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ABSTRACT 
 

Rice-wheat system is the major contributor in food security of India. The significance of the system 
is well addressed by time to time but, excessive use of resources, stagnation in yield, environment 
deterioration including erosion and nutrient mining are the greater challenge it possess. To address 

Original Research Article 

https://doi.org/10.9734/ijpss/2024/v36i74758
https://www.sdiarticle5.com/review-history/118822


 
 
 
 

Upadhyay et al.; Int. J. Plant Soil Sci., vol. 36, no. 7, pp. 501-507, 2024; Article no.IJPSS.118822 
 
 

 
502 

 

the issue a study was carried out at Banaras Hindu University's Agricultural Research Farm in 
Varanasi during the Kharif and Rabi seasons of 2019-20 and 2020-21, respectively. The experiment 
plotted in a split plot statistical design with three replications and four crop establishment methods: 
CE1: Conventional till rice (puddled transplanted)-Conventional till wheat, CE2: Conventional till 
direct seeded rice (DSR)-Conventional till wheat, CE3: Conventional till DSR-Zero-till wheat (rice 
residue retained), and CE4: Zero-till DSR-Zero-till wheat (residue retention in rice and wheat) crop 
establishment method among the main plot treatments and Rice-Wheat Crop Manager (RWCM)-
based nutrient recommendation among the sub plot treatments. CE4 treatment among main plot and 
N3 among nutrient management practices produced higher values of plant height and number of 
tillers at 30, 60, 90 days after sowing and at harvest, as well as yield attributes i.e. maximum 
number of panicles m2 and grains per panicle, than the other treatments. The same treatments also 
resulted in increased rice grain yield. There was approximately 12 % higher grain yield under CE4 
over CE1 and 8 % higher grain yield in N3 over N1 was recorded. These results might be due to 
better nutrient availability, better organic carbon which leads to improved microbial activity, and 
better moisture availability under these treatments. It may be concluded that conservation 
agriculture-based crop establishment i.e. CE4: Zero-till DSR-Zero-till wheat (residue retention in rice 
and wheat) and RWCM-based nutrient application, may be favourable for improved growth, yield 
attributes and yield in the rice crop under the region of eastern Uttar Pradesh. 
 

 
Keywords: ZTDSR; conservation agriculture; residue retention; rice growth. 
 

1. INTRODUCTION 
 
The rice-wheat system contributed maximum 
calorie in the food basket of the IGP region. 
Puddling has been shown to have detrimental 
effects on the soil environment, particularly on 
healthy microbes and soil aggregation [1,2]. The 
drying of the soil and the emergence of cracked 
soil blocks impede the preparation of the land for 
the next upland crop. As a result, to prepare a 
healthy seedbed for the crop that follows rice, 
heavy tillage and irrigation are needed, which 
delays planting and ultimately lowers the yield of 
the dryland crop [3-6]. The use of machine-driven 
processes including tillage, sowing/transplanting, 
harvesting, and threshing has become more 
pressing due to the growing shortage of human 
labour [7]. According to Parihar et al. [8], 
mechanisation and input-intensive agricultural 
practices have a negative influence on soil 
quality and environmental pollution. This 
highlights the need for alternative crop 
management strategies that could reduce energy 
use, safeguard the environment, and maintain 
crop productivity that is comparable to or even 
higher than current practices. Rice productivity in 
India has been stagnant and may decline in the 
future due to over-exploitation of natural 
resources [9], low seed replacement rate, poor 
irrigation water, fertiliser, and crop residue 
management [9], consistent cropping patterns 
over time, and a lack of awareness among 
farmers about the consequences of poor 
cultivation practices. According to several studies 
Verhulst et al. [10], Kumar et al. [11], Gathala et 

al. [12], Jat et al. [13], conservation agriculture 
(CA) can improve crop establishment and timely 
sowing, maintain or increase yield, reduce water 
and energy use, lower production costs and 
increase income, and improve soil quality. It can 
also increase system resilience. Rice seedlings 
are often put onto repeatedly tilled, puddled, and 
flooded fields in the standard manner of rice 
farming. However, it is also possible to transplant 
seedlings without puddling, which can reduce the 
cost of rice production overall as well as water, 
energy, labour, and other factors [14,2,15,16]. 

