spot and blight diseasses is givenin
Table 139,
Table 13.9: Recorded teaf spot and blight diseases of forest trees

Host . Disease "' Pathogen,
Shorea = Sooty molds Cerc:os;)'ota"spp, -
robusta S L o

Sooty mouids Meﬂoia spp

Thread blight. Marasrmus sannentosus Berk.

2. Shisham R |
Dafbergia  ‘Leafblight' Glamereﬂ" cingulaia (Col!etotncbum
sissDo ' R oF S

3. Mulberry i
Morus alba - Leaf spats
4. Siris | SR T

- Albizzia fL’aLBﬁf SPOts '.f  Endothielia albizziae 1Svde
odoratissima - R A

5 Walnut o
Juglans reg‘fjé. -'-_'Z'_lr.ega'f '"spb:ts '

- -Wh __e_.spots '_ . Mrcrostroma ;ugland.'s

Foliage spots ~ Exor porium tifiae
Bacterial Xenthomonas juglandis
blight
6. Kalakanth
Prunus comuie { gaf spots Polystigma ochracenm
P. padus {P. paliescens)
7. Bed wiliow
Salix sp. Twig blight Cryptodiaporthe salicina

296



(Discefla carbonacea)

Canker Dothichiza populea
8. Sufaida
Poplar sp. Die back Botyrosphaeria ribis
Leaf blight Marssonia spp.
9. Casurina
Casutina Die back Trichosporium vesiculosum
~ equisetifolia
10.Ban
Barmboos Culm spots  Apiospora montagnei Sace.
Control

Unless serious, these diseases do not need special control measures.
However, the following steps if taken wilt help to contain the diseases:

- Maintenance of proper distances between plants to ensure adequ-
Quate aeration and sunlight;

- Pruning of diseased or dead branchss and infected parts of the iree
followed by burning. Pruned branches should be painted with Bor-
deaux paste or any other antiseptic material:

- Removal and buming of fallen leaves and ground spraying with Arbo-

- rol or Nitrosan (0.5 per cent) at 2 litre/m2 on commercial trees;

- Maintenance of normal growth and vigour of plants through better
nutrition and management;

- Spraying of the commercial trees like wainut and mulberry with 1-2
per cent Kuprikol or 5:5:50 Berdeaux mixture {containing sirepto-
mycin) before flowering,

Summary

The chapter describes the great importance of forests in meetingnot
only the material needs of people but also in improving the environmental
and climatic conditions of the country. The forests occupying only 4.8 per-
cent of the total land area, cannot meet the minimum requirements of the
country, necessitating big imports of timber at a heavy cost. Due to varied
climatic conditions, ranging from tropical to temperate and alpins, there
are nine forest zones in the country containing many of the well known
tree species meant for human use. Not only are the forest plantations
smail and the per unit area productivity low, the forests are subiect to the
attack of many insect pesis & diseases.The salient features of the resear-
ches carried out on tree pathology before & after the independence of Pa-
kistan are embodied in the chapter.These include groups of allied disea-
ses discussed together in separate sections.Detailed account of the most
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discussed together in separate sections. Detailed account of the most
damaging group of diseases, causing wood decays and heart rots is given.
The chapter deais with their occurrence and extent, symptoms, causal
pathogens, predisposing factors, hosi plants, spread of decay along with
description of 17 heart rots of living and eight of felled trees. These are
caused by various groups of fundi (Polyporaceae, Thelephoraceae and
Ascomycetes) producing both white and brown rots. The principles
governing control measures have been discussed, highlighting the need
for farge-scale adoption of recommended methods to prevent heavy
losses. The other groups of diseases discussed.include powdery mildews,
wills, rusts, nursery diseases, root rots, die back, witche’s brooms and leaf
spots and blights. In each group symptoms, pathogens, perpetuation and
possibie control measures have been described. These include sanitary
measures, chemical sprays for special situations and- seil disinfection or

- sterilization for sol-borne pathogens. As prevention is better than cure,
the methods; which can eliminate primary scurces of infection; will.be
most practical and economically feasibie, This will need development of
forest management package practices to be followed for the control of
important diseases along with ‘stientific treatment of ttmber to prevent
wood rots for § mcreasmg their service span. :
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Chapter XIV

Diseases Caused by Bacteria

Like, fungi, bacteria constitute an important group of disease causing
patiiogens. They are achiorophyllous organisms with saprophytic or
parasitic mode of life. They are uniceflular and multiply in liquid medium
with considerable rapidity and dispersed by corntaminated water, insects,
seeds, plant paris and farm implements but infrequently by wind. Bacterial
celis make their entry into host through naturat epenings or wounds and
multiply intercellularly, producing ¢haracteristic symptoms. Rainy and hu-
mid conditions are conducive to the developmant and spread of bacterial
diseases. .

Bacteria vause three types of diseases in planis:

) Vascular diseases: whete the xylem vassels are clogged, promot-

ing wilting symptoms and development of diseases such as blight
of cotton, common blight of bean and ring rot of potato.
iy Pa'renchymatous diseases: where soft and succulent plant tissues
are invaded, causing necrosis and rotting sometimes giving out of-
fensive smelling liquid eg., soft rots and blights.
it} Hyperplastic diseases: which are characterized by the formation
of tubercles, tumours or galis e.q., crown galis,

All the three types of the bacterial diseases are found in Pakistan and
cause substantial iosses in field and fruit crops ranging between 5-7 per-
cent. However, unlike fungal maladies, bhacterial diseases of plantshave re-
ceived little attention so far, due to non-availability of trained scientists and
the necessary laboratory facilities besides lack of detailed surveys. The
information available on the occurrence and distribution of bacterial

~ diseases, according to the investigations carried out so for, is summa-
rised below:
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1. Tundo of Wheat — Corynebacierium tritici {Hutch) Burk.

Occurrence and Importance

Tundo yellow ear or spike blight was regarded as an unimportant
disease until 1966 when it appeared in an epipthytotic form in certain
areas of Pakistan, particularly in upper Sind with an averge incidence 0f 25
percent. Since then the disease has been found to be distributed
throughout Pakistan with varying degrees of intensity.

Symptoms

In early stages, the disease usually goes unchecked because of
delayed visible symptoms. initially, leaves may be wrinkled or misshappen
as they emerge from the whorls. When the heads eventually emerge, they

are also misshappen and twisted, coverad with sticky, yellowish exudate
of the bacteria. Later on dried white exudate appear which distort the

“head, neck and upper leaves and also inhibit their elongation {Fig. 14.1).

Pathogen

The disease is caused by a bacterium, which is seed-borne and
survives in the organic matter under wet conditions in low lying areas. Dis-
semination within the field primarily takes place through seed gall nemato-
des - Anguina tricitci (Steinbuch) Chit. The nematod eslarvae become con-
taminated with bacteria in the soil and carry them up the stem ta the plant
apex., .

Controf

The disease can be kept under control by sowing gall-free seed
besides following 2-3 years crop rotationand keeping the soil well drained.

2. Bacterial Stripe of Sorghum - Pseudomonas andropogonis (E.F.Sm.)
Stapp
Occurrence and Importance
Bacterial stripe, also known as leaf stripe is found in all the sorghum
cultivars grown in Pakistan. it usualty makesits appearance in June and Ju-

ly and continues upto September. Disease development is favourad by
warm conditions and cloudly days followed by frequent rains.
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Symptoms

Stripes which are light red to brick redin colour develop ontheleaves
(Fig. 14.1 ). These arerestricted to the interveinal areas of apical portions
of the lower leaves and range inlength from 25 mm to the entire tength of
tne leaf blade. Large areas of the leaves may be covered by numerous
stripes when they coalesce. Bacterial exudate may be observed on the
underside of affected portion of leaves forming red crusts until washed off
by the rains.

Pathogen

The disease is caused by a bacterium, which is seed-borne and aiso
survives in the plant residues, soil and infected debris. Dissemination of
the pathogen takes place by wind, water and insects. The new infections
occur through stomatas and wounds caused by high wind velocities and
insects. ' :

Controfl

Cuitural practices are very effective in minimizing the infection, These
include rotation of sorghum with non-susceptible crops, delayed sowing
to avoid wet conditions, destruction of diseased plant debrig and removat
and burning of residues. Sowing of healthy seed or treated with copperor
mercury based fungicides is usefut in controlling the seed-bornainfection.
Some varieties of sorghum eg, H-4-2. Acho Kartuho, Acho Kodri and
Altakh , have shown a high degree.of resistance to the disease even under
artificial conditions of inoculation in Sind.

3. Bacterial Blight of Rice — Xanthomonas oryzae {Uyeda and Ishiyama)
Dow '

Occurrence and Imporiance

Bacterial blight has been found to ocour in all the rice cultivars
throughout Pakistan. The disease begins to appear in June and assumes
maximum intensity in October. An extensive survey carried out during
1083 indicated that the disease was prevalent in 21 rice varieties grownin
the Punjab, NWFP and Sind, showing a wide range of genotypic reaction.

Symptoms

Water-soaked stripes appear along the margins of ieaf blades, which
tater on turn yellow. Eventually, the stripes cover the antire blade and may
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even extend to the lower end of the leaf sheath (Fig. 14.1 ). With the
advancement of the disease, water-soaked arcas alsc appear on the
glumes of green grains, The affected leaves turn grey or fight yellow while
in clder plants they become conspicuously pale yellow.

Pathogen

The pathogen survives in rhizosphere of weed hosts, piles of infected
straw and root stubbles. Although glumes also become infected, seed-
borne infection has not been reported so far. Local dissemination takes
place by wind and water, which are also responsible for long-range trans-
mission.

The bacteria enter the plant through hydathodes or wounds
produced by impiements, insects and strong winds. Bacteria affsct the
vascular tissue and under high moistureconditions, bacterial masses 00ze
out from the lesions. These masses on drying fall into the water standingin
the paddy fields.

Controf

Cultivation of resistant varieties is the only possible controi measure.
Varieties like Basmati 370, {RRI-8, and Lateefy have shown a good
degree of resistance against the diease, which, can also. be used in the
breeding programmes.

4. Red Stripe of Sugarcane — Xanthomonas rubrfieans (Lee et al)
Occurrence and Importance

Red strip or top rot disease is widely distributed in the country whaer-
Bver sugarcane is grown,but it has received little attention.The incidence
of bacterial stripe varies from place to place and from variety to variety
because it is greatly influenced by the environmental conditions and the
amount of inoculum present. However, 2-5 percent incidence has been
generaily recorded in the Punjab.

Symptoms

All parts of the plant may be infected including the leaves, stalks and
roots, but leaf infection is vary common in Pakistan. Initiaily, water-soaked
stripes surrounded by chiorotic zones develop on the leaves, but later on
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the stripes become dark red in colour Stripes are 1 5-40 ¢m inlengthand

1-5mm in width, but may extend down to the leaf sheath. They usualiy
appear midway in the leaf and near the midrib, but sometimes become
concentrated toward the leaf base. Eventually, stripes coalesce forming
bands of chlorotic areas and the vascular bundies of the stalks become
slightly red. Under severe gonditions of infection, terminal buds and
spindie leaves may die causing top rot while [ateral buds may also show
reddening. Detection of foul and nauseating odour dueto decomposition
of stalks in advanced stage is a good indication of the presence of the
disease.

Pathogen

The disease is caused by X rubrieans, which persists in the older
withered leaves and the soil. Bacterial exudate may ooze out under warm
and wet conditions. The disease is disseminated through implements,
wind and rain as well as by sugarcane cuttings. Bacteria enter the plant
through wounds or stomatas.

Control

Diseassd stools should be rogued out. Sugarcane varietieswhich are
resistant or tolerant to the disease should be planted. The present com-
mercial varieties have shown a good degree of tolerance: Some of the
tolerant varieties are L=116, L-113, Triton, BF-133 and HF-146 while -
BF-134 is highly susceptible {30 percent infection).

5. Bacteriai Blight of Cotton — Xanthomonas malvacearum (EF.5m)
Occurrence and Symptoms

Bacterial blight (also known as angular leaf spot) first recorded in ear-
y fiftees,is now spreading and c¢ausing appreciable losses (sometimes up
to 50 percent) in severely affected fislds. its incidence has been recantly
recorded as 20-37 percent in Lyalipur (Faisalabad) district, In early infec-
tions under artificially inoculated conditions, it has caused 38.2 percent
flower shedding with 8.4 percent reduction in yield, which has gone upto
16.8 percent under combined early and late infections.

Symptoms
The disease attacks the cotton plent at alt stages, causing seedling
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Fig. 14.1: (a) Tundo of Wheat: (b) Bacterial Stripe of Sorghum, (c) Bacterial blight of Rice,
(d) Bacterial blight of Cotton (Top - on stem branches: and bottom - on bolls).




rot, angular spots on leaves (with greater involvement of veins particularly
under drier conditions) and stems {calied blackarm disease) and boll rot.

The disease lesions on leaves are first water- -soaked, later on becommg o

niecrotic and anguiar. They vary insize andthencoalesce forming 1rregular
. patches and giving rise to gummy bacterial exudate. :..n stems, branches
L and petioles, | ‘black lesionsare produced the: former sh owmg-cracking and
: f-fg mmosi _:hile water-seaked lesions, which are dark brownte black and.-
ik anabiy riken, -are prod uced on the bolis The bactenum fter: entermg

- through naturat openings and wounds; destreys succulent plants parts,
_-_'._"also tnfectmg_ bolls and seeds besncles causmg stanmg and weakemng of

85 percen_ RiH. )t ferms pale yeﬂow co%omes on cuiture medm glis-
tening, convex and irregular margins. In Pakrstanthree races( i 324
_have been identified on the basis of host drfferent:als racel8 bemg highly
" vmﬁent and wndeiy prevalent while the other two racesare rareiyfound on
mdigenous coﬁon vanetles The duseese iS mamiy carned ever through-

cent.

isolation Metﬁ“‘ )

by the associated quick growing fungi, which !
____peratures and a favourable type of solid med_t used asmtabie techmque
o oped tcenSists of using oid seeds whtch are seaked in 021 er- .

| ferably in seml-eohd medtum {us;ng 1 percent lnSteatl
The bacienum canalso be isolated by usmg dzlution'rp'late chn Ju
“plate streak method :

Perpetua tion

The disease is mainly carried overthrough mfected seedandp
bris but can also spread through irrigation water, rain sp!ashes wind,
insects and contaminated field implements.

Controf

Removal and destruction of diseased plant debris isgenerally recom-
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mended. Delinting of cotton seed with commercial sulphuric acid {1 kg
acid/8 kg seed) and fungicidal seed treatment with Agrosan or Ceresan
can reduce primary source of infection.it does not provide any protection
against secondary infection for which chemical sprays with copper fungi-
cides are found to be partially effective but uneconomical!n recent experi-
ments Agrimycin (an antibiotic)has given promising results in controlling
both local and systemic infections, when used as a foliar spray.

Under conditions of artificial inoculation desi cultivars D9 and R-
231 have been found to be resistant while AC-134, AU-59 and B 557
are highly suceptible. In experiments at UAF the indigenous varieties have
shown comparatively lower degree of seed-borne infection than found in
exotic varieties.

Development of blight resistant varieties will be the most economical
and lasting control of the diease. As a resuit of large-scale varietal screen-
ing {92 entries from USA, Africa and Pakistan) at the Cottgn Research In-
stitute, Multan, all the local cultivars have proved {o be susceptible, while
some exolic variefies have shown immunity; controlled by different genes.
It shows that multiple resistance combining different genes will help in the
development of resistant varieties in Pakistan, on which work is in pro-
gress.

6. Brown Rot of Potato — Pseuydomonas solanacearumi (E.F.Sm.) Dows.

Occurrence and Importance

Brown rot or bacterial wilt of potate is an important and serious
disease altacking potatoes worldwide, especially affecting seed potato
production (Martin, 1881). In Pakistan, the disease, first reportedin 1968,
has been recently identified to be quite imporant. internationat Potato
Centre {(CIP) in collaboration with Pakistan Agricultural Research-Council,
conducted an extensive survey of petatofields inthe Punjab and NWFPin
1980. Bacterial wilt was found to be prevalent in the Punjaby, varying from
0.1-0.5 percent in four potato varieties (Desiree, Ultimus, Patronese
and Cardinal) but the northern areas were found {o be free from the
disease. Later studies, have also confirmed the existence and prevalence
of this dissase mostly in the Punjab. According to 1984 survey, its
incidence has been reported from 4-6 percent in the districts of Jhang,
Faigalabad, Sialket and Lahore, reducing yield by about 5.5 percent. It ig
likely that the disease is also present in other provinces.

307



Symptoms

The disease produces two types of symptomsviz,, above ground and
below-ground. Above ground symptoms include wilting, stunting and yel-
towing of the foliage, resembling to the symptoms produced under water
stress conditions or o thgse produced by Rhizoctonia er Fusarium sp.
Howaever, wilting of a part of the plant is characteristic of brown rot, but it
finally leads to wilting of the entire plant (Fig. 14.2 ). The most conspi-
cuous below-ground symptoms are associated with the tubers, which on
cutting show brown discolouration of the vascular system. A slight squeez-
ing of tubers forces a typical grayish-white bacterial slime out of the vascu-
far rng.

Pathogen

It is caused by Pseudomonas solanacearum, which seems to have
three races. Cultural studies of the pathogen need to be carried out to dif-
ferentiate s races or biotypes present in Pakisian. Preliminary
observations have indicated the occurrence of race 1, which has host
range of solanacedus crops and is more adaptable to warmer areas and
fower elevations. Optimum temperature for bacteriai growth has been
from 309 {0 32¢C. The bacterium loses its virulence when grown foralong
time on a synthetic medium.

Disease Development

Infected seed tubers and infested soils are the two main sources of
_ primary inoculum. Although infected tubers may escape detection, but
when they are planted in warmer locations they give rise 10 disease caus-
ing severe losses. The pathogen survives in the soil for long pericds and
infection takes piace through wounds onroots that may occur during cul-
tural operations. Once the bacterium penetrates the roots, it muliiplies
apd spreads throughout the xylem vessels of stemsg and petioles. This
resulis in cutting off the water supply due to accumulation of bacteriai
slime and causes wilting. The disease development is mainly influsnced by
ternperature and humidity, whiie infection can spread through irrigation
water; insects or by using soii-contaminated implements.

Controt

An infegrated combination of various measures provides possibilities
of successful control of the disease; tise of healthy seed tubers; careful
crop management which ensure good tilage, growth and minimal injury;
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crop rotation and cultivation of resistant varieties are highly effactive.
Strict quarantine measures are required o inhibit the entry of the patho-
gen in seed stocks io eliminate seed-borne infection.

7. Soft Rot of Vege_tables ~Erwinia carciovora (Jones) Hollanda
E avoideae (Townnend) Holland
E atroseptica {V.Hall} Jennison

Occurrence and Importance

Bacterial soft rot is one of themost commonand destructive dissases
of vegetables and fruits including potato, sweet potato, tomato, onion,
carrot, turnip, -raq;t_dish, peas, mango, pomes and stone fruits. It reduces
germingtion of sead potatoes considerably. !t is widely distributed and
causes serious losses in the field, in transit and in storage of nearly all
fleshy vegetables and fruits. Soft rot causes economic losses by reducing
both the quarnitity and quality of the produce andlowering its market valie.
Recent trend of cellophane- packing for marketing of vegetables provides
ideal conditions for the disease development, r&eultmg into greateriosses
‘compared to uribagged marketing of the produce The recent:
packing has increased the head for developing practical” contrc
* measures. o

Symptoms_

The symptoms produced by bacterial soft rot in all the hosts are
almost similar, These include appearance of slimy, soft, depressed areas,
_--wi'uch rapu:lly enlarge especlaliy when the dtseased materlai (i3 storedf.;;_{
-under humid conditions. Some’ vegetabtes when s’toredj- for 3 __-daysf -
-~ under high humidity are converted tnto: soﬁ wateryf colour éss ecaved :
:_'-."_'-massas with a distinctive foul odour. If infected vegetables are traﬂsferred

ln early stages to dry stroage COUdItIO ns, the rottmg -areas usual!y dry up
“-and further development of the: dlsease is halted. Potato piants can be-
L ecome infected from the solil, Ieadmg to wnlt:ng ‘and. death o 3
'.-'-'_:_'j'-_'ground parts. Shoots from infected potato: tubers are stunted-
" appear blackened at the base-a condition known as black leg. (Flg 14 2)
The disease has been found to be more frequent in the districts of Sialkot,
Gujranwala and Lyallpur (Faisalabad) with an incidence ranging between
0.2-2.9 percent in Desiree, Ultimus, Multa, Patrones and Cardinal varieties.

Pathogen '

As mentioned earlier the disease is caused by three species of
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Erwinia. The bacteria are gram negative, motile and opalescent. Colonies
on the agar media are smooth with irregular margins. Optimal growth of
the bacteria take place at 35-40°C.

(b)

Fig. 14.2: (a) Brown rot of potato, (b) Soft rot of vegetables; (c) Black leg of potato
(d)Soft rot of tomato; (e) Bacterial wilt of potato showing an infected plantand
a tuber.
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Disease Devejopment

The bacteria, causing soft rot, are present in the field in most of the
soils and also in decaying plant refuse, which are respensible for the
seasconal carry over of the disease. The pathogen is also found in store
houses and sometime in seed potatoes. The bacteria cannot directly
attack piants as they-can only enter through wounds, caused by mechani-
cal injuries, bruises, growth cracks and insects. The presence of abundant
moisture around the wounded areas is necessary for the development
and spread of infection. Bacteria multiply and break downthe surrounding
vegstative tissues. The slimy mass, produced in decayed tissues, consists
of innumberable bacteria, which can cause reinfections on contact with
wounded vegetables. Warm (25°-37°C) and humid conditions favour
disease development.

Contrail

Careful handiing of the produce in the field, store house and 1~ <,
(which reduces the extent of mechanicalinjuries, wounds and bruises) can
minimize the degree of infection. Avoiding over-irregation in the field and
harvesting during warm rainy periods can also help protecting the
produce. If the vegetables are washed after harvesting, provision should
be made for rapid drainage of water and drying befare these are packed
and stored. Store houses should always be thoroughly cleaned and fumi-

gated and provided with adequate ventillation to prevent humidity build-

up. Affected field areas should be rotated with crops such as cereals, corn
or legumes. In case of potatoes, tubers should be allowed to fully mature

after harvest,

8. Crown Gall — Agrobacterium tumefaciens (Riker et ai) Conn,

Occurrence and Importance

Crown gall is an important bacterial disease, which is widely distribu-
ted but is usually overiooked. it affects many woody and herbaceous
plants, including fruits and ornamentals, belonginig 1o diverse botanical
families. The commaon host plants include species of Zizyphus, Acacia,
apple, peach and pear. Tomato is also very well known {0 be infected by
the pathogen, besides many cultivated fruit trees, which fall prey 1o the
infection. Formation of tumors or galis of varying size and shape on either
roots, shoots or other plant parts, affect the growth, quality and produc-
tivity of the host planis,

311



Symptoms

The disease can be recognized from the smalt overgrowth or excres-
cences and protuberances on the stems and rocts near the greund level,
Initially, tumors are more or less spherical in shape and soft in texture and
continue their growth till the tissue becomes dark brown or blackin colour
due to the death of peripheral cells. The guter surface of the tumors-also

-pecomes more or less convoluted, Sometimes, there is no distinct line of
demarcation between the tumor and the plant surface. Ultimately, tumors
appear as irregular swellings of the tissues surrounding the stem, a con-
dition commonly observed in Pakistan (Fig. 14.3 ). The tumor is connec-
ted by a narrow neck, and it becomes woody and hard, looking knobby or
knotty and grows big in size up 1o 30 cm indiameter. Affected plants be-
come stunied in growth, producing small, chlorotic leaves and-are geberal-
ly more susceptible to the adverse environmental conditions.

Pathogen

The disease is caused Dy a rod shaped (1-8 x 0.4-0.8 p) bacterium
known as Agrobacterium tumefaciens. It ocours singty or in short chains,
with two flagelia at the same pele. The most characteristic property of the
bacterium is its ability te transform normal plant cellsinto turmorcellsina
short period of time. Once the transformation to tumor celis has been
completed, these cells become independent of the bacterium and con-
tinue to divide and grow abinormaliy.

Disease Development

Bacteria generally over-winter in soil and enter the roots orstemns near
the ground level through wounds developed during cultural operations,
grafting or by high wind velocity and insects. Bacteria become established
between the celis of the tissue, stimulating accelerated division of the
surrcunding cells. Whorls or hyperpiastic cells appear in the cortex or
cambial layer, dependingupon the depth of the wounds. Swellings appear
10-14 days after the bacterial penetration. With the continued irregular
division and enlargement of the cells, the tumor formation becomes
apparent. Tumor cells exert a great pressure on the surrounding and
underlying normal plant tissues, which ultimately become distorted or
crushed. This condition reduceas the supply of water 10 the upper paris of
the plants, producing hypertrophy and hyperplasia which affects pho-
tosynthesis. This resuits in overall stunted growth of the plants.
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Controf

Control measures against crown gall are based on cultural pragtices,
phytosanitary field conditions and avoiding budding or gratting from the
infected scion plants. Physical removal of galis or tumors from the trees
and their treatment with certain antibiotics such as Terramycin and Van-
'ccmycin have proved quite effective against turmor formation.

9. Fire Blight — Erwinia amyiovora (Burril)) Bergy et al.
Occurrence and importance

The disease has been found to be confined to the specificlocalitiesin
NWHFP. itis a quite destructive disease causing damage to pear and apple
orchards. Many members of the Rosaceae family and other host plantsin-

cluding stone fruits and some wild ornamental specigs are also infected,
~ and provide hosts for the causal pathogen to over-winter. Fire blight
damages flowers, twigs and girdies of large branches resulting into their
death in case of severe infections.

Symptoms

initially, symptoms of fire blight appear on the flowers, whichbecome
water-soaked, shrivellad and brownish in colour, Later on, infection takes
place on foliage and twigs, which develop black blotches resulting in curl-
ihg and death of affected parts. Terminal twigs start wilting from the tip
downwards. The bark of the branches around the infected twigs appear
water-soaked, and turn darker, becoming surken and dry, Fruits are not
infected directly but through twigs. They become water-soaked, and turn
brown ultimately shrivelling and mummitying (Fig. 14.3).

Pathagen

The fire blight pathogen has not been characterized adequately in
Pakistan. It over-winters on pear frees and other susceptible hosts. In spr-
ing due to favourabie conditions of temperature, the bacieria become
active, multiply and spread in the adjoining healthy bark. During humid or
wet weather,; sticky exudate of bacteria develeps, attracting many insects,
which disseminate the infection under natural conditions. Infection takes
place through nectaries, stomata and hydathodes as well as through
wounds caused by insects and hailstorms. Young tender twigs may be
infected through lenticles. The bacteria after becoming established inter-
cellulary, cause break down of the cortical cells. Invasion of thelarge twigs
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and branches is restricted primarily to the cortex. Progress of the disease
depends upon the succulence of the tissues and favourable environmen-
tal conditions including presence of high concentration of salts and defi-
ciency of nitrogen and phosphorus in the soils.

Contro!

Amelioration of soil conditions and correction of nitrogen and
phosphorus deficiencies alorig with phytosanitary measures are 8sse ntial
for conirolling the disease in the long run. Prunmg of blighted twigs,
pranches and cankers in winter can prove useful. Cutting of blighted twigs,
suckers and root sprouts in the summer can reduce the quantity of inocu-
lurn. Satistactory control of fire blight with chemicals can be obtained only
in combination with the above mentioned measures. Use of Bordeaux qix-
ture (5:5:50), copper suiphate (0.4 percent), orany other suitable copper-
based fungicide is highly effective in combatingthe disease. Spraying with
100 ppm of Streptomycin, which acts as a systemic antibiotic, isalso high-
ly useful.

10. Citrus Canker —  Xanthomonas citri {Hasse) Dows*

Qcecurrence and Symploms

Cltrus canker occurs commonly throughout the country and ranks as
one of the major diseases of citrus plants in Pakistan. The disease affects
leaves, stems and fruits. On young leaves, it is first visible generally on the
lower surface as small yellowish spots. The lesions with age become
brown, corky and hard. They are circular when young and becomeirregu-
iar when old. The size of the lesions varies with the species of the host
attacked and the conditions prevailing during the disease development
period. The lesions, which are scattered in the beginning join up later on.
The canker spots are similar on twigs and fruits which becomne dry and dis-
figured (Fig. 14.3 ).

Causal Organism and Pathogenicity

The disease has been found o be caused by a bacterium called .
Xanthomonas citri, which is carried over through infected plant parts. The
foliowing ¢itrus varieties have been found to be infectad by the disease in
the descending order of incidence Kaghzi and sweet lime (Citrus auran-
tifolia), Grape fruit (C. paradisp and Malta orange (C. sinesis). However,
mandarin (C. nobilis var deliciosa) is not attacked.

‘R tly changsd tu Xanii canipestis pv Citr.
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(e)

Fig 14 3: (a) Crown gall, (b) Fire blight, (¢) Citrus canker, (d) Bacterial blight of |.>gume.
(e) Potato scab.
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Control

Experiments were carried out to find suitable strengths o? Bcrdea
mixture and the number of applications required for the contr
disease. The results showed that on the basis of average of thy
trations one spraying reduced the disease on’ the‘frults fré

percent whlie with 2 and 3 sprayings from 24810 8. 7 percent and fram' -
26.2to 10 7. percent, respectwely, two sprays thh 4 4 50 Concentratlon{ﬁ
glvmg better results {Table 14; 1) : P

Table 14 1: F{esults of spraylng experlments

Bordeaux Totai . Dlseased Total Dtseased Totat diseased
: No.of. . fruitsguo) - No. of fru;ts(%) frmts{"fa)fru:ts(%)' .
fruits: frurts )

| Oné Spray Two Sprays-’._"__. Three _Sp-_;;_ayfs'.
3:3:50 879 17.2 913 770 2300 0 182
4:4:50 836 17.2 1027 48 3578 82
5650  Not recorded 1365 78 2477 - 108 ¢
Control .:. €45 . 279 1075 248 2120 252

sprayed fGIJ!‘ tsmes annuaﬁy fOl’ two consecutwe years, !t 15 possmle fO
keep the disease under control in later years wlth only two. sprays per
annum, :

Regent work, carried out on the factors mﬂuenmng the mcidence of 3_
the disease, has shown that 70-90 percent of the infection occurs in the

rainy months of July and August. Thus, the spraying of the plants in the
rainy months ig helpful in controfling the disease. To avoid the removai of
the spraying material by rains, rosin is added to Bordeaux mixture. Twg [bs,
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of rosinand 1 Ib of washing soda are thoroughly beiled in 1 gallon of water
till the rosin is dissolved. This solution is then added to 25 galions of Bor-
deaux mixture. The latest experiments have indicated that spraying with
Streptomycin mixed in water can effectively control the disease. The anti-
biatic approach for the control of bacterial diseases is worth exploring be-
cause it will be cheaper and more practical.

11. Bacterial Leaf Spot of Mango — Erwinja mangiferae (Doidge) Bergey
et al.

Symptoms

The disease appears on mango leaves after the monsoon rainsin Sep-
tember, producing water-scaked spots, which later on turn dark brown
and blackish in colour and are bounded by veins and veinlets of the leaf,
With aging, bacterial exudate staris depositing on the necrotic portions,
which become some what raised, hard and corky surrounded by clear
haloes. Petioles are also sometimes infected developing longitudinal
cracks.

Pathagen

The disease was recorded for the first time in 1961 in Sind. Some stu-
dies have been carried out on the pathogen including its nutritionat re-
quirements, pathogenicity and morphological characters. The results

_have shown that the pathogen (a bacterium) is a wound parasite having
optimum growth temperature of 35°C with thermal death point at 55°C
(which is ° lower than that reported by Elliot). The bacterium is gram
negative, measuring 1.520 x 04-0.5 4. it is mostly single celied and
rarely 2-3 celled occurring in chains. 1t is non-sporing, non-capsulated and
motile with peritrichous flagelia. It forms mucoid yellowish round colonies
on nutrient agar with undulated, smooth, glistening and raised margins. it
prefers ammonia as a source of nitrogen and sucrose as a source of car-
bon. It is aerobic to micro-aerophilic and grows well on pH range 0f 4.4 1o
6.8 with no growth at pH 3.6. The pathogen has been identified and its
identity confirmed by the Commonwealth Mycologicalinstitute, Kew, Eng-
land as Erwinia mangiferae and not Pseudomonas mangi#erae as reported
by Patel et al. from india.

Nowork has been done onfactors affectingthe spread of tha disease,
its incidence and varietal reaction.
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Confirof

Since the causal bacterium is a wound parasite, ail efforts should be
made to minimize chances of injuries. Destruction of diseased plant debris
wilt help to get rid of the primary source of infection while spraying with
4:4:50 Bordeaux mixiure or any other suitable copper-based fungicidé will
reduce the chances of secondary infection and spread of the diséase.
Spraying with Streptomycin or other approprdate antibiotics may also
prove useful. Work needs 1o be done on bactericidal antibiotics.

Some Minor Bacterial Diseases

A. Bacterial Biight of Legumes — Xanthomanas phaseoli (E.F.Sm}Dows*

Bacterial blight is frequently observed in several summer legumes in-
ciuding mung beans and cowpeas. However, detailed investigations and
vield losses fromfield infectiong have net been made. Theinitial symptoms
of bacterial blight are the development of tiny, water-soaked spets on
leaves. With the death of surrounding tissue, tan to crange colouration
develops. lUngder heavy conditions of infection, dead spots emerge and
large areas of ieaf are affected including stems, which develep cracking
{Fig. 14.3}

The disease spreads rapidly during warm and heavy rainy pericds.
High disease incidence is generally attributed to seed-borne infection and
inadequate cultural practices like suitable rotation and clean culture. Con-
trol measures include use of clean and healthy seed, destruction of disea-
sed plant debris, rotation with non-host plants and cultivation of resistant
or tolerant varieties, if available. '

B. Potato Scab — Steplomyces scabies (Thaxt) Waks. and Henrici

The disease is prevalent in Murree, Balakot and Kaghan hills where the
soils have acidic reaction and causes substantial losses due to blemishing
of tubers with subsequent reduction in commercial value.

There are two types of scabsi.e. shallow or superficial and deep. Shal-
iow scab consists of corky tissues which arise from abnormal proliferation
of cells of the periderm layer of tubers. Deep scab or pitted scab com-
prises oflesigns, which are 1-3mm deepand are darker thanthose of shal-

*Recently changed to Xanthemonss campéstris pv. phaseoli .
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low scab. The pathogen inciting scab (Streptomyces scabies) survives in
the soil for an indefinite period under favourabie conditions. Young potato
tubers are comparatively more susceptible than the matured ones. Potato
varieties with thick or russet skin have shown higher degree of suscepti-
bility than the smooth-skinned varieties like Cardinal, Desiree and
Favourita, It has not been possible to achieve complete control of potato
scab. However, preventive measures canhelp inreducing the introduction
and amount of inoculum. Tuber treatment with mercuric chloride (0.1 per-
cent) or b percent formaldehyde have also proved to be effective.

C. Stalk Rot of Corn ~ [rwinia carotovora 1.sp. Zeae Sabet

Although stalk rot of corn is a complex problem caused by a number
of fungi, a bacterial pathogen (E. carotovora f. sp. zeae) has also been
found to be associated with the disease. The disease is favoured by high
temperature (30°-35°C) and prolonged wet conditions. Bacteria are also
blown or splashed on to the plants where they enter through hydathodes,
stomates or wounds. Affected plants fall down on the ground with col-
lapsed and twisted stalks. Vascutar strands of the stalks are slowly decom-
posed. The affected nodes turn dark brown to black in colour and become
water-soaked, soft and slimy giving out a disagtreeable odour. There is no
satisfactory control of the stalk rot except the use of resistant hybrids,

D. Bacterial Specks of Tomate — Pseudomonas syringae Van Hall

The disease is found in traces in some localities. Light vellow necrotic
spots of varying size without water-soaked haloes occur on leaves.
Matrginal chlorosis is also observed. Fruits show various cotourations. The
causal pathogen (P. syringae) over-winters in infected residues. Control
measures include use of fungicide - treated seed, removal of diseased
plant debris and practising of suitable crop rotations.

E. Bacterial Blight of Beans ~ Xantfiomonas phaseoli (E.F.Smith} Dowson

Inoculations of unifoliate or trifoliate leaves .of dwarf beans
{Phaseolus vulgaris) with Xanthomonas phaseoli have produced necrosis,
-with severe effects of partial- wilting at cotyledonary stage due to reduc-
tion in water supply nutrients and photosynthates. Damage is greater at
high infection intensity and in the early stage of crop growth Studies
carried out on the distribution of 14C - labelled assimilates have shown
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marked effects on systemically infected plants (in comparisontolocalized
infections) due to modified source-sink relationships because of the inter-
ference of vascuiar function in such plants. Fusarium root rot caused by F.
soiani has also been reported but no work has been done on this disease.

F. Bacteria! Leaf Spot of Pepper — (Xanthomonas campesiris pv
vesicataria)

Recently two isolates namely XCV1 and XCV2 have been isolated at
NARC, islamabad from bell pepper and ornamental pepper, respectively;
XCV1 producing more copious veliow salime on yeast extract dextrose
CaCos medium (YDC) at 25°C after 48 hour incubation. The cultures have
beenfound to be pathegenic in crossinoculationsto boththe hosts, giving
hypsersensitive reactions in tobacco plants but are similar biochemically
and physiologically. Disease becomes sericus during humid period of
mMonsoons.

Summary

After describing the three types of diseases {vascular, parenchyatous
and hyperplastic) caused by bacteria, which are usually wound parasites
disseminated through water, insects, seeds, plant parts and farm
implements, a brief acgount of 11 major and 6 minor diseases has been
given.

In case of each disease itsimportance, symptoms, pathogen and con-
trol measures have been described. Out of them spike blight of wheat
(Corynebacteriur tritici), bacterial biight of rice {Xanthomonas oryzae),
¢otton blight (Xanthomonas malvacearum) and brown rot of potatoes
(Pseudomonas solanacearum), are seed-borne in addition to soil-borne
while red blight of sugarcane (Xanthomonas rubriieans), soft rot of
vegetables (Erwinfa spp.), crown gall (Agrobacterium tumefaciens), fire
blight (Erwinia amylovora), citrus canker (Xanthomonas citri) and bacterial
teaf spot of mange (Erwinia mangiferae) are carried aver through soil
and/or diseased plant debris, usually attacking the hosts through wounds,
bruises or injuries including stomatas, hydathodes and in certain cases
through roots. Mestly the bacterial diseases are favoured by high tem-
peratures and humidities. In the absence of resistant varieties, carsful cul-
iural operations avoiding wounds and injuries, sanitary measures comupris-
ing destruction of diseased plant parts or debris arerecommended forthe
control of bacterial diseases. Spraying with a bactericidal chemicals has
aiso proved useful in some diseases such as citrus cankerand mango leaf
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spot. However, investigations in this speciatized field need to be str-
negthened and improved by establishing a well-equipped and staffed
research unit in the country, This unit should also take up studies on the
productionand use of antibiotics as well as on the production of rhizobium
cuitures for the selected legume crops. '
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Chapter XV

Diseases Caused by Viruses

Despite over fifty years of recorded occurrence of virus or virus-like
diseases on some cultivated crops in the area now constituting Pakistan,
very little systematic study has been carried out till recently, Field
observations were initiated on sugarcane mosaic virus, potato viruses and
leaf curl viruses during the pre-partition period, Since the creation of
Pakistan, about 20 virus diseases have been reported from different
regions, mainly based on symptom expression under natural field con-
ditions.Research work on plant viruses has not been undertakenin a sys-
tematic way due to dearth of trained and qualified manpower in the univer-
sities and the research organizations, non-availability of appropriate and
adequate laboratory facilities, and underestimation of the magnitude of
losses caused by these diseases. In fact, none of virus diseases has been
studied thoroughly with respect to symptomatology, host range, transmis-

*sion and biclogical propertics as welt as control measures. This scientific
negligence. has resulted in (i) continuous spread of virus diseases
through various agencies, (i} build up of incculum potential and develop-
ment of severe virus strains, (iii) increase in population of viruliferous vec-
tors (aphids, whiteflies and hoppers), (iv) progressive decline in vield and
quality of produce and {v) graduai deterioration and degeneration of crop
varieties especially those grown vegetatively.

Present Status of Virus Diseases

Virus diseases are prevalent and widely distributad in many field
crops, vegetaples, fruit plants and ornamentals throughout the country. A

“Contributed by Dr. 5. M. Moghal, Cocrdinatar Plant Virolagy, PARC, [siarmabad.
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casual survey of sugarcane, potato and tomato fields can reveal the
occurrence of a large number of virus diseases showing manifoid symp-
tamns mostly of compiex nature. !t is not an exaggeration to state thatin
crops like sugarcane, tomate and tobacco, even one healthy plant may
hardly be traced. ‘

Virus diseases like fungal pathcgens are often serious with regard to
their intensity and nature of damage. Indeed, substantial and guantitative
information on the extent of virus diseases loss is not yet availabfe.
However, normal fosses due 10 virus diseases can be roughly estimated at
10-15 percent of the potential yields and may go as high as 50-70 percent
under severe conditions of infection in certain crops.

Beginning of Research on Plant Viruses

The Governments of Sind and the Punjab provided a small staff and
limited facilities at Tandojam and Lyallpur (Faisalabad) in 1965 10 study
virus diseases. A full-fledged section of Plant Virology was éstablished in
1973 at the Ayub Agricultural Research Institute, Lyalipur (Faisalabad).
Work was initially confined to surveys and-distribution of virus diseaseg fol-
lowed by studies onhost range, symptomatoelogy, epidemiology, trénsmis-
sion, insect vectors and control measures. Virus diseases of sugarcane,
potato and tomato received more attention than others.

The importance of virology was further emphasised by the Pakistan
Goverfiment in the fourth and fifth 5-year plans and later on in the tenth
meeting of the Pakistan Agricultural Research Council, in 1981. Asa resuit
of these recommendations, a Plant Virus Research Laboratory has been
established at the NARC, {slamabad. In collaboration with virology units at
Tandojam, Faisalabad and other suitable places, NARC wilt carry out scien-
tific studies on problems relating to virus diseases. The knowledge in plant
virology has grown rapidly and remarkably in the advanced countries of
the world and it is hoped that with continuous and strenuous efforts in
Pakistan it will be p_o'ssibie to save agricultural érops from the ravages of
this important group of pathogens. '

Review of Work

The work so far carried out on different aspects of viral diseases in the
country is surnmarized betow under six groups of viruses {Mosaics; Yel-
iows; Leaf Curls; Leaf Roills and Chlorotic Streaks} including miscet-
laneous,
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A. Mosaic Viruses

1. Sugarcane Mosaic Virus (SCMV)

GCeccourrence

The sugarcane masaic virus was recorded for the first time in the Pun-
jab during 1826-27, which happened to be an epidemic year, There is
strong evidence that the disease was criginally introduced through two
susceptible varieties i.e,, P.0.J 213 and Java 213 from Java, where it had
been reported as early as in 1892. !t is aiso suspected that spread of su-
garcane mosaic in other parts of India was from Lyailpur (Faisalabad)
through Co-223-a highly susceptible variety - (Mc Rae and Subramanian,
1968). At present, SCMV is prevalent and distributed in all the cane grow-
ing areas of Pakistan.

Dean (1974) after surveying the sugarcane crop in Pakistan has re-
ported that practicaily every shoot of commercialcane inPakistan is infec-
ted with SCMV. Only two variaties viz; CP-48-143 and PR-1000 showed
a littie less than 100 percent infection at a few places.

Losses

Losses caused-by SCMV vary greatlyand depend on varietal reaction,
strain of virus and environmental conditions affecting: sym-ptom expras-
sion, growth of plants and rate of muitiplication of virus. As high as 30-40
percent reduction in yield has been reported fram many areas. Feld ex-
periments at Lyalipur (Faisalabad) during 1930-33 onvariety Co. 223 indi-
cated that ordinary mosaic had no significant effect on yield of cane and
juice, juice guality and sucrose content; most prabably no healthy cane
was available for comparison. Subsequent experiments at Lyallpur
(Faisalabad) have shown reductions of 27, 259, 29.1 and 11 percent in
case of stripped cane, jaggery, juice, and sucrose, respectively. In the
absence of biological and serological confirmation of virus status, these
losses appear to be comparatively high. According to Dean (1874), Pakis-
tan cultivars usually show mild sympioms with crop losses ranging from -
3 percent but causing heavy damage on total acreage basis.

Symptoms

The characteristic symptom of the disease is motiling of the young
crown leaves showing a definite pattern of atternating dark and light green
colourad patches, becoming progressively fainter with age of the leaves.
The patches are of varying size and run paraliel to the midrib of the leaf
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while the infection intensity varies with the variety, season and the virus
strain. The disease symptoms may appear early in some varieties and late
in others and in still others they may disappear soon. The length of time
and extent of chlorophyll destruction determine the seventy of damage
caused by the disease. (Figure 15.1).

Cause

The disease is caused by a virus belonging to the potyvirus group. The

(b)

Fig. 15.1: (a) Mosaic in sugarcane; (b) Propagation of ScMV in Sweet Corn,
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virus particles are flexuous rods measuring 750nm x 15 nm, with 80°C
thermal inactivation point, 1 X 10—2 - 1 x 10 — ¢ as dilution end point, and
tongevity in vitro for 12-18 hours at 25°C.

Host range of SCMV is restricted 1o a few members of Gramineae.
The virusis propagated in sweet corn (Zea mays) (Fig. 15.1 ) andsorghum
{Sorghum bicolor). In the infected cells it induces the formation of inclu-
sion bodies, pinwheels, bundles, iaminated aggregates or loops. The virus
has been detected with imported antisera as wall as by electron micros.
{(Fig. 15.2).

Fig. 15.2: Elaciron micrograph of Soivy.

Transmijssion

The disease has been found to be transmitted through mosaic infec-
ted setts and it continues spreading in the field, most probably through
aphids (which has not been studied experimentally). There is so far no
evidence of seed transmission of the mosaic.

Control

Use of wrusﬂfree sugarcane set’ts 15 a satls | -'_ﬁéthod of combat-

at £ 575 and §7.5°C each at 24 ~hour
interval. Plants ratsed from the virus-free setts are comparatwety tailer and
have greater length of internodes and more weight.
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Varietal resistance may prove to be of practical value if work is con-
centrated on identification of strain of ScMV and varietal screening carried
out under artificial conditions of inoculation.

2. Potato Virus Y (PVY)
Occurrence

The disease has been present in the Punjab and NWFP since 1544 on
the two cultivated varieties of Katwa and Phulwa, showing milder symp-
toms. With the introduction of severe strains of PVY through the imported
European seeds the disease spreaded in all the provinces and its:
incidence now ranges from 1.5-5.7 percent, being greater in the Punjab. At
present it is the second major potato disease depressing the yield con-
siderably depending upon the nature of virus strains. It can destroy the
entire crop if it occurs along with potato virus X and potato virus S. In Sind
the leaf drop streak strain has been found to retard the entire plant growth
as well as the size and yield of tubers by about 40 percent, besides render-
ing the crop more susceptible to Alternaria blight and Fusarium wilt.

Symptoms

The symptoms are variable depending upon the variety and strain of
virus, ranging from weak mosaic to severe necrosis and even to plant kill.
Initially, mild mosaic appears followed by rugosity, severe mosaic and
crinkling and veinal necrosis resulting into collapsing and dropping down
of older leaves. The infected crops can be easily recognizedin the field and
give much reduced vyield (Fig. 15.3).

Fig. 15.3: Potato plants infected with potato virus.
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Pathogen

The virus causing the disease has iong flexuous particles measuring
750 nm with 56°-64°C as thermal inactivation point, 1 x 10 —2-fx 10— 3
as dilution end point and longevity in vitro for 24 hours at 25°C. It can
retain infectivity at pH 3-11 with optimum being 7-8.5 for 24 hours at room
temperature.

Host range of PVY is restricted to tobacco, Nicotiana ta bacum, N. giu-
tinosa and N. clevelandii, tomato - Lycopersicum esculentum and chillies -
Capsicum frutescens white localized lesions are found on Chencpodium
Spp.. Datura stramonium being immune to PVY. The virus reaches
maximum concentration in tobaccoe plant 15 days after inoculation. The
virus could be partially purified by homogenizing infected tissue in 0.5 M
borate buffer, pH 8.1, containing 1.5 percent thioglycollic acid and
choloroform (1 gm: 1 mi:1 mi) followed by two cycles of differential cen-
tritugations, (Fig. 15.4).

Fig. 15.4: Elsctron Mlerograph of Potato virds y.

Transmission

Virus can ne transmitted through the sap exiracted from the infected
plant parts and by grafting while the natural spread oceurs through aphids:
Myzus persicae being aneffective vector. The virus is transmitied in a non-
persistant manner,- S

Controf

Use of resistant varieties is the mast economical way of controlling
the disease. Out of the present cuitivars none is resistant but Desiree,
Patrones and Vekaro are comparatively less susceptible.

Use of virus-free seed provides best controf while the spread of the
disease can be partially checked by controliing aphids through systemic
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insecticides.

3. Potato Virus X (PVX)

QOeccurrence

The disease, also Khown as simple, mild or common mosaic, s aistri-
buted throughout Pakistan as indicated by 1980 survey on five potato
varieties (Ultimus, Patrones, Multa, Spunta and Cardinal) ranging
between 1.5-6.2 percent, being more in Punjab. Evenimported seeds have
shown 0.7-3.8 percent infection indicating its continuous introduction in
the country. Initially from its mild status, the disease hasnow become apo-
tential danger with the detection of severe strains of PVX (which can
reduce the yield by more than 10 percent). Due to high aphid activity mui-
tiple infections with PVY and PVA can prove more harmful than single
strain infections of PYX

Symptamis

The type of symptoms depend on the cuitivars, nature of the virus and
environmental conditions. Most of the varieties are simple carriers of PVX;
same showing mild mosaic (scarcely visibleonupper and olderleavas) but
interveinal mosaic is a common symptom. Viruient sirains may cause ru-
gosity and sometimes top necrosis. However, affected plants produce a
small number of smallsized tubers (Fig. 15.5).

Pathggen

The disease is caused by virus X (PVX) which can be detected on indi-
cator plants like Nicotiana tabacum (White Burley) and Datura stramaonium
(which are infected systemically). {t can also produce local lesions on
Gomphrena globosa. The virus has beenconfirmed with the help ofimpor-
ted antisera. Aftempis made to produce virus X-free tubers by treating
nodal segments, growing tips or sprout discs from infegted tubers with
antiviral chemicals like thiouracit and malachite green (incorporated in
medium or used as a dip) arrested the virus muttiplication and its infective
capacity to produce disease symptom on an indicator plant of G globosa.

Transmission

The disease mainly dévelops through infected seed tubers and
spread by contact while the aphids do not play any part.
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(a)

(b)
Fig. 15.5: Symptoms of PVX in (a) Potato plants and (b) Datura piant.
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Control

The disease can be controlled by using virus-free seed tubers, cer-
tified by the Virological Station. Roguing of the infected plants without
touching the healthy ones can help in reducing the spread and damaging
effects of the disease.

4. Calico Virus of Potato (AMV)

The disease has been reported from the Punjab only in the imported
seed in 1978, but on the whole it is not so widely distributed as other
viruses. It is caused by a strain of alfalfa mosaic virus (AMV) and can be ar-
tificially transmitted to potato and several indicator plants by mechanical
inoculation and by aphids (Myzus persicae) in nature. It produces large
yellow spots on leaves, which when severely infected turn chlorotic and
develop black necrotic lesions. The virus can also infect Phaseolus vul-
garis, producing characteristic symptoms of reddish brown local lesions
on the leaves, and Vicia faba with characteristic blackening of the leaves
and stems. While Nicotiana tabacum is infected systemically (Fig. 15.6)

Fig. 15.6: Calico virus in potato.
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5. Potato Virus A (PVA)

The disease occurs in the Punjab with noticeable incidence, produc-
ing mild symptoms and showing irregular mosaic patches of green and
dark green colour while in some varieties it produced typical veinal
mosaic. The infected leaves look shiny with crinkled margins, particularly
when the virus is mixed with PVX strain. The virus can infect Nicotiana spp.
producing vein clearing, followed by mottling and vein banding. It develops
dark lesions on the leaves of A6 plant which is a cross of Solanum demis-
sum X Solanum tuberosum. Its host range is limited and the aphid (Myzus
persicae) is mainly responsible for the spread of the disease.

6. Potato Virus S (PVS)

The disease is reported to occur in the Punjab,but it does not seem to
be widespread on the commercial varieties. The presence of PVS has
been identified on the basis of symptomatology and its reaction on dif-
ferential hosts and on serology tests.

Typical symptoms include deepening of veins on upper surface of
leaves, rugosity and roughness of leaf surface and slight mottling and faint
banding of veins. Sensitive varieties turn bronze and may develop necrotic
spots. Symptoms are conspicuous only under cloudy weather. The virus
has a narrow host range. It develops locallesions on Chenopodium quinoa,
C. amaranticolorand Gomphrena globosa while it causes vein clearingand
vein banding on Nicotiana debneyi, which is a good indicator plant for PVS.
It does not infect Nicotiana tabacum, N. glutinosa and Lycopersicum
esculentum (Fig. 15.7).

Fig. 15.7: Potato virus 5.
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7. Cucumber Mosaic Virus (CMV)
Qccurrence

Cucumber maosaic virus has been detected on chillies and tomato in
the Punjab, on virginia tobacco in NWFP and on bottle gourd and other cu-
curbits in Sind. The prasence of this virus is expected throughout Pakistan
because of its wide host range and transmissibility through aphids under
natural conditions.

Symptoms

Affacted plants develop conspicuous mosaic pattern of dark green
and yellow areas on the foliage and the symptoms tendto dlsappear dur-
ing warm weather. Diseased tomato plants usually produce filiform leaves
while deformed fruits are commonly found in cucumber. '

Transmission

The disease is sap transmissibie by mechanical inoculation and
natural spread takes place through aphids (Myzus persicae) innon-persis-
tant manner. No work has been done on host range and physico-chemical
properties of the virus while none of the tested varieties of chilties and
tomato has shown-any resistance against the disease.

8. Tomato Mosaic Virus (TMV, TolMV)

Qgocurrence

The virus which is a strain of tobacce mosaic virus is present
throughout Pakistan, sometimes assuming eplphytanc conditions and
causing heavy Eosses even upto 50 percen’t

sSymptoms

The infacted are stunted if Grow _._.w1thyaung leaves remaining
smail and dwarfbecommg crmkied turning pale yeﬂow e light green in
colour and are commonly dtstor'ted The diseased plants produce a few
put small fruits; which may also show mot‘chng The extent of damage de-
pends upon disease intensity which isinfluenced by temperature stage of
infection, virus strain and temato cultivars (Fig. 15.8).. .

Pathogen
The disease is caused by a virus, which is resistant to adverse con-
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ditions and can remain infectious over a long period.

The virus hasbeen detected in Sind and Punjab and caninfect several
indicator plants like Nicotiana tabacum, Chenopodiurn amaranticofor, C.
album, Lycopersicon esculentum and Capsicum frutescens producing
characteristic viral symptoms. It has also been confirmed by serological
tests. Virus remain infectious at dilutions between 1 x 10— 4 1o 1-10—5
with thermal inactivation point at 70°-75°C and longevity in vitro for 4 days
at 25°C (Fig. 15.9,10,11).

Fig. 15.8: Tomalo plant infected with tubaco mosaie virus. Fig. 16.9: Masaic, symptoms in tobaco caused by TMY.
Transraission

Preliminary work done in Sind has shown that ihe virus is seed-borne,
producing upto 60 percent infection in seedlings and has aiso been detec-
ted from imported seeds (15 percent} and upto 70 percent in seeds
obtained from diseased plants and 20 percent in seeds from apparently
healthy plants. The infection spreads through seedlings during transpian-
tation, manual handling and comntact with contaminated soil and farm
implements,

Control

Cultivation of resistant varieties is the best method of controlling the
disease. Out of 30 cultivars screened at Lyallpur (Faisalabad) none has
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shown resistance.

Seed treatment through 15-20 minutes soaking in 10 percent H; Po4
solution can get rid of surface contamination while for elimination ot Inter -
nal infection seed is heated at 70°C for 2-3 days.

Phytosanitary measures like clean cultivation, avoiding manual con-
tamination and rogueing of infected plants can help in reducing the
disease incidence.

Fig. 15.10: Necrotic reaction of TMV in Nicotiana glutinosa

9. Papaya Mosaic Virus (Pa MV and Pa RSY)
Occurrence

This disease of papaya, first recorded in Sind during 1972 has now
been experimentally found to be caused by a virus. It has been increasing
progressively and produces as high as 20-30 percent infection at present.

Symptoms

The disease makes its first appearance on about 6-month old plantsin
the field. Initially, young leaves show vein clearing followed by crinkling,
rolling, blistering and distortion. Old leaves develop yellow spots. On the
whole the affected plants remain stunted in growth, producing fewer
leaves of reduced size and small-sized or deformed fruits. The virus has
been found to infect Nicotiana tabacum, Cucumis sativus, Glycine max,
Chenopodium quinoa, Vigna sinensis and Phaseolus vulgaris, producing
more or less similar symptoms (Fig. 15.12).
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Transmission:

The wirus is sap-rransmissible and can produce typical symptoms in
young seedlings in 15 days after inoculation. The virus is. inactivated at
55°C in 10_mi_nuie5j.'_tgr_aﬁer 3 days storage at 25°Candcan stand dilution
of 1 x 103, remaining infective at pHrangingbetween3.7-9; optinium pH
being 7 5. It shows flexuous type of virus particles i'n.-}_‘efaf':dip'p'r_epgratibns
under an electron microscope. The virus resembles that of papaya ring-
Spot on the basis of its physical and biclogical properties. -~

Controi:

In the absence of resistant varieties, eradication and destruction of
infected papaya plants and other alternate hosts may help to keep the
disease under check.

10. Mosaic of Cowpea (CPMY)

The disease was first observed at Lyallpur (Faisalabad) in 1942,
affecting cowpeas grown mixed with cotten showing three types of symp-
toms {a} stunting of upper paris with thick fotiage, vein clearing, mottling
and alternating areas of dark and light green colour and sometimes
presence of raised blisterlike undulations, (b} foliage chlorosis and distor-
tion and (¢} conspicuous mottling with paie to vivid vellow areas finally
turning into reddish brown spots (rig. 15.13).

Anatomical studies have revealed advanced fusion of epidermis with
cuticle, paucity of palisade and chloroplasts, discontinuous and irregular
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tissue thickening and elongation of xylem vessels and spongy sclerenchy-
ma and disorganized vascular bundies.

Later studies, have shown the presence of the virus which is found to
be seed-borne, sap and aphid transmissible and can also infect other
legume crops. Successful transmission by the cowpea aphid (Aphis crac-
civora) was done at Lyallpur (Faisalabad) in 1979.

Fig. 15.12: Symptoms of papaya mosaic virus. Fig- 15.13: Symptoms of mosaic in cowpeas.

B. Yellow Viruses

1. Yellow Mosaic of Soybean

Occurrence

Soybean in the Punjab and Sind suffers from a yellow mosaic disease,
which is sporadic in nature usually causing inappreciable damage except
in years of high temperatures and humidity. The disease is a limiting factor
in the cultivation of soybean in the Punjab as a summer crop.

Symptoms

Affected plants develop typical yellow patches on leaves which turn
chlorotic to brownish, remain stunted in growth and do not flower in case
of early infections.
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Transmission

- Thevirus is not transmissible by sap but it spreads in the field through
white fly (Bemisia tabaci). it can also preduce similar symptoms.on mung
{Phaseolus mungo) and moth (Phaseolus actinofolius). The identity of the
virus has not been confirmed so far.

Out of 111 soybean lines, none has shown any resistance to the virus.

2. Yellow Mosaic of Cowpea

Oceurrence and Symptoms

The disease is widely distributed in the Punjab and Sind on almost ail
the cultivars grownin the region. It is characterized by the appearance of
irregular, bright veliow patches over the laminae of teaflets whichin severe
cases turn yellow and the disease ¢ontinues appearing on new growths,
The pods also develop yeliow mottlin g. High temperatures are conducive
to the development of severs infections.

Transmission

The disease cannot be transmitted through sap, seed, soil or
nematodes but by grafting and through whitefly (Bemisia tabach) and it
appears to be distinct from vellow disease of mung beans (Phaseolus
mungo).

3. Yellow Mosaic Virus of Jute

Occurrence and Symptoms

The disease was first time recorded in 1978 on Jute (Corchorus cap-
sularis) crop in the Punjab, oceurring from May to September. The syrap-
toms develop onyoung leaves showing censpicuous light yellow motling
followed by bright yellow irregular areas interspaced with green. The early
sown crop is iess affected because of its advanced growth before the
appearance of the digease,

Transmission

The virus is transmitted through grafting and whitefly (Bemisia tabaci)
and not transmitied by mechanical means, dodder, seeds, soil or
nematodes. Whitefly acquires virus in 3-hr feeding period and the symp-
toms develop in 20-25 days after inoculation feeding. It cannot be trans-
ferred to Corchorus olitorius. Viruses of wild jute (Corchorus tricularis) and
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beans have failed to produce symptoms in cross inoculations: The virus
survives on off-season host plants.

4. Yellow Mosaic of Mung

Cccurrence and Symploms

The disease is present throughout the country on mung {FPhaseolus
mungo) crop in varying intensities. it develops broad and bright yellow
scattered patches on the fotiage, coalescing to form Iargér yellow areas
and later on turning chlorotic and whitish in appearance. The damage
caused depends upon the intensity and severity of symptoms.

Transmission

The virus is transmitted through grafting and whitefly (Bemisia tabaci)
and is not transmissible by mechanical means, seeds, soil, dodder or
nematodes. The virus can also infect mash (Phaseoius aureus), moth
(Phaseolus actinofolius) and soybean (Glycine max). Some varieties of
mung have shown partial resistance.

5. Yeltow Vein Mosaic of Okra (OYVM)

Qecurrence

ftisan important disease of okra or bhindi(Hib iscus esculentus)found
throughout Pakistan in various intensities, causing constderable damage
ranging as high as 25 percent in Sind.

Symptoms

The disease can appear in all stages of plants showing vein clearing
followed by development of irregular yellow green 1o plae green areason
teaves, which are reduced in size. The petioies are shortened, floweringis
sparse and the fruits are limited in number and size. Severity of symptoms
is generally associated with stage of infection and popuiation of vector.

Transmission

Roguing of diseased plants and eradication of malvacecus weeds

can greatly help to check the spread of the disease. Control of whitefly
through insecticidal spraying can protect the crop, if done by ali the far-
mers,
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C. Leaf Curl Viruses

1. Leaf Curl Virus of Tobacco (TLCV)
Occurrence

The disease is found throughaut Pakistan mainty in Sind and is res-
ponsible for limiting the cultivation of cigarette tobacco in the provinge, It
is highly destructive disease and can wipe outentire cropin case of severe
infections. The extent of damage varies with the vector population which
increases in summer, falls down in winter and again starts increasing in
spring.

Symptoms

The disease may appear in the nursery beds but # mainly develops
after transplantation. General symptoms include reduction in leaf surface
and size, vein banding, thickening and curling of feaves which become
dark green in colour and brittle in texture. Additional symptoms are con-
densation of inflorescence, abnormal opaning of flowers and overall dwar-
fing of the plants. The vield is reduced and the produceis of low quality and
untit for curing.

Fathogen

Although the disease is presumed 1o be caused by tobacco leaf curl
virus, the expression of variad .;_s__ymptqms_f-:‘;in.d_ig_:ate combination of mény
strains of virus infecting several hosts be!ongih.gftq family Solanaceae. No

- specia studies have beenmade to identify the exact nature of the patho-
gen(s). _ TR

Transrnissin

The disease is trahsmitted by grafting as well as by dodder but not by
seed, sap or soil. In nature it is transmitted and quickly spreads by whitefly
(Bemisia tabaci), which has proved to be an efficient vector even at low
populations. The vector can acquire the virus in 1-2 hours feeding and re-
produces symptoms in healthy plants in 25 days after inoculation feeding.
The vector population puiid-up is quite persistent except in winter and
therefore makes its eradication difficult.

Control

As no resistant varieties of tobacco are avaitable, only the alternate
cantrol measures can be practised. These include roguing of infected
plants, eradication of volunteertobacco plants and alternate Solanaceous
hosts and control of whitefly through repeated chemical sprays.
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2. Leaf Curl of Tomato (TLCV)

Occurrence

It is one of the major disease of tomato and is distributed throughout
the country in varying intensities. Its high incidence limits the tomato cul-
tivation in the provinces of Sind and the Punjab. The damaging effects of
the disease are quite high, depending upon the time and the degree of
infection.

Symptoms

The disease shows a variety of symptoms comprising curling, rolling
and puckering of leaves, vein clearing, branching and partial to com plete
sterility of flowers. On the whole plants remain underdeveloped and fruit
setting is greatly reduced; with greater losses in cases of early infections
(Fig. 15.14).

Fig. 15.4;: Tomato plant infected with leaf cur virus.

Pathogen

The disease causing pathogen is a virus which has small isometric par-
ticles measuring 15-20 nm in diameter. No studies have been carried out
on physical and biological characteristics of the virus.

Transmission

Except grafting, the other attempts to produce the disease through
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sap, seed, soil or nematodes have failed. in nature the disease istransmit-
ted through whitefly (Bemista tabaci). which is present throughout the year
on various host plants (tobacco, chillies and other solanaceous plants).
The vector can acquire virus in 2-hour feeding and produces infection in
24 days after inoculation feeding of 24 hours (Fig. 15.15).

AT R

'F'ig';'15.15: White fly vactor of leaf curt virus.

Control

Raising or protected nursery under mushn cloth can provide healthy
plants for transplantation. Early roguing of infected plants can help in
rernoving foci of infectionand checking the spread of the disease. Eariyro-
gueing followed by chemical sprays 10 eradicate whitefly are helpfut in
achieving effective control of the disease. First spray with Anthio 25 per-
cent EC at 1/2 litre in 50 gallons of water and subsequent two sprays with
Orthene 75 percent W.P (300-400 g/20-25 gallons of water) have given
good results, No spraying shouid be done 25 days before fruit picking.

3. Leaf Curl of Papaya (PLCV)

Occurrence

The disease has been reported from the papaya growing areas of
Karachi and Hyderabad divisions in various intensities averaging 20-30
percentincidence. it is steadily increasing and threatening the cultivation
of papya due 1o persistent and heavy losses caused to the plantations,
Symptoms

The initial symptoms appear on the leaves which comprise curling,
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grinkiing, vein clearing, thickening, reduction in size and distortion. Later
on, the leaf margins are inwardly rolled down becoming leathery and
brittle in texture with interveinal areas showing rugesity due to. hyper-
trophy. On the whole the affected plants show arrested growth and either
fait to flower and fruit or produce deformed fruits (Fig. 15.16). .~

Fig. 15.16: Leat cud of papaya

Transmission

No systemauc work has been doneon the modes of transmission ex-
cept that the disease is transmissible through whlteﬂy (Bemisia tabaci)
under natural conditions. However, the studies carried out in India have
shown that the virus is transmissibie through sap, grafting, nematodes and
whitefly. The causal agen't has beer identified as tobacco leaf curl virus,
transmissible to white Burley tobacco. Similar symptoms are produced in
crop growing in waterlogged areas, independent of virus infection,

Conirol

In the absence of resistant varieties, eradication and destruction of
infected plants combined with other sanitary measures and control of
whitefly through chemical sprays are the only possible means of keeping
the disease under check.

4. Leaf Curl of Cotton

Occurrence :
The disease was Tirst recorded in 1967 at Multan and was not repor-



ted from other places by that time. Later on, it has been spreading in the
Punjab and increasing in intensity steadily and now causes substantial
tosses in the form of a reduced number of effective balls.

Symptoms

The extent of damage depends upon the time of infection and popu-
lation of whitefly, which acts as a vector for the virus. The sympioms com:
prise twisting, elongation and deformation of leaves accompanied by vein
clearing and necrosis. The symptoms may vary according to the varietal
differences and application of chemical sprays, ¥ any.

Transm:ss:on

The virus causmg thedlsease can be ansmltte . gh ;-graﬁtng and
whitefly (Bemisia. 1abaci), which spreads the disease under haturat con-
ditions, -1t has many alternate host. pfants ||ke Hibiscus esculentus, H.
rosacmnens:s Altheae rosa, Zihnia elegans, Gossypium faimodii, and
Poinsettia spp.; many GfWhICh grow’in or around the cottcm fletds serving
as alternate sources of mfectlon

Contro!

There is a varietdl dlfference to dtsease reaction, Gossypfum ar-
boretm has been foundto be immune, Iocal cultivars have medium resis-
tance while varieties jike Stoneville 731 N, 247-1 and H.A.12’ are sus-
ceptible, Cultivation of resistantvarieties can provide a reasonable control
measure. Adoption of suitable cultural practices for eradication of alter-
nate host plants, volunteer cotion plants combined with vector control

through insecticidal sprays can further ensure the crop protection from
the disease.

D. Leaf Rol Viruses

1. Potato Leaf Roll Virus {PLRV)
Oecurrence

The disease is fairly common throughout the country being more
serious in the plains of the Punjab and Sind with incidence ranging
ketween 20-60 percent, depending upon source of seed, vector popu-
lation and weather conditions. The average intensity of infection varies
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between 10-15 percent and therefore, it is one of the most destructive
diseases of potatoes, considerably reducing both the quantity and quality
of the produce.

Symptoms

The symptoms are of a variable nature mainly depending upon the
source of seed, varieties under cultivation, virus strain and environmental
condition. Primary infection usually does not show symptoms in early
stages of plant growth. Plants growing from infected seed tubers show se-
condary infection (Fig. 15.17).

Fig. 15.17: Potato plant infected with leaf roll virus.

| eaves show inward and upward curling, become stiff, brittle, thick,
leathery and rough in texture with the upper leaves remaining erect and
palish in colour. Onthe whole, the infected plants remain stunted in growth
producing reduced number and size of tubers of low quality. Anatomical
studies reveal presence of necrosis in the phloem when stained with
anailine blue or resorcin. The infection can be inherited through tubers
from generation to generation intensifying the degree of infestation,
resulting into complete seed degeneration, which is more rapid in the
presence of other aphid-borne viruses like PVA and PVY.

Seed degeneration studies made in the Punjab and Sind have shown
considerable increase in leaf roll virus from year to year. Infour varieties (-
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Desiree, Muita, Patrones and Wilja) studied in the Punjab, the virus
increased, from 010 0.2,9.2, 13,1, 18.1 and 52.5 percent respectively, ina
five year period. At Mirpurkhas, Sind, the viral increase has been 5.1 to
24.2 and 38.7 percent in three years, while the yield reduction in 27
varieties has averaged 17, 37.4 and 56.5 percent in_this period, yearwise;
showing the highly increasing rates of virus infection and damaging effects
of the disease on yield through the repeated use of the same source of
seed,

Fathogen and Transmission

The disease is caused by a poivhedral virus, which cannot be trans-
mitted mechanically. Under natural conditions it spreads through aphid
{Myzus persicae) which is the mostefficient vector acquiring virus through
feeding on a number of hosts and iransmitling the disease to healthy
piants. Van Harten (1977) has reported two species of aphids in Pakistan
{Aphis gossypii and Myzus persicae); the latter being more common cn
poiato, okra and other host piants. The studies carried out at Lyalipur
({Faisalabad) have shown that Myzus persicae appears from Ociober to
May with a peak period from February to April (3 aphids trapped in 24
hours) resulting into heavy infestation of spring potato crop. Similar results
have beenreported at Tandojam. The aphid also survives and muitiplies on
many weed plants (Convolvulus arvensis, Fuphorbia heliscopia etc). add-
ing to the build up of the vector population and greatly increasing the
chances of infection in the spring potato crop. However, systematic stu-
diesare neededto be carried outon the ecology and population density of
aphids, disease spread and incidence for identifying safer seed produc-
tion areas in the country (Fig. 15.18).

T

Controf

As no potato variety resis’tant_to_.-._ieaf curl virus has been found, use of
certified seed or seed from the autumn planied crop (when the aphid
population is very fow) can greatly hélp in producing a healthy crop. De-
foliation of the autumn crop in late seasons can further ensure healthy
seed production as successfully practised on a large-scale in Jullunder,
India. Hot water treatment of sead tubers at 53°-55°C for 15-20 minutesis
useful in checking infection. Sanitary measures such as roguing of infec-
ted plants and control of aphids through soil application of Furodan
25kg/haat planting time followed by foliage spray with Maiathion 0.25 per-
cent can control secondary infection and reduce the aphid population.
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Fig, 15.18:

Green peach aphlds {Myzus persicae) vector of PVY-and




E. Chiorotic Streak Viruses

1. Chlorotic Streak of Sugarcane

Occurrence

The disease, first reported from Sind and the Punjab in 1868 and
1976, respectively, is now prevalent in most of the commercial sugarcane
varieties throughout the country. Its incidence is generafly low causing
negligible losses.

Sympioms

Thie virus produces on leaves of all ages, a number of transparent or
bright green to yellowish streaks of varied lengths with widths ranging
between 0.25 mm to 10 cm, running parallel {o the veins, Under severe
infection conditions the leaves become crinkled, stiff and eract giving an
abnormal appearance to the infected plants.

Transmission

It has not been possible 1o reproduce the disease mechanically, sug-
gesting involvement of a vector (which has not been investigated). Similar-
ly, no studies have been made on the nature of virus, secondary infection,
damaging effects of the disease and control measures.

F. Miscellaneous Viruges
1. Rosette of Peanut

Ccourrence

The disease has beenreported to bepresentin Sind while itislikely to
be found in other peanut growing area of the country.

Symptoms

The symptoms include malformed and lgafy growth, pronounced
stunting, shortened internodes, general chlorosis, sterile flowers and poor
production of blossoms and pods. On the whole the infected plants are
severely stunted with flattened tops or disks of foliage (suggesting
“rosetie” as the name of the disease).

Transmission and Contro!

No systematic work has been dane on the specific nature and biologi
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cal properties of the virus, transmission, vector, alternate host plants, ex-
tent of damage and control measures, However, eradication and destruc-
tion of infected plants may be usefu! in checking the disease spread.

2. Sterility Mosaic of Pigeon Pea

Cceourrence

The disease has been recently reported from the Punjab and is likely
{o be present in comparatively drier parts of the country, particularly
where mites are posing a problem.

Symptoms

t eaves and branches become pale gréenin colour and arereduced s
size, causing stunted growth with partial or complete steritity. The whole
plant puts up stunted growth and reduced production of flowersand pods.

Transmission

Sofar it has not beenpossible to reproduce the disease through seed,
sap, 30il or vectars like whitefly and aphids. The work done in India has
shown Eriophyd mites asvectorsof the disease. However, detailed studies
are in progress. :

3. Stenosis of Coiton

Occurrence

This malady, also called small-leaf disease of cotton, was first recor-
ded in 1933 from the Punjab, mainly on American varieties and is now
presant in many paris of the country to a lesser degree causing inappre-
ciable damage.

Symptoms

The symptoms comprise formation of yellow patches on leaves which
are reduced in size, crinkled and deformed. The other symptoms are stunt-
ing of aerial parts, reduced development of root system, shedding of bolls
and poor fibre quality. '

Transmis sion

The viral nature of the disease has not been established as it has not
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been found to be transmitted through seed or sap. However, possibility of
a vector 15 strongly suspected.

4. Rice Virus Diseases

Virus-ike diseases were reported from East Pakistan (now Bang-
ladesh}, where the warm and humid climatic conditions are conducive to
the survival and proliferation of many insect species, serving as vectors. In
a sample survey carried out in 1967 at Isherde, 24 species of leaf hoppers
belonging to 9 families and 22 genera were collected, out of which two
species of Nephotetix (areen leaf hopper) are ;mportant The reported
virus diseases are:

a) Tungro Virus

The incidence of Tungro virus increased steadily with the introduction
of IRRI varieties and by 1969 it reached the figures of 4 and 20 percent in
aus {(summer) and amon (autumn) crops, respectively. The disease symp-
toms vary consrderably The infected plants are stunted in growth, develop
interveinal mottling on leaves, which turn yeliow and orange in colour, and
show rusty spots. Tiltering is iimited and panicle formation is poor. Symp-
toms may also resemble those of certain physiclogical diseases caused
by unfaveurable soil conditions. The extent of damage varies withthe crop
growth stage, being less in late infections.

The disease is transmitted by the green leaf hopper (Nephotetix imicti-
ceps) which can acquire virus in 15 minutes of feading period and transfer
itto healthy plants immediately within 5 minutes, incubation period within
the insect 19 about one day.

b} Yellow Dwarf
I is a minor disease causing plant stunting, excessive tilering and ch-

lorosis of leaves. it is transmitted by the green leaf hopper, which can incu-
bate the virus upto 30 days.

¢) Orange Leaf

The main disease symptoms include stunted growth, Qrange dis-
colouration and rolting of leaves, reduced tillering and premature death of
plants. it is transmitted by zigzag leaf hoppers (Recilia dorsalis) with incu-
bation periods of 6 and 14 days in insects and plants, respectively.
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d) Grassy Stunt

The disease produces profuse tillering, stunting and conspicuous
narrowing of leaf blades. it is caused by Drown leaf hoppers (Nitaparvata
lugens) which can incubate the virus for 7 days while the new sympioms
appear 13 days after inoculaticn feeding.

Control

Although preventive measures including spraying organcphosphates
can provide a satisfactory control of leaf hoppers, the virus diseases are
not controllad due to guicker virus transmission and lag of time betwean
transmission and vector Killing. The best sofution lies in the development
of virus resistant varieties. Lately, varieties itke 1R-20, IR26, resistant to
Tungro and IR-28, 1R-29 and IR-30, resistant to grassy stunt have been
developed at the International Rice Research Institute.

5. Tobacco Ringspot Virus (TRSVY)

The disease has been recently reported from tobacco cropsin NWFP
but no sysmtematic work has been carried out except frequent recording
of nematode vector Xiphenema in diseaséd fields. It is reported to have
many host plants,

6. Citrus Tristeza Virus

The disease seems to be of frequeént occurrence in citrus plantations,
especially in the Punjab. it produces various types of symptoms including
greening, yellowing, chlorosis, withering and cracking of bark and reducing
considerably the productive life of plants. No systemiatic studies have
been made on the various aspects of the disease.

Summary

This chapter presents an evidence onthe occurrence of a number of
virus diseases affecting field crops, vegetables and fruit plants. Twenty
seven diseases have been described, mainly on the basis of the symp-
tomatology of five groups of viruses (Mosaics; Yellows; Leaf Curls; Leaf
Rolls; and Streaks). Some of the diseases may not be distinct due to lack
of detailed studies on host range, transmission, serological testing and
physical and biclogical properties. The present number of diseases is
likely to increase in the future with the intensification of work including
virus identification. However, itis imperative to carry out work oncomplete
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characterization and description of individual diseases and the causal
viruges in order to assign or place them in particular taxonomic virus
groups, recegnized in the scientific world. On the basis of epidemiology of
virus diseases, it appears that leaf curl viruses, transmitted by a common
. vector whitefly (Bemisia tabaci), are predominantly present in this part of
the world. However, the most serious viral diseases include sugarcane
mosaic virus, potato viruses, rice viruses, feaf cur viruses of tobacco, po-
tato, temato, chillies, okra and papaya., yellow viruses of leguminous hosts
and citrus iristeza virus. These diseases take heavy tolt by decreasing
production. The damaging effects on yield and quaiity become intensified
where there is a mixed infection of different viruses, particularly in several
solanacecus and leguminous hosts.

nvestigations on various diseases made so far are of preliminary
nature as the available finance and facilities for systematic. investigations
do not match with the total losses caused to agricultural and horticulturai
crops. Since plant virology has remained a neglected field in the past due
to lack of trained manpower and appropriate faciiities, it is essential to
intensify researches on virus diseases of host plants of economic impor-
tance through concerted efforts. The studies should include virus trans-
mission, virus-vector relationship, serclogy and more specifically on evolu-
tion of resistant varieties production of virus-free seeds and nursery plants
and development of practical control measures against major diseases.
With the establishment of Plant Virus Research l.aboratory at NARC and
Cooperative units in various provinces, it will now become possible to
strengthen and streamline research activities in this important discipline
for producing visible impact on productivity and profitability of the crops.
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Chapter XVI

Diseases Caused by Nematodes

During pre-partition period, the diseases caused by nematodes re-
ceived very little attention due to lack of trained manpower, appropriate
taboratory facilities and informatien on the magnitude ot crop losses
hesides scientist’s pre-occupation in research on fungal diseases. The
only work done was on Ear Cockle of wheai caused by Tylenchus tritict
{described in chapter I1). With the establishment of Pakistan, some sys-
tematic studies were initiated in East Pakistan (now Bangladesh) from
1955 to 1963 on plant and soil nematodes. In West Pakistan {now Pakis-
tan) the work on nematodes received some attention of a few scientists
from 1958 onward: mostly on soil analysis leading to the recording and
identification of plant parasitic nematodes and compilations of systematic
lists. Some studies have also been reporfed to be conducted on the
known nematicides and on nematicidal properties of aromatic fractions of
petroleum or new nematicides for controlling the pathogens,

The other studies carried out refate to survey ef nematodes of impor-
tant crop plants, intensity of infestation, factors affecting the incidence,
varietal reactions, fungal and nematodal association, pathogenicity trials
and spread of nematodes through lack of quarantine regulations, All this

work has emphasized the growing importance of the damage caused by
*Contributed by Dr. MA Magboo!, Nematologist, Nematological Hesearch Centre, University of
Karach.
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nematolegical diseases to agricultural crops, necessitating an urgent
need for the establishment of a specialized centre on Nematological

research in the country. The foundation of a working centre was iaid down
in 1967 at PCSIR Laboratories, Karachi and fater on at the University of
Karachi in 1974. The main objective was to develop a wéll~equipped fa-
poratory for conducting a survey of important plant diseases caused by
nematodes in the country and to carry out expetimental work on their
various aspects. This centre was also to provide training to the scientistsin
the neglected but very important discipline of nematology. Since then the
research work on nematcdes has been in the process of being
strengthened, improved and streamiined to meet the national objectives.

Review of Work
East Pakistan {Bangladesh)

The investigations on nematodes covering the period of 1955-63
have been limited to survey of plant and soil nematodes in 8 important
crops, namely, rice, broad bean, jute, banang, cotton, sugarcane, maize
and potato. The main resuits are given in Table 16.1.

Table 16.1; List of nematodes of some important crops.

Name of Nematodes Crops

Aphelenchoides besseyi
Aphelenchoides bicaudatus
Criconemoides rusticum

All crops

All crops except cotton and broad bean
Rice, jute and cotton

Ditylenchus angustus Rice
Ditylenchus destructor Potato
Helicotylenchus multicinctus Jute
Helicotylenchus dihystera Maize
Hemicriconemoides spp. Sugarcane
Hoplolaimus spp. All crops
Longidorus spp. Sugarcane

Meloidogyne arénaria

Meloidogyne incognita acrita
Meoioidogyne javanica

' Pratylenchus spp.

Pratylenchus zeae

Radopholus oryzae

Rotylenchus spp.

Banana and sugarcane

Broad bean and jute

Broad bean

Rice, banana, sugarcane and cotton
Maize

Rice

Rice and sugarcane
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Rotylenchus reniformis Broad bean, banana and maize

Trichodorus spp. Sugarcane
Tylenchorhynchus martini Rice, jute and maize

Xiphinema indicum Ali crops except potato

In all; 14 genera of nematodes have been recorded, out of which two
nematodes (Aphelenchoides besseyi and Hopiolaimus spp.) have much
wider pathogenicity infecting all the 8 crops followed by Xiphinema indi-
cum (7 craps), Aphelenchoides bicaudatus (6 crops}, Pratylenchus spp. (4
crops), and Criconemoides rusticum, Rotyfenchus reniformis and
Tylenchorhynchus annuiatus (3 crops each) while cthersare moerespecific
in infecting 2 or 1 crop only. As regairds thelr status, itis lowin broad bean,
maize and sugarcane whiie in other crops high infestations have been re-
corded. However, this pioneering work highlightied the importance of plant
nematodes giving impetus to nematological rasearches in the country.

West Pakistan (Now Pakistan).

The preliminary work, initiated in 1958, has been steadity expanding
and gaining importance over a period of twenty seven years. it includes
survey of nematodes of important field crops, vegetables and fruits and
other related studies.Apart fiom development of suitable laboratory and
field techniques, emphasis has been laid on strengthening of laboratories
library and training facilities and institution of advisory service for soll ana-
lysis and controt of nematodes. The work, so far carried out, has been sum-
marized below.

Survey

The occasional surveys carried out from time to time in various parts
of the country have shown the ocourrence of nematodeson 1 4 field crops
and 13 fruit trees. A large number of species have been recorded on 6
important crops (wheat, rice, maize, sugarcane, tobacco and potato) and
3 important fruit plants (apple, citrus and mango) Table 16.2.

Table 16.2: List of nematodes of important crops in Pakistan.

Name of Nematode Crop Locati'oh'
1.  Aglenchus agricola Apple, Potato,  Sind, Punjiab and
Tobacco Baluchistan
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MName of Nematode

Crop Location

2.
3.

o

L ®m~N®

11.
12.
13.

14.
15,
18.

17.
18.
19.
20.

21,
22.
23.
24,

25.

Anguina tritici
Aphelenchus avenae™

Aphelenchus spp.
Aphelenchoides besseyi

A bicaudatus

blastophthorus
caprifica
parictinus

. winchesi
Aphelenchoides spp.
Basiria graminophita*

>e >

B. india
B. minor
Baleodorus acutus

B oakistanensis™
B Zinig*
Criconemella curvata

fobatum
Onoensis*

TO000

xenoplax *

Ditylenchus angustus
D. clarus *
0. destructor
0. dinsaci

Globodera rostochiensis®

Wheat,Oat,Barley All Provinces

Citrus, Rice, All Provinces

Wheat,.Maize, To-

bacco, Potate

Mango, Tobacco, Punjab & Sind
Potato

Maize, Potato, Sind & Baluchistan

sphaerocephalum™

Mango, Banana

‘Rice

Maize, Bean, Sind

Banana, Sugarcane,

Rice

Sugarcane Punjab & Sind
Sugarcane Punjab & Sind
Sugarcane Punjab & Sind
Sugarcane Punjab & Sind
Mango, Potato Punjab & Sind
Mango, Rice, Funjab & Sind
Banana

Pear,Wheat NWFP

FPear Wheat NWFP

Oat, Rice, Sind

Mango, Citrus

Mango Punjab

Citrus Punjab

Maize, Mango, Sind

Pear, Apple

Wheat Sind

Mango, Citrus Punjab

Punjab & Sind

Plum, Datepaim,
Citrus, Barley,
Rice, Pear, Grape

Rice Punjab & Sind
Rice, Mango Punjab & Sind
Potato Punjab & Sina

Citrus, Barley, All Provinces
Qat, Wheat, Maize,
Sugarcane, Grape

Potato Punjab
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Mame of Nematode

Crop

Location

26. G. tabacum

27. Helicotylenchus californicus
28, H. conicephalus*
29. H. digonicus®

20. H dihystera*

31. H. erythrinae™®

32. H. indicus

32, H indicus

33. H. tnicrodorus*

34 H. multicinctus*
35. H. parvus

36. H. pseudcrobustus®
37. H. egypliensis

38. H crenecauda®
39. H, thornei

40. Hirschmanfella caudacrena™
41. H. gracilis

42, H. mucronata

43. H, oryzae

44, H. spinicaudatus

45. Hemicriconemaoides coco-
phifus
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Tobacco

Citrus

Citrus, Banana
Oat, Barley,Pium,
Pear,Wheat,Maize,
Mango, Citrus,
Sorghum, Grape
Oat,' Barley, Sor-
ghum, Pear, Plum,

Wheat, Rice, Maize,

Sugarcane, Potato,
Citrus

Citrus, Oat
Datepaim, Wa-
Datepalm, Wa-
termelon, Rice,
Mango, Citrus,
Cotton, Chiliies
Apple, Wheat,

- Citrus, Banana

Papaya, Banana,
Wheat, Rice, Cit-
rus, Pear
Sugarcane

Rice, Grape
Pear, Sugarcane,
Wheal

Mango

Mango, Gitrus

Rice
Wheat, Rice
Rice
Wheal, Rice
Rice

Sugarcane, Plum,

‘Wheat, Pineapple,

Apple, Grape

NWFP

Punjab & Sind
Punjab & Sind
Punjab & Sind

Punjab & Sind

Punjab & Sind
Punjab & Sind
Punjab & Sind

Punjab & Sind

Punjab & 8ind

Punjab & Sind
Punjab
Sind

Puniab
Punjab, Sind &
NWFP

Punjab

Sind

Punjab

Punjab & Sind
Punjab & Sind

Punjab & Sind



Name of Nematode crop Location

46, H  strictathecatus Citrus " Punjab

47. H. gaddi Mango, Oat, Punjab & Sind
Pear, Sugarcane

48, H. mangiferae Mango, Fineap- Puniab & Sind
ple, Papaya,
Banana

ey H.  ghaffari* Citrus Punjab

50. Heterodera avenae* Wheat, Maize NWFP

B51. H. Zeae? Garlic, Pear, Punjab & NWFP
Gram, Citrus, Ma-
ize, Wheat, Sugar-

_ cane, Chilkes

52, H. manj * Wheat NWFP

53. H  mothi* Eggplant, Wheat, NWFP
Sugarcane, Pear,
Plum

54, H. oryzae Rice Punjah

55 H. sacchari Sugarcane Punjap

58, H schaehtii Sugarcane, Cau- Punjab & Sind
liflower, Maize

57. H, vigni Cowpea NWFP

58. Hopiolaimus galeaius* Banana, Rice, Punjab
Sugarcane, Maize

59. H, californicus Mango Punjab

60. Hoplolaimus indicus * Rice, Oat, Pine- NWFFP, Puniab
apple, Papaya,
Wheat, Sugarcane,
Banana, Grape,
Sorghum, Potato,
Tobacco N :

61. H.  pararobustys™ Rice Punjab

62, H.  seinhorsti Wheat NWFP, Punjab

63. H. coiumbius Sugarcane Sind

64. H. stephanus Mango NWFP, Punjab

65. Longidorus meyii® Apple Punjab, Baluchistan
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Name of Nematode

Crop Location

66. Meioidogyne arenaria

67. M. hapla

88. M Incognita

89, M. javanica

70. Malenchus andrassy

71. M.  pakistanensis™
T2 M. platycephalus
73. M. nausheri”

74. M. fusiformis™

75. Merlinius brevidens®

Tomato, Sugar- Punjab, NWFP
cane, Tobacco,

Potato

Tobacco, Pntato. NWFP,Sind, Puniab
Tomato, Pyrewnrum,

Chillies, Bean.

Banana, Beetal, All Provinces
Bean, Sugarcane,

Tobacco, Black-

night shade,

Eggplant, Cabbage,

Caulifiower, Ch-

enopodium, Chi-

Hies, Cotton, Gin-

ger, Maize, Okra,

Papaya, Pyrethrum,

Sugarbeet, Toma-

1o, Amaranthus sp.

Masoor, Sponge
gourd

Banana, Bean,
Beetal, Eggplant,
Chenopodium, Gin-
ger, Papaya, Po-
tato, Sponge gourd,
Sugarbeet, Sugar-

Punjab, NWFP

cane, Maize,

Tobacco

Wheat, Mange  Sind, Punjab

Pear NWFP

Citrus, Apple Sind, Punjab, NWFP
Apple NWFF

Oat, Papaya, Punjab, Sind
Banana, Wheat,

Citrus, Pear

Maize, Oat, Bar- Punjab, Sind &
ley, Rice, Mango, Baluchistan
Potato, Sorghum,



Name of Nematode

76.
77.
78.
79.
80.
81,
82.
83.
84.
85.

86.

a7.

88.

89.

90.

91.

92.

M.  microdorus”™

M. nanus™
Metaphelenchus sacchari
Nothotylenchus goldeni*

Orientylus siddigif*
Paktytenchus tuberosus®

Paratrichodorus mirzai®
Paratylenchus spp.
Paratylenchus nanus

P.  hamatus*

P. projectus

Pratylenchus brachyurus®

P crenatus™*
P, coffeae™
P. neglectus

P. penetrans®

P. pratensis

Pratylenchus sacchari

Crop Location
Citrus, Wheat, Fig,
Plum, Pear
SugarcanaWhe- Punjab , NWFP &
at, Pear Baluchistan
Maize, Pear Punjab
Sugarcane Punjab
Apple Baluchistan
Citrus Punjab
Potato NWFP
Sugarcane Punjab
Sugarcane Funjab
Apple, Pear NWFP, Baiuchistan

Bartey, Rice, Po- Punjab

tato, Fig, Date-

palm, Pear

Barley, Sorghum, Punjab, Sind,
Apple, Citrus, Baluchistan
Rice, Maize

Barley, Rice, Sor- Punjab, Sind
ghum, Mango,
Wheat, Maize,
Sugarcane,Citrus
Maize, Sugar-
cane, Barley,
Waterlemon
Rice, Papaya, Ba- Punjab, Sind
nana, Apple, Po-

tato, Pear

Citrus, Tobacco Punjab

Oat, Barley, Wa- NWFP, Punjab,
termelon, Wheat,

Maize, Citrus,

Tobacco, Plum,

Appie

Rice, Fig, Maize, Punjab, Sind
Citrus, Plum
Sugarcane

Punjab, NWFP

Punjab
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Name of Nematode Crop - Location
93 P. similis Wheat Punjab
94, P scribneri Sugarcane Punjab
95. P.  thornei Qat, BarleyRice, Punjab, NWFP,
Maize, Wheat,Su-
garcane, Tobacce,
Sorghum, Citrus,
Watermelon, Fig,
Mango, Banana,
Pear
96. P.  safeaensis* Rice Sind, Punjab
a7. P. vuinus Fig, Pear, Citrus, Punjab, Sind
: Plum
98. P ZzZeae Cat, Sorghurm,  Punjab, NWFP,
- Wheat, Sugar-  Sind, Punjab
cane, Maize,
Mango
99, P, hexincisus Oat Punja.
100. Paurodontelia sohailai © Sugarcane Sind

Psilenchus spp.
101. P. hifarutus™

102, Quinisulcius acuttis™®

103, Q. capitatus™

104. Q. solani"
105. Rodopholus gracilis .
1086, R. similis

107. Aotvlenchulus reniformis

108 Rotylenchus robustus
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Wheat, Maize Punjab
Barley, Papaya, Sind, Punjab,
Rice, Petato, NWFP
Sugarcane, Wheat

8ﬁ£82um' Pear, Punjab, Sind
Oat, Barley Mai-
ze, Mango,Potato,
Citrus, Fig, Pear,
Pium

- Potato - Punjab

Wheat, Maize Punjab

Maize, Water- Punjab, Sind
melon, Banana '

Oat, Sorghum,  Punjab, NWFP,
Patato, Citrus, Sind

Wheat, Maize,
Pineapple,Papaya,

Watermelon, Fig,

Mango, Banana,

Pear

Wheat, Sugar-  Punjab, Sind

Punjab, NWFP,Sind



Name of Nematode

Crop Location

109.

110.
111,

112

113
114,

115.
186.

117.

118.
119,

120.

121,
122,

123,
124,
125.
126,

127.

R.

Scutylenchus koreanus*
Trichodorus pakistanensis

T

buxophilus

obtusus

Trilineellus triglyphus™
Tylenchus avenae
Tvienchus spp.

Tylenchuius semipenetrans
Tylenchorhynchus annutatus

han Miben |

b

=

e s B i

brassicae

claytoni
clariis

cylindricus

manubriatus
mashhoodi*®

parvus*
Striatus
tritici™
nudus

clavicauda

cane, Potato,

Apple

Sugarcane, Ba-  Sind

nana, Pear

Wheat Punjab, NWFP
Mulberry, Maize, NWFP, Sind
Citrus

Sugarcane Punjab
Cotton Sind

Maire Punjab
Sugarcane, To-  Punjab, NWFP
bacco, Potato,

Apple

Citrus Punjab
Barley, Rice, Punjab, NWFP, Sind

Wheat, Mango,

Citrus, Pear, Plum

Oat, Barley, Whe- Punjab, NWFP,
at, Maize, Rice, Sind
Sorghuim, Date-

palm, Pear

Potato Punjab, NWFP
Rice, Sugarcane, Punjab, NWEP
Tobacco, Maize,

Citrus

Wheat, Maize, Punjab, NWFP
Sugarcane Potato

Sugarcane Punjab

Oat, Barley, Whe- Punjab, Sind
at, Maize Tobac-

co, Citrus, Rice,

Sorghum Banana,

Pear, Plum

Potato Punjab, NWFP
Sugarcane Punjab

Wheat NWEFP
Sugarcane, Sor- Sind

ghum

Banana Sind
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Name of Nematode Crop Location

128. Xiphinema ornatum Oat - Punjab

129 X insigne Wheat, Sugar- NWFP, Punjab
cane, Mango

130. X intermedium Wheat Sind

131. X brevicolie Apple, Banapa, Baluchistan, Sind
Pear

132. X revesi Citrus Punjab

133 X mediterraneum Mango Punjab

134 Xiphinema americanum Apple, Mango, Punjab, NWFP
Sugarcane, Whe-
at, Rice

135. X basiri " Citrus Punjab

136. X. indicurn * Rice, Sugarcane Funjab

137. X index Maize, Citrus, Fig. Punjab, Sind

138. X. pratense ™ Sugarcane Punjab

139, X radicicola® Sugarcane, Punjab

139 X radicicola* Sugarcane Mango Punjai

In a2l 37 genera with 139 species of nematodes have beenrecarded
including 59 new records from Pakistan. The most important genera are
Pratylerichus (14 species). Hoplotaimus (7 species) Helicotylenchus (13
species), Tylenchorhynchus (13 species), Xiphinema (12 species) and
Heterodera and Globodera {10 species each) while the others have fewer
number of species. Some ot the nematodes are specificto 1, 2or 3 crops
and nthers have wider pathogenicity affecting a greater number of crops.

The distroution is wide and the mcidence varies hostwise. The impor-
tani nematodss for different crops are Anguina, Aphelenchus,
Ditylenchus, Helicotylenchus, Heterodera, Pratylenchus and Tylenchorhy
nchus (whent): Aphelenchoides, Helicotylenchus and Hirschmanieila
{rice); Heterodera and Pratylenchus {maize); Heficotylenchus,
Paratrichodorus, Pratyienchus, Rotylenchus and Tylenchorhynchus (sugar
cane); Aphelenchus, Heterodera, Pratylenchus and Tylenchorhynchus
(tobacco); Hemicriconemoides and Hoplofaimus (mango}: Aphelenchus
and Hoplolaimus (potato) and Criconemelia, Helicotylenchus, Heterodera,
Hopioilaimus, Tylenchorhynchus and Tylenchus {citrus); many of them hav-
ing common hosts. However, the serious diseases caused Dy nematodes
are ear cockle of wheat, white tip of rice, root-knot, rootiesion, slow de
chine of citrus, tuber rot and stem diseases.
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The list of nematodes isolated from Pakistan and recorded forthe first
time in the world (Table 16.3) shaws isclation of one new genus: of Pak-
tylenchus; 3 new species of Nothotylenchus, Boleodorusand: Pa' rodonte.'-
la belonging to super-family Neotylenchoidea and 2 new specles of
Malenchus of sub-family Dousaicinae and one new spemes_of Hemicri-
conemoides belonging to sub-family Hemicriconemoidinae. These have
been fully described and creation of a new sub- “family {Triliniinae) under
Tylenchorhynchinae family has been suggested and supported by akey to
the sub-family. .

Table 16.3: New world records of nematodes isolated in Pakis'_tan

Crop Location Nematode Sta-‘:’us
Citrus R Punjab Boleodorus zaini : _ M
' Punjab Hemfcnconemo:des ghaﬁan H
Pyrus cormmunis Baluch- Malenchus pakistanensis M
istan
Pyrus malus Baluch- Malenchus nausheri M
istan . Nothacylenchus goldeni M
Saccharum officinarum Sind Paurodontella sohailai M
solanum tuberosum Batuch- Paktylenchus tuberosus M
. istan
Puniab Quinisulcius solani H
Triticum vulgare NWFP, Tylenchorhynchus tritici H
Sind and
Baluch-
istan

M= Medium (51- 500 nematode populatmn ner Qnﬁg of sml}
H=High (above 500 nematode population per 200g of soil).

Thework, sofar carried out, has further shown that the majority of the
plant parasitic nematades beiong to Phyium -Nemaia; class - Secernenta;
and order - Tylenchida and a few to order - Dorylaimida. Although the or-
der Tylenchidais very large and of diverse groups representing worid wide
distribution, only less than 10 percent of its total species thought to exist,
have so far been described, The proposed chart on the classification ofthe

‘order - Tylenchida shows the vastness of this order comprising 2 sub-or-
ders, 6 super-families, 23 families, 48 sub-families, 136 genera and nu-
Mmerous species.
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Fig. 16.1: Tobacco nursery showing severe attack of nematode.

Fig. 16.2: Die-back disease of citrus showing infestation by Tylenchalus sp.



General Symptoms and Nature of Damage

During surveys, varying types of symptoms and degrees of damage,
depending upon the intensity of infestation, have been recorded on dif-
ferent crops The symptoms vary according to the nematodes. In case of

tic) Wh[Ch causes ear cockle of wheat, the main symptoms in

ides spp. cause whitelt
whﬂe Ditylenct

e. brlef the nematode—affected mg

(Flg 161 and 162)

General Modes of Perpetuation

The modes of perpetuation vary according to the types of
nematodes. In some cases (Anguina tritici, Aphelenchoides besseyiand A,
ritzemabosi) the nematodes live as larvae in a long dormant or anhy-
drobiotic stage in the seeds, or attached to the roots as cyst (Heterodera
$pp.); orin the host tissue and in the surrounding soil (Ditylenchus spp.); or
in hard egg mass deposits (root-knot nematodes - Meloidogyne spp.). As
soon as the conditions become favourable the nematodes resume activity
and attack the host plants, undergoing one or more life cycles during the
growth period of the host plants (Figs. 16.3 and 16.4).
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Factors Affecting the Incidence

Although specific studies on factors affecting the incidence are lack-
ing in Pakistan, observations made during surveys have shown that soil
moisture contents and soil temperature determine the type and intensity
of nematode attack. Soil moisture is important for the movement, feeding
and egg laying of nematodes but flooding and excess of moisture are
detrimental to their growth and poputation density as shown by incidence
of both stylet and-non stylet bearing nematodes after heavy rainfall; Fif-

teen to twenty percent soil maoisture content is oplimal for the genus Ho-
plofaimus. However, nematodes vary in their reaction t0. 50l moisture,;
Radopholus spp. thrive better in wet soils as compared to Tylenchorhy-
nechus spp. and the cyst nematodes. Onthe-otherhand dry conditions inhi-
bit the activity of Heterodera and Ditylenchus spp. which can be reac-
tivated by restoring soil moisture. Soil temperature is another important
factor influencing the phvtoparasitic activity of nematodes. The optimum
range is 159-300C, & activity & decreased on either sideof this range while
temperatures beyond 40°C and below 5°C are usually letnal. uwever, dif-
ferent nematode groups vary in their temperature requirements. Sys-
tematic investigations are needed on these -aspects, especially on
nematodes causing serious diseases to determine suitable cultural con-
trol measures.

Laboratory and Field .Methodofogies

There. are weil established methodologies for soit sample co!lectnon
nematode extraction, culture maintenance, nematode culturtng and
-pathogemmty testing. A minimum of five soil samples are collected around
the roots of planis showing moderate to severe symptom These are
stored in plastic bags at 15°-25°C before attempted isolation of the or-
ganisms. The exiraction of nematodes is done by using Baermann funnel
method or its modification. For larger forms of nematodes (Longidoridag)
Cobb’s decanting and seiving technigues (1918) or Flegg’s modification
(1967) or Seinhorst’s two-flask technique (1855) are used. Sometimes the
flotation method using sugar solution of greater specific gravity is em-
ployed to extract eggs and inactive nematodes from soil and crgaric de-
bris but this may distort the specimens. Populations are counted in 5 ml
suspensions in a counting tray and the total number of nematodesin 5009
of soil is calculated based on an average of several counts. The
nematodes are picked up under abinocular microscope, killed by gentle
heat and fixed in Trietranol Amine Formalin {TAF) for 24 hours foliowed by
mounting in dehydrated glycerine for detailed studies.
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Fig. 18.3: Dizgramalic representation of lile and disease cycle of stubbv root nematode

Fig. 16.4: Twelve stages of embryogery of roat knot nematodes (M. incognita),
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Fig. 18.5. Processing Techmyues of aoil samplas for recovery ot nematods.
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A simple method of excluding undesirable forms of nematodes from
cultures of single species has also been developed (Fig. 16.5).

Cultures of root-knot nematodes can be maintained in the green
house in pots containing sterilized soils inoculated with egg masses or
larvae and grown with suscaptible plants such as tomato. Nematodes can
also be cuftured in the laboratory by different methods such as those
proposed by Dougherty (1953 and 1959). The stylet bearing nematodes
are cultured on higher plant callus tissues, usually grown on an agar
medium containing nutrients, developed by various workers-White (1943)
Hitderbrandt, Riker and Dagger {1946) and Krusberg (1961).

The pathogenicity tests are carried out using established methods of
inoculation with pure cultures under aseptic conditions and reisolating
the specific organisms from the inoculated plants. Besides conducting
host differential tests for root-knot nematodes, some studies have also
been carried out on host relationship and interaction between root-knot
nematodes and lesion nematodes.

General Method of Control

Same studies carried out on three selected nematicides {Nemagon,
Aldicarb Temik-10G, and Furadan-3(G) against nematcdes attacking
banana, citrus, papaya, sugarcane, okra and corn have shown con-
siderable reduction in the nematode population after 30, 60 and 80 days
of treatiment as compared with check plots. Two additional studies have
shown the effactiveness of the aromatic fraction 400 N against
Tytenchorhynchus spp. (at the rate of 0.75 galion of 70 percent emulsified
concentrate made in Triton - X100)& Helicotylenchus spp. at a concen-
tration of 30 ppm. However, intensive and extensive researches are
needed to develop and identify the most effective and economical
nematicides. Simple application methods should be developed, suited to
farmers conditions. Studies are also needed onthe development of resis-
tant crop varietigs, nematode-free nursery plants and suitable crop ro-
tations.

Important Nematode Diseases

There are a number of nematode diseases on which some studies have
been made in Pakistan. Ear cackle of wheat, one of the most important
disease, caused by Anguina tritici was investigated in early 1930s and is
described in chapter H under wheat, while the other diseases have been
put into the following three categories and deseribed, groupwise.
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A. Diseases of Roots
B. Diseases of stems and bulbs

C. Diseases producing stunting and wiltihg
A, Diseases of Roots

Nematodes attacking roots {ecto or endoparasitically) produce local
lesions and cause physiological or mechanical injury, reducing intake-of
the water and minerais, depending upon the feeding habits of nematodes.
Biology and life cycle, symptoms and control measures of nine genera
producing root diseases are as follows:

1. Meloidogyne spp. or Root-Knot Nematode

Four species of Meloidogyne have been recorded in Pakistan on
cereals and many fruits and vegetabie crops. These nematodes are secon-
dary root and tuber endoparasites. The larvae undergo three mouits and
produce alarge number of females under favourabie conditions. They de-
posit eggs in gelatinous brown masses, which on hatching continue to
produce new infections. The symptoms produced consist of gall or knot
formations on roots, yellowing and stunting of leaves and reduction in yield
according to the intensity of infection. Inthe absence of resistant varieties
either suitable rotations or nematicidal treatment is recommended for
controlling infection.

2. Heterodera spp. or Lemon-Shaped Cyst Nematode

Nine specias of cyst nematodes have been recorded in Pakistan,
infecting citrus, maize, sugarcane, brinjal, soybean, wheat, barley, cauli-
flower, potato and tobacco. These are endoparasites and the second
stage larvae penetrate root tips. They moult after a week or twe and the
sexes are sgpardted in the third stage. Adult females turn into cysis and
deposit aggs, completing their life cycle in two months. The infected
ptants, adcvelop bushy root systems, followed by stunting, wilting, y'ello.wing
and necrosis of leaves. The control consists in nematicidal treatmeni orro-
tation. Potato varieties have been developed resistant to certain pathoF
gens.

3. Tylenchulus Semipeneirans or Citrus Nematode

This nematode infects citrus only and is an obligatory root pérasite,
ieading a sedentary ecioparasitic life. The females lay eggs in a gelatincus
martix, after hatching, the second stage larvae penetrate roots partially,
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{a)

{o}

(c) :
Fig. 16.6: Efect of ingeulations with reot nematodes {right) compared with
unicoulated roots {leli} (3) guava rools, {b) lobacoo oots. {c) peanut pods
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Fig. 16.7: Root knot nematodes in various crops (g) tomato, {b) Egg plant, {c) Carrot,
(d) Banana, (@) Bears (f) Gourd.
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(e}

Fig. 16.7: {Continued)
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causing infection. The aerial parts of the infected plants show drought and
malnutrition symptuins comprising yellowing and shedding of leaves as
well as dieback of twigs resulting in heavy losses and. slow decline of
plants. Nematicidal treatment is the only possible controf-measure.

4. Pratylenchus spp. or Lesion Nematodes

Thirteen species of Pratylenchus have been repoﬂed from Pakistan,
inferting many cereals, fruits and vegetable crops. They are obligatory
parasites which attack young roots, the fourth stage larvae are particularly
active. The females lay eggs inroots and in the surrounding soijl. The larvae
undergo four moults and comptete their litg cycle n two months. They
produce on roots small lesions, which turn pale yeliow to black in severe
cases of infection. The leaves of théinfected plants become chlorotic and
stunted, producing twig blight in the later stages: N.ém-aticidai treatment is
the only cure. - .

5. Trichodorus spp. or Stubby Root Nematade

The stubby root nematodes have been found to infect citrus, mul-
berry and sugarcane in Pakistan. They are ectoparasites, which attack the
roots and deposit eggs in the surmndmg so:l After hatching, the larvae
undergo four imia sta'gesi._c_om'p'l'_ “this life cyclé iN45-50 days.The
infected plants produce shott, ‘stunted, stubby and necrotic roots while
the leaves become. chinro __.and yetiow The disease can be controlled
by using nema’nmdes o : -

8. Rotylenchuius’ R form is oF Reniform Nematode

This nematode, WhlGh has been found to infect banana cotton, okra

and soybean crops, is obllgatory and sedentary ectopara31te Thefemales
penetrate roots, feed, grow, develop and lay eggs. The eggs on hatching
after a week. produce larvae which pass throudh three maultmg staces
completing their lifé cycle, in 25-30 days. The roots ot the infected plants
develop dlscoiouration and necrosis, while the leaves start dryinggradual-
ly and shedding i advanced stages.Suitabie crop rotations and use of
-nematicides can help in controlling the disease.

7. Xiphinema spp. or Dagger Nematode

Six species of dagger nematodes have besnfound in Pakistan, intect-
ing banana, grapes, citrus and wheat. They are migratory ectoparasites,
which feed near the root caps of the small feeder roots. In later stages the
temales deposit eggs, which hatch and the larvae pass through four
mouits, completing the life cycle in 25-30 days. The roots of the infected
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plants develop sweliling, nacrosis and shrivelling. The only possibleremedy
is either suitable crop rotation or nematicidal treatment.

8. Radopholus Similis or Burrowing Nematode

This nematode, which is reported to infect banana and citrus plan-

Fig. 18.8: Cyst nematodes in potato (Giobadera rastochinensis)

‘Fig. 16.3: Response of cabbage 1o chemical contro! of Heteradera schachtt (right) compared with
infected specimen {left),
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tations, has been found to be a migratory endoparasite. it1ays eggs inside
the infected roots and complete its life cycle in 20-27 days. The roots
develop cavities and necrotic lesions and show retarded growth. The other
symptoms, include yellowing of leaves and reduction in size of fruits. The
diseased trees may topple over in severe cases of infection, causing heavy
iosses. Control measures include production and distribution of
nematode-free banana suckers and/or nematicidal treatment-of-soil.
g. Hirschmanniella spp. or Rice Root Nematode

Five species of these nematodes have been reported ta infect rice
and aguatic grassesin Pakisten. These are migratory endoparasites,which
can attack the roots at all stages. After afew days of infection the fernates
lay eggs, which hatch in 4-5 days and the life cycls is compieted in about
30 days, The infected roots develop surface lesions whichare yeilow1sh to
rusty brown in colaur. The infected plants show delayed and decreased
tillering as well as reduced yietd. Nematicidal treatment is the only way of
controiling the disease, '

B. Diseases of Stems and Bulbs

Nematodes affecting stems and bulbs of many crops like oats, po-
tato, maize, beets, onion and gatrtic occur throughout the world including
Pakistan, where crops such as maize, sugarcans, wheat and citrus have
been reporied to be attacked. The two important species - Ditylenchus
dipsaciand D. destructor are commonly found in Pakistan, causing con-
siderable damage. The work so far carried out on these nematodes isdes-
cribed as follows:

1. Ditylenchus dipsaci

This nematode has many diversifisdhost plants like citfus, sugarcane, -
maize, wheat and onion. They attack roots and underground butbs and
leaves and sometimes seeds also. The nematodes complete their life
cycle inabout 30 days and continue causing new infections. Theinfected
plants show production of galls, thickening of stems and twisting of leaves
and bloating, in case of onions. Resistant varieties or nematicidal treat
rment are the only cure.

2. Ditylenchus destructor

This nematode intects potato and some other crops and weeds. The
nematode is migratory endoparasite, which feeds on under ground plant
parts (stems. bulbs & tubers) entering through nature pores or potato eyes
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It lays eggs inside,which hatch and the larvae pass through moults before
completing the life cycle. The nematode damages the underground plant
parts, producing black shrunken lesions of dry granular tissues. In the

absence of resistant varieties, nematicidal treatment of the soil can help
io control the disease.

(b} ' ()
Fig. 18.10:  Ditvlenchus sp. in {a) Onion and {b} Potato.

Fig. 16.11: Burrowing nematodes in banana.
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{c)

lnfested pots {left) and in pots with stestlized soil (rlght) (d} Mangd jn
and in infested soil {right).



Fig. 16.13: Effect of crop rotation on control of nematodes in Soybean —

Corn Peanut - Soybean
(upper) and continuous soybean (below).

Fig. 16.14: Response of cabbage to chemical control of nematodes.
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C. Diseases Producing Stunting and Wiiting (Stunt
Nematodes)
Stunt nematodes have a wide distribution in the woAd and are impor-
tant pests of cereals, fruits, vegetables, grasses, ornamentals, fibre and su-
gar crops These nematades are ectoparasnes Teedmgon _e : ldermai cells

disease.
Facilities Developed for Future Work

Recogmzmg the growmg rmportance o

well stocked hbrary, estabhshment of Paklstan Joumai of Nematology and
initiation of diagnostic and advisory service far the farmers besides the re-
cent conversion of the Nematological Laboratogy at Karachi lnto a full

i rch Centre on Nematology thh four

caused: by nematodes

Summary

A!though the diseases caused by nematodeshave not recewed m uch
attention in the past, investigations over the two decades have resulted in
isolation of 139 species beltonging to 37 genera with preponderance of
Pratylenchus, Hoplolaimus, Helicotlenchus, Tylenchorfiynchus, Xiphi-
name, Heterodera and Globodera, which have a wide spread distribution
infecting many economic crops and fruit irees. Isolations also include 59
new records from Pakistan and 9 new world records. However, the serious
diseases caused by nematodes are sar cockle of wheat, white tip of rice,
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root-knots, root lesions, slow decline of citrus, and tuber and stem rots,

The symptoms and type of damages caused by various groups of
nematodes have been described, along with modes of pearpetuation, fac-
tors affecting the incidence, laboratory and field methodologies and con-
trol measures,

A brief account of some importance diseases has been given in three
distinctive groups affecting (roots, stems and bulbs; andthose producing
stunting and wilting) describing, host plants, biclogy and life cycle of
pathogens, symptoms and possible contro! measures. Mention has aiso
been made of the development of recent facilities to strengthen and
streamline the future researches on the controf of nematodes diseases
with a view to enhancing the agricultural productivity.
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Chapter XVil

Phanerogamic Parasitic Plants

In Pakistan, four species of flowering plants have been found to live
parasitically onmany agricultural crops, fruit and ornamentat plants as well
as on forest trees. These parasitic plants, belonging te distinct:botanical
families, depend for their existence on the hoest plants through haustoria
{thread-fike structures), which penetrate into the host tissues. However,
they show varying degrees of parasitism. Some of the parasites like Striga
-spp., which have chlorophyll and roots, are able to manufacture their own
food but stili depend on host plants for obtaining certain disselved
minerals. Others like Misteletoes which have chiorophyil but no roots
derive water and minerals from their hosts. Stilt others like Podder and
Orobanche, which have neither chiorophyll ner true roots, depend entirely
on the hosts for food and water supply. Generally, such piants are never
green, their leaves if any, are smali and inconspicueus and their functional
root system is greatly modified developing inside the host tissues. Thus,
the parasitic plants cause disease-like symptoms mainly by reducing the
supply of water and nutrients to the hostplants leading to rétarted growth,
The most common and sarious parasitic pianis are described as follows.

-

1. Dodder (Love Vine Weed) Cuscuia spp.

Occurrence and importance

Dodder is a widely distributed plant throughout Pakistan. it parasitizes
a variety of hosts, belonging to different botanical families. It has been
found to attack, alfaifa, clovers, onions, linseed, potato, sugarbeet and
some legumes besides citrus, Zizyphus, Artemisia and Acacia spp. Hedges
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and ornamental plants are also infested. Dodder retards the growth and
reduces the yield of infested plants. The losses range from slight to com-
plete destruction of crops like alfalfa and linseed raised from dodder-con-
taminated seeds. Dodder may also serve as a bridge for the transmission
of viruses from infested to healthy plants.

Fig. 17.1: Cuscuta on potate plant,

391



Symptoms

In the beginning, the infection is localized with the deﬁel_opr_n-ént of
small thread like struciures of orange to yeliow colout. They rapidly growin
size and density attacking the healthy parts as well as the adjacent _plants
ultimately strangling the stems and the ahove ground parts with dense
tangles of leafless strands. In later stages, each infested spot may cover 3-
4 m. Thus, the dodder-infested areas appear as patches in the field. With
the spread of infection, several infested_patches develop and coalesce
giving rise to large areas covered with yellow coloured vinss (Fig.
17.1). The losses caused vary according to the crop growth stage and
intensity of infestation,

FPathogen

There are ma es of dqdder piants be!engmg to dtffe ent species

reﬂexa var a _i
ness rangmg

0.25 and 0. 68 i and fruit dtameter is {}8 m_ the iatter cate_z"' ry poses
comparatwely more serlous probtem te--th' fleld crops '

Perpetua t:on

Dodder perpetuates frcm year to 'yea the __through 1{ 3 seed mixed
with those of the crop or infested crop debris contalnlng seeds or living
bits of the vine. Under favourable conditions either the seeds germinate or
the plant bits initiate growth. If the germinating seeds or the plant bits do
not find any host plant, they die otherwise they develop contacts with the
host establishing parasitism through haustoria and start growing. Some-
times dodder seeds are also dropped on the growing plants through ex-
creta by birds eating dodder fruits. With time the germinating dodder ptant
looses its contact with the soil and start depending entirely on the host
plants water and nutrient supply. it continues to grow, spreading and
invading the host ptant as well as developing fiowers and producing seeds.

Control

The practical methods of preventingdodder infestation include use of
a3g2



dodderfree crop seeds, burming of crop residues and restricting the
movement of animals and farm equipment from infested to heaithy fields.
In severe cases of infestation, it is useful to carefully collect and burn the
infested patches before flowering and fruiting, Experiments carried out
have given effective control by spraying the dodder seedlings with either
of the chemicals such as Dieset oil; 2, 4 - ; Kerosine oi! fortified with
DNBFE. If needed, scatterad infested patches canaiso be sprayed. Biologi-
cal control may alsc be possible by using the suitable type of predators.
Three species of weevils (Smicronyx ghan, S. uhoensis and S. inornatus)
have been found to parasitize on flowers and fruits of Cuscuta. It will also
be useful to follow 3-4 year rotation by using non-host plants in the
cropping system.

2. Striga (Witch Weed)

Occeurrence and Importance

Striga, a chlorophyllous weed, is distributed in the Punjab; Sind and
parts of NWFP and Batuchistan, i is-largely confined to areas where poor -

tilage and monocuituring of susceptible hosts are practlsed 1t usuaily '
- parasitizes on summer-graminaceous hosts such as sorghum,. Johnson:~

- grass, peari millet, maize and sugarcane. | osses due to strigavary witht _é}jf;
- degrae of infestation in the fields between 1-2 parcent but may reach as
f-’:'h|gh as 10-15 percent in severely infested crops.

= Symptoms

The infastation of plants by striga usually appears in carcuiar-' atchas

~ asaresultof heavy localized deposits of seeds inthe field. The strigaseed: -
L imgs are attached to the roots of the host piants through a large umber f'. |

' weed. Due to robbmg ofthe nutrients and water, the mfested host plants SR

turn yeliow, remain stunted resu}tmg in poor growth and reduced yield
{Fig. 17.2).

Pathogen

The parasitic weed is named as Striga asiatica, which belongs to the
family Scrophulariaceae. It has fight green stem, 15-25 om in height,
producing multiple branches near or above the ground level. The leaves
are Iong: slightly hairy and rough-textured and grow opposite to each
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other. The flowers are small, white to yellow in colour appearing above the
leaf attachment and are produced throughout the growing season. The
pods or capsules develop in large numbers, each containing thousands of
tiny brown seeds, which are disseminated by wind, water or through con-
taminated soil and farm implements.

Perpetuation

The seeds of the striga over winter in contaminated fields and their
dormancy is broken by certain chemical substances released by the roots
of the host plants growing in their vicinity. The seeds after germination
tend to grow near the roots of the host plants withwhich they develop con-
tact through conical or bulbulous shaped haustoria, penetrating into the

(b)

Fig. 17.2: Striga on (a) Sugarcane & (b) maize.
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xyiem bundies. This mechanism helps the striga plant to draw its water and
nutritiional requirements from the host plants. In severe cases of infes-
tations, many striga plants may get attached to a single host plant but a
few of them survive to reach the ground surface. The striga due to its ch-
lorophyllous nature can manufacture some supplementary food. The
whole iife cycle takes about 3-4 maonths to co.tnpie’te.

Coniral

Inthe absence of resistant varieties, the besttreatment liesin the des-
truction of striga seeds ininfested fields. This canbe done by spraying with
weed killers like 2, 4-D (0.05 percent) or any other suitable chemicai be-
fore sowing the next crop. Three to four year rotation with inclusion of non
host crop plants, particularly those which may stimulate germination of
striga seed without being attacked is also useful in controlling the weed.
However, integrated approach may be more effective.

3. Broom Rape (Orobanche sp)

Broom rape is an angiospermic root parasite attacking a large num-
ber of cultivated crops, fruit and forest trees, medicinal as well as-many
wild plants. Extensive surveys carried out in Baluchistan during 1970-80
have shown that at least 20 plant species are infested by Orobanche as
against 70-80 globally recorded. These include Achillea santelinal; Apium
graveolens; Artemisia maritimal; Aster clataicus Will. Brassica -ca}mp'es_trfs
L., Capsicum frutescens; Chenopodium album; Cucumis melo var.
fleruosus; Hyoscyamus nigra; Cucurbita moschata; Hibiscus trionum; Lufa
acutangula; Ocimum sanctum; Othonnopsis intermedia; Peucedanum
graveolens; Prunus amygalus; P, armeniaca; Zinhia- e!ega.hs and- some
Soianaceous spp. like tobacco, eggplant, tomato, datura, mustard, cab-
bage, cauliflower and tumips. it is highly infectious and proiific-as a single
plant may produce 500-50000 seads within 22 days afteritsemergence. It
canthus cause severelosses, which vary between 20-80 percent, depend-
ing uporn time of appearance and nature of the host piant.

Symptoms

Qrobanche is a root parasite, which after its attachment to the host
plant emerges above ground. it deprives the host of water and nutrients,
which reduces the growth; vigour and vield of the crop, causing near-wilt
conditiions. In root crops the infection leads to formation of hard pith while
in others both the guantity and quality of leavesand fruits are affected. The
infestaurns Ara fisstabserved in small patches, which gradually increase in
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size and ultimately cover large areas (Fig. 17.3).

Pathog_en

Two parasitic species of Orobanche have been identified in Pakistan
as against 80 species reported from other contries. These are Orobanche
aegyptica, which has a wider host range and Q. stockii with narrow host
range. The plant is achiorophylfous, light to dark brown in coiour, having
succulent and rough-textured stalks growing as high as 20-50 ¢m. The
stalks have numerous bract-like shining leaves. it starts profusely flower-
ing within 3 weeks, producing smail and minute seeds of 0.2-0.3 mm x 0.2 X
0.1 mm size. These seeds cah easily contaminate the crop seeds making
their separation virtually impossible. These are also dispersed through
wind, irigation water or movement of animals and farm implements. The
seeds can also remain viabie after passing through the atimentary canals
of the cattle eating the flower spikes.

Perpetuation

After receiving stimulating effect from the host ptants, the Orobanche
- seeds germinate and establish parasitic contacts with their roots through
the penetration of haustoria. The Orobanche plants then grow and
develop.onwater and nutrients provided by the hosts plantsand complete
their Jife cycle within 20-25 days, liberating multitude of tiny seeds for fu-
ture infestattons.
Control
 Eartierwork carried out in Baluchistan has indicated the effectiveness
- of some chemicals like allyl alcohol;, formalin; methyl bromide; sodium ar-
senite; 2,4-D; 2,4, 5-T and common salt. However, their use lacked practi-
cal field application and also involved high cost and hazardous effects on
the host plants. Later work has shown. that application of minera! oils
{kerasine, crude oil and diesel) at 2-week iriterval as post emergence
treatment gave 85-90 percent mortality of Orobanche without any
detrimental affects on the cultivated crops. Wetting of the Orobanche
stalks with solution of 5 percent ammonium sulphate, 15 percent ureaor
20 percent ammonium nitrate has also vieided seme good results. The
main draw backs of these controt measures are high cost, difficult and
time consuming mode of application. Development of resistant varies (as
reported to donein the case of sunflower, broadbean, lentil, musk melon,
water melon, tomato, sweet potato and cucumber) will be the best and

practical way of control, and work needs to be concentrated on this
approach,
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(b)
Fig. 17.3: Broomrape on (a) Potato (b) Vegetable plant and (c) A weed plant.
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4. Mistletoes

Mistletoes are the imporiant parasitic weeds of conifer forest trees
and some othertypes of plan' _ .causmg apprecrable and extenswe losses,
Trees of any age (seedlings, saplings and -adult p¥ants) can be parasitized
which ultimately get retarded, dwarfed or e C
ted trea is reduced by 30- 50 percent 'w: [-3 Gu
rated due to the formation of knots and ab normally spongy type of wood.
Surveys of the temperate, dry temperate and dry regions: of NWFP, Azad
Jammu and Kashmir and Baluchistan have revealed the prevalence of five
species (iwo Him dwarf spac:es and th __leafy mistletoes), which
have been found te | large number of forest trees with greater inten-
sity in NWFP, G r’ﬁtly_} _the ‘distribution of these species is mainly in-
fiuenced by the scosystems and physipgraphy. The salient features of the
work done are as‘foliows:

4.1 Himalayan Dwarf Mistletoe, Arceuthobium minutissimum
Occurrence and Importance

Dwart misletoes have been found to parasitize biue pmes (Pmus wal-
i:chaana) and chxighoza pme (P gerard:ana) mt : ;

_ are vtssble along the banks. of Panjiukara nver inthe K .
fence was fﬂund tﬁ_ be the htghest (74 1 percent) on trees

_ *mmdence of attack increases with the growth in diameter of
trees being the highest (98.8 percent) in trees with 101 em or above
diameter and the iowest (14.5 percent) in 20 cm class. Using Hawkworth's
0-6 class rating; infection index of 2.7 was obtained.

Symptoms

Simple or branched shoots of mistietoe appear along the twigs and
branches of the host plants and develop swellings and cankers in the

398



affected parts. Yellow wedge-shaped haustoria of the parasite grow into
the bark, cambium and xylem tissues of the branches. Some plant species,
as a result of infection, produce proliferous growth of branches. Large
swelflings or flattened cankers may also develop on the trunks, sometimes
resulting inio breaking of the trees. Heavily infested trees are dwarfed,
remaining stunted in growth and even die in advanced stages of attack,
The maost conspicucus symptom of dwarf mistietces is the presence of
witches’ broom and bushy appearance of the infested trees (Fig. 17.4).

The main parasitic species has been identified as Arcetthobium minu-
tissimum. 1t possesses stems which vary in size, colour and has simpie or
jointed shoots. Leaves are inconspicuous and scale-ike. The parasitic
plants are gither male or female producing complex ramifying system of
haustoria consisting of longitudinal strands, which are found paraltel to the
host cambium. The fruits mature within 6-18 months after pollination of
the flowers and seeds are discharged. The seeds are covered by a mu-
cilaginous sticky substance and adhere to any thing on contact and are
the main source of spreading the parasite.

4.2 Leafy Mistletoes -~  Vijscum album, korthalsefla opuntia and
Loranthus longifioris

Occurrence and Importance

Three leafy mistietoes have been found to be prevalent on different

Fig. 17.4: Misteletoe attack on (a) Pinus:gerardiana; (o) Plne tree; {c} and {d) Two branches
of a pine tree.
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hardwood species belonging to nine botanical familigs. (a) Viscum
album has been recorded on Prunus prostrata, Juglaris regia, Populus
ciliata and P. alba in the Kalkot range with an incidence ranging between
15-46 percent. (b) Korthalsella opuntia parasitizes on a singie host (Quer-
cus ilex) in the Shringail range of Dir forest Division. (¢) Loranthus iongifloris
has been commonly found in Mirpur range and infests a number of angios-
perms belonging to four families, which include Acacia modesta (with 32
percent infection}, Daibergia sisso0, Salmalia malabarica, Zizyphus. SDp.
and Lanna coromendelica.

Symptoms

Leafy mistletoes parasitize hard wood tree species. Branched shoots
of the parasite appear on the main stems and branches of trees, which
develop severe swellings and cankers. Haustorial system penetrates into
the bark, cambium and xylem tissues of the branches. Large swellings and
canker-affected portions are liable to be weakened due io rermoval of
water and nutrients by the parasite. in advanced stages of attack the trees
break and thé infected sites give poor and patchy appearance.

Pathogens

Three leafy mistietoes have been identified; ie,; Viscum aibum,
- Korthaisella opuntia and Loranthus longiflorus. The last one is described
below. It is perennial, green in colour and upto $5 ¢m tall. The internodes
are 5-18 mm long, linearto oblanceoiate; ﬂowe'r_s 4-12 per node in cupular
bracts, perianth lobes 1 mm long, oblanceolste, acute or obtuse; anthers
hilocular and persistent in femaie flowers with 3-4 sessile stamens; Ovary
0.5 mm long, oblong; stugmasessﬂe berryobovmd 1, 5 2 mm long subses-
sile and 1-seeded. Seeds are 1 mm long and. cordate surrounded.

Perpetuation

The mistletoe seeds, Decause of their muciagenous nallie, get
attached with the bark of a twig or a young branch of the susceptibie host
They germinate and produce germ tubes which thenreach the buds orthe
leaf basis where they develop haustoria, penetrating the bark directly and
uitimately reaching the philoem and’cambium tissues. A system of longitu-
dinal strands, which remain permanently embeddedinthe wood, develops
from the haustoria for absorbing water and nutrients from the host. The
infected parts are eithér killed due to the removal of water and the nu-
trients or in some cases the parasite causes hypertrophy and hyperplasia
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in the cells resulting into swellings and deformities of branches due to the
creation of hormonal imbalance. Sometimes, this imbalance also stimu-
lates dormant lateral buds to form excessive shoots and dense growth of
abnormal appearance. Heavy parasitization weakens the irees, predis-
posing them to breakage and the attack of wood rotting fungi, other root
pathogens and bheetles, :

Controf

The following control measures have been successfut!y tasted and
demonstrated on a large scale:

1. F‘hysuc:al removai of mistietoe-affected twigs and branches by

~ pruning, cuttmg or sawing in order to remove the entire haustorial
system; _

2. Spraying with 30-40 percent diesel oil emulsion mixed in soap
solution; '

3. Maintaining of a protective zone free from paragite surrounding
the healthy stands. This can help to contain the parasite and
restrict its spread to the neighbouring trees.

Summary

. After describing the nature of the phanerogamicplants parasitizing
‘many agricultural crops, fruit and forest trees, the chapter. deals.with four
parasitic plants (Dodder, striga, orcbanche and mistietoe) found in Pakis-
tan, The host range of these phanerogamics, symptoms produced, modes
of perpetuation and distribution alongwith possible control measties
have been given. Dodder (or love vine weed) is widely distributed,
parasitizing many plants like alfalfa, clovers, onions, linseed, potato, sugar-
‘beet etc, causing substantial damage. Two types of cuscuta {(thickvined
and thinvined species) have been found, latter being mare problematic.
The practical methods of preventing dodder infestation, whichinclude use
of dodder-free seeds, burning of crop residue, spraying dodderplants with
certain chemicals and practising ot tong rotations have been advocated.
Striga (witch weed), parasitizes-on sorghum, Johnson grass, pearl millet,
maize and sugarcane in all the provinces, causing losses upto 10-15 per-
cent in‘severely infested crops. It perpetuates through overwintering in
contaminated fields, completing its life cycle in 3-4 months. it canbe ¢on-
trolied by destroying the seeds infesting the fields by using some chemi-
cals although the most economical methodlies in'the development of stri-
ga resistant varieties. Orobanche or Broom rape has been extensively
surveyed in Baluchistan infecting twenty plant spscies, which have been



enumerated. Two parasitic species {Orobanche aegyptica and Q. stockif
have been found. The former having comparatively a wider host range. it
completes its life cycle in 20-25 days and produces multitude of -tiny
seeds, which are responsible for spreading the disease. The contrel
measures comprising the use of a number of chemicals as well as
individual sclutions of ammonium suiphate, urea and ammonium- nitrate,
although effective, are costly, fime consuming and difficuit to apply. The
fourth parasitic plant (Mistletoe) has been extensively surveyed in the
forests of NWFP, Azad Jammu and Kashmir and Baluchistan causing
heavy damage to the infested trees. Five spécies (two Himalayan dwarfs
and three leafy species) have been identified. Detailed studies carried out
on the dwarf mistletoes (Areeuthobium minutissimum, parasitizing biue
pine and chilghoza pine and A. oxycedri infecting Junipers) have been des-
cribed. Host plants of three leafy mistletoes (Viscum album, Korﬂ:alseﬂa
opuntia and Loranthus longifforus) have ‘béen enumerated. Practicat con-
trol measures have baen worked out and Implemented on Earge-scale
‘basis with promismg resuits

However, the phanerogalc parasstic piants have not recewed due
attention of the scientists because of lack of suitably trained manpower.
This discipline needs to be properly mobilized undér a- specialized
research unit ai nationai level tc work on the identification of parasitic
plant species, ecological distribution, host range, nature of losses, factors
affecting incidence as well as cultural, chemical and - varietal control
measures in the ‘Iarger interest of the country ' -
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Weeds and Weed Control

Int_rod‘uction

weeds pose a big problem to agriculture because tney are always
present in varying intensities in different crops adversally affecting the
quality and yields. Plants growing out of place are termed as weeds. They
may be wild plants or agricuftural plants growing out of place in a specific
crap. Weeds often crowd out culiivated plants. They may have ashort life
cycle, and may reproduce vegetatively or through profuse seeding” (upto
80,000 seeds per piant are produced in poppy) and can perpetuate over
jong pericds due to dormancy and. longevity of seeds. Consequently,
weeds compete with crops for water, minerai nutrients, tight and space
and sometimes also harbour inseci pests and diseases. Weeds aiso
increase the cost of crop production and decrease the market value of the
crop due to reduction in quantity and guality of the produce. They aiso
make the harvesting and threshing operations more difficuit, costly and
time consuming. Some species of weeds are also poisonous for human
beings (Lolium temulentum and Agrostemma githago) and for animais.

{Senecio jacobaea). Aquatic weeds can block drainage ditches & canals, ~
causing flooding and transport difficulties. Due io their aggressive nature,
aven fallow fialds, if not welt managed can become infested with wesds.
Thus instead of the restoration of soil fertility by leaving the fields fallow,
soil moisture and nutrients are depleted by weed growth. In addition the
land becomes contaminated with the spread, dispersal and multiplication
of seeds and vegetative parts. As “one year’s seeding equais ten years

*The number of seads produced can be extremeiy jarge; one dense weed stand was estimated to have
produced mare than 12,000 miflion seeds/ha in the United Kingdom. Wased control Handbook Vol 1-
Principles including plant growth reguiators - B, Fryer and R.J. Makepeace, 1977 (Bleckwalt Sciantific
Publications).
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weeding”, it is very difficult to eradicate an estabiished cotony ofweeds It
has been rightly said that:-

“tt good we plant not

Vice will take its place

And the rankest weeds

The fairest soil deface”

in Pakistan it has been estimated that on an average, weed/crop plant
population is 3:1. The annual losses caused by weads are estimated to ex-
ceed 3000 million rupees, a loss greater than that caused by rodents,
bitds, insect pests and diseases collectively. Despite such analarming fac-
tual position, very fittle systematic study has been made on weeds and
their control. The joint neglect by scientists and farmers has resulted in
gradual increase of weed infestation giving rise to low per acre yields and
heavy losses 1o the crops. An attempt has, therefore, been madeinthe fo-
lowing pages to summarize the significant information available from the
researches carried outin the country in order o help improve future inves-
tigations on weed control

Survey

The cultivated crops are infested with different weed speciesinalithe
countries of the world, Surveys of agricuttural crops carried out by various
researchers in Pakistan have revealed the presence of 119 weeds; with
mere emphasis on wheat, rice, cotton, sugarcane, potato and tobacco
while the other crops are not well covered (Table 18.1). In these studies
weeds have been arranged alphabetically on the basis of their botanical
names with information on families, common names, crops infested and
morphoiogical description.

Surveys carried out on aquatic weeds have revealed the presenc:e of
water hyacinth, Hygrorhiza aristate, Ludwigia perennis, Nasturtium offi-
cinale, Nymphaea fotus, Polygenum glabrum, Potamogeton perfoliatus and
Ranunculus sp. in various degrees of infestation; water hyacinth being
more serious in marshy lands, water streams and ponds in certain lo-
calities. In addition, five types of aigae (Chara, Spirogyra, Nostoc, Oedo-
gonium and Rivularia) have been recorded from rice fields (Fig. 18.1-184).

Wee'd—-Crop CQmpetition'
The growth of crop plants is the result of interaction of ther genetic

constitution with environmental fluctuations. Thus the full exploitation of
tha potential for productivity of cultivated crops require the provision of
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Fig. 18.1: Some important weeds (a) Datura stramonium; (b) Ipomoeu hispioa (c) A Wheat field
- heavily infested with Johnson grass and (d) Amaranthus viridus.




Fig. 18.2: Some important weeds (a) Ipomoea hispida infesting a crop ned. (b) Ipomoea
hispida plants, (¢) Solanum nigrum; and (d) Silybum maxianum.
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s ’ .
Fig. 18.3: Some importan: weeds: (a) Solanum xanthocarpurm; (b) Datura metel;
(c) Convolvulus arvensis.and (d) Solanum nigrum




favourable climatic and Biologicai factors. Crops have also to compete
with weeds for water, mineral nutrients, light and other requirements for
growth. Weeds respond better than the cultivated crops even to high
intensities of light and high temperatures. The CO3 consumption/dm2 leaf
area/hour is higher in many weeds than the cultivated crops. The weeds
are also generally bestowed with the capability of undertaking the C4
cycle of photosynthesis. By virtue of these physiclogical advantages,
weeds can compete with cultivated crops aggressively. Consequently,
weed Infestations exert a detrimental influence both on the quantity and
quality of the produce. The magnitude of such losses, however, depends
upon the degree and periods of infestation.

Four-year investigations carried out at Faisalabad on weed-cotton
crop competition and effects of weeds on production have reported an
average reduction of 14.45 per cent in vield with Cyperus rotundus infes-
tation (62 plant per square foot), a 4.25 per cent reduction with Cynadon
dactyion and a 3.37 per cent reduction with Sorghum halepense, while
Convolvulus arvensis had a minimal effect (probably because being a
twiner, it has very fittle development of underground parts). Similar results
on yield reduction have been reported when cotton is infested with weeds
tke Portulaca sp. Trianthema monogyna, Amaranthus viridis and Euphorbia
prostrata. In another study Chenopodium spp. depressed the vield of
wheat by 16 percent and Carthamus oxycantha by 8-9 percent, at den-
sities of 23 and 7 plants per square foot, respectively. Some researchers
have reported yield depression ranging between 20-41 percent at Lyali-
pur (Faisatabad) and Kala Shah Kaku, respectively, in weed-infested rice
fields during 1971 and 1972. Wheat experiments conducted at Tando
Jam in 1968-70 have shown that {a) the number of weed species fall from
ten in the first year to two in the second year (with a higher intensity of
infestation with aggressive species), (b} the number ofwheat ears in weed-

- infested plots was quarter of that in wead-free plots; and (c) the average
reductionin yield was 1000 kg/ha. Studies carried out onbiology of wheat
crop weeds (Asphodeius tenuifolius, Carthamus oxycantha, Chenopodium

-athum, Chenopodium murale; Euphorbia helioscopia, Portuiaca Spp. and
Irianthema monogyna) have shown that most of them flowered after
about 8 weeks which concided with the critical period of weed-crop com-
petition, necessitating weed control within 2-3 wesks of their emergence.

:The seeds of Portulaca spp. did not germinate, while those of

- Chenopodium spp. gave low germination, probably due to innate dorman-

- €Y. Moreover, seeds of some weeds of wheat and cotton showedlight sen-
sitivity and other specific requirements for germination, suggesting the ne-
cessity of systematic studies on phvsiological behaviour of weeds and
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their response to physical and chemical treatments in order to develop
culiural-cum-herbicidal weed controi system.

Experimental studies carriad out by various scientists in Pakistan
have established that a full-season competition of weeds with-different
crops brings about a significant decrease in yield. For example, the full
season competition with Chenopedium album, C.murale (at thertate of 23
plants per square foot) has caused 16.03 per centand 28 parcent depres-
sion in yield of wheat grain and straw, respectively. Likewise, the grainand
straw vields of wheat were depressed by 9.53 percent and 8.48 percent;
respectively, by Carthamus. oxycantha.

Studies to determine critical period for controlimg weeds to: prevent
depression in wheat yield have shown that (8) the decrease in grain and
straw yield is 13.87 and 10.22 percent when weeds are allowed to com-
pete for full crop-season, (b) the corresponding decrease are 11.31.and
9.3 percent when crop is kept weed free for first two weeks, and {c) thereis

ne significant further decrease when weeds are ailowed 1o compete

bevond 10 weeks, it is, therefore, inferred that the critical period of wesd-
crop competition encompasses the first 8-10 weeks. The control of weeds
after this period does not help to increase the yield of grain and straw in
wheat. _ .

Similarly, in cotton, the full—season" competition of weeds with the
crop causes substantial decrease in yieid. However, the degrée of depres-
sion in yield depends upon the density of weeds. The critical period of
competition in cotton lies.in the first 8 to 10 weeks of growth. if weeds are
controlied during this period the detrimental influence on theyield will be
accordingly reduced. Early control of weeds is, therefore, essentrai and
more remunerative. :

In potatoes, weed competltton has been found to be greatest during
the first 6 to 8 weeks and their removal over this pericdincreasedthe num-

~ ber and weight of leaves by 36 percent and 66 percent, respectively; and
potato vield by 69 percent, while branching, piant height and number of tu-
‘hers per plant were not influenced.

i is interesting to note similar resuits achieved in Kenya for ’fhe maize
crop. The vield increase was 148 percent whenalocal variely was grown
under good husbandry conditions {early sowing with optimum-plant popu-
laticn and early weeding) as compared with bad husbandary (late so.win'g,
low plant 'populatien and no weeding). Good husbandry gave exira
income of 300:Kenyan shillings per acre; the comparative yieids being 8.8
and 21.8 bags/acre. Similarly, in Turkey early weedmg mcreased the yield
of rainfed wheat by 300 kg/ha.

Some interesting experimentis have been -re_ported from the Punjab,
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india on the effect or weeding time on the vieids of cotion and rice {Tabies
18.2 and 18.3) showing that delayed weeding, until the weeds have
already inflicied adverse effects on the growth and development of the
crops, is a wasteful operation and the damage done is irreversible, All
these examples highlight the beneficial effects of early weeding, which
increases the yield proportionate to the time of weeding.

Table 18.2: Effect of time of weed removal onthe ssed yield of cotton

Period of weediness fol- Yield Weed-free period fol-  Yield
percentage

lowed by weed free later percen- Jowed by weedy

tage period

later

Wead free throughout 10000  Weed free throughout

100.00

Waeks 0-2 (weediness) 83.00 Weeks C-2 (weed free) 57.8

i 0-4 819 " 0-4 * 61.5
" 0-6 " 666 7 0-6 0 T72.8
" 0-8 " 618 ” 0-8 g 90. 2
" 0-10 " 482 o G-10 ” 100. 4
No weeding 42.5
2 hoeings 75.6

Table 18.3: Effect of time of weed removal on the grain yield of rice

Treatmen 1 | Grain yield % increase % of yield of
weed-free crop

_ B (kg/ha) over control
Control {No weeding) 3198 - 51.6
Weed free throughout 6195 94 1000
Weed free from 2 weeks after 5471 73 88.3
transplanting
Weed free from 4 wesks after 5635 76 209
transplanting
Weed free from 6 weeks after 5468 69 883
transplanting ' _
Weaed free from 8 weeks after 4450 39 718
fransplanting
Weed free from 10 weeks 3235 1 52.2

after {ransplanting .
tSD . 1170
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Weeds as Aitemate Host Plants

Weed species may be hostsfor many organisms that attack ci‘ops, in-
cluding insects, nematodes, fungi, bacteria and viruses and actassources
of infection or reserviors, which tend to defeat the purpose of crop ro-
tation. In Pakistan and elsewhere many such instances have been repor-
ted (Table 18.4). The weeds, therefore, provide foci of infection for the
development and spread of various diseases and pests. This suggests that
in such cases the farmers should efiminate the sources of infection for
contraliing the _diseases. Thus weed control is not only essential for
increasing crop vield levels and income per unit area but also to contain
certain insect pests and diseases, which parasitize the weeds. '

Tabie 18.4: List of some weeds serving as alternate host plants L

Weed _ ~ Insect pests and diseases
Amaranthus viridis - Myrothecium roridum
Convolvulus arvensis Causing leaf spot of cotton

Portulaca oleracea

Hibiscus cannabinus Pink and spdtted boll worms of cotion
Athea rosa
Malva parviflora

Saccharum sp. Borers of rice, maize and sugarcane
Cynoden dactyion

Cruciferous weeds Organism causing club root of brassica
Agropyron repens Organism causing take-all diseases af
. wheat
Alopecurus mysuroides Claviceps purpurea causing ergot of
wheat

Stellaria media Nematede-borne diseases
Spergula drensis o '

Many weeds attacked by Transmit virus diseases
-aphids

Weed Control

The object orweed controlis to shift the balance of nature in favourof
cultivated crops, by suppressing the weed popuiations through mechani-



cal, chemical and biological means. Though much work has beendone on
the weed control systems for different crops in the USA, UK, Canada and
some other advanced countries, weed problems being very much of io-
calized nature, calls for a critical evatuation of exotic technology under the
local conditions. Moreover, weeds ecotypes occurring in different regions
of the world may differ in response to control methods. There is no single
herbicide which is good for controlling a weed under all possible crop,
climate and soil conditions. Each weed-crop environmental complex re-
quires a specific technology. Hence local evaluation of herbicides for the
control of various weeds, susceptibility and tolerance of the various cul-
tivars to different herbicides and working out of effective, judicious and
safe weed controt systems, are the immediate need of this country,
1. Herbicidal

Although weed controt technotogy is still in its infancy, the research
work on herbicides is in progress in various universities and research in-
stitutes of the country. On the basis of the resulis achieved, some infor-
mation about herbicidal weed control in wheal, rice and cotion crops is
summarized in Table 18,5.

Table 18.5: Herbicidal weed contral methos for wheat, rice and cot-

ton
Name of Herbicide Time of Weed specias % vield
Crop application controfied increase
Wheat D . _ N - '55-81*
icuran-MA! 4 weeks- Cynod@n dactyion,
: 2.5 kglha' after sowing  Cyperus rotundus,
_ Chenopodium albuin,
Banvel/5 tha  2-3 |eaf- Convolvulus arvensis,
Tribuna stage pre-  Meliiotus atba,
emergence = Carthamus oxyacaning,
24D/1-112 6-8 leat Asphodelus tenuifolius,
ibsfacre pre-emer- Vicia hirsuta and
Agroxene/1-1/  gence Phalaris minor
2 pint/ acre
Phordene Prasowing Broad-eaved weeds
Phordester o " ”
Phonxylene " g "
2,4-Diamineé 3-6 weeks. K !
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Rice**

Cotton

432

Feroxine

Bacterial-M/600
mi/acre '

To%an 5_0% WP
750 glacre

after sowing

U 46 Combi 151V -

acre

U466 KV 4ilacre

Tribunil 3 lbsfacrePre-emer-

Afton 05 to
1 llacre:

2,4-D/1Ib/acre

Surcopur 8V
acre

Goal 0.25i/acre
Treftan 0.5 acre

Stomp 2001
acre

'Pregard' o8if
acre

Bueno 0.5 /acre

Dowpon 2.bka/
acre

" »

S-leaf stage 25
to tillering
3-4 weeks Crassy weeds. 30-40
after sowing Phalaris minor and
Avena so.
" Most of the weeds 18
69-109
7" " Most of the weeds 19
Most of the weeds 21
gence
" ”  Most of the weeds 16
9-10 tiller Ne action on sub-vield equal
stage imergedweeds tohand
. weading
8-10 tiller 90% control 21-71
stage
Pra-emer- Most of the weeds 28-80‘
Pre-emer- Most ofthe waeds 26-62
gence :
Pre-emer-  Mostoftheweeds  11.55
gence
Pre-emer- Mosioftheweeds 6-20
gence
Posi-emer- Mostofthe weeds 4-72
gence :
Post-emer-  Mostofthe weeds 51
gence



Cotofor 1.5V Post-emer-  Mostofthe weeds - 48

acre : gence
5.1 Herbicides 1.UPost-emer- Most of the weeds 33
lfacre gence

*The higher figures are in case of greater degrees af weadinfestalion Al these figures have been ax-
tracted from vanous papers under raference

**The other herbicides being tested are Saturn {10 G), Macyete and Ronstar, the ldtter giving betier
rasulis. However, hand weeding gives maximum yield. )

The experimental results show marginal yield increases in mostofthe
treatments with low cost; benefit effectivity except where thereis a higher
degree of infestation, when the usefulness of herbicidal control is more
pronounced. _

Since the chemicals change frequentiy as aresult of new researches, -
the latest chemicals should be used in experimental {estingand field appili-
cation. Upto date list of such chemicals is given in Table 18.6 withtechnical
information in Table 18.7.

Tabie 18.6 List of new weedicides

APPROVED WEEDICIDES EXPERIMENTAL WEEDICIDES
Banvel Afalon

Butri-M Arelon

Disuran-MA 60 WP Avirosan

Gesapax Combi Cobex

Gramoxone DMA -6

Primetra 500 FW Dosanex
Propanil/Surcopur/ Dowpon

Rough/Stam F-34.

Saturan 10 G and 66 . Esteron-76

Stomp _G_esaprimNet:tra_lf_-Atrazine
TOK _ MO9S G.
Trefian-R ~_Primagram

*About 40-50 weedicides are in trade.

Table 187: Technical information on some important weedicides* -

Wesdicides ~ Crops Treated  Weeds Controlled
1 BARVEL ™ - T

Henzoci acid derivative (4 ECm 5% Wheat, barley, Annuai weeds
or 10% granules) Selective for pre or 0ats, maize and -
post emergence use. sorghurn.

433



BUCTRIL

(2 EC: may pe mmed with MCPA to
increase weed control spectrum),
Selective for post-emergence use.

TREFLAN.

(Dinitroanaline . compound) .11"2
fb/facre mixed in 5-40 gabons of
water. Selective for pre-emergence
use.

STOMP ' -
(4EC 79% WP) (Dinitroanaline com-
pound). 1-2 bfacre for maize and 1
1 1/2 - 185/acre for other crops.
Selective for pre-emergence use.

PROPONIL

(Anatide compound) 1-6 ibs/acre
mixed in 10-40 gaflons of water.
Selective for post emergence use.

PRIMEXTRA
(Formuiation of Dual and Atrazine in
aratio of2:1 and 1 ,5:1:), BEC, S500EC,

720EC. 1-41bs actual/ éc're_. Selective

. for pre-emergence use.

STAURN

{Carbamate compound) 4EC, 8EC,
B0EC, 5% and 10% granules. 3-8 1bs
actual/acre.

GRAMOXONE

{Aqueous solution 2 Ibs abtivez‘ gal- Maize.
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Annual
weeds

Wheat, barey,
oats and rye.

Sugarcane, wheat, Annual

ala alfa, aimonds, weeds, chick-
apricots, cabbage, weed, John-
carrots, cauli- son grassand

flowers, mungbeans others
‘potatoes, tomatoes,

- Gantaloupes and:

water melon
Cotton, maize, - Grassy weeds
sorghum, rice, - S
wheat, peas, pota- -
toes, tomatoes, can-
taloupes and water - -
-melon.
Rice and wheat Watergrass,
' pigeongrass,
- wild rice, nut-
sedge, crab-
" grass and
- 'goosegrass.
Corn. Redrice, nut-
grass-and
pigweed. -
Rice. - Wid rice,
se_dg’el*and '
other annuél
© . weeds.
Annual



len) 1/2 b actual/acre. Non selective

weeds and

for post-emergence use. grasses.
9. GESAPAX . :
{Trianine compound) 50 and 80% . Sugarcane and Nutgrass,
WP, 68 Ibs. actualfacre. Selective potatoes gooseqrass,
for pre and post-emergence use. carbgrass,
sow thistle &
many others.
0. DICURAN
(Urea compound) 80% WP, 500 g. Cereal grains Wild oat, rye-
flowable 1.5-3 kg. a. 1./kg. Selective grass, blue-
for pre and post-emergence use. grass and
many others.
11. TOK
{Diphenyl ether compound) 50% Sugarbeet, cauli- Bluegrass,
WP, 2EC, 2-6 Ibs/acre mixed in 40- flower, cabbage, carbgrass,
60 gallons of water. Selective for pre  carrots, ¢ereals nettle and
and post-emergence use. and rice. others.

Although herbicidal researches were initiated as early as in mid
1940s, field-scale application of chemicals for controi of weeds in Pakis-
tan is atmost negligible™. There are many reasons for this; the high cost of
the weedicides and complicated application of chemicals which are
poisanous, and can be dangerous for the sprayed and even the succeed-
ing crops due to residual effects. These can affect the health of the farmer
as well as poultry and livestock.

2. Cultural

A lot of work has been done on cultural methods of control whichin-
clude hand hoeing, hand pulling and inter row cultivation with some
promising results. Although these methods give good results, they have
certain drawbacks:

— Hand-hoeing is 20-30 percent inferior to weed free condition or

effective herbicides:;

*Asimilar situation existed in advanced countries upto 1950s after which the use of chemicals became
poputar due fo development of selective and more effective weedicides, changes in cultural
operatlions ihrough the introduction of tined implements for guicker and more shallow work, the prac-
tice of direct driliing without pricr to cuHivation, changes in méathods of production of vegaiables and
fruits and greater use of machinery 1o replace manual labour and draft animals.
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— Hand tools used are inefficient and need. improvement;

— Hand hoeing is time consuming and labour iniensive (needmg
200-400 man hours per hectare);

— inter row cultivation is possible only in the case of WIde%y spaced
crops like maize, sugarcane, cotton etc. and cannot be carried
out until the crops are 6-8 weeks old (which is top late to avoid
the bad effects of weeds). Sometimes weeds are temporarily
dislodged and are liable to re-establish themselves. it cannot
control the weeds growing within the crop row and there are also

crop damaging effectsat e%ther-end:of the rows where the animals
or tractors turmn.

Muilching has been practised in many countnes to control the weeds,

H may include in situ mulching, transporied mulching or mulching with
cover crops. In mulch tllage system, weeds or a cover crop grown for this
purpose are Killed by cutting or using herbicides and crop seeds are SOWnN
through the mulch, In the second méthod 6rganic mulching materials are
brought from other areas and spread in the field where crop is to be sown
or transparent polyathylene sheet is used for covering the fallow field to
kill weed seeds through heating {e.g9. seeds of Orobanche). Cover cropsor
living mulches’ are used 10 suppress weeds, prevent erosion and provige
additional nitrogen in case of lequme eovers (found useful in vegetable
crops).

The other methods tested in advanced coht'rie's including flooding
and submerging weeds with water for 3 Sweeks burning weeds and graz-
ing of weeds. These have given variable resuits dependmg upon timing
and nature of weeds and soil. For example, burmng has been found to be
harmful In peat lands due to destructlon of peat. Flammg weeds before

*-Agpar. 1 O anqp a 50-50 mixture ot two herhlc;ldes 2, 4-D and 2 A4, 5-T is said to contain a by-product
caled dinxin. a deadly poison causing sarious and possibly heritable disabilities ranglng from blindness
to sevare skin eruptions. The use of 2, 4, 5-T has been restricted or banned in several countries (USA,
Wast Germany, Itaty, Japan, Neatheriand and Newzealand). The fellowing hallad of Truong Son, (in
Ceniral Veitnam) iz still sung in the zad memory of victims of “Agent Orange”™
“Comea, liite friends, let us piay
* our slunted games.

Omne, two, three, four

Little dummiss at the door

2-4-5T wash the plants -

and make them dance

Five, six, seven, eight

Eating peanuts of a place

2-4-D add some drops into your tea ) :

Then you get more children like ma :

Paraguat (1,1 -dmethy1-4. 4‘-b|pyridm|um-;0n] iz another example of a deadliest herbrcmte. which

Isnear-miraculous boon for thefarmers butto the dottars who treat its human victims it canbea ht:m:n‘
when misused.
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they are about 5 cm. tall have given promising resuits and has been suc-
cessfully used in aifalfa and cottan sownin rows. Use of competitive crops
has proved valuable in weed controt or weed eradication. These cropsare
millet, sudan grass, sweet clover, sunflower, rape, bariey, sorghum, soy-
beans, aifalfa and cowpeas. The important feature of weed control in
seeded crops is a preventive one, which principally includes the use of
cleanast seed free from noxious weeds.

3. Varictal

Little attention has been paid to breeding crops resistant to or
tolerant of the damage done by weeds although considerable wark has
been done to breed crops resistant to parasitic weeds. This includes the
development of Striga resistant sorghum and Orobanche resistant sun-
flower, broad bean, tentil, musk melon, sweet potato, tomato, water melon
and cucumber. Work carried out at the Rice Research Instit ute, Kala Shah
Kaku has shown that rice cultivars with long and lax leaves are more weed
competitive than those with short and erect leaves. it has been reported
that there are five avenues which may affect changes in crop/weed
interaction. The cultivars may be (a) competitive with weeds, (b) resistant
to or tolerant of parasitic weeds, {(c) allelopathic to weeds, (d) resistant to
allelopathic weeds, and (e) resistant to widely used herbicides. Generally,
larger, quick growing and more spreading plants are good competiter of
weeds and competition can also be altered by agronomic practices such
as closer spacing or earlier sowings. Breeders should concentrate more

effort on the development of aggressive crops varieties as a means to con-
trol weeds.

4. Bioclogica!

In-advanced couniries emphasis has been placed on phytophagous
insects and plant pathogens, giving a notable success in control of Opuniia
spp. and Hypeticum perforatum with insects and Chondriffa juncea with a
rust fungus. The other successful examples are the contro! of Ageratina
riparia (Eupatorium riparium) with the fungus Cercosporella agerantinae in
Hawaii, and that of Rubus constrictus with the fungus Phragmidium
violaceum in Chile. Work is also in progress oncontrol of 13 other species
with reasonable prospects of success. Very little work has been done in
Pakistan except the one guoted in Chapter XXt on the control of locust
~ith Aspergillus spp.
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According to the survey carried out by the Food and Agriciltural Or-
ganization of the United Nations, weed management in devetobihg con-
tries in terms of research and training is weaker and &t lower academic
level than the allied fields of plant pathology and entormnology. About 80
countries have fittle or no improved weed management while 60 couintries
have only a broad beginning. Pakistan belengs to the latter group; Under
these circumstances it is essential to develop trained maripower in weed
management by including this subject both at graduate and postgraduate
lavels in the universities of agriculture. A central weed research unit should
be established on a sound scientific basis for the development of weed
managemén{' technology for integrated control of weeds. [t should include
mechanlcal (seed cleaning, hand weedmg, hoemg, stubbte burmng,
interrow cuitwation) cultural (tllage of fallow lands, pre-sowing watermg
foliowed by tillage, clean seed bed p_reparatton conservation tillage,
higher seed rates and closer spacing, suitable rotations)‘biolo:g'ica! (use of
phytophagous irisects and pathégens). varietal {(development of quick
growing and more tillering varieties for suppressing weed populations in
early stages) and chemical (judicious use of cheap, efficient and safe
weedtc:lcles non selective or selective as pre or post-emergence apph—
cations, especially in the case of cash crops} Work should also be carried
out on the development of more efficient weeding tools and eqmpment
for the application of herbicides. A number of packages of mtegrated con-
troi will haveto be developed for dn‘ferent ecoiogical zones suited to farm-
appllcation by involving both public and private sectors besldes
developing industry for the manufacture of weedicides to ensure availa-
bility of cheap and safe chemical products, weeding tools and spraying
equipment. Aggressive research programmes will be needed at the
national leve! to develop integrated control measures without which the
present unsatisfactory and damaging situation may continue unabated,

Summary

The chapter deals with the deleterious effects of weeds on crop
plants inreducing both the quantity and quality of the produce in Pakistan,
causing annual losses exceeding 3000 million rupees. These are
greater than those caused by rodents, birds, insect pests and diseases
collectively. A descrintion is given of work carried out onweeds, including
survey, weed-crop competition, and on weeds as alternate hostplarnis. An
account ig also given of progress in chemical weed control in Pakistan.
Although the total number of weeds recorded in the country is 119, about

438



35 are important and noxious. Yield depressionsin wheat, rice and cotton
have been found to be positively correfated with the degree of infestation
as well as with the period of weed competition with the crops; full-season
competitiin being the most harmful. The need for early control is, there-
fore, emphasized. Many weeds have been found to harbour some insects,
nematodes, fungi, bacteria and viruses, serving as sources or reservoirs of
infection. Weead control is, therefore, essential to also contain such insect
pests and diseases. The highlights of herbicidal weed control in wheat, rice
and cotton crops are tabulated and it is concluded that integrated control
of weeds is the best appreach under the prevailing circumstances. Other
methods of weea control, such as cultivation practices, special varieties
of crops and biological methods are aiso discussed.
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Chapter XX

Diseases Caused by Deficiency or
Imbalance of Nutrients

Each plant needs balanced guantities of essential nutrients from the
soil for its normal growth. Whenever, there is animbalance of the available
nutrients sither in the form of high or low concentrations, the plant meta-
bolism is upset, resulting in appearance of disesase-ike symptoms, which
reduce the yield and the quality of the produce. The high concentrations of
nutrients produce toxicities while low concentrations cause deficiencies.
Previously, the occurrence of this imbalanced situation was known by the
name of “Deficiency Diseases”, but now it is termed as "Nutrient Abnor-
malities in Plants”.

There are two groups of nutrients i.e., malor or macro nutrients and
mincr or micro-nutrients. The first group, needed in comparatively greater
guantities, includes nitrogen, phosphorus, potassium, calcium,
magnesium and suiphur white the second group comprises boron, copper,
iron, manganese, molybdenum and zinc. Since the latter category of nu-
frients are needed in small quantities, they are also known as “Trace
Elements™, As the actual nutritional status of different soils and plant re-
quirements vary, the nutritional abnormalities are site-apecific, requiring
their exact determinations from crop to crop and area to area.
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Diagnosis of Nutrient Abnormalities

Nutrient abnormalities are usually difficult to diagnese in thefield, par-
ticularly in early stages of plant growth. However, the overall plant
appearance and localized specific sympioms are an important aid in the
identification of nutrient abnormalities. On the other hand, the visible
symptoms constitute one of the several types of evidence of deficiency or
toxicity of a given element. In many cases similar or identica! symptoms
may result from deficiencies or toxicities of different elements. For
exampie, both nitrogen and sulphur deficiencies cause a general ch-
lorosis. Furthermere, symptoms of a deficiency or toxicity of a certain
elemert may greatly differ in various crops. In such instances the
knowiedge of symptoms in one piant species may be of very little use in
identifying the abnormalities in another. It has also been noticed that
sometimes the deficiencies or toxicities occurring in the field may be so
severe as to reduce yields and impair the quality of the crop white the
visible symptoms are still too slight to be readily spotted. Moreover, mul
tiple nutrient abnormalities may lead to further confusion. Finally, con-
ditions which are not due to nutrient abnormalities (such as viruses) might
be mistakenly considered to be so. Thus the symptoms alone are not
enough for diagnosing the specific nutrient abnormaiities, atthough they
do help to some extent.

Because of such compiexities, it becomes imperative to draw on the
knowledge of soil and plant tissue analysis for an early diagnosis and
prevention of nutrient abnormaiities. Caution, is however, required while
using a soil test because essential elements may be present, but these
may be in unavailable form for root absorption as it usually happens in
case of phosphorus,

For determining nutrient abnormatities, many techniquesare used in-
cluding nutrient texcity or deficiency symptoms, tissue analysis, chemical
s0il tests and biological tests. Nutrient deficiency symptoms, may incluge
complete failure of crop, plant stunting, specific leaf sympioms, clogging
of conducting tissues, abnormal maturity, poor guality and many more.
Plant aralysis gives an indication of the availability of a particular nutrient
and may bear a relationship to nutrient concentration in the soil. Similarly,
tissue tests have found an important place in rapid determination of nu-
trients in the piant sap. These chemical tests are usually based onvariation
in colours compared to the standards and can be carried out without ela-
borate apparatus. Chemical tests are also used for evaluation of soif fer-
tility. Agronomic comparisons, although expensive and time consuming,
are valuable tools in determining the nutrient status of soils. There are also
laboratory and green house tests, especially for micro-nutrients; e.g. sun-
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flower pot chture for boron deficiency: in such studies scientists aiso make
use of cleficienby symptoms in indicator plants, that are more sensitive to
tack of nutrients. For example, milk weed (Asclepias syrica) is usefu! for
diagnosing boron deficiency, Lamb’s quarters (Chencpodium album) for
diagnosing phosphorus and potassium deficiency, pigweed (Amaranthus
hybridus) for nitrogen deficiency, ground cherry {Physalis sp.) and white
oak (Quercus afba) for magnesium deficiency, and cauliflower for molyb-
denum deficiency.

Functions and Maleffects of Nuirients

As discussed earlier, there are six major and six minor nutrients;
essential for the heafthy growth of the plants and are needed in varying
quantities and proportions. Each nutrient is responsible for a particular
agpect of plant metabolism. Some specific characteristics of the macro
and micronutrients are given in Table 19.1. :

General Nutrient Status of Pakistan Soils

The Soil Survey Department of Pakistan with the help of FAO initiated
studies in 18681 on the soil resources of Pakistan and their development
possibilities. Thase studies have revealed clear and cocherent sedimen-
tation and land form patterns in alt the areas surveyed. Large areas of
naturat!y developed {zonal) soils have been identified, surveyed and repor-
ted. There are also extensive areas of natural saline-alkaii soils of differing
origin, each requiring différent measures for reclamation. There are eight
typas of landforms. Much of the country is arid or semi arid within the sub-
tropical continental zone and about two-third of the annual average pre-
cipitation is received during the summer months. Eleven crop ecclogical
zones have been recognized and delineated. The difficult soils encoun-
tered have also been appraised for their relative suitability for sustained
production of agricuitural crops or for grazing or forestry. The soils have
been grouped into eight land capability classes and seven sub-classes.

The results of studies on the nutrient status of Pakistan soils have
‘been reported in the FAO soil bulletin No. 48, 1982 entitled “M_icro~riu—
trients and the Nutrient Status of Soils - a Global Study”. This work was
carried out in Pakistan in coltaboration with Soil Fertiiity Department, Ayub
Agricultural Résearch Institute Faisalabad. '

The sumifary of the results (Fig. 19.1 and 19.2) based an 242 sampl-
ing sites of the agricultural areas, hightights the foliowing important points:
1. The distribution of various soils in Pakistan includes Yermosols
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Fig. 18.1: Types of land Forms in Pakistan.



LT
Al am.\..m ’ ey or |
ob ] . T e T
" . s wareg ¢
. - FE LTI | / R0 R el . .
0000008 TTEIE LApUNDH DUy = . n s E Wi R B g i@ |
. - i I . LTI
SINOZ "WODOI00F dOND o / s
’ Vi BN Tucmene i e seay e ™y omnsng g
sN \_ 0 -poa b e
o -po " g
NYLSIHYY xu I gL g
L
o T poquIAERg 2

™T LI PR
FIH

4 W F 5 2

449

Fig. 19.2: Crop-Ecologlcal Zones of Pakistan.




Fig. 19.3: Frequency distribution of some mrtrients (M, K; P, Ca, ¥gr) in origina.
wheat and maize samples and their espective soils (colums} of Pakistan.
Carves show the internatiomal frequency of the same characters. The
other values represented are Texture index, pH, organic contents gnd CEC.
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Fig. 19.4: Diseases caused by deficiency of macronutrient. (a
deficiency (c) Potassium deficiency (d) Calcium
(f) Sulphur deficiency.

)} Nitrogen deficiency, (b) Phosphorus
deficiency (g) Magnesium deficiency
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44 percent, Cambisols 36 percent, Fluvisols 9 perce
7 percent;iLuvisols 2. perce Xerosols 2 pe

f tho soils are of coarse 1 jium texture an
h low organic ratter @ tiol
e national average pi
o1 .

anganese (Mn) and Zinc (Zn)
eing prominently deficient in

iybdenum.
trierits, soil structure, texture and
5y an important role in the healih
¢thase are presence of hard pan
Bading and high alkalinity, which b

and a short life span.

Studies are underway leading to maping in detail the structure and
fertility status of Pakistan soils, which will help o impfove research on
problems connected with ptant nutrient abnormatities.’

Weather-Oriented Diseases

Before discussing the researches carried out on nuirient abnor-
malities in plants, it will be useful to highlight the effects of weathet
elements i.e.;temperature, moisture, oxygen, carbon dioxide and light on
the growth and preduction of piants as these abiotic or physiegenic fac-
tors aiso predispose plants to pathogenic or non-pathogenic maladies.
These effects are summarized in Table 19.2 which cover ihe functions,
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effects and rémedial measures of each factor with some examples.

Apart from the effects of weather elements given in the table,
many agricuttural practices, if improperly employed, also cause con-
siderable damage to plants resulting into financial losses. These include
over-fertilization, over-irrigation or injuries caused by faulty chemical and
herbicidal sprays. Spray injuries are of varied nature including chiorosis,
ieaf burping and growth deformaties. Over-fertilization can cause too
much vegetative growth, burning of plant tissues and increased suscepti-
bility to foliar diseases (like wheat rusts) while over-rrigation may result
into poor scil drainage, causing root damage on account of suffocation
besides dropping and withering of leaves, flowers and fruits as well as
attack of root rot fungi. All these conditions lead to low productivity and
need to be avoided and rectified. :

Main Nutritional Diseases

This discipline has received very fittle attention from scientists in
Pakistan. This is due, among other things, to the non-availability of special-
ly trained manpower and laboratory facilities and the lack of team work
Involving soil scientists, plant physioiogists, plant pathologists, virologists
and plant breeders. Often the nutritional diseases are confused with those
caused by pathogens or with those produced by unfavourable physical
properties of soil or weather elements.However, the salient features of the
work so far carried out on nutritional diseases are as follows:

1. Zinc Deficiency

Zinc deficiency with high pH soils, produces stunted growth of leaves
and internodes with reduction in flowering and fruiting. It has been studied
in rice, guava and citrus, praducing, the Toliowing fypical symptoms.

The rice plants show reduced thlering, slight stunting, chlorosis and
yellowing of lower leaves between the veins. The fips of the leaf blades
may also develop brown spots. The deficiency becomesmore severe with
application of high rates of N and P, lowering the yield considerably, Ex-
periments carried out on contro! measures have shown promising resulis.
These include either (a} dipping the seedlings in zinc oxide solution at the
time of transplantation, or (b) spraying the nursery beds or rice fields with
zinc sulphate or zinc chloride solutions. Treatment of the nursery plants is
comparatively cheaper and less time consuming,

In case of guava, zinc deficiency is characterized by chiorosis,
reduced size of leaves, defoliationand reduced flower and fruit production
accompanied by drying and cracking of the fruit. The plants remain stun-
ted, manifest dieback symptoms and vield poorly. The disease is more
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serious in sandy soils. it can be rectified with the foliar application of a
combination of zinc sulphate and hydrated lime (600 g 0f ZnSO4 and 450
g of lime mixed in 100 litres of water). The number of applications will de-
pend upon the age of the plants and degree of zinc deficiency; the
younger plants respond much faster. Amendment of zinc deficiency
produces marked effects on the general health of the plants, improving
their growth, photosynthesis and production of flowers and fruits.
Zinc deficiency is quite common in citrus plantations throughout the
country causing leaf mottling and development of chlorotic areas in
between the main lateral veins on each side of the mid rib. The plarits show
stunted growth with increased flower shedding and production of
elongated fruits of poor quality. The symptoms are more pronounced by
lack of nitrogen and the productive life of the plants is shortened. As in
other cases, the disease can be controlied quite effectively by spraying
plants, using 1 kg of zinc sulphate combined with 600 g of hydrated lime
-mixed in 100 litres of water. The diseased plantsrespondto the treatment
within 10-15 days after spraying. The leaves turn green and the general
growth is improved. Application of zinc sulphate may be repeated in
severe cases along with application of a substantial quantity of waii rotted
farm yard manure mixed with nitrogenous fertilizers.
2. Iron Deficiency

Iron deficiency usually occurs in soils with a high pH and a high con-
tent of magnesium, Mmanganese or copper. It produces characteristic
veinal chiorosis on leaves of new branches and reduction in fruit size and
quality. Iron and manganese deficienciesare sometimesfound to be asso-
ciated, making their distinction difficuit. iron deficiency has been studied in

' mango, ciirus and apples. The earliest visible sympioms are yellowing ot
newly emerged leaves, spreading o okder leaves, which turn yeliow and
tinally whitish in colour. The roots of severgly infected plants usually be-
come greyish black, rendering them poor yielders. The experiments
carried out on controt have shown that recovery canbeinduced by rectify-
ing the iron deficiency through the application of ferrous sulphate (F,8Q4,
at the rate of 100 kg/ha. If this treatment does not produce ihe
desired results, application ot manganese in the form of manganese su-

-Iphate should be made.

3. Manganese Deficiency

Aithough Pakistan soils are generally low in manganese, the deficien-
¢y has been studied only in the case of sugarcane where it is associated
with yellowing and chiorosis of leaves, shortening of internodes and stunt-
ing of plants. Two symptom patterns have been ohserved. In one case
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i_-nosaic like patterns appear on the leaveswhile inthe otherthe ieaves turmn
yeliow, the internodes are shortened and the planis are stunted (see chap-
terv).

4 Boron Deficiency

 Boron aeficiency has been studied in case of mango- onty. aithough
Pakistan scils are generally deficient inthis element {except in Multan and
Sind). it has been found to cause black tip in mango, leading tc the
appearance of small. circular pale areas on the fruit tips with the outer skin
becoming flat and hard, rendering the fleshv part firm.and tasteless. These
iesions can aiso encourage the development of saprophytic fungi and
bacteria, lowering the guality and value of the fruits. Application of Borax
at the rate of (500-600 g mixed in 100 litres of water).at the fruiting stage
can rectify the boron deficiency while the number of sprayings may reach
three ic four, depending upon the degree of symptoms and extent of
boron deficiency. No work has been reported on deficiencies of copper
.and molybdenum (Fig 194 & 19.5).

Although much work remains to be done on deficiency of micro nu-
trients in Pakistan to improve crop and fruit productivity, it is already
avident that these deficiencies can be rectified at a low cost, giving a high
returi, provided fuli information on nutritional status of Pakistan soils is
made available.

1t is Interesting to note that the importance of the micro-nutrients is
now being realized and some producisare available in the country to rec-
tify their deficiencies. For example, a commoercial product called OCTA
(which contains a balariced combination of seven nutrients - copper, iron,
zine, manganese, boron, sulphur 'ahd"molyhdénum} is being sold in a
package of 25 kg with instructions on methods of application.

Thetimeis now fully ripe to strengthen and streamline research onthe
salution of deficiency or nutritional imbalances of crops. With increased
use of nitrogen and Jow levels of phosphorus and potassium
the lacking effects of micro nutrients have become more
obvious and more damaging. This needs site and crop specific
experiments which can pay rich dividents as evident from the
-psuits of the addition of micro-nuirienis reported in other coun-
tries. Soil fertility will need systematic studies on sol nutrientsinciuding ro-
tations and use of legumes and Rhizobium cuftures, soil organic matter
{through green manuring and addition of farm yard manure), soil moisture
{through impraved cultural practices including use of tine ploughs, sweep
nloughs and compress seed drills, water harvesting and efficient use of
water), soil-conditions (water logging, salinity, alkalknity), weather elements
(agrometeorology) and on atmospheric poliution (chemicals, dust. smoke
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(b)
Fig. 19.5: Diseases caused by deficiency of Micronutrients: (a) Boron deficiency

(b) copper deficiency .(c)Manganese deficiency (d) Iron deficiency (e)Zinc
deficiency and (f) Molybdenum deficiency.
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and smog). Such investigations will be of immense value in saving the
crops from both pathogenic and non-pathogenic diseases. A well-
equipped and weil-staffed specialized research unit should be established
at national level which should develop cooperative research programmes
with the concerned disciplines in the provinces and the universities.

Summary

The chapter deals with the deficiencies and imbalances of major and
minor nutrients essential for plant growth and deficiency identification
technigues including appearance of localized specific symptoms, plant
analysis, chemical soil tests and biologicat tests. The functions and effects
of excess and deficiency of nutrients have also been tabulated covering
six macre and six micro-nutrients. The general nutritional status of Pakis-
tan soils has also been discussed. Besides nutrients, the effects of soil
structure, soit texture and abiotic or physicgenic factors embracing tem-
perature, moisture, sunlight, oxygen and poliution on plant growth have
been described in a tabular form besides the bad effects of faulty culural
operations such as over-fertilization, over-irrigation and chemical sprays

It also embodies a brief account of plant diseases caused by deficien-
cy of micro nutrients like zinc (on rice, guava and citrus), iron (on mango,
citrus and apples), manganese on sugarcane and boron on marngo. For
each abnormality, the symptoms and remedial measures have been des-
cribed. The necessity forresearchwork on deficiency and abiotic disaases
has been emphasized and the need, for the establishment of a specialized

research unit at national levei to carry out coordinated work, has heenem-
phasized, involving various discipiines.
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Chapter XX

Screening of Crop Varieties Against Major
Diseases

The development of disease resistant crop varietiesis an economical,
effective and lasting control measure, which can greatly help in increasing
and stabilizing agricultural productivity. The safient features of the work
done to develop resistant varieties of wheat, rice, Sugarcane, cotten,
sorghumand chickpea, are givenin this chapter. The investigations carried
out on other crops are scanty and spattered.

Wheat

Screening of wheat varieties against rusts and other diseases, con-
stituting one of the major items of wheat improvement, has been in pro-
gress in Pakistan since early 1860s. Work has been doneboth at provinciai
and national levels under the coordinated programme of the Cereal
Diseases Research [nstitute (CDRI of the PARC. The CDRI has been carry-
ing out screening of breeding materiais in the seedling stage under con-
trolled glass house conditions and in aduit plant stage in the field. It has
also been responsible for the identification of physiological races of these
diseases and for the maintenance and supply of live pathogen cultures for
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inoculation. The main resuits so far achieved are as follows:-
Distribution and Intensity of Rusts and Other Diseases

The distribution and intensity of rusts and other diseases are closely
linked with varietal & environmentat factors.Stem & leaf rusts occur ih-
roughout the country while stripe rustis usually confined to high elevation
areas with low temperatures. Stripe rust has also beenfound to developin
the plains, when the night temperatures drop to 9-1 1oC with 80-100% re-
fative humidity inspite of fairly high (upta 3C°C) day temperatures. How-
ever, with the large-scale introduction of high yieiding varieties from 1865
onwards,stem rust incidence has aimost disappeared{due 1o the buit in
resistance of the cuitivars)but leaf rust incidence has increased. Resistant
varieties against leaf rust & stripe rust are being developedFor the occui-
- rence of different rusts,three zones have been identified-High(northern
~areas of NWFP,Punjab & Baluchistan).medium{central plairs of Punjab) &

low (south Punjab, Sind and lower Baluchistan) according to climatic con-
ditions. Priot to the introduction of Mexican dwart varieties, two epidemics
of stem and leaf rusts combined, occurred in 1847-48 (20-30 percent)
and 1953-54 (14-20 percent) and one of stripe rust in 1858-69 (14 per-
cent). During post introduction period theré has been no epidemic of stem
rust while 4 epidemics of stripe and leaf rusts occurred. The epidemics of
stripe rust in 1972-73 (2-3 percent), leaf rust in 197578 {5-6 percent),s-
stripe and leaf rusts combined in 1877-78 (10 percent) and again of stripe
rust in 1979-80 (30 percent in uplands of Baluchistan only) have beenre-
ported. Whereas most of these epidemics did not cause much damage
due o a late and localized appearance of the fungus, the 1977-78
epidemic of stripe and leaf rusts combined (due to an early andiarge-scale
aevelopment) reduced the total production of wheat by 2.2 miilion tons.
Thus the present wheat improvement sirategy involvesthe introduction of
resistance against stripe and leaf rusts to meet the requirements of the
specified wheat - growing areas. Regarding other diseases, loose smutis
widely spread throughout the country (2-3 percent) with 2 higher
incidence in horthemn Punjab and NWFP, where the temperature and hu-
midity conditions during flowering period are more conducive 1o inf_ection._
Compiete bunt is restricted to upiands of Baluchistan and foot-hill areas
while flag smut has assumed greater importance in the fool-hill areas of
the Punjab and NWFP (upto 6 percent) with the introduction of wheat
varieties of Mexican origin. The partial bunt (Karnal bunt}, which was
previously restricted to the foot-hill areas, has now alse spreagd and
increased in inte'ns_ity'in the plains. However, it should be noted that none
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of these diseases has been reported to cause an epidem'i'c. They have a

localized and restricted distribution.

Races and Differentials Used

- The pathogens have a rumber of physiological races which are iden-
tified using international sets of differential varieties (Table 20.1). These
are used to allow world wide comparison of races. An attempt is being
made 10 construct a set of spring whear differentials from Pakistan to
make the work more relevant to local conditions.

Table 20.1: Internationat differentials

Disease Differantials

Stripe rust Chinese 166, Lee, Hemeskolben Vilmorin 23, Moro,
Strubes Dickkopf, Sown 92 X Omar, Clement, Hybrid 46,
Compair, Heines VIl and supplementary differentials - Giza

155, Doerfler 511-51-173C, Soltane and susceptible
check Taichung 29. _

Leaf rust Maiakoft, Carina, Brevit, Webster, Loros, Mediterrianean,
Hussar, Democrat and Near isogenic lines - Lri, Lr2a, Lr2c,
Lr2d, Lr3, Lr3a, Lr3ka, Lr4, Lr9, 1r10, Lr16, Lr17, Lr19,
Lr20, 1r21, and 1r24.

Stem rust Little club, Marquis, Reliance, Kota, Arnautka, Mmdum
Spelmar, Kubanka, Acme, Einkorn, Vernal, Khaph and
suppiemental dlfferenttat - Lee.

Flag smut | Baart, Federation, Oro-Federation, Ngochin, Triticum
' turgidum and Tsingham.

Loose smufl Webster, American banner, Purdus, Hussar, Early pre-
miurm, Fortuna, Trumble, Kenya gypsy, Leap and Nabob,

Complete Hybrid 128, Ridit, Oro Hohenheimer Hussar, Albrt Martm
bunt White Odessa, Uka, Marqms and Cannus
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Identification of Physiological Races

Out of 4744 rust samples analysed in Pakistan upto 1983, 14 races of
stripe rust, 8 of leaf rust and 11 of stem rust have been. identified. Amongst
the other diseases, 2 physiologic races of flag smut, 4 ofloosesmut and 3
of complete bunt have been discovered {Table 20. 2). Relative prevalence
of stem anid leaf rust races are given.in Tables 20.3 and 20.4.

- Table 20.2: List of races identified

Pathogen Races Total

Stripe rust . 2FO, 2E18, BE18, 38E16, 64EO 64&"16 14

(1969-79 period)  BOEO, 66E16, B7EC, 67E18, 70EO, ?0E16
6(38)E16 -

Leaf rust . 12.02027.77,144,148,158 and 184 8

(1962-77 period)  (virulences identified from PL1- PL19
' during 1978/81)

Stem rust - 9, 11, 15, 16B, 17, 21, 24, 34, 40, 41 i1
{1962-80 period) and 117.

Flag smut. jand4 - 2
(1072-77 period) ' '

Loose smut 1 and 2 .

Comptlete bunt 18,19 and L13. : 3

(1966-79 périod)

Note: 1. Underlined races were predominant.

2. Forstripe rustboth European and World sets of differentials, have been used, while for leat
and stam rusts stapdard differentials upto 1977 and later onnear ISGQEHIC lines have beanused
to identify virulence faciors.

Table 20.3 Relative pravalence of stem rust races during 1862-74 in

. Pakistan
‘_\’ear Totat Mo. Pe'rcentage of sam;ﬁ-lés showing different races
of )
zir:lgfez gr  {1* 15 158" 17 .21* 24* 34 40 42 N7
1962 52 v 0 8 o 18 sS4 0 4 15 0 o
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1963 81 0 1 iz 6 52 1 0 9 921 "0 0O
19684 216 0 7 10 0 &2 & 0 2 22 0 o
1965 252 o 3 23 0 66 c 0 3 0 0
1966 265 0 8 85 0 3 33 0 85 13 03 ©
1967 201 o -7 1 0 14 # 6 13 7 20 ©
1868 148 0 12 0 0 29 32 0 8 .85 11 0
1969 223 g 2 2 0 36.. 8 2 0 3- 18 08
1970 262 g 8 12 0 43 18 9 5 B 7 2
1971 320 0 11 15 0 33 2 o 7 3 5 6
1672 261 04 B 7 01 1 B 0 25 47 0. 4
1973 222 03 8 5 2 7 .21 0 28 2t 0 7
1974 9242 20 7 8 11 4 7 0 13 25 0 22

*First recrods of new rages 11(1963}, 42(1966), 24(1967), 117(1969), 8(1872) and
158(1972).

Table 20.4: Relative prevalence of ieaf rust races in Pakistan during 1962-72

Year Parcentags of samples showing different races

12 20" &7 77 84 144 158" 184*

1962 118 00 265 355 118 147 - 0.0
1963 221 4.0 20,7 39.0 - 1.4 - 9.0
1664 g5 35eg 153 339 - 0.0 - 30
1965 10.6 204 159 39.1 - 0.0 - 14.0
1966 253 9.4 35.4 162 - g0 - © 14,0
19687 25.6 42 347 286 - oo - 7.0
1968 180 110 350 290 - 0.0 - 7.0
1969 - - - - - - - -
1970 0.0 a0 64.0 B0 - 0.0 - 00
1971 - -~ - - - - -7 =
1972 24.8 3.3 2682 48" - 0.0 23.0 B.O

*First records of new races 20 and 184 {1863 and 158(1972)

Identification of Genotypes

Host-parasitic interaction investigations, carried out during 1981-83,
- using more than 200 isolates of Puccinia recondita obtained from the
commercial wheat cultivars grown under natural conditions, have shown
the continued effectiveness of Ly genes 19, 24, 25, 28 and 29 contained in
the near isogenic lines. Lr26 has been found to be the main gene controli-
ing aduit plant resistance in ‘Pak. 81’; Lr22 in Pavon; and Lr26/Lr22 in K-
342 {recently released as ‘Barani 83)’, On the other hand Lr12 and Lr13
{contained in Chenab 73, ‘Punjab 81’, ‘Bahawalpur 79’ and ‘Sonaiika)’ have
become ineffective. This suggests that wheat breeders should make use
of the combined genes controiling seedting resistance and adult plant
resistance in the development of broad-based resistant varieties.
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Deveiopment of Improved Varieties

In Pakistan by now about 12,000 wheat varigties/lines have beén
screenad in the seedling stage against rusts. In addition 17,000 varieties
have also been screened under fieid conditions against rusts, flag smut,
loose smut and complete bunt. Many found to be resistant have been
utilized by the wheat breeders to develop high-yielding varieties with
known disease reaction. Aflter an eiaboraie testing procedure some of.
them have been’ approved and released for aeneral use (Table 20.5).

Table 20.5; List of gcommercial wheat cultivars with potential diseasé reaction

Variety Yearof o C Smuts Bunts
release  Stripe Leaf Stem Flag Loose Mildew  Comp- Par-
: . L _ ieta  tal
. C-Bg1 . 1934 605 BOS 808 8 § MR 5 s
C-271 1957 50MR-M3 B80S 308 § 8 3 s S
C-273 . 1957 - 30MS S S8 S 8 8 s $
Mexi Pak 1966 808 - 80s TTMR-MS 5 S M5 R 5 -
Chengb-70 1870 B0S 805 TR 5 8 V3 S 3
Pak-70 1970 508 © a0s TrMR 5 5 . MS 8 3
Blue Silver 1971 30MS-S | 50MS-8  TriMR $ 5 MS S 5
SA-42 1971 10R 608 EMR-MS S5 8 MS-5 8 -8
Lyallpur-73 1973 30-M3-8  30MS3-8 OR $ 5 s 5 -8
Pari-73 1973 0MS-§  S0MSB-85 TrMR § 5 .5 s 5
Sandal 1673 20-M5-5 30MS-5 TrMR 5 5 Vs § s
5A-75 19758 20MS S0MS-§ TrMR 5 8 MS-S S 3
Muri-70 1978 20MS-8 - 20MR-MS TrMS 5 8 MS . & 8
Yecora 1975 20s 50MS-8 30S S S8 MS S5 I
Punjab-76 1876 90s |0s TMR - 5 & MS § -
LU-26 1977 . 60S 50MR-MS-S OR s 5 MS. 8
Az 1977 20M8 © 10MRBR-MS OR S § B T -
Pavon 1678 505 © TIMR OR 5§ § M8 S -
Sonalika 1978 30MS-5  60MR-MS OR 5 8 Vs 3 S
WL-711 1978 20MS8-S 905 208 5 5 Vs R S
HD-2000 1978 208 30MR-MS 305 S 8§ - V¥S 88
Jauhar 1980 50MS-5 30M5-5 OR 5 8§ MR S -
Zamindar 1980 20MR-MS 603 = OR S 8 R R -
Zarghoon 1980 208R BOMSS OR S5  W™MR 1 -
ZA-TT. - 1980  SOMS-S - 30MR-MS OR: 5 5 MR 8§ -
Khyber79 1980  10MS-S 30MR-MS-S OR S 8§ . Ms | -
Funjab-81 1881 508 5MR OR s S MS - -
Pak-81 1881  TrMR OR “OR -5 MR - -
Kohinaor-83 1983 TriiR-MS  20R OR R & R - -
Sarhad-82 . 1983 40MS- 10R OR R S R : -
Sind-81 1983 308 205 OR R R t . -
Faisal- 4983 40MR 20R-MR OR R R R - -
abad-83 _ '
Barani-83 1983 10MR-5MS 10MS OR S R R - .
A = Resistant; MR = Moderately resistant; Tr = Traces;| = Intenmediate; MS = Modaratsly suscep

tible; V8 = Very_ susceptible and - = Data not available.
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in the early period (1934-65) none ofthe varieties was resistant to any
of the rusts, but with the introduction of the high-yielding and fertilizer-res-
ponsive genetic stnois emphasis was laid on the devek HEGUNL L valielies
resistart to stem rust (1966-70) and later also on leaf and stnpe rusts
(1971-83}. This strategy has paid rich dividends in the development of new
cultivars, which show resistance or moderate resistance to all the three
rusts. This approach needs to be continued to safeguard against the
occurrence of new physiologicalraces. However, release of 30 varietiesin
18 years suggests the need for the development of more iasting varieties
containing broad-based resistance.

Regarding other diseases most of the varieties are sustceptible to
loose smut, flag smut, partial bunt and complete bunt excepting three
varieties { Mexi Pak , WI-711 and Zamindar }, which are resistant to com-
piete bunt. On the other hand some varieties have shown a range of resis-
tance to mitdew (C-591, Jauhar, Zamindar, Zarghoon, ZA-77 & Pak-
81). Although these diseases have not been reported to occur in
epidemic form, they cause total ioss of grains. Itis, therefore, imperative to
intensify researches on the development of resistant varieties including
spring wheat differentials for race identification. Til) then the use of seed
disinfectants should be made compulsory for controliing these diseases.

Artifi_ci'al lnoculatiqn Techniques

To ensure successful inocwlations attention must be paid to virulence
spectrum of the pathogen, the collection and viability of the pathogen, the
effective amouni of inoculum, the time and method of inocuiation, As most
of the pathogens constitute populations of many physiological races,
there is a danger of exposing the plant materils to a narrow range of
pathogen population instead of the broadest possibie spectrum of races.
For example, during leaf rust surveys it has been noticed that 85 percent
of collections from a single wheat variety contained only one race, 10 per-
cent contairied two races and 5 percerit contained threeraces. The inocu-
lum should, therefore, be collected from the largest possible number of
varieties including commercial cultivars grown in different areas, to forma
bulk population for incculation purposes. If necessary the population
should be broadened by multiplying the low-frequency races in the glass
house. The viability of the pathogens should be tested before carrying out
incculations using standard methods. The other important factors are
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amount of inoculum and time of inoculation. in generai, according to rule
of thumb “excess of inoculum helps to guarantee success” butitmay not
be applicable due to shortage of inoculum. However, if properly used,
even small quantities of inoculum can go a long way, for example, 5 ¢’ of
rust spores (diluted in talc, oil or water) are enough to inoculate one hec-
tare of wheat crop. Similarly, inoculations made early in the season under
favourable environmental conditions are more effective in multiplying the
inoculum and spreading the diseases through secondary infections. in
unfavourable conditions répeated inoculations may be needed.

Different standard methods, for carrying out successful artificial ino-
culations with various pathogens are dsscribed beiow.

Collection of inoculum

The most effective methods include{a) useof driedieaves (G-8 leaves
placed and dried at.room temperature in a glassine paper enveiope), (D)
tapping of heavily rusted leaves for collection of urediosporés (to be-
stored. or maintained and mutltiplied n glass-house-raised plants) or (C)
collection of urediospores through special cyclone coliectors.

Siorage

Freshly collected urediospores haye high percentage of germination,
which decreases with storage period due to the effect of temperature,
moisture, light and atmospheric oxygen. Experiments carried out have.
shown that the viability of spores can be well maintained between 3-12
months by lowering the moisture contentio 10 percentand keeping them
in a sealed vial or bottle at 2-4°C. The moisture contents may be lowered
by either air-drying the spores under shade for 24-36 hours or by placing
them in & desiccator coﬁ_taining calcium chloride. The longevity period of
spores can be doubledthrough partial.or high vacuum storage. The spores
will need rehydration before inoculaiion by leaving themin moistchamber
for 12-24 hours (Table 20.8}.

Table 20.6: Vtabmty of rust spores under different condlt;ons

Type of  Storage Percentage Germlnation
storage duration _ _
(weeks) Before storage Dehydrated After 24 hours

. _ _rehydration
Air-dried 42 72 4 21

Vacuum 82 72 : 4 60
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Stripe rust spores can remain viable for 433 days at 0°C compared
with 179 and 50 days at 5° and 15°C, respectively. Similarly, stem rust
spores can survive better at 5, 10 or 15°C with relative humidity ranging
between 31-61 percent. Both thelowerand higher humsdltaes conmderab-
ly reduce the tongevity of the spores. ' R

Muitiplication of inoculum

To improve boththe volume and composition of inoculum, the spores can
be multiplied by inoculating pot-grown wheat seedlingsin a glasshouseat
the first leaf stage or seedlings grown in rectangular pans (for facilitating
comparatively targer multiplications). The muttiplication.can be increased
by 3-5 times, if plants are treated with maleic hydrazide (which suppresses
the development of secondary and tertiary leaves and darkens the leaf
pigmentation). The spores can also be multiptied by using detached leaf
¢ulture method, which involves removing the inoculatedleaves in flecking
stage and placing them in a solution containing 100 percent sucrose,
kinetin 40 ppm and benzimidazole 50 ppm, giving several sporefiushes. A
rapid and efficient method comprises boot leaf stage inoculation of adult
plants of susceptibie varieties grown in a glass or plastic house.

Inoculation

Laboratory inoculations are made on 5-10 cm potted wheat plants.
The leaves are surface-wetted by gently rubbing with molstenedfingers or
by spraying them with a wetting agent like Tween 20. The spores are
placed on the surface of the leaves with the help of a spatula, needle ora
tooth pick (by picking the spores on dry cotton and adding a small dropof
water or light mineral oil). it can also be done by clean and gentie finger
rubbing, by usingfine-hair brush or by holding a rusted plant andshaking it
on a group of plants. The other possibie methodsare using of anatomiser,
cyclone duster or M.B.Moore’s multiple inoculator, depending upon the
tacilities and the quantity of spores available. In all the cases the plants,
after inoculation, are kept in moist chambers for 24-48 hours to initiate

Jinfection. . _

Forfield inpculations, the simplest and most effective methed is dust-
ing of spores mixed in talc in the iate evening prior to dew formation. The
other methods used are (a) injection of spore suspension with hypodermic
syringe into the leaf sheaths (which is very effective even under adverse
environmenta: conditions but time consuming and is therefore confined to
border -row inoculations), (b) spraying ofspore suspensions in non-phyto-
toxic oils {6 ¢ galion of Mobilsol 100/acre) using knapsack sprayer with a
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low volume nozzle (Teejet No.730039), (¢) planting barder rows with a
mixture of susceptible varieties, and {d) by transplanting the mfected
plants in between the rows and irrigating the field. '

Powdery M:ldews

in case of powdery mildews of wheat and barley the infected leaves
showing black fruiting bodies are collected, shade-dried, stored at 2-4°C
and used for inccutation of nurseries in the following season: if it fails to
produce inféction, the inoculum can be multipiied on detached lsaves in
the laboratary for increasing and bulking -of the inoculum as well as for
race identification. Inoculations are carried out with spore suspension or
by carefully spreading the diseased debris on the plants in the field.

‘Bunts, Covered Smuts and Flag Smut

The disease material is collected from different localities, stored inthe
laboratory and used next year by dusting the seeds with the mixed popu-
fations of spores (0.5t0 1 percent of the seed weight) of a specific patho-
gen before sowing. In case of flag smut the “sick plot” technique i also
used to obtain reliabie results. For partial bunt, Moore’s vacuum method
and/or boot leaf hypodermic syringe inoculation with spore suspension
are used_. _

Loose Smut

In case of loose smuts of wheat and barley the: mfected heads are
gathered, tapped for spore collection and preferably stored at low tem-
peratures and huridity or by using vacuum storage method to keep their
viability. ihoculations are done by Moore's partial vacuum method, or by
injecting spore suspension (one smutted earin 100 mi of water mixed with
1 ¢ of dextrose) into the two main florets with hypodérmic syringe, taking
care not to injure the ovary, or by puffing dry spores on to the stignias of
the developing ovaries using a rubber bulb atiached to-a hypodermic
syringe. For the detection of embriyo infection, the Scottish method has
been found to be more effective, easier and quicker than the Swedish
method.

Foliar Diseases

Foliar diseases such as leaf blotches, stripes and blights, caused by
Helminthosporium, Rhynchosporium, - Alternaria and by bacteria. are
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treated in the same way as powdery mildews for collection and
preservation of pathogens as well as for inoculations. In some cases the
inoculum can be multiplied in culture and Hefmmthosponum can be grown
on surface-sterilized wheat seeds.

Foot and Root Rots

The infected materiatis collected, preserved and propagated on artifi-
cial media and used for inoculating boththe seeds and the plots. Thelatter
are preferably developed into heavily contaminated plots over 2-3 years
and used for varietal screening purposes. :

Although the above mentioned methods are being used successfully
in varietal screening, there is a need not only to further refine these
methods but also to develop suitable methodologies for quickerand more
efficient screening of large breeding stocks againsi major crop diseases to
facilitate and accelerate the development of resistant varieties.

Rice

in spite of the minor presence of diseases like blast, Helminthos-
parium leaf spot, stem rot and kernel smut, no epiphytotic cuthreak of any
disease has beenreported prior to 1963. However, in 1964 an outbreak of
blast disease (pyricularia oryzae Cav.} was noticed. following the large-
scale cultivation o1 a newly released susceptible variety (C-622). Later stu-
dies have resulted in the development of a resistant variety {Pak+178) as
well as identification of sources of resistance in the following matetial-Gi-
za, Narian 20, Tainaus, Taichung, 747220, \R424-3-43-PK!1-2, 5603, 6071
6005, 2750, 6153 and 6119 (which are now being used by the breeders).
With regard to Helminthosporium oryzae leaf spot, this occurs in traces
with increase in ptant susceptibility near flowering. Five pathogenic races
have been identified in Pakistian, race 5 being most virulent. _Ofthe present
cuitivars Basmati-370, Paimen-246 and Sathra-278 are resistant to races
1,2 and 3; 2 and 4; and 4, respectively. Kernel smut is commonly found in’
Punjab and Sind. All the coarse varieties have been found to be suscep-
tible { Jhona-349, Sathra-278, Kangni, Sada Gulab including Basmati-
370). While under arifficial inoculation conditions varieties like 622-B,
66107-B, imperial Biue Rose, 197-B, Jaijai, 198-B and Bengalo have
shown resistance {o the disease. Regarding stem rot of rice, caused by
Tifletia barclayana (Bref), Sacc; and Syd, which ranges inincidence from 1=
25 percent, none of the 400 varieties/lines, tested so far, has been found
to be resistant. :
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Sugarcane

The important reported diseases are smut, red rot and mosaic, need-
ing resistant varieties for practical control. Nome of the C_ommercia!
varieties is resistant to smut (Ustilago scitaminea Syd.), whichis pfevalent
throughout Pakistan; some varieties are moderately susceptible ( CO1.29,
[-1168, COL-B4 and L-118), while the following varieties/lines have
shown seme regisiance: 1-290-57, Co.356, 1-242-b6, 1-39-55,
Co.549, Co 981, CP-809 , Zmex-54-86, Co.565, Cob626, Ca.370, -
181-54, COL-81, CB-36-147, 1-12-861, 1-66-61, POJ-2878. and
“4305-56." Red rot, caused by Physalospora tucumanensis Speg. conidial
stage Colietotrichum faicatum Went, commonly occurs in Pekistan.
Although varying degrees of disease reaction are seen, none of the com-
mercial varieties is resistant, whereas three varieties (Co-547 , Co-564
and L-118) have shown moderate resistance. Among 950 varieties/lines
so far tested, 12 have been found ic be resistant ( 1-29-53, 1-242-56,
Co-549, CP-50, Co-585, Co-826, Co-370, 1-181-54, COL-B1, 1-12-
81, Co-338 and 1-395-56 ) providing useful material for the breeders. in
addition, some induced mutant materials from BL-4 and L-118 have
been developed. . :

" Very litile work has been done on mosaic resistant varieties except
development of virus-free clones of BL+4, whichare being multiplied and
large scale tested

Cotton

' 'Sffit:e 1967, bacteria! blight (Xanthomonas malvacearum) has been
reported to be present throughout Pakistan. None of the Hirsutum types
grown in the country is resistant, whereas all the commerdgial Arboreum
types (D-9, D108, D-105 and 231 R)are highly resistant. Asa result of
large-scale vartetal screening against 18 races, some exotic upland lines
ofcotton have shown immunity controlied by different genas;afew havmg
poiygenlc resistance (Table 20.7). These sources are being used in the
development. of resistant varieties, which are listed in Table 204, As
regards, root rot, the fungat pathogenicity of which has not been confir-
med, none of the tested varieties has shown any resistance.

Table 20.7: Reaction of ten lines of upland cotion to 18 races
of Xanthomonas malvacearum

Line Reaction

1. "Acala 44 - Susceptible 1o all, the races
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8,

Stoneville 2B-8¢
(Polygenes)

Stoneville 20
(B7 +Polygenes)

Mebane B-1(B2+
Polygenes)

1-10B(Bin + Poly
genes)

20-3(Bn + Poly-
genes)

101-102(B2B3 +
unknown)

Grag(unknown)

Empire B4

10. DPXP4

Resistant to race Nos. 9 and 13 but susceptibie
to others

Resistant to race Nes. 1,3,4,5,6,7,11 and 13
but susceptible to others

Resistant to race Nos. 1,2,3,4,5,9,11,12,13,14,
15, and 17 but susceptible to others

Resistant to race Nos. 1,2,4,8,11,12,13,16 and
17 but susceptible to others

Resistant to race Nos, 1,2,3,6,8,11,12,13 and
15 but susceptible to others

Resistant to all the races

Resistant to race Nos. 1 and 2, susceptible
to 11,12, and 18 but reaction unknown for
others races

Resistant {o all races except race No.18

Resistant to all races except race No.18

Table 20.8: List of blight resistant lines developed at Cotton Research
Institute, Multan and other Research Stations under Coopera-
tive Programmes

Crigin Family Special Characters

Tx.ORBO-76C X B557 196-4/82  immune to bacterial blight, okra
leaf frego bract with other desir-
able characters

B557 X NL-11-62-1 198-4/82  Immune to bacterial blight, okra

X Tx. ORBO-76C

Tx.GN-76C X NL-11-
62-1 X H1/20-CB12

leaf, frego bract with other desir-
able characters

immune o bacterial blight, necta-
riless and high-yielding
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TWEBN-76C X FC-4245  199-4/82  Immune to bacterial blight necta-
X 407-26 riless with other good characters

BS X TxORH-A=76C  210-4/82  Immune to bacterial biight, and
X NL-11-62-1 X high potential for yield
Hi1/30(B-12) .

- Tx. Bonham X B8t  Bh-1to ' Homozygous resistant to bacterial
Bh-5 blight, short stature and early
Tx. Bonham XBSlI  1714t0 Homozygous resistant to bacterial
1716-5/82 blight hairy with other good
characters
Chickpea

The two common diseases are blight {Ascochyta rabel) and wilt (Fu-
sariunT spp.). Work on screening and development of resistant varieties
has been in progress for the last four decades. The earliest discovered
blight registant exotic varieties were F8, FO and F10, followed by locally
bred tolerant varieties ( C12/34 and C 62-18), which ultimately fel prey
to the disease. After screening of thousand of exotic varieties none has
shown complete resistance although there are some varieties/lines which
are tolerant (LC's 72, 182, 191, 200, 202; ICCs 7513, 7514 and local
varieties such as Aug. 426, Aug480,918, 1115, C44, C228, CMe68,
and CM72-mutants). it appears that the genetic variabllity, which can
confer reasonable degree of resistancein chickpea cultivars, is very much

limited. Similar situation probably exists for wiltresistance for which some
of the reported tolerant varieties are G543, G549, C727, CM68B and
CM72. Uniess sources of resistance are found or developed through mu-
tation, the achievement of real progress appears to be remote. This type
ofworkis in progress at NIAB, Faisalabad resultingin development of ‘CM-
72, which has given promising resulis.

Sorghum

Breeding for resistance to major diseases has not received an ade-
guate attention in Pakistan except screening of certain genetic stocks or
cultivars, indicating reasonahle degree of resistance in some of them.
However, these studies are in progress in the Indian sorghum
improvement programme and at ICRISAT, which has aglobal mandate to
help other countries. The main results so far achieved are given below.
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Development of cultivars with duration maiching with the rainy
season has heiped to overcome the problem of grain molds:
These varieties are CSV-4 (CS-3541), CSV-5 (248/168),
SPV-35, SPV-81, SPV-102, SPV-1286, SPV-141 and SPV-
249, Three characters - tan plant type, low water absorption and
higher breaking strength of grain have been used as seiection
criteria,

High jevels of resistance have been built up in some hybrids
(C8H-5, CSH-6, SPH-24 and SPH-107) through the use of
selected parents.

After identification of resistant parents to leaf diseases some
hybrids (CSH-5, CSH-B and SPH-61) and varieties ( SPVs-105,
106, 192, 220, 224, 232 and 257) have been developed.
Genetic stocks and breeding materials exhibiting resistance
to more than one disease are now available (Table 20.9) for
use in breeding programmes.

Table 20.9: Multiple disease - resistant sorghums*

Cuitivar DM CR Rust ZIS Cer An SS Helm Asco SD
SPYA-104 (8) x X X X X X
SPV-126 (6) x X X X X
SPv-18  (B) x X X X X X X
C8H-h (8 x X % X X X
CBV-4 (5) x X X X X
C3v-5 (5) x X X X
SPV-193 (5 x X X X X
CSH-6 (5 x P X X X
SPH-61 (B) X X X X X
SPH-80 (5) x X X X X

4y x X X X

SPV-70

“Number in parenthases indicales number of diseases to which this cultivar shows rasistance; DM -
Dawny mildew; CR - Charcoal rot; ZLS - Zonate leaf spot; CER - Cercospora; AN - Anthrachose; S5 -

_ Sooty stripe; HELM - Helminthosporium; ASCO - Ascochyta (Roughleaf spot); SD - Sugary disease.and
¥ ingicates resistance.

This thus shows that high leve!s of resistance are available for most of
the sorghum diseases with information on nature of resistance. However,
continued efforts will be needed to keep the resistant and high-vieiding
cultivars ready in the pipe line as seon as needed.
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Methods of Scoring Various Diseases

in most cases standardized disease assessment methods have been
used for obtaining more uniform and meaningful results. Some of the
important methods are described below:

Rusts

Two types of observation are recorded on “severity” and “response”
i.e., the parcentage of rustinfection ontheplants and type of infection, res-
pectively. In case of “severity” the percentage of infection are recorded
according to the modified Cobb scale* based on visual observaiions.
Since cbservations cannot be absolutely precise, short or intervals are
used. (Fig. 20.1). The “response” of a variety, which refers io type of infec-
tion {or type of pustules), is recorded accarding to following observations:

Type Description

0; O = jmmune Na vigible in_fecﬁon of plant.

1 R = Resistant Necrotic areas with or without
minute uredia present.

2 MR = Moderately resistant Small uredia present surrounded by

necrotic areas.

3 MS = Moderately susceptiblfe  Medium - sized uredia withno necro-
sis but possibly with some distinct
chlorosis.

4 8 = Susceptible Large-sized uredia with no necrosis
and little or no chlorosis present.

However, for ease of reading, the data, particularly on seedling reac
fion are converted for classification and grouping as foliows:

R = Resistant Type 0, 0; and 1

M == Moderate Moderate Resistant or Moderate

S = Susceptible : Susceptible = Types 2 and 3
Type 4

To compare a large number of test entries grown at a single or
muiti-locations the Coefficient of Infection (C.1) is calculated for sach entry
according to the following formula:

C.l. = Severity X Reaction factor (based on the following reaction

values)
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Reaction Factor

No disease 0.0 Exampie:

R 0.2 Severity = 40%

MR 04 Redction = MR = Factor 04
MR - MS 0.6 C.1 = Severity x Reaction =
MS 08 40x0.4 = 18.

S 1.0

.

*Modified Cobb Scale: .
1% =0.37% of aciual leaf area covared

% = 1,888, ~da-
10% =370 -do-
255 =9 250 -0o-
40% = 1480 -go-
6007 =22 200b do-

. 80% == 29.60% -do-

100 =37,00% -do-
Smuis and Bunts

Percentage infaction determinations in smuts and bunts studies are
usually based on the number of diseased heads in refation to the total
number of heads in the test population. While for studies on inheritance of
resistance factors, the percentages are based on number of diseased

plants. According to Rodenhiser and Holton (1945) the fallowing systems
are usad.

Reaction™ Pereentage Infection range
System 1. R(Aesistant) &-10
] S(Susceptible} 11-100
Systen 2. R{Resistant) 010
I(intermediate) 1140
S{Susceptible) 41100

*These systems are also applicabie to grain smut of sorghum,

in case of partial bunt of wheat, kernel smut of rice and iong smut of

sorghum, the following scale of Moseman is used;

Reaction Percentage Infection range
R{Resistant) 0.0-02

Kintermediate) 0315

S{Susceptibie) 1.6 or more

As in case of flag smut of wheat the percentage of infected tillers is
directly correlated with the degree of susceptibility, the incidence of the
disease is recorded on the basis of infected tilers, using the following
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The rust severity scale

For :
coy Siripe rust
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Fig. 20.1: The rust severty scale for, () Stripe rust, (b} Leaf rust and (c}.Stem rast.



scale {Yuet al. 1945). The same scale can also be usedfor scormg foot rog

diseases.
Reaction ' Percentage Infection range
R{Resistant) 0-5
I(intermediate) 520
S(Suscentible) 21100
Septoria.

The following scales are used for disease scoring in case of Septoria

nodorum in field conditions:

On Heads: Percentage infection
0 Immune 0
1 Resistant 20
2 Moderately Resistant 20
3 Moderately Susceptible 60
4 Susceptibie 80
5 Very Susceptible 100
On Stems:
¢ immune
1 Resistant. Necrotic points. (R)
2 Moderately resistant. Spots on nodal surfaces. (MR)
3 Moderately susceptible. Spots on the nodes, early shrivelling.
(MS}
4 Susceptible, Spots on the nodes abundant girdlmg ofthe nodes,
lodging begins. (S) B
5 Very susceptible. Spctssurroundmg the nodes, compiete girdling,

frequent lodging. (VS)

Shipton et al. (1871} has suggested the followmg scale for scoring of
septoria disease.

0

Immune - no pycnidial formation, no symptoms or occasional
hypersensitive flecking. :

Highly resistant - no or only occasional isolated pycmd umformed
particularly in older leaf tissue, hypersensutwe fleckmg in younger
leaf tissue.

2 Resistani - very light pyenidial formation some coalescent oflesio
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mainly towards the leaf tip and in older leaf tissue. . : -

3 Inlermediate - light pycnidia! formation coalescent of iesmns nor— :
mally evideni towards the leaf tip and elsewhere on the leaf blade.

4 Susceptible - moderate pycnidial formation lesions much coales-
ced. : _

5 Very susceptible - large abundant pycnidia, lesions extensively
coalesced. :

.s,'“ 1

LI P

The scales used for sepiorialeaf blotch of careals and septoria g‘lur"n'e
biotch of wheat are shown in Figs. 20.2 and 20.3.

Fig. 20.2- SEPTORIA LEAF BLOTOM OF CEREALS Gaaf tymptams)
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Foliar Diseases

Scorings foliar diseases of many crops such as wheat, barley, oats,
rice, maize, sorghum ete. are cartied out by using many systems and
scales, with a view to screening to resistant genotypes. Table 2010 and
Fig. 20.4, which are used for foliar diseases of wheat will give anidea about

the scoring of such diseases of other crops.

Tabte 20.10: Foliar disease scoring scale (0-9) for wheat:

0

CE

i

Free from infection.
Free from infection, but probably represents an_escabe.
Resistant: Few isolated lesions on lowest most leaves only.

Resistant; Scattered lesions on the second set of leaves with first
leaves infected at ligt intensity. '

Resistant. Light infection of fower third of plant, lowest most
leaves infect at moderaie to severe levels,

Moderately Resistant: Moderate infection of lower leaves with
scattered o fight infection extending to the leaf immediately
below the mid-point of the plant.

Moderately Susceptibie; Severe infection of lower leaves. Mode-
rate to light infections extending to the mid-point of the plant
with upper ieaves free. Infections do not extend beyond mid-
paint of plant, '

Moderately Susceptible: Severe infection of lower third of plant,
moderate degree on middle leaves and scatiered lesions beyond
the mid-point of the plant.

Susceptibie: Lesions severe on lower and middle leaves with
infections extending to the leaf below the flag leaf, or with trace
infections on the flag leaf.

Susceptible: lesions severe onlower and middle leaves. Moderate
to severe infection of upper third of plant. Flag feaf infected in
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amounits more than a trace.

9 = . Highly Susceptible: Severe infection on all leaves and the-spike

infected to some degree. Spike infections are scored as amodified

~ . scale of the percentage of the total area covered. The percen-

- tage figure. follows the numerical leaf infection score and it is
separated by a /.

N = Used to indicate no scoring possible due to necrosis as a result
of other diseases or factors.

Fig. 204: Scale for appraising {oﬁér ]r_!tehs'rly of wheat .diseases._
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To have more effective and uniform scoring to be understood
internationally, a good deal of research work is in progressin various coun-
tries of the world, proposing new or modified scates from time to time. Re-
cently W. Clive James has prepared a manual ondisease assessmentkeys
covering cereal crops, forage crops and some field crops {potatoes and
beans) for obtaining more uniform and meaningful results. All the keysin
the manuaj are based on a percentage scale, which represents the actual

~area covered by the pustules or lesions. Fot example, in key for leaf rust of
careals, one percent represents the actual area of thelamina covered by
pustules expressed as a percentage of the illustrated leaf. It has aiso been
proposed that if chiorotic or dead tissue is associated with the pustule or
lesion, an additional assessment should be made and added to the pustule
or lesions assessment ta provide an estimate of the visible area affected;
thus if pustule area is 1 percent and chlorosis 4 percent, the disease per-
centage recorded should be 5 percent. Many other suggestions have
been made on recording and interpretation of data. However, the ex-
perimental use of these keys by the pathologists in various areas will help
in deterrnining their merits and faults for further improvements.

Infact, there is a grea need for deveioping simple, quick and practical
methedologies on varietal screening and ratings of important crop
diseases for atloption on uniform and global basis to facilitate breeding
programmes. By now i is well known that the evolution of resistant
varieties should better be broad - based containing pelygenic vertical
resistance, horizontal resistance (which is usually effective against many
races of pathogen and is less subject to break down) and tolerance (a
compromise between the host and the parasite), realising that the resis-
tance is not rigid, definite and quantitative parameter, but is Hexible in the

sense that no plant species is immune or 100 percent resistant to a
disease.

Summary

. The chapier embodies the salient features of the investigations
carried out on the screening of crop varieties against major diseases lead-
ing to the development of the resistant varieties for controliing epidemics
and stabilizing the high levels of production. The studies have been con-
centrated on rusts and some other diseases of wheat embracing survey,
identification of physiologic races and genotypes forusein breeding pro-
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grammaes resulting in the development of resistant varieties. Methods are
described for the artificial inoculation of rusts and other pathogens such:
as powdery mildews, bunts and covered smuts, loose smuts, foliar and
foot rot diseases, Methods have also been presented for evalsating
varieties. The outstanding achievement has been the development of
wheat varieties resistant to rusts, which has heiped to increase the total
production more than three fold with the increased use of inorganic fertili-
Zers.

The studies carried out on rice diseases (blast, leaf spot, stem rot and
kerriet smut) "have_helped_in' the identification of physiologic races and
resistant genotypes with beneficial effects on the breeding programmes.
[nthe case of sugarcane, work has béen doneon smut, red rotand mosaic
diseases with some useful findings. As regards cotton, investigations have
been made on bacterial blight resulting in the identification of someresis-
tant genetic stocks which have been used in hybridization, but no success
has been dchieved in finding out varieties resistant o root rot. The studles
cn chickpea have been confined to blight and wilt diseases with partial
success, showing that the genetic variability, which confer some degree of
resistance to chickpea cu Rivars. is very much fimited, w_'arranting the use
of mutation techniques. I sorghum resistant genotypes have been iden-
tified for majority of diseases while reSistant hybr:ds!varaet ies have been
developed agamst some of them. '

in addition, the methods of scaring for various diseases have been
described in detail with their merits and demerits pointing out the neces-
sity of developing more efficient and Dracticai techniques.

However, much more concerted efforts are needed to screen and
develop resistant crop varieties for combating diseases more effectively
and economically than by the use of agrochemicals.

References

Akhtar, CM. 1877. Printiple diseases of major crops in Pakistan with re-
ference to genetic resistance. Proc. Mutaiion Seminar NIAB
Faisalabad: 179-191. o

Aslam, M. 1875. Pathogenic specialization in Puccinia recondita f. sp
tritici in NWFP. Agric. 26(2):171-175. '

Gokhale, V.P. and Pal BP. 18952. Occurrence of race 122 of
Puccinia ararninis tritici in Bormbay state. Curr. Sci. 21:250.

486



Hag, T.A1957. Physiologic races of wheat stem rust in Pakistan in
1955. Proc, FAD Near East Wheat and Barley Meeting, Tehran.

Haq, T.A 1963. Geographic distribution of physiologic races of wheat
rusts in the Near East Region. Proc. FAO Near East Training Centre,
Cairo,

Haqg, M. and Ataullah, M. 1967. Inheritance of stem rust res:stance in
wheat. M.Sc. Thesis, Peshawar Univ.

Hassan, S.F. and Kirmani, M.AS. 1963 Occurrence of race 17 of
Puccinia graminis tritici in Pakistan. Agric. Pak. 14:395-396.

Hassan, 8.F. 1965. Occurrence of race 11 of Puccmra graminis tritici
in Pakistan. Agric. 16-329-330.

Hassan, SF., Kirmani, MA.S. and Hussain M, 1965, Physiologic races
of stem rust of wheat in Pakistan during 1961-64. W. J. Agnc Hes.
3:17-20.

Hassan, S.F. and Hussain, M. 1975, Occurrence of race 1 17 of Pucciia
graminis tntici in Pakistan. Agric. 26(3):261-264.

Hassan, S.F, Kirmani, MAS., Shafi, I. and Khan, N.A, 1967. Occurrernce
of race 42 of Puccinia gramins tritici in Pakistan. Agric. 18:305-308.
Hassan, S.F, Hussain, M. and Rizvi, 8.5.A, 1978. Wheat disease

situation in Pakistan during the crop year 1875-76. Agric. 29-131-134.

Hassan, SF. and Kirmani, MAS, 1971. Occurrence of race 24 on
Puccinia graminis tritici in Pakistan. Agric. Pak, 22:943-246.

Hassan, S.F. 1975, Wheat diseases in relation to varietal improvement
in Pakistan. Proc. FAO Near East Regional Workshop.

Hassan, S.F., Kirmani, MAS, and Hussain, M. 1967. Some new records
of physiologic races of Puccinia recondita Rob. ex. Desm. f sp.
tritici in Pakistan, W. J. Agric. Res. 2:179-183.

Hassan, SF, Kirmani, MAS, and Rizvi, S.SA. 1976. Wheat disease
situation in Paklstan during the crop year 1872-73. J. Bot. 6(1): B8Y-01,
Hassan, S.F., Kirfrani, MA:S., Hussain, M, and Rizvi, S:SA, 1972. Report
of 1972 national wheat diseases screening nursery, CDRI, Paklstan

Agricultural Research Council, Islamabad.

Hassan, S.F, Kirmani, M.A.S., Hussain M., and Ri2vi, S SA, 1975 Reporton
1975 national wheat diseases screening nursery, CDR, Pak:s*tan Agn-
cultural Research Council ; Isiamabad.

Hassan, S.F., Hussain, M. and Rizvi, $.S.A, 1978. Wheat disease sltuatmn
in Pakistan. Proc. National Seminar, Islamabad:281-234. B

Hussain, M. and Rizvi; SS.A. 1978. Studies on the varietal resistande
in rice to brown spot (Melminthosporium oryi'ae Breda de Hann)
in Pakistan. Agric. 26-120-124.

Hussain, M., Rizvi; 8.5.A, Kirmani, MAS. and Hassan, S.F, Report

487



of 1978-79 nationa! wheat diseases screening nursery, CDRY, Pekistan
Agricultural Research Coungil, islamabad:pp.44. o

Hugsain, M., Kirmapi, MAS., and Hassan, S.F.1980. Vtrulence survey
-of leaf rust as a tool for genetic conirol of rust. National_ Seminar
on wheat research and production, Islamabad. -

Hussain, M., Hassan, SF., and Kirmani, MAS,, 1980. Virulences in
Puccinia recondita f. sp. tritici in Pakistan during 1878 and 1979,
Proc. 5th European and. Mediterranean Cereal Rusts Conf, 179-184..

Hussain, M. and Hamid, S.J., 1983. Pathogenicity survey of Puccinia grami-
nis f. sp. tritici in Pakistan during 1982. Cereat Rusts Bull. 11:53-61.

Hussain, M., Rizvi, 53.8.A, and Aslam, M, 1884. Hypothetical genotypes
in wheat culfivars: of Pakistan for resistance to Puccinia graminis
f. sp. tritici. Prog. 6th European and- Mediterranean Cereal Rusts
Conf. Versailies. France (in press}). -

Hassan, 8. F. 1982. Improved resistance of grain crops to rusts of
wheat in Pakistan. Final Rep.1971-76: pp. 212,

Hussain, T. and. Brinkerhoff, L:A, 1978 Race 18 of cotton bacterial
biight pathogen. (Xanthomonas malvacearum) identified in Pakistan
in 1877, Pl. Biss. Rap. 62:1085-1087.

Hussain, T. 1979. Screening of genetic stocks for resistance to bacte-
rial blight of cotton; J. Bot. 11(1):33-36. :

IRRI. 1983. The rice blast disease. Proc. JRRI Seminar. .

James, W, Clive. 1871. An illustrated series of assessment keys for
plant diseases, their preparation and usage. Can. Plant Dis. Surv.
'51{2):38-85. i

Jenking, 1.E.E. and Morgan,W., 1969. The effect of septona diseases on
vield of wheat. PlL.Phytopath. 18-152-156.

Kamal, M. and Moghai, 8. M. 1868. Stud[es on- plant diseases of
. South Wes_t Pakistan. Publ. W. GovtPress, Karachi:pp. 207.

Khanzada, AX. Rennie, W.J, Mathur, SB. and Neergaard P, 1980..
Evaluation. of two routine embryo test procedures for assessing the
incidence of foose smut infection in seed samples of wheat. Seed
. 8ci. and Tech. 8:363-370.

Khan, LU, 1983. Present status of investigations on gram. bhght in
Pakistan. Proc. Seminar on Productiion of Pulses, Qilseeds and Live-
stock, UAF; 20-26.

Kirmani, M.AS., 1980. Report on comparative . evaluatlon of. wheat
varieties from Pakistan against stripe rust in seediing stage. Proc-
Wheat Seminar, Wageningen, Netherlands.

Kirmani, M.A, and Rizvi, 5.5.A, 1983, Present status of stnpe tust
of wheat in Paklstan Ann. Wheat Conf. [slamabad.

488



Kirmani, M.AS, Rizvi, SSA and Stubbs, RW. 1984. Postulated
genotypes in wheat for resistance to Puccinia striformis WentProc.

- 6th European and Mediterranean Cereal Rusts Cont. Versailies,
France {in pressj.

Metha, K.C., 1940. Further studies on cereal rusts in india. Sci. Mono.
No.14, imp. Coun. Agric. Res. India: pp. 240.

Nawaz, M. and Kausar, A.G, 1962. Cultural and pathogenic variation
in Helminthosporium oryzae. Biologia, 8(1}:35-48. :

Parasada, R. and Lele, V.C,, 1952, Physuologm races of wheat rusts in
india. Ind. Phytopath. 5:128-129.

Rizvi, S.8.A,, Hussain; M., Kirmani, M.A.S, and Hassan, S.F., 1978.Reporton
National Wheat Diseases Screening Nursery CDRI, Pakistan Agricuiturél
Research Council, Islamabad: pp.-35.

Rizvi, 5.5.A. and Hussain, M., 1983. Analysis of virulence in Puccinia
recondita 1. sp. tritici and genes for resistance in the wheat cultivars
of Pakistan. Ann. Wheat Meeting, Pakistan Agricuiturai Research Coun-
cil, istamabad.

Rizvi, 8S.A. and Hussain. M, 19B4. Pathogenicity associations in
Puccinia recondita sp. tritici in Pakistan. Ceredl Res. Communications;
12(2): (in press).

Rizvi, 8.8.A. and Aslam, M,, 1984, Probable genotypes in spring wheats
for resistance to Puccinia recondita f. sp. tritici. Proc. 6th European
and Mediterranean Cereal Rust Conf. Versailles, France (in press).

Rizvi, S.5.A, Hussain, M. and Aslam, M., 1984. Leaf rust of wheat in
Pakistan during 1984. Proc. 6th European and Mediterranean Cereal
Rusts Cond. Versailies, France {in press).

Rizvi, 3.5.A., 1983. Virulence of Puccinia recondita in Pakistan. Cereal
Rustis Buil. (in press).

Rizvi, S.S.A, 1983. Virulence of Puccinia recondita and genes for resis-
tance in wheat cultivars of Pakistan. Ann. Wheat Meeting, Pakistan
Agricultural Research Council , Isiamabad. :

Rao, N.G.P., Vidyabhushanam, RY. Rana, B.S, Rao, VM. and
Vasudeva Rao, M.J,, 1978, Breeding sorghum for disease resistance
in India. Proc. ICRISAT Seminar on Sorghum Diseases - A World
Review: 430-433.

Shipton, W.A, Boyd, W.R.)., Rosielle, AA, and Shearer, B.l., 1871. The
common septoria diseases of wheat. Bot. Rev. 37:231-262.

489



Chapter XXi

Soil-Borne Fungi and Biological Control

The fungi, which exist in the soil as living micro-organisms and cause
serious.diseases of many crop plants, have been subjected to numerous
investigations during the last 60 years, The researches carried out in Pakis-
tan on various aspects of these fungi are briefly discussed below: -

isolation of Soil Fungi

A comparative study of five culture media and five soil dilutions has
shown that the highest nurmber of fung: were 1so|ated on Peptcne dex—
trose agar and Jensens medium, the former favour:ng species of
Chaetemium, Rhizoctonia and Trichothecium. The spectrum offungal spe-
cies was almost the same in soil ditutions of 1: 100 1:1,000 and 1:10,000;
the number of fungal species isolated gradualiy decreased with further
dilutions of the soil samples.

Several methods have been used bv résearch workers for the
isolation of soil fungi. The Ditution 'Plate'Method has been used widely. 1t is
‘favourable for the isolation of heavily spormg fungz but has the disadvan-
tage that the coarser soil particles do not siay suspended uniformiy result-
ing in sedimentation of fungi with the residue. There is another procedure
calied Soil Plate Method in which a small quantity of soil is disperssed
throughout the medium in the isotation plates. This method !eads to the
isolation of a greater number of fungal species.

The third technique, known as Screened lmmersion Plate Method,
permits the isolation of micro-organisms growing from the soil on the agar
media placed beneath a perforated screen. This gives better results for
fungi like Rhizoctonia solani. Later studies have resulted in the develop-
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ment df many other techniques viz; Immersion Tube Method, Buried Slide
Method, Modified Scresn Immersion Plate, Needie Method (for isolating
fungi directly from the soif), New Screened Plate Method (by directiy trans-
ferring a small amount of sail, without disturbing, fo the isclation mediurmy,
The comparative study of seven isolation methods (using Waksman's
medium, Water Agar and Malt Extract Medium) has shown the superiority
of Soit Plate Method, New Screened Plate Method and Needle Method for
aeneral isolation of soil fungi as these methods.could isolate. respectively,
71.70 and 54 percent of fungal species from the soil, The various methods
used are suited to different groups of soil fungi and have their limitations
and uncertainties and therefore, their use will depend upon the specific
nature of the studies, However, New Screened Method coupled with
Needle and Scil Plate Methods can give almost a full picture of soil fungi.

Soil Fungi isolated

During the comparative studies of isclation methods, a number of soif
fungt have been isolated from the soils of Pakistan (Table 21.1).

- Taple 21.1: Soil fungi isolated from different soils.

Actinomycete

Aspergiflus fumigatus Fresenius
Cephaiosporium sp. (isolate 1)
Cladosporium cladosporioides (Fres} de Vires
Coniothyrium fuckeli Sacc.
Cylindrocarpon radicicola Wr.
Ceratocyctis sp.

Circinella sp.

Fusarium sp.

Fusarium culmorum (W.G. Sm) Sacc.
Fusarium oxysporum Fr.

Fusarium poae (Feck) Wr.

Fusarium roseum

Fusarium semitectum Berfi. Pers.
Fusarium sofapi(Mart.) Sacc.
Gliocladium deliquescens
Gliocladium roseum group.
Helminthosporium spp.

Humicola grisea Traaen..
‘Macrophomina phaseoli {Tani) Goig.
Monilia sp. (isolate1)
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Monilia sp. (isolate 2)

Mortierella elongata Linnemann var. subtilis.
Mortierelia subtifissima Oudemn.

Mortierelia vinacea Dixon-Stewart.

Oospora sp.

Qidiodendron flavurm Szil, . :
Faecilomyces carneus. (Duche and Heim) Brown and Smith.
Penicillium cyciopium group. '
Peniciliium funiculosum Thom.

Peniciflium fanthinellum Biourge.

Penicillium terrestris Jensen.

Peniciflium sp. (isolate 1)

Penicillium sp. (isolate 2)

Penicillium decumbens Thom.

Peniciitium luteum Zukal.

Penicillium nigricans (Bainier) Thom.
Pseudoeurctium zonatum van. Beyma,

Pythium sp.

Rhizoctonia sofani

Scierotium oryzae Cat.

Scopuiarizais asperufa (Sacc) Hughes
Scopulariopsis parvuia Moitoi and Smith.
Septomyxa affine (Faut. and Lamp.} Wr,
Sporormia megalosfora Auersw

Trichoderma viride Pers. ex Fr.

Trichosporium sp. '

Verticiilium nigrescens Pethybr.

The list although not exhaustive, contains 48 different soitborne fung
isolated from restricted areas and shows the richness of Pakistan soils in
fungal flora. Some of these fungi are pathogenic, others are either

“saprophytic or decomposers of plant residues.

Distribution and Pamage

Soil-borne plant pathogens, particulafly those causing root diseases,
are destructive and wide spread in Pakistan soils. At least 50 percent of
iosses caused by plant diseases in Pakistan are due to the root rots and
wilts of different field crops, vegetables, fruit plants and forest trees. Rhi-
zoctonia solani, Fusarium oxysporum, Fusarium solani and Macrophomina
phaseolina are the most common and widely distributed soil-borne plant
pathcgens in the country. : '
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They infect over two dozen host plants at different stages of growth; the
major economic host plants are given in Table 212,

Table 21.2: Common soil-borne pathogens and the host plants of
aconomic importance

F‘athbgens' Host planis

1. Rhizoctonia solani Cottion, maize, brassica, peanut, okra,
brinjal, radish, turnip, fennugreek, cow-
pea, Egyplian clover, cifrus, mango,
apple, Indian rosewood and tobacco.

2. Fusarium oxysporum Chickpea, lentil, linseed, peanut, pea,
tomato, potato, Egyptian clover, citrus,
mango, apple and guava.

3. Fusarium solani Cotton, gourd and guar.

4. Macrophomina phaseoifina Sasame, soybean, okra, potato, tobacco
cotion, jute and groundnut.

5. Sclerotium oryzae Rice

6. Helminthosporium sativum  Wheat and barley.

The vulnerabitity of the major crops in Pakistan is due to genetic
uniformity as 60-100 percent ofthe cropped areas are covered by ohe or
two varieties only, which have high range of susceptibiiity. Unfortunately,
sources of genetic resistance are still completely lacking against these
pathogens. In the absence of resistant varieties the development of alter-
native control reasures is of the utmost necessity. Chemical control has
aiso many constraints such as non availability of selective fu ngicides, high
cost of fungicides, the complicity of effective application, deieterious
effects on useful soit microbes and pollution. In view of this situation exten-
sive investigations have been made to controi these diseases through the
use of antagonistic micre-organisms.

Bmloglcal Control

‘Many fungl, actinomycetes and bacteria have been found to be
antagonistic to the growth of certain parasitic soil fungiwhen they are cul-
tured together. Athaugh such studies have bheen in progress for the last
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many years, very little farm-application of biological controt.or diseases,
has came into practice. However, recentinvestigations are shawing some .
signs of a breakthrough in the possibility of adopting modified and practi-

cal control measures. in Pakistan these studies have been mostly concen-

trated at the Ayub Agricultural Research Institute, Lyallpur (Faisalabad)

and the University of Karachi. The highlights ofthe results achleved aredis-

cussed below.

Rhizcctaonia solanr,ssolatad from root-rot affected cotton f:elds when
cultured together with 12 isolates of Trichoderma, Aspergiilus and Penicil-
lium species separately, has shown the inhibition of growth of the patho-
gen in vitro. The most effective isolate has been identified as Trichoderma
viride. For the control of Fusarium oxysporum, F. lini (causal organisms of
linseed witt) three antagonistic fungi (Aspergillus flavus, Aspergiltus wentif
and one isolate of Penicilium) have shown the best performancain viiro. A
number of pot and field experiments carried cut on the control of cotton
root rot, wilt of linseed, root rots of citrus, mango and Egyptian clover by
using the identifiad antagonistic organisms grown on vannus suhirates,
{(wheat straw, rice siraw, sugarcane bagasse with or without molasses)
and different rates, times and methods of application at varying soil de-
pths {including ploughing-furrows), have vielded encouraging resuits in
considerably reducing the disease incidence. The best results have been
cbiained by using wheat straw substrate, which when applied between
190-380 kg/acre in case of cotton, linseed and berseem and at the rate of
3-4 1b/per citrus or mango plant at 1 ft. depth, preferably in sphit doses.
prolonged the antagonistic activity. Most probably prolonged decom-
position of wheat straw by t he antagonists resultsin an effective suppres-
sion of the pathogen. Similar results have been reported by Garrett in his.
seil conditioning mvestlgatlo ns on take-all disease of wheat. (Oph:obofus
graminis). It has been shown that the treatment favours carbon dioxide
concentration and stimulation of micraobial actlon which adversely affects .
the pathogemc activities. Chaffed wheat straw has prOVﬂd superier be-
cause, being poarer in mtrogen it enhances the activity of the antagonists.
Although the antibiotic activity has been reportedto be stabte inacid sails,
it needs to be mvest;gated in neutral and alkaline soils, _

Later experiments in Faisalabad using 8 quintalsiha of chaffed wheat
straw inoculated with Trichoderma harzianum for controlling root rots
caused by Rhizoctonia solaniin cotton, tobacco and berseem and 4 quin-
tals/ha of wheat straw inoculated with Arachniotus sp. for. controliing wilt -
of linseed and tomato caused by Fusarium oxysporum, wilt ofguar caused
by Fusarium solani and stalk rot of maize caused by Fusarium moniliforme
have proved successful. Combined application ofthese two antagonistsin -
the root zone of diseased mango and citrus piants has controlled slow de-
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cline caused by F. solani and F. oxysproum. Another equally effective
antagonist has been identified as Aspergiffus flavus. The cultures of the
two antagonists {Trichoderma and Aspergilius) are now being privately
marketed under the names of Tricho-pak and Aspergo-pak. The most effi-
cient treatments developed for the control of various soil-borne diseases

-are summarized in Table 21.3.

Table 21.3. Effect of combined application of antagonists and organic
substrate on the incidence of soil-borne diseases of various

crop plants
Disease Treatment ' Percentage
: © decrease
over control

Cotton I.harzianum+ Chaffed wheat straw added 94.11
root rot twice at the rate of 4g/hain Marchand = a7.0p
' May or added once at the rate of 8g/ha.

in May
Tobacco Tharzianum+ Arachniotus sp. + Chaffed Complete
root rot Wheat straw at the rate of 8g/ha. recovery
Linseed Arachnictus sp. + Chaffed wheat straw + 87.23
Wit 1% molasses + 1% Nitrogen,
Tomato Wilt Aspergillus flavus 4 Rice husk 92.49
Guar wilt Sterilized soil + Aflavus + Rice husk 93.00
Maize stalk rot  asachniotus sp + Chaffed wheat straw at
: the rate of 4g/ha. - 61.00
Citrus fharz!anum or Arachniotus sp. + 2kg. Compieie
root rot wheat straw/plant or A flavus + 2kg. rice recovery

husk/piant.
Mango Lharzianum or Arachniotus sp. + 2kg. Complete
root rot wheat straw/plant or Aflavus + 2kg. rice recovury

husk/plant

Mote: Biological control hes also bean succassiully demdnstrateg Tor soil-borne diseases of sugar-

¢ane, berseem, mustard, date paim and foliar and inflorescence malformation of mango.
Recently Masonnielfs sp. has indicated. sermé promising results in controlling gram blight and
gram wilt, Further work 1s in. progress.

Recent studies have indicated some substantia increasein the yields
ofwheat, rice, maize, sugarcane and berseem if Arachniotus sp. and Strep-
tomyces sp. are added to the soil along with chaffed wheat straw (80
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kgracre) during seed bed preparation. However, the variability shownin
the experimentat results suggests the need for further researches. Inspite
of its Ekmitations the biological approach has opened new vistas for con-
troling the most difficult and complex group of soil-borne crop diseases.

. Researches carried out at the Karachi University have alsoproduced
interesting results in controlling cotton root rot and stem rot of rice. The
main results are discussed helow.

Cotton Root Rnt

. Studies on antagonism have shown that whereas Macrophomina
phaseolina can compete with a range of soil saprophytes, its growth is inhi-
bited by Penciliium nigricans, P. urticae, Stachybotrys atra, Trichoderma
viride, Streptomyces griseus, S. albus, 8. noursei and Bacillus subtilis. The
fungus trichoderma- lignorum has also been earlier reported as an
antagonist 1o Rhizoctonia bataticola by Vesudeva and Sikka (1941),
Addition of organic substances fike aifaffameal and bariey strawincreases
the population of antagonistic fungi, actinomycetes and bacteria in soi,
resulting in biofogical control of M. phaseolina infection of cotton; alfaifa
amendment giving more proncunced effects. Use of soil amendments (or-
ganic substances) may be one of the factors in disease reduction when
cotton is sown mixed with moth (biack grau; and not high humidity and

‘low soil temperatures as reportad by Vesudeva (134 1). These soifarmend-
ments also reduce the sclerotiat population of Macrophomina considerab-
ly; alfalfa giving the highest percentage (8_8-96) ofreduction. The introduc-
tion of alfalfa or clover in cottonrotation may heip to reduce sclerotialino-
culum and controt Macrophomina infection besides improving the soil fer-
titity and texture. Mulching of soil {moist or dry) with transparent
polyathylene sheets, irrespective of lucerne, or wheat soil amendments,
completely eliminates the sclerctial propagules after a period of one
‘week. '

Stem Rot of Rice

Of the 63 different isolates of fungl, 16 of actinomycetes and 11 of
bacteria isolated from soil and infected paddy stubbles, some were found
1o be detrimental to the growth of Sclerotium oryzae in vitro: Theimportant
ones are Trichoderma hamatum, T. harzianum, Stachybotrys, Aspergillus
flavipes, A. rugufosus, Penicillium purpurogenum, Pseudoarachinotus
roseus, Streptomyces aipus, 8. nouresi, S. rimosus and Bacilius spp. lthas
alsc been found that Trichoderma hamatum reduced the numbers ot
sclerotia of S oryzae in the soil while the other soil antagoriists kke A.
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flavipes, 3. atra, 1. harzianum and Streptomyces spp. have neither reduced
the scierotial numbers nor affected their viability. The two strains of Bac;m,
however, greatly affected the viability of sclerotia. As in case of rootrot of
cotton, soit amendments (dried stems and ieaves of lucerne at the rate of
5 percent wiw Jand mulching with transparent polyethylene sheeting
-greatly reduced the viability of sclerotia (Figs. 21.1 and 21.2).

in the absence:of genetic resistance these research findings hold out
promise for the development of suitable cuitural control measures by
using soil amendments and practical crop rotations. Because of the high
losses caused by the complex group of soil-borne pathogens, the
research needs to be intensified, streamlined and concentrated at one
well-staffed and well-equipped centre 10 meet the national needs, with
gpecial emphasis on the development of practical methods of control
sisited to farm-application. Such studies, if successful, will help to contro!
ti g most damaging soil-borne diseases and promote crop yields. -
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Summary

. The soil fungai flora bas been discussed in soma detail: Comparisons
are made of the various methods of isolation with their merits and.
demerits. The New Screened Method coupled with Needie and Soil Plate
Methods gives almost a full picture of soil-borne fungi. In all 48 soli-borne
fungt have beer isolated which are tabulated in alphabetical-arder, show-
‘ing the richness of Pakistan soilsinfungalflora, Some informationon distri-
hution and damage caused is also given showing that atleast. 50 percent
of losses from plant diseases are due to soil pathogens causing root rots,
wilts and blighis. A table containing information on common scil-borne
pathogens affecting the specific economic hosts is given, highlighting the
importance of plant pathogens attackingabout 42 hosts The mainreason
for their vulnerabiiity is the genetic. uniformity of crop cultivars, whichiack
resistance. In view of high cost of chemical control, development of resis-
tant varieties and or biclogical control through antagonstic micro-or-
ganisms are the orly possible approaches. The work carried out on thefat-
ter discipline has produced interesting resulis leading to the productionin
private sector of two cultures (Tricho-Pak - Trichoderma harzianum and
Aspergo-Pak - Aspergillus flavus) for the possible control of root rots and
wilts of crop such as cotton, tobacco, linseed, tomato, guar, maize, citrus
and mango (for which treatments have been tabulated). Similarly, some,
interesting results are reported on the effect of antagonistic organisms
with or without organic amendments and muiéhing on population of
scierotia of the causal fungi of cotton and rice root rots. These researches
need to be continued and strengthened to develop practical methods
suited to farm-application. :
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Chapter XXII

Cuitural Methods of Disease Control

Next to the use of resistant crop varieties, cultural methods of disease
control are not-only simple and practical for the bulk of the farmers but
these also do not need any purchased inputs. At the same time these
methods stand a chance of checking the diseases caused by seed-barne
and soil-borne fungi, which otherwise are very difficult to contro} without
the use of either resistant crop varieties or costly, poisonous and hazar-
dous chemicals. The highlights of the work, carried out on cultural
methods of disease control, are given below.

Smut Diseases

Work carried out on cultural methods of control has shown that the
foilowing factors are very important in iffluencing the disease incidence in
smuts belonging tothe seedling infection group. Thus by adopting certain
cuitural modifications it is possibie to control these diseases to agreatex-
tent. Before discussing these factors it should be pointed out that in such

smut diseases infection can only take place between germinatlon and
: emergence period. : :

Soil Temperature

investrganons onthe effect of soit temperature have been carried out
both in the laboratory under controlied conditions and in the field. in the
field different temperatures were cbtained by changing the. dates of sow-
ing. For example, work done on fiag smut of wheat shows that when wheat
s sown in Octaber at Lyaflpur(Faisalabad) a fortnight eariier than the nor-
mial t. 1S ot sowing, at the soil temperature 28°C, there is dlimost ro infec-
tion in the crop, while the attack is 70-80 percent if the sowings are
delaysd upto 3rd week of November, when the temperature varies from
15° - 18°C. Similarly, as already ‘mentioned in the text, in other smit
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diseases belonging to seediing infection group such as bunt of wheat,
grain smut of sorghum and smut of sugarcane, the infection percentages.
have been found 1o be governed by the dates of sowing. For example,
complete bunt of wheat normally does not occur in the plains due fo so-
wings done by middie of November. However, if wheatis sown in late De-
cember infections upto 70-80 per cent can be obtained through artificial
inoculation of seed. Thus it is seen that, by merely changing the
date of sowing, crops can be saved from the attack by these
diseases. The reason is, that like seeds’ of h{gher plants ‘the sporés of
pathogens have an optimum temperature for germination. Hence, the
infertinn will be influenced by the high soil temperature at the time
of sowing in the case of smut diseases balonging to the seediing intection
-group, because ofthe mabihty ofthe pathogen spores to germmate at high
temperatures.

Soil Mo;sture

SmI mmsture has atso beenfound to play avery 1mp0rtant role inthe
germma‘tlon ofsporesand ultimately inthe development of such diseases.
The results of experiments carried cut onfiag smut of wheat show that the
incidence of the disease is very much reduced when seed is sown in wet
soil having 18-22 percent seil moisture as compared witha highincidence
in soils with medium and low moeisture contents. Consequently, the infec-
tian can be reduced when wheat is sown in dry seil to which water is ap-
plied immediately after sowing. The application of water, if defayed upto
24 hoursafter sowing, does not lose its effectiveness but with further delay
there is a steady increase in the incidence of the disease, till theinfection
percentage becomes normal when water is applied 7 daysaftersowing. it
may benoted that the initial increase in soil moisture creates unfavourable
conditions for the germination of spores and by the time ihe conditions
become normal for spore germination the seedlings have passedthrough
the critical stage and are not liabie to infection any longer. Simifar results
have been obtained in the case of bunt of wheat, covered smuts of bariey
and oats, grain smut of sorghum and sugarcane smut.

Depth of Sowing _
As already mentioned, disease attack in seedling-infection group of
smuts can only take place between the germination and emergence
period. Subsequently thereis a greater risk of infection if the period of pre-
emergence is increased. Hence all the factors which delay germination will
be conducive to higher infection. In this respect depth of sowingis one ot
the controliing factors, when it is increased the seedlings take longer to
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emerge ana are exposed to infection for a greater period. On the other
hand, in case of shallow-scwn seed the infection will be reduced. This hy-
pothesis has been proved by the results obtained from the axperiments
carried out on flag smut and bunt of wheat, covered smuts of barleyand
oats and grain smut of sorghum. it has been shown that the incidence of
infection is reduced by decreasing the depth of sowing. It may be men-
tioned that seeding at greater depth is advocated for rainfed areas for
obtaining stabilized yields. The deep sown seeds do not germlnate till
there is a heavy shower of rain. Such seedlings can easily stand a short
pericd of drought if subsequent rains fail for some time, unlike shallow
sown seeds in which seedlings dry out after emergence due to drought.
This may result in total fallure of the crop. Hence shallow seedingis not re-
‘commended for rainfed areas, particuiarly when there are chances of
drought after sowing.

Method of Sowing

Different methods of sowing have been studied with a view ﬁndingout
those promoting shalfow seeding and the maintenance of high soil:-mois-
ture contents during the germination period, To combine the beneficial
affects of both factors. it has been foundthat the best results are obtained
when seed is broadcast on the surface of the soil followed by rakingand
watering immediatety. By adepting this method of sowing 70-90 percent
reduction in the incidenca of infection is obtained in the case of flag smut

of wheat, covered smuts of barley oats, sugarcane smut.and grain
smut of sorghum {Table 22.2). . :

Table 221: Effect of moisture content of soil and methods of sowing
on the incidence of certain smut diseases :

_  Percentage of smut infection
Method ot sowing . Barley Qat cane Flag: = Grain

_ _ smut smut. smut smut  smut
Drilling in medium wet scit 4.4 82_4 338 544 ° 16'.’4‘
-Drilting in dry soil : 086 609 70 14.0 53
Broadcasting in medium 25 442 - | s 53
wet soil . _
Broadcasting in dry soil . 223 L ?0 28

On comparing these results with those obtained from seeds of crops



treated with different chemicals it was found that, although seed-borne
infection could be checked some what more effectively by chemicals, the
cuttdral methodsare muchsimplerfor the farmersio useand donotcost a
penny. ' '

Diseases Other Than Smuts

Broaaly speaking, _dlseases can be divided into dlfferent groups on
the basis of their modes of perpetuation. They can be seed-borne (patho-
gens carried on. the surface of seeds or inside_the seeds) soil-borne
(pathogens living in the soil or in diseased plant debris) or air-borne
{pathogens carried through air or rain spiashxngs} As statad eartler like

“seeds of htgher plants, spores of the various pathogens have optimum
temperatures and humaduty conditicns for germmatlon development and
spread besides their specificity for a particular host plant. All those
operations, which check the sources of primary or secondary infections of
various pathogens {(together with provision of less conducive conditions

“for their development and spread) can go a long way to contain plant
diseases. These practicesmay include change in time of sowing, variation
in-soll moisture contents, seed cleaning, solar energy treatment, destruc-
tion of diseased plant parts or debris lying on the surface of the soil,
methods of sowing, application of irrigation wateér, drainage of water, judi-
cious use of fertilizers, use of suitable rotations inciuding non host plants
‘and careful harvesting, threshingand storage. Forexample, changein time
of sowing may exercise two types of effectsi.e.; sowing at d time wherssoil
temperature is not favourable for the germinationof the péthogen spores
and thus reducing the chances of primary infection or sowing at a time
‘when the flowering period doas not conicide with the rains (to check florat
infection) or with-the period Wwhern the atmospheric temperature is
unsuitable for epore germination (to check secondary aerial infection).
Simitarly, other factors have an important bearing on the development of
diseases and their spread in various ways. An attempt has been made
(Tatile 22.2) to show the effact of vanouscultural practlces on the contam-
ment of the diseases.

Table 22.2: Cultural operations which can decrease the incidence of
various diseases

Cultural Operations Diseases Inﬂuenced

Change in time of sowing Downy mltdews powdery mildews partlat
R - buint of wheat; long smit of sorghuim: bunt
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Change in soil moisture
contents

Destruction of diseased
plant parts during
growing period and dis-
eased plant debris
through burning and
burying in soil

Seed cleaning

Solar energy

Irrigation water regime
and drainage

Application of fertilizers

Rotations

of rice; red leaf spot of sorghum; leaf spot
diseases of various crops; anthracnose of
cotion; root rot; boli rot; and root rots of
various crops; gram blight; blights of
various crops; wilts of various crops and
seed rots

-Many soi-borne diseases, smuts.and bunts

Many seed, aerial and soil-borne diseases

Many seed-borne diseases carrying infec-
tion on the surface of seeds or seeds
coniaining galls

Seed-borne diseases containing infection
inside the seed

Premature cpening of cotton bolls, many
wilts and rice diseases.

Premature opening of- cotton bolls and
deficiency diseases. )

Many sofl-borne diseases and phaneroga-
mic parasites

Proper harvesting, threshing. Many seed-borne and storage diseases

and _sto'rage

Although the indications given in the table are based on the resuits of
researches carried out on different diseases, much remains to be done on
systematic studies of cultural methods of cantrol to make them more
simpie and practical. As the majority of the diseases perpetuate through
seed or soil-borne infections, sanitary measures can effectively control
the foci of primary infection as well as source of secondary infaction. It is
rightly said that “prevention is better than cura”, Researches shouid;
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therefore, be carriea out to study the longevity of the seed-borne and soil-
borne pathogens and to develop suitable cultural operations to get rid of
such infections either during the seed-storage period or by seed cieaning
or hot water of solar energy treatment. Burial or burning of the diseased
plant debris and or the development of suitable rotations to reduce the
diseases should also be studied. Packages of such methods, if developed,
can greatly help in getting rid of costly and repeated fungicidal sprays,
which in spite of known technology are not being regularly followed by the
majority of the farmers because of their expensive and complicated
nature

Sum?nary

Next to the use of resistant crop varisties, cultural methods of disedse
contro! are not only simpie and easily adoptablebythe farmers butaiso do
not need any purchased inputs. Some studies have been carried out on
controlling smut diseases by cultural metheds. it has been found that soll
temperature. soil moisture and depih of sowing play very important role
in the incidence of those smut diseases where infection takes place at the

seedling stage. As far as soif temperature is concerned, it has been found
that the infection is highest when sowing is done at such a time when the
so0il temperature is optimum for germination of pathogen spores. Suitable
soil temperatures for chtaining disease-free plants differ with different
crops. In the case of flag smut and . bunt of wheat when the soil
temperature is about 28°C there is amost no infection, while
the attack is 70-80 percent .if sowings are delayed upio or be-
yond 3rd week of November. ‘Hehce by changing time of sow-
ing these diseases can be controlied. Similarly, if the soil moisture
during the germination period is increased beyond 18-22 percent, the
pathogen spores do not germinate and there is no infection. Onthe other
hand these conditions do not affect the seed germination while by the
time the soil moisture becomes favourable for spore germination, the
seedlings are not liabie to infection. Experiments carried out on depth of
seeding have shown that the incidence of disease increases at greater de-.
pths because of the increase in the pre-emergence period of seedlings,
Hence at the shatiower depths of sowing the incidence of the 'disease_is
very much reduced. After testing the different methods of sowing, it has
been found that the best resuits are obtained when seed is broadcast on
the surface of the soil and raked followed by immediate application of
water in the field. By adopting this method of sowing 70-20 percent reduc-
tion in the incidence of infection is obtaind in the case of flag smut of
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wheat, covered smuts of barley and oats and grain smut of sorghum:

Cultural methods can also help in controlling many diseases when
they tend to restrict various sources of primary or secondary infections
carried through seeds and diseased plant parts in the growing crops or
diseased plant debris lyingin the field. Such methods may include change
in time of sowing and soil moisture contents, methods of sowing, seed
cieaning, hot water or sotar energy treatment, destruction of diseased
plant parts or debris, changing irrigation water regime, dramage of water,
use of rotations including non-host plants etc. Consequently, develop-
mant of suitable cultural packages can greatly help in containing various
crop diseases and can prove more economical and practical than the use
of chemicals as seed or as soil disinfectants and for aerial spravs.
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- Chapter XXifi-:

Beneficial Fungi

Not that all the fungi and bacteria are harmful, many of them arg also-
beneficial to the mankind. These include fungilike Peniciflium used for the
preparation of world-known -antibiotics; antagonistic fungi and bacteria
capable of controlling soil pathogens and accelerating decomposition of
organic matter, industrial fungi.employed in manufacture of ferments, pro-
tein food, enzymes eic. and edible fungi- like mushrooms. It will be
appropriate 1o also include this group of fungi and bagteria inthe purview
of the book, by summarizing the reséarches sofar carried. aut an seme of
them in Pakistan. o

. g
Mushrooms

* The fleshy fungi have beerin use both as food and medicine by dif-
ferent civilizations since times immemorial. These fungi had attained the
status of a regular crop in France and China by 17th and 19th centuries, _
respectively, spreading graduaily to other countries’ with a global annual '
production of about oriemilliontons at present. ‘{'he edible fu ngl arerichin
digestible proieins contalnmg most of the indispensable amino acids
{thiamin, niacin, riboflavin), vitamins B and E, ascorbic’ acid, blotln en:
zymes like trypsin, fatty acids (resembiing vegetable fats in compos;tlon)
and minerals like copper, potassium, sodium and calcium. They are low m' '
calories and are ideal food for diabetic and heart patients, besides pos-
sessing other medicinal qualities of lowering the blood cholesterol IeveL
warding against cancer-and mwgaratlng hair growth

*Matenal cuntrlbuted by Mr. Sultan M Khan Asstt F‘ro!essar Plani Pathology FAU
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Survey

Surveys carried out on mushroom flora in Pakistan from 1975 to date
have shown thepresence of 137 different species belonging to 32 genera,
distributed in different ecological zones of the country (Table 23. 1).

Table 23.1: Distribution of mushroom fiora in Pakistan

Gerus - Species Occurrence Status* _ Culinary properties
Agaricus 12 Plains and hilly Very Edible and delicious
' tracts © common '
Armillaria 1 Hilly tracts as ~ Rare  Edible

‘tree parasites

Bolitus 83
Canthrarefius 1
Clavaria 4
plaing
Clitoeybe 2
Coprinus 10
tracts =
Flammulina i
Fomes 16 - Hilly tracts

Gonoderma 6

Hilly tracts

Hilly tracts
Hilly tracts and’
Hilly tracts

Forests and’
hurmid areas of
plains and hilly

Hilly tracts

‘Common Edible & delicious

Very Edible but taste is
common not good

_'Very Edibie

Gommon

Rare One species is poi-
SONOUS

Very  Edible but some
Common species can produce
side effects

Com-. Edible and deficious

mon

Very Inedible

common

“Hilly tracts and Very Inedible

plains and trees common

Hydnum 5

Hilly tracts
and plains

‘Com-  Edible

mon
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Lepiota 1 Piains Com-  Edible and delicious

mon
Lycoperdon 10 Hilty tracts Common Edibie and dalicious
S : and plains B ' o
‘Marasmius 7 Plains Com- Fiée"speci_e_s edi_bte
mon and two inedible
Morchela ~ 4  Hilytracts  Com-  Edible, delicious and
mon in  highly prized
.. special .
locations
Panaeolus _ 4 . Plains and . .. Conm- Inedibie
hilly tracts mon
Omphalina . . 1 Plains and  Rare Edible but taste is
forests not good
Fenelius 3 Plainsin . . Rare Not known . ... . -
forests
Paxina - . 3. Hilly tracts.in  Com- Edible but needs
' forests mon careful cooking
Paxillus . 1. Hilly tracts. . Com- inedible
- inforests .. mon
Pleuratus '. 5 Hilly ‘trécts .'ahd '_C.bm- Edibia

plains in forests mon

Phelinus 22 Plains and hily Com-  Inedible

tracts in man in hil-
forests . lisin plains -
Pholiota 2 ' Hi'lty tracts and Common Edible and delicious
plains in for- .. in hilly ;
- ests. . . areas
Fhellorina . 1 . Plains - .. Com-  Edible
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Podaxis 1 Plains Very Edible

comman
Pycnoporus 1 Hilly tracts Common Edible and delicious
in forests
Russula 2  Hilytractsin  Rare  One edible and the
forests other inedible
Sarcorcypha 2 Hilly tracis Rare Poisonous when raw
in forests and edible, if cooked
after boiling and dis-
. carding the water
Sarcodon 1 Hilly tracts Rare Edible
in forests

Schizophyllum 2 Plains and hilly  “fgry Inedible
tracts in forests common

Suitfus 2 Hilly tracts Rare Edible but taste is
in forests not good
Volvariclla 3 Plains Common Edible

Although the previous surveys on fungal fiora in Pakistan have men-
tioned the names of some fieshy fungi, these are in no way complete and
specific. Contrary to the belief, the number and al-the-year round distribu-
tion of mushrooms is quite remarkable, showing wider diversity and scope
of their protected cultivation as aregularcrop inv‘arib’usparts' &fthe coun-
try. It is interesting to note the wide-scale and well distributed natural
occurrence of mushrooms in March-April in Baluchistan and after mon-
soon rains in Bahawalpur, Muzaffargarh, Dera Ghazi Khan and Hyderabad
areas. It suggests an adequate distribution of spawn and presence of
favourable soil and climatic conditions in these areas, just waiting ex-
ploitation. Similarly, the wide distribution of Morchelfa (Morels) in hilly
forests (amounting upto 20 tons of exportable dried materials) further
adds to its scope of large-scale cultivation through systematized efforts.

*Found mostly after the rains in the plains 2nd aimost throughout the year in Torests abd humid placey,
usually on compost, dacayed stumps of wooed or in rich soils.
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Growti\ and Nutritive Value

Five selected species (Podaxis pistillaris, Pleurotus cretaceus, Pleuro-
tus species - |1 and Il, Agaricus bftrogis and Agaricus species -1}, have been
intensively studied for their physiological and morphological characters
with the following main results:- '

1.

514

Out of the two media {mali extract agar and poiatc dextrose

- agar*) the former has given higher mycelial growth rate with

greater dry weight in all the speécies; Pleurotus spp. being the
top most (strain - 103 giving coleny diameter of 90 mm in 144

" hours at 25°C).

The optimum growth temperatures vary with different species;

‘being 35-40°C in case of Podaxis sp. and 25-30°C for Pieurotus,

the highest growih-producing temperatures are 40° and 25°C,
respectively; with colony diameters of 70 mm and 90mm after
12 days. The growth rates are considerably reduced with devia-
tions in these temperatures. On this base, these species canbe
divided into thermophilic and mesophilic groups contralling their
acological occurrence at suitable periods of the vear. -

Comparison of laboratory and climatological data on tempera-
ture relationships at Lyallpur (Faisalapad, Fig. 23.1) shows that
(a) the vertical lines of the large box delimit the regular
fruiting season, while the horizontal lines delimit the range over
which Podaxis pistifiaris has been found to grow on agar in
experiments, (b) the corresponding lines of the smaller box
represent the pericd of maximum fruiting and the temperature
range of oplimum growth and (c) the period of fruiting is clearly
mediated by the availability of higher soil moisture (65-70 per-

.cent) which coincides with the monsoon rains, These resuits are

similar to those reported from California under the correspond-

[ing conditions.
.. All the species prefer pH 6 5 to 7.0 for optimal grow"th which

decreases with the change in the reaction of the medium. This

. character determines the natural ogcurrence of mushrooms

under various habitats. :

The rate and quantum of spa rulation is acceterated in nch madia
iike malt extract agar as compared with potato dextrose agar,
suggesting high nutritional requirements of these fungi. The other
factors controlling growth and sporulation are genetic, nutritional
and environmental,

The nutritive values -of the cullivated and wild species are quite
high; proteins ranging between 16-33 per cent, fat contents
(0.87-1.8 parcent and crude fibre 10-14 percent (Table 232}



Table 23.2: Chemical analysis of various muchroom species in Pakistan,

Species Crude FEther Total ash Crude fibre
protein  ext.

1. Phellorina inquinans 3148 155 2685 1348

2. Pleurotus psireatus 1643 Go4 31.22 1410
{(cultivated)

3. Pleurotus eryngii 2227 087 1444 11.11

4. Podaxis pistillaris 2106 1.7t 2413 12.23

B. Agaricus rodmani 33.93 1.81 2223 1002

Spawn Preparation

Basad on the conclusions of the laboratory experiments, investi
gations have been conducted on spawn preparation by comparing the
mycelial growth of the six cullivated strains (Agaricus bisporus - button,
Pleurotus - oyster, Volvariella volvacea - Chinese or straw mushroom, Len-
tinus edodes - shiitake and Auricufaria - Wood's ear) in one - litre conical
flasks on varying types of grain and waste mailerials at their respective
optimum temperaiures.

The main results are

1. invariably, ihe grains provided better medium as compared with
waste materials for accelerated and higher mycelial production
in all the strains excepting shiitake and Wood's ear (which prefer
saw dust).

2. The fiasks are filled with mycetial growth-of different strains on
their respective best media within 6-11 days, the fast, medium
and slow growing strains are chinese; oyster: button: Woods
ear; and shiitake, respectively,

3. The spawns of thermophilic or tropical strains can be safely
stored at 25°C while those of mesophilic or temperate group
at 2-4°C. '

On the whole the resulis achieved have been quite encouraging for

exploiting the development of suitable mushroom cultivation methods.

ldentification of -High—ﬁelding Strains

Studies carried out on the identification of high-vteiding strains of

*Malt extract apar: Malt extrac:t 20 g pepione 1g: dextrose 20g; ager 20g and distilled
: water 1000 ml

Potato dexwrose agar:  Potalces starch 20g; plucose 20g; agar 20g and distiled water 1000 ml. '
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various cultivated species on the basis ofrate of mycelial growth, quantum
of mycelium produced, period of life cycle completion, keeping quality
food vaiue and yisld potantial have indicated the foliowing as hagh-yxe[dmg
strains (Table 23.3).

Table 23.3: High-yielding strains of mushroom in Pakistan

Strain : No.of Productive stralns"
sirains

_ tested _ -
1. Button (Agaricus bisporus) 6 No.459 and No.649
2. Qyster {(Pleurotus spp.) 8 . No4g7 and No.3526
3. Chinese (Volverieila volvacea) HKiand T
4. Shiitake {Lentinus edodes) 2  Under study
5. Wood's Ear{Auricularia spp.) 2 Under study
Note:
Grains Waste: Surghum cat, grarn, peard milet and wheat Wheat strew, gram straw, sugamane

Matadal: bagasse, oat straw, water hyacinth, cotton waste, cotton boll locules, barley straw,
. banana leaves, kallar grass, comleaves, rice straw, comn cobs, horss dung, sorghum
heads, surfiower heads, canna leaves, maize hulls, synthetic compost

Mushroom Cultivation '_

As a resuit of researches on protected cultivation, some methods
have been standardized for various types of mushroom. These comprise
preparation of spawns and bedding materials including pasteurization;
spawning or seeding; spawn running; maintaining suitable temperatures,
light intensities and humidities in mushroom houses; harvesting and after
care. These methods have been briefly described below, for each group
separately (Fig. 23.2 & 23.3). Some important mushroom cultivars are
shown in Figs. 23.4 and 23.5.

1.Cyster or Shell Mushroom : :

For bedding the materiat consisting of either chopped paddy, wheat
straw, corn cobs, cotton waste, saw dust or srmall pieces of soft wood, is
thorcughly wetted and then pasteurized in water containing G.01 percent
solution of Kelthin at the rate of 1.c.c/l at 60°C for 15 minutes. Water is
then drained off and the materiai is aliowed to cocl down to 25°C. Spaw::

at the rate of 7-10 percent and Diazimon at the rate of 1g.kyg of the drv
“*These strains areé now being used-for commercial pfoductionin Pakisan
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FRUITING PERIOD

CFliMuM
TRUTNG

40

GROWING

J0

20,

TEMPERATURE, °C

bl APR MAT ML JULT ALG AP QOT mOW WL
Fie. 2%1Average maximnuwn and mummom  temperatures at Faisalabad (1),
Nute that fruiting vccurred only in mo when the average maximum was greater
than the mimmum-growth temperature for mycelivm.  The uvptimum  fruiting
vecurred during the monseons,

L ] i K[ M T (IR0

Fig. 23.2: Methods of mushroom growing: (a) Spawn preparation in sterilized
medium in glass bottles; (b) Spawn inoculated in a wooden log, (c)
Running of spawn on a straw bed, (d) Fructification on a straw bed.
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weight of the bedding material are thoroughly mixed. The seeded material
is put at the rate of '2kg per polythene bag with cut holes or in wooden
trays. These are then placed in an incubation room, where the tem-
perature is maintained at 25°C for 3 weeks, followed by 10-20°C. Pin-head
formation takes place in 3-4 weeks leading to mushroom develop-
ment.Harvesting is done when the mushrooms are 3-6 cm in diameter for
canmngpurposesorwhen they are 8- 10 cm for drying or for fresh cooking.
Four:-:to 5|x ﬂushes are obtamed at:-weekly intervais. The annual worid
- - : otind 32,000 tons (constituting 2.7

hg rmainly grown in Japan, Haly

and Taxwan

2. Woods Ear or Jelly Mushroom

Meter iong pieces of soit wood {6-15 cm in diameter with 2-5 cm dril-
led holes each 20 cm apart) are left in the open air for one week and then
drenched in water for 7 days. Spawn, prepared in saw dust, is filled in the
?then plugged with saw dust and sealed with wax. These
_ogether and placed at 20-25°C for one month. These
g of wood continue producing mushrooms for 2-3 years,
gwmg yieid approx;rhatmg 25- 30 percent ofthe drywelght ofthelogs. The
world annual: pmduction |s about 6,000 tons: mainly grown in. Chma
Japan, Korea thlhpme' and Taiwan :

3. Ink-Gaps_.-quh:qom |

Chopped p:é'idd'y straw is used as a bedding material, as in case of oys-
ter mushroom with addition of 50 kg. of calcium nitrate per 1000 kg. of
straw. In addmon, bales prepared from paddy siraw or waste paper and
straw mixed in 1:1 ratio caréfso be used. Spawning i is doneat therate of 5.
percant of the dry weight of Hie straw. The:bales are then placed in 2
mushroom. house where the temperature is malntained at 35-40°C Pln-;-"

cent of the dry weight of straw is converted mto mdéhro
commercial production « ;

4. Button Mushroom

The bedding materiat consists of semi-synthetic or fully synthetic
compost, prepared according to the standardized formulae. Compost {il-
ied trays (15 cm depth) are placed in the mushroom house. For pasteuri-
zatton, room temperature is raised 1o 48-52°C, followed by 52-55°C and
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Fig. 23.3: Mushioom growlng under different conditions: (a) Tn u thached
house {cutside view): (b} In & thached house(inside view) (c)
Under shady trees (on wooden lops and on straw be_d).
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fmalty by 56 60°C, for 3 days in each step. Spawn prepared e sorghum_

each 1 &cm apart or by usmg doubtelayer methed Abo" t
layer of mixture of F.Y. M and sand (4 1) dzsmfected w;thfo

harvested when they are 3 5 cm’and 8 10 cm in dlameter for cannmg and '
fresh consumption, respectweiy Dryingis not possible, The: yield is: abaut_
20 kg/m2 obtained in 4-5 flushes. The' annual world production is about
870,00010ns, co constititing 71 9 pergenti of the total mushroer productrom

5. Shutake or Forest Mushroom

Host piants arg oak chestnut and same otherhardwoad trees Wood
iogs (8 15 cm. d:ameter) are cut and left over in the open for 10~ -15 days
to redt uce’ the =-'rno;sture to -40-50 percent. Spawn is grown on- wedge—
shaped or cylmdrical pieces: ‘ot wood oron saw dust. Holes of correspond-
ing size are’ dnﬁed in the logs, which are: fslled wsth spawn and waxed. The
iogs are placéd in: heaps under shade or covered with poiythene or grass
leaves and: kept at 20-30°C. Water is spnnkted indry weather andthe logs
are lateron placed ina slanting position, when the fruiting starts. The logs
canbe placed indoor first at 25°Cand Iater onat 16-20°C. In autdoor cul-
ture the pm-head formation takes place in'6-18 months with fruiting con-
t:numg for 5 =7 years and giving yletd upto 30 percent of the dry weight of
the logs. Tndoor culture produces fruiting: bodies in 38 days. After each

-flush, logs are soaked in water and they produce subsequent flushesin4-
“Week: intervals and the: fruiting continues for 23 years The annual world
'producrtron is around 170,000 tons, which cons’tﬁutes 14 percent of the
-_'total mushroom productton

'-_'6 Chmeae or Srraw Mushroom

The| beddmg matena! congists oftwofeetlonyg. bundies of paddy straw
or fermented cotion waste. These are soakad in water and drained. Four
bundies are placed on each 1 ft high and 3 ft wide soil berth during rainy
season under the shade. Spawn, prepared on chopped paddy straw, is
placed in 1.5 inch thick layers each 4-6 inches apart on the bundles
alongwith a spoon full of gram meal. In ali 6-8 layers of bundies, each
seeded separately; are placed at 30-35°C. The first flush is harvested
about 14 days after spawning, followed by 3-4 flushes, each after 5-10
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Fig. 234 Some commaon mushrooms of Pakistan: {a) Morchella or Morsls, {b} Agaricus or French
mushroorm; (5) Podaxis or common mushroom, () Amanita or Death Cap mushroom.
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days interval.

For indoor culture 2 ft long bundies of paddy straw are soaked in
water, drained and mixed with 4 perceht each of wheat bran and calcium
carbonate. These are then placed undear poiythene sheet for 2 days which
increases the temperature upto'! 50°C Bads are. prepared each 31t long,
1-1.5ft wideand @’ inches thick and spanng is done in the same way as
mentioned above. The' mdoer temperature is mamtamed at 32-36°C. The

“fruiting and harvestiig are-aimost similar fo those of the outdoor culture.

Transfer of Technology

Encouraged by the overall resuﬁs, a package Df producmn technolo- .

. oyster durmg winter Chmese mushraom in summer both outdoor and
indoorand Shiitake on wood i in the hmy tract& ltis hoped that mushroom
indusiry will make a steady progress and organized on scientific commer-
cial lines for meeting fo cal demands bemdes enterlng lnto export market in
the near future. = S :

Antagonistic Fungi

This group incl udes those ftmgt ‘Which limit the actlon of pathogenic
micro-organisms and are used incontroling the: disease caused by them,
Although many fungi, actmcmycetes and bacteria have been found to be
antagonistic tothe growth of certam parasitic s soit fungt very little farm-ap-

-plication of bioiogma! control of diseases has corne to practice. However,
the recent investigations are ‘showing some signs of a breakthrough in the
development of practical control measures. For details see chapter XX

Growth Stimulatory Microbes

The crop vields have been found 1o increase with the use of Rhi-
zobium cuitures as tested and reported by many scientists due to N

fixation property of the bacterium, living a symbiotic life on the roots of

*A booklst containing rmore than 100 recipesis now avaelable with the Coordinator, Mushroom Project
at the University of Agricuiture, Faisalabad. Sama of the important recipes includs cream mushroom
soup, mushroom omslatie, mushroom pickle, baked mushroom and chicken, mushroom pulag and
mushroom beef staw.
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Fig. 28.5: impottant mushmom cultivars: (a) Oyster growing on straw wood, (b} Wood's Ear growing
on straw bed, (o} Ink-Cap growing on straw bed; (d) Buiton grawing on compost bed,
{e):Shiitake growng on wood log, () Chinese growing on cotion wasie.
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Ieeume& Azeroeacrer chreecocum has been ctalmed te ir_lc:fea ethe. .

bage tematees and carrots Investlgatlens carried out m Paktstan on C
antagomstac soif saprephytes namely, Arachniotus sp. and Streptcmyces -
atra have gwen 1nterestmg results by stlmufatmg the crop growth and

-(2 te 8 qmntalsfha) unamended or. amended wrth 1 to 4 percent N or NK'
dunng seed bed preparation has enhanced the vield of sugarcane by 27-

38 percent rice paddy by 20 percent, ma.aze by 11 per cent, wheat by 24
to 42 per cent, summer vegetables by 50-94 percentandberseem fodder
by 321035 percent (ehewmg greater increases with amendments), while
the: percentages of increase m-y:etds are comparatwely much less: incase
of Streptomyces atra. Archmotus sp. hasalso shown sotme. resudual effects
inincreasi rig the yreld of succeedmg wheat crop. In many cases the use of
chaffed wheat straw alone has increased or decreased the yzetd acce rcimg
to the natural presence or absence of the saprophytes in these specrf;c
areas. in the former cases these fungi, probably, accelerate the deCOm--
posﬁion of the organic matter with beneficial effects both onthe grewth
and the yield of the crops. However, these preliminary resuits need to be
verifiad by carrying cut extensive researches on identifying the real causes
ofyieldincreases. Itis to be determined whetheritis dueto suppression of
soil- beme pathogens or aceelerated decomposition of organic matter or
stimulation of crop gmwth by enzymtc action or combined effect oftheése
factors or due to some other reasons. These studies should be combined
with the antagomstic actmtles for developing suitable farm -application
methods to produce multtply:ng beneficial effects in both contrelling the
s0il- borne dlseases and stim ulatmg the crop growth and the ylelds This
discipline Is. Itkely to prc duce highly productive results in the future rf sys-
tematle tnvestzgatmns are persued. : :

Entomogenous Fung:

The entornogencous fungi cause a number of diseases in insect pests
of agricultural croes and medicinal plants. These fungi belong to all the
four major groups i.e., Phycomycetes (genus Entomophthora), Ascomy-
cetes (Cordyceps), Basidiomycetes (Septobasidium) and Fungiimperfecti
{Beauveria, Metarrhizium and Aspergiflus). Some fungi are restricted to a
few species of insects while others have wider host range infecting as
rmany as 200 insects species. The use of fungi for biological control of
insects has been reviewed by Roberts and Yendol {(1871).

_ A number of species have been successfully used for controlling
insects pests. Baird (1956 and 1958) has listed 41 successfi attempts
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against 28 species or groups of insects,

inaddition ta redistribution and introduction of fungi from one area to
anather in classical biclogicat control, they can be used like pesticides,
Beauveria bassiana and Metarrhizium anisopiiae are good candidates for
mosquito control. However, a lot of research is rieeded on'mass produg-
tion, vifulance, genetics, etc. of entomogenous fUngi befotre these can be
used for pest control. In Pakistan a number of pathogenic fungi have bean
recorded from various insect pasts (Tabie 23 4},

Tabie 23.4: Entomogenous fungi recorded from various insects in Pakis-
tan, : .
Aspergilius flavus Link. Schistocerca gergria Frash
' Prays acmonias Meyr.
Dioryctria abietella (Schiff )
Adria parvula Dall, Eysarcoris)
inconspicuus (H.S), Dolycoris)
indicus Stall.
Pectinophora gossypiella (Saunds.)
Eucasma pyionitis Meyr.

Aspergilius fumigatys Freg, Adria parvula, Eysarcoris inconspicuus,
Dolycoris indicus

Aspergilius ochraceus Wilh. Gilpinia polytoma {Htg.)
Aspergillus parasiticus Speare.  Sylepta derogata (Fab)
Beauveria bassiana {Bals.) Gilpinia polytoma

G. ghanii Smith

G. indica {Cameron}
Aeolesthes sarta Sol.
Apriona cinerea Chey.
Indarbela quadrinotata Wik,

~ Paecliomyces farinosus Gilpinia indica
(Dicks ex.Fr)
Scopluriopsis sp. Adria parvula, Eysarcoris incospicuus,

- Dolveoris indicuys

The studies carried out on Aspergitius flavus Link. have shown

isolatlon of the fungus from a large number of locust individ_uals, causing
as high as 60-70 percent. death rate under cloudy humid conditions,
Pathagenicity tests carried out in the laboratory have given 100 percent
mortality insix days under 65 percent humidity and above, while feeding of
fungus spores in bran has not preduced any disease. Detaileg shudies are

needed on entomogenous fungi to make their use more effective and
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practical In controliing the major insect pests of some imporiant crops,
which will aiso help in reducing the use of agrochemicals.
Mycorrhiza

Specific non-pathogenic soil fungj, forming a distinct morpholagical
structure called mycorrhiza, are found invading roots of many forest trees
and they live a symbiotic life to mutual benefit. Therearethree types of my-
corrhiza: Ectrophic; Endrophic; and Ectendrophic, Cassified onthe basis
of mode of penetration and living, which depends upon nutritional factors
like excess of carbohydrates in tree roots and presence of exuded meta-
pbolities (sugars, amino acids, yitamins and some unknown factors). The
ectomycorrhiza - forming fungi belong to Hymenomycetes, Gasteromy-
cetes and Ascomycetes which ocour in soilin the form of spores, free iiving
mycelium or hyphal strands and can be identified from the type of
sporophores produced by them. The endomycorthiza - forming fungi
belong mestly tc Phycomycetes while ectendomycorrhiza fungi are
designated as E strains and arenon spoting. There islittle evidence of host
specificity as majority of plants have been fo und to possess a wide spec-
trum of fungt with which: mycorthiza is formed. The mycorrhiza increase
absorbing capacity of roots and translocate many nutrients especially
phosphorus fromthe soil besides protecting the tree roots from the attack
of certain diseases either through physical barrieror production of antibio-
tics. ' ' :

Mycorrhiza plays an important role in the successful establishment of
nurseries of the conifers, which put up poor perfar'mance in arable sites
(where agricultural crops have been grown previously) with high soil pH.
Mycorrhiza can be introduced through soil inoculum as mycelial strands,
short roots, fruiting bodies, spores or pure cuttures or by mixing 10-25¢cm
top layer of soils from old corifer plantations. The inoculum is used inpre-
paration of 10-20 parts of such soils mixed with 80 to 90 parts of tocal soil
and raking it thoroughly before transplanting seedlings or such inoculated
soils can be used in pots or in polythene tubes. Interplanting of mother
seediings from natural stand containing mycorrhiza can also help its
spread to the other seedlings (this is successfutly used in raising of Pinus
merkusii, where other methods have failed). Thus introduction of my-
corrhiza has beneficial effects onraising and management of conifers and
should become a common practice in new afforestations. Resear-
ches carried out in Pakistan have proved the importance of
using mycorrhiza in raising successful nurseres of  conifers,
The other studies carried out at the Botany Department, University of the
Punjab, Lahore on the occurrence of VA mycorrhiza in association with
damping off caused by Rhizoctonia solaniin Brassica napus andinfiuence
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of soil moisture contents have shown (a) higher VA mycorrhiza angd R,
soianiinfections in younger seadlings and (b) higher VA mycorrhiza infeg-
tion at 18 per cent soil moisture level with progressively decreasing
incidence at 22, 26 and 38 per cent unlike the R. solani infections, which
were greater at higher levels of soil moisture contents. The other work
relates to effect of VA mycorrhizal association en growth of rice, sun-
flower, cereals and weeds in wheat crop as well ason occurrence of endo-
gone mycotrhizal sporesin Pakistan soilsand on soil factorsinfluencingits
population,

The main results are (1) VA myeorrhizal infection takes place quicker
and earlier in seedling stage than in late inoculations. For exampte, sun-
flower seedlings can become mycorrhizal in 24eaf stage; (2) early my-
cerrhizal infection produces better impact on the growth and vield of
ptants, particularly in P-deficient soils; (3) greater growth of mycaorrhizal
plant is due to higher uptake of P from the soil; (4) in case of rice, flooding
ot field creates unfavourable conditions for the development of VA infec-
tion due to poor soil aeration and high moisture contents. This affect is
reduced during drier period resulting into improved supply of P.
Hence intermittent irrigations which improve soil aeration, can
- produce better results than continuous flooding; (5) examina-
tion of fern roots and their rhizosphere from Murree hills,
Kaghan and Siran valley shown constant - mycorrhizal asso-
ciation throughout the year comprising mixture ot several endophytes ana
ectomycorrhizal fungi; the former predominating and comprising VA and
septate mycelium endophytes; and {B) four species of endogonaceous
genus Sclerocystis, namely S. sinuosa, 8. cla vispora, 8. microcarpus and 8.
pakistanica have been found and descriped.

According to surveys carried out in Pakistan, Bangladesh and india 19
ectotrophic mycorrhizal fungi have been recorded in various host plants
(Table 235). ' _

Table 23.5: List of recorded ectotrophic mv_corrh‘nza!“_fungi_ .

Fungus . Host

Agaricus trisulphuratus  Shorea robusia (Sal

Amanita hemibapha Pinus elliotii -

Amanita verna Shorea robusta

Astraeus hygrometricus Pinus roxburghii (Chin), Pinus -patuia,
Boletus species Sal

Canthareflus cibarius Chir

Cenacoccum graniforme Chir, Kail, Chilghoza pines; spruce(Picea

Smithiana), Fir (Abies pindrow). Deodar
(Cedrus deodara). -
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Geastrum fimbriaium

t actarius scrobiculatus
Mycelium radicis-atrovirens

Pulveroboietus shoreae
Rhizopogon flavum
Russula delica
Scieroderma bovisla

Kail {Pinus wallichiana}, Deodar, P:cea
abies, Pinus syivestris. :
Spruce and Fir-

Chir. Slagh pine, Chllghoza pme antl Mon-
ferey pine.

sal

Slash pine .
Sal

- Monterey =pir'-1'e'. Sal

S. cepa - Eucalvptus

S. geaster Slash pine, Chir
S. verrucasun - - Eucalyptus
Exerocomus bakshii Chir

Pinus sp. Eucalyptus sp., Quercus sp.,
Populus. tremuloides and Salix (Marx
._19-_77).-_---

Pisolithus tinctorius

Mote: Five endatmycorrhizal fungi Have been ragorded on shx host plants while 16 addittonal hosts
have been tound to contain ehher arbuscular or vasicular infections

The researches on mycorrhiza, aﬁhough scanty, are qu:te 8nco urag—

‘ing ahd heed to be streamiined and strengthened with the establishment

of specuai research unitatthe Unwersuty ofthe Punjab, where some neces-'
sary facilities exist.

However, it is worth mentioning that mcreasingiy greater empha313 is
being jaid on mycorrhizal studies in advanced countries with a view to
making its practical use in enhancmg crop productwlty through (1)
improved utllization of applied fertilizers, parhcuhrty some rock
phosphates, (2) imp rovad nodulationandN fixation of grain and legumes
and better establishment of forage legumes in pastures, (3) re-estabiish-
ment of infection after scil sterilization, particularly in tres nurseries, 4
erosion control and rehabilitation of degraded soiis and {5) controi of plant
pathogens, especially soil-borne. Such studies can also be taken upatthe
proposed research centre in Pakistan. ' '

Summary

The chapter includes the researches carried out on beneficial fungi

and bacteria with a view to hightighting their importance and possible use
in the service of the farmers.

In case of mushrooms, after giving their economi¢ and nutritional

528



importance, the work carried out on survey (showing presence of 137 dif-
ferent species belonging to 32 genera and their frequent ali-the-year
round distribution), physiclogy, morphology and chemical analysis of the
selacted strains and on identification of high-yielding species has been
described. it aiso covers methods of cuitivation of mushrooms belonging
to six different groups (Oyster, Wood’s ear, ink-caps, Button, Shiitake and
Chinese) inciuding preparation of bedding material; pasteurization;
spawning or seeding, spawn running; maintaining suitable temperatures,
light intensities and humidities; harvesting and utilization as well as trans-
fer of technology for semi-commerciat or commercial production.

A brief mention of antagonistic fungihas been made wnth reference of
the detailed wark embodied in Chapter XXI.

The studies carried out on growth stimulatory microbes have given
very encouraging results in stimulating the growth and vields of many
crops when used alone or mixed with soil amendments. The important
antagonists are Arachniotus and Streptomyces which hald a good chance
both in controlling the soil-borne fungi and stimulating the growth and
vield by accelerating decomposition of organic matter. Such studies need
strengthening to develop suitable farm-application methods.

The work carried out on entomogenous fungi has been reviewed
showinga goodscope of its application, if investigations are strengthened
and streamlined on sound footings. Seven entomogenous fungi recorded
ona number of hosts in Pakistan have bean tabulated along with the high-
lights of the work carried out on Aspergiilus flavus in efficient killing of to-
cust.

A brief account of mycorrhizal fungi including their nature, distribu-
tion, inoculation methods and salient features of research findings based
on the work done in Pakistan have been given, highlighting their impor-
tance, necessitating more concerted studies for enhanc:mg crop and
torest productivity.

References

Abbas, HH, Hssan SF, Haque, H. and Hashir, M, 1959, Aspergitius
flavus Link. A fungus parasite of desert locust Agric. Pakistan.
-10{2):195-205.

Atwad, R, 1976, Studies on Prays acmenias”_(i.epidoptera'ponemeu-
tidae) and its natural enemies in Pakistan. Entomaophaga, 21:265-288.

‘Ahmad, R., Ahmad, S, Salim, M. and Ghani, M.A, 1978. Incidence of

 Eucosma pylonitis Meyr. (Lepidoptera: Tortncldae) and |ts naturaf
énemies in Pakigtan, Pakistan, Acad. Sci. 12:85-94. '

529



Ahmad, R. and Muzaffar, N., 1978. A note on pathogens of the pink
boll worm-Pectinophora gossypiella (Saunds.) | (-Lepidopte_r_a:.- Gele-
chiidae) in Pakistan. Agric. Pakistan, 29:61-62. - _

Ahmad, R, Salim, M., Ahmad, S. and Ghani, MA, 1977. Studles on the
seasonal incidence and biological mortality factors of the pine cone

borer-Dioryctria abjetelia (Schiff.) (Lepidoptera: Pyralidae) in Pakistan.
Tech. Bull. Common weather institute of Biclogical Control 18:113-127.

Akhtar C. M. 1982. A study of stimulatory microbes toc boost cmp
productlon Proc. Sympo. on World Feod Day. :

Akhtar, C.M., 1982. A new biclogical approach to boost crcrp produc—

. tion. Pakistan, J. Agric. Sci. 19(1-2):14-25.

Ali, MA, Khan, DA, and Khan, S__M 1982. Performance of Chmese
mushroom (Voivariella volvacea) on various substrates at Faisalabad.
Pakistan. Int. Soc. Trop. Newsletter, 2(4):5-9. .

Ali, M. A and Khan, SM., 13881, Progress and prospects of paddy

_ straw mushroom in. Pakistan. Mushroom Sci. 11:83-88.

'Anvery, 8.A. and Khan, SA, 1959. Obs_ervat]ons on mycorrhizae on
~Pinus. roxburghi (Chir), P. wallichiana (Kail) and Cedrus deodara
(Deodar) in Murree hills. Pakistan. J. Forest, 9: 127439 .

Baird, R.B., 1956, A list of altempis.to control insects by maans of
entumogenousfungl Asuppiement to use fungus diseases in biological

. control.of insects. Xth.Int. Cong Ent. Montreal (Mimeographed),

"Bafrd RB 1958 The artifuc:al control of insects by means of entomoge-

B nousfung: Compilation of references with abstracts Entomoiogy Labo-
ratory Belléville, Ontario. )

Ballis, A. K. 1946. Bacterial fertilizer for field crops. Soil 5¢1.64-413-429,

_Cheema M.A,, Irshad, M., Murtaza, M. and Ghani, M.A,, 1973 Pentatomids
assoclated with gramineae and their natural enemies in. Pakistan.
Tech. Bull. Common -wealth Institute of Biologicai Control. 16:47-68.

'Haﬂz A L 1982. A prehm:nary study of the microbiciogical controt
of poplar borers; Indarbela guadrinotata, Aprecna cinerea and
Aeolesthes sorta. Research activities (1976-1982). Dep. Zool.. Univ.
Peshawar, pp. 41. R

Hussain, A. 1879, Effect of seed inoculations by Azotobector. on

_ wheat growth Wheat Res. and Prod. in Pakistan: 189-201.

Ghaffar, A, Malik, M.AB, and Khan, TH, 1871. Some factors affectlng
infection of cotton seedlings by Macrophomina phaseoh Pakistan.).
Bot 33 and 2):83-89,

lgbal, S.H. and. Qurash: KS. 19?’6 The. :nﬂuence of mixed sowmg
(cereals and cruclfers) and . crop rotation on the development of
mycorrhizae and subsequent growth of crops under field conditions.

530



Biclogia, 22:287-298, _ _
lgbal, 8. H. and Qureshi, K. 5. 1977. The effect of Vesicular Arbuscular
myearrhizal associations on growth of sunflower (Heﬂanthus annuus L)
under field conditions. Biologia, 23(2):189-196. ' :
Igbal, §. H., Qureshi, K.S, and Ahmad, 8., 1977. influence of VA mycor-
rhiza on damping-off caused by Rhizoctonia solani in Brassrca napus
Biologia, 23:197-208.
tabal, S. H. and Malik, K. S, 1878, The effect of transpiantmg on the
development of mycorrhiza and. subsequent growth of crops normally
raised from seed under field conditions. Biologia, 24(2):349-355,
lgbal, SH., Tauglr, S, and Ahmad, JS. 1978 The. effect of VA
mycorrhizal associations on growth of rice. Biologia, 24:257-267. -
lgbal, 8. M. and Taugir, S., 1980. Influence of soil moisiure on VA
mycorrhizae of cereals under sterile conditions: Symposium on plant
soil water interactions. Nuclear [nst for Agric. and Biol; Faisalabad. 6:6.

lgbat, 8. H, Yousaf, M, and" Younas, M, 1981, A field survey of
mycorrhizal associations in ferns of Pakistan. New Phytoiog:st 87:69-79

tqbal S. H. and Perveen, B, 1980. Some species of Screrocysﬂs
- (Endogonaceae) from Pakistan. Trans Mycol. Soc. Japan, 21:57-63.

lgbal, S. H. and Gill, N. 1982. Inflience of dens;ty of seeds on: the
VA mycorrhizat association in wheat {Tnncum aestrvum L:nn) Buli
Mycol. 2:31-39. -

igbal, S. H., Taugir, S. and Ahmad, J.S., 1982. The effect of Vesicular
Arbuscutar mycorrhizal associations on growth of rice (Oryzae sarwa)
under field conditions. Biologia, 24(2) :357-366. :

Igbal, S. H. and" Mahmood, T, 1982, Occurrence of VA mycorrh:za
and damping-off caused by Rhizoctonia solani in relation’ 10 age of
Brassica napus. Bull. Mycology, 2(1 and 2):41-58.

Janjua M. A. and Ghani, M.A., 1962 Blologacal control of ‘Gotton
leaf-rofler (Syfepta derogata). Ann, Rep Commonweaﬂhlnstltu’teo Bio-
logical Centre. '1861:33. '

Kausar, A. G. and Khan, S. M. 1980. Fifth Annual F{eport of PL-480
Project. Research studies on witd and exotic mushrooms 1n Paklstan

Khan AH. 1980. F’athology of tree Faisalabad. Agnc Univ.

Khan 'SM., 1981. Cultivation of Oyster, Shntake Chlnese and Button
mushroom Farmers Buli: pp.4. ' :

Khan, 8. M. 1982, Sixth and Seventh Annual Research Reports of PL-
480 Pro;ect Research stud|es on wa!d and exotac mushroams in Pakls-
tan.

Khan, 8. ‘M., Kausar, AG, and Ali, MA, -19‘80-.Temperature require-
ments of Oyster mushroom (Pleurctus cretaceus). Int. Mushrooni Sai.

531



Trop. Newsietter, 1(2):11-13.

Khan, S.M., and Kausar, AG., 1881. Prospects of mishroom cuitwatlan
in Pakistan. Mushroom Sci. 11:55-58.

Khan, SM., Kausar, AG, and Ali, MA, 1981, Yield performance -of
different strains of oyster mushroom (Pleurotus spp.) on paddy-
straw in Pakistan. Mushroom Sci. 11:675-678.

Khan, SM., Khan, DA, and Kurtzman, RH, 1979. Temperature studies
on Podaxis pistillaris. Mycologia, 71:861-867.

Khan, S.M, and Ali, MA, 1981. Cuitivation of oyster. mushroom
(Pleurotus $pp.) on cotton boll locules. Mushroom Sci. 11:691-695.
Khan, S.M., Khan, D.A, and Ali, MA, 1983 Cuktivation of button
mushroom {Agaricus spp.) at Faisalabad. Mushroom J. 6:220-221. -
Khan, D.A and Khan, SM., 1879. Final report of the PL-480 Project.

Research studies on wild and exotic mushrooms in Pakistan.

Khan, D.A, Khan, S.M., and Akhtar, M., 1980. Four edible fungi from
Baluchistan. Pakistan. J. Agric. Res. 1(2):11-13.

Khan, S.M, and Khatoon, A, 1982. Mushroom recipes. Pl. Path. Dept
UAF Mono 119 _

Mahmood T. and igbal S.H, 1982 lnﬂuence of soﬂ molsture on VA
mycorrhtzal and pathogemc infection by Fl'hfzoctoma solani in
Brassica napus. Pakistan. J. Agrlc Res. 3(1}:45-50.

Mosse, 8. 1981, Vesicular Arbuscular mycorrhiza research for tropical
-agriculture. Res. Bull. 184. Hawaii Instt. Trop. Agric. and Human
Resources.

Nemec Stan. 1982. Aspects of Vesn;:ular Arbuscular mycorrhlza in
plant disease research. !ntr_oduct;on on the symposium. Phytopatho-
logy, 2(8):1102. _

Saif, S.R., and Khan, AG., 1975. The influence of season and stage
of development of plant on endogone mygorrhiza of field grown wheat.
Canadian J. Micriol. 21:1020-1024.

Saif, S.R, Sheikh N.A, and Khan, AG, 1975. Ecology of endogonel.
Relationship of endogone spore population with physncai soit factors.
islamabad J. S. Sci. 2(1):1-5.

Roberts, DW. and Yendol W.G.,, 1971. Use of fung: for mlcroblo!
control of insects and mites. Burges, H.D. and Hussey, N.W. (Eds.).
Academic Press, London:pp.861.

Wright, JM. 1854. The production of antibiotics in soil. L Productlon
of gliotoxin by Trichoderma viride. Anne. Appl. Biol. 41:280-289.

Wright, JM. 1856. The production of antibiotics in seitlil. Produc-

tion of gliotoxin in wheat straw buried in soll. Ann, App! Biol.

44:461-466.

532



Chapter XXIV

Research Guidelines

In the area, now constituting Pakistan, plant pathological researches
have been underway over the last seven decades at the Punjab Agricul-
tural College and Research Institute, Lyalipur (Faisalabad); first in its Bo-
tanical Section (from 1807), later on in Mycological Section {1928) and
subsequently in Plant Pathology Section {1947). inthe meantime research
programmes were also initiated at the other provincial agricultural
research institutes in Quetta, Tando Jam and Tarab as well as at some of
the universities. As a result, some ouistanding research findings have
greatly helped incontrolling certain plant diseases and enhancing the total
crop productivity,

Agricultural Research System

However there are many constraints,which have been & are tiolding
back the real impact of plant pathology in the fields of education, research
and extension. The main constraints are (a) its full potential and status are
not recognized; (b) there is a shortage of trained manpower including
researchleadership and research management; (c) laboratories are poor-
ly equipped and under-staffed, and thereis an absence of adequate scien-
tific literature; (d) under-utilization of quatified scientists at the uhiversities;
(&) mono-disciplined and il-planned research programmes not based on
priorities and the development needs of the country: () inadeguate work-
ing cooperation at institutional and inter-institutional levels; (g) poor com-
murication and understanding between planners, administrators and
research leaders and lack of competent central coordination and direc-
tion; () lack of proper implementation of programmes as well as presen-
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tation and evaluation of results and extension of research findings; (iy lack
of a system for forecasting the diseases and the application of suitable
and timmely control measures; and (j) allocation of meagre research funds.
Many of these consiraints are common to the whole agricultural research
system, which needs overall reorganization at national and provincial
levels for strengthening the agricultural base as no region or country can
modernize itself and develop its resources unless it begins with agricul-
ture, more so in basically agricuitural countries. . . _
Thereal potentiat of plant pathology, i in tmprc)\nng agnculturai produc—‘
tivity, and quality and in saving huge pre and post-harvest losses, should
be fully realized by the Government and the scientists to establish a well-
knit research and extension infrastructure at federal, provincial and univer-
sity levels. it should be based on the following principles:
a) A strong national centre or centres for basic or background
research;
b} Regional centres (one in each ecoiogicai zone) for adaptive
" research, concentratmg on the major crops and farmmg sys-
- tems; and '
c) Development work at extension centres to test and formu!ate
recommendations to suit farm—appl ication. R
Although basic or fundamsntal research is sssential, a stronger -
emphasis should be placed on adaptive, protective and applied research
with postponement of the basic research units until highly trained person-
nel and technical facilities -are available. However, basi¢ research should
be initiated in those disciplines, which have competent -research
teadership (including at the universities). Copying the type of researches
being carried out in developed countries shouid be aveided becauseg of
the differences in the nature of the problems. It is proposed that plant
pathological work be spht into various units accordingtothe similarities in
modes of perpetuation and methods of control of varicus groups of -
diseases, irrespective of the crops. The Specialized Research Units or
Centres. of Exgellence should be well-equipped, staffed, managed and -
financed and distribuied within the country at suitable places. They shoulg
have research leaders of high calibre as-well as good laboratory facilities,
They should be financed by the Federal Government to serve the national
interest. Subjects to be studied at these centres would include diseases
caused by seed-borng, soii-barne, foliar and air-borne pathogens and .
those caused by bacteria, virug, nematodes, phanerogamic plants, weeds -
and by nutrient deficiency. iney would also undertake the screehning of
crop varieties against major diseases, agrochemical testing, survey and -
forecasting and systermatic mycology and other discipline. The work of
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these centres shouid be coordinated to provide better use of research
funds, scientists and facilities. The time is fuily ripe for joint copperative ef-
forts in the greater types of research work to be carried out at the
federal, provincial and university level, keeping in view the three basic
research components mentioned earlier, Fundamental resgarch wil be
carried out at the above mentioned centres, irrespective of location and
jurisdiction. Adaptive researches and development work will be done at
the provinciat research institutes and the extension centres,

Research Priorities

“Research programmes should be based on priofities consistent with
national agricultural policy. They shouid be realistic and oriented towards
the needs of the country as well as the capabilities and resources of tha
farmers. The programmes should be well-form ulated and must involve alt
the concerned disciplines and available resources and have: buift-in
evaluation reviews. The rasearch should be carried out on a team basis
with the scientists consulting together toimprove an dimplement research
activities. The programmes should not be of emnibus types but problem-
ofiented and suitably supporsted with appropriate number of scientists,
researchfacilities and operational budget. The foliowing priorities are sug-
gested in-the descending order of importance. '

1. Disease Resistant Crop Varieties

- Emphasis should be laid on the development of practical type of con-
trol measures which have easiar farm-application. Amongst them, the
development of high-yielding and disease resistant varieties, which is the
most economical and durable solution, should receive first priorit_y. This
Aapproach can greatly help to increase and stabilize agricultural produc-
tivity as well as avert epidernics, if seeds of resistant varieties are made

avedlavle to the farmers on a timely basis. Many success stories can be
quoted of such productive programm eswhere boththe plant pathologists
- and breeders have closely cooperated. As'a good example the wheat
improvement programmes from Pakistan can be cited. This has helped to
increase per unit area production by centaining the rust diseases. Such an
approach, if foflowed for other crops and diseasss, will be of significant
value. Its achievement will need the combined efforts of the patholo gists
and the breeders necessitating the establishiment of breeding centreson
special crops, vegetables ard fruits and the sharing of genatic pool and
segregating materials. for identification of varieties suited to different
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acological conditions.

2. Cultural Methods of Disease Control

The second priority shoutd be given to culturai methods of control of
diseases, particularly those which are seed-borne and soil-borne. Earlier
researches have ciearly shown that changes in methads, time and depth
of seading, soll moisture variations and rotations can greatly help in reduc-
ing the incidence. As such methods are free from purchased inputs and
can be easily adopted by the majority of the farmers, particularly small
land holders, more research is needed to develop ¢heap technoiogy
which will also help avoiding soil and air paliution from the use of chemi
cals. o

3. Distriiction: of Diseased Plant Dabris

Since many diseases are carned through attached infected plant
parts or debris lying on the surface of soil, it will be useful to develop such
culturai methods, which can help to kill the pathogens before the new life
cycles start or the succeeding crops are planted. Such methods may in-
clude pruning.coliecting & burning of the diseased plant debris,or burying
the debris in the soil, muiching, application of antagonistic organisms alo-
ne or with amendments or by rotations including non host plants.Research
should also include studies on the effecis of change in irrigation regime,
application of fertilizers and lime as well as of methads 6f harvesting,
threshing and storage. “Prevention is better than Cure” can be weli prac-
tised through the use of culturaf methods of control. :

4, Seed Treatment

There are a number of seed-borne diseases, which can be effectively
controlled through seed cieanmg, chemical seed dressing, hot water treat-
ment solar energy treaiment or treatment with systemic fungicides. For
the control of such diseases compulsory seed treatment should be
introduced at the seed distrioution sources, while research should be
intensified fo develop cheaper, safer and more effective seed treatmants.

5. Control of Foliar Diseases

Special efforts should be made to develop controlmeasures forfoliar
and air-borne diseases, through the cheap and effective agro-chemicais
used as sprays or dusts. Bordeaux mixture, Bordeaux paste, copper com-
pounds, sulphur and lime suiphur are stilt the most common, safe and
effective and much cheaper chemicals than the new fungicides. More
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research should be concentrated on the use of these chemicals and on
new ones based on indigenous resources to develop safe, economical
and effective means of controlling air-borne diseases. Researches are also
needed on the development of cheap and more efficient spraying and
dusting equipments for use by farmers.

6. Pre and Post Harvest Losses _

These losses, which rob the farmers of their hard earned and valuabte
productivity, constitute a major blow to their ecanemy. Such losses, may
be physical, mechanical or pathegenic in nature, involving, insect pests,
diseases and vertebrates. They may occur during harvesting,. threshing,
transpartation, storage, marketing and utilization. Special investigations

need to be carried out on the causes of damage and the controj of patho-
denic and non pathogenic losses to develop a package ot practical pre-
ventive measures.

7. Use of Beneficial Organisms

Beneficial fungi and bacteria (mushrooms, mycorrhyza andg
antagonistic pathogens) constitute an important group. and also need
concerted studies to make best use of them as food and for the control of
diseases. '

8. Integrated Control Measures

. As the crops are simultaneousiy infected by insact pests, discases
and weeds, it will be advisable to develop integrated control measures
against them. This approach will be more economical and practical, requir-
ing all disciplines to work together. Instead of carrying out many sprays se-
parately with different chemicals for controliing insect pests, dissases and
weeds, it would be much economical to develoo simple, cheaper and
effective system of controlled and combined spraying along with non
chemical methods. To achieve this goat a special type ofresearch work is
needed embracing the combined efforts of different disciptines (Pathola-
gy, Entomology, Agronomy, Weed Science and Economics). Present day
isolated studies are far from being satisfactory, '

9. Disease Monitoring and Ferecasting:

The monitoring of farmers’ fields isa necessary bagkground résearch
to develop accurate estimates of the prevalence of major and minor
diseases and new diseases or races. It also allows the collection of disease
spe_c'-i_tﬁen_s_for herbarium and the preparation of live cuitures, to improve
and strengthen research and extension programmes. it is useful, too, to
gain time in the development of new resistant varieties through broaden-
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ing the resistance base and for developing a metnodology Tor crop
production estimates and marketing strategies. For this purpose survey
and forecasting service should be established with wel- ptanned all the.
year round programimes. .
The research infrastructure should be supported by deve!opment of
scientific trained manpower, advisory service, extension iterature,
demonstrations and large-scale campaigns to ensure increased ‘crop
productivity so esséntial for the econcmic development of the country.
" ‘Alfrough the good research work cannot be strictly channelled, the
above ideas will help in streamlining the-plant pathological activities. Even
oneyear's failure of an important crop can jolt the'economic base, retard-
;ng the progress and prosperity of the country. Such catastrophles must

be avmded by strengthemng agncuitural educauon research and exten-
sion.
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INDEX

Abnormalities diagnosis 443
"nutritional 442
*nutrients: mal effects, 443
*nutrient status of Pakistan sois, 444
Actinemyces 122
Aecidium brasiliense, 284
Aecidium calfianthum, 284
Aecidium carlaeviae, 285
Aecidium esculentum, 284
Aecidium mori, 285
“Aecidium fhytismoldeum, 284
Afalon, 433
Agallol, 107
Agaricus, 511, 514
Agaricus bisporus 514, 515, 516
Agaricus rodmani, 515
Agaricus trisulphuratus 527
Ageratina riparia, 437
Aglenchus agricola, 358
Agrimycin, 307
Agrobacterium tumefaciens, 311, 312
Agrosan 4, 128, 304
Agrosan CN, 4,7,9,15,38
Agropyron repens, 430
Agrostemma githago, 404
Agroxone, 431
Albugo candida, 142, 143
Aldicarb, 373
Algae, 405
*Chara, 405
*Spirogyra, 405
*Nostoc, 405
*Qedogonium, 405
*Rivularia, 405
Alopecirus mysuroides 430
Almond, disease 251-252

Alternaria 3,4,6,7,8,8,12,1 3,37,40,89,219,245 472

Aliernaria brassicae, 144
Alternaria infegtoria 3,127
Afternaria macrospora 127
Alternaria padwickii, 10
Alternaria solani, 208, 220

- Alternaria tennuis. 4, 6, 10, 11, 130, 218, 219

Alternaria tenis.'ma, 6, 152, 214, 215
Alternariatriticina, 10
Amanita hemibapha, 527

Amanita verna, 527 )
Amaranthus blitum (chulai, 407
A. spinosus, 407,

A. viridis, 407 427 430
Ammannia aucicufata, 407

A muitiffora, 407
A. senegalensis, 407
Anagallis arvensis, 407
Anguina, 366 _
Anguina tritici, 301,359,369,373
Angular leaf spot of cotton, 304
Antagonism, 69
Antagonistic fungi, 522
Antimicin, 107
Antracol, 230
Aphelenchoides, 359,369
Aphelenchoides besseyi, 357,359,369
Aphelenchoides bicandatus 357,359
A. blastophthorys, 359
A. caprifica, 359
A, parictinus, 359
A. ritzemabasi 359
A. winctesi, 358
Aphelenchus, 134,359,366
Aphelenchus avenae, 350
Apiospora montagnei, 297
Apple, 248
fly speck, 250
powdery mifdew, 249
npe roi, 248
scab, 250
Aguatic weeds, 405
water hyacinth, 405
Hygnorhiza aristate, 405
Ludwigia perennis, 405
Nasturtium officinale, 405
Nymphaealotus, 405
Polygonum glabrum, 405
Potamogeian perfoliatus, 405
Renunculus, 405
Arasan, 6,7,8,9,15,39,73,150
Arboral, 297
Arcenthobium minutissimum, 398,390
Archniotus spp, 243,494,495 524
Arelon, 433 :
Aretan, 107
Argemona mexicans, 407
Armiftaria 511,
Armillaria melfea 267
Ascochyta, 85,161,162
Ascochyta phaseolorum, 186,187
Ascochyta pinodetia, 162,163,178
Ascachyta pinodes 163
Ascochyta pisi 161,162,163,225
Ascochyta rabief, 160,163,170,171.176,
478

839



Ascochyia sorghi, 91
Aspergitius, 3,4,6,7.8,9,14,88,99,1 23,134,
146,147 437,494,495

Aspergifius cacspitosus, 12

Aspergillus candidus 12,

Aspergillus flaviceps, 82,496

Aspergillus flavus, 34,10,127 243,494 495,525
Aspergilius fumigatus 12,491,525
Aspergillus nidulans 12,

Aspergilius niger, 34,10,126,127,128,243
Aspergilius ochraceus, 12,525
Aspergillus parasificus, 12,525
Aspergilus rugulosus 68,498

Aspergilius wentlii, 12,484

Asphodelus tenuifolivs, 407,427 431
Astraeus hygrometricus 527

Afthea rosa, 430

Auricufaria, 515,516

Azotobacter chrocococum, 524

Avena fatua, 407

Avirosan, 433,

Bacillus 59
Bacteria 300
Bacterial M, 432
Bacterial diseases, 300
Leaf spot of mango, 317
Soft rot, 209
Banana, 243
black tip (finger tip), 243
leat spots, 245
stem and rot, 244
stem rot 244
Banvel, 431,433
Barberry, black stem rust, 50
Bariey, 56
Barlay, covared smut, 57
leaf spot, 58
Jloose smut, 56
powdery mildew, 5@
seadling blight, 58
Bayletan, 54
Baytan, 26,32
Basillus subtilis, 496
Basiria graminicoia, 359
Bagiria indica, 368
‘Basiria mingr, 358
Bean bacterial blight, 319
Beauveria bassiana, 525
Belonolaimus garcilis, 135
Benificial fungi, 510
Benlate, 4,9,26,32,112,130,176,220

Benzimidazole, 471
Biological control, 490
Blasi of Rice, 76
Boarhaavia repens, 407
Bolendorus, 367

Boleodorus acttus, 359

Boleodorus pakistanensis, 353
Boleodorus: zinia, 359,367

Bolaius, 511,527

Borax, 119

Bordeax mixture, 88,128, 142.1 44,210,
214,2152722,233,235,237,243,
244,246,248,280,263,207,314,316,318
Boron-deficiency diseases, 458
Botryodiplodia, 9,10,11,12,127 1 28 243,
244,245

Botryadiplodia theobromae, 127,160
Botryosphaeria ribis, 152,153,248,203,
297

Botrytis cinerea, 181

Brassica compestris, 408

Brassicol, 8,220

Bravo-500,176
Brestan-60,130,210,220

Bromus japonicus, 408

Broom rape, 395

Bubakia cingens, 285

Buctrit-M, 433,434

Bueno, 432

Bunt of wheat, 40,43

Busan-3,72

Calcium cyanide, 119
Calixin M, 176
Cannabis sativa, 408 -
Canthranetius, 511
Cantharetius cibarius, 527
Capnodium cityi, 238
Capsella bursapastoris, 408
Captan, 3,142,251,200
Carbouxin, 25
Carrot, 225

Powdery mildew, 225
Carthamus oxycanihd, 408,427 428 431
Cenchrus cifiaris, 408
Cenococcum graniforme, 527
Cephalobus, 135
Cephalosporium, 5,6,8,12,491
Cephslosporium acremoniurh, 96
Ceratocystis, 491
Cercospora, 286



Cercospora arboreum, 130
Cercospora beticofa, 225
Cercospora cltrufina, 223
Cercospora concors. 210
Cercospora gossypina, 130
Cercospora hefianthicola, 156
Cercospora koepheii, 114,158
Cercospora malanensis, 225
Cercospora musae, 245
Cercospora personata, 151
Cercospara sorghi, 90
Cercosporella agerantinae, 437
Cerenox special, 15,107
Ceresan 5,32,33,38,42 80,307
Ceresan M, 5
Cerotelium fici, 285
Cerotelium lamnae, 286
Cervidellys, 135
Chaetormium, 6,8,12,490
Chaetomium olivaceum, 5
Chenopadium spp, 427
Chenopodium album, 408,427 428,431
C. murale, 408,427,428
Chickpea diseases, 160

blight, 160,184

botrys greymold, 181

leat spots, 181

powdery mildew, 181

Rhizoctonia root rot, 181

smalling of lsaves, 180

stem rot, 181

wilt, 177,181
Chiorotic streak viruses, 349
Crysomyxa deformans, 288,200
Crysomyxa himalyensis, 288 '
Circinella sp, 127,491
Circonemella, 366,369
Circanemella gurvata, 359
C. lobatum, 359
C. onoensis, 359
C. sphaerocephalum, 359
C. xenoplax, 369
Circonemoides rusticum, 357
Cirefum avensis, 408
Citrus, 231

blue mold, 239

canker, 314

foot rot, 239

greasy spot, 239

gresn mold, 239

pink meid, 238

root rot, 236

Tristiza (Quick decline), 239

sooty mold, 238

wilt, 235

wither tip, 231

citrus nematode, 374
Cladosporium, 3,12
Cladosporium carpophillivm, 252
Cladosporium cladosporicides, 5,127,491
Cladosporium herbarum, 12
Cladosporium roesteri, 253
Clavaria, 511
Claviceps, 89
Clitocybe, 511
Cobex, 433
Cobox, 210
Cochfiobolus, 7, 13
Cachliobolus specifer, 5
Coix lacrymejobi, 409
Coleosporium barclayense, 288
Coleosporium complanatum, 288

Coiletotrichum eapsici, 9,127,128,129
Colfetotrichum dematium, 246,247
Colletolrichum falcatum, 11,474
Colletotrichum gloeasporisides, 231 232,
233.234,230,243 265

Colletotrichum gossypii, 129
Colletotrichum graminicoium, 86,87
Condrilla juncea, 437

Coniothyrium fucketi, 41

Convolvutus arvensis, 409, 427, 430, 431
Convolvilus pluricaulis, 409

Conyza stricta, 409

Copper carbonate, 7, 32, 33, 42, 80, 85
Copper chrom-arsernate, 277

Copper naphthanatég, 277
Copper sandoz, 4

Copper sulfate, 32,39,42,80,83,85,118,149,
314

Coprinus, 511
Corchorus olitorius, 410
Corchorus tridens, 410
Comopus didymus, 410
Corieanaer, powaery miblew, 225
Corn, 96

Diplodia 96

downy mildew, 99

edr 1ot, 89

Gibberefia disease, 96

leaf blight, 93

rust, 99

seed rot, 98

seed rot, 98

seedling rot, 98

smat, 897

stalk rot, 95, 319
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Cousinfa minuta, 410
Corynebacterium Iritici, 310
Coson, 216
Cotton, Altenaria leaf spot, 130
. Anthracnose, 126

Fusarium wilt, 121

baeterial blight, 304

balt rot, 126
Cercosopora-leaf spot, 130
Myrothecium leaf spot,
Mycoflora {Bollrot), 127
root rot, 117
sooty maid, 131
stenosis, 350
stunting, 133
firak, 131
virus leaf curl, 344
wilt, 121
Cowpea, mosaic, 337
*yellow mosaic, 339
Creosote, 277, 283
Cronartium himalayense, 288
Cronartium guercuuim, 285
Cronartium ribicola, 288,290
Crossopsara zizyphi 285
Crown gall, 311
Cryptodiaporthe salicina, 296
Cucumber mosaic virus, 334
Cucurbit, 220
downy mildaw, 220
Leaf spot, 223
powdery mildew, 220,223
Cuman, 280
Cupravit, 128,142,143,210,235,248,249
Cupric axide, 73
Curvularia, 2,7,8,9,13.14,40,88,89
Curvularia eragrosiidis, 10
Curvuiaria geniculata, 8, 10
Curvularia lunate, 56,10
Curvuiaria oryzae, £,10
Curvuiaria pallescense, 5
Curvilaria penniseti, 81
Curvularia verrucwiosa, &
Cuscuta sp, 380
Cuscuta arvensis, 392
Cuscuia brachystigma, 392
. campeslris, 392
. eurcpaea var. indica, 392
. gigantea, 392
. monogyna, 392
. planifiora, 392
. refloxa var. anguina, 382

[sEeNoNsRelal
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Cylinderocarpon radigicola, 491 -
Cynadon dacivicn, 410,427.430,431
Cyperus gifformis, 410 . -

C. iriz, 410

C. laevigatus, 411

C. rotundus, 411,427 431 -
Cytospora cieae, 254

Cytospora sacchari - 107,108

Daconil, 54 142 144,210
Dactyloctenium aegyptxum. 41 1
Daedalea guercing, 275 .
Dasmastachya bipinnata, 411
Dasturella bambusing, 286
Dastureifa divina, 286,287,288
Datura aiba, 411 '

Datura metel, 411

Damping off, 98,290

Detson, 39 '

Denaryphiella, &

Dendropoma sp, 253

Dexon, 200 '

Diamine, 431

Dicanthium annulatum, 411

Dicuran MA, 431,433,435

Digera arvensis, 411

Digiteria sanguinalis, 412

Dieback, 231,282 n

Dietdrex, 4,6,89,1539,73

Diplodia, 96,150 :
Diplodia disease of corn, 96
Diplodia gessypina, 127

Diplodia maydis, 96 . :
Disease, methods of cultural controt
502  methods of scoring, 478
Dithane, 5,73,107,112,142,203,210,
215,219,220,222,248,248 " -

Ditylenchus, 366,369,370
Ditylenchus angustis, 357,350, 369
D clarus, 359

D. destructor, 359, 359

D. dipsaci, 380,380
Dodder, 330

Dorylaimuos, 134

Dosanex, 433

Dothichiza populea, 297
Dowpon, 432,433
Drecheslera, 13,14
Drecheslera hawallensis, 5
Drecheslera halodes, 5
Drecheslera maydis, 10



Drecheslera oryzae, 6,10,11
Drechesiera papendortii, 5
Drecheslera rostrata, 5
Drechesfera sorghicola, 11
Drachestera sorokiniana, 10,11
Drechesfera teres, 11
Drechslera igiramera, 5

Duter, 210

Dwarf mistietoe, 398

Echinochioa, 69

E. colonum, 412

E. crusgafli, 412

Eclipta alba, 412

Eleocharis atropurpurea, 412
E. indica, 412

Elsinoe ampulina, 253

Emcen, 4,7

Endothefla albizziae, 296
Entomogeneous fungi, 524
Eruca sativa, 413

Erwinia, 310

Etwinia amylovara, 313

Erwinia aroideas, 309

Erwinia atroseptica, 309
Erwinfa carotovora, 96,309,310
Erwinia mangiterae, 317
Erysipha cichoracearum, 222
Erysiphe graminis, 56;59,60
Erysiphe polygoni, 143,223,224
Esteron, 76, 433

Eupatorium riparium, 437
Euphorbia dracunculoides, 413
E. helioscopia, 413,427

£ hirta, 413

E pilulifera, 413

E. prostata, 413,427
Exerocomus bakshii, 528
Exosporium tifae, 206

Fagonfa indica, 414
Ferfuram, 26
Fermate, 573,248
Feroxing, 432 -
Fimbristylis dichotoma, 414
F. feruginea, 414
F. littorafis, 414
F. tenera, 414
Ffammuh‘na" 511

Flax (linssed), Fusarium wilt; 148
Fomes, 511 -
Fomes annosus, 266
Fomes badius, 274

Fomes concharus, 273
Fomes fomentarius, 274
Fomes lamacensis, 273
Fomes pini, 266
Fomes pinicola, 266
Fomes roseus, 268
Fomes senex, 273
Forest trees, 259
alights, 294
die backs, 292
leaf spots, 204
nursery diseases, 290
powdery mildews, 278
root rots, 281
rusis, 283
wilts, 280
witche's broom, 203
woody decays and heart rots, 261
Formaldehyde (Formaliny, 43,80,83,85, .
107,149,203,237,282,283,200,310,306
Fruit ptants, 231
Fumaria indica, 414
F. parvifiora, 414
Fungi of Pakistan: major group,2
Fungicides — seed dressing, 14
*toxicity, 14
Furadan, 373
Fusariurn, 3,7.8,9,13,14,37,40,55,88,89,96,
120,121,123.124,134,144 146,147,
149 150,152, 90,202 235281 282.290,291 3
308,476,491

Fusarium angustum, 201,202
Fusarfum coervieum, 8,150
Fusarium cuimorum, 491
Fusariom equiseti, 6,10,11
Fusarium graminearum, 6,10
Fusarium fini 148

Fusarium lycopersici, 299
Fusariutn moniliformae, 56,1011 80,0558,
97.113,114.494

Fusarium orthocerés, 177178179
Fusarium oxysporum, 12,126,164 201,202,
203,204,219 225 281 491,402, 49.'3
Fusarnum pigi, 225

Fusarium poae, 491

Fusarium roseum, 491 )

Fusarium semitactum, 5,8,10,1 1,89,127,
180,491 .
Fusariuem sofan, 3,121 27.190,202,281,
282,491 492,493 9494 495

Fusarium vasinfectum, 134
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Ganoderma applanatum, 270 H. pseudorobustus, 360

Ganoderma lucidum, 268 H. egyptiensis, 360

Geasirum fimbriatum, 528 H. crenecauda, 360

Gesapax combi, 433,435 H. tharnei, 360

Gesaprm, 433 Heliotropium eurcpiurn, 414
Gibberella, 13,99 Heliotropium supinum, 415
Giberella fujikuroi, 698 Heiminthosporium, 3,46,7,8.9,13,14,
Gibberella moniliformis, 114 : 472,473,491 i .

Gibberefla zeae, 10,96

Helminthosporium carboni_:m, 96
s Gieosporium, 244

Helminthosporium hawaiiense, 91,245

Gleosporium limeticedum, 233,234 Hetminthosporium maydis, 93
Gigosporium masaltm, 243 Helminthosporiym oryzae, 71,473
Gliocladium deliquescens, 491 . Helminthosgorium s aiivii m, 3_?',5_5,5_8, 493

Gliodadium roseum, 481 Helminthosporium specifer, 127
Globodera, 366, 369 Helminthosporium tureicum, 93
Globodera rostochiensis, 359 Hemicriconemoides, 357,366,367 369
Globodera tabacum, 360 Hemicriconemoides cocophilus, 360
Gioeosporium phaseoli, 188 H. strictathecaius, 361

Gloecsporium piperatum, 212,213 H. gaddi, 361

Gigeocercospora sorghi, 90 ' :

Gloeodes poriugsna, 250 H. mangiferae, 361

H. ghaftari, 361,367

Glomarella cingulata, 239, 296 Hemilia canthi, 254
Glomerelia ticumanesis, 111 Hemilia wrighti, 284,287
Goal, 432 o Hendersonula toruloidea, 292
Gonoderma, 511 o Heterodera, 366,369,370,.374
Gramoxone, 433,434 Heterodera avenae, 361
Granosan M, 7,8,14,15,39,1 07,150 Heterodera manl, 363
Graneosan N, 7,39,73 Heterodera mothi, 361
Grape, 252 _ _ Heterodera oryze, 361
Anthracnoses {Birdeye spot) 253 Heterodera sacchari, 361
biack rot, 253 Heterodera schachtil, 861
downy mildew, 253 Heterodera vigni, 361
leaf spot, 253 _ : Hetarodera zeae, 361
powdery mildew, 252 Heterosporium, 7, 13
Guar, 189 Hibiscus canabinus, 430
powdery mildew, 190 Hirschmaniella, 369, 380
wilt, 120 Hirschmaniella caudaerina, 360
Guignardia bidweilii, 253 H. grachlis, 360 '
Gymnospornagium cunninghamianum, 286,288 H. raucronata, 360
H. ofyzae, 360
Hapalophragmium ponderosum, 284 H. spinicaudatus, 360
Halicoma, 5 ) Hoplolaimus, 134,366,370
Helicotylenchus, 366,369 Hoplolaimus californicus, 361
Helicoiylenchus californicus, 360 Hoplataimus columbus, 361
H. conicephalus, 360 Hopfolaimus coronatus, 135
H. digenicus, 360 Hoplolalmus galeaius, 361
" H. dihystera, 357,360 Hoplotaimus indicus, 361
H. erythrinae, 360 Hoplolaimus pararobustus 361
H. indicus, 360 Hopolaimus seinhorsti, 361
H. microdarus, 360 Hoplolaimus stephanus, 361
H. multicinctus, 358,360 Hoplafaimus tylenchiformis, 135
H. parvus, 360 Hormadendrum, 6,13
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Host resistance, 463

Hot water treatinent; 22,53
Humicola grisea, 491 - -
Hydnum, 511 S
Hydrilla verticiltata, 415 . -
Hydrocyanic acid gas, 119"
Hymanochaete rublginosa, 276
Hypecoum trilobitim, 415

Hypericum perforaturn, biological coentrol, 437

Hypochnus saskii, 99

floga fontanessii, 415 _
Inoculum: collection, siorage and
muitiplication techniques, 470 -

lron-deficiency diseases, 457
Jute, yellow mosaic, 338

Karathane, 280

Kinetin, 471

Kocide, 210

Korthalsefa opuntia, 369,400
Kumuius, 224

Kuprikot, 297

Lactarius scrobiculaius, 528
Lactuca dissects, 415

Late biight of potato 211

Lathyrus aphaca, 415

Leaf curl viruses, 341

Leaf rolf viruses, 345

Leafy mistietoe, 399

Lentinus edodus, B15516

Lenzites saepiria, 266

Legidium sativum, 415

Lepiota, 512

Lesion nematode, 378

L eviifula taurica, 181 190 191 215 220 278
Linum usitatissimum, 416 .

Liquid aramonia, 83

Lizo Manzeb, 210

Lolium temulentum, 404

Longidarus 357 369

Longidorus meyli, 364

Loranthus longitioris, 399,400
Lycoperdon, 512 o
Macrophomina phaseolina (Phaseoli}

97,117,118, 120121 122,125, 126152 153 154,155
193,184,195,198 216217237 238 246 491 492,

493,496

Magnaporthe: sarw'nif'-l 69
Mainsia pteracarpi, 284,287

Maize, seed mycoflora, 6
Malathion, 249
Malcofmia-africdna, 416
Maleic hydrazide, 471"
Malenchus andrassy, 362
M. pakistanensis, 362
M. platycephalus, 362
M. nausheri, 362,367
M. fusiformis, 362 -
Malic acid, 165
Malva pariffora, 416,430 -
Manganese-deficigncy diseases, 457
Mango, 23% : .

anthracnoses; 229

truitrot, 243

maltormation, 2414

powdery mildew, 243
Mannitol, 83 o
Marasimius, 5172 .
Marasimus sarmentosus, 296 -
Marsilia minuta, 416
Marssonia spp, 297
Medicago dentrcufa?a;' 416
M. serrata, 416
Melampsora acc:d:mdes 285 287
Meldmpsora eucafypﬁ i
Mefampsora Hiri,
Melampsora salicis albae, 285
Melampsora salicis capreae, 285
Melanconium jtiglandinum; 298 -
Melilotus alba, 417,431
M. indica, 417

Meliola spp, 296
Meloidogyne, 369,374
Metoidogwne arenarla, 357, 361
Meloidogyne hapia, 362
Meloidogyne incognita, 357,362
Meioidogyne javanica, 357, 362
Meiprex, 143
Mercuric chloride, 83, 88 10? 119 235237
Mergon, 7
Merlinius brevidens, :362_
M. microdorus, 383
M. nanus, 363~ .
Metaphelenchus sacchari, 363
Mezene, 210"
Methyt bromide, 197 290 396 a
Microstroma juglaridis, 296
Microthyritla rubi, 250
Millet, g1 o

green ear, 91

‘grain smut, 91,92
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ieaf spot, 92
rust, 91
Mineral-deficioncy diseases, 442
Mistletoe, 398
Mobilso!, 471
Monilia, 3,7.9,13,491,492
Monifinia fructicola, 252
Moniiinia laxa, 252
Morcheila, 512,513
Morestan, 9
Mortierefia eigngata, 492
M. substifissima, 492
M. vinacea, 492
Mosaic diseases, 325
Mucor, 58,6,7,9,13,127
Mung, 186 :
anthracnose, 188
blight, 186
yellow mosaic, 340
Mushrooms, 510
Mycelium radicis-atrovirens, 528
Myceflora: of seed, consolidated list, 10,11
Mycorrhiza, 526
Mycosphaereila hibiscifolia, 131
Mycosphaerella horri, 239
Mycosphaerella pinodes, 162,163
Mycoshaerella rabiei, 180,163
Myrotheclum roridum, 127,128,130

Naketea sigmoidea, 69
Nemagon, 47,373
Nemaphos, 47
Neovossia indica, 43
Mematodes, 356
Nematodeas, general symptoms, 369

Perpetuation 368

Crnirol, 373
Nematode Diseases, 373
‘burrowing ne 1atode, 379
citrus nematode, 374
‘cyst, 374
dagger nematode, 378
lesion nematode, 378
reinformanematodas, 378
root knot, 374
stemn & Bulb, diseases, 380
stubby roof, 378
stunting and wilting, 384
Nrgmspora, 2,13 -
Migrospora oryzae, 6,10
Nigrospora siate, 4
Mitrosan, 297

546

Nonnea pulla, 417 : .
Nonparasitic diseases, 442,452 453
Nothotylenchus, 367

MNothotylenchus goldeni, 363, 387
Nutritiongt disorders, 442
Nymphaea lotus, 417

Qidicderdron flavum, 492
Oidium, 248,278,279
Qidium mangifera, 243 -
Qkra, 216
leaf spot, 225
powtdlary mildew, 225

roof rot, 216
vellaw vein, 340

Olivea tectonae, 285,266
Omphalina, 512
Onion, 225

blight, 225

rust 225
Qaspora, 481
Operculefla padwickil, 178
Ophiobolus graminis, 494
Opuntia spp, 437
Orientylus siddiguif, 363
Orobanche sp, 395,436
Orobanche aegyptica, 396
Orobanche stockfi, 398
Orthocide HCB, 7

Pascilfomyces, 9,13
Paecilomyces caineus, 492
Pacelitomyces farinosus, 525
Pakiyfenchus, 367
B tuberosus, 363,367
Panasolus, 512
Panicum cofonum, 417
P. repens, 417,418
Panoram, 26,32
Papaya, 245

anthracnose, 246

charcosl 1at, 246

damping off, 245

fruit rot, 247

lagf cur, 343

mosaic, 336

powdery mildew, 248
Paradichiorabanzene, 119
Paratrichodorus mirzal, 363
Paratylenchus, 363,369
Paratylenchus nanus, 363
Paratyienchus lamatus, 363



Paratylenchus profectus, 363
Parzate. 5,73

Paspaium distichurn, 418
Passalara personata, 150
Paurodontella, 367
Pauradontefla sohallai, 364,367
Paxilius, 512
Paxina, 512
Pea, 223
leaf and ped blight, 225
powdery mildew, 223
roof rot, 225
Peach, 225, 251
‘tacterial spot, 252
brown rot, 252
taaf curl, 251
teaf rust, 251
. scab, 252
Peanut, 149
root rot and wili, 149
- Msette of paamt, 3408
stem rot, 150
tikka disease, 150
Panellus, 512

Penlciflium, 3,4,6,7,8,9,13.1 4,899,123,

127,146,147,178 452 404

Peniciilium cyclopium, 492
Penicillium decumbens, 462
Penicitijum digitatum, 239
Penicillium funiculosurm, 4972
Penicillium italicum, 232
Peniciilium fanthipefium, 492
Penicilium luteum, 492
Peniciliium nigricans, 122,492 496
Peniciflium purpurogenum, 69,496
Penicifium roseum, 239
Peniciilium terrestiis, 492
Penicillium urticae, 122,406
Pentachlorophenol, 277
Pepper, mosaic, (chilies}, 272

-dim back, 212

frait rot, 214

powdery mildew, 215
Perenox, 59,73,1 28,235,254
Perittermium ablespindrowina, 268
Peridermium brevius, 288
Peridermium cedri, 228,290,293
Peridermium himalayense, 288
Peridermium indicum, 288
Peridermium oriemale, 288
Feridermium piceae, 288

" Peridermium thomsoni, 288

Peronoscierospora sorghi, 90

Peronospora parasitica, 140,141 225

Phakopsora odinas, 286
Phakopsora phylfanthi, 285
Phakopsora vulgaris, 285
Phakopsora Zizyphi, 285
Fhalaris minor, 418,431
Phanerogamic parasites, 390
Pheflinus, 512

Pheliorina, 512

Phenol, 119

Phoifota, 512

Phoma, 6,13

Phoma casuarinae, 293
Phoma phasedina, 187
Phomopsis salamalica, 293
Phonxylens, 431

Phordens, 431

Phordester, 431
Phragmidium violaceum, 437
Phyla nodifiora, 418
Phyliactinia corytea, 278
Phyllactinia dalbergiae, 278, 280
Phyllactinfa sulfulta, 278

FPhylfosticta spp, {comparative study), 188

Phyllosticta phaseolina, 186,187
Phyilasticta phaseoling, 187
Phyllasticta rabiei, 162, 163
Phyliosticta sorghina, 85
Phymatotrichum omavorum, 121
Physaltospora, 99

Physalospora tucumanensis, 11,474
Physiologic races, 51

Phytophthora, 178,226,237,239 2682 200

Phytophthora diseases, 196
Phiytophthora parasitice 1 96,197
Pigeon pea, sterility mosaic, 350
Pisolithus tinctorius, 528

Plant diseases: screening of vrop varieties, 463

Plantvax, 54

Plasmopara heftanthi, 166
Plasmapara viticota, 253
Pleurotus, 512, 514, 515, 516
Pleurotus cretaceus, 514
Hleurotus eryngii, 515
Fleurotus astreatus, 515
Podaxis, 513

Podaxis pistitiaris, 514,515
Podosphaera lsucotricha, 249
Polygonum plebegum, 418
Polyporus gilvus, 270
Pofyporus hispidus, 271

RAT



Polyporus scheweinitzii, 267 -
Polyporus shoreae, 271
Polyporus squamasus, 272
Polyporus suiphureus, 272
Palyram combli, 130,248
Paiyram M, 142,143, 144
Polystictds versicalor, 27’5
Polystigma_ochracenum, 296
Pomegranate, 254
Fruit rot, 254
Portulaca spp, 427
Portulaca quadrifica, 418
P. oleraces, 418,430
Potato 200
bacterial wilt, 307
brown rot, 201 307
calico virus, 332
common scab, 318
*dry rof, 201
*garly blight, 208
*fusarium wilt, 203
*tate blight, 213

teaf voll virus, 345
leaf spot, 210
scab, 318.
storage rots 201,
tuber rot, 200.
virus A, 333
virus S, 333 .
virus X 3,

virus Y, 328

wet rot, 208 .

Pratyfenchus, 134, 357 363,366,378

Pratylenchus brachyurus, 363 -
Pratylenchus crenalus, 363 -
Praiylenchus coffeae, 3683
Pratylenchus hexincisus, 3684
Pratylenchus neglectus, 363..

. Pratyfenchus penetrans, 383
Pratylenchus pratensis, 383
Pratylenchus sacehari, 363
Pratylenchus similis, 363.
Pratylenchus scribper, 364
Pratylenchus thorni, 364
Pratylenchus safeaensis; 384
Pratytenchus sudenesis, 135
Pratylenchus vulnus, 364
Praivienchus zeae, 364,357 -
Pregard, 432
Primagram, 433
Primextra, 433,434
Propanil, 433,434

RAo

Pseudo-arachinotus roseus, 52486 -

Pseudocercospora vitis, 283 -
Pseudoeurotium zonatum, 492..

Pseudomonas andropogonis, 301 . . .

Pseudomonas mangfferae, 317.

Pseudomanas solanacearum, 201 30? 208

Pseudomonas syringae, 319 -
Pseudoperonospora cubensls 220,221
Fsilenchus sp, 364 . :
Psilenchus hifarulus, 364 . - -
Pucciniastrum acerls, 286. -
Puccinfastrum castanae, 285 .
Pucriniastrum celastri, 285
Puccini alln, 225 .
Puccinla coronata 285
Puccinia corticicides 287 .
Puccinia gracilenta, 286, .-
Puccinia graminis, 47,53
Puccinia himalensis, 288
Puccinia helianthi, 156 .. - -
Puccinia peniciliariae, 91,
Puccinia recondita, 47,467
Puccinia sorghi, 92. -

Puccinia strifformis, 47

Puccinia xanihosperma, 286
Pulveroboletus shoreae, 528
Pyenoporus, 513 .
Pyricularia oryzae, 75473
Pythium, 981,290, a9z
Pythium aphamdermatum, 245

Quinisulcius acutus, 364
Q. capitatus, 364
Q. solani, 364,367

Rape (sarson} 140
blight, 144 = N
downy mﬁdew. 140
powdery mildew, 143
stemn and root rot 145 .
storage rois, 146 )
white rust, 142

Radish, 225 .

downy mlldew‘ 225 )

Ramuispora soighf, 90

Ravenslia emblicas, 285

Ravenelia Lobsom 284

Ravenelia indica, 284 )

Ravenslia sessilis, 284 o

Ravenelia tandoni, 284

Ravenelia taslifmii, 284

RH-124.43



Richards Agar, 72, 83

Resistance of host, 463

Rhizobiwm, 522

Rhizoctonia, 7,9,13,124,134, 225 282,290,
291,308,490 :

Rhizoctonia bataticola, =

3,96,117,118,119,120,121,128,125,126,146

147,149,140,178,194,185,236,237,476
Rhizoctonia sofani, 117,118,119,120,121,

123,181,193,195, 196 236 237 245 402,493,526

Rhizocpogon ﬂavum, 528
Ahizopus, 3,4,6,9,13,14
Rhizopus arrhizus, 247,248
Rhizopus nigricans, 5,247
Rhizopus oryzae, 126, 247
Rice, 67
Rice, bacterial blight, 302
viris diseases, 351
fungre, 351
yeltow dwarf 351
‘orange teaf 351
grassy stunt 352
Rodopholus, 370
. Rodophoius graciis, 364
Rodopholus oryzae, 357
Rodopholus similis, 364,379
Roestalia 288
Root knot, 374
Root rot, 2g1
Rotylenchus 57 _ o
Rotylenchus buxophiius, 365
Rotylenchus reniformis, 135,368,364,378
Rotylenchus robustus, 364
Aubus constrictus, 437
Aumex dentatys, 418
Rusts, 81,283,464
Rust differentials, 465
Rust, inoculation’ lechmques, 469
Rusts races, 406
Russula 513 .
Aussuia defica 528
Rynchosporium, 472

Saccharum sp, 430
Saccharum spontanlum 419
Sagittaria guayensis, 419
Saponaria vacearia, 418
Sarcodon, 513
Sarcoroypha, 513

Saturan, 433, 434

Scirpus roylef, 419

Secirpus mucrotiatus, 419
Schizophylium 513
Sclerocystis 527 .
Sclerocystis cfawspora, 52? .
8. microcarpus, 527 .
S. pakistanica, 527
5. sinyosa, 537
Scleroderma bovista, 528
S. cepa, 528
S. geaster, 528
3. verrucosum 528
Sclerospora, 89
Scierospora graminicoia, 91 . -
Sclerospora (scleropthora) Macrospora, 54
Sclerotinia sclerotforum, 148, 1?8 181
Sclerotfum, 7,89,13 '
Selerotium oryzae, 67,68,70 492.493 436
Scleratium rolfesii, 178
Scopluriopsis, 525
Scopularizias asperuia, 492 -
Scopularizias parvila; 492
Scutylerchus koreanus, 365
Seed dressing fungmdes, 14
Seed mycoflora, 2
Seed treatment, 2
Sénebiera didyma, 419
Semasan. Bel, 203,220
Septogloeum morl, 246,
Saptomyxa affine, 492
Septoria, 34 .
Septoria helianthi, 155,156
Septoria nodutem, 34
Septoria tritici, 34
Sesamum, 152

roat and stemn rot, 152 .
Seshania.aegyptica, 419 =
Silene conoidea, 420
Sisymbrium irio, 420
Sodium tarbonate, 133
Sodium nitrate, 83
Sail, Fungi of, 480 .

isotation of soil fungi, 490
Solanum nigrum, 420.
S. xanthocarpum, 420
Sonchus asper, 420 _
Sonchus oleraceus, 420
Solar energy method, 74
Sorghurm halepense, 420 427' )
Sorghum, 79 o

‘bactarial stnpe 301

-grain moid, B8 .

leaf blight (Red), 86

leaf spot, 85,90
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smul, 79,81,90
sooty spot, 80
Soyabean, 154
purple seed siain, 155
stem and root rot, 154
yvellow mosaic, 338

Spergula orensis, 430
Spergula pentendrs, 421
8. rubra, 421
Spergon, 15
Sphacelotheca sorghi, 78
Sphacelotheca reifiana, 90
Sphaerophragmium acaciae, 284
Sphenoclea zeyianica, 421
Spinach, 225
- *leaf spot, 225

*powdery mildew, 225
Sporormia megalosfora, 492
Stachya parvifiora. 421
Stachybotrys, 496
Stachybolrys atra, 51, 68, 122
Stam F-34, 433
- Stellaria media, 430
Stemphylium, 40
Stemphylium sarciniforme, 181
Stereostratum cordicioides, 286,287
Stereum hirsutam, 276
Stigmina esfendiarif, 253
Stinking smut of wheat, A0

Stomp, 432,433,434
Stored grains: Mycoftora, 11
Streptomyces 69,495,497 524
Streptomyces albus, 68,122,496
Streptomyces atra, 524
Streptomyces griseus, 122,496
Streptomyces nouresi, 59,123,496
Streptomyces rimosus, 59,498
Streptomyces scabies, 318319
Streptomyein, 314,317,318
Striga sp, 390,393
Strige asiatica, 393
5. densiflora, 421
Sugarcane, 103 R

chiorofic streak, 349

leaf spot, 112

‘mosaic, 325

‘pokkah-bong, 113

ratoon stunting, 114

‘red rot, 111

red stripe, 303

rust, 114

. RERO

smut, 103
stem canker, 107
yellow spot, 114
Suillus, 513
Suifur, 80,251,280
Sulfur fupgicides, 191
Sulfran, 191,224,250
Cosan, 191
‘Thiovit, 191
Sunfiower, Leaf spot 1585, 1566
 rust, 158 .
Surcopur, 432, 433

Taphrina deformans, 251
Technigues: Artificial inoculation, 469
Teliospore (Telentospores), 48,50
Temik, 373
Terrachlor, 4
Thekopsora areolata, 286,288
Thielavia, 9
Thiavit, 216
Thiram, 251
Thiride, 290
Tilietia, barclayana, 73,473
Tilietia tritici, 40,57
Tobacco, biack shank, 196
frenching {chlorosis} 157
‘wilt, 197
leaf curl, 341
Jleaf spot, 197
powdry mildew, 187
‘ring spoti, 352
root rot, 183
stem rot, 193
Tok, 433, 435
Tolyposporium ehrenbergii, 81,83
Tolyposporium penicillariae, 53,91,92
Tomato, 218
early blight, 220
Fusarium witt, 219
curl virus, 342
masgaic, 334
powdery mildew, 220
rot, 218
Toluans, 43, 149
Topsin M, 9,26,32,145
Toxaphene, 128
Jrace elements, 442
Trametas lactinea, 275
Traflan-R, 433,434
Triadimenol, 25 )
Trignthema monogyna, 427



Triantherna protulaceastrum, 421,427
Tiblus terrestrs, 422

Trichoeonis, 13

Trichoconts padwickii, &
Trichaderma coningii, 127
Trichoderma harzianum, 69,243,484, 495 496,497
Trichoderma hamaturn, 60
Trichoderma viride, 122,492 496
Trichoderma lignaram, 496
Trichodorus spp, 357,389,378
Trichodorus chiistie, 135
Trichodorus abiusus, 365
Trichodorus pakistanensis, 365
Tricholioboius, 13

Tricholiobolus padwickii, 5
Trichometashaena taurica, 85
Trichosporium spp, 492
Trichasporium vesiculosum, 293,297
Trichathecium roseum, 5

Trichurus spirafis, 201

Trifoleurn stexandrum, 422
Trigonelia incisa, 422

Trigonalia polycerata, 422
Trr'.‘fnee!us} triglyphus, 3685
Tylenchorynchus, 134,366,370,373
T. annulatus, 365

T, brassicae, 365

T. claytoni, 365

T. clarus, 365

T. eylindericus, 365

T. manubratus, 365

. T maritin, 358

T. mashhood;, 365

I. paruus, 365

T. striatus, 365

T. tritici, 365,367

T. pudus, 365

T. clavicauda, 365
Tylenchulus semipenetrans, 365,374
~ Tvlenchus, 3,266
Trlenchus avenae, 365
Trienchus ritici, 45
Typha angustata, 422

Uncinula, 279
Uncinwla nacator, 252

= Uncima salicis, 278

Uncinula tectone, 278,280
Uredinopsis sp., 288
Urediospore, 48

Ureda ehretiae, 284
Uredo sissoo, 284 286
Urocystis tntici, 26,34

Uromyces achrous, 284
Uromyces ambiens 285
Uromyces cicris aritini, 181
Uromyces echinulatus, 284
Uramyces crythiinae, 284
Uromyces mimusops, 284
Uromyces vestergreni, 284
Ustilago, 84

Ustilago hordei, 57

Ustilago maydis, 97
Ustilago nuda, 56,57
Ustilago scitaminea, 83,103474
Ustilago tritici, 20

Vapam, 220
Variability of pathogens, 485
Veniuria inaequalis, 250
Yermicularia capsici, 212,213
Verticiffium, 11,13,282,291
Verticillium albo-atrum, 178,181
Vicia hirsuta, 422
Vicia sativa, 422
Vicia tetrasperma, 422
Virus diseases, 323

Present status, 323
Verticillium niqrascens, 492
Viscum aibum, 399400
Vitaflo, 43
Vitigran bive, 139
Vitavax, 3,26,32 43,130
Volvarielfa, 513
Volvarislia voivacea, 515,518

Weeds, 404
Wesd control, 430
Weed flora of different Crops, 406423
Weedicides, 433
Wheat, black point, 40
*black stem rust, 47
*bunt, 40,43
*downy mildew, 54
*ear cockle, 45
*flag smut, 26
*foat rot, 37
“alternaria blight, 55
*head biight, 55
*leaf blight, 55
*leaf rust, 47
*teaf gpot (septoria spp) 34
*laose smut, 20
*powdery mildew, 55
*seed mycoflora, 4,10
*seed treatment, 22,25
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*uado disease, 301 -
*yellow (stripa) rust, 47 -
Withina somriffera, 423

Xanthium strumorium, 423
Xanthomanas: campestris 11,320
Xanthomonas citri; 314 - -
Xanthomonas juglandis, 296 .
Xanthomonas mafvaceamm, 126 127,304,474
Xenthomonas oryzae, 302 -
Xanthomonas phaseol; 318319
Xanthomonas pruni,; 262~

¢ Xanthomenas rubrifedns, 303,304
Xiphinema, 134,368,378
Xiphinema americanum, 366
Xiphinema basirl, 366
Xiphinema hrevicolle, 366+
X. index, 368~
X indicum, 366 .-
X insigng, 366
X intefmedium, 366 - -
X meditarraneum, 36687
X ornatum, 366 -
X. pratense, 386

_ X radicigola, 366 -

X. revesi, 366 o
Xyiarfa polymorpha, 275

Yellows virusas, 388

Zaleya pentandra, 423 . . L
Zerlate, 8,15,73,21 8,244,249 .
Zinc-deficiency diseases, 4563
Zinc metaarsenate, 277

Zinc nepthenate, 277

Zinc sulfate, 119

Zireb, 251,290

Zythia versoniana, 254.
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