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Boron Use in Rice Improves Yield and Cooking Quality

Introduction

Rice (Oryza sativa L.) is grown on 2.3 Mha alluvial, calcareous, low organic matter soils, with an average paddy yield of 2.00 t ha-1. One major cause of low rice productivity – compared with much higher potential yields – remains imbalanced nutrient management. In the literature, rice is categorized as tolerant to boron (B) deficiency. However, in consideration of widespread B deficiency observed in many other crops in the country, NARC soil scientists suspected B deficiency to be amongst the causes of low rice yields, and, therefore, undertook field and laboratory research to investigate the hypothesis. 

Technology Development, Demonstration and Recommendation
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During 2001-2004, multi-location field research in major rice growing areas of the Punjab has led to the theoretically-unexpected identification and establishment of widespread and severe incidence of B deficiency in rice cvs. Super Basmati, Basmati-385 and KSK-282. Concurrent, extensive field research in Sindh revealed that B deficiency is an equally serious problem in rice cv. IR-6. Fertilizer B use (@ 0.75 kg B ha-1) resulted in substantial yield increases (i.e., 15–25% over yields obtained with N, P, and Zn use), coupled with appreciable improvements in grain/cooking quality (i.e., more recovery and less breakage of kernels during milling; greater grain elongation, less bursting and less stickiness upon cooking). Boron use in rice is highly profitable, as Rs. 1.00 spent on B results in paddy yield increases worth Rs. 40.00. Preliminary results of this research were appreciated by International Rice Research Institute (IRRI) by conferring the 2004 IRRN Best Article Award in the area of Soil and Nutrient Management upon the lead soil scientist of NARC.

The technology has been extensively field demonstrated in Punjab (in collaboration with Adaptive Research) and Sindh (with Engro Chemical Pakistan Ltd.) – with affirmative results throughout.  Consequently, use of B in rice was recommended by the Punjab Agriculture Department in 2005.

The Technology

The recommended dose of 0.75 kg B ha-1 (i.e., 3.0 kg Borax Acre-1 or 2.0 kg Granubor Acre-1) is applied along with other fertilizers prior to rice transplanting. Uniform field broadcast of the small quantity of Borax powder must be ensured by pre-mixing of with 4-5 times volume of well pulverized soil or Granubor granulesby mixing with other granular fertilizers. Boron use in rice crop leaves a beneficial residual effect on wheat in the rotation. 

Key References

Rashid, A., M. Yasin, M. A. Ali, Z. Ahmad, and R. Ullah. (2006) An alarming boron deficiency in calcareous rice soils of Pakistan: Boron use improves yield and cooking quality. Proc 3rd Int Symp on All Aspects of Plant and Animal Boron Nutrition, Wuhan, China, 9–13 Sep 2005. Springer, Dordrecht.

Rashid, A., M. Yasin, M. Ashraf, and R. A. Mann. (2004) Boron deficiency in calcareous soils reduces rice yield and impairs grain quality. International Rice Research Notes 29: 58–60.

Boron and Zinc Use Recommendations for Cotton

Introduction

Cotton (Gossypium hirsutum L.) is grown on ~3 Mha irrigated alluvial, calcareous soils, with average seed cotton yield of 1.5 t/ha, which is much lower than the potential yields obtained within the country as well the yields in many other countries of the world. In consideration of peculiar chemistry of our cotton soils (i.e., high pH, calcareousness, and low organic matter) coupled with inadequate and imbalanced nutrient management, micronutrient deficiencies were suspected to be amongst the causes of low cotton productivity. Therefore, micronutrient status of farmer-grown crop was monitored in major cotton growing areas of Punjab and Sindh to identify the nature and extent of micronutrient problems. Crop responses to the application of boron (B) and (Zn) fertilizers were also studied.

Technology Development, Demonstration and Recommendation
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Extensive soil and plant nutrient indexing of the crop almost in one-half of the cotton growing areas of Punjab and Sindh revealed the incidence of B deficiency in almost 50% and of Zn deficiency in 40% fields.  Geostatistics-aided soil fertility contour maps effectively delineated the deficient areas. Subsequently, in multi-location, multi-year field experiments in Multan and Bahawalpur Divisions, soil-applied as well as foliar-fed B and Zn increased boll weight and boll bearing – leading to an average yield increase of  14% over the yield obtained with major nutrient fertilizers only (i.e., urea and DAP). Soil and foliar feeding proved equally effective. Use of B and Zn fertilizers proved high profitable, benefit-cost ratio being 16:1 for soil application and 30:1 for foliar sprays. Fertilizer requirement for correcting the deficiencies was 0.75 kg B/ha and 5 kg Zn/ ha. Contrary to the reported 15–20 mg B/kg as critical level in cotton leaves, NARC research revealed 53 mg/kg as B requirement in youngest matured cotton leaves. 

The B+Zn use technology has been extensively demonstrated in major cotton growing areas of the country in collaboration with major fertilizer industry. Farmers’ field days were also organized. Consequently, use of B and Zn for cotton crop got recommended in Punjab in 1998 and in Sindh in 1999.

[image: image8.jpg]



[image: image9.jpg]



[image: image10.jpg]



The Technology

Prior to cotton sowing, 3.75 kg Borax/Acre or 2.75 kg Granubor/Acre + 6 kg Zinc Sulfate are broadcast applied along with other fertilizers. Uniform field broadcast of small quantities of micronutrient is ensured by premixing with well pulverized soil or granular fertilizers. In case soil application of micronutrients is not made, three foliar sprays of 0.1 % solution each of B and Zn are performed 45, 60 and 90 days after crops sowing. Foliar solution is prepared by dissolving 500 gram Solubor or 600 gram Boric Acid and 300 gram Zinc Sulfate and 50 gram Detergent Powder (like Surf) in 100 Liter of water. Boron and Zn fertilizers can be safely mixed with pesticide solutions. 

Key References

Rashid, A., and E. Rafique. (2002). Boron deficiency in cotton grown in calcareous soils of Pakistan. II. Correction and criteria for foliar diagnosis: p 357–362, In: Boron in Plant and Animal Nutrition. Kluwer Academic Publishers, New York. 

Rashid, A., and E. Rafique. (2006). Boron and zinc fertilizer use in cotton: Benefits and recommendations (Advisory brochure, Urdu). Pakistan Agricultural Research Council, Islamabad. 10 pp.

Zinc-Enriched Rice Nursery 

Introduction

Zinc (Zn) deficiency is a serious nutrient constraint to optimal rice productivity. Though zinc sulfate field application is an effective and cost-effective cure to the problem, its actual adoption remains sporadic because of genuine constraints on the part of resource-poor rice growers. Evident handicaps are the cost of zinc sulfate and its problematic uniform broadcast in puddled rice fields. Consequently, the crop keeps suffering yield losses. Therefore, NARC soil scientists conducted research for developing alternate strategies for curing Zn deficiency in the crop. 

Technology Development, Demonstration and Recommendation
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Multi-location, multi-year field research was undertaken in major rice growing areas of the Punjab in which a number of alternate methods of Zn augmentation were compared with the conventional method of zinc sulfate field application. This research consistently revealed that Zn-enriched rice nursery, obtained by applying a high dose of Zn to the nursery area, was comparable in effectiveness to field application of Zn. Preparing Zinc enriched nursery is much easier than field application of Zn, as zinc sulfate is broadcast applied to a much smaller piece of dry nursery area compared with much greater puddled rice field area. Also, Zn application to nursery area is 10-tiems economical compared with its field application because much lesser quantity of zinc sulfate is required per unit rice field area. 

Subsequently, the technology was extensively field demonstrated in rice tract of Punjab in collaboration with Agricultural Adaptive Research. Considering its effectiveness and economy, Punjab Agriculture Department has recommended this technology to rice growers since 2003.   

The Technology
After preparing the nursery area, prior to applying farmyard manure and other fertilizers, Zinc Sulfate (containing 30-35% Zn) is broadcast applied – @ 30 kg Zinc Sulfate/Acre or @ 1.5 kg Zinc Sulfate/8 Marla nursery area. The rice  nursery so raised contains adequate Zn to remain unaffected of soil Zn deficiency.

Key References

Rashid, A., M. A. Kausar, F. Hussain, and M. Tahir. (2000). Managing zinc deficiency in transplanted flooded rice grown in alkaline soils by nursery enrichment. Tropical Agriculture (Trinidad) 77:156–162.

Rashid, A., M. Yasin, M. Ashraf, and M. A. Kausar. (2003). Managing zinc deficiency in rice by nursery enrichment: An easy, effective and economical technology. Pakistan Agricultural Research Council, Islamabad (Urdu).  8 pp.
Phosphate Band Placement in Wheat Saves 50% Fertilizer

Introduction
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Phosphorus (P) deficiency is a serious nutrient constraint to wheat production in Pakistan and more than 50% of P fertilizer used annually is consumed by wheat crop. Conventionally, fertilizer is broadcast applied. As our soils have a high P fixing capacity, only 15–25% of the applied P is utilized by wheat crop. This inefficient utilization of an expensive imported farm input is a tremendous financial loss to farmers and the national economy. The locally made seed-cum-fertilizer drills were ill-designed, placing fertilizer either far away from the seed row or in direct contact with the seed. Consequently, fertilizer use efficiency was not improved. Therefore, NARC soil scientists undertook research for developing an appropriate fertilizer placement method for this vital staple cereal crop.

Technology Development and Demonstration 
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Multi-location field research was carried out during 1998–2000 on benchmark soils of Pothwar plateau for studying the impact of fertilizer P, applied by broadcast and banding, on yield and P nutrition of wheat crop. About 10% greater yield was consistently obtained when 39 kg DAP/Acre was band applied (5 cm away and 5 cm deeper than seed row) compared with broadcast applied 78 kg DAP/Acre. Adequate P nutrition of wheat plants, in both situations, proved that 50% fertilizer P is saved by its proper band placement. 

Subsequently, NARC farm machinery engineers and soil scientists developed an appropriate seed-cum-fertilizer drill for wheat. Performance of this drill was satisfactorily demonstrated during 2001-02 and 2002-2003, in collaboration with Agricultural Extension of Punjab, in multi-location field trials on irrigated and rainfed wheat. The technology is highly profitable as wheat farmers save Rs. 1300/- Acre-1. Even if adopted on 50% of 8.1 Mha wheat acreage, the technology would save phosphate fertilizer worth Rs. 2,250 million annually. Substantial foreign exchange saving is an additional benefit.

The Technology 

Phosphate fertilizer is applied in a band at a most effective position to the seed, i.e., 5 cm away and 5 cm deeper than the seed row. As applied P is used very effectively, only 50% dose of P fertilizer (e.g., DAP) becomes as effective as its double dose applied by broadcast. Now the drill is being manufactured by farm machinery companies, under technical guidance of NARC’s farm machinery engineers.    

Key References

Rashid, A. and Z.I. Awan. (2002). A Technology for better yield with lesser fertilizer: Phosphorus fertilizer band placement in wheat. Pakistan Agricultural Research Council, Islamabad. 6 pp.
Ahmad, M., A. Rashid, and A. A. Mirani. (2004). Development and evaluation of fertilizer band placement drill for wheat. Journal of Engineering & Applied Sciences 23: 41–49.
Biozote Biofertilizer for Legume crops

Introduction
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Pulses and other legume crops in Pakistan are grown on 1.6 Mha marginal soils. Average yield of pulses is very low (i.e., 0.6 t ha-1), one reason being negligible application of N fertilizers because of the general misconception that legumes can fulfill their N-requirement from fixation of atmospheric N2. However, evidences reveal that poor N2 fixation because of lack of efficient natural soil rhizobia, lead to poor crop yields. Hence there was a strong need to replenish soil rhizobia for ensuring efficient N2 fixation for attaining optimum legume yields and improving soil N-fertility.

Technology Development, Demonstration and Recommendation
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In early 1980s, some imported Rhizobial isolates (from NifTAL, Hawaii) were tested for their effectiveness in increasing legume yields in Pakistan. Later on, Rhizobium strains were isolated from local soils for various legume crops and in 1990 the NARC scientists developed Biozote biofertilizer using indigenous technology. At present, over 200 isolates of various Rhizobium strains are preserved in the “Rhizobium Gene Bank” of NARC. This stock covers all legume field crops [i.e., chickpea, groundnut, soybean, mungbean, mashbean, lentil, pea, clover (Berseem), alfalfa (Lucerne), Sesbania (Janter)] grown in Pakistan.  Biozote has been tested for various legume crops in several areas of the country. During late 1990s in joint field demonstrations by PARC and Engro Chemical Pakistan Ltd, Biozote was used in 30,000 Acres chickpea crop in Thal. The data from 300 farmer fields and 80 field demonstrations revealed an average increase in chickpea yield of 30%. For all legume crops, yield increase of 20 – 50 (occasionally even 100%) over control has been recorded with Biozote. The pilot Biozote production plant at NARC has a capacity to produce Biozote for over 100,000 acres per year. The technology is very cheap (i.e., Rs. 60/Acre) with Benefit-Cost ratio of 30:1.

The Technology

The legume inoculant Biozote is composed of nitrogen fixing bacteria called “Rhizobia” which enable legumes to fix atmospheric “Nitrogen”.  The finished biofertilizer is a ½ kg packet of autoclaved powdered black colored soil containing N2 fixing bacteria. Biozote is used as le

Key References

Aslam, M, I. A. Mahmood, T. Sultan, S. Ahmad, and M.A. Zahid.  (2000). Growth and yield response of chickpea to various Rhizobium strains and P levels. International Journal of Agriculture and & Biology, 2(1-2): 89-91. 
Aslam, M., I. A. Mahmood, T. Sultan and S. Ahmad. (2000). Inoculation approach to legume crops and their production assessment in Pakistan. A review. Pakistan Journal of Biological Sciences, 3(2): 193-195.
Gypsum-based Micron Fertilizer

Introduction
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Because of arid and semi-arid climate, excess salt accumulation in soil profile is a major constraint to crop productivity in Pakistan. The problem is more severe in soils with inadequate vegetative cover.  Inadequate canal water supply has led farmers to use groundwaters, more than 70% of which contain excess salts and high residual sodium carbonate (RSC). This has resulted in crop yield reduction as well as soil degradation. Consequently, about 3.16 Mha of the canal command area are salt-affected, out of which 2.73 Mha are under cultivation and, require corrective measures.

Technology Development, Demonstration and Recommendation

During 1995-2001, a series of field experiments by soil scientists of NARC were conducted in rice-wheat system of Punjab and Sindh for developing management strategies for salt affected lands and brackish waters. It was noticed that leaching of excess salts, after gypsum application, leads to inadequate soil micronutrient supplies to support optimum crop growth. It was also observed that gypsum application positively affects the release of soil micronutrients. Additional Ca supply through gypsum application helps wheat plants to alleviate the deleterious affects of Na+ ions on plant grown by enhancing K+ uptake and reducing Na+ uptake by plants. In 2003, an MoU was signed between PARC and Pakistan Agribusiness Ltd., Islamabad to develop viable a gypsum-based product having appropriate concentrations of micronutrients. After thorough investigations, a product, named “Micron” was developed containing 5% ZnSO4, 2% Ferrous Sulphate, 5% MgSO4 and 22% organic matter. The product is being marketed by Pakistan Agribusiness Ltd. in southern Punjab and Sindh for amelioration of salt-affected lands. So far, the firm is able to meet only 60% of the demand of their dealers’ network, having Head Office in Islamabad and Regional Offices at Lahore, Kasur, Sahiwal, Sukkur and Hyderabad.

The Technology

Gypsum based Micron Fertilizer increases crop yields upto 35% and also improves soil health. Beneficial impacts of the product have been demonstrated widely by Pakistan Agribusiness technical staff to farming communities.  Approximately 300,000 bags of Micron were sold in last three years and sale is on the increase. 

Key References

Ali, A., S. M. Gill, Rahmatullah and M. Salim. (1999). Influence of calcium on K+/Na+ selectivity of wheat under saline conditions. International Journal of Agriculture and Biology 1(4):205-209.

Niazi, B.H., I. Haq, M. Salim and M. Ahmad. (2003). Use of gypsum to increase fertilizer use efficiency on normal soils. Asian Journal of Plant Sciences 2(9): 673-676.

Consumptive Use of Water 

Introduction
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The Indus Basin irrigated agriculture is backbone of national economy and is the largest single user of water (> 93%) in Pakistan. The level of agricultural production is directly related to the availability and efficient use of water. With increased water demand for domestic and industrial uses, water availability for agriculture is decreasing, necessitating its efficient use for sustaining crop production. Thus, the consumptive use of water (CUW; evapotranspiration) information is essential for estimating irrigation water requirements in arid and semi-arid regions of the country. Such information is crucial for planning, development and management of water resources. The CUW information is also crucial while negotiating contracts and treaties for water distribution of major river systems. 

Technology Development 

The Water Resources scientists at NARC carried out this research during 1975-1986 in collaboration with six provincial institutes in different agro-ecological zones of the country: (i) Arid Zone Research Institute, D.I. Khan; (ii) Agricultural Research Institute (ARI), Tarnab, Peshawar; (iii) Sindh Agri. University, Tandojam; (iv) MRE Project, Bhalwal; (v) LRD, Lahore; and (vi) ARI, Sariab, Quetta. The crops studied were wheat, maize, soybean, cotton, sugarcane berseem, sorghum, barley, rapeseed, mash-bean, gram, pea, potato, onion, tobacco, citrus and guava. Factors affecting water use efficiency (fertilization, soil moisture stress, irrigation level, etc) and crop water use were studied. Measured values of crop water use/CUW were correlated to potential evapotranspiration (computed crop evapotranspiration using climatic data) and crop coefficients were developed. These coefficients can be used for estimating water requirement of crops for areas where actual measurements are not available or are costly and time-consuming. This information is used by planners, policy makers, researchers, university students and teachers while dealing with the subject of water.

Technology Dissemination
The findings were compiled in two widely circulated reports. These reports summarize crop growing seasons, actual crop evapotranspirations, moisture stress yield functions and crop coefficients for 17 selected crops grown in major agro-ecological regions of Pakistan. 

Key References

Ahmad, M., S. Mehmood, S. Ahmad and R. Amin. (1989). Consumptive use of water for wheat in southern NWFP. Journal of Engineering and Applied  Sciences, 8:81-84.

Ahmad, S. (1989). Irrigation scheduling as affected by planting dates for three major crops.  Pakistan Journal of Water Resources, 2:12-18.

Indigenization of Sprinkler Irrigation System
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Introduction
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The irrigation water demand is increasing day by day with increase in population. Scarcity of water, its non-availability at right time and its inefficient utilization are amongst the main factors causing low crop-yields. To overcome inefficient water use and to cope with increasing water demands for irrigation, sprinkler irrigation technology was indigenized in the country.

Technology Development and Demonstration
The Water Resources Research Institute of NARC, in collaboration with MECO Pvt. Limited, Lahore, developed a complete range of raingun sprinkler irrigation systems, including diesel, electric and PTO-driven pumping systems, couplers, other fittings and joints. To keep the systems portable, the pumping unit alongwith power unit (diesel engine or electric motor) was mounted on a trolley. The raingun sprinkler irrigation systems were installed throughout the country for demonstration of the [image: image26.jpg]Bt cheliabets & Rk Dagzar Kotlivms o Tulregionin
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technology. The practical on-job trainings in designing, layout, installation, operation and maintenance of the sprinkler irrigation systems have been imparted to the scientists/engineers of provincial On Farm Water Management, agricultural and engineering universities, NGOs and [image: image27.jpg]


progressive farmers. Training modules included manufacturers’ specifications for different systems. Also, hydraulic performance of pumping units of the sprinkler systems provided by OFWM, Punjab in Pothwar plateau were evaluated. Training and technical support was also provided to the OFWM, NWFP in initiating the sprinkler irrigation project in the province. 
Technology Adoption

In Barani areas, these systems are being used for supplemental and life-saving irrigations to fruits, vegetables and field crops. The pre-sowing irrigation (Rouni) is also being applied with this system for timely planting of crops. In the Khanpur Dam area, the raingun sprinkler irrigation system is being used for establishment of orchards, efficient irrigation of fruits and vegetables, washing of Lychi and citrus, and for cooling and frost control in orchards. The raingun sprinkler irrigation systems have been used in Muzaffargarh, Bahawalpur and Hasilpur areas for stabilization of sand-dunes and irrigation to fruit and field crops. Initial investment requirements and un-reliable electricity are restricting wider adoption of this technology.

Key References

Yasin, M., S. Ahmad, Z. Hussain, P.M. Moshabbir and M. M. Ahmad. (2003). Optimum water utilization in Pakistan: Adaptation of pressurized irrigation systems. Journal of Science and Technology Policy and Scientometrics, 2: 43-62.

Yasin, M., S. Ahmad, M. M. Ahmad and A. Iqbal. (2001). Hydraulic performance of locally made raingun sprinkler systems under different pressure and discharge functions. Science Vision (COMSATS), 6: 1-10.

Indigenization of Trickle Irrigation System

Introduction

Irrigated agriculture is under tremendous pressure due to increase in population, water demands for ecosystem preservation, increased water requirements for domestic and industrial sector, etc. Therefore, irrigation must be made increasingly more efficient. Therefore, scientists and engineers of the Water Resources Research Institute at NARC have indigenized and demonstrated trickle irrigation system for providing controlled irrigation for enhan yield of a variety of crops through enhanced water use efficiency.

Technology Development and Demonstration
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In trickle irrigation system, the main cost is of pipes used for water delivery from pumping unit to individual plants. The low-density black polyethylene pipes with UV stabilizer and carbon contents were developed and evaluated, in collaboration with local industry (Griffon Industrial Corporation, Lahore and the Plastic Technology Centre, Karachi). Other components of trickle irrigation system, such as emitters, fittings and connections, couplers, filters etc., have also been developed. Locally available materials and skill were used to manufacture all the components of trickle irrigation systems. Micro-sprinklers have been introduced for fruit orchard intercropping during initial 4-5 years when plants are young. Trickle irrigation systems have been installed in areas where water is of high value, like, Balochistan, Northern areas, DG Khan, Kohat, Bahawalpur, Nowshera, Haripur and Attock. Practical on-job trainings in designing, layout, installation, operation and maintenance of trickle irrigation systems have been imparted to scientists/engineers of provincial OFWM directorates, agricultural and engineering universities, NGOs and progressive farmers. Training modules have been prepared including manufacturers specification for different systems. Hydraulic performance of pumping units of the trickle systems, provided by OFWM, Punjab in the Pothwar plateau, was also tested. Training and technical support was also provided to the OFWM, NWFP in initiating a trickle irrigation project in the province.

Key Reference

Ahmad, M.M., M. Yasin, Z. Hussain, G. Akbar and Z. Khan. (2003). Application uniformity and pressure variation in locally developed trickle irrigation systems. Proceedings Pakistan Academy of Sciences, 40: 151-158.

Integrated Land and Water Use Model for Barani Areas

Introduction
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In rainfed (Barani) areas, cropping is dependent on rainfall, however, there is great spatial and temporal variability in rainfall. Major amount of rainfall is received during monsoon (60%) in the form of heavy storms, and 50% of rainwater is lost as surface runoff causing soil erosion and loss of nutrients. Consequently, crop plants suffer from moisture stress at critical growth stages. Cropping intensity and crop yields are low and a lot of areas remain unutilized because of inefficient use of land and water in the medium rainfall zone of Pothwar plateau. A multi-disciplinary team at Water Resources Research Institute has developed integrated land and water use model for gully eroded areas.

Technology Development
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In developing integrated land and water use model, various rainwater harvesting and conservation techniques were adopted considering soil depth, slope gradient and land use. Prior to improvements, only 25% of the land was used for field crops. By effective water harvesting and conservation for growing fruit and forest plants in conjunction with field crops the whole area of 50 acre was effectively utilized. On adoption of model, 95% area was utilized (i.e., field crops 50%; fruit + forest plants, 35% and grasses 10%), leaving only 5% area under gully beds. Through water harvesting/conservation measures coupled with improved fertilization the cropping intensity was increased from 100 to 200%, with 2 to 3 times increased crop yields. Productivity of degraded soils was improved significantly, which is helpful for sustained production.

Technology Adoption/Demonstration

This integrated land use model was extensively demonstrated during on-job trainings to development agencies, NGOs and educational institutions and the approach of water harvesting has been used by On-Farm Water Management (OFWM) department of Punjab for developing water harvesting sites in Pothwar plateau by availing technical support (survey and designing) from WRRI. The Soil and Water Conservation Research Institute (SAWCRI), Chakwal has also adopted this model in Barani Village Development Project in Pothwar with technical support from WRRI. The same model can be adopted in other rainfed areas with little modifications considering the site specific conditions.

Key References

Shafiq, M., M. I Nizami, C. M. A. Khan, S. Ahmad and Z. Ikram. (1986). Land development techniques for soil and water conservation in gullied areas of Pothwar. Journal of  Engineering and Applied Sciences. 5: 27-34.

Shafiq, M, S. Ahmad and M. Z. Ikram. (1991). An integrated approach for soil and water conservation. A case study. Regional Seminar of Selected NGO’s Media and Women on Desertification Control December 2-6, 1991. Manila.

Flood Water Management under Rod-Kohi Areas

Introduction

[image: image36.jpg]


[image: image37.jpg]


Rod-Kohi agriculture is a run-off farming system whereby flood water, rushing down as hill-torrents, is diverted into fields for crops production practiced over 2.0 Mha in four provinces of the country. Traditionally, flood water is not properly managed, resultinsg in productivity losses through damage to crops, land and properties. Major constraints limiting exploitation of flood flow of hill-torrents include unpredictable flash floods, improper water regulation and control, soil erosion and heavy silt load in flood water. To tackle the problem, The NARC water resources scientists were assigned the challenging task to develop mechanism for better control and regulation of Rod-Kohi water in order to benefit agriculture in particular and other water related sectors in general. 

Technology Development

Realizing economic significance of this vast tract, the research activities in the area were initiated during 1994-95 by launching a research-cum development project “Rod-Kohi System Development and Management in Pakistan” with components in all provinces of Pakistan. Addressing major issues of the area, local communities in the target areas were involved in identification of problems, planning, implementation and decision-making using participatory approach. After 10 years of un-tiring efforts the NARC scientists were able to devise cost-effective techniques aimed at harnessing run-off for enhanced agricultural production resulting in the uplift of socio-economic conditions of the inhabitants. 

Technology Recommendations

Based on the on-ground work at various field stations, cost-effective, viable and easy to operate water distribution structures were developed for Rod-Kohi farmers. Also, the remodeling and renovation of water conveyance system improved the conveyance efficiency by 30 to 45%. These interventions increased the command area by 10-15% and also raised the crop yields by 50%. Moreover, the hand-pumps with sand filters installed at water storage ponds in the target areas provided sediment free potable water to the local communities.

Key References

Sadiq, N., A. Shah and R. Amin. (2002). Improvement potential of Rod-Kohi farming in upland Balochistan. Asian Journal of Plant Sciences 1: 67-69.

Mehmood Z. and N. Latif. (2001). Water Harvesting for Domestic and Livestock Use in Arid Environment of D.I. Khan. Journal of Engineering & Applied Sciences. 20. 8-16.

Glacier Inventory of Pakistan using Remote Sensing and

GIS

Introduction

The integration of Remote Sensing (RS) data with Geographic Information System (GIS) provides solutions for identification and monitoring of land-cover/landuse, resource assessment, temporal change, natural hazard mapping, etc. GIS helps in developing Digital Elevation Model (DEM) of an area that can play a major role in deciding the rules for differentiation of land features, and helps in better perspective viewing and presentations especially of watershed areas. The RS and GIS techniques have been successfully used by Water Resources Research Institute of NARC for preparing a resource inventory of glaciers and glacial lakes of upper Indus Basin of Pakistan.

Technology Development

The northern mountainous region of Pakistan houses numerous glaciers, a few of which consist of a huge amount of perpetual snow and ice. Over the past centuries, global warming has accelerated glacier melt which has increased size of existing lakes or has resulted in emergence of new ones. Knowledge of this water resource seems to be an important requirement for future planning of water resources and monitoring of flood hazard in the country. A comprehensive inventory of glaciers and glacial lakes, and glacial lakes out-burst floods (GLOFs) in northern Pakistan has been completed in collaboration with ICIMOD. As an outcome of this inventory, a total of 5,218 glaciers were identified which possesses ice reserves of about 2,738 km3? More than 80% of these ice reserves are contributed collectively by the Shyok, Hunza and Shigar river basins of Karakoram Range. Altogether 2,420 glacial lakes have been identified in the glaciated region of Pakistan, of which 1,328 are categorized as major glacial lakes with surface area >0.02 km2 each. Based on several criteria, like location, type, source glacier, etc., 52 lakes are classified as potentially dangerous glacial lakes that need continuous monitoring to mitigate flood hazard downstream. 

Key References

Mool, P., S. Bajracharya, Roohi, R., A.Ashraf, S. Amjad and R. Naz, (2005). Inventory of Glaciers, Glacial lakes the Identification of Potential Glacial lake Outburst Floods Affected by Global Warming in the Mountains of Himalyan Region, Pakistan. ICIMOD, Nepal & PARC, Pakistan (CD).

Mool, P., S. Bajracharya, Roohi, R., A.Ashraf and R. Naz, (2003). Inventory of Glaciers, Glacial lakes and the Identification of Potential Glacial lake Outburst Floods Affected by Global Warming in the Mountains of Himalyan Region, Astor basin, Pakistan. ICIMOD, Nepal & PARC, Pakistan (CD).

Agro-Environmental Atlas of Pakistan

Introduction

The techniques of Geo-Informatics, like Geographic Information System (GIS) and Remote Sensing (RS), are used for resource identification, mapping, resource assessment and forecasting, monitoring and decision making. It also provides cost-effective, efficient and powerful tools for modeling dynamic natural processes in a spatial framework. Main functions performed in GIS include digitization, database development, spatial mapping, attribute data linking, classification and overlay analysis. This technique is currently being used by Water Resources Research Institute of NARC for resource inventory on crop area and yield mapping, agro-climatic characterization and classification, surface and groundwater hydrology, socio-economics and environmental issues like water quality and soil-erosion. 

Technology Development and Demonstration 

A digital Agro-Environmental Atlas of Pakistan is being developed using geo-informatics for dissemination of information on agriculture and natural resources for research and planning purposes. Major themes included in the Atlas are Infrastructure, Natural Resources, Forestry & Agriculture, Agro-climate, Hydrology and Socio- economics. Spatial data input and analyses are being carried out using key GIS softwares like Arcinfo, Arcview and ILWIS, besides ERDAS for imagine processing. 

The base map of Survey of Pakistan was used to finalize the districts boundary map in Arcview GIS software. The crop area and yield maps (including major and minor crops and fruits) are based on information of Agricultural Statistics Division of Pakistan. The district-wise crop database was used to map the cropping pattern of Pakistan. The characterization and classification of agro-climatic zones of the country was performed based on seasonal aridity and crop growth classes. A major landcover/landuse map of Pakistan was developed from satellite remote sensing data through image classification. Spatial information of the Argo-Environmental Atlas of Pakistan includes a text component, relevant to the maps, as well as datasets and figures. For further information, the contacts of subject specialists are included. 
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Shelterbelt Technology to Rehabilitate Sandy Deserts 

Introduction

When planted in desert areas, trees reduce wind erosion as well as dust storm by reducing wind speed. Trees also reduce evapo-transpiration in crops and, thus result in higher yields. The shelterbelt technology is highly environment friendly as it involves large-scale tree plantation in the hot and arid areas. The microclimate is improved by a decrease in sand storms. Relative humidity in the vicinity of shelterbelts increases and there is reduction in temperature during summer season.

Technology Development and Demonstration 

This technology was developed by Rangeland Research Program, NARC to protect arable lands, canals, habitations and infrastructure from moving/shifting sand dunes. It was promoted through large-scale community mobilization by provision of planting materials and technical guidance.  A vast majority of the farmers of Thal area (districts of Bhakkar, Layyah, Jhang, Khushab, etc.) have adopted this technology and a vast area has been saved from wind erosion. Reorganizing its enormous beneficial impact, in 1995 this technology was given the United Nations Environment Programme (UNEP) award. Since this technology has far reaching impacts on the environment and inhabitants of the area, it is recommended for adoption in areas having similar climate and edaphic conditions.

The Technology

Multiple rows of trees and shrubs are planted at right angle to the wind direction. Shelterbelts are established of locally adapted, hardy species like Tamarix aphylla (frash), Acacia nilotica, (kikar, babul) and Prosopis cineraria (Jand, Kandi). Frash has proven to be ideal to withstand hot desiccating wind, is easier to establish, relatively fast growing, and has readily available market. For raising of frash shelterbelts, one year old cuttings are planted before monsoon, about 12-inch long cuttings are driven into sand up to 9 inches, leaving 3 inches above ground. The sprouted cuttings are then protected from grazing/browsing.   

Key Reference 

Joyia, M. F., and N. Muhammad. (1994). Thal Desert Reclamation Using Shelterbelts, Progressive Farming 14(1): 44-49.

Sloping Agricultural Land Technology (SALT) for Hilly and Mountainous Areas

Introduction

The SALT philosophy and rationale aims at sustainable land-use, to maintain an acceptable production level and conserve natural resources. The technology was developed in Africa and South East Asia and promoted by International Centre for Mountain Development (ICIMOD). The Rangeland Research Program (NARC) scientists have modified it through research under Pakistani conditions. Benefits of the SALT system include service functions, i.e., soil erosion control and fertility improvement; and production functions, i.e., inducing higher crop yields, fuel wood, fodder, mulch, fruits and vegetables during 4th-5th year of its operation. Income from upland farms can be increased 3-4 times of the traditional farming. The technology reduces the environmental hazards and improves socio-economic conditions in hilly and mountainous areas.

Technology Development and Demonstration 

This SALT technology was introduced in 1992 in sub-continent tropical, sub-humid zone at village Maira Begowal, near Bhara Kahu, Rawalpindi, over an area of 5 ha, and was tailored to fit into our farming system and suit the local climate and edaphic conditions. Out of 13 leguminous species tested for suitability as hedgerows (i.e., ease of establishment, survival, growth, biomass production, copping ability, resistance to frost, and multiple utility), Leucaena leucocephala (Ipil Ipil) was selected for large-scale planting as the hedgerow species. 

     Hedgerow planting technique was also modified; 6–9 months old seedings planted in interrupted contour trenches, proved more successful than direct seed sowing. The technology was demonstrated at Quaid-e-Azam University campus during 2001–2003, and later was taken up by various NGOs, including NRSP, IUCN, for demonstration at various locations in the country. 
The Technology

Under the SALT system, the degraded slopes are divided into 4-6 m wide strips of land (depending upon gradient) separated by double hedgerows of nitrogen fixing trees or bushes planted along the contour lines. These hedgerows are key elements of the entire system as they act as erosion barriers and stabilizers for hill slopes. The hedgerows also enhance soil fertility through nitrogen fixation; hedges’ biomass is used as mulch for soil cover and soil moisture conservation and/or as animal fodder and then is recycled back into the soil as compost.
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Ranching Models for Range Ecological Zones 

Introduction

In arid and semi-arid regions of the country, livestock predominantly depend on grazing of rangelands and crop residues. Due to overgrazing, carrying capacity of the grazing areas has become low; most of the rangelands are also infested with undesirable plant species. Removal of vegetal cover and unwise use of the resource has accelerated soil erosion as well as exposed the livestock to severe nutritional stresses. With ever expanding human and livestock population, dependence on the already exhausted natural resources is increasing with the passage of time. To cope with the situation, the Rangeland Research Program, NARC has developed ranching models to rehabilitate these degraded and marginal lands. 

Technology Development and Demonstration 

The model yielded multiple ecological and economic returns. Planting of trees/shrubs and re-seeding of grasses and legumes resulted in soil conservation, production of increased biomass and richness in plant diversity. The production of quality livestock (small ruminants) on sustained basis was the major economic activity. This model is highly environment friendly as it helps in large scale soil and vegetation conservation, which are otherwise susceptible to accelerated erosion. This model has been tested and developed in Pothowar to improve and rehabilitate degraded and marginal lands of the plateau. 
The Technology

To start with, the land area is categorized on the basis of physiography and natural vegetation, and, thus, is divided into different zones according to its capability. Each delineated zone is planned for proper land use. The flat area is put under dryland farming of crops (like sorghum, millet, etc.) for hay and silage production to overcome feed shortage during lean periods. On slopes, silvi-pastoral practices are adopted by planting suitable multipurpose trees and re-seeding with improved grass and legume ecotypes. Water points are developed at appropriate places for a uniform distribution of livestock over the land area. Wheat and cash crops (like sesame, barley and mustard) are also grown within proper zones to enhance farm income. Local fruit species like ber are raised by grafting with improved varieties. Apiculture is also an integral part of the model, which not only increases farm income through honey production but also enhances crop yields through crop pollination.
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Beekeeping with Occidental Honeybee in Pakistan
Introduction

Honeybee Research Programme at NARC has practically promoted beekeeping with Apis mellifera in the country. Several attempts were made for introduction of A. mellifera by various scientists from 1927 to 1976, but without any success. After 16 unsuccessful attempts, PARC took this challenging job and during 1977 imported some honeybee A. mellifera colonies as package bees from Australia. Out of these some were multiplied at research stations and few were given to progressive beekeepers associated with indigenous honeybee at that time. In this way PARC succeeded introducing this species and traditional beekeeping switched to beekeeping A. mellifera in langstroth modern beehives and most of the beekeepers are now getting optimum results.

Technology Development, Demonstration and Recommendation

The Honeybee researchers worked on the integrated honeybee management of Apis mellifera in terms of colony management, quality queen breeding, honey extraction techniques, reduction in post-harvest losses, nutrition, pests diseases, pollination of entomophilous crops improving skills of beekeepers, wax re-cycling for wax foundation sheets through training to agricultural extension staff. Beekeepers, staffs of universities, research institutions technical training institutions and NGOs, in the provinces AJ&K, FATA and Northern Areas were provided complete training in all the above aspects.

At present there are over 300,000 colonies of this species and honey production is upto 7500 metric tonnes. Beekeeping with occidental honeybee is being carried out throughout the country. Most of the quality honey produced from “Ber” plantations is exported to Middle East market where Pakistan’s share is over 10 %.

The Technology

· A package of technology consisted of 5 to 200 bee colonies devised for amateurs, beginners and professional beekeepers

· Migratory beekeeping introduced after surveying nectar and pollen resources. More than 1500 floral plants investigated and worked out migratory schedule for beekeepers. Follow up of this schedule resulted in increased honey production from 5 kg to 25 kg per colony per annum. Annual national honey production jumped from 200 metric tones to 7500 metric tones.

· A simple methodology is devised for production of new queens and 20-30% annual re-queening in apiary resulted populous colonies with less swarming tendency and increased honey production. 

· Introduced modern honey extraction techniques to avoid post-harvest losses. It also improved the honey quality.  

· A schedule of disease pests and predators control was work out. Introduced shaking technique incorporated with immersion paraffin wax at 110 oC increased life of wooden bee hives and controlled American Foul Brood disease.

· Summer management techniques developed to overcome dearth period impacts. It included supplemental feeding placement of colonies at cooler places and control of hornets.

· Winter management techniques were devised. It included additional feeding, placing colonies in group, less inspection covering colonies with straw canopies and narrowing hive entrance.
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Establishment of Grasses on Sand Dunes in the Cholistan 
Introduction

Out of total geographical area of Pakistan, 60% consist of grazing land. The Cholistan desert is one of the grazing area, comprising of 2.6 Mha. The climate of the Cholistan is characterized by hyper aridity, low sporadic rains, high temperatures, common dry spells, low relative humidity and high evaporation rate. Cholistan desert is supporting a large number of sheep, goats, camels and cattle with a carrying capacity of 35-40 ha/Au. The natural biodiversity of Cholistan is continuously deteriorated due to overgrazing and severe droughts. An ample scope exists for making this desert green and using it as a major source for rearing livestock. Thus, there is a dire need to restore the ecological balance of Cholistan through re-juvination in some of the desert areas.

Technology Generated

An initiative has been taken by the AZRI, Bahawalpur to re-juvinate the Cholistan farm and its adjoining areas. A large number of germplasm of various species of grasses was collected from local and abroad and was tested under desert conditions at Cholistan Farm of AZRI, Bahawalpur. Out of a total number of 33 species, 12 grass species have shown their adaptability and fast vegetative growth rate under desert conditions. The seed of these identified grass species has been produced on a large scale and farmers of the area are getting benefit in purchasing reliable and good seed from this institute. The following are the screened and well adapted species of grasses which have been well maintained in the Cholistan desert.

	S. No.
Name of grass species
	
	S. No.
Name of grass species

	1. Lasiurus scindicus
	
	7. Chloris gayana

	2. Panicum antidotale
	
	8. Pennisetum purpureum

	3. Panicum maximum
	
	9. Cenchrus setigerus

	4. Cymbopogon Jawarancusa
	
	10. Cyperus Spp.

	5. Sporobolus iocladus
	
	11. Panicum virgatum

	6. Cenchrus ciliaris
	
	12. Panicum coloratum 


The results of these findings and the package of technology for the establishment of grasses on the sand dunes have been disseminated to the farmers and researchers. An ample quantity of seed of these grasses is available at this Institute which can be provided to the local farmers for establishment of grasses at the farmers’ fields. 

Saltbush – A Forage Plant for Highland Balochistan 

Introduction

Balochistan is primarily a rangeland province of Pakistan. Historically, productivity of rangelands has been badly deteriorated due to overgrazing. As a result, their contribution to livestock production and overall national economy has seriously declined. Hence, there is an urgent need to relieve grazing pressure on the depleted rangeland by developing alternate forage resources to better feed the livestock. The Arid Zone Research Centre Quetta selected a promising exotic, evergreen, and perennial forage shrub, a fourwing saltbush (Atriplex canescens), that can be grown successfully on the marginal lands of highland Balochistan. The faster growth rate and endurance to heavy grazing make it a valuable forage plant.  

Technology Development and Demonstration 

Fourwing saltbush (4WSB), a native shrub of the western USA, was introduced in highland Balochistan in 1980s. A, special nursery technique was developed for raising 4WSB seedlings. Seedlings were planted on marginal land under soil moisture conservation techniques that gave good results. Based on the findings, on-farm 4WSB forage reserves were raised in different parts of highland Balochistan. A good palatability value was also recorded in the grazing studies. Based on these studies, livestock producers are encouraged to grow it on marginal lands to get more forage for their livestock.

The Technology

Seed is collected in October and November from the plants and is stored for one year to avoid after ripening dormancy. One-year old seed with 24 hours soaking in water enhances seed germination.  However, water should be kept changing after every 3 to 4 hours to remove growth inhibitors from the seed. The seed floating on the water surface is discarded and only those settled at the bottom of water container are sown in polyethylene tubes in October/November under controlled temperature conditions.  Pits of 0.5 x 0.5 m size at 1.5 x 1.5 m interspacing are dug during December and January to conserve moisture from the winter rains where seedlings are planted in February. Seedlings are protected from grazing and cutting for at least one year. The 4WSB cannot be grown through direct seeding in the field due to very poor seed germination.        
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Rangeland Development in Balochistan

Introduction
Rangeland productivity is substantially affected by low and erratic rainfall distribution, and over exploitation of resources in Baluchistan. These ranges are degrading very rapidly in terms of biomass production, range species and loss of top soil. Atriplex canescens and Atriplex lentiformis commonly known as fourwing saltbush, are perennial drought and cold tolerant shrubs and can successfully be grown in areas with 250 mm annual rainfall.  

Technology Development, Demonstration and Recommendation

Atriplex canescens and Atriplex lentiformis were selected as potential species after testing in various ecological zones of Balochistan. The technology has been demonstrated in various areas of Balochistan like Quetta, Loralai, Mastung, Chagai, Ziarat, Nasirabad through various line Departments and NGOs. However,  sheep and goats browsing Atriplex species should have access to natural pastures to provide them with an additional source of energy. Supplementation with cereal crop stubbles or wheat straw and cereal grains can make a well balanced ration for small ruminants.

The Technology
The biomass production of Atriplex species is highly variable, depending upon the soil and climate conditions. A reserve of 1 ha of Atriplex canescens with 2,500 shrubs would maintain 28 sheep to browse for three months in late summer, autumn, or winter when range vegetation is extremely scarce in highland Balochistan. 
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Zero Tillage Wheat Technology for Rice-Wheat System

Introduction

In rice-wheat cropping system of Punjab, wheat is by far the dominant crop of rabi season and is cultivated on 1.40 Mha. However, wheat productivity in this cropping system is badly affected by late planting, poor crop germination stand, weed infestation and imbalanced fertilizer use. Late planting of wheat reduces crop yield @ 1% per day when planted after 20th November, by inducing wheat flowering and early grain filling during the hot weather of March or April. 

Technology Development, Demonstration and Recommendations

To find solution for the issues, on-farm zero tillage field trials were conducted. In zero tillage method, direct drilling of wheat in to rice stubbles is done using the zero tillage drill. Wheat yields were at par or ~10% higher with zero tillage in comparison with conventional method when planted at same time; however, yield increase with zero tillage was 24 to 40% when planting days differed significantly. The increase in yield with zero tillage method was mainly due to 10% more tillers, 19% better germination, 30% less weeds. Residual moisture is utilized by wheat crop and first irrigation can be delayed upto 4 weeks after crop emergence. Wheat cultivation through zero tillage system was found to reduce land preparation cost by 100% and planting cost by 44% in comparison with the conventional wheat sowing method. 

Zero Tillage wheat ensures timely planting of wheat in the rice stubbles, better wheat stand establishment and better grain yield than conventional method. Locally manufactured zero tillage drills are available within the rice-wheat area of the Punjab. 
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Deep Tillage Technology for Barani Areas 

Introduction

During Rabi season, wheat is grown on more than 90% of the cropped area of Pothwar region, but crop yields are much below the potential yield, primarily because of soil moisture stress prior to wheat planting. In these barani areas, excessive tillage is done during summer season to conserve moisture from rainfall and keep the fields clean. However, this shallow cultivation creates soil compaction and/or a plow plan problem. The NARC wheat scientists developed a deep tillage technology. 

Technology Developed and Demonstration 

For improving wheat productivity in the region, a large number of field trials were conducted over a five year period. Primary tillage with moldboard plow was performed prior to the onset of monsoon season and secondary tillage was done with a cultivator before planting. Use of moldboard plow in the area results in an average 25% increased yield compared to traditional tillage practice. This increased yield occurs because of increased tillering and number of spikes per plant and 1000-grain weight. Relative yield differences between deep plowing and conventional practice were higher in dry years than wet years. Breakage of compact soil layer, by deep plowing, leads to more effective moisture conservation and lesser weeds during fallow period. Deep plowing through moldboard plow at the onset of monsoon season increases wheat yield by 25%. Moldboard plowing results in substantial saving in number of tractor hours, fuel consumption and cost of cultivation.

The Technology

The recommended deep tillage technology is based upon primary tillage with molboard plow prior to onset of monsoon rains and secondary tillage with cultivator before planting.

Key Reference
Razzaq, A., N. I. Hashmi, B. Khan, B. R. Khan and P. R. Hobbs. (1990). Wheat in barani areas of Northern Punjab: A synthesis of on-farm research results 1982-1988. Coordinated Wheat Programme, PARC, CIMMYT.
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