 
There was non-significant increase in fertilizer N 
efficiency in rice grown in different Asian 
countries during the past 30 years, the average 
plant recovery efficiency of fertilizer N in rice is 
still only about 30% [17,18]. Application of other 
macronutrients, such as K, has lagged behind 
leading to imbalanced plant nutrition and 
negative K input–output balances in many parts 
of Punjab and Asia. Environmental pollution by 
nutrient leaching or runoff from rice fields has 
become another concern across Asia [18]. The 
site specific nutrient management (SSNM) 
approach provides scientific principles for 
determining field-specific fertilizer nitrogen (N), 
phosphorus (P), and potassium (K) requirements 
for crops. The SSNM approach provides 
algorithms that can be used to determine field-
specific fertilizer requirements matching the 
needs and conditions of individual farmers. 
Recent advances in information and 
communication technology (ICT) offer ample 
opportunities to use mobile phones to provide 
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farmers with field-specific nutrient management 
recommendations calculated by decision making 
tools using algorithms based on SSNM. Use of 
SSNM based fertilizer recommendations were 
shown to increase yields, net income of farmers, 
and provide positive impacts on the environment 
when compared with existing fertilizer practices. 
 

2. MATERIALS AND METHODS 
 
The present investigation was conducted at the 
Agricultural Research Farm, Institute of 
Agricultural Sciences, Banaras Hindu University, 
Varanasi during kharif and rabi season of 2019-
20 and 2020-21, in South-eastern part of 
Varanasi city of India (25018’N latitude and 
83031’E longitude at an altitude of 128.93 meter 
above sea level). The experimental soil was 
gangetic alluvial sandy clay loam with pH 7.22. It 
was moderately fertile-being low in available 
organic carbon (0.41%) as well as available 
nitrogen (213.59 kg ha-1) and medium in 
available phosphorus (23.23 kg ha-1) as well as 
available potassium (223.50 kg ha-1). The 
experiment was laid out in split-plot design 
replicated thrice with four crop establishment 
methods viz., CE1: Conventional till rice (puddled 
transplanted) ― Conventional till wheat { farmers 
practice} [CT rice–CT wheat], CE2: Conventional 
till direct seeded rice ― Conventional till wheat 
[CTDSR–CT wheat], CE3: Conventional till direct 
seeded rice ― Zero-till wheat + rice residue 
retained [CTDSR–ZT wheat + R R], CE4: Zero-till 
direct seeded rice ― Zero-till wheat + residue 
retention in rice and wheat [ZTDSR–ZT wheat + 
RW R] in main plots and three nutrient 
management practices viz., N1: Farmers 
Practices (FP), N2: Recommended fertilizer dose 
(RFD), N3: Rice - Wheat Crop Manager (RWCM) 
recommendation in sub plots during both the 
years. In nutrient management treatments, 
fertilizer applications to rice was done as per the 
treatment requirement. Half dose of N and full 
doses of P2O5, K2O and Zn were applied as 
basal before sowing and remaining half dose of 
N was top dressed in two equal splits at active 
tillering and panicle initiation stage in rice in 
farmers practice (N1) and also in RFD (N2) as per 
requirement/recommendation. For conventional 
till direct seeded rice (CTDSR) and zero till direct 
seeded rice (ZTDSR) treatments, a pre-sowing 
irrigation was given. In ZTDSR plots, the crop 
was established without any preparatory tillage. 
Need based spot application of glyphosate 
(1.5%) was done in ZT treatments before the 
seeding to knock down the previous weeds. In 
CTDSR treatment the ploughing was done twice 

with tractor drawn cultivator followed by planking. 
In CTPTR method the experimental area was 
tilled dry and wet followed by puddling with cage 
wheel and then field was leveled. In SSNM, 
fertilizer was applied as per RWCM 
recommendation. The sources of fertilizers were 
urea, Di-ammonium phosphate (DAP), muriate of 
potash (MOP) and ZnSO4. The doses of fertiliser 
for N1 treatment were 164-50-32-4 kg N-P2O5 –
K2O –Zn ha-1 whereas in N2 it was 150-60-60-5 
kg N-P2O5 –K2O –Zn ha-1 during both the years 
of experimentation and in N3, the doses          
were based on RWCM based nutrient 
recommendations. Under the treatment N3 90-33-
33-8.33 kg N-P2O5 –K2O –Zn ha-1 were applied in 
first year and 93-33-33-9 kg N-P2O5 –K2O –Zn 
ha-1 were applied in second years of 
experimentation. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Growth Parameters 
 
Data indicates that maximum plant height and 
number of tillers recorded at 30 60, 90 DAS/DAT 
(Days after sowing/transplanting) and at harvest 
(Table 1) was achieved under the CA-based crop 
establishment method i.e. CE4: ZTDSR-ZT wheat 
+ RW R over the rest of the crop establishment 
method i.e. CE3, CE2, and CE1, but CE4 and 
CE3 were found at par with each other in term of 
plant height at all the stages of observation 
among the main plot treatments, while under the 
sub plot treatments, N3: Rice wheat crop 
manager based nutrient recommendation 
observed maximum plant and higher number of 
tillers at all the stages of observation, however, 
N3 was observed on par with N2: Recommended 
fertiliser dosage (RFD) in terms of plant height. A 
similar trend was seen throughout the second 
year of evaluation. 
 
The reason for rice's better performance in terms 
of plant height and number of tillers in the afore 
mentioned treatments could be due to better 
nutrient availability, better organic carbon, which 
leads to improved microbial activity, and better 
moisture availability, all of which contribute to 
better initial crop growth under CA based system 
[19,13]. Optimised nutrient usage during SSNM 
may result in higher cell division, enlargement, 
photosynthesis, and protein synthesis, leading to 
quantitative improvements in plant growth traits 
such as tillering and height of plant [20] and 
efficient/optimum utilization of nutrients by 
synchronizing the crop's nutrient demand with 
the nutrient supply from the soil and fertilizers 
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also help in better growth [21]. Similar results 
were also obtained by Shahi et al. [22] and Singh 
et al. [23]. 
 

3.2 Yield Attributes and Yield 
 
Table 2 presents data on the number of panicles 
per m2 and the number of grains per panicle and 
grain yield. The number of panicles and number 
of grains were recorded significantly higher under 
the CE4 crop establishment technique (ZTDSR-

ZT wheat + RW R), followed by CE3, CE2, and 
CE1. Among the nutrient management 
approaches, RWCM-based nutrient 
recommendation (N3), observed the highest 
number of panicles and per m2 number of grains 
per panicle compared to other nutrient 
management practices. N3 were found at par with 
N2 in terms of number of panicles in first year 
only. A higher value of above parameters were 
also seen in second year under the same 
treatments. 

  
Table 1. Effect of crop establishment and nutrient management on plant height (cm) on Rice 

 

Treatments 30 DAS/DAT 60 DAS/DAT 90 DAS/DAT At harvest 

2019 2020 2019 2020 2019 2020 2019 2020 

Crop establishment (CE) 

CE1: CT rice – CT wheat 25.57 26.33 52.16 54.53 82.22 81.92 79.15 82.56 

CE2: CTDSR – CT wheat 27.29 28.03 56.96 57.79 84.66 86.23 82.44 84.24 

CE3: CTDSR – ZT wheat 27.61 28.38 58.06 58.94 85.45 87.56 84.02 86.15 

CE4: ZT rice – ZT wheat 28.95 29.77 61.37 64.30 89.11 91.18 87.63 91.02 

Sem ± 0.52 0.51 0.71 0.68 1.09 1.04 0.98 0.94 

CD (P=0.05) 1.55 1.49 2.29 2.17 3.29 3.17 3.11 2.98 

Nutrient management (N) 

N1: Farmers Practices 26.27 26.85 53.85 54.76 82.09 82.94 80.45 81.73 

N2: Recommendation Fertilizer 
Dose 

27.39 28.33 57.88 58.40 85.72 87.07 83.71 86.62 

N3: RWCM Recommendation 28.41 29.20 59.70 60.51 88.26 90.15 85.76 89.63 

Sem ± 0.40 0.37 0.61 0.57 0.98 0.93 0.87 0.82 

CD (P=0.05) 1.20 1.12 1.94 1.79 2.85 2.73 2.65 2.51 

Interaction NS NS NS NS NS NS NS NS 

 
Table 2. Effect of crop establishment and nutrient management on number of tillers (m2)  

on Rice 
 

Treatments 30 DAS/DAT 60 DAS/DAT 90 DAS/DAT At harvest 

2019 2020 2019 2020 2019 2020 2019 2020 

Crop establishment (CE) 

CE1: CT rice – CT wheat 139.70 143.28 350.89 359.35 332.75 339.57 301.89 307.89 

CE2: CTDSR – CT wheat 228.61 232.73 365.01 375.56 350.47 354.75 322.54 325.92 

CE3: CTDSR – ZT wheat 232.70 237.77 370.82 378.09 353.77 358.90 325.87 329.24 

CE4: ZT rice – ZT wheat 242.04 247.08 381.31 387.98 367.81 370.69 337.79 343.87 

Sem ± 1.62 1.59 3.39 3.32 3.21 3.16 3.09 3.02 

CD (P=0.05) 4.82 4.65 10.23 9.98 9.79 9.62 9.52 9.39 

Nutrient management (N) 

N1: Farmers Practices 202.39 205.67 359.03 367.29 342.01 346.79 315.24 319.37 

N2: Recommendation 
Fertilizer Dose 

211.42 216.54 363.90 375.25 350.94 355.72 321.71 325.95 

N3: RWCM 
Recommendation 

218.47 223.43 378.10 383.21 360.66 365.44 329.11 334.87 

Sem ± 1.45 1.42 3.08 3.01 2.91 2.87 2.80 2.74 

CD (P=0.05) 4.42 4.27 9.40 9.17 9.00 8.84 8.75 8.63 

Interaction NS NS NS NS NS NS NS NS 
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Table 3. Effect of crop establishment and nutrient management on yield attributes and grain 
yield of Rice 

 

Treatments Panicles (m-2) Grains panicle-1 Grain yield 

(Quintal ha-1) 

2019 2020 2019 2020 2019 2020 

Crop establishment (CE) 

CE1: CT rice – CT wheat 234.96 239.33 107.64 110.14 43.21 43.76 

CE2: CTDSR – CT wheat 253.87 260.46 115.33 118.90 44.93 45.55 

CE3: CTDSR – ZT wheat 260.91 268.28 118.87 124.08 46.28 46.96 

CE4: ZT rice – ZT wheat 279.58 288.85 126.88 132.78 48.62 49.32 

Sem ± 3.89 3.84 1.93 1.91 0.76 0.77 

CD (P=0.05) 11.97 11.79 5.82 5.77 2.29 2.31 

Nutrient management (N) 

N1: Farmers Practices 248.64 252.21 110.78 114.19 44.06 44.65 

N2: Recommendation Fertilizer Dose 256.32 263.35 116.64 120.70 45.52 46.16 

N3: RWCM Recommendation 267.02 277.14 124.13 129.45 47.70 48.39 

Sem ± 3.57 3.49 1.84 1.81 0.76 0.75 

CD (P=0.05) 11.09 10.77 5.59 5.47 2.29 2.33 

Interaction NS NS NS NS NS NS 
 

The rice production was significantly influenced 
by various crop establishment methods and 
nutrient management strategies used throughout 
both years of study. The ZTDSR-ZTW + RW R 
treatment (CE4) produced significantly greater 
yield than the other main plot treatments i.e. crop 
establishment methods. In the sub plot 
treatment, i.e. nutrient prescription based on 
RWCM (N3), resulted in a significantly higher 
yield than the other sub plot treatments but RFD 
(N2) was found at par with N3. The same trend 
was found in the second year also. The ZTDSR-
ZTW + RW R treatment (CE4) improved rice crop 
establishment and light interception, resulting in 
more effective use of integrated inputs which 
resulted in better yield attributes and grain yield 
[19,24]. Improved nutrient delivery throughout 
rice's active growth and development phases 
and synchronizing crop nutrient demand with 
soil, fertilizer nutrient distribution and effective 
nutrient utilization by the crop in a timely manner 
and in appropriate proportions, based on its 
specific nutrient requirements at different growth 
stage might be attributed to achieve higher yield 
attributes and yield may be the cause of the rise 
in yield-contributing features under SSNM-based 
treatments [20,22]. Similