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Natural Resources 

 

A. GAP for Soil and Fertilizer Management 

 

GAP is a collection of principles to apply for on-farm production and postproduction 

processes, resulting in safe and healthy food and non-food agricultural products, while  

taking  into  account economic,  social  and environmental sustainability. GAP are specific 

to a particular soil and cropping system. Past research, experience, and knowledge of local 

soil and climatic conditions dictate the GAP for a particular area. Following activities find 

place in GAP. The GAP includes soil and plant analysis/soil testing, mapping and managing 

soil variability, synchronize nutrient supply with plant demand, nutrient budgeting, 

placement of nutrients, selecting genotype, growing cover crops and conservation tillage. 

 

1. Soil testing 

Soil testing is a tool that aids in taking scientifically sound management decisions 

about fertilizer requirement after assessing the nutrient status in soils. It results in 

increase in yield by providing correct amount of nutrients. It also provides the basis for 

improving the uniformity of nutrient application. As nutrient availability becomes less 

variable, crop growth becomes more uniform and optimum response to other 

management inputs is achieved. Ultimately, soil testing leads to environmental 

sustainability e.g. prevents nitrate leaching through adoption of recommended 

fertilizer application and crop selection. Periodic soil testing with good record keeping for 

each such as prior soil test data, fertilizer and manure application, seeding dates, 

moisture conditions and other agronomic practices are helpful in knowing whether soil 

nutrient levels are increasing, decreasing, or remaining constant. 

 

2. GAP for fertilizer N 

The GAP for fertilizer nitrogen depending upon the local conditions and demanding 

one or more of such practices. 
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 Base N application rates on soil test and yield goals 

 Use of leaf colour chart or SPAD meter for N application rate 

 Credit the contribution of legumes, manures, and other organic 

wastes  Synchronize application with crop demand and utilization 

 Use slow-release N fertilizers and nitrification inhibitors when soil conditions 

promote leaching 

 Schedule irrigation to minimize leaching 

 Diversify crop rotations to include crops that utilize deep residual 

nitrogen  Place the fertilizer at right depth 

 Use variable fertilizer application rates in variable fertility soils 

 

Timing of N application 

Correct timing of N fertilizer application can improve N use efficiency. For most 

crops N must be applied in two or three split doses coinciding with the crop growth 

stages when nitrogen requirement is high. 

 

Table: Optimum time of N application for some crops. 

 

Wheat 40 kg N/ha as basal followed by 40 kg N/ha at CRI and 40 kg N/ha at 

flag leaf initiation 

Maize 40 kg at sowing, 40 kg at knee high, and 40 kg at 

tasseling Other cereals 2-3 splits are better than single dose 

 

 

Method of N application 

Band placement of N fertilizers reduces immobilization losses of N. Deep 

placement in reduced zone improves N use efficiency in rice. Mixing of urea immediately 

after soil (pH 8.2) application or band placement can prevent ammonia volatilization 

losses by 15-20% in wheat. 
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Table: Method of N application on wheat yield  

Method Wheat yield (kg/ha) 

Surface applied 3760 

Broadcasted and incorporated 4453 

Side band placement 4980 

 

 

Nitrification inhibitors and slow-release N fertilizers 

Where soil and environmental conditions favour NO3 loss, nitrification inhibitors 

will increase N use efficiency. They are more effective for direct seeded rice while slow-

release fertilizers like neem coated urea are better suited for transplanted rice. Urease 

inhibitors have proven effective where ammonia volatilization is a problem especially 

when urea is surface applied. Urea super granules when placed as basal have shown to 

increase N use efficiency by 6-30% compared to prilled urea. 

 

3. GAP for fertilizer P and K 

Some good P management practices and the conditions under which they are 

suitable are given in table. Some GAP specific to P and K for different cropping systems 

are given below. These GAP are based on nutrient requirement of individual crops, the 

extent of response of crops to a particular fertilizer nutrient, and the capacity of crops to 

utilize the residual fractions of soil nutrients. Maintenance of good earthworm 

population in soils is also very beneficial since they help in enhancing P availability in soils 

(Table 5). Method of P application has a profound impact on P use efficiency. It is found 

that deep placed P + restricted irrigation is on par with P broadcast + unrestricted 

irrigation. Highest P efficiency is obtained when P is banded with or near the seed. Band 

placement reduces surface contact between the soil and fertilizer. Seed placed P is most 

beneficial when soil test P is low and soil moisture is optimum. 
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Some good P management practices 

 

Phosphorus broadcast  Under high-speed operations and

 heavy application rates 

Phosphorus placement below the seed  In low soil test P where early season stress likely 

 High P fixing soils 

Fertigation  Good under intensive 

agriculture  Sustain irrigated 

agriculture 

Use of treated rock phosphate  Incubation with organic matter for 15 days 

 Addition of A. awamori during composting 

Increasing the effective rooting area  Improve root symbiosis with arbuscular 

mycorrhizal fungi (AMF) 

Increase P availability

 through rhizosphere 

modification 

 

Use of earthworms 

 

 

 

 

Organic residue amendments 

Use cultivars that release more root 

exudates: phosphatase, oxalates (genotypic 

differences) Promote  earthworm  

population  to

 enhanc

e 

nutrient  availability  mainly  in tropical soils 

through casting 

Mechanism 

A rise in pH in acid soils accompanied by 

P solubilization 

Production and release of organic anions 

Increased enzymatic activity 

Complexation of exchangeable ions such as 

Al3+, Fe3+ 
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Nutrient GAP in some cropping systems 

in ndia  

Cropping sequence Strategy 

 

Rice-wheat, Pearl millet-Apply phosphorus to winter (rabi) wheat and skip P 

application 

wheat, soybean-wheat to kharif crops 

Gram-rice Apply superphosphate to gram and harness 

the residual effect on rice 

Sorghum-castor Apply P at recommended dose to sorghum and castor 

crop may 

be given a reduced dosePotato based cropping system 

P should be applied to potatoes in a crop rotationGroundnut-wheat Apply 

recommended dose of P to wheat and skip application to groundnut 

Rice-wheat Use of potassium may be preferred in the rice crop 

Jute-paddy-wheat Apply K to paddy and wheat and harness the residual 

effect on 

jute 

Jute-paddy-potato Apply K to potato and paddy and grow jute on residual K 

 

 

 

Effect of soil ingestion by earthworms on extractable phosphorus (mg/kg) 

 

Treatment                   Days of incubation 

0 

 

14 

 

28 

Red soil    
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With worms 1.0 3.6 7.2 

Without worms 1.0 2.9 3.2 

Black soil 

With worms 

 

11.3 

 

16 

 

19.1 

Without worms 11.3 12.1 12.2 

 

Minimizing phosphorus loss from agriculture- Some GAP to minimize 

P loss from soils are given below: 

 Liming of acid soils 

 Optimize P 

use efficiency 

 Refine 

animal feed 

ration 

 Use feed additives to increase animal 

absorption of P  Move manure from 

surplus to deficit areas 

 Apply conservation practices such as reduced tillage, buffer 

strips and cover crops to critical areas of P export from a 

watershed 

 Gypsum application in alkali soils 

 

Timing of K application- In coarse textured soils experiencing high 

rainfall areas split application of K gives higher efficiency. Split 

application is recommended in AP, Kerala, Orissa, UP, WB, and North 

East. On a sandy loam soil in eastern UP, split application resulted in a 

yield advantage of 440-490 kg/ha over all K given as basal. 

 

GAP for recycling manure nutrients 
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 Prioritize manure application in fields testing 

low in P and K  Develop a baseline for 

manure nutrient content and quality 

 Apply manure before cereal rather than legume 

 Apply manure uniformly to cover 

the entire field  Limit manure 

application on untilled fields 

 Avoid manure application to sloping 

or eroded soils  Test soil once in 

three years for recommending INM 

 

Biofertilizer- Biofertilizers should be promoted. It is seen that under 

both 100% NP and 75% NP, pod yield of groundnut significantly 

increased with application/inoculation of biofertilizers. 

 

Combined inoculation of Rhizobium (TNAU 14) and plant growth 
promoting hormones (PGPR) (Pseudomonas- PS2) on groundnut. 

Treatment Nodule Nodule Dry weight Pod % increase over 

  (no./ 

plant) 

(mg/plant) yield 

(kg/ ha) 

control 

100% NP      

Uninoculated  20 120 1333 -- 

Rhizobium 

Pseudomonas 

+ 47 220 1492 11.9 

75% NP      

Uninoculated  21 100 1001 -- 

Rhizobium 

Pseudomonas 

+ 39 270 1278 27.6 

L.S.D. (p=0.05)  3 35 69 - 

 

4. GAP for crop residue management 
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Large amount of crop residues generated from agriculture could be 

an important source of essential nutrients and organic matter. 

 Residue retention on the soil 

surface or mulching  Incorporation 

into soil 

 Composting 

 Production of Biochar 

 Use of in-situ crop residue decomposers such as Excel Decomposer 

(developed by ICAR-IISS, Bhopal) and Pusa Decomposer 

(developed by ICAR  IARI, New Delhi) for crop residue 

management 

 

5. Utilize nutrient interaction information 

There are some well-established nutrient interactions and this 

knowledge can be utilized for improving nutrient use efficiency. Some of 

the interactions are listed below. 

 N-K interaction: Beneficial in rice fields  

 P-Zn interaction: Negative interaction, Both P and Zn need to be 

applied in soils that are low in P or Zn or both 

 P-Rhizobium interaction: Beneficial in legume crops 

 K-Fe interaction: Addition of potassium reduces Fe toxicity in 

soil, higher level of K reduces Fe uptake and maintains healthy 

K/Fe ratio in plants 

 

6. GAP to reduce erosion and run off 

 Cons

ervation 

tillage 

 Crop 
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diversific

ation 

 Delayed 

seedbed 

preparation 

 Grass filter strip 

 Grassed waterway 

 Contour 

farming/Sowi

ng  Strip 

cropping 

 Terracing/Leveling 

 Sediment 

control 

basins 

 Intercrop

ping 

 

7. Way Forward 

There is need to develop and promote the available GAP in different soil 

crop situations suited to farmers with different resource base. GAP should 

be built on the concepts of precision agriculture, site specific nutrient 

management, organic recycling, are conservation agriculture. Converging 

NRM and bio-technological research for harnessing synergies is important. 

Recycling of solid wastes, crop residues and waste water for public 

hygiene, better environment and production of safe food has to be 

promoted. 

 

B. GAP for Conservation Agriculture 

 

1. Preparation of land 
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Agricultural field cultivated or uncultivated, fertile or degraded 

having sufficient soil depth are suitable for adoption of conservation 

agriculture provided it is free from perennial and obnoxious weeds and 

any other inherent problem that will restrict plant growth and 

development. If the land is undulated, levelling should be done to ensure 

proper sowing and ensure proper application of water in the field. Since 

sowing will be done under zero till condition other than initial laser land 

levelling no other land preparation operation will be required. 

 

2. Laser land levelling 

Laser land levelling is the fore most requirements for the adoption of any 

of the resource conservation technologies. It is a process of smoothening 

the field within ± 2 cm from the average elevation of the field using laser 

equipped bucket, which scraps from higher places and spread onto the 

low-lying areas. Generally, fields are not properly levelled leading to poor 

performance of the crop, because part of area suffers due to water stress 

and the other parts due to excess of water. As a result of levelling the 

field, yield increase has been observed due to proper crop stand, uniform 

fertilizer and water distribution, crop growth, uniform maturity and 

increased cultivable area by 3 to 6 per cent due to reduction in area under 

bunds and channels. In addition to higher yield, the savings of water is 20- 

25 per cent due to higher application as well as use efficiencies and 

increased nutrient use efficiency by 15-25 per cent were observed. 

3. Sowing Machinery 

i. Zero till drill: Zero till drill for sowing of wheat is an efficient and 

profitable resource conservation machinery, for situations where there is 

not much residue left in the field for example in case of soybean- wheat 

cropping system where very little residues of soybean left in the field after 

harvesting. Wheat seed and fertilizers can be directly placed at proper 

depth in undisturbed soil after soybean harvesting with the help of 

specially designed zero tillage ferti- seed drill machine which creates 
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narrow slits by the knife type furrow openers as compared to shovel type 

furrow opener in conventional ferti seed drill. Use of this machine can save 

lot of money and time spent in field preparation. This machine can sow 

about one acre of wheat in one hour. The carbon dioxide emission due to 

burning of fuel (assuming 2.6 kg CO2 production/ litre of diesel burnt) 

during field preparation is about 109 kg/ha in conventional tillage where 

as in zero tillage it is only around 25 kg/ha. 

ii. Happy seeder seed drill: This machine works on rotary mechanism and 

cuts the residue in front of the tynes, places seed and fertiliser using zero 

till machine and push the chopped straw through the tynes on to the 

seeded area. This machine is capable of seeding in loose residue load of 

up to 10 t/ha under ideal conditions. This machine can cover an area of 

one acre per hour. It requires a tractor of 50-60 HP with a dual clutch for 

sowing in vertisols. This machine is more suitable for large land holdings 

because of high turning radius and weight of machinery. The carbon 

dioxide emission due to burning of fuel (assuming 2.6 kg CO2 production/ 

litre of diesel burnt) during field preparation is about 109kg/ha in 

conventional tillage where asunder zero tillage with happy seeder it comes 

around 41.6 kg/ha. 

iii. Zero till slit till drill: This machine also works on rotary mechanism, it 

presses the residues with press wheel and cuts the residue in front of the 

tynes, places seed and fertiliser using zero till machine. This machine is 

capable of seeding into the loose residue load of up to 6-8 t/ha. This 

machine can cover an area of one acre per hour. It requires a tractor of 

50-60 HP with a dual clutch for sowing in vertisols and 45- 50 Hp tractor 

for other soils. This machine is more suitable for large land holdings 

because of high turning radius and weight of machinery. The carbon 

dioxide emission due to burning of fuel (assuming 2.6 kg CO2 production/ 

litre of diesel burnt) during field preparation is about 109 kg/ha in 

conventional tillage where as in zero tillage with this machine it comes 

around 39 kg/ha. 
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iv. Mulcher cum zero till slit till drill: This machine also works on rotary 

mechanism, The mulcher in front of tynes cut/chops the residues into 

small pieces thereby prevents clogging of the machine, places seed and 

fertiliser using zero till machine. This machine is capable of seeding into 

the loose/ anchored residue load of up to 6-8 t/ha. This machine can cover 

an area of one acre per hour. It requires a tractor of 50-60 HP with a dual 

clutch for sowing in vertisols. 

v. Rotary disc drill: This machine also works on rotary mechanism, it cuts 

the residue in front of the tynes with the help of rotary discs, places seed 

and fertiliser using zero till machine. This machine is capable of seeding 

into the loose residue load of up to 6-8 t/ha. This machine can cover an 

area of one acre per hour. It requires a tractor of 45-50 HP with a dual 

clutch for sowing in loamy soils. 

 

vi. Multifunctional Ratoon Manager cum Drill Machine (MRMD) for 

conserving resources in sugarcane cropping system: India has largest 

area (5 million tons) under sugarcane cultivation with average productivity 

of 70 t/ha. Ratoon crop is cultivated on half the sugarcane area yields 25-

30% less than the main crop mainly owing to lack of machinery for proper 

placement of fertilizers, seeds of inter crop, poor acquisition and 

utilization of nutrients by the older roots and higher mortality of tillers. 

Further, high load (10-15 t ha-1) and tough nature of loose trash generated 

after sugarcane harvest hinders most of field operations. Hence trash 

burning is common practices followed by most of the farmers results in 

loss of organic carbon, plant nutrients, soil biota besides the 

environmental pollution and health hazards due to release of soot 

particles, smoke and green-house gases. To address these issues a two 

different prototype multifunctional ratoon manger drill machine (MRMD) 

were developed. 

 

 This machine opens up the soil in the 
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seeding zone and sow the seed at accurate spacing, thus helps in 

maintaining desired plant population and reduces seed requirement. it 

places seed and fertiliser using zero till mechanism and also perform 

herbicide application at one go. This machine can cover an area of one 

acre per hour. It requires a tractor of 45-50 HP with a dual clutch. 

 

 This machine is used to prepare 

broad beds and furrows, crops are sown in the bed with the help of zero 

till mechanism which allows to open the soil in the seeding zone and sow 

the seed and fertilizer at desired spacing. This machine can cover an area 

of one acre per hour. It requires a tractor of 45-50 HP with a dual clutch 

mechanism. 

 

ix.  This machine is used to prepare 

ridge and furrows in the field, sowing of crop is done on the ridges while 

the furrows are used for moisture conservation as well as providing 

drainage in case of excessive rainfall situation. The machine opens up the 

soil in the seeding zone and sow the seed and fertilizers at desired spacing 

using zero till mechanism. This machine can cover an area of one acre 

per hour. It requires a tractor of 45-50 HP with a dual clutch mechanism. 

 

4. Seed and Sowing 

Since conservation agriculture needs no tillage operations, sowing of crops 

can be initiated immediately after the harvest of Kharif crop so as to utilize 

the residual soil moisture available in the soil after harvest of previous 

crop. Depending upon the situation sowing can be done from the first 

fortnight of October in case of soybean based cropping system to mid of 

December in case of rice-based system. By adopting CA technique sowing 

can be advanced by 15-20 days as compared to sowing under conventional 

method of cultivation. 
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5. Seed treatment 

Before sowing seed should be treated with suitable fungicide like Vitavex 

or Carbendazim @ 2-3 gram/kg of seed or with Tebuconazole @ 1g/kg 

seed. Seed treatment should be done with seed treating drum. Seed 

treatment can also be done with T. viride @ 4 g / Kg seed in combination 

with carboxin (Vitavax 75 WP) @ 1.25 g / Kg seed or Tebuconazole (Raxil 2 

DS) @ 1.0 g / Kg seed. In areas where infestation of root aphid is reported 

the seed should also be treated with Imidacloprid @2-3 ml/ kg of seed. 

 

6. Nutrient management 

CA based crop management practices enhance soil health that ultimately 

improves crop production with low environmental foot prints. 

Development of better nutrient management practices are important to 

successful implementation of CA, efficiency of fertilizer of N in India is only 

30-05 in rice and 50-60% in other cereals. Adoption of CA can help in 

economizing the phosphorus and potassium doses to the extent of 25% 

besides other benefits in different cropping systems. 

 

7. Weed management for conservation agriculture 

Weed management is a challenge during transition period of CA. The 

success of CA depends on successful weed management with use of 

herbicides as pre planting (nonselective) and post emergence (selective) 

options. The pre plant non selective herbicides such as Glyphosate, 

Glufosinate and paraquat in tank mix combination with preemergence 

herbicide such as pendimethalin are found to control existing as well as 

non-emerged weeds during initial phase. This can be followed by 

application of selective post emergence herbicides for different crops. It 

has been observed that to eliminate the chances of weed shift and 

development of herbicide resistance in weeds under CA one removal of 
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escaped weeds is necessary for ensuring proper weed management. 

 

C. GAP for Weed Management 

Weeds are major biotic constraints possess in agriculture. It causes 

economic yield loss of about 11 billion US$ in ten major field crops. In 

general weed management is location specific and integrated weed 

management are considered to be effective to minimize crop-weed 

competition to enable crops to optimally use resources such as space, 

light, carbon di-oxide (above-ground) nutrient and water (below-ground) 

for attaining the optimal harvestable crop yield. In the last 50 years, a 

number of weed management technologies have been developed and 

disseminated, still, weeds continued to be a major problem. Continuous 

monitoring of weeds in an ecosystem and appropriate and dynamic weed 

management practices are required to tackle weeds of various 

ecosystems. 

 

1. Preventive measures 

Preventive weed management involves implementing strategies and 

practices to proactively minimize the establishment and spread of weeds 

in the field. Adopting preventive measures, weed severity can be 

drastically minimized thereby can reduce the need for more intensive 

and costly weed control measures in the future. Some key approaches 

and practices for preventive weed management are: 

 Field scouting: regular scouting of fields for weed presence. Early 

detection help in taking the right action before their spread and 

before become tough-to-kill weeds or difficult to manage. 

 Weed free seeds/planting materials: Seeding of certified seeds and 

planting materials to minimize the introduction of weed seeds and 

propagules into the fields/gardens. 

 Weed-free soil amendments: Ensure that compost, manures and 
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other soil amendments are free from weed seeds to prevent 

introducing new weed species. 

 Cleaning equipment/sanitation: Machinery, equipment, vehicles, 

clothing and tools used in different fields must be cleaned 

thoroughly before entering in fields to avoid spreading weed seeds 

from one area to another. 

 Cleaning of adjacent bunds and irrigation channels to prevent weed 

seed entry in to the crop field. 

 Preventing weed seed production: Prevention of weed 

reproduction is the most critical element of successful long-term 

weed seedbank management. Weed seedbank in soil can be 

reduced to a large extent by decreasing weed seed production for 

a few years. During fallow period, weeds grow and produce seeds 

and add to the seedbank. This could be minimized by summer 

ploughing or by sowing weed-suppressive green manure or 

smother crops. 

 Use of FYM and compost: Providing cattle with certified feeds or 

feeding with fodder/grasses devoid of weed seeds would reduce 

weed seed dissemination by cattle. Proper composting to ensure 

that weed seeds are exposed to high temperature during the 

process to reduce the possibility of weed seed dissemination 

through composted manure. 

 

2. Cultural practices 

 Stale seedbed: Stimulating the germination of weed seeds and killing 

weeds prior to crop sowing with light tillage or using broad-spectrum 

herbicides. In this technique, weed seeds present in the soil are 

allowed to germinate and grow. Once the weeds have emerged, they 

are then typically controlled using chemical, mechanical or cultural 

methods before the main crop is planted. This approach helps reduce 

the weed pressure, decrease weed seed bank and suppress weed 
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growth, providing a cleaner start for the crop with better crop 

establishment. 

 

 Crop rotation: Rotating crops from season to season in a strategic 

manner (planning, monitoring, and flexibility) can disrupt the life 

cycle of weed, reduces the buildup of weed populations, and 

minimizes the reliance on herbicides. Different crops may have 

different growth habits that can shade out weeds or make the 

environment less suitable for their growth [example: weed 

resistant crops, different growth habits, altered planting dates, 

rotate crops with different cultural practices (such as planting 

depth, row spacing, and irrigation methods), use competitive 

crops, break pest and weed cycles, reduce weed seed bank, 

monitoring and adaptation]. This may result in reduced weed 

density and thereby lower weed seed bank. 

 

 Intercropping: Growing two or more crop species in the same field 

simultaneously (careful planning and consideration of the specific 

crops, weed species, and local conditions), weeds can be 

suppressed by promoting competition between crops and weeds 

(for example diverse canopy structure, resource competition, 

allelopathy, increased biodiversity, complementary growth habits, 

nitrogen fixation, alternate harvesting time, crop density and 

arrangement, reduced weed seed bank, etc.). Intercropping can 

create a more complex and diverse canopy structure, making it 

challenging for weeds to establish and thrive. 

Cover crops: During the fallow period majority of the weeds get to 

germinate and establish, growing cover crops during these periods 

compete with weeds for resources, create physical barriers and 

also improve the soil structures that limit weed establishment. 

Mulching: Application of mulch materials (organic or synthetic) 
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around the plants can create physical barriers that inhibits weed 

germination and growth. It also moderates the temperature and 

conserves soil moisture and improves the soil health. 

Timely planting: Seeding or planting of crops give them competitive 

advantages over weeds. Crops that establish quickly can 

outcompete weeds for resources. 

Optimum plant population: Seeding or planting at optimum 

geometry encourage crop for better canopy development and this 

shades the soil and limits weed germination mainly by reducing 

light availability. 

Water management: strategies to reduce weed seed dispersal by 

irrigation water may include filtering irrigation water flow at field 

entry points with nylon nets or collecting and removing floating 

weed seeds from the water surface. Similarly, need-based 

application of weed-free water using suitable methods such as drip, 

can minimize weed emergence & growth as over-watering may be 

in favour of weeds. 

Proper nutrition: Applying plant nutrients as per the requirements 

makes the plant more competitive and suppresses the weeds. 

Soil solarization: It is an environmentally friendly technique used to control 

weeds and 

 

with transparent UV-stabilized plastic sheets for several weeks (4-

6 weeks) during hot and sunny weather. The heat generated by the 

trapped solar energy effectively sterilizes the soil by killing weed 

seeds. However, its success depends on factors like sunlight 

intensity, temperature, soil type, and pest susceptibility. 

Weed competitive crop cultivars: Weed-competitive cultivars have 

traits (early vigorous growth, tall stature, extensive leaf area, dense 

and upright canopy structures, quick canopy closure, allelopathy, 

tolerance to weed competition, deeper root systems, early 
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maturity, shade tolerance, tolerant to insects and diseases, uniform 

growth, etc.) that enable them to outcompete weeds for essential 

resources like sunlight, nutrients, and water 

Crop geometry: The arrangement of plants within a field 

(optimizing crop spacing and arrangement), can be strategically 

designed (higher plant density, narrow spacing, wide intra-row 

spacing, alternate row planting, double row planting, skip-row 

planting, contour planting, wide alley planting, companion 

planting, trellising and vertical farming, raised beds, crop rotation 

with geometry variation) to enhance weed control. Selective 

stimulation for weed control: In this approach manipulating the 

growth, physiology, or competitive abilities of crops to suppress 

weed growth while promoting the growth of the desired crop 

(adopting suitable nutrient management, irrigation 

management, allelopathy, cultivar selection, bio-stimulants, 

mulches, and mechanical practices etc.). 

f 

 

 

 Live mulches or smother crops for weed control: Live mulches and 

smother crops are sustainable weed control techniques that 

involve planting cover crops or companion plants to suppress weed 

growth by competing for resources. These living ground covers can 

help improve soil health, prevent soil erosion, conserve soil 

moisture, nutrient cycling, and reduce weed establishment. 

3. Mechanical control 

Use tools such as ploughs, harrows, cultivators, and rotary hoes to 

physically disrupt weed growth. Regular cultivation can bury weed seeds 

and disrupt their growth. Tillage is a traditional method of weed control 

that involves mechanically disturbing the soil to disrupt weed growth and 
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bury weed seeds. 

Conventional tillage: This involves deeply plowing and overturning the soil. 

While it can effectively bury weed seeds, immediate weed removal, and 

enhanced seedbed preparation, it can also disrupt soil structure, promote 

erosion, weed seed reshuffling, and lead to loss of soil organic matter. 

 

Reduced tillage: Also known as conservation tillage, this involves 

minimizing the degree and depth of soil disturbance. It aims to maintain 

some soil cover, residue, and organic matter on the field. 

 

No-till: No-till involves planting crops without disturbing the soil. Seeds 

are planted directly into the previous crop's residue, which helps retain 

soil structure and minimize erosion. 

 Hoeing: Hoeing is a manual or mechanical weed control method 

that involves using a hoe or similar tool to cut or uproot weeds 

from the soil. It's an effective and environmentally friendly way to 

control weeds in gardens, fields, and other cultivated areas. 

 Digging: It is a labour-intensive but effective method of removing 

weeds from gardens, fields, and other cultivated areas. This 

approach involves physically removing weeds from the soil by 

digging them out using hand tools. 

 Sickling and mowing: Weed control through sickling and mowing is 

a common and effective mechanical method to manage weeds in 

various types of landscapes, including gardens, lawns, and 

agricultural fields. Both sickling and mowing involve cutting down 

weed vegetation, which helps prevent weed seed production, 

reduces competition with crops or desired plants, and enhances 

the overall appearance of the area. 

 Cutting: Cutting is a useful method for the control of woody 

perennial weeds. In this method, weeds are cut above the ground 
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surface leaving stubble. It is the most common practice against 

brush and trees. Cutting is done with the help of axes and saws. 

 Dredging and chaining: Dredging and chaining methods are used to 

control aquatic weeds. Removing weeds along with their roots and 

rhizomes with the help of mechanical force is called dredging. The 

floating aquatic weeds are removed by chaining. A very heavy chain 

is pulled over the water bodies to collect the weeds. 

 Burning: It is a method used to manage weeds and other vegetation 

by intentionally setting fires under controlled conditions. This 

technique is primarily used in natural areas, grasslands, forests, 

and agricultural fields to reduce the density of weeds and promote 

the growth of desired plant species. 

 Flooding: It is a method that involves temporarily inundating an 

area with water to suppress weed growth during the growing 

season. This approach can be effective in certain situations, where 

water can be inundated. Flooding can limit weed establishment by 

depriving weeds of sunlight, reducing oxygen availability, and 

interrupting their growth cycle. 

 Hand weeding: Regular vigilance of crops and manual removal of 

weeds before seed setting is important for smaller-scale operations 

or in areas where machinery cannot be easily used. 

4. Chemical method 

 

right nozzles, right spray volume and right protective measures) based on 

the target weed species and crop. Follow label instructions carefully to 

ensure effective and safe weed control. 

 If herbicide is used, follow the recommendation of the CIB&RC, 

Ministry of Agriculture & Farmers Welfare or instruction on the 

label registered. 

 In case the production is for export, do not apply herbicides 
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prohibited by trade partner countries or follow their 

requirements. 

 The sprayers shall be regularly checked and calibrated before herbicide use. 

 The spray swath width, nozzle spacing, nozzle holding height, 

nozzle discharge rate, operating pressure and operational speed 

should be decided during selection of nozzle. 

 In general, for pre-sowing and pre-emergence floodjet nozzle and 

for post-emergence flat fan type nozzle to be used. Further, it is 

recommended to use multi-nozzle boom sprayer for blanket/ 

broadcast application of herbicides, single nozzle sprayer for band 

and single nozzle with hood sprayer spot application. 

 Most commonly used nozzle tip angles are 800 and 1100. In multi-

nozzle boom sprayer place the nozzle at 50 cm apart on the boom 

and boom height should be maintained at approximately of 50 cm 

for 800 and 70 cm for 1100 above the spray target to obtain proper 

spray uniformity. 

 The spray swath should overlap approximately by 30%. 

 Always use flat-fan or flood-jet nozzle for herbicide spray. For pre-

sowing and pre- emergence floodjet nozzle and for post-

emergence flat fan type nozzle to be used. Further, it is 

recommended to use multi-nozzle boom sprayer for blanket/ 

broadcast application of herbicides, single nozzle sprayer for band 

and single nozzle with hood sprayer spot application. 

 Do not mix more than 2 types of herbicides unless it is 

recommended by the CIB & RC or there is supporting scientific 

information. 

 Use herbicide rotations and mixtures to avoid herbicide resistance 

development in weeds. 

 Appropriate integrated weed management (IWM) practices should 

be followed for broad-spectrum weed control, and to minimize the 

use of herbicides and environments hazards. 
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 Avoid applying herbicides during windy conditions to prevent drift 

and on rainy days to ensure proper absorption. 

 The container of the leftover herbicide which cannot be used up in 

one application shall be tightly closed and kept in the herbicide 

storage. If herbicide is transferred to another container, the new 

container shall be clearly identified. 

 Types of herbicides shall be orderly grouped in the specified secure 

storage to prevent mishandling, contaminating to produce and 

harming to personnel. 

 

 

 

 Other chemicals such as fuel, cleaning agents, and other non-

agricultural substances shall be stored in good order to prevent 

produce exposure and environment contamination. 

 Clean chemical sprayer and equipment after each use and dispose 

the rinsed water by using method that does not contaminate the 

environment. 

 The empty herbicide container shall be destroyed to prevent reuse 

or disposed with proper method. 

 Operators and/or supervisors shall have proper knowledge of 

herbicide use. They know weeds, the selection of herbicides and 

application rates, sprayers and related equipment. 

 Operators shall have knowledge and skill to protect themselves 

from herbicide application and first aids. 

 While working with herbicides, the operators shall wear proper 

clothes with personal protective equipment i.e. mask or nose 

covering cloth, gloves, hats and boots in order to protect 

themselves from herbicide exposure. 

 Herbicide spraying operator shall always be on the windward 

direction. Care shall be taken that the mist shall not contaminate 
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the adjacent plots and environment. 

 The operator shall take shower, shampoo and change clothes right 

after each herbicide application. Used clothes shall be cleaned 

every time and separated from the normal laundry. 

 Availability of first aid kit and complete set of accidental protective 

equipment such as eyewash solution, clean water, sand etc. 

 Availability of instruction document in case of accident or 

emergency clearly displayed in the chemical storage area. 

 

5. Biological control 

Biological weed control, also known as biocontrol, involves using 

living organisms to manage weed populations. This approach aims to 

reduce weed infestations through the introduction or promotion of 

natural enemies, pathogens, or competitive plants that specifically target 

and suppress weeds. Biological control can be an effective and 

environmentally friendly method of managing weeds, particularly in areas 

where chemical or mechanical control methods may not be suitable. 

 Insects and invertebrates: Some insects and invertebrates, such as 

beetles, weevils, and mites, can be introduced to feed on specific 

weed species, reducing their population. 

 Pathogens: Certain pathogens, such as fungi, bacteria, and viruses, 

can be used to infect and damage weeds, eventually leading to their 

decline. 

 Competitive plants: Introducing or encouraging the growth of 

competitive plant species can suppress weed growth by 

outcompeting them for resources. 

 

Consideration for biological control 

Biological control agents are often highly specific to certain weed 

species, minimizing the impact on non-target plants. 
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                                     Weed                                          Bio-agent 

 

Parthenium hysterophorus    Zygogramma bicolorata 

Eichhornia crassipes    Neochetina 

eichhorniae Neochetina bruchi Salvinia molesta 

 Cyrtobagous salviniae 

Lantana camara    Teleonemia scrupulosa 

 

 

D. GAP for Agricultural Water Management 

The GAPs require maintaining a common database on integrated 

production techniques for each of the major agro-ecological regions. 

Database is collected in form of both primary and secondary sources, 

analysed and subsequently disseminated pertaining to good practices in 

relevant geographical context. GAPs for irrigation water management are 

essential for ensuring efficient and sustainable use of water in agriculture. 

Proper water management not only maximizes crop yield but also 

minimizes waste of precious water resources, reduces environmental 

pollution and assists in sustainable use of soil and water resources. 

The GAPs in agricultural water management pertains to practices 

for rainfed area management, irrigation water management in both canal 

commands and ground water irrigated regions, use of poor-quality water 

in agriculture, management of degraded lands (waterlogged and saline) 

besides climate resilient practices to minimize the impact of changing 

climate on agriculture. Moreover, GAPs for irrigation water management 

should focus on when to apply, how to apply and how much irrigation 

water to apply besides what quality of water to apply for enhancing the 

irrigation water use efficiency in different crops and cropping systems 

under different irrigation methods. The GAPs pertaining to different 

ecosystems emerging form significant technologies developed by ICAR-
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Indian Institute of Water Management (IIWM) and disseminated to 

stakeholders are presented below: 

 

(i) Rainwater management 

 In the rainfed ecosystem with cultivation of rice, the good agricultural 

practice could be the adoption of rainwater harvesting concept. In-situ 

conservation of rainwater in two stages (i) in the diked rice fields with 

height of dikes ranging from 20 to 25cm and (ii) harvesting the excess 

runoff from rice field by constructing a refuge in 10% area of the total 

land in the downstream end of the field was developed at ICAR-IIWM. 

The technology enhanced the land productivity from 1.8 t/ha to 5.74 

t/ha, water productivity from 2.06 Rs/m3 to 3.76 Rs/m3 and cropping 

intensity from 100% to 200%. The benefit-cost ratio of the system was 

estimated to be 2.78. 

 A tank cum well system, comprising constructed tanks (3000-5000 m3 

capacity) and wells (4-6 m diameter and 10 m depth) in series along the 

drainage line for the watersheds of plateau areas of eastern India 

helped in harvesting the seepage water at the downstream side. The 

wells are placed 100 to 300 m downstream side of the tank. This model 

was tested in different locations of Odisha State and was observed to 

increase the cropping intensity from 100% to 133% in a period of 3 

years. The economic analysis showed that the total cost of the system 

can be recovered in a payback period of 3-4 years. 

 Flexible structures in watersheds or canal commands to store water in 

the upstream in low flow seasons or permit safe passage of water 

during high flow periods can be one of GAP for enhancing agricultural 

productivity in the region. Indigenously developed rubber flexi check 

dams has been designed and developed for soil and water 

conservation in watersheds and installed in eight States of India. When 

inflated it serves as check dam and when deflated acts as sediment 
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flushing device besides flood mitigation. With variable head, it 

regulates depth of flow in upstream side of diversion channel. Crest 

length can vary from 2 to100 m and height from 0.5 to 3.0 m. The 

structures created additional water storage of 4000-10000 m3 with 

additional irrigated area of 13-15 ha during kharif and 3-5 ha during rabi 

and summer. The cropping intensity and gross return under the 

structure increased by 31% and 62% respectively compared to rainfed 

system. 

 Harvesting of excess rainwater in the rice fields cultivated using the 

system of rice intensification (SRI) planting method integrated with fish 

culture, horticultural crops and supplementary irrigation to rice 

significantly enhanced the water productivity from Rs. 0.31/ m3in the 

conventional rainfed rice cultivation system to Rs. 18.91/m3 under the 

system. 

 To harvest rainwater during the dry season and to store it in the root 

zone depth in the soil profile the technology of micro-catchment 

rainwater harvesting has been designed for Mango and Sapota plants 

for the humid region. Construction of cup and saucer shaped bio- 

engineering measures (micro-catchment) with 23.75 m2 area was found 

to be best in relation to producing higher plant height (51%), collar 

diameter (50%) and number of branches/ plant (75%) in comparison to 

farmers practice (without any rainwater conservation treatment). 

 In high rainfall areas (>1500mm AAR), a self-reliant farming system 

(SRFS) with respect to water and plant nutrients was developed and 

evaluated under rainfed medium land situation. Field crop area, pond 

area and dyke area accounted for about 63%, 25% and 12% of the 

system area, respectively. A net return of Rs. 70141/ha was accrued 

from SRFS which was 

2.3 times higher than the prevailing practice of rice-fallow. Water 

productivity for the SRFS (Rs 6.94 m-3) was 2.1 times higher as compared 

to the rice-fallow. 
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 Farm pond based Integrated Farming System (IFS) involving multiple 

uses of harvested water for pisciculture, horticulture, apiculture, 

poultry and mushroom cultivation. Such a model developed and tested 

by ICAR-IIWM was evaluated and was observed to enhance water 

productivity due to multiple use of water. Using this technology, low 

productivity in rainfed areas can be upscaled and surplus labour under 

small and marginal holdings can be gainfully employed. 

 A runoff recycling system with integrated farming approach can be taken 

up to enhance water productivity in rainfed regions. It was observed 

that for sites having seepage rate less than 6 mm/day, the catchment-

command ratio should be about 3.0 with a tank capacity of 1750 m3 per 

ha command area for short to medium duration rice variety. 

 The low cost dry stone masonry pond in semi-arid regions is made by 

constructing dry stone masonry walls and in between two walls, 

soil/murrum is filled. The thickness of the dry stone wall is generally 

kept at 0.50 m. It is very effective structure and can be constructed by 

the community themselves because of less technical skill required in the 

construction. The low cost rainwater harvesting structure is cost 

effective and about six times cheaper than the masonry structures. It is 

most suitable to harvest the rainwater upto catchment area of 50 ha 

and also for augmenting groundwater recharge. 

 

(ii) Waterlogged area management 

 Seasonally waterlogged areas of different water depths were utilized for 

various aquaculture practices followed by rice and vegetable crops. 

Azolla caroliniana produced 19.6 t biomass/ha in120days under 10-

20cm water logging and 16.6t along with IMCs under 20- 30cm water 

logging. Advanced fish fingerling production @ 0.81 and 0.93 t/ha in 

120days (stocking density@ 30000 fry/ha) were recorded under 50-

75 and 75-100cm waterlogging. Azolla caroliniana, when used as a 

source of N, was found to be more efficient than FYM and Urea in rice 
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and vegetable crop. Fish culture in paddy enhanced grain yield of rice 

by 12-17% and vegetable yield by 8-13%. The annual net profit of this 

rotational cropping system was Rs.30400/ha with B-C ratio was 2.06. 

 An integrated farming system approach applied to reclaim waterlogged 

areas with on-dyke horticulture and fish-prawn-poultry system could 

reclaim the seasonal waterlogged area with a net water productivity of 

Rs. 14/m3 and net return of Rs.1,46,767 per ha which was 35 times 

higher than paddy mono-cropping in the eco-system. 

 Subsurface water harvesting structure in a coastal waterlogged area has 

been found useful when fresh water is floating above saline water 

within a depth of 3-7 m. It creates irrigation potential at a cost of Rs. 

13,150/ha. The depthof the structure could varyfrom 2 to 3.5 m and the 

energy for lifting should bekept within 2HP. Average water productivity 

has been found Rs. 21.40/m3 with a B:C ratio of 1.78. 

 Integrated water chestnut and aquaculture for waterlogged areas have 

been found remunerative, whichcan give catfish (Clarius batrachus) 

yield up to 1.8 t/ha with an average yield of water chestnut 6-8 t/ha. 

  Coleus forskholii (Karpuravalli) and Eclipta alba (Bhringraj) were found 

as alternate crops in post rainy season in rice-based cropping systems 

under waterlogged ecosystems. Coleus forskholii recorded an economic 

yield of 8.21 q/ha with a net return of Rs. 27050/ ha whereas Bring raj 

(Eclipta alba) (sole cropping) has resulted in the highest leaf yield of 

16.2 q/ha with a net profit of Rs. 13,840/ ha. This technology has vast 

potential to be implemented in the post-rainy season in a seasonal 

waterlogged area. 

 Pond-based farming technology (deep water rice in kharif + watermelon, 

ladies finger, spinach, chilliin winter + on-dyke vegetables-fruits + fish 

inside pond) in deep waterlogged areas (1-2.5 m water depth)enhanced 

net water productivity from Rs. 1.4/m3 to Rs. 7.29/m3in rice and net 

returns fromRs. 22100 to 26735/ha. Improved deep water rice cultivar, 
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viz. Hansheswari -2.5 t ha-1 yield in kharif season in deep 

waterlogged situations. 

 

(iii) Groundwater management 

 A low-cost with low-head filter (1/4th cost and 1/6th head of a 

standard commercially available screen filter) was found suitable for 

gravity-fed drip irrigation whose filtration efficiency has been found at 

par with the commercial screen filter. 

 In hard rock areas, where groundwater discharge is low, the 

exploitation of groundwater is not feasible, dug wells up to the depth 

of 10m, diameter 5m can be constructed and allowed to recharge from 

canal water. The water in the wells can be pumped during the rabi 

season for a very limited crop area (<1ha). 

 The drip irrigation with partial root-zone drying (PRD) scheduled at 80% 

ETc produced the maximum fruit yield (25 kg/tree) followed by full 

irrigation. The yield under PRD was 133% higher than the rainfed trees 

in eastern India. 

 Paired row planting of groundnut on beds spaced at 45 cm enhanced 

pod yield by 18-20% and saved 26-41% irrigation water over flat 

method of planting with flooding. 

 Judicious irrigation scheduling is of prime importance to enhance water 

productivity in irrigated agriculture. In this context, low cost 

indigenously developed Mini pan evaporimeter (30 cm diameter with 

25 cm height) made up of galvanized iron sheet with cost of Rs. 1000/ 

each performed at par with USWB pan evaporimeter based irrigation 

scheduling in different crops (rice, tomato, maize, sugarcane, mustard 

etc.). This could be used for on-farm irrigation scheduling in farmers 

filed. 

 The application of irrigation water at two critical crop growth stages, i.e., 
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flowering and pod formation resulted in highest water productivity 

compared to single-stage irrigation and control treatments. Two 

irrigations (sprinkler system) and N @ 20 kg ha-1 through the combined 

application of urea and rhizobium increased pod yield (from 0.49 tha-1 

to 0.98 tha- 1) and net water productivity (from Rs. 2.43 m-3 to Rs.6.7 

m-3) in greengram. The pod yield of greengram was found to be 

significantly superior with two-stage sprinkler irrigation (865 kg ha-1) 

compared to one-stage irrigation (770 kg ha-1) and control (no 

irrigation) (580 kg ha- 1) treatments. 

 To enhance income from drip-irrigated pre-bearing mango orchard, 

Mango+pineapple system with straw mulch was observed to be the 

best in terms of yield (pineapple yield:17.48 t/ha) and water 

productivity (21.11 kg/ha-mm) compared to other systems. It also 

produced highest gross return (Rs. 209600/-), net return (Rs. 140000/-) 

and benefit cost ratio (1.67). This system is suitable for water scarce 

degraded lands of eastern India. 

 Abandoned dugwells can be used for groundwater recharge in areas 

where groundwater depletion has occurred by overexploitation of 

groundwater. Groundwater recharge can be done using surplus canal 

water/ agricultural runoff through these abandoned wells. Near the 

abandoned well, a pit is dug so that most of silt coming along the excess 

runoff settles inside the pit and overflow from the pit is diverted into 

the well. Brick flakes are placed at the bottom of the well to prevent 

sealing and scouring. A recharge rate upto 1 l/s can be obtained. 

 

(iv) Wastewater management 

An online four chambered small scale on-line (through pump) hybrid 

filter (coarser and finer material) was developed to reduce sediments, 

microbial load and heavy metals from the st of each filter is 

approximately Rs. 25000/-. The filter reduces turbidity, BOD, microbial 
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load and heavy metals viz., Cd, Cr, Pb and Ni by54.0, 67.95, 99.6, 64.9, 

71.8, 65.9 and 48.4%respectively. The filter has been found useful for 

the farmers of peri-urban areas using municipal wastewater for 

cultivation of horticultural crops. 

 

 In-situ gabion structure-based four chambered wastewater filtration 

system reduces 72% and 50% suspended solids and BOD, respectively. 

A 5 log reduction in microbial loads in the filtered water was also 

observed due to the structure. The salient features of the designed 

wastewater filtration system are, i) in situ landless system, ii) 

removable/adjustable structure, 

iii) no use of non-renewable energy and iv) easily operable and 

maintainable by users. Use of filtered water reduces 33%, 40% and 42% 

cadmium, chromium and nickel concentrations, respectively, in edible 

parts of vegetables than untreated wastewater. 

 

(v) Canal water management 

 An alternative canal delivery schedule i.e., 15 days rotational schedule 

(15 days on followed by 15 days off) during monsoon season and 7 days 

rotational schedule (7 days on followed by 7 days off) during dry season 

has been found the best rotational schedule over the prevailing 

continuous delivery schedule for enhancing crop productivity and 

water saving. A pressurized irrigation system based on the reservoir in 

adjunct to the canal system is suggested for water saving and higher 

crop productivity in command areas. 

Modified rostering of water release in the canal command based on the 

crop water demand grown in the canal command would assist in 

enhancing the irrigation water use efficiency in the canal command and 

ensure availability of water to tail end of the command. Besides this, 

use of water measuring devices and supply of desired quantity of water 

and use of low cost integrated soil moisture sensing systems would 
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assist in judicious irrigation scheduling and thus saving of water. 

Land modification in the form of raised and sunken beds with width 5 

m and depth 0.6 m in canal commands of high rainfall areas could be 

used for crop diversification. In this system, 50% of the land was 

elevated for growing vegetable crops and the remaining 50% lowland 

was used for growing rice/ Colocasia. Using this technique, the average 

annual income of small farms (0.4 ha) increased by 5 to 7 fold. 

Compared to the puddle rice cultivation method, adoption of SRI 

planting method in rice cultivation resulted in different locations of 

Odisha State resulted in 40-58% higher grain yield with 16-21% less 

water. The highest grain yield with SRI (6.2 t/ha), and the greatest water 

productivity (6.7 kg/ha-mm) were obtained with integration of SRI and 

irrigation after 3-Days of disappearance of ponded water. 

Pond-based integrated farming systems in canal command with 

development of auxiliary water storage ponds (1630 m3 capacity each) 

and dug-wells (~160 m3 each) at 8 different sites of head, mid and tail-

ends of the command and on-dyke horticulture facilitated double/ 

triple cropping in about 32-35 ha which accrued annual net economic 

benefit up to Rs 1,74,012 per ha with water productivity of Rs 20.5-

53.46 per m3 of water. 

A canal based pressurized irrigation system was developed by 

constructing an adjunct reservoir in canal command. The system 

provides pipe conveyance and surface irrigation for rice cultivation 

during monsoon season and pressurized irrigation during post 

monsoon period through a hybrid system of sprinkler and drip methods. 

Different crops (viz. pea, potato, french bean, cowpea, sunflower etc.) 

were cultivated in the irrigated area, whereas horticultural crops (viz. 

papaya, banana) were grown on dyke of pond and pisciculture in the 

pond. The system was observed to produce additional benefit of Rs 

137500/ha with benefit- cost ratio of 1.2. 
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Drip irrigation (inline system with 1.0 m lateral spacing and 2.2 litre h-1 

emitter discharge capacity) saved 35-40% irrigation water with 

producing the grain yield (4.3 t ha-1) at par, which resulted in 65% 

improvement in water productivity over surface irrigation in rice. 

Cultivation of two other crops (Capsicum and Baby corn) in sequence 

after rice (rice- capsicum-baby corn cropping sequence) using the same 

drip irrigation system for rice saved 55% irrigation water and 

generated profit of Rs. 4.35 lakh ha-1 with a benefit-cost ratio of 2.9. 

Soil moisture sensor (placed at 20 cm depth) based drip irrigation (2 

emitters per plant with 4 litres per hour discharge capacity) scheduled 

at 20% depletion of available soil water content improved the banana 

fruit yield by 15% with better quality fruits (higher total soluble solids 

and lower acidity) using 20% less water compared with manually 

operated drip irrigation (fruit yield: 60.5 t ha-1) in banana (cv. 

Grainenaine). Moreover, the soil moisture sensor based drip irrigation 

resulted in 45% improvement in water productivity (10.52 kg m- 3) with 

15% higher net return (Rs. 577000 ha-1) and benefit-cost ratio (3.98) 

compared with manual drip irrigation system in the crop. 

 

Drip irrigation (4 emitter per plant and 4 litre per hour emitter discharge 

capacity for fruit crops and in-line system with 30 60 cm emitter 

spacing and 2 litre per hour emitter discharge capacity for vegetables 

and field crops) were evaluated in 55 crops across different agro- 

ecological regions in the Country under AICRP (IWM). The crops 

included aonla, ashgourd, banana, bittergourd, brinjal, cabbage, 

capsicum, cashew, cauliflower, chickpea, chilli, coconut, coriander, 

cotton, cowpea, cucumber, curry leaf, dolichos bean, elephant foot 

yam, garlic, ginger, greengram, groundnut, jasmine, lemon, lentil, 

maize, marigold, mentha, mustard, nutmeg, okra, onion, papaya, pea, 

pigeon pea, pineapple, pomegranate, potato, ragi/finger millet, rajma, 

rice, sesame, sorghum, soybean, sponge gourd, strawberry, sugarcane, 
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sunflower, sweet orange, sweet potato, tapioca, tomato, tuberose, 

turmeric, watermelon and wheat. The irrigation was scheduled at 20

30 % depletion of available moisture content in different crops. It was 

observed that for all crops, the range of yield increase was water saving 

of 15-65%, with yield enhancement of 13-84% and 17-93% increase in 

water use efficiency along with increase in net return. 

 

Scheduling of sprinkler, micro-sprinkler and mini-sprinkler irrigation 

has been established for 26 crops and cropping systems including 

wheat, rice, pineapple, coconut, garlic, ginger, onion, coriander, onion, 

groundnut, curry leaf, cabbage, chilli, chickpea, Dolichus bean, cowpea, 

mungbean, cauliflower, lentil, pea, tomato, bittergourd, okra, potato, 

soybean and sweet potato, and maize-okra-blackgram cropping system 

across different agro-ecological regions in the country. For all such 

crops experimented at different AICRP (IWM) centres, it was observed 

that crop yield increased by 11-49%, with 14 to 69% water saving and 

18 to 85% higher net return compared to conventional surface irrigation 

practice. 

 

 Studies on fertigation (application of water soluble fertilizers though 

irrigation water) at a low rate to the vicinity of plant root zone as per 

the need of plants have been conducted at different centres of AICRP 

on IWM for different crops and cropping systems in different soil 

textural classes for last 10 years. The results showed that higher crop 

yield ranging from 4 to 155%, fertilizer saving of 20 50%, water saving 

of 6 to 66% and net income enhancement of 4 to 262% were observed 

under drip-fertigation compared with traditional surface fertilization 

and irrigation practices in different crops. 
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(vi) Issues related to GAP for Agricultural Water Management 

 

 

 

 Presently, micro-irrigation mainly focuses on water saving and yield 

improvement on a crop basis. However, it is imperative to assess 

techno-economic viability of micro irrigation system in a cropping 

system considering economic capabilities of stakeholders; designing of 

drip irrigation considering the soil texture; prescribing appropriate crop 

geometry to reduce the cost of the micro irrigation system; water 

quality based selection of drip emitter discharge rate to address 

clogging problem and devising policy guidelines to enhance area under 

micro irrigation. The micro irrigation potential in the country proposed 

by task force on micro irrigation is set to achieve 69.5 million hectares 

coverage with 27 Mha and 42.5 Mha under drip and sprinkler irrigation 
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systems, respectively. 

 Groundwater recharge practices in hard rock areas should be 

strengthened for different agro- ecological zones of the Country along 

with a proper protocol for groundwater use. 

 Ex-situ and In-situ water harvesting and recycling should be given 

priority for their efficient use in water scarce areas. 

 Water intensive cropping systems need to be replaced with higher 

economic water productive cropping systems in water stressed areas. 

 


