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1.16 Executive Summary  

            Continuous rice-wheat cropping sequence in light textured soils has weakened the natural 

resources base. A long-term experiment was initiated to address some of the problems faced by 

the farmers in managing the natural resources for increasing the rice-wheat productivity. The aim 

was enhancing water, nutrient, and energy use efficiency by ensuring soil health and quality. 

Eight adaptable resource conservation practices with tillage and crop residue management and 

irrigation methods under different crop establishment technologies were taken to compare with 

the conventional practice of rice-wheat cultivation. The results, indicates that higher yield of 

wheat was recorded when wheat was sown in conventional,   reduced tillage and zero tillage 

with rice residue incorporation/anchored/Mulching   followed by zero tillage and reduced tillage.  

       Residual effects of crop residue incorporation increased the wheat grain yields by 12.3% in 

conventional wheat sowing with crop residue and 14.8 % in reduced tillage cultivation with crop 

residue incorporation. There was 9.30% higher grain yield recorded after 10 years of regular uses 

of rice –wheat crop residue subsequently. The results obtained clearly revealed that crop residue, 

either incorporation or retention increased the grain yields by improvising the soil health. 

Maximum rice yield was obtained in conventional rice transplanting after wheat residue 

incorporation followed by DSR with wheat residue incorporation. There was no significant 

difference in yield DSR with wheat residue incorporation and conventional TPR. In direct 

seeded rice (DSR) technique grain yield obtained up to 6.8 t/ha. In DSR erratic results were 

obtained due to relatively high weed population. Maximum water saving was recorded in direct 

seeded rice .DSR under surface irrigation saved irrigation water by 30.6% over conventional 

transplanting. 

      DSR in different combinations saved 30.6 % irrigation water, reduced diesel consumption 

(42 % in reduced tillage and 86 % in zero tillage) in comparison to transplanted rice (TPR). DSR 

technology saved labour requirement by 24 % in reduced tillage and 30 % in zero tillage. In 

addition, power saving in DSR technique was more than 29%. DSR in rice required fewer 

amounts of resources in comparison to conventional rice transplanting. DSR may be promising 

where less irrigation water is available for rice. Among the transplanted rice maximum gross 

water productivity (0.70 kg m
-3

) was obtained in TPR followed by DSR (0.69 kg m
-3

).   
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Five most promising resource conservation options emerge from the present 

studies under rice –wheat cropping system are: 

1-conventional rice transplanting with crop residue incorporation followed by conventional 

wheat sowing after rice residue incorporation under sufficient available irrigation water, with 

scientific package and practices  

2-conventional rice transplanting with wheat crop residue incorporation followed by zero tillage 

sowing of wheat crop with wheat crop residue anchors under sufficient available irrigation water, 

with scientific package and practices.  

3- DSR in reduced tillage with wheat crop residue incorporation followed by wheat sowing in 

reduced tillage with rice residue incorporation with scientific package and practices.  

4- DSR in reduced tillage followed by sowing of wheat in zero tillage with 100% mulching of 

rice residue under surface irrigation method, using turbo seed drill machine with scientific 

package and practices. 

5- DSR in reduced tillage followed by sowing of wheat in zero tillage with 100% mulching of 

rice residue under mini sprinkler  irrigation method, using turbo seed drill machine with 

scientific package and practices. 

“Sprinkler irrigation system in zero tillage wheat with rice residue mulch 

followed by DSR in reduced tillage with/ without wheat residue incorporation 

is feasible, promising, sustainable and eco-friendly with lower inputs 

requirement relatively”. 

    High Light of Experiment- 
 

• Zero tillage in wheat with and without rice residue crop is promising and sustainable. 

• Rice straw either incorporation or retention (stables/mulch) both method are promising and 

economic for high wheat productivity. 

• DSR method with wheat residue incorporation is a better option with higher water 

productivity. 

• Sprinkler irrigation in wheat with zero tillage and rice residue mulch is economically feasible 

option for increasing water productivity and NUE. 

•  Mini sprinkler irrigation method in rice with DSR crop establishment technique is feasible 

option for increasing water productivity and NUE.  
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PART-2: INVESTIGATOR PROFILE 
 (Please identify clearly changes, if any in Project Personnel) 
 

I. Principal Investigators: 
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II. Co-Investigator: 1 

 

Name   : Dr. S.K.Chaudhari 

Designation  : Principal Scientist (Soil Science) &Head 

Division/Section : Division of Soil and Crop Management  

Location  : CSSRI, Karnal – 132001 

Institute Address : Central Soil Salinity Research Institute, Karnal 

 

 

III. Co-Investigator: 2 

Name   : Dr. D. K. Sharma 

Designation  : Principal Scientist (Agronomy) and   Director,  

Division/Section : Division of Soil & Crop Management 

Location  : CSSRI, Karnal – 132001 

Institute Address : Central Soil Salinity Research Institute, Karnal 

 

IV. Co-Investigator: 3 

Name   : Dr. P. K. Joshi 

Designation  : Principal Scientist (Microbiology) 

Division/Section : Division of Soil and Crop Management  

Location  : CSSRI, Karnal – 132001 

Institute Address : Central Soil Salinity Research Institute, Karnal-13001 

 

V. Co-Investigator: 4 

 

Name   : Dr. R. S. Tripathi 

Designation  : Principal Scientist (Economics) and Head 

Division/Section : Division of Technology transfer & Evaluation 

Location  : CSSRI, Karnal – 132001 

Institute Address : Central Soil Salinity Research Institute, Karnal- 132001 
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VI. Co-Investigator: 5 

 

Name   : Dr. Pardip .Dey 

Designation  : Principal Scientist (Soil Chemistry) 

Division/Section : Division of Soil and Crop Management 

Location  : CSSRI ,Karnal 

Institute Address : Central Soil Salinity Research Institute, Karnal-132001 

 

VII. Co-Investigator:6 

Name   : Dr. Thimmappa.K 

Designation  : Senior Scientist 

Division/Section : Division of Technology Evaluation and Transfer 

Location  : CSSRI- Karnal 

Institute Address : Central Soil Salinity Research Institute, Karnal-132001 

 

VIII. Co-Investigator:7 

Name   : Dr. Satyendra Kumar 

Designation  : Principal .Scientist 

Division/Section : Division Of irrigation & Drainage Engineering 

Location  : CSSRI,Karnal 

Institute Address : Central Soil Salinity Research Institute, Karnal-132001 

 

PART-3: TECHNICAL DETAILS 

 
3.1   Introduction and Objectives :  

 

3.1.1 Background information and importance of the project: 

 

Declining ground water levels and deteriorating quality of soil in the Indo-Gangetic plains is 

emerging a serious concern for agricultural sustainability in the near future. Depletion of 

groundwater in areas irrigated by tube wells and associated water quality concerns have brought 

about heightened awareness of the need for the judicious use of rain, surface and ground water 

resources. The pressures on natural resources are immense. Soils are depleting in their fertility as 

a result of continuous and intensive cropping. The organic carbon levels in Punjab soils have 

decreased from 0.5% (1950-60) to about 0.25% at present. Tillage costs are rising, which 

accentuates the already serious labour shortages during peak periods of land preparation and 

harvest. For these and other reasons, the long-term sustainability of these systems is now a 

subject of attention. Further, increased cost of cultivation and declining factor productivity is 

compelling the farmers to quit the farming.  There is general consensus that quality of natural 
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resources base needs to be improved for enhanced productivity. Also, it is believed that future 

productivity growth would come through efficient management of inputs (water, nutrients and 

energy) and better risk management strategies. Targeted resource conserving technologies offer 

newer opportunities for better livelihood for the resource poor, small and marginal farmers of the 

region.  

Natural resources management problems are complex and very location specific.  Therefore, soil 

and water management practices such as, tillage, irrigation and nutrients have to be fine-tuned 

according to the crop establishment requirements in a particular transect. As the ground water is 

depleting at a very fast rate, therefore, these systems are to be studied, to reduce the irrigation 

water requirement in rice –wheat cropping system. Mini irrigation system has been proved to be 

the most suitable for vegetable crops and high value crops, saving tremendous amount of 

irrigation water. Mini irrigation system are planned to be  installed  under DSR and zero tillage 

conditions  with  and without crop residue incorporation/ retention , which has been  prove to be  

better technology in comparison with  conventional  rice-wheat system to save water ,energy and 

manpower coupled with high crop productivity . Crop productivity directly or indirectly depends 

on soil health and quality. To maintain the soil in good health in terms of physical ,chemical and 

biological properties there is a need to manage the crop residues for the supplementation of 

externally applied organic C ,which is getting reduced due to  scarcity of FYM at village levels. 

In view of this the performance of resource conservation technologies (RCTs) like zero and 

reduced tillage with conventional sowing in wheat; transplanted rice  and direct seeded rice 

(DSR) is to be evaluated. Farmers are adopting new RCTs very quickly in Indo-Gangetic Plains.  

For long –term evaluation, many treatments of previous experiment will be continued. Data base 

so developed will be useful for further research and development strategies on regional and 

national level for resource conservation. As some changes on crop productivity and soil health 

have been observed after three years of experiment it is necessary to continue the experiment 

with basic treatments of tillage and crop residue management for further study on carbon 

sequestration and other related issues.  Therefore, a long-term experiment “Strategies of 

resource conservation and mini sprikler on productivity    under Rice-Wheat Cropping 

System’’ is proposed to address the   issues of water saving, crop productivity and soil health 

for increasing the rice-wheat productivity.  
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3.1.2 Immediate Objectives 

1-To study the resource requirements and their productivity under different crop        

establishment techniques. 

2- To monitor the changes in plant growth and yield parameters. 

3- To monitor the changes in physico-chemical and biological properties of soil. 

4- To study the feasibility/ constraints of sprinkler irrigation system in relation to residue and 

tillage management. 

3.1.3 Long-term Objectives- 

1- To evaluate different resource conservation technologies for the sustainability of rice-wheat 

cropping system. 

2- To recommend the most profitable technology to the farmers of the region. 

3- To evaluate different resource conservation technologies for the sustainability of rice-wheat 

cropping system. 

4- To recommend the most profitable technology to the farmers of the region. 

3.2  Project Technical Profile 

3.2.1- Experimental Site:- 

The field studies  were carried out at  the   research    farm of  Central Soil Salinity 

Research  Institute  karnal , India( 29 043’N76058’E,245m above mean sea level) for 5 

years(2011 to 2015 ) rice  and 5years (2011-12 to 2015-16) wheat seasons. 

 3.2.2-Experimental site Characteristics:- 

The soil was deep alluvial sandy loam with low organic carbon content of 0.42 % 

(Walkley and Black, 1934). It contained 649.4 gKg
-1

 sand (2000 –020 µm) 163.0 gKg
-1

 

silt (20-2µm), and 187.6g kg
-1

 clay (Less than2µm) in top 0-15 cm soil layer. The soil was 

reclaimed sodic soil (pH 8.0-8.2) having steady state infiltration rate 3.5mmh
-1

 and 

Olsen’s extractable P of 18.3 kgha
-1

 and ammonium acetate extractable K of 165.5 kgha
-1

 

in the top 0-15 cm soil layer.  

3.2.3- Experimental design:- 

The experiment was conducted in Randomised Block Design with 9 tillage options in rice 

and wheat crops replicated 4 times. 
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3.2.4. Technical Programme 

The ten tillage treatments in rice followed by wheat crop treatments were  

T1 = Conventional rice transplanting /conventional wheat sowing. , 

T2 =Conventional rice transplanting after wheat residue incorporation /wheat sowing after rice 

residue incorporation. 

T3 =Direct seeded rice /wheat in reduced tillage.  

T4 =Direct seeded rice after wheat residue incorporation /wheat in reduced tillage after rice  

residue incorporation., 

T5  = Direct seeded rice/wheat in zero tillage. 

T6  = Direct seeded rice in zero tillage with wheat residue(anchored) /wheat in zero tillage with 

rice residue retention(anchored). 

 T7 = Direct seeded rice /wheat in zero tillage with 100% rice residue mulch under surface 

irrigation system.  

 T8 = Direct seeded rice /wheat in zero tillage with 100% rice residue mulch under sprinkler 

irrigation system.  

T9 = Direct seeded rice with wheat residue incorporation /wheat in zero tillage with 100% rice 

residue mulch under sprinkler irrigation system.  

The experiment was conducting in fixed plots imposing same treatments for each cropping 

sequence. The conventional practices were taken as control.  

            Replications: 4 Experimental Design:  Strip plot/RBD 

 Crop Rotation:  Rice – Wheat 

3.2.5 Observations Recorded- 

 Soil physico-chemical properties 

 Soil  micro-biological Properties 

 Hydraulic performance  of mini  sprinkler irrigation system  

 Soil moisture distribution under different methods of irrigation 

 Changes in soil organic carbon and carbon sequestration 

 Plant growth  and yield parameters 
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 Water productivity 

 Economic analysis 

3.2.6   Cropping sequence: - rice –wheat crop rotation was taken during  in the study period in   

all the respective treatments. The details of the separate crop growing season wise are given in 

details.  

4.0  RICE CROP - KHARIF SEASON 

4.1 Rice varieties tested –  

      High yielding Hybrid (Arize 6129) variety was grown with recommended package of 

practices under direct seeded rice and  transplanting techniques. 

4.2 Crop Establishment techniques- 

4.2.1 Direct seeded rice:- 

Direct seeded rice was sown in the last week of May, of the year in the respective treatments 

with the help of Zero tillage machine/Turbo seed drill. Seed rate was applied @8.0 kg /acre and 

20kg per hectare. The crop geometry was maintained by sowing rice in line at 20 cm row to row 

distance. 

4.2.2 Transplanted rice:- 

Rice nursery was raised in the last week of May /first week of June, each year. Seed   rate was 

applied @5.0 kg /acre and 12.5 kg per hectare.  The 25 -30 days old seedling as transplanted in 

the respective techniques. Rice transplantation was done in the last week of June and first week 

of July with similar package of practices, in the respective treatments / techniques with the 

application of 120.0 kg Nha
-1

, 60 kg P2O5 ha
-1 

and 30 kg Zn SO4 ha
-1

 was applied. 

 4.2.3 Crop residue management:-  The rice and wheat crop residue managed in three  ways as 

described below: 

 4.2.3.1 Crop residue Incorporation: - One –third portion of standing crop from soil surface 

leave as such and remaining harvested leaving 15 cm lower straw portion and remove2/3 portion 

from the field. These crop stubbles were incorporated at the time of field preparation for the next 

succeeding crop in conventional and reduced tillage treatments. 
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Table (1)   Kharif rice cultivation tillage practices 

 

Treats. Tillage operations  

Before 

sowing/transplanti

ng 

At sowing time/transplanting Remarks 

H T S P/H P/T S  - 

CV 2 2 1 2 2 1  Puddling 

CV+R 2 2 1 2 2 1  Puddling 

RT 1 1 1 1 1 1  DSR 

RT+R    1 1 1 1 1 1  DSR 

ZT        - - - - - - DSR-Used round up @1.0 l /ha. 

ZT+R    - - - - - - DSR-Used round up @1.0 l /ha. 

DSR +RT - - - - - -        Surface irrigation 

DSR+RT 2 2 1 2 2 T 1        Sprinkler irrigation 

DSR+RT+WRI 1 1 1 1 1 1   Sprinkler irrigation 

Where, CV=conventional, R= residue, RT=Reduced tillage, ZT=Zero tillage,  DSR=Direct seeded rice, 

 RT= Reduce tillage,  H= Nos of Harrow; T= Nos of tillers  and S= Suhaga , P= pudling (No of harrow in 

water and soil for mixing),WRI=Wheat residue incorporation. 

. 

4.2.3.2 Crop residue retention/anchored: - One –third portion of standing crop from soil 

surface leave as such and remaining harvested leaving 15 cm lower straw portion and remove 

2/3 portion from the field. These crop stubbles were retained as such without any kind of 

manipulation for the next succeeding crop in zero tillage treatment. 

 4.2.3.3 Rice crop residue mulched:- Whole portion of rice standing crop (100% straw only 

after thereshing) uniformly spreading over the field. Then Turbo seed drill used for wheat 

sowing in zero tillage.Turbo seed drill machine cutting rice residue in small pieces along with 

sowing of seed and fertilizer. 

4.2.4 Tillage management /operations: - In Rice –Wheat cropping system followed a set of 

tillage operation in the respective treatments/techniques. The details information of tillage 

operations is given in Table (1) which was followed in the   respective techniques. 

4.2.5 Fertilizer management in rice:- Uniform dose of nitrogen, phosphorus and zinc were 

applied in the form of Urea, DAP and Zinc Sulphate. Recommended dose of nitrogen and 

phosphorus (120:60) was applied. One third dose of recommended nitrogen and full dose of 

phosphorus and zinc were applied at the time of transplanting and sowing in respective 
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techniques.  Remaining dose of nitrogen was applied in two equal splits as top dressing at 30 and 

60 days after transplanting /seed sowing. 

4.2.6  Weed management (control)   in rice: - In transplanted rice none of the chemical was 

used to control weeds.  Macheti (Butachlore) was applied. In direct seeded rice weeds were 

controlled chemically twice during the growing season. 

4.2.6.1 Pre-emrgence – field treatments 

Foremost, herbicide, (Pendimethayline)@1.0 liter per acre used after rice sowing in moist 

condition (2/3 days after irrigation).The irrigation was made after immediate of rice sowing. 

4.2.6.2 Post-emergence-weed control 

Different kinds of weed population were recorded in rice crop. Among the weeds population Motha 

(Cyprus rotundus ) grows more prevalent with high growth rate. Second noxious weed was Barta 

(Echinochloa crusgali ) ,Makra (dactyetenium aegyptium ) and Samak ( Echinochloa colonum ) with 

others broad leaf weed populations. In DSR, under different techniques required chemicals for 

suppressing weed growth in compassion to transplanted rice. The amounts of expenses were higher in 

DSR techniques in comparison to transplanted rice. However, these expenses on weed control were 

lower than that of expenditure on puddling, transplanting   labors, machinery maintenance and 

continuous watering causing water table declining etc. The following selective chemicals were used for 

weed control measures: 

 In transplanted rice applied Macheti (Butachlore) @ 1.0 l/acre. 

 In direct seeded rice weeds were controlled chemically thrice during the growing season. 

1. In DSR generally mixed types of weeds germinated and grown in early stage e.g Motha 

,Barta,Makra, and Samak etc. At this stage applied sunrise @ 50 gram /acre and Whip super 

@ 250   ml/acre in  200-250 liters water within 25-30 days and  spray uniformly . 

2. Only after germination of motha / Dila (Cyprus rotundus) weeds in rice within twenty five 

days applied sunrise @ 50 gram /acre in 250 liter water, spray uniformly.  

3. In DSR , Barta (Echinochloa crusgali ) , Samak (Echinochloa colona) and Makra  

(dactyetenium aegyptium) weeds were controlled  by using   Whip super @ 250   ml/acre in  

200-250 liters water within 25-30 days and  spray uniformly.One time hand weeding may be 

required after 40-50 days of rice sowing. As after 40 days of rice sowing weedicide not so 

much effective and even than adversely effects the plant growth. 

3.2.7 Sowing of rice seed:-Seed sowing of rice were made using zero tillage machines/Turbo 

seed drill machine.  

mailto:Pendimethylin@1.0
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3.2.8 Irrigation Management:- 

4.2.8.1 Surface irrigation method- 

 Transplanted rice: -   Irrigation was made in transplanted rice at one day after 

disappearance of pounded water. 

 Direct seeded rice (DSR): -     After sowing of rice in field, a light irrigation was applied to 

maintain proper soil moisture for seed germination. After seed germination, in direct seeded 

rice irrigation were applied at  4/5 (depending on weather conditions) days interval .None of 

the irrigation applied during the rainy days .Irrigation was applied when soil surface seems 

dry towards soil  dryness and small cracking. The used amount of irrigation water was 

measured with the help of water meter fitted in the water supply system and the same were 

used to work out the water productivity.  

4.2.8.2 Sprinkler irrigation method- In DSR, after sowing of rice in field, a light irrigation was 

applied to maintain proper soil moisture for seed germination. After seed germination, irrigation 

was applied at alternate days on the basis of IW/ CPE ration (Depth of irrigation/Cumulative pan 

evaporation).None of the irrigation applied during the rainy days. Irrigation water was computed 

(m
3
) as depth of water equals to cumulative pan evaporation (CPE) of two days and applied at 

alternate day interval from the seed germination to the crop maturity. 

4.8.9 Crop harvesting:-The rice crop was harvested in the first week of October of the year. 

 

5.0 WHEAT CROP- RABI SEASON 

5.1 Wheat varieties tested – High yielding variety (HD 2967) variety was tested   under 

different   tillage intensities. This variety was grown with recommended   package of practices 

under different tillage intensities. Wheat sowing was done in    the second week of November / 

in the Ist half of the November month during the year.   

5.2 Crop establishment techniques:- 

    5.2.1 Tillage management: - In wheat cropping system followed a set of tillage operation in the 

respective treatments/techniques. The details information of tillage operations is given in Table 

(2) which was followed in the respective techniques. The following tillage intensities were used 

for the wheat crop establishment for conducting experiment. 
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5.2.1.1 Conventional tillage with and without rice straw incorporation: - Wheat sowing was    

done in the Ist half of the November of the year in the respective treatments with the help of 

Seed drill machine/Turbo seed drill. Seed rate was applied @45.0 kg /acre and 110 kg per 

hectare. The crop geometry was maintained by sowing wheat in line at 20 cm row to row 

distance. 

5.2.1.2 Reduced tillage with and without rice straw incorporation:- 

 Wheat sowing was done in the Ist half of the November of the year in the respective treatments 

with the help of seed drill machine/Turbo seed drill in reduced tillage with and without crop 

residue . Seed rate was applied @45.0 kg /acre and 110 kg per hectare. The crop geometry was 

maintained by sowing wheat in line at 20 cm row to row distance. 

Table (2) Tillage Practices for Wheat Cultivation under Different Crop Establishment 

Techniques 

 

Treatments 

Tillage operations 

Before sowing 
At sowing time 

Total Remarks 

H T L 
H 

T L tillage  

CV 2 2 1 
2 

2 1 4 - 

CV+R 2 2 1 
2 

2 1 4 - 

RT 1 1 1 
1 

1 1 2 - 

RT+R    1 1 1 
1 

1 1 2 - 

ZT        - - - 
- 

- -  Used round up @1.0 leter /ha. 

ZT+R    - - - 
- 

- -   Used round up @1.0 letre /ha. 

ZT+R    - - - - -  100% rice mulch-sprinkler irrigation 

ZT+RM - - - - -  100% rice mulch-sprinkler irrigation 

ZT+RM - - - - -  100% rice mulch -sprinkler irrigation 

Where, CV=conventional, R= rice residue, RT=Reduced tillage, ZT=Zero tillage,H= Harrow ,  

 

5.2.1.3 Zero tillage with and without rice straw retention: - Wheat sowing was done in the Ist 

half of the November of the year in the zero tillage without rice straw retention treatment with 

the help of zero tillage machine/Turbo seed drill .However, in zero tillage wheat sowing with 

rice straw retention with the help of turbo seed drill machine is facilitated and run without 

trouble. Wheat sowing with zero tillage machine not found good as crop residue during seed 

sowing crop residue beneath the sowing machine collected and machine dropped its function and 

the area remains without seed sowing and extra labour is required for spreading straw here and 
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there. Seed rate was applied @45.0 kg /acre and 110 kg per hectare. The crop geometry was 

maintained by sowing wheat in line at 20 cm row to row distance. 

 5.2.2 Crop residue management: - The rice and wheat crop residue managed in two ways as 

per  technical programme. 

5.2.2.1 Crop residue incorporation: - One –third portion of standing rice crop from soil surface 

leave as such and remaining harvested, leaving 15 cm lower straw portion and remove 2/3 

portion from the field. These crop stubbles were incorporated at the time of field preparation for 

the next succeeding crop in conventional and reduced tillage treatments. 

Brief Tillage and crop residue management procedure/ plan 

 

S.NO. 

Tillage intensities/ 

Crop Establishment  

techniques 

Crop residue 

management 

 

Crop  Management 

 

Rice 
Wheat 

 

1. Conventional without Transplanted Sowing- seed drill 

2. Conventional With Transplanted Sowing- seed drill 

3. 
Reduced tillage 

50% of CV 
without DSR Sowing- seed drill 

4. 
Reduced Tillage 

50% of CV 
With DSR Sowing- seed drill 

5. Zero tillage without DSR 
Sowing with –Zero tillage-seed 

drill/Turbo seed drill machine 

6. Zero tillage With DSR 
Sowing with –Zero tillage-seed drill/ 

Turbo seed drill machine 

7. 
Reduced Tillage 

50%of CV 
without DSR 

Wheat in ZT with 100% rice 

residue-sowing with Turbo seed drill 

8. 
Reduced Tillage 

50%of CV 
without DSR 

Wheat in ZT with 100% rice 

residue-sowing with Turbo seed drill 

9. 
Reduced Tillage 

50%of CV 

With wheat 

residue(1/3) 
DSR 

Wheat in ZT with 100% rice 

residue-sowing with Turbo seed drill 

 

 5.3 Fertilizer management in rice: - Uniform dose of nitrogen, phosphorus, potassium and zinc 

were applied in the form of Urea, DAP,MOP and Zinc sulphate. Recommended dose of nitrogen 

and phosphorus (150:60:40) was applied. One third dose of recommended nitrogen and full dose of 

phosphorus,Potash and zinc were applied at the time of wheat sowing in respective techniques.  



15 

 

Remaining dose of nitrogen was applied in two equal splits as top dressing at 30 and 60 days after 

wheat sowing.  

 5.4 Weed management (control)   in wheat: - ALGRIP (Metsufuren methyl-20%WG) @ 20.0 

gm ha
-1

 and Topic (Clodin Fop- Propargyl      15% WP) @ 400 gm ha
-1

 weedicides were applied 

for the control of broad leaf weeds and phalaris minor; respectively. Weedicides were used after Ist 

irrigation up to 30 days   of wheat sowing. 

5.5 Use of equipments for the sowing of wheat: - Wheat was sown in the first week of November 

/ in the Ist half of the November of the year. Wheat sowing was made with different tools under 

different   crop establishment techniques. 

1. Wheat sowing was made using zero tillage machines/Turbo seed drill machine in zero tillage 

treatments with and without rice residue.  

2. In conventional and reduced tillage conditions wheat sowing was done using ferti cum seed drill 

machine/happy seeder. 

5.6 Irrigation Management:- 

1. The four irrigations were applied in wheat crop at crown root initiation, tillering, jointing and 

milking stages. The irrigation depth was maintained 6.0 cm at each time. But, the last irrigation 

was given heavy of 7.5 cm in ordered to keep up soil moisture condition for longer period and 

grain formation stage may be saved somewhat from sudden heat in the last days of March 

month. 2. For maintaining depth of irrigation in field fitted bricks at 6.0 cm height from soil 

surface at three places in the field.  3. Time of irrigation was also maintained for the precaution 

to know the irrigation period for the calculation and measurements of amount of water used in 

particular treatments. The used amount of irrigation water was measured with the help of water 

fitted in the water supply system and the same were used to work out the water productivity. 

5.7 Crop harvesting: -     The wheat crop was harvested in the first week of April of the year. 

The area of 3.0 meters in front and 3.0 meters in back field areas leaving in each treatment plots, 

remaining areas counted for net plot area used for the calculation of productivity in four 

replications. The wheat harvesting was done manually in the respective technologies. Grain 

yields and straw yields separately recorded in the respective technologies. Treatments CV+R, 

RT+R and ZT+R (anchored) harvested above soil surface leaving 15-20 cm plants from soil 

surface. 
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5.8 Threshing: - After harvesting wheat crop, leaving in the field for air dry and dry till the 

plants breaks easily with little force in small pieces (brittle condition). This is the wheat 

threshing index. Power thresher used for making straw and grain separately. There after wheat 

grains winnowing, filling in jute bags, weighing, sewing, packing and storing in store with bags. 

6.0 SOIL PARAMETERS RECORDED:-The following soil parameters were recorded 

from each tested crop establishment technologies. 

6.1 Soil physical Parameters- 

 

S.No. Soil Parameters Methods References 

 Soil physical Parameters 

1 Soil bulk density Core method Jalota, et al 1998 

2 Hydraulic conductivity Lab .method Jalota, et al 1998 

3 Dispersion of silt +clay and clay Lab. method Jalota, et al 1998 

4 Infiltration rate Ring Infiltrometer method Jalota, et al 1998 

5 Soil aggregate stability Using wet sieving method Jalota, et al 1998 

6 Soil texture 
International pipette 

method 
Jalota, et al 1998 

7 
Soil moisture retention  and soil 

moisture availability 

Using pressure plate 

apparatus 
Jalota, etal 1998 

 

6.2 Soil Chemical and micro biological Parameters -  
 

S.No. Soil Parameters Methods References 

 Soil Chemical Parameters 

1 pH and EC Potentiometric  - glass electrode Laboratory manual 

2 Organic carbon Walkly and Black (1934) method Walkly and Black (1934) 

3 Available Nitrogen Using,Subbai and Asija method Subbai and Asija method (1956). 
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(1956). 

4 
Available 

Phosphorus 
Olsen’s extractable P method (1954) 

Olsen’s extractable P method 

(1954) 

5 Available Potassium Ammonium acetate extractable K - 

 

 Soil Microbial biomass 

1 Microbial biomass - - 

2 Dehydrogenase activity - - 

 

6.3 Plant growth and yield parameters 

 

6.3.1 Rice Crop 
 

                   1-  Plant growth parameters 

S.No. Parameters Methods Stages 

 

1.  Plant height 1.  Using meter scale  1. Seedling stage  at the time of transplanting 

2. DSR at the time of transplanting stage for 

comparison 

2.  No. of tillers, 

effective tillers 

Using meter scale 

/row length per meter 

square 

one month interval : 

1.Tillering 

2. Blooming  

3.flowering  

4.Harvesting 

 

 

2-Plant growth  and yield parameters 

3.  Panicle  length Lab. Meter scale Harvesting 

4.  No. of grain per panicle By  Counting Harvesting 

5.  1000 grain weight 

 

 By  Counting 

and weight 

Harvesting 

6.  Grain yield By weight Harvesting 

7.  Straw yield By weight Harvesting 

8.  Root study :  

1.Root length density ,  

2. Root dry weight 

Counting and 

dry weight 

Flowering 
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6.3.2 Wheat Crop 

 

Plant growth and yield parameters 

S.No. Parameters Methods 
Stage 

 

1 Plant height Using meter scale 

1.CRI, 2.tillering, 

3.Late jointing 

4.flowering,& 5.maturity 

2 
No. of tillers, effective tillers 

 

1.Per meter row length 

2.Per meter square 

1.CRI, 2.tillering, 

3.Late jointing 

4.flowering,& 5.maturity 

3 Spike length Lab. Meter scale Harvesting 

4 No. of grain per spike. By  Counting 
Harvesting 

 

5 
1000 grain weight 

 
By  Counting and weight Harvesting 

6 
Grain yield 

 
By weight Harvesting 

7 
Straw yield 

 
By weight Harvesting 

8 

Root study : 

1.Root length density , 

2. Root dry weight 

Counting and dry weight 

using New men method 
Flowering 

 
 6.4 Economic analysis:- 

 

S.No. Parameters Methods 

1 Total cost                       Using analytical programme 

2 Gross income Do 

3 Net Income Do 

4 B:C ratio Do 

Note :-  Only Cost A considered  and Cost B not considered 

 

 

6.5 Statistical analysis: - Used MSTAT-e procedures. 
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7.0 Measurements under rice and wheat crop on farm water management 

Rice-wheat cultivation under different crop establishment techniques required the use of    

variable natural resources    in different forms of inputs. Such inputs were made on actual basis 

in the field condition.  

7.1 Irrigation water  

The irrigation water was measured with the help of water meter fitted in the water supply system 

in liters per unit time and the database was used for the computation of water productivity and 

water saving in respective crop establishment techniques under testing. Surface irrigation in 

wheat was applied with depth of 60 mm after considering rainfall contribution. In mini sprinkler 

system applied irrigation  water computed  (m
3
) = Cumulative pan evaporation (CPE) weekly x 

pan factor (K =0.7) X crop coefficient (KC values viz; 0.5, 1.0, 1.5 and 1.0 and 0.5) from the 

seed germination to the crop maturity (15days before harvesting) was considered for computing 

amount of irrigation water in wheat crop. Irrigation scheduling in transplanted rice was made at 

one day after disappearance of pounded water (1DADPW) except early 20 days, where, 

maintained submergence conditions for the establishment of seedling after transplanting. 

However, in DSR treatments irrigation scheduling were made 4/5 days after disappearance of 

pounded water and soil surface became towards dryness with small cracking. In mini sprinkler 

system applied irrigation water computed (m
3
) = Cumulative pan evaporation (CPE) of two days 

applied at alternate days from the seed germination to the crop maturity (10 days before 

harvesting). 

7.2 Electricity consumption  

The electricity consumption for irrigation in each treatment was computed by recording the 

units per hour at each schedule and expressed on energy consumption per unit area and time. 

Mini sprinkler irrigation, requirement of power for uplifting water was computed according 

equation mentioned below.  

Computed electricity units per hour  

H.P. = (10 × 33.17) / (75 × 0.75) = 5.89 H.P. say 6.0 HP 

1 Electricity unit = 1 KWH = 6 × 0.746 = 4.5 units/ hour 
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7.3 Hydraulic parameters of installed sprinkler system (Performance Indicators)- 

Measurements were conducted in the Rabi and Kharif seasons (rice-wheat crop) in 2000 m
2
 with 

a solid set mini sprinkler irrigation system .Mini sprinkler (made in India) with wetted radius of 

9.69 m and flow rate of  434 lh
-1 

 at 2.0 kg cm2  operating pressure  were  mounted  on 1.30 m 

high risers for both crops seasons. The lateral and nozzle intervals were each at 10 m. Uniformity 

of water distribution of sprinkler irrigation under this layout was measured two times of each 

crop with containers (15 cm diameter and 10 cm depth) placed along the two diagonals at 

intervals of 1.0 m on October and April months of the each year .Water depth collected in 

containers was measured with a graduated flask. The sprinkler irrigation system ran for 1 h at 

each test of water distribution. Coefficient of uniformity, computed using Christiansen method 

(Li and Rao 2000), was from 0.88 to 0.93 under low wind conditions. 

7.3.1 Coefficient of variation (Cv) 

Defined as the ratio between the standard Deviation and the average of the depth collected in 

catch canes during test. 

7.3.2 Christiansen coefficient of uniformity (CU) 

  CU (%) = (1 −Σx / mn) * 100  

Where Σx is the sum of the absolute, deviations from the mean (mm or ml) of all the 

observations, m is the mean, application depth measured (mm or ml), and n is the number of 

observations (catch-cans). 

7.3.3 Pattern efficiency (distribution efficiency (DU)  

 Defined as  

Du = min. depth (average of lowest one fourth of the canes) / average depth of canes multiplied 

by 100. 

8.0 Total month’s involvement of component Project workers 

S.No. Name of Scientist 

Total months 

involvement 

 

Years of 

Involve

ments 

Work associated 

Status of 

scientist 

(PI/CO-PI) 

 

1. Dr.Ranbir Singh 7.0 
2011-

2016 

Maintenance & 

Monitoring -data, 
PI 
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compilation , 

interpretation and report 

preparation 

2. Dr.D.K.Sharma 1.0 
2011-

2016 
Facilitator & monitoring 

CO-PI 

 

3. Dr. P.K.Joshi 
1.0 

 

2011-

2016 
Soil microbiology CO-PI 

4. Dr.S.K.Chaudhari 0.25 
2011-

2013 
Soil Physical Properties CO-PI 

5. Dr.P.Dey 
1.0 

 

2011-

2013 
Soil chemistry CO-PI 

6. Dr.R.S.Tripathi 
0.25 

 

2011-

2015 
Agriculture Economist CO-PI 

7. 
Dr.Satyendra 

Kumar 
7.0 

2011-

2016 
Engineering works Co-PI 

8. Dr.Thimmappa.K 0.10 
2015-

2016 
Economist Co-PI 

9. Dr.A.K.Rai 0.20 2015-16 Soil chemistry &fertility Co-PI 

 

9.0 Final report on the project: - detailed report containing all relevant   data with a 

summary of results (Not exceeding 2-5 pages) 

Indo-Gangetic Plains (IGP) of India leading to over-exploitation of the natural resources. 

Consequently, there is now a great concern about the future potential for productivity growth and long 

term sustainability of the irrigated rice-wheat system of the IGP. Resource conservation technologies 

pave a way for sustainable rice-wheat production in IGP. Central Soil Salinity Research Institute, 

Karnal has initiated evaluation of resource conservation technologies/practices on semi-reclaimed 

sodic soils in 2006. The study is aimed at enhancing water, nutrient, and energy use efficiency by 

ensuring soil health and quality. Nine adaptable resource conservation practices were compared with 

the conventional practice of rice-wheat cultivation.  The objective wise results are presented in the 

following different headings accordingly.  
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9.1 No.1. Objective: -To study the resource requirements and their 

productivity through different conservation technologies. 

 
9.1.1 Rice crop- resource requirements and their productivity under different 

conservation technologies. 
 

1. Water productivity under TPR and DSR technique- 

The result of five years study on rice crop for water productivity under TPR and DSR crop 

establishment techniques is given in Table (3). The results shows that high yielding hybrid rice 

(Ariz 6129)  produced relatively significantly  lower grain yields in DSR in   comparison to 

transplanted rice during 2011-15  with higher  irrigation water productivity  which ranged  from  

0.84  to  1.81 kg/m
3
 and   average irrigation water saving by 30.86 %. It was due to variation in 

grain yield with respect to crop seasons, owing to high weed infestation and erratic rainfall pattern 

in respective year’s weather conditions. Further, data from the tables reveals that water productivity 

increased with increasing grain yield under DSR technique in comparison to transplanted rice 

2. Irrigation water requirement – 

Data shows in table ( 3) that irrigation water requirement varied, seasons to seasons with rainfall 

pattern. Higher rain fall reduced the irrigation water requirement subsequently in both TPR and 

DSR techniques. Higher amount of irrigation water was recorded in TPR (0.88m) as compared to 

DSR (0.61 m) which was 30.86 % higher in TPR. 

 

3. Resource requirements under DSR and TPR 

 Five years experiment during 2011-2016 reveals that DSR in rice required lesser amount of 

resources in comparison to conventional rice transplanting (TPR) is given in Table-4. Direct 

seeded rice (DSR) in different technologies saving irrigation water is by 30.86 %, reduced 

diesel consumption in tractor operations by 42 % in reduced tillage and 86 % in zero tillage in 

comparison to transplanted rice (TPR). DSR technology saved labour requirement by 24 % in 

reduced tillage and 30 % saved in zero tillage technology. Major power saving in DSR 

technique was more than 29%. DSR may be promising where less amount of resources 

especially irrigation water is available for rice. Below is given, comparison of DSR and TPR 

rice establishment techniques. 
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Table: 3 Year wise water productivity of transplanted and direct seeded rice during 2011-15 

 

Years/

partic

ulars/

RCTs 

water productivity (kg m
3
) 

Grain yield 

(t ha
-1

) 

Irrigation 

water 

applied (m) 

Rainfall 

(m) 

Total water 

(m) 

Water productivity 

Variety 
Irrigation 

(kg m
3
) 

Gross water 

(kg m
3
) 

TPR DSR TPR DSR TPR DSR TPR DSR TPR DSR TPR DSR 

2011 7.30 6.88 0.96 0.55 0.41 0.47 1.37 1.02 1.78 1.81 0.89 0.81 Ariz 6129 

2012 8.22 7.25 0.80 0.66 0.37 0.34 1.17 1.0 1.03 1.10 0.70 0.73 Ariz 6129 

2013 8.55 7.23 0.75 0.5 0.44 0.53 1.19 1.03 1.14 1.45 0.72 0.70 Ariz 6129 

2014 7.91 6.72 1.13 0.8 0.35 0.39 1.48 1.19 0.70 0.84 0.53 0.56 Ariz 6129 

2015 7.44 6.33 0.78 0.56 0.33 0.38 1.11 0.94 0.95 1.13 0.67 0.67 Ariz 6129 

Av. 7.88 6.88 0.88 0.61 0.38 0.42 1.25 1.04 1.12 1.27 0.70 0.69 Ariz 6129 

 TPR(Pudlled  transplanted rice)= Conventional transplanting; Conventional transplanting with wheat crop 

residue incorporation.Total of these two TPR technologies divided by two for the calculation of average grain 

yield, applied irrigation water, rainfall received and total water applied and calculated water productivity in each 

years. 

 DSR(direct seeded rice) =DSR in reduce tillage; DSR in reduce tillage with wheat residue incorporation; DSR in 

Zero tillage; DSR in Zero tillage with wheat residue anchored and DSR in RT. Total of these 5 DSR 

technologies divided by 5 for the calculation of average grain yield, applied irrigation water, rainfall received 

and total water applied and calculated water productivity in each years. 
Poor yield in DSR was measured due to weed infestation and their growth retardant affects on plant growth and yields. 

Saving of irrigation water during 5 years experiment in DSR techniques = 30.68% over TPR (puddle transplanted rice). 

 

4. DSR Vs TPR 

• DSR in rice required fewer amounts of resources in comparison to conventional rice 

transplanting.  

• Saving of irrigation water 31.03% in DSR.  

• 42 -86 % saving in diesel and  27%  saving in labours  

• 31.0 % electricity saving in DSR with surface irrigation due to lower irrigation requirement in 

comparison to TPR.  28.10% saving in electrical energy in DSR with    sprinkler irrigation. 

• 4.46% less grain yield was recorded in DSR in comparison to TPR. 

• B: C ration observed quit similar after five years of experiment with better system 

productivity. 

• Wheat crop residue either incorporated /anchored in TPR found better in comparison to DSR 

techniques with increasing rice productivity and better soil health. 

•  
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Table (4) Energy budgeting under different RCTs during rice crop cultivation. 

 

Energy budgeting (Mega Jules ha-1) 

RCTs

Diesel used Labours Electricity used in 

Irrigation
Total

( lit.ha-1) Mega Jules 

ha-1

No.of

Labours ha-1

Mega Jules

ha-1

Electricity

(KW)

Mega Jules ha-1

Conversion 

factors

47.8 mega 

Jules lit -1
0.70 mega Jules hr-1 x (working 

hours=8)

12.0 mega Jules KWhr-1 Mega 

Julesha-1

TPR
48 2294.4 105 588 2.35 28.2 2910.6

TPR+WR
48 2294.4 105 588 2.35 28.2 2910.6

DSR
28 1338.4 80 448 1.66 19.92 1806.3

DSR+ WR
28 1338.4 80 448 1.66

19.92 1806.3

(37.94%)

DSR -ZT 6.7 44.89 75 420 1.66 19.92 484.8

DSR-ZT+R 6.7 44.89 75 420 1.66 19.92 484.8

(83.34%)

TPR= conventional transplanting ; TPR+WR = conventional transplanting with wheat residue ; . DSR = Direct seeded rice in reduced

tillage; DSR +WR =DSR in reduced tillage with wheat residue ; DSR +ZT = DSR in zero tillage ; DSR +ZT+WR =DSR in zero tillage

with wheat residue.

Energy budgeting under  different resource 
conservation techniques in rice cultivation

 

 

5. Energy budgeting- Energy budgeting under different RCTs including  diesel , labours and 

electricity used for irrigation calculated with the help of converting equations which is given in table (4). It 

reveals that maximum energy (2294.4 Mega Jules ha
-1

) calculated in tillage operations in TPR in comparison 

to DSR tillage operations (1338.4 Mega Jules ha
-1

 and 44.89 Mega Jules ha
-1 

in reduced and zero tillage, 

respectively). A similar trend of energy consumption was recorded through labours/ mandays in TPR and 

DSR crop establishment techniques. Maximum number of labours was used in TPR practices in comparison to 

DSR techniques. More labours energy was used in TPR rice crop establishment techniques. Whereas, 

irrigation in TPR required higher amount of irrigation water in comparison to DSR techniques, and it is 

associated with higher amount of electricity unit’s consumption for irrigation purpose in TPR. A cumulative 

amount of energy used in TPR was calculated 2910.6 Mega Jules ha
-1 

which was 37.94 % higher in 

comparison to DSR in reduced tillage and 83.34 % lower energy consumption observed in DSR under zero 

tillage operations. 
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6. Weeds management in rice crop under TPR and DSR techniques-  

Different types of weeds grown at different stages and their resistance to words specific chemicals in 

DSR techniques. Refinement process in weeds control under DSR is continued. Varieties of chemicals 

(weedicide) used in rice crop for different types of weeds. Broad spectrum herbicides are required for 

success DSR technique.  During five years experiments observed that different kinds of weedicides were 

grown .Intensity of kinds of weeds observed in another years in DSR techniques, which were new and 

resistance to prevailing weedicides in the market.  However, Ariz 6129, hybrid rice in DSR performed 

better relatively by producing high yield potential. 

Killing of Motha
(Cyperus rotendus) in rice

Early stage After  2  months

 
 

Plate-1 Effective control of  Dilla/ motha in DSR at early and later stage of crop during the rice 

crop period. 

The direct seeded rice produces bit lower yields, owing to weeds infestation mostly Motha (Cyprus 

rotundus), Barta (Echinochloa crusgali), Sanmak (Echinochloa colonum), Kallar grass, Makra etc. It is 

clear from the results that high yielding rice cultivars produced with higher water productivity in TPR and 

DSR with crop residue management techniques in comparison to without crop residue. 

After 50days of direct seed sowing of rice under with and without wheat residue, weeds in the fields may 

be uprooting and keeps the out sides of the field , if  they are bearing seeds and they are able to regenerate 

or  growth with the soil touching. 

6.1-   Schedule of weed control in Rice -In early stage, used the following selective Chemicals for 

the controlling weeds in TPR and DSR techniques  

(A)  In transplanted rice none of the chemical was used to control weeds.  Macheti (Butachlore) 

was applied  

(B) In direct seeded rice weeds were controlled chemically twice during the growing season. 
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(i) Pre-emergence – field treatments:- 

Foremost, herbicide, Round up (Pendimethylin) @1.0 liter per acre used after rice sowing in 

moist condition (2/3 days after irrigation).The irrigation was made after immediate of rice 

sowing. 

Motha (Cyperus rotendus) Control in  
Sprinkler  Irrigation Method

 

Plate -2   View of effective control of motha in DSR at early stage of crop under sprinkler  

                 irrigation system during the studied period. 

 

(ii) Post-emergence-weed control:- The following selective chemicals were used for weed control 

measures: 

(a)  In transplanted rice applied Macheti (Butachlore) @ 1.0 l/acre. 

(b) In direct seeded rice weeds were controlled chemically thrice during the growing season. 

1. In DSR generally mixed types of weeds germinated and grown in early stage e.g Motha 

,Barta,Makra, and Samak etc. At this stage applied sunrise @ 50 gram /acre and Whip super @ 250   

ml/acre in 200-250 liters water within 25-30 days and spray uniformly. 

2. Only after germination of motha / Dila (Cyprus rotundus) weeds in rice within twenty five days 

applied sunrise @ 50 gram /acre in 250 liter water, spray uniformly.  

3. In DSR, Barta (Echinochloa crusgali ) , Samak (Echinochloa colona) and Makra  

(dactyetenium aegyptium) weeds were controlled  by using   Whip super @ 250   ml/acre in  200-

250 liters water within 25-30 days and  spray uniformly. 

mailto:Pendimethylin@1.0
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4. One time hand weeding may be required after 40-50 days of rice sowing. As after 40 days of rice 

sowing weedicide not so much effective and even than adversely effects the plant growth. The 

amounts of expenses were higher in DSR techniques in comparison to transplanted rice. However, 

these expenses on weed control were lower than that of expenditure on puddling, transplanting   

labors, maintenance of machinery and continuous watering cause’s water table decline. 

5. The amounts of expenses were higher in DSR techniques in comparison to transplanted rice. 

However, these expenses on weed control were lower than that of expenditure on puddling, 

transplanting   labors, machinery maintenance and continuous watering causing water table 

declining etc. 

9.1.2 Wheat Crop- Resource requirements and their productivity under different 

conservation technologies are given in the following heads. 
 

1. Irrigation water requirement – 

Data shows in table (5) that irrigation water requirement varied, seasons to seasons with rainfall 

pattern. Higher rain fall reduced the irrigation water requirement subsequently in all the crop 

establishment techniques. Higher amount of irrigation water was recorded in conventional wheat 

sowing methods with surface irrigation system as compared to zero tillage wheat sowing with 

100% rice residue much using turbo seed drill machine . One irrigation water saving in zero tillage 

with 100% mulch sowing with turbo seed drill machine. IInd irrigation water is not required and 

saved as such under 100% rice residue mulch amounting 6.0 cm.  Irrigation water saving was 

15.38% higher over conventional wheat sowing method. Irrigation water requirement varied   

season to season. It was due to erratic behavior and uneven rainfall pattern. 

2. Wheat water productivity under different crop establishment techniques - 

  The result of five years study on wheat crop for water productivity under crop establishment 

techniques is given in Table (5). The results shows that high yielding variety (HD.2967) produced 

significantly  higher  grain yields in  zero tillage with/without rice crop residue in   comparison to 

conventional wheat sowing method without rice residue management during 2011-15  with higher  

irrigation  and gross water productivity. Further, data from the tables (5) reveals that water 

productivity increased with increasing grain yield under different crop establishment techniques. 

Gross water productivity of wheat crop always recorded lower in comparison to irrigation water 

productivity. 

 2.1  Tillage and crop residue management Vs water productivity- 

The pooled wheat water productivity shown in table (5)  that maximum irrigation water productivity 
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was  computed in conventional  tillage wheat sowing with rice residue incorporation ( 2.32  kg/m
3
 )  

followed by  zero tillage with rice residue anchored (2.28 kg/m
3
 ) and   minimum water productivity  

was observed in conventional wheat sowing (207 kg/m
3
) which was due to water logging. 

Increasing water productivity in conventional tillage with rice residue incorporation was due to 

greater availability of plant nutrients during recycling after decomposition of residues. Physical, 

chemical and biological properties of soil improved a lot. 

2.2 Irrigation methods Vs water productivity-  

The result of five years study on wheat crop for water productivity under different crop 

establishment techniques is given in Table (6). The results shows that high yielding variety 

(HD.2967) produced significantly  higher  grain yields in  zero tillage with/without rice crop 

residue in  comparison to conventional wheat sowing method without rice residue management 

during 2011-15.  Higher irrigation and gross water productivity was observed with mini 

sprinkler irrigation method in all the wheat crop seasons from 2012 to 2015 years under 100% 

rice residue mulch. Maximum irrigation water productivity was observed during 2013-14 

season due to lesser irrigation requirement in mini sprinkler irrigation method. Overall average 

of irrigation water productivity was calculated 3.58 and 3.56 under sprinkler irrigation method 

which were 1.73 and1.72 times higher than conventional wheat sowing method. Surface 

irrigation method with 100% rice residue mulch maintained second higher irrigation water 

productivity and were 1.34 times greater over conventional irrigation methods with higher grain 

yield5.45tha
-1

. 
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  Table (5) -   Year wise water productivity of wheat crop under different RCTs with and without rice residue during 2011-15 

 

Years/

particu

lars/R

CTs 

Water productivity (kg m
3
) of wheat crop 

Grain yield 
(t ha

-1
) 

Irrigation water Productivity 
(kg m

3
) 

Gross water productivity 
Irrigation (kg m

3
) 

Cv 
Cv+

RRI 
RT 

RT+

RRI 
ZT 

ZT+

RRA 
Cv 

Cv+

RRI 
RT 

RT+

RRI 
ZT 

ZT+

RRA 
Cv 

Cv+

RRI 
RT 

RT+

RRI 
ZT 

ZT+R

RA 
2011 6.09 6.06 6.04 6.54 6.50 6.75 1.79 1.78 1.68 1.78 1.91 1.99 1.68 1.67 1.80 1.67 1.79 1.86 

2012 5.31 5.73 5.30 5.38 5.51 5.39 2.21 2.39 2.21 2.24 2.30 2.25 1.05 1.13 1.05 1.06 1.09 1.07 

2013 5.68 6.26 6.26 6.47 5.84 6.19 3.16 3.48 3.48 3.59 3.24 3.44 1.63 1.80 1.80 1.86 1.68 1.78 

2014 4.19 5.19 5.13 5.56 4.50 5.06 1.50 2.08 1.90 1.69 1.67 1.87 0.88 1.16 1.10 0.98 0.96 1.08 

2015 4.73 5.31 5.18 5.43 5.07 5.20 1.69 1.90 1.85 1.94 1.81 1.86 1.45 1.63 1.59 1.67 1.56 1.60 

Av. 5.20 5.71 5.58 5.88 5.48 5.72 2.07 2.32 2.27 2.25 2.19 2.28 1.34 1.48 1.47 1.45 1.42 1.48 

Poor yield in Cv was measured due to water logging during rainfall and irrigation. However in those treatments where crop residue was added 

either incorporation/anchored/mulch, water logging was not observed. 

Irrigation water applied-0.34 m in 2011-12; 0.24 m in 2012-13; 0.18 m in 2013-14; 0.27 m in 2014-15 and 0.28 m in 2015-16. 

Saving of irrigation water- 

Saving of Electricity- 

Rainfall received- from November 2011-March 2012 = 0.02 m, November 2012-March 2013 = 0.27 m; November 2013-March 2014 = 0.17 m, 

November 2014-March 2015 = 0.20 m and November 2015-March 2016 = 0.05 m   . 

m=meter; Cv = Conventional, RT+RRI= Reduced tillage with rice residue incorporation, ZT+RRA= Zero tillage with 100% rice residue mulch, ;RRI=Rice 

residue incorporation 
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 Table(6):  Year wise water productivity of wheat crop under different RCTs with irrigation methods during 2011-15 

 

Years

/parti

cular

s/RC

Ts 

water productivity (kg m
3
) of wheat crop 

Grain yield 

(t ha
-1

) 

Irrigation water applied (m) Irrigation water Productivity 

(kg m
3
) 

Gross water productivity 

Irrigation (kg m
3
) 

Cv RT+

RRI 

ZT+

RRM 
ZT+

RRM 
ZT+

RRM 
Cv RT+

RRI 

ZT+

RR

M 

ZT+R

RM 
ZT+R

RM 
Cv RT+

RRI 

ZT+

RRM 
ZT+

RRM 
ZT+

RRM 
Cv RT+

RRI 

ZT+

RRM 
ZT+

RRM 
ZT+

RRM 

MIM Surf Surf Surf SPRL SPRL Surf Surf Surf SPRL SPRL Surf Surf Surf SPRL SPRL Surf Surf Surf SPRL SPRL 

2011 6.09 6.06 6.38 6.54 5.30 0.34 0.34 0.34 0.30 0.30 1.79 1.78 1.88 2.18 1.77 1.69 1.68 1.77 2.04 1.66 

2012 5.31 5.38 5.38 4.88 5.13 0.24 0.24 0.18 0.15 0.15 2.21 2.24 2.99 3.25 3.42 1.04 1.05 1.20 1.16 1.22 

2013 5.68 6.47 6.03 5.59 5.43 0.18 0.18 0.12 0.093 0.093 3.16 3.59 5.03 6.01 5.84 1.62 1.85 2.08 2.13 2.06 

2014 4.19 4.56 4.38 4.13 4.44 0.28 0.27 0.24 0.11 0.11 1.50 1.69 1.83 3.75 4.04 0.87 0.97 1.00 1.33 1.43 

2015 4.73 5.43 5.09 5.18 5.24 0.28 0.28 0.22 0.19 0.19 1.69 1.94 2.31 2.73 2.76 1.43 1.65 1.89 2.16 2.18 

Av. 5.20 5.58 5.45 5.26 5.11 0.26 0.26 0.22 0.17 0.17 2.0 2.15 2.48 3.09 3.0 1.34 1.45 1.59 1.78 1.80 

MIM=Mode of irrigation, Cv=conventional, RT+RRI= reduced tillage with rice residue incorporation, ZT+RRM=zero tillage with 100% rice residue mulch, Surf=surface 

irrigation and SPRL= Sprinkler irrigation method 

Average saving of irrigation water in ZT with mulch techniques was 15.38% higher over CV (Conventional wheat sowing method) of 5 years experiment. 

Mini sprinkler irrigation was started from 2012 wheat crop season. 

Rainfall received from November 2011-March 2012 = 0.02m, November 2012-March 2013 = 0.27m; November 2013-March 2014 = 0.17m, November 2014-

March 2015 = 0.20 m and November 2015-March 2016 = 0.05 m   .      

Effective rainfall received from November 2011-March 2012 = 0.02m, November 2012-March 2013 = 0.27m; November 2013-March 2014 = 0.17m, 

November 2014-March 2015 = 0.20 m and November 2015-March 2016 = 0.05 m.   



31 

 

3. Energy budgeting in wheat crop- 

 
3.1 Energy budgeting Vs tillage and residue management- 

 

Energy budgeting under different RCTs including diesel, labours and electricity used for 

irrigation calculated with the help of converting equations which is given in table (7). Diesel 

consumption includes ploughing after rice harvesting and before wheat sowing (harrow, 

cultivater, suhaga, bunding, wheat sowing and threshing operations). It reveals that maximum 

energy calculated in tillage operations in conventional wheat sowing method (CV Wheat) in 

comparison to RT and ZT crop establishment techniques. The energy required in RT and ZT 

wheat sowing methods was lesser in tillage operations. A similar trend of energy consumption 

was recorded through labours/ mandays in CV Wheat and RT and ZT wheat crop establishment 

techniques. Maximum number of labours was used in CV wheat practice in comparison to RT 

and ZT wheat techniques. More labours energy was used in CV wheat crop establishment 

techniques. Whereas, irrigation in CV, RT and ZT required similar amount of irrigation water 

.And it is associated with similar amount of electricity unit’s consumption for irrigation purpose 

in CV, RT, and ZT wheat crop establishment techniques. A cumulative amount of energy used 

in CV wheat sowing method was calculated 6787.8 Mega Jules ha
-1

. There was saving of 10.8% 

energy in RT and 25.4 % in ZT crop establishment techniques of wheat sowing methods. ZT 

wheat sowing method with 100% rice residue mulch irrigated with surface method required 

lesser amount of   total energy, which is 32.9 % lower than CV wheat sowing method. Electric 

energy for irrigation is required 3495.6 Mega Jules ha
-1 

as in CV wheat sowing method and 

which is similar to RT and ZT methods. Whereas in T7 (ZT+100%RRM) required 3 irrigation 

under surface irrigation method in comparison to CV, RT and ZT wheat sowing methods. This 

technique saved one irrigation, which is equivalent to 32.9% saving of electric energy for 

irrigation. CV, RT and ZT required 4 number of irrigation to mature the wheat up to March 

moth.  

3.2 Energy budgeting Vs Irrigation methods- 

Data given in table (7) reveals that energy budgeting varied with different irrigation methods. 

Total energy calculated higher under surface irrigation method (6787.8 Mega Jules ha
-1

) in 

comparison to mini sprinkler irrigation method. Mini sprinkler irrigation method required 

22.9% lesser energy in comparison to CV wheat sowing method. 
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In context to diesel consumption in wheat crop under sprinkler irrigation method required less 

amount of total energy (2151.0 Mega Jules ha
-1

) in comparison to conventional wheat sowing 

method (3495.6 Mega Jules ha
-1

) under surface irrigation method. A similar trend of lower 

energy consumption was observed in RT and ZT wheat sowing techniques without rice mulch 

techniques. However, higher amount of labors was required in mini sprinkler irrigation method 

in comparison to CV, RT and ZT under surface irrigation method. It was 12.78 % higher 

labours than CV, RT and ZT wheat sowing methods. 

4. Weeds management in wheat crop- under Cv, RT and ZT   techniques -  

1-Weed management (control) in wheat crop :- ALGRIP (Metsufuren methyl-20%WG) @ 

20.0gm ha
-1

 and Topic (ClodinFop-Propargyl ,15% WP) @ 400 gm ha
-1

 weedicides were applied 

for the control of broad leaf weeds    and   phalaris minor; respectively. Weedicides were used 

after Ist irrigation up to 30 days   of wheat sowing. Weeds visible at the time of grain filling, they 

should be removed from the fields manually so to avoid the seed dissemination further. 

2-In general weeds population under zero tillage in anchored rice residue fields, all kinds of 

weeds again visible because some plants remains and shading their seeds in situ and spreading in 

air from one place to another place within the field and outside the fields. 

3-A similar type of weeds control observed in RT and CV wheat cultivation methods. 

5.  Resource requirements under CV, RT and ZT- 

Five years experiment during 2011-12 to 2015-2016 reveals that reduced and Zero tillage wheat 

sowing with rice residue required lesser amount of resources in comparison to conventional 

wheat sowing method is given in Table(7):  

 ZT in wheat with rice residue mulch may be promising where less amount of irrigation 

water is available.  

 Zero tillage wheat sowing with rice anchored not saving irrigation water. In reduced tillage 

(RT) wheat sowing saved diesel consumption in tractor operations by 20.92 % and wheat in 

zero tillage saved 48.72 % diesel consumption in comparison to conventional wheat sowing 

method (CV). Further decreased diesel consumption in mini sprinkler irrigation system 

where wheat was sown in ZT with 100% rice residue in mulch (sowing using happy seed 

drill machine). 

 labour, diesel and electricity requirement were higher in CV wheat sowing method in 

comparison to reduced tillage(RT) and zero tillage(ZT) wheat cultivation methods.  
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 labour requirement reduced by 7.89% in reduced tillage and zero tillage wheat cultivation 

methods.  

 Major power saving in ZT wheat sowing method was more than 28% with 100% rice 

residue used as mulch with the help of happy seed drill machine (T7), under surface 

irrigation method.  

 However, further major power saving under mini sprinkler irrigation system was 8.15% 

where wheat was in ZT method with 100% rice residue (used as mulch) with the help of 

happy seed drill machine (T8&T9).  

 Wheat sowing in conventional and reduced tillage methods where sowing was done using 

FERTI CUM SEED DRILL machine, power saving was not observed for irrigation. 

 labour requirement increased  by 12.78% under mini sprinkler irrigation method with ZT 

wheat sowing method  because of reinstallation and higher irrigation frequency. 

 Diesel requirement reduced by 38.47% under mini sprinkler irrigation method with ZT wheat 

sowing method in comparison to CV wheat sowing method. 

  Diesel requirement under mini sprinkler irrigation method was 10.25% lower than RT wheat 

sowing method where wheat was with the help of happy seed drill in ZT with 100% rice 

residue management. 

     5.1- CV vs ZT  

1- Tillage operations are not required under zero tillage wheat sowing method. 

2- CV and ZT wheat seed placement required simple Fert -cum-seed drill machine only. 

3- CV and RT is not needed sophisticated seed drill machine without rice crop residue 

management, means rice harvested manually from soil surface. 

4- ZT wheat sowing method with and without crop residue not saved the irrigation water in 

comparison to CV wheat sowing method. 

5- ZT wheat sowing saved the diesel by 48.7%. 

6- ZT wheat sowing saved the labour by 7.89%. 

7- ZT wheat sowing with 100% rice residue mulch saved the electricity by 8.15 %. 

8- ZT wheat sowing with rice residue anchored not saved the irrigation. 

9- ZT sowing wheat method with and without rice residue anchored not saved the electricity 

for irrigation. 
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10-ZT wheat sowing method increased the grain yield by 5.34% (without rice &wheat    

            residue) and 10% (with rice and wheat residue)  and water productivity by 2.19 and 2.28                

            Kg
- 3

 in T5 and T6   compared to conventional irrigation method, respectively. 

       11- ZT Wheat sowing with 100% rice residue mulch saved one irrigation means saved     

            15.38% of irrigation water during the wheat crop season. 

      5.2-Cv vs RT 

1. Wheat sowing in RT tillage crop establishment technique, tillage operations was reduced 

with 50% tillage cost in comparison to CV wheat sowing method. 

2. Wheat was sowing with and without rice residue incorporation with 50% tillage operations 

with increasing grain yield by 5.58 (7.30 %) and 5.88 tha
-1

 (13.08%) in T3 and T4 reduce tillage 

techniques, respectively in comparison to conventional (5.20 tha
-1

) wheat sowing method.  

3. Irrigation water in reduce tillage was not saving in comparison to CV wheat sowing method. 

4. Similar Electricity consumption used for irrigation in CV and RT wheat crop establishment 

technologies. 

6. Nitrogen Use Efficiency (NUE) – 

The urea fertilizer was applied in the wheat crop in split doses as per leaf colour chart values, 

maintaining leaf colour chart up to number four (4). Nitrogen fertilizer in the form of urea applied in 

solution with water through sprinkler irrigation system, while in conventional irrigation wheat 

sowing method applied urea in the form of top dressing method. The details of nitrogen application 

and Nitrogen Use Efficiency (NUE) results are given in different headings: 

6.1 Irrigation methods Vs NUE - 

The results presented in table (8) shows that urea nitrogen can be applied either topdressing and 

through fertigation in wheat crop. Further it reveals that both methods have different NUE. Top 

dressing application of urea shows lower NUE, relatively. However, urea application through 

fertigation under mini sprinkler irrigation method had highest NUE (72.3 Kg grain KG
-1

N) in while 

in surface irrigation method was 37.5 Kg grainKg
-1

N where wheat sown under conventional method. 

Saving of nitrogen was 50% in mini sprinkler irrigation method. This was happened due to 

fertigation through sprinkler. 
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Table (7) -     Energy requirement of wheat crop under different RCTs during 2015-16 

 

RCTs 

Energy requirements,(Mega Julesha
-1

) during wheat crop season  

Treats. 

Labour 

Requirement 

(Mandays/ha) 

Diesel 

Requirement 

(Lt/ha) 

Electricity Requirement 

For  irigation  

(KWH/ha) 

Total 

% 

Energy 

Saving 

Over CV 

Units Symbol No. of 

laboursha
-1

 

Mega 

Jules ha
-1

 

Liters ha
-1

 Mega 

Jules ha
-1

 

Electricity 

(KWH) 

 

Mega 

Jules ha
-1

 

Mega 

Jules ha
-1

 

Mega 

Jules ha
-1

 

conversion - 0.7 Mega Jules 

X (working hours=8) 

x No.of labours
 

47.8 Mega Jules liters
-1

x 

(diesel used ha
-1

) 

12.0 Mega Jules 

KWHhr
-1

 

Mega 

Julesha
-1

 

- 

Cv T1 47.5 266.0 73.13 3495.6 252.18 3026.16 6787.8 --- 

CV+RRI T2 47.5 266.0 73.13 3495.6 252.18 3026.2 6787.8 --- 

RT T3 47.5 266.0 57.83 2764.3 252.18 3026.2 6056.5 10.8% 

Rt+RRI T4 47.5 266.0 57.83 2764.3 252.18 3026.2 6056.5 10.8% 

ZT T5 43.75 245.0 37.50 1792.5 252.18 3026.2 5063.7 25.4% 

ZT+RRAn T6 43.75 245.0 37.50 1792.5 252.18 3026.2 5063.7 25.4% 

ZT+100%RRM T7 43.75 245.0 45.0 2151.0 180.14 2161.6 4557.6 32.9% 

ZT+100%RRM-

SPRL 

T8 53.75 300.0 45.0 2151.0 231.62 2779.4 5230.4 22.9% 

ZT+100%RRM- 

SPRL 

T9 53.75 300.0 45.0 2151.0 231.62 2779.4 5230.4 22.9% 

CV=conventional wheat sowing; RRI=rice residue incorporation; RT=reduce tillage (50% of CV) ; ZT=Zero tillage ;RRA=rice 

residue anchord ; RRM=rice residue mulch ;SPRL=Sprinkler irrigation method. 
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6.2 Tillage Vs NUE- 

  The results shows in the table (8) that after five years pooled grain yield of wheat was used for   

calculation of NUE. It was observed that: 

1- In zero tillage wheat cultivation, NUE under mini sprinkler irrigation system increased with 

application of urea nitrogen through fertigation method in comparison to surface irrigation method. 

2- In conventional irrigation method of wheat crop sowing nitrogen use efficiency was lowest (35.6 Kg 

grainKg
-1

N) where nitrogen applied through top dressing method. It was due to lower grain yield due 

to water logging during wheat crop season. 

3- In reduce tillage wheat sowing method it was 38.1 Kg grainKg
-1

N. 

4- However in Zero tillage wheat sowing method NUE was 37.5 Kg grainKg
-1

N. 

Table (8) - Pooled Nitrogen use efficiency in wheat crop under different RCTs and 

irrigation methods during 2011-2015. 
RCTs and  

irrigation methods 

Symbols Pooled 

grain yield 

(tha
-1

) 

Nitrogen 

applied 

(Kg/ha) 

NUE 

(Kg grain 

KG
-1

N) 

% N 

saving 

Urea nitrogen 

saving (Kgha
-1

) 

Cv T1 5.34 150 35.6 - - 

CV+RRI T2 5.85 150 39.0 - - 

RT T3 5.71 150 38.1 - - 

RT+RRI T4 5.87 150 39.1 - - 

ZT T5 5.63 150 37.5 - - 

ZT+RRAn T6 5.78 150 38.5 - - 

ZT+100%RRM T7 5.62 150 37.5 - - 

ZT+100%RRM-SPRL T8 5.42 75 72.3 50 162.0 

ZT+100%RRM-SPRL T9 5.42 75 72.3 50 162.0 

CV (%) - 4.49 - - - - 

SE(d) - 0.1584 - - - - 

CD at 5% - 0.3207 - - - - 

NUE= (Kg grain KG
-1

N); N= Nitrogen 
CV=conventional wheat sowing; RRI=rice residue incorporation; RT=reduce tillage (50% of CV) ; ZT=Zero tillage 

;RRA=rice residue anchord ; RRM=rice residue mulch ;SPRL=Sprinkler irrigation method. 

 

6.3 Crop residue management Vs NUE- 

   The results shows in the table (8) that after five years pooled grain yield of wheat was used for the 

calculation    

   of NUE. Further, it has been observed from the results that: 

1- Plants can absorb nitrogen through leaf stomata’s in the form of amine directly. 
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2- NUE of wheat crop was recorded higher in those techniques where added rice straw either 

incorporation or anchored or mulch forms. 

3- NUE of wheat crop was higher in those techniques where added rice straw (incorporation 

or anchored or mulch forms) in comparison to none rice residue management techniques 

and it was 1.1 times higher  in comparison to none rice residue management techniques in 

conventional wheat sowing method with crop   residue management. 

4- Lowest nitrogen use efficiency was recorded in conventional wheat sowing method. It was due to 

application of urea nitrogen through top dressing method. The possible reason of lowest NUE in 

conventional wheat   sowing method was due to none crop residue management. 

5- NUE was maximum in RT with rice residue incorporation (39.1Kg grain Kg
-1

 N).Whereas, 

minimum NUE (35.6 Kg grain Kg
-1

 N) was observed in conventional wheat sowing where,  rice 

residue straw was not added and other reason was due to water logging situation after  irrigation 

and heavy rainfall, which caused  lower  plant growth and yield. 

9.2 No.2. Objective: - To monitor the changes in plant growth and yield 

parameters. 

9.2.1 Rice Crop 
 

9.2.1.1  Rice yield pattern during five years of study: - High yielding hybrid rice 

variety Arize 6129 was tested for five years. The results are presented in following heads. 

1. Biological yield -The results shows in figure (1) that maximum biological yield was obtained 

in conventional transplanting with wheat residue incorporation (16.71 t ha
-1

) followed by 

conventional transplanting. There was significant difference in yield of TPR and TPR with wheat 

residue (TPR+WR). Among DSR technologies rice biological yield ranged from 12.28 to14.34 

t/ha. Maximum biological yield 14.38 t/ha was obtained in DSR+WRI technique and  

minimum was recorded in zero tillage with wheat anchored (12.28 t ha
-1

), in standing wheat 

stubbles (anchored) whereas direct seeded rice in reduced tillage yielded 12.59 t ha
-1 

but in DSR 

with wheat residue produced 14.34 t /ha biological yield. It was may be due to soil health 

improvement owing decomposition of crop residue accordingly. However DSR in Zero tillage 

obtained significantly lower yield because of less plant population/unit area due to weeds 

infestation.   
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During rice season, erratic results with lower grain yield  in direct seeded rice was obtained  

owing due to relatively high weed population,( majority of grasses comprised of Cyprus 

rotundus (motha),Echinochloa crusgali (Barta), Echinochloa colonum(Sanmak) ,kallar grass ,  

Makra etc) were profusely grown .  

 

Figure (1) Pooled rice biological yield of five years experiment under different resource 

conservation technologies. 

 2. Economic yield pattern - The grain yield of rice was presented in figure (2) shows that TPR 

and DSR rice cultivation practices influenced by different resource conservation technologies. 

Rice grain yield recorded maximum significantly higher in TPR in comparison to DSR 

techniques. Rice grain yield influenced by tillage and residue management practices. Rice grain 

yield in those techniques where crop residue either incorporated increased in comparison to non 

residue conservation techniques. 

Among the DSR techniques, DSR with wheat residue incorporation cultivation practice shows 

over all high yielding conservation practice. Whereas, in zero tillage DSR practices rice grain 

yield reduced significantly due to less plant population and due to weeds infestation and another 

possible reason may be Nematodes in the root system. Also, it was observed that plant growth 

suffered relatively more in zero tillage DSR in comparison to DSR in reduce tillage techniques 

with and without crop residue incorporation.   
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Figure (2) Rice grain yield pattern during 2011-2015 Cv. Arize 6129 under different 

resource conservation technologies.     

 

Among the five year periods, means five rice crop with Cv, Arize 6129 rice variety, recorded 

highest grain yield during 2012 year where rainfall pattern , sun shine period, disease and insect 

infestation was lesser comparatively. Rice grain yield pattern shows that TPR produce 

significantly higher yield in comparison to DSR in zero tillage, but rice grain yield produced 

statistically similar in DSR with wheat residue incorporation in reduced tillage cultivation 

practice.  It has been observed from the data and average graph pattern from the figure (2) that 

during five years studies the rice grain yield increased in TPR and DSR with and without wheat 

crop residue incorporation. However, DSR in zero tillage grain yield decreased in overall 

average, it was happens due to infestation of weeds and Nematodes infestation problems may be 

increased year after years. Further, it was noticed that rice grain yields were relatively higher in 

T2, T4 and T8 where crop residue was incorporated, in comparison to without crop residue. Rice 

grain yields produced with good performance relatively   after two years.  

The lower rice grain yield was recorded in T5 (5.63 t/ha
-1

) in comparison to T6 crop 

establishment techniques under DSR techniques, but it was significant statistically. Further, it 



40 

 

was noticed that rice grain yield increased where crop residue added in TPR and DSR with 

incorporation on soil surface as stubble. Crop residues after decomposition fully or partially both 

gave their positive effects on soil physico-chemical properties, resulted into higher productivity. 

In Subsequent years, grain yields follow the similar trend of productivity in the respective 

technologies in the respective seasons, so it is clear that residual effects of the wheat crop in rice 

was recorded with the higher productivity. The grain yields increased in its magnitudes towards 

the cumulative effects of managements practices. In fifth year of experiment, observed grain 

yield was higher in magnitudes in all the respective technologies. It is evident from the results 

that every management practices have their own impact.  

Among the irrigation methods, rice performance under DSR techniques was equally better with 

non significant yield penalty, while, in comparison to TPR technique yield penalty was 

significant. Over all mini sprinkler irrigation method is feasible with the view of crop 

productivity. 

 3. Rice economic analysis:-Rice crop analysis for economics only consider the 2015 crop 

season. Fifth year rice yield was taken (table 9) for economic analysis. Operational cost only 

considered (B-1 cost) for analysis for B: C ration. In operational cost analysis includes, e.g. 

fertilizer, irrigation, pesticides, insecticides, labours, tillage operations, harvesting and threshing 

etc. Rice market price @ Rs.1510per quintal only considered for the calculation of gross income 

in the respective techniques.  

The hybrid rice (Ariz 6129) crop was grown and taken for economic analysis (Table 9). Data 

analysis reveals that maximum operational cost was observed in transplanted rice (T1) and 

conventional rice transplanting with wheat residue (T2) where rice grown in puddle field with 

surface irrigation method. However, in DSR (T3 & T4) treatments operational cost was relatively 

lower than transplanting rice (T1 &T2) but slightly higher (Rs.2000.0) than zero tillage treatments 

(T5 & T6) under DSR techniques. In un- puddle rice, the cost of cultivation was lower in 

comparison to conventional rice transplanting. The market price @ Rs 1510.0 per quintal was 

considered for calculation of gross income under different techniques. The net income was 

highest (Rs.69,898.0 ha
-1

) in conventional transplanting rice after wheat residue incorporation 

technique (T2).  

Amongst DSR techniques, DSR in wheat residue incorporation techniques (T4) and DSR in 

reduced tillage technique (T7) gave the maximum net income of Rs. 67299.5 and 67,601.5 ha
-1 
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with B: C ration 2.79 and 2.80, respectively. The market price @ Rs 1510.0 per quintal was 

considered for calculation of gross income under different techniques. The net income was 

highest (Rs.69, 898.0 ha
-1

) in conventional transplanting rice after wheat residue incorporation 

technique (T2). Amongst DSR techniques, DSR in wheat residue incorporation techniques (T4) 

and DSR in reduced tillage technique (T7) gave the maximum net income of Rs. 67299.5 and 

67,601.5 ha
-1 

with B: C ration 2.79 and 2.80, respectively. 

Table (9):  Rice crop economics analysis under different RCTs during 2015 crop season  

Treat. 

 

 

RCTs 

in rice 

Grain Yield, B:C ratio and Net income of rice 

Grain yield  

(t ha
-1

) 

Gross income 

(Rs/ha) 

Total cost  

(Rs/ha) 

Net 

income  

(Rs/ha) 

B:C ratio 

T1 TPR 7.18 1,08418.0 44,560.0 63858.0 2.43 

T2 TPR+WR 7.58 1,14458.0 44,560.0 69898.0 2.57 

T3 DSR-RT 6.64 1,00264.0 37,645.5 62618.5 2.66 

T4 DSR-RT+WR 6.95 1,04945.0 37645.5 67299.5 2.79 

T5 DSR+ZT 6.57 0,99207.0 35,645.0 63562.0 2.78 

T6 DSR+ZT+WR 6.04 0,91204.0 35645.0 55559.0 2.56 

T7 DSR+RT 6.97 1,05247.0 37645.5 67601.5 2.80 

T8 DSR+RT -SPRL 6.48 0,97848.0 43,725.0 54123.0 2.24 

T9 DSR+RT+ WR 6.59 0,99509.0 43,725.0 55784.0 2.28 

Mean 6.77 - - - - 

CV (%) 5.8 - - - - 

SE(d) 0.204 - - - - 

CD at 5% 0.3238 - - - - 

Whereas, 1-Rice price 2015 (Rs1510/- per quintal), 2- A grade rice (----- per quintal) and  rice straw=no rate 

 

DSR in zero –tillage, net income was higher in DRS- zero tillage without crop residue in 

comparison to DRS- zero tillage with wheat residue retention (Table 9). The almost similar B: C 

ratio in higher magnitudes relatively was 2.79, 2.78, 2.80 in T4, T5 andT7, respectively. The 

results after rice economic analysis indicated that DSR techniques under different crop 

establishment is economically better and eco-friendly and most suitable in those area where 

natural resources specially water is in shortage. 
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4. Recommendation of resource conserving and sustainable rice cultivation options:-

The study indicates that farmer might be flexible in choosing and adopting the rice cultivation 

techniques considering their resource availability. For choosing better option crop yield, water 

productivity, economic return and B:C ratio has to be considered. The following three options 

are better for sustaining rice cultivation under different management conditions.  

i. Conventional rice transplanting with wheat residue incorporation is the better option, 

where water availability is not a limiting factor. 

ii. Direct seeded rice (DRS) with wheat residue incorporation was found to be the best 

option for those regions or situations, where irrigation water availability and soil health 

(fertility) both are the limiting factors. 

iii. Direct seeded rice (DRS) was found equally better option for those regions or situations, 

where irrigation water availability is the limiting factors. 

9.2.2 Wheat crop-2011-15 

 
9.2.2.1 Wheat crop yield pattern:- 

 

1.Wheat biological yield pattern- The results shows in figure (3) that maximum biological 

yield was obtained in conventional transplanting with wheat residue incorporation (16.71 t ha
-1

) 

followed by conventional transplanting. There was significant difference in yield of  

TPR and TPR with wheat residue (TPR+WR) after ten years, it was long term crop residue 

positive residual effects on soil properties which cause improvement in soil properties. Among 

DSR technologies rice biological yield ranged from 12.28 to14.34 t/ha. Maximum biological 

yield 14.38 t/ha was obtained in DSR+WRI technique and minimum was recorded in zero tillage 

with wheat anchored (12.28 t ha
-1

), in standing wheat stubbles (anchored) whereas direct seeded 

rice in reduced tillage yielded 12.59 t ha
-1 

but in DSR with wheat residue produced 14.34 t /ha 

biological yield. Data clearly shows residual effects of crop residue management on crop yield. 

Rice biological yield increased with regular addition of wheat residue of 1/3 part of total residue 

in both TPR and DSR rice cultivation practices. DSR in zero tillage technique reduced biological 

production. 
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Figure (3) Pooled rice biological yield of five years experiment under different RCTs 

during 2011-2015. 

 

                  2. Wheat Economic yield (grain) pattern –A residual effect of alternate tillage and crop 

establishment techniques were observed on wheat grain yield (Table-10 ) It was noticed that 

wheat grain yields were relatively higher in T2, T4 and T6 where crop residue was incorporated, 

in comparison to without crop residue. Wheat grain yields produced with relatively good 

performance   after two years. The possible reason may be that during initial stage of crop 

residue soil incorporation or retention on soil surface. Wheat crop in the initial two years under 

residue management required some amounts of soil nutrients available for the growth of 

microbes and goes under immobilization.  

The lower wheat grain yield was recorded in zero tillage wheat sowing (T5, 5.63t/ha
-1

) in 

comparison to T6 crop establishment techniques, but statistically it was not significant. Further, it 

was noticed that wheat grain yield increased where crop residue added either incorporated or 

retained on soil surface as stubble. As crop residues after decomposition fully or partially both 

gave their positive effects on soil physico-chemical properties, resulted into higher productivity. 

In Subsequent years, grain yields follow the similar trend of productivity in the respective 

technologies in the respective seasons, so it is clear that residual effects of the rice crop in wheat 

recorded with the higher wheat productivity. 

 The grain yields increased in its magnitudes towards the cumulative effects of managements 

practices. As a result observed that wheat grain yield from 2006 till 2016 in tenth year of 

experiment, grain yield was higher in magnitudes in all the respective technologies where added 
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crop residue regularly. It is evident from the results that every management practices have their 

own impact. In zero tillage, wheat grain yield was statistically at par to each other’s techniques.  

Similarly, relative grain yield (over mean of five years wheat grain yield) was maximum 

(109.93) in T4 treatment, where wheat sowing was done in RT method with rice residue 

incorporation followed by T2   , T6, T3 and T7,  which were at par  statistically with each others. 

Wheat grain yield fluctuated year to year; it was because of variations in weather condition 

specially air temperature during the grain filling stage. 

Table (10) long term effects of RCTs on wheat grain yield. 

 

RCTs Wheat grain yields, t/ha. 

Fist 

year 

2nd 

Year 

3rd 

Year 

4
th 

year 

5th 

year Mean 

 

Relative 

grain 

yield 

(%) 

Years 2011-

12 

2012-

13 

2013-

14 

2014-

15 

2015-

16 

CV    T1 6.09 5.31 5.68
DE

 4.89
C
 4.73

C
 5.34 100.0 

CV+R  T2 6.26 5.73 6.26
AB

 5.67
A
 5.31

AB
 5.85 109.48 

RT      T3 6.14 5.30 6.26
AB

 5.65
A
 5.18

AB
 5.71 106.86 

RT+R   T4 6.56 5.58 6.47
A
 5.31

BC
 5.43

A
 5.87 109.93 

ZT   T5 6.50 5.51 5.84
CD

 5.23
C
 5.07

B
 5.63 105.44 

ZT+R   T6 6.75 5.39 6.19
AB

 5.38
AB

 5.20
AB

 5.78 108.25 

ZT+100%RR-Suface T7 6.57 5.36 6.03
BC

 5.07
C
 5.09

B
 5.62 105.33 

ZT+100%RR-SPRL-T8 6.54 4.86 5.59
DE

 4.95
C
 5.18

AB
 5.42 101.58 

ZT+100%RR-PRL-T9 6.30 5.06 5.43
E
 5.07

C
 5.24

AB
 5.42 101.50 

CV (%) 5.93 4.04 3.39 5.28 3.80 4.49 - 

SE(d) 0.195 0.145 0.143 0.170 0.139 0.1584 - 

CD at 5% 0.3144 0.3495 0.2954 0.3582 0.2859 0.3207 - 

 

 

                3. Wheat economic analysis:-Fifth year wheat yield was taken (table-11) for economic analysis. 

Operational cost only considered (B-1 cost) for analysis for B: C ration. In operational cost 

analysis includes, e.g. fertilizer, irrigation, pesticides, insecticides, lab ours, tillage operations 

etc. Wheat market grain price @ Rs.1525.00 per quintal and wheat straw price @400.0 per 

quintal only considered for the calculation of gross income in the respective techniques during 
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2015-16. The data on grain yield and net income and B: C ration, results shows that maximum 

operational cost (Rs.32, 791.0)   was observed in conventional wheat sowing method under 

surface irrigation method followed by wheat in RT and ZT. The net income was highest (Rs. 

75,789.0) with 4.06 B: C ration, where wheat was sown in zero tillage with rice residue anchor 

and produce grain yield, 5.20 tha
-1

, followed by T4 and T5.wheat sowing with rice residue either 

incorporated or anchor or mulch, there produced significantly higher grain yield in comparison 

to non residue management. The lowest net income (Rs.59, 341.5) was obtained in conventional 

wheat sowing method it was due to lower grain yield and higher operational cost, relatively. 

Table: 11 Wheat crop economic analysis under different RCTs 2015-16 crop seasons. 

  

 

Treat. 

    

RCTs in 

wheat 

Grain Yield, B:C ratio and Net income of wheat IWP  

(kg/m
3
) Grain 

yield  

(t ha
-1

) 

Straw 

yield 

(t ha
-1

 ) 

Gross income (Rs)  Total 

cost  

(Rs/ha) 

Net 

income  

(Rs/ha) 

B:C 

ratio 
Grain Straw 

T1 Convention

al (CV) 
4.73

C
 5.0 72132.5 20,000.0 32,791.0 59,341.5 2.81  

T2 CV+WR 5.31
AB

 5.20 80977.5 20,800.0 32,791.0 68,986.5 3.10  

T3 Reduced 

tillage(RT) 
5.18

AB
 5.25 78,995.0 21,000.0 29,041.0 70,954.0 3.44  

T4 RT+RR 5.43
A
 5.36 82,807.5 21,440.0 29,041.0 75,206.5 3.59  

T5 Zero tillage 

(ZT) 
5.07

B
 5.25 77,317.5 21,000.0 24,791.0 73,526.5 3.97  

T6 ZT+RR 5.20
AB

 5.32 79,300.0 21,280.0 24,791.0 75,789.0 4.06  

T7 ZT+RRM 

(100%) 
5.09

B
 5.20 77,622.5 20,800.0 32,649.0 65,773.5 3.01  

T8 ZT+RRM 

(100%)  

sprl 

5.18
AB

 5.32 78,995.0 21,280.0 33,257.0 67,018.0 3.02  

T9 ZT+RRM 

(100%)  

sprl 

5.24
AB

 5.40 79,910.0 21,600.0 33,257.0 68,253.0 3.05  

 CV( %) 3.80 5.36 - - - - - - 

 SE(d) 0.139 1.56 - - - - - - 

 CD at 0.05 0.2859 0.356 - - - - - - 

Whereas, 1-Wheat price 2015-16 (Rs1525/- per quintal) and wheat straw @ Rs.400.0 per quintal. 

2-Wheat straw price as per  local market rate of RS.400/-per quintal 
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Among the irrigation methods, the highest operation cost (Rs.33,257.0) was obtained under mini 

sprinkler irrigation system, due to installation  and labour cost involved additionally.Net income 

return was higher in sprinkler irrigation method was Rs.68,253.0 with 3.05 B:C ration (where wheat 

sowing with rice residue mulch using happy seed drill machine with higher grain and straw yield (5.24 

and 5.40 tha
-1

  grain and straw yield, respectively), as in mini sprinkler irrigation method maintained 

suitable hydrothermal regime during the crop growth period. In T7, T8 and T9 where wheat sowing was 

done under rice residue mulch using happy seed drill machine, maintained B: C ration in the range of 3.01 

to 3.05 and net income was obtained Rs.65773.0, 67,018.0 and 68,253.0 in the restive techniques 

accordingly.   

This indicate that 100% rice residue as a mulch through happy seed drill /turbo seed drill 

machine is a profitable in comparison to conventional wheat sowing method (where obtained 

2.81 B: C ration, and Rs.59, 341.5 net income).Another benefit is to avoid the crop residue 

burning pollution and simultaneously improved the soil health accordingly. 

4.  Recommendation of resource conserving and sustainable wheat cultivation options- 

The study indicates that farmer might be flexible in choosing and adopting the wheat cultivation 

techniques considering their resource availability. For choosing better option wheat crop yield, 

water productivity, economic return and B: C ratio has to be considered. The following options 

are relatively better for sustaining wheat cultivation under different management conditions.  

1. Conventional wheat sowing method with rice residue incorporation is the better option, 

where soil health is limiting with poor wheat yield and productivity and sustainability.  

2. Direct seeded rice (DRS) with wheat residue incorporation was found to be the best option 

for those regions or situations, where irrigation water availability and soil health (fertility) 

both are the limiting factors. 

3. Direct seeded rice (DRS) was found equally better option for those regions or situations,   

where irrigation water availability is the limiting factors. 

5. Tillage and residue management impact on wheat productivity – 

i) Tillage intensity may be influenced the wheat productivity and sustainability in partially 

reclaimed sodic soild. 

Tillage intensity influenced the wheat productivity after 10 years of experiment. Data and results 

shows in the Table-12 that wheat grain yields increased with decreasing tillage intensity. Wheat 

grain yield increased by 9.51% in reduced tillage and 7.19 % in zero tillage wheat cultivation, 

respectively. The results indicated that conventional tillage is not good for soil health but 

reduced and zero tillage is better for improving soil health and increasing wheat productivity. 
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Table-12 Effects of tillage with residue management on wheat grain yields during 2015-16   

             and 2015-16 in rice- wheat cropping system. 

R.C.Ts 

Tillage Management 

Without 

crop residue 

% Grain yield increased over 

conventional tillage 

Crop/year Wheat 

2015-16 

Wheat 

2015-16 

CV-tillage 4.73 - 

50% Reduced 

tillage 

5.18 9.51 

Zero tillage 5.07 7.19 

CD (0.5) 0.34 - 

 

ii) Wheat in Zero tillage may be an alternate of higher productivity, profitability and 

sustainability 

There is a residual effects on wheat productivity in Zero and reduced tillage practices, it seems 

to be promising options for sustained and economic yield (Table-13). Practice of crop residue 

incorporation increases wheat grain yields considerably. Conventional wheat sowing with rice 

residue incorporation increased grain yields gradually by 12.26% within ten years of 

experiment over conventional practice. Reduced tillage with rice residue has potential to 

produce 14.80 % more wheat grain yield than the conventional practice after ten years of 

experiment. Whereas, in zero tillage without rice residue produced 7.15% higher yields than 

conventional wheat sowing. 

iii) Wheat sowing with rice crop residue a better option of higher productivity 

A positive residual effect of crop residue was found on soil health. Subsequently, improved 

wheat and rice yields and   started in increasing trends from IInd year onwards in those 

techniques where, rice and wheat residue incorporated. This is given in table ----shows that crop 

residue incorporation increased the wheat grain yields by 5.6 % and 12.26% in conventional 

wheat sowing with rice residue. While it was 11.1% and 14.80 %  when wheat was sown in 

reduced tillage  with rice   residue after five  and ten years  of experiment.  However, in zero 

tillage wheat sowing  with rice residue anchored increased grain yield by 9.3%,So , it is good 

sighn of good soil health with higher  wheat productivity with sustainable with profitable yield in 

comparison to conventional practices. 
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       Table-13   Effects of tillage with residue on wheat grain yields-during 2015-16 in Rice-Wheat                    

        cropping system 

 

R.C.Ts Tillage management with Crop Residue 

With 

crop residue 

% Grain yield increased over 

conventional tillage 

Crops Wheat 

                   2015-16 

Wheat  

                2015-16 

CV-without residue 4.73 - 

CV 5.31 12.26 

RT 5.43 14.80 

ZT 5.17 9.30 

CD at 0.05 0.34 - 

 

Highly productive, sustainable and eco-friendly rice –wheat cropping   options 
 

The results given in tables (11, 12 & 13) reveal that: 

1- Reduce and zero tillage in wheat with rice residue either incorporation /anchor/ 100% rice 

residue mulch (sowing with happy seed drill machine) is promising, profitable, ecofriendly 

and sustainable crop establishment techniques. 

2- Reduce and zero tillage in wheat without rice residue is also promising, and economic crop 

establishment techniques as wheat crop yield produced in higher magnitudes in comparison to 

conventional tillage under surface irrigation method. 

9.2.3 Rice-Wheat cropping system economic analysis and evaluation of RCTs. 

Rice-wheat (rice crop 2015 and wheat crop 2015-16) data of the fifth year were taken for the 

economic analysis (table-14). Operational cost only considered (B-1 cost) for analysis of  B: C 

ration. In operational cost analysis includes, e.g. fertilizer, irrigation, pesticides, insecticides, lab 

ours, tillage operations, sprinkler irrigation system cost etc. rice market price @ Rs.1470.0/-per 

quintal and wheat market price @ Rs. 1525.0/ per quintal only considered for the calculation of 

gross income in the respective techniques. The following Rice –Wheat cropping system discussed 

with tangible and non tangible benefits is given below as: 

 

9.2.3.1 Tillage and crop residue management under  TPR and DSR crop establishment 

techniques observed better options discussed in the following paragraphs-It has been 

discussed in table -14  that : 
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A-Among the transplanted rice, observed that in T2 treatment, where rice –wheat was cultivated 

in conventional with crop residue incorporation, with 2.93 B: C ratio and 0.57 kg/m
3 

water 

productivity in rice-wheat system. This option is also associated with the use of crop residue for 

increasing crop productivity and improving soil health. This option of rice –wheat cultivation 

will care of soil heath, avoiding air pollution and improving crop productivity.  This option is 

only care of high yield with more amounts of resources. But this system would care of 

atmospheric pollution and not saving irrigation water. 

B-However, among the DSR techniques, observed better option that DSR with RT+ wheat 

residue incorporation technique (T4)/wheat in  RT + rice residue incorporation produced 6.8 t/ha 

rice  and    5.43t/ha wheat with maximum  system net income Rs. 71253.0 per ha.., with 3.19 

B:C ration and 1.19 Kg/m
3 

water productivity . This option care of water saving, in crop residue 

management through soil incorporation and saved 50 % tillage operations cost in comparison to 

conventional tillage operation. 

C-It is clear from results and discussion that two options of rice cultivation in specified situation 

might be promising for increasing rice productivity in sustainable manner. Among the 

transplanted rice technologies, rice transplanted with wheat residue incorporation, is found 

productive where irrigation water is not a constraint. However, in limited irrigation water 

condition, DSR techniques are relatively better option for the sustaining rice productivity. 

Similarly, it was found that wheat sowing in zero tillage is the relatively nice option for 

increasing higher wheat productivity in changing environmental condition also.
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Table:14   Economic analysis and evaluation of rice – wheat technologies on the basis of 2015-16 crop seasons. 

 

Treat. RCTs in rice 
RCTs in 

wheat 

Grain Yield, B:C ratio and Net income of R-W system Water 

saved 

in rice 

crop 

(%) 

Wate

r 

saved 

in 

wheat 

crop 

(%) 

Grain yield 

(t ha-1) 

Gross income 

with straw 

(Rs/ha) 

Total cost  

(Rs/ha) 

Net income  

(Rs/ha) 
B:C ratio WP (kg/m3) 

rice wheat  rice wheat   rice  wheat rice  wheat  rice wheat rice wheat 

T1 TPR/CV 
Convention

al (CV) 
7.18 4.73 108418 92133 44560 32791 63868 59342 2.43 2.81 0.66 1.69 

-  

T2 TPR+WRI CV+RRI 7.58 5.31 114458 101778 44560 32791 69898 68987 2.57 3.10 0.69 1.90 -  

T3 DSR-RT 
Reduced 

tillage(RT) 
6.64 5.18 100264 99995 37646 29041 62619 70954 2.66 3.44 0.62 1.85 

  

T4 
DSR-

RT+WRI RT+RRI 
6.95 5.43 104945 104248 37646 29041 67299 75207 2.79 3.59 0.65 1.94 

  

T5 DSR+ZT 
Zero tillage 

(ZT) 
6.57 5.07 99207 98318 35645 24791 63562 73527 2.78 3.97 0.63 1.81 

  

T6 DSR+ZT+WR ZT+RRA 6.04 5.2 91204 100580 35645 24791 55559 75789 2.56 4.06 0.64 1.86   

T7 DSR+RT 
ZT+RRM 

(100%) 
6.97 5.09 105247 98423 37646 32649 67602 65774 2.80 3.01 0.65 1.63 

  

T8 
DSR+RT 

SPRL 

ZT+RRM 

(100%) 

SPRL 

6.48 5.18 97848 100275 43725 33257 54123 67018 2.24 3.02 0.64 1.97 

  

T9 

DSR+RT+ 

WR 

SPRL 

ZT+RRM 

(100%) 

SPRL 

6.59 5.24 99509 101510 43725 33257 55784 68253 2.28 3.05 0.74 1.99 

  

CV(%)  3.8  - - - - - - - - - - - 

SE(D)  0.139  - - - - - - - - - - - 

CD at 0.05  0.2859  - - - - - - - - - - - 

Whereas, Rice price 2015 (Rs 1470 per quintal), A grade rice (Rs.1510 per quintal) and wheat grain price 2015-16 (Rs 1525 per quintal), 

wheat straw price 2015-16 (Rs.400.0 per quintal).wheat gross in come  includes grain and straw both at the different rates.Final rates of 

the year  

Whereas, SPRL= sprinkler irrigation ; M=rice mulch ; DSR= Direct seeded rice, RRM=rice residue mulch ;RT=reduced tillage 

;TPR=Transplanted rice ;CV= conventional ;WRI=wheat residue incorporation 
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9.2.3.2 Water management under different irrigation methods under crop residue and 

tillage management 
 

It has been stated from the results (tables-15 &16)  that under sprinkler irrigation system, Rice –

Wheat cropping system performed well and feasible. The results and performance is given in 

following rice and wheat crops after 5 years of experiment during 2015. 

 

Wheat crop- 
 

• Sprinkler irrigation system in wheat crop 

saved 33.8 %  irrigation water , 8.15 % 

electricity, 50% Nitrogen (188.6 Kg urea 

/ha) with 5.29 t/ha grain yield and highest 

NUE 70.5 Kg grainKg
-1

 N where wheat 

sowing in 100% rice residue mulch  with 

Turbo seed drill in Zero tillage under mini 

sprinkler fertigation system.  

                Sprinkler irrigation system in wheat crop 

Rice crop- 
  

• Mini sprinkler irrigation method in     

  DSR produced grain yield 6.59 t ha
-1

      

  in 50% reduce tillage,  with wheat  

  residue and saving of  57.7 % of  

  irrigation water and 32.5% electricity. 

• Mini sprinkler fertigation method in rice 

saved 27% nitrogen of recommended 

(40kg) and increase nitrogen use 

efficiency maximum up to 59.91 Kg Kg
-1

 

nitrogen compared to conventional rice.  

                                                      Sprinkler irrigation system in rice crop 

 

      

 



 

 
Table-15 Effect of surface and mini sprinkler irrigation methods on hybrid rice yield (Arize 6129), irrigation water 

requirement, water productivity, saving of water and electricity during 2015 year. 

 

RCTs 

Conventional 

rice 

transplanting 

DSR without wheat 

residue   

DSR  without wheat residue DSR with wheat 

residue 

incorporation  

Mode of irrigation  Surface 

T1 

Surface 

T7 

Mini –Sprinkler   

T8 

Mini –Sprinkler 

T9 

Irrigation criteria 1DADPW Small soil cracks 

with surface dryness 

( CPE) 

Alternate day 

( CPE) 

Alternate day 

Grain yields(tha
-1

)
                                  

 7.18 6.97 6.48 6.59 

Total crop productivity (tha
-1

) 13.08 11.75 12.45 11.95 

Total irrigation  water (ha-cm) 77.50 56.30 32.76 32.76 

Total irrigation  water (m
3
/ha

-1
) 7750 5630 3276 3276 

Crop water productivity (kgm
-3

) 1.69 2.09 3.80 3.65 

Grain water productivity (kgm
-3

) 0.926 1.24 1.98 2.01 

Irrigation water saving (%)  - 27.35 57.73 57.73 

Electricity saving (%) - 27.36 32.49 32.49 

NUE(kgkg
-1

 nitrogen) 47.87 46.47 58.81 59.91 

Rainfall received = 379.3 mm and Pan evaporation = 519.6 mm during June, 2015 to September 2015, CPE= cumulative pan 

evaporation criteria used for irrigation through mini sprinkler system, CD (0.05) = 0.35 (grain yield) and NUE= Nitrogen use 

efficiency. 
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Table-16   Effect of surface and mini sprinkler method on wheat yield (Cv.HD 2967), irrigation water requirement, water 

productivity, saving of water and electricity during 2015-2016. 
 

RCTs 

Conventional wheat 

sowing 

Wheat sowing in 

Zero tillage with100 

% rice mulch / DSR 

without wheat  

residue  

Wheat sowing in 

Zero tillage with 100  

% rice mulch/DSR 

without  wheat 

residue 

Wheat sowing in Zero 

tillage with 100 % rice 

mulch /DSR with wheat 

residue incorporation 

Mode of irrigation  Surface T1 Surface T7 Mini –Sprinkler T8 Mini –Sprinkler T9 

Irrigation criteria Growth stages Growth stages (Previous7 days 

CPE) 

( Previous7 days CPE) 

Grain yields(tha
-1

)
                                  

 4.73 4.89 5.18 5.29 

Total crop productivity (t ha
-1

) 12.43 11.82 10.77 10.74 

Total irrigation water (ha-cm) 28.0 23.0 18.53 18.53 

Total irrigation  water (m
3
ha

-1
) 2800 2200 1853 1853 

Crop water productivity (kgm
-3

) 4.44 5.37 5.81 5.79 

Grain water productivity (kgm
-3

) 1.79 2.22 2.24 2.28 

Irrigation water saving (%)  - 21.43 33.82 33.82 

Electricity saving (%) - 27.77 8.15 8.15 

NUE (kgkg
-1

 nitrogen) 31.53 32.6 69.07 70.53 

Physiological observation yellowness-water 

stagnated after 

irrigation and 

rainfall 

Greenness-water not 

stagnated 

Greenness-water 

 not stagnated 

Greenness-water  

not stagnated 

Rainfall received =  46.2  mm  and Pan evaporation=257.1 mm during November 2015 to March 2016 , CPE= cumulative pan 

evaporation of 7 days used for irrigation through mini sprinkler system  , CD (0.05) =0.32  and NUE= nitrogen use efficiency 
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9.2.3.3 Feasibility of Sprinkler Irrigation system under rice –wheat cropping sequence- 

 

 This system is feasible under rice-wheat cropping system. It required fewer amounts of 

irrigation water and nitrogen for growing rice –wheat crop in sequence in comparison of 

conventional irrigation method. 

 Sprinkler irrigation in wheat with zero tillage and rice residue mulch is economically feasible 

option for increasing water productivity and NUE. 

 Mini sprinkler irrigation method in rice with DSR crop establishment technique is feasible option 

for increasing water productivity and NUE. 

 Zero tillage in wheat with and without rice residue crop is promising and sustainable. 

 Rice straw either incorporation or retention (stables/mulch) both method are promising 

and economic for high wheat productivity. 

 DSR crop establishment method with wheat residue incorporation under sprinkler 

irrigation method is a better option with higher water productivity. 

 Sprinkler irrigation in wheat with zero tillage and rice residue mulch is economically 

feasible option for increasing water productivity and NUE. 

 Mini sprinkler irrigation method in rice with DSR crop establishment technique is feasible 

option for increasing water productivity and NUE.  

High Light of Experiment- 

• Sprinkler irrigation system in zero tillage wheat with rice residue mulch 

followed by DSR in reduced tillage either wheat residue incorporation or 

without crop residue is promising and sustainable with lower inputs 

requirement relatively. 
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9.3 No.3. Objective: - To monitor the changes in soil properties as 

influenced by different resource conservation technologies. 

The different soil physico-chemical parameters were analyzed to know the effects of different 

RCTs on soil environment. The detail discussion of individual parameters is made under different 

headings. 

9.3.1 Soil Physical Properties: - Different soil physical parameters were studies under the 

influenced of different resource conservation technologies and irrigation methods. 

9.3.1.1 Soil Aggregate stability: - As the aggregate is the integrated effects of soil management 

practices on the soil physical properties .Soil aggregation is the process influenced by soil 

organic carbon and microbial activity and its magnitudes. It was found that soil aggregates 

formation is linked with crop residue management (Fig 4). Higher aggregates were observed in 

those RCTs treatments where crop residue incorporated or residue retained on soil surface. 

Maximum soil aggregates were recorded in zero tillage treatment with crop residue .Whereas; 

minimum soil aggregate formation was recorded in conventional tillage.  

 Figure (4) Effect of different resource conservation techniques on soil aggregates and 

associated organic carbon. 

 In general soil aggregate formation take place where crop residue added regularly with minimum 

and zero tillage operations.  Even then, soil aggregates were recorded in transplanted rice with 
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residue incorporation followed by conventional wheat sowing with rice residue crop 

establishment practice .It means that existing rice cultivation may be improved with crop residue 

incorporation for higher productivity. Among the zero tillage treatments, more soil aggregates 

were recorded in DSR under zero tillage cultivation followed by wheat sowing in zero tillage. 

Soil Aggregates were lowest in conventional tillage might be due to high tillage intensity in both 

the rice –and wheat crop field preparation .As more numbers of tillage operations breaking the 

soil aggregates and reduction in organic carbon content due to the higher oxidation process. 

Macro aggregates are facilitating for higher infiltration rate and hydraulic conductivity. This is 

the well known soil structure index and indicates that where soil aggregates formed soil structure 

improved with a better soil water relationship and uptakes of available plant nutrients 

accordingly. Accordingly, observed high yield potential, where more soil aggregates were 

recorded. Correspondingly, greater yields of wheat were recorded in crop residue added 

 

 Figure (5) Effect of different resource conservation techniques on % water dispersed 

 clay.treatments also. In those treatments where rice crop residue mulched with the help of turbo 

seed drill at the time of wheat crop sowing improved the water stable aggregates stability due to 

inclusion of 100 % rice crop residue under sprinkler irrigation system which may facilitate to 
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avoid the soil compaction and may be provided congenial atmosphere for the formation of soil 

aggregation in situ. 

9.3.1.2 Water dispersed clay:-  Water dispersed clay play it role in improving soil health.  Soil 

texture has it importance with the relative proportion of sand, silt and clay. Clay it self associated 

with electric charges, responsible for creating opportunity to soil structure improvements by 

making granulation in the presence of organic carbon and microbial activities. Soil microbes 

were secrets polysecrides and organic acids secretion works for polymerization and helpful for 

making aggregates. Clay dispersed relatively lower in those treatments where used crop residue 

in soil incorporation and surface soil retention. Higher clay dispersion was recorded in those 

treatments where removed completely rice and wheat crop produced  conventional, reduce tillage 

and zero tillage(Fig. 5) .Higher wheat productivity and biological and  grain  yields recorded in 

residue added treatments in comparison to that of without crop residue in conventional, reduced 

tillage and zero tillage cultivation practice.  

9.3.1.3  Soil organic carbon content of soil (%):- Organic carbon content varied under different 

crop establishment techniques with respect to management practices (Fig. 6). Soil organic carbon 

(SOC) varied from 0.539 % to 0.986% in 0-15 cm soil layer from 2010-2011 to 2015-16 years, 

with in 5 years of experiment. Maximum   SOC was recorded in ZT+R (T6) and ZT wheat 

sowing + 100% rice residue mulch (0.986%) after five years in 2015-16. Crop residue 

incorporated in T2, T4, T6 & T9 treatments increased SOC from 0.641 to 0.895%, 0.728 to 0.942% 

and 0.788 to 0.966 % respectively during 2010-11 to 2015-2016 years.  SOC in conventional 

tillage without crop residue not much increased. It might be due to high tillage intensity in the 

respective CV tillage technique where crop residue was not added except root biomass with small 

length of rice and wheat straw. Contrary to this where crop residue of 1/3 of total was added, 

SOC increased 0.895 % in five years of experiment. Similarly in RT and RT+R techniques where 

50% tillage intensities was maintained of conventional tillage, SOC increasedin both techniques 

by 0.731 and 0.942%, respectively with five years of experiment. Whereas in ZT observed 

similar trend of increasing SOC with higher magnitudes. 
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Among the irrigation methods, SOC was higher in its magnitudes because 100% rice residue 

were added regularly with zero tillage wheat sowing and followed DSR rice cultivation in kharif 

seasons.SOC increased maximum by 0.986% in ZT wheat + rice residue mulch /DSR, treatment 

sequence, where added 100% rice and 1/3 of total wheat straw within  the five years of 

experiment. Results clearly indicates that crop residue either incorporated /anchored/ mulch and 

crop roots contributed towards increasing SCO and improving crop health. Many soil characters 

affected and changed their behavior because of soil organic carbon either increased or decreased 

in soil system. Root biomass increased the SOC also. It also added in knowledge that organic 

matter has it impact on soil physicochemical properties. Soil physical properties improved 

relatively more with high crop biomass and grain yields in those techniques where added 

biomass. Biomass added either soil incorporation or retention on soil surface in zero tillage 

.Organic matter also related with soil microbial activities positively. 

 

Figure (6) Effect of different resource conservation techniques and irrigation methods on % 

soil organic carbon content. 
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9.3.1.4 Soil bulk density:- Soil bulk density influenced under different crop establishment 

techniques in rice-wheat cropping system (Fig. 7). During study it was observed that bulk density 

decreased in all the technologies. Higher bulk density was recorded in those technologies where 

rice transplanted without using crop residue. In transplanted rice lower soil aggregation might be 

due to high tillage intensity which may results relatively higher bulk density. Among the 

transplanted rice technologies higher bulk density was observed in conventional rice and wheat 

cultivation without crop residue because of compaction effect during rice transplanting. In DSR -

wheat system found lower bulk density where used crop residue incorporation in reduced and 

zero tillage techniques of rice –wheat crop cultivation with crop residue. Bulk density of soil in 

0-15 cm layer was lower in ZT+R in comparison to ZT technologies without crop residue.  

 

  Figure (7)   Effect of different resource conservation techniques on soil bulk density in 0-    

15 cm soil layer.  

In reduced tillage treated technologies the bulk density was lower in RT+R in comparison to RT 

without crop residue. While in conventional with crop residue observed relatively lower bulk 
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density, it was due to that there was relatively higher organic matter, soil aggregation ,and 

microbial activities results in porous soil condition and improved in soil porosity. Among the 

water management treatments lowest bulk density was recorded in those treatments where 100% 

rice residue added regularly as mulch with zero tillage wheat sowing using turbo/happy seed drill 

machine. Sprinkler irrigation method with rice mulch in wheat crop cultivation avoided the 

compaction as compared with surface irrigation method. Surface irrigation method dispersed the 

soil particle enhanced the clay particles movement during the water percolation in to the soil and 

resulted increased the soil bulk density by clogging soil pore space using surface flood irrigation. 

9.3.1.5  Hydraulic conductivity (mm h
-1

):- Hydraulic conductivity play its role in improving 

soil physical condition and it is an index of soil structure  and soil health .Being relatively better 

soil OC , aggregation , microbial activities, all are associated with good soil health with higher 

hydraulic conductivity .  

 

Figure (8) Effect of different RCT’S and irrigation methods on surface soil hydraulic 

conductivity  

 

Correspondingly, higher hydraulic conductivity recorded in those technologies where crop 

residue added in soil either soil incorporation or surface soil retention (anchored)/mulch in 

comparison to without crop residue techniques (Fig.8). The best possible reason may be that  
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roots in soil  decaying in-situ , makes channels and  through which water moved downward faster 

in comparison to conventional practices where soil disturb with intensive tillage operations . 

Higher hydraulic conductivity was recorded In ZT+R, technology, in comparison to ZT without 

crop residue (anchored). Comparatively lower soil hydraulic conductivity was recorded in RT, 

and RT+R techniques than that of ZT, and ZT+R techniques. It was happens due to that soil 

pores and soil aggregates breaks during tillage operation in RT and RT+R technologies that is  

why downward water movements in saturated condition limits and decreased in hydraulic 

conductivity. However, hydraulic conductivity in conventional tillage with crop residue 

incorporation was relatively higher than that of CV and RT techniques. Hydraulic conductivity in 

TPR treated treatments remains relatively lower, as soil puddling destroyed the soil aggregates 

and developed soil sealing effects and reduced the percolation rates.  

 

9.3.1.6  Soil moisture (%) at different soil moisture constants:- Water retention in soil system 

has its importance in relation to high crop productivity. Soil water and air relationships have been 

proved a good relationship in relation to plant growth. The results of this study on soil water 

retention at different suctions (0.33bar and 15 bars) presented in following figures (9) that water 

content was relatively higher in those technologies where crop residue added regularly in 

comparison to those where crop residues were not added. The soil moisture content at field 

capacity and permanent wilting point with available soil moisture is given in figures (10) and 

discussed in different heads below with graphical presentation. 

 a)-Soil moisture content at field capacity:-The soil moisture content at field capacity is the 

moisture retained in the at 0.33ba/33Kpa soil suction. The amount of soil moisture depends on 

soil texture. The water in soil at this suction retained at 33Kpa soil suction when all macro pores 

empty and moisture remains in microspores after influence of gravitational water. The results 

shows in figure (9) that moisture at field capacity was higher where rice –wheat crop residue 

added regularly means that residue after decomposition increased the higher SOC and 

subsequently increased the water holding capacity due to inclusion of more electric forces in soil 

system. In conventional rice –wheat cropping system water content at field capacity not increased 

but observed unchanged during five years study. However in RT and ZT soil moisture at field 

capacity increased in relatively higher magnitudes with and without crop residue treatments in 

comparison to conventional tillage practices in rice –wheat cropping system. It means increasing 
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available soil moisture at lower pressure in the presence of high organic carbon where added 

relatively higher crop residue in soil system. Crop residue incorporation and mulching in wheat 

crop, soil moisture content was similar to each other with higher magnitudes. In RT and ZT 

treatments soil moisture at field capacity increased with space of time in all the treatments except 

conventional tillage practice because of higher magnitudes of SOC in the respective technologies. 

Among the water management treatments/technologies observed that soil moisture at field 

capacity increased with time because of addition of organic carbon regularly with the increasing 

crop residue load in soil after rice crop harvesting. Surface irrigation and sprinkler irrigation soil 

moisture increased in both irrigation practices and not influenced by methods of irrigation. This 

additional moisture very useful to minimized the effects of terminal heat specially in wheat crop 

harvesting and relatively recorded higher grain yield in comparison to the conventional wheat 

sowing method.  

 

Figure (9) Soil moisture content at field capacity  under different RCTs  and irrigation 

methods  in 0-30 cm soil layer. 

b)- Soil moisture at permanemnt wilting point (15 Kpa soil suction) :-The soil moisture 

content at permanent wilting point is retained in the soil against the force of 15.0bar/1500Kpa 

soil suction figure (10). The amount of soil moisture depends on soil texture. The water in soil at 

this suction retained at 1500Kpa soil suction when all macro and micro pores empty completely 
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and this force is beyond the power of plants absorption force and moisture remains in adsorption 

form on charge particles. Soil moisture content during five years slightly increased where added 

crop residue regularly simultaneously. This indicated that soil moisture retention increased also 

with increasing soil organic carbon and there decomposition rate. Soil humus increasing with 

addition of crop residue, means attracting water molecules and hold more tightly relatively. 

 

Figure (10) Soil moisture content  at permanent wilting point (1500Kpa soil suction)  under 

different RCTs  and irrigation methods  in 0-30 cm soil layer. 

The results presented in figure (10) shows that water retained in the soil at 1500kpa soil suction 

pressure is not much affected with space of time but slightly increased the water retention 

/adsorption. Among the tillage and crop residue management treatments, observed that water 

retention capacity increased very slightly at PWP water content which ranged from 0.13 to 0.15 

cm3/cm3 during 2011 crop year and slightly increased in 2015 crop year after wheat crop 

harvesting which ranged from 0.13 to0.16 cm3/cm3, respectively. This is factor of ASW content 

calculation. This is the lowest range of available water in soil system. 
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 c)- Available soil moisture content :- Soil moisture at field capacity (FC) and PWP both are 

used for the calculation of soil available moisture. The results presented in figure (11) shows that 

FC-PWP = Available soil moisture (ASM) content which was higher in conventional +R, RT+R, 

ZT+R, either incorporation or anchored/mulching. Higher available water content is related with 

high crop yields. Higher wheat grain yield recorded in conventional +R, RT+R, ZT+R, 

technologies in comparison to the non residue treated technique. It shows that crop residue 

management increased the soil retaining and available soil moisture capacity in soil system. 

Irrigation methods and crop residue management in wheat crop on soil moisture retention and 

availability was visible with increasing productivity. It was observed that 100 % rice residue 

management in wheat crop as mulch increased the soil moisture availability and help during the 

heat/high temperature management in last week of March month of the year to the wheat crop 

with increasing grain yield. Surface and sprinkler irrigation methods are not distinguished differ 

from each others in the availability of soil moisture. However, year wise not differs but observed 

difference with the space of time in the magnitudes of available soil moisture under 100% rice 

residue mulching regularly. 

 

Figure (11)  Effects of different RCTs  on available soil moisture content  in 0-30 cm soil 

layer. 
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9.3.2 Soil fertility Status:- Soil fertility status influenced by different resource conservation 

and irrigation methods discussed below with different characters. 

9.3.2.1. Soil Macro nutrient status: - Available NPK in soil will be discussed separately 

under tillage and crop residue management technologies in different heads. 

I. Available nitrogen:- The data in table (12) shows that soil fertility is variable under 

different treatments. Nitrogen content in 0-15 cm was ranged from 98.7 to105.0 kg /ha. after two 

years of experiment but the effect was none significant statistically. However, after four years of 

experiment observed higher value of soil nitrogen in all the treatments.  

 

Figure (12) Effect of different RCTs  on available phosphours content  in 0-30 cm soil 

Layer. 

From the results found that soil nitrogen mineralization has been started, this evidenced that in 

those techniques where crop residue added, recorded high amount of nitrogen in its magnitudes 

in comparison to conventional practices with higher wheat crop yield. After 10years of 

experiment soil nitrogen content increased with crop yields in the respective technologies. In 

RT+R, CV+R and ZT+R increased nitrogen content with higher wheat crop yields. 
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II. Available phosphorus: - The result presented in figure (13) shows that-Availability of 

phosphorus varied with tillage and residue management under different RCT’s. It has 

been observed that availability of P was higher in their magnitudes where crop residue 

incorporated or anchors in comparison to non residue management.  Maximum 

phosphorus availability is recorded in RT+R techniques (23.1kg ha
-1

) followed by CV+R 

techniques and Minimum was recorded in conventional rice wheat cultivation. 

Phosphorus availability was higher in ZTR & ZT techniques in comparison to 

conventional rice wheat system. However in RT and ZT phosphorus was recorded in 

higher magnitude in comparison to conventional rice wheat system.  It may be varied due 

to 

tillage intensities as phosphorus availability recorded higher relatively in ZT crop 

establishment. 

Figure (13) Effect of different RCTs  on available phosphours content  in 0-30 cm soil 

Layer. 

techniques. it means higher tillage intensity reduce the phosphorus content in soil system and 

reduce the soil fertility in those techniques where high tillage operation adopted. 
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III. Available Potassium (K):-  The result presented in figure (14) shows that-Availability of 

potassium varied with tillage and residue management under different RCT’s. It has been 

observed that availability of potassium was higher in their magnitude where crop residues 

incorporated or anchor in comparison to non residue management.  

 

 Figure (14)  Effect of different RCTs  on available potassium content  in 0-30 cm soil    

Layer. In 0-15 cm Soil layer available K was highest in CV+R technique which was 35.6% 

higher in comparison to CV crop establishment. However in 15-30 cm soil layer availability of K 

was higher in CV+R it was may be due to higher solubility of potassium and application of 

higher amount of irrigation water in rice crop. In zero tillage crop establishment techniques with 

crop residue retention it was 22.4% higher in comparison to CV crop establishment. However in 

15-30 cm soil layer available potassium recorded 18.8% higher in zero tillage crop establishment 

techniques in comparison to CV techniques under rice wheat cropping system. In reduced tillage 

(50% of CV) it was 2.96% higher in comparison to CV treatment. RT+R techniques associated 

with 10.61% higher available K in comparison to CV in the similar way wheat grain yield was 

higher in RT treatment in comparison to CV. It indicates that crop residue and tillage 

management both improve the soil fertility and resulted into higher crop productivity.. 
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9.3.2.2 Soil micro nutrient status (Available Fe, Zn, Mn, and Cu) – 

I. Available iron content (Fe):-The soil sampling was taken after wheat crop harvesting. 

The result presented in figure (15) shows that-availability of iron influenced by tillage and 

residue management under different RCT’s. It has been observed that availability of iron was 

higher in their magnitude where crop residues incorporated or anchor in comparison to non 

residue management.  

 

Figure (15)  Effect of different RCTs on available iron content content in 0-30 cm soil Layer 

Among the crop establishment techniques, highest iron content was recorded in CV+R technique, 

where soil cultivated conventionally with rice wheat crop residue incorporation regularly since 

last 10 years. It may be that soil cultivated more intensely and due to these operations crop 

residue may be rottener rapidly because of proper aeration and moisture further may fastened the 

microbes activities and resulted higher availability of iron in the soil system after decomposition 

of residue. In RT+R, ZT and ZT+R, recorded higher iron availability in comparison to other non 

residue management techniques in their magnitudes. It is clear from the results that rice –wheat 

crop residue after decomposition increased the iron availability and simultaneously increased the 

crop productivity specially wheat crop yields.   
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II. Available zinc content (Zn) :-The soil sampling was taken after wheat crop harvesting 

and analysis in the laboratory. The obtained results presented in figure (16) shows that-

availability of zinc influenced by different tillage and residue management under different 

RCT’s. It has been observed that availability of zinc was higher in their magnitude where crop 

residues incorporated or anchor in comparison to non residue management. Among the crop 

establishment techniques, highest zinc content was recorded in CV+R technique, where soil 

cultivated conventionally with rice wheat crop residue incorporation regularly since last 10 years. 

In zero tillage where crop residue anchored or mulched in both condition zinc availability 

observed in higher magnitudes in comparison to non residue treated techniques. Lowest zinc 

content was recorded in conventional rice –wheat cultivation. 

Figure (16)  Effect of different RCTs  on available zinc content  in 0-30 cm soil     Layer. 
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III. Available copper content (Cu):- The results presented in figure (17) shows that-

availability of copper varied under different tillage and residue management RCT’s techniques. It 

has been observed that availability of copper was higher in their magnitude where crop residues 

incorporated since last long terms past 10 years in comparison to rice crop residue management 

since last five years experiment. It shows that long term crop residue decomposition is better in 

short term crop residue decomposing since last five years. It is clearly indicates that rice –wheat 

crop residue decomposition is better if added regularly either incorporated and rice mulched in 

wheat crop will be advisable to the users that copper availability will be  available and soil 

fertility will improved definitely with higher crop productivity. 

Figure (17)  Effect of different RCTs  on available Copper content  in 0-15 cm soil Layer. 

Among the crop establishment techniques, highest zinc content was recorded in CV+R technique, 

where soil cultivated conventionally with rice wheat crop residue incorporation regularly since 

last 10 years. In zero tillage where crop residue anchored or mulched in both condition zinc 

availability observed in higher magnitudes in comparison to non residue treated techniques. 

Lowest zinc content was recorded in conventional rice –wheat cultivation. 
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IV. Available manganese content (Mn):-The data presented in figure (18) shows that-

availability of manganese influenced by tillage and residue management under different RCT’s. It 

has been observed that availability of Mn was higher in their magnitude where crop residues 

incorporated or anchor in comparison to non residue management.          

 

Figure (18)  Effect of different RCTs  on available Mn content  in 0-15 cm soil   Layer. 

Among the crop establishment techniques, highest iron content was recorded in CV+R technique, 

where soil cultivated conventionally with rice wheat crop residue incorporation regularly since 

last 10 years. In those techniques where 100% rice residue added since last five years, availability 

increased earlier and faster. It is clearly shows that in 0-15 cm soil layer Mn availability increased 

in higher range with increasing crop productivity.    

 High light of tillage and residue impact on soil health: 

“Tillage coupled with rice and wheat crop residue management either 

incorporation/ anchors/mulch in all cases ,that after two years soil health slowly –

slowly improved with increasing availability of micronutrients and crop 

productivity  which was significantly higher after 10 years of experiment”. 
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9.4 No. 4. Objective: - To monitor the changes in soil microbial 

biomass as influenced by resource conservation technologies. 

9.4.1 Soil microbial activities:- Soil microbial biomass (mg/kg) and DHA (TPF, u/g) 

varied under different crop establishment techniques with respect to management practices 

(fig.19&20).  

1- Soil microbial biomass (mg/kg):- Soil microbial biomass (MBC) varied year to year from 

132 to 325 mg/kg   in 0-15 cm soil layer under different crop establish techniques (fig.19).  

Figure (19) Effects of different RCTs on microbial biomass content C mg/g-1   in 0-15 cm 

soil layer. 

Maximum   microbial activities was recorded in RT+R (T4) followed by ZT +R (T6)   technique. 

Rice and wheat crop residue incorporated inT2 and   T4   techniques, increased    microbial 

biomass from 241 to 289 mg/kg . This variation might be because of tillage intensity, soil 

physical condition, and soil carbon status and soil fertility under crop residue techniques. 

Microbial activities were recorded higher in reduced tillage in comparison to conventional. High 

tillage operations exposed the soil for more times, which may be detrimental effect to microbial 

growth and reduced the organic carbon in soil system. 
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2- DHA (TPF,u/g) -  Higher DHA activities were recorded in those treatments where crop 

residue incorporated /anchors/mulched in conventional tillage ,reduced tillage and in  zero tillage 

in comparison to other non residue treatments./ techniques(fig.20).  It was noticed that microbial 

activities were higher in crop residue tested techniques where soil aggregates obtained in higher 

magnitudes.   

Figure (20) Effects of different RCTs on soil dehydrogenase activities (TPF, µ/g) content 

in 0-15 cm soil layer. 

 

In this way soil microbial activities may be helpful for soil aggregation in the presence of soil 

organic carbon. Therefore soil microbial activities may be essential for improving soil physical 

properties relatively in the presence of high crop biomass and produced greater grain yields 

where added crop biomass either incorporated or retention on soil surface in reduced tillage, zero 

tillage and in conventional practice .Higher soil microbial activities were recorded where 

obtained relatively higher soil organic carbon. 

High light of results on microbial activities- 

“Soil microbial activities increased with the use of crop residue either 

incorporated/anchors/ mulched forms are beneficial and may be helpful to improve 

soil health with higher microbial activities and crop productivity” 
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9.5  No. 5 Objective -Feasibility of sprinkler irrigation system in rice 

–wheat   cropping system 

The Indo-Gangetic plain (IGP) is of great importance for the food security of India as well for 

South Asia. Over use of irrigation through tube well must be avoided, because an acute shortage 

of water is presently faced by the country peoples and has been visible everywhere. In coming 

years even drinking water availability will be problematic. Thus, the study was under taken with 

the sole aim to know the workability of the system under different operating pressure of 

installed sprinkler system in rice –wheat cropping sequence. The feasibility study of sprinkler 

irrigation system in rice-wheat cropping sequence was workout with the help of hydraulic 

parameters in rice-wheat system. The results on characterization of hydraulic parameters of 

installed sprinkler irrigation system shows in (Table-17) that operating pressure (kgcm
-2

) tested 

at three levels 1.6, 1.8, and 2.0 it was found that uniformity of coefficient (CU %) at start not 

much affected but water distribution at end much affected and reached at maximum 90.0 in 

2012 and 88.07 % in 2013.Similarly DU (%), wetted redius (m) also increased with operating 

pressure and reached maximum 9.69 m at operating pressure 2.0 kgcm
-2    

. The workability of 

sprinkler irrigation system in rice-wheat cropping sequence was study to know the feasibility of 

system. The results on characterization of hydraulic parameters of installed sprinkler irrigation 

system shows that operating pressure (kgcm
-2

) tested at three levels 1.6, 1.8, and 2.0 it was 

found that uniformity of coefficient (CU %) at start not much affected but water distribution at 

end much affected and reached at maximum 90.0 in 2012 and 88.07 % in 2013.Similarly DU 

(%), wetted radius (m) also increased with operating pressure and reached maximum 9.69 m at 

operating pressure 2.0 kgcm
-2    

.  

The system coefficient of variation (CV %) also inversely related to operating pressure and 

recorded minimum CV at 2.0 kgcm
-2 

operating pressure. Thus, hydraulic parameters shows 

relatively better performance of the system at 2.0 kgcm
-2 

operating pressure therefore system 

operated as such in both rice and wheat cropping sequence. The results of rice and wheat crops 

shown in (Table 9&10) that yields recorded were found at par statistically compared to 

conventional cultivation. Thus, mini sprinkler irrigation system in rice and wheat crop may be 

successful with saving of natural resources considerably in higher magnitudes, which may be 

utilized for more area under cultivation and increasing production from the saved resources 
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where water resource is in scared particularly. The following observations recorded in rice crop 

at blooming stage: 

1-Insecticides and pesticides should not used through sprinkler system as at the grain formation 

stage, grains became brown black .its effects reduce the grain quality and market price. 

2-Sprinkler irrigation at the time of flowering reduced the grain setting. 

3-Weedicides application after 50days after sowing of rice, badly affected plant growth, plants 

stunted, and gets flowering delay resulted maturity of grain irregular (not gets uniforms grain 

maturity and crop harvesting) 

Table (17) Effects of different operating pressure on hydraulic characterization of installed 

sprinkler irrigation system 

Operating 

Pressure 

(kgcm
-2

) 

Hydraulic parameters of installed sprinkler system 

CU (%) DU (%) CV (%) 
Wetted 

Radius 

(m) 

Average 

discharge 

(lh
-1

) 

Start End Start End Start End - Start End 

1.6 84.43 82.53 79.47 74.37 19.78 25.05 6.26 - - 

1.8 85.02 81.20 80.22 75.89 18.58 25.34 8.03 323.0 312.0 

2.0 84.96 88.07 82.45 84.05 17.84 15.46 9.69 471.7 396.3 

 

High light of sprinkler irrigation feasibility in rice –wheat cropping system:- 

“Sprinkler irrigation system in zero tillage wheat with rice residue mulch followed 

by DSR in reduced tillage either wheat residue incorporation or without crop 

residue is feasible, promising and sustainable with lower inputs requirement 

relatively”. 
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10.0 Achievements in terms of targets fixed for each Activity 

Sr. No.              Target/Activity                             Achievements 

1. Maintenance of rabi crop as per the 

treatments 

Rabi crop was maintained as per the treatments  

2. Recording of plant parameters, water, 

harvesting & threshing of Rabi crop, 

yield recording and soil sampling 

Plant parameters were recorded at different time, 

crop was harvested and threshing was done, grain 

yield was recorded and soil sampling was done 

3. Analysis of crop data and their 

interpretation 

Data were analyzed and their interpretation was 

done 

4. To establish the kharif crop in a 3.5 

acre area with the decided treatments 

as per the lay-out. 

Kharif crop was established as per the treatments 

and lay-out and rice crop was planted as per the 

decided treatment and technique. 

5. Maintenance of the kharif experiment 

as per the treatments & requirement 

Fertilizers and irrigations were applied as per the 

decided mode and recorded for calculations 

6. Recording of plant parameters, water, 

harvesting & threshing of kharif crop, 

yield recording and soil sampling 

Plant parameters were recorded at different time, 

crop was harvested and threshing was done, grain 

yield was recorded and soil sampling was done. 

7. Analysis and tabulation of plant 

parameters and yield and their 

interpretation, analysis of soil 

samples, tabulation & interpretation 

Plant parameters and crop yield were analyzed, 

tabulated and interpretation was done. Soil samples 

were analyzed for different properties and tabulated 

and interpretation was done 

8. Annual report writing, preparation of 

slides for presentation in SRC. 

Annual report was prepared and submitted; data 

slides were prepared and presented in SRC. 

9. Preparation of RPF- II RPF-II was prepared and submitted for approval  
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11.0  Questions - Answered  
 

Wheat (cv. HD 2967) and Ariz 6129 hybrid rice cultivated with different crop establishment 

techniques resulted in following significant answers regarding the rice-wheat cultivation: 

11.1  Crop residue management:- 

 

1. Reduced tillage with residue incorporation both in rice and wheat crop seasons, seems 

to be a promising option for sustained and economic wheat yield in poor resource conditions. 

2. Direct seeded rice (DSR) technique seems to be a promising option in less available 

irrigation water. 

3. Crop residue incorporation in conventional rice and wheat cultivation increased 

biological and economic yield in comparison to conventional practices. 

4. 100% crop residue management is required turbo seed drill machine especially in 

wheat crop sowing. 

5. Very good quality seed germination was observed in 100% rice residue mulch under 

both surface and sprinkler irrigation system with higher water productivity. 

6. Direct seeded rice in different treatments yielded slightly lower yield, compared to 

conventional transplanting. 

7. Direct seeded rice saved 29% to 34 % of applied water. 

8. Crop residue incorporation and retention, increased the wheat yields compared to 

without crop residue techniques. 

11.2  Soil Health:- 

1. Residue incorporation indicated positive effects on soil health. 

2. Crop residue incorporation/anchored/mulch of rice , observed that available  

N,P,K,%SOC and water stable aggregates increased with higher water transmission soil 

properties (HC, and Infiltration rate). 

3. Crop residue management increased the soil water absorption capacity of irrigation and 

rainfall water in comparison to the conventional rice –wheat cultivation. 

4. Crop residue especially rice mulch in wheat reduced the irrigation by maintaining 

higher soil moisture content during crop growing Rabi crop season. 
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5. Crop residue treatments either incorporated/anchored/mulched increased the 

availability of  micronutrients which is  very good facilitator to  increased the crop yield 

6. Over all crop residue management increased the soil carbon sequestration and 

simultaneously reduced the carbon emission in atmosphere by avoiding rice residue burning. 

11.3  Resource conservation under surface irrigation method:- 

1. What amount of soil and water resources can be conserved by these technologies? 

Direct   seeded rice saved 29% to 34 % of applied irrigation water;  

2. Are resources conservation technologies sustainable for rice –wheat cultivation?                 

Yes-   DSR in rice and Zero tillage in wheat is sustainable. 

3. Are these technologies economical to the poor and marginal farmers? 

Yes- DSR in rice and Zero tillage in wheat is sustainable for poor and marginal farmers, 

where natural resources availability is relatively lower. 

4. Is a sprinkler irrigation method feasible economically? 

Yes –Sprinkler irrigation method is feasible in both rice and wheat crop. 

5. Is surface irrigation method in wheat crop and DSR is feasible and economical 

relatively? 

Yes-surface irrigation system in DSR and in ZT wheat sowing with crop residue 

Incorporation/mulch is feasible in wheat and economic relatively better. 

 

11.4 Resource conservation under sprinkler irrigation method:- 

Rice Crop- 

1-Rice under mini sprinkler irrigation system saving of irrigation water by more than 50%, 

electricity saving was .30% and nitrogen by 30% in comparison to conventional   rice 

transplanting. 

2-Rice productivity in mini sprinkler irrigation system observed similar to DSR   under 

surface irrigation system. 

3-Saving of labour , diesel and tillage  in comparison to TPR. 
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Wheat crop- 

1-Wheat crop under mini sprinkler irrigation system saving of irrigation water by more than 

35%, electricity saving was 8.15% and nitrogen by 50% in comparison to conventional 

wheat sowing method. 

2-Higher wheat productivity was observed under mini sprinkler irrigation method. 

3-Higher grain yield recorded under mini sprinkler irrigation system. 

4- Saving of labour, diesel and tillage in comparison to conventional wheat sowing method under 

surface irrigation method. 

12.0 Process/Product/Technology/Developed  

From the results of five years experiment it was evidenced   that out of nine , crop 

establishment techniques the following sets of crop establishment technologies  found 

relatively better in their relatively better performances in relation to feasibility, productivity, 

soil health , resource savings and economically  found better. The following sets of crop 

establishment technologies were developed for rice –wheat cropping system as is given 

below: 

   

S.No. 

Resource conservation technologies  developed 

Rice wheat Conditions specified 

1. 

 

Conventional rice 

transplanting with 

residue incorporation 

Conventional wheat 

sowing  with rice 

residue incorporation 

Availability of sufficient  

water ,  and poor soil health 

2. 

 

DSR in Reduced 

tillage with  wheat 

crop residue 

incorporation  

Wheat sowing in 

reduced tillage with rice 

residue incorporation  

limited irrigation water and 

poor soil health 

3. DSR with crop 

residue incorporation 

under Mini sprinkler 

irrigation system 

Wheat in  ZT with 100% 

rice residue mulch under  

Mini sprinkler irrigation 

system 

limited irrigation water  

resource and  poor soil health / 

ZT wheat with rice residue 

mulch under limited water 

supply condition 

4. DSR in zero tillage 

without wheat 

residue 

Wheat sowing in Zero 

tillage with rice residue 

anchors 

limited resources available and 

poor soil health 

 



82 

 

13.0 Practical Utility (not more than 150 words) 

The results of this study indicate that natural resource can be conserved by following different 

planting techniques. Cost of cultivation can be minimized using zero tillage technique/reduced 

tillage technique. DSR requires fewer amounts of resources in comparison to conventional 

rice transplanting. DSR in different technologies saved 29 to 34 %, irrigation water, 42 -86 

% diesel consumption in comparison to transplanted rice (TPR). DSR technology saved 

labours requirement by 24 % in reduced tillage and 30 % in zero tillage technology. In 

addition 29% power saving in DSR technique was observed. DSR may be promising where 

less irrigation water is available for rice cultivation. Besides, mini sprinkler irrigation 

system in rice –wheat cropping sequence required fewer natural resources. Rice 

productivity in mini sprinkler irrigation system observed similar to DSR   under   surface 

irrigation system. Rice under mini sprinkler irrigation system saving of irrigation water by 

more than 50%, electricity saving was .30%  and saved nitrogen by 30% in comparison to 

conventional rice transplanting. Sprinkler irrigation system in rice also saved labour, diesel 

and tillage operations in comparison to conventional TPR. Similarly in wheat crop mini 

sprinkler irrigation system is very useful for increasing grain yield and water productivity 

with higher nitrogen use efficiency. In wheat crop saving of irrigation water by more than 

35%, electricity saving was 8.15-% and nitrogen by 50%   under mini sprinkler irrigation 

system in comparison to conventional wheat sowing method. Wheat in Zero tillage with 

100% rice residue saved labour, diesel and tillage operations in comparison to conventional 

wheat sowing method under surface irrigation method and sprinkler irrigation method. 

14.0  Constraints, if any 

1. Weed managements-required efficient chemical control especially in rice. 

2. Labour management for large experimental fields. 

3. Needs proper instrumentation research –to develop seed sowing machines for rice; and wheat 

sowing machine in crop residue condition. 

4. Crop harvesters for rice and wheat harvesting to save the labours and time. 

5. Efficient irrigation methods and irrigation scheduling researchable issues.  

6. Methods of fertilizer application and frequency are researchable issues. 

7-DSR itself, required research -  selection of rice varieties suitable for DSR techniques. 

8-A separate agronomical trial is required to cope up the weeds affects and effective control. 
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15.0 Publications and Material Development: (One copies each to be supplied with this 

Performa.) 

15.1  Research papers: Published 

1- Ranbir Singh, R.S. Tripathi, S.K. Chaudhari, D.K. Sharma, P.K. Joshi,  S.K. Sharma, P. 

Dey, D.P. Sharma and Gurbachan Singh (2013) Effects of direct seeded rice on income and 

saving of natural resources in alkali environment. Bhartiya Krishi Anushandhan Patrika. 28(1), 

06-13.-Rating-3  

2- Shreyashi Gupta Choudhary, Sonal Srivastava, Ranbir Singh, S.K.Chaudhari,   D.K. 

Sharma, S.K.Singh and Dipak Sarkar (2013) tillage and residue management effects on soil 

aggregation, organic carbon dynamics and yield attribute in rice-wheat cropping system under 

reclaimed sodic soil. Soil &Tillage Research, 136(2014), 76-83.  Rating-8.5  

3- S.K. Singh, Ranbir Singh, S. Kumar, Bhaskar Narjary, S.K. Kamra and D.K. Sharma 

(2014)    Productive Utilization of Sodic Water for Aquaculture-led Integrated Farming System: 

A   Case Study. Journal of Soil Salinity and Water Quality 6(1), 28-35. 

4-Bhaskar Narjary, Satyendra kumar, Ranbir singh, S.k.Singh and D.K.Kamra(2015) Farmer   

participatory Appraisal of laser levelling to improve water productivity. Indian Farming 64 (11), 

5-7. 

5-   H.S. Jat, Gurbachan Singh, Ranbir Singh, M. Chaudhary, M.L. Jat, M.K.Gathala & D.K.  

Sharma
 
(2015) Management influence on maize-wheat system performance, water productivity 

and soil biology. Soil Use and Management (31(4) 534-543. 

 6-  Ranbir Singh, R.S. Tripathi, D.k. Sharma, S.K. Chaudhari, P.K. Joshi, P. Dey, S.K.  Sharma, 

D.P. Sharma and Gurbachan Singh (2015) Effect of direct seeded rice on yield,   water 

productivity and saving of farm energy in reclaimed sodic soil. Indian Journal of   Soil 

Conservation 43(3), 230-235. 

7- Y.P. Singh
1
, Ranbir Singh, D.K. Sharma, V. K. Mishra and Sanjay Arora (2016)         

Optimizing   Gypsum levels for Amelioration of Sodic Soils to Enhance Grain Yield and Quality 

of Rice    (Orzya sativa L.). Journal of the Indian Society of Soil Science,   vol.  64, No. 1, pp 

33-40  DOI: 10.5958/0974-0228.2016.00005.0 
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15.2 Research paper presented in seminars/conferences/world congress- 

1- Ranbir Singh, D.P. Sharma, Gurbachan Singh, D.K. Sharma, S.K. Sharma, P.K. Joshi, R.S.     

Tripathi, P. Dey, and S.K. Chaudhari( 2011) Effects of alternate crop establishment    techniques 

on yield and water productivity of rice-wheat cropping system under reclaimed alkali soil of Indo-

Gangetic plain. Presented in national seminar on Strategic resource Management for sustainable 

food and water security: June 13-15, 2011 at GBPUAT, Pantnagar ( Udham Singh Nagar) 

,Uttrakhand.  

2- D.P. Sharma, Gurbachan Singh,  S.K. Sharma, P.K. Joshi, Samar singh and GurbachanSingh 

(2008) Resource conservation technologies in reclaimed alkali soils.Paper  presented  in  World 

Congress on Conservation Agriculture , at New  Delhi. 

3- Ranbir Singh, D.P.Sharma, Gurbachan Singh, D.K.Sharma , S.K.Sharma, P.K.Joshi         

R.S.Tripathi,  P.Dey, S.K.Chaudhary and Sushil Kumar (2011) Alternate tillage and crop    

establishment techniques for the conservation of natural resources in rice-wheat system of 

reclaimed alkali soils. Tillage and Research . Submitted. 

4- Ranbir Singh,  D.K. Sharma , S.K. Chaudhari ,  P.K. Joshi , P. Dey, S.K. Sharma, D.P. Sharma  

,Gurbachan Singh and   R.S. Tripathi (2012) Effects of different alternate tillage and crop  

establishment techniques on yields, water productivity, and  resource requirement of rice crop  under 

reclaimed alkali soil , will be presented in National Seminar to be held at 16-17 March 2012 at 

lucknow. 

5-Ranbir Singh, D.K.Sharma, S.K.Chaudhari, S.K.Sharma, P.K.Joshi, D.P.Sharma, Gurbachan 

Singh, P.Dey, and  R.S.Tripathi(2012) Effects of different alternate tillage and crop establishment 

techniques on water productivity and resource requirement of rice crop under reclaimed alkali soil. 

Presented in the2
nd

 National Seminar on management of salt affected soils and waters: challenges of 

21st century ,held at 16-17 March, 2012 at luck now. 

6- Y.P.Singh ,A.K.Nayak ,D.K.Sharma , Ranbir Singh ,V.K.Mishra, R.K.Gautam ,R.K.singh and 

S.K.Singh (2012) Participatory varietal selection : A farmer-centered varietal development 

approache to enhance rice productivity of soils:   presented in the2
nd

 National Seminar on 

management of salt affected soils and waters: challenges of 21st century, held at 16-17 March, 

2012 at luck now. 
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7-Chhedi lal Verma , D.K.Sharma , Y.P.Singh , Ranbir Singh ,V.K.Mishra, ,A.K.Nayak 

P.K.Varshney and Gurbachan Singh (2012) Management of seepage water in canalcommand 

through integrated farming system to harness the productivity of water logged soil: presented in 

the2
nd

 National Seminar on management of salt affected soils and waters:challenges of 21st 

century, held at 16-17 March, 2012 at luck now. 

 8- Ranbir Singh,  D.K. Sharma , S.K. Chaudhari ,  P.K. Joshi , P. Dey, S.K. Sharma, D.P. 

Sharma, Gurbachan Singh and   R.S. Tripathi (2012) Effects of different alternate tillage and crop 

establishment techniques on water productivity and resource requirement of rice crop under 

reclaimed alkali soil  (Participated and attended National seminar on Management of salt  affected 

soils and waters: challenges of the 21 st Century, will be held at CSSSI-RRS, Luck now, from 

March. 24-25 ,2012.) 

9-.Ranbir Singh,  R.S.Tripathi , D.K.Sharma , S.K.Chaudhari , Shreyasi  Gupta Choudhury , 

P.K.Joshi , P.Dey, S.K.Sharma , D.P. Sharma and Gurbachan Singh (2012)  Water   productivity 

and resource economy of direct seeded rice in a reclaimed alkali   soil    presented   in International 

workshop on under standing water- energy-GHG nexus  for   future  water and  food security” will 

be held in New Delhi, from September, 27-28, 2012. 

10-.Ranbir Singh, S.K. Chaudhari ,  D.K. Sharma , Shreyasi Gupta Choudhury, R.S. Tripathi , 

P.K. Joshi , P. Dey, S.K. Sharma, D.P. Sharma and  Gurbachan Singh (2012) Effects of different 

crop establishment technologies on water productivity, resource economy and carbon dynamics  

under rice –wheat cropping system (Participated and presented paper in  77
th

 Annual Convention   

of  ISSS , held at PAU, Ludhiana (Punjab), from  2-6  December ,2012. 

11& “kjn dqekj flga ]lR;sUnz dqekj ]j.kchj flga ]HkkLdj ujtjh ],l-ds- dkejk ,oa Mh-ds-“kekZ  

2013 d`’kd iz{ks= ij  lefUor d`f’k ,oa eRL; ikyu esa ty ds fofo/k iz;ksx- Pre sented in 
jk’Vªh; laxks’Bh-d`f’k ,oa iz.kZoj.k %volj o pqukSfr;ka ] fnukad13&14 ekpZ]2013 dsUbzh; e`nk 

yo.krk vuqla/kku   laLFkku ]djuky gfj;k.kk ij vk;ksftr fd;k  x;k A 

 

12&j.kchj flag ] vkj0 ,l0 f=ikBh ] ,l0 ds0 pkS/kjh ,oa Mh0 ds0 “kekZ (2013) ty dh     

leL;k ,oa lek/kku &,d tu psruk A Presented in jk’Vªh; laxks’Bh-d`f’k ,o iz.kZoj.k 

%volj o pqukSfr;ka ] fnukad 13&14 ekpZ]2013  dsUbzh; e`nk yo.krkvuqla/kku   laLFkku 

]djuky gfj;k.kk ij vk;ksftr fd;k x;k A 
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13&-j.kchj flga ] vkj0 ,l0 f=ikBh ] ,l0 ds0 pkS/kjh] ] Mh0 ds0 “kekZ  ]Js;lh xqIr pkS/kjh     

ih0 ds0 tks”kh ],l ds  “kekZ  ] iznhi Ms ] Mh ih “kekZ ,oa  xqjcpu flga  (2013) /kku dh 

lh/kh cqvkbZ  ls vf/kd vk; ] izkd`frd  lalk/kuksa dk laj{k.k vkSj e`nk xq.kksa esa lw/kkj A 

Presented in jk’Vªh; laxks’Bh-d`f’k ,oa iz.kZoj.k % volj o pqukSfr;ka] fnukad 13&14 

ekpZ]2013 dsUbzh; e`nk yo.krk vuqla/kku   laLFkku ]djuky gfj;k.kk ij vk;ksftr fd;k x;kA 

 

     14&j.kchj flag] vkjÛ ,lÛ f=ikBh] ,lÛ dsÛ pkS/kjh] MhÛ dsÛ “kekZ] ihÛ dsÛ tks”kh] ,lÛ dsÛ         

“kekZ] iznhi Ms] MhÛ ihÛ “kekZ ,oa xqjcpu flag* (2013) /kku mRiknu esa vHkh’Vre    

vkfFkZd ykHk ,oa lalk/kku laj{k.k Presented in fgUnh esa 14 oha jk’Vªh; d`f’k foKku  

laxks’Bh&d`f’k  dh vk/kqfud izkS?kksfxdh dh miyfC/k;k¡ ,oa pqukSfr;k¡&14 l s 16fnlEcj 2013 

ojlksok] eqEcbZ –  

  
15- S.K. Singh, Ranbir Singh, S. Kumar, Bhaskar Narjary, S.K. Kamra and D.K. Sharma (2013) 

Productive utilization of sodic water for aquaculture led integrated farming system at farmer’s 

field .Presented in international Symposium on Greening fisheries towards Green Technologies 

in Fisheries, 21-23 May, 2013, Cochin.  

15.3 Technical Bulletin – published 

1.-D.P. Sharma, Gurbachan Singh,  S.K. Sharma, P.K. Joshi, Samar singh and Gurbachan Singh 

(2008). Resource conservation technologies in reclaimed alkali soils, Technical  Bulletin 1/2008. 

2-Ranbir Singh, D.P. Sharma, Gurbachan Singh, D.K. Sharma, S.K. Sharma, P.K. Joshi, R.S. 

Tripathi, , P. Dey, and S.K. Chaudhari (2011) Sudhari usar bhumi mai dhan ki sidhi bijai .Technical 

folder  No.4/2011. 

3 -Ranbir Singh, S.K.Chaudhari, R.S.Tripathi, P.K.Joshi, P.Dey, S.K.Sharma, D.P.Sharma , 

D.K.Sharma and Gurbachan Singh (2014)  Resource Conservation Technologies in Rice –Wheat 

System. Technical Bulletin:CSSRI/karnal/2014/02   

15.4 Popular Article 

1&j.kchj flg¡ ] Mho iho “kekZ, xqjcpu flg¡ ],lo  dso “kekZ , ih0 ds0 tks”kh ] vkj0 ,l0 f=ikBh 

,,l0 ds0 pkS/kjh] iznhi Ms  ,oa Mh0 ds0 “kekZ (2012) Lqk/kjh Ålj  Hkwfe esa /kku dh lh/kh cqvkbZ }kjk 

mRre~ [ksrh ,oa lalk/kuksa dh cprA [ksrh 
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15.5 Reports:  - Annual, half yearly and quarterly reports are submitted to the institute                          

regularly. 

 

15.6 Seminars and workshops/Conference in which the scientists have participated                        

      (List abstract forwarded):  

1- During 2006-2015 

1. Attended 4
th
 World Congress on Conservation Agriculture and presented a paper. 

2. Attended and presented paper in National Seminar on Strategic resource Management 

for sustainable food and water security: June 13-15, 2011 at GBPUAT,Pantnagar ( 

Udham Singh Nagar) ,Uttrakhand.  

2- During 2015-16 

 

1- Ranbir Singh, D.K. Sharma, S.K. Chaudhari, P.K. Joshi, and   R.S. Tripathi, S.K.Sharma, 

P.Dey, D.P.Sharma, Gurbachan Singh (2015) Effects of direct seeded rice and transplanted 

rice on yield, water productivity and resource economy of hybrid rice under reclaimed 

alkali soil”. Presented in XII  Agricultural Science Congress-Sustainable Livelihood security 

for Smallholder Farmers   3
rd

 -6
th

 February 2015 at National Dairy Research Institute, 

Karnal,(Haryana). 

2- A.K.Mandal ,ranbir singh, P.K.joshi and D.K.Sharma (2015).Mapping and characterization 

of salt affected Soils in Central Haryana for reclamation and management.Presented in XII  

Agricultural Science Congress-Sustainable Livlihood security for Smallholder Farmers   3
rd

 -

6
th

 February 2015 at national dairy research Institute, Karnal (Haryana). 

15.7 Published in NEWS papers for seekers 

1. Suday Naye Dunia ,karnal,17.10.2010. Aab dhan ke  avsheshon ke sath hogo gehun ki bijai.   

 

2. Karnal bhaskar ,karnal ,8.12.2010-Turbo/ Happy seeddrill  dilagi gahun k  adhik utpadan. 

 

3. Haribhumi , karnal, 21.9.2011.  Aab gehu ki tarj par hongi dhan ki kheti  .  

 

16.0 Infrastructural facilities developed: - (Details of field, laboratory, note books and 

final material and their   location) 

1. Experimental plots were established in the field in front of Farm Office (CSSRI- Karnal). 

2. Procurement of chemical, glassware and plastic ware.  

 3. Procurement of instruments. 
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17.0 Comments/suggestions of Project Leader regarding possible future 

line of work that may be taken up arising out of this Project. 

1. Upgrading the technologies with respect to different situation- Soils, type of soils, quality of 

water and locations. 

 2. Study to be on weed management  

 3. Works on seed rates in DSR and zero tillage in wheat is researchable issue. 

4. Works needed to be study in respect to climate variations by conducting trail on different 

locations 

5. Works should be taken on nutrient management 

6. Works must be under taken on mineralization and carbon sequestration  

7. Irrigation water management strategy to be study. 

8. Pilot study on micro irrigation to be study for further water saving. 

9. Works must be under taken nitrogen use efficiency. 

10. Works on crop water productivity   to   be study for higher productivity.  

11. Study is required to fractionate the macro and micro-nutrient status under different 

technologies for better understanding and proper management. 

 

12. Works must be on integrated weed control for effective weed management strategies. 

 

  ---------------------------------------------------------  
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18.0 Part –IV:  Project Expenditure (Summary) Year 2011-2015 

18.1 Budget Summary  

18.1.1  Recurring- 

 

2301 Salaries 
Recurring amount in lacs 

Year (1) Year (2) Year (3) Year (4) Year (5) 

Total 

i) Scientific 7.63 8.39 9.23 10.15 11.17 46.57 

ii) Technical 1.68 1.85 2.03 2.23 2.45 10.24 

iii) Supporting 1.60 1.76 1.94 2.13 2.34 9.77 

iv)Hiring of 

services(Wages) 

0.60 0.66 0.73 0.80 0.88 3.67 

Sub –Total 11.57 12.66 13.93 15.31 16.84 70.25 

Hike @10% per year 

18.1.2 Consumable 

Consumable 
Year (1) Year (2) Year (3) Year (4) Year (5) 

Total 

i) Chemical & 

Fertilizers, etc 

0.60 0.64 0.70 0.80 0.60 3.34 

ii) Glasswares 0.05 0.06 0.08 0.10 - 0.29 

iii) Others 0.10 0.12 0.13 0.14 0.12 0.61 

Sub-total 0.75 0.82 0.91 1.04 0.72 4.24 

2303 Travel  0.20                 0.20                0.20             0.20             0.20        1.00 

2304 Misc.  0.15  0.12                 0.10           0.10              0.10         0.57 

           Sub-total   = 0.35                  0.32                0.30            0.30             0.30         1. 57 

18.1.3 Total (Recurring)  

 
Consumable Year (1) Year (2) Year (3) Year (4) Year (5) Total 

Sub-total 12.61 13.80 15.14 16.65 17.86 76.06 
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18.1.2 Non-Recurring (lacs) 

 

Equipments Year (1) Year (2) Year (3) Year (4) Year (5) Total 

i) Turbo/happy seeder - 0.80 - - - 0.80 

ii) Zero tillage 

machine/seed drill 

- 0.60 - - - 0.60 

iii) Electronic balance - - 1.0 - - 1.0 

IV) Sprinkler system 0.50 - - - - 0.50 

Sub-total 0.50 1.40 1.0 - - 2.90 

 

18.1.3 Total Budget -in lacs 

Head Year (1) Year (2) Year (3) Year (4) Year (5) Total 

230 12.61 13.80 15.14 16.65 17.86 76.06 

231 0.50 1.40 1.0 - - 2.90 

Total 13.11 15.20 16.14 16.65 17.86 78.96 

 

18.1.4 Salaries/Wages -- (In lacs) 

 Year (1) Year (2) Year (3) Year (4) Year (5) Total 

i) Scientific 7.63 8.39 9.23 10.15 11.17 46.57 

ii) Technical 1.68 1.85 2.03 2.23 2.45 10.24 

iii) Supporting 1.60 1.76 1.94 2.13 2.34 9.77 

iv) Wages 0.60 0.66 0.73 0.80 0.88 3.67 

Sub –Total 11.57 12.66 13.93 15.31 16.84 70.25 
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18.1.5 Justification (for technical/wages/ labour in terms of work content) 

Technical and supporting staff is required for assistance in observation recording and day-to-day 

monitoring of the experiment and in laboratory analysis work. Wages were required for field operations 

(sowing, irrigation, harvesting, soil sampling etc.). 

18.1.6 Consumable Budget 

Consumable Year 

(1) 

Year 

(2) 

Year 

(3) 

Year 

(4) 

Year (5) Total 

i) Chemicals& Fertilizers,weedicide, 

pesticides etc etc 

0.60 0.64 0.70 0.80 0.60 3.34 

ii) Glasswares 0.05 0.06 0.08 0.10 - 0.29 

iii) Others 0.10 0.12 0.13 0.14 0.12 0.61 

Sub-total 0.75 0.82 0.91 1.04 0.72 4.24 

Justification: Glassware’s, chemical and other accessories are required for soil and plant 

analysis. Pesticides and weedicides were required for pest and weed control in the field. 

18.1.7 .Travel   1
st
 yr    2

nd
 yr               3

rd
 yr    4

th
 yr            5

th
yr       Total  Travel       

                0.20                 0.20                 0.20                  0.20               0.20       = 1.0 

Justification: Travel amount was required for attending the project work out of the institute, for 

the participation in seminar and symposia for the presentation of project work. 

18.1.7 Wages /other costs/miscellaneous Total 

Field preparation/planting/     

harvesting (man-days cost) 

Inter cultivation & dressing (Man-

days cost) 

1st     2nd       3rd       4th    5th      total 

0.60 0.66 0.73 0.80 0.88 3.66 

  

18.1.8 Animal maintenance    Nil 

Any other items          Nil 

Justification for above: Cultivation of crops in the field requires different field operations by 

labours. 

18.1.9 Equipments- 

Equipments already available to be used in the project: Most of the required                

equipments  are  available in the Institute. 

Equipments to be purchased with cost (already in plan document): Nil 
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Equipment to be imported:       Nil 

Justification for import:       NA 

18.1.10 Additional Infrastructural Facilities (if needed) -yes- Installation of Mini Sprinkler 

irrigation system. 

works      Nil 

Land (Sq meter):     12000 (available at farm) 

Animals     Nil 

18.1.11 Financing Organization:  CSSRI, karnal 

If financed by an organization other than the Institute, then give the following information: 

 a. Name of the financing organization:     NA 

 b. Title of the project (if the project forms a part of a larger project) :   NA                      

--------------------------------------------------------------------------------------------------------------------- 
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19.0 DECLARATION 

This is to certify that the final report of the Project has been submitted in full consultation with the 

project workers as per the approved objectives and technical programme and the relevant records, 

note-books; materials are available for the same. 

 

Signature of the Project Investigator :                                  Ranbir singh 

 

Co-investigators  

 

        Superanuated              Superanuated              Superanuated                 Transfer 

       (D.k. Sharma )              ( P.K. Joshi)               ( R.S. Tripathi)        (K.Thimmappa)    

 

        

          Higher post                 Higher post 

         ( Pradip  Dey )            (S.K. Chaudhari)             (A.K.Rai)       (Satyendra kumar)   

 

   

       

  1-Signature & Comments of the Head of the Division/Section: 

 

2- Signature &Comments of    IRC: 

 

 

3-Signature (with specific comments on progress/achievements, shortfall and Constraints 

along with rating of the project in the scale of 1 to 10) of  

JD (R)/ Director 

 

 

 

 

 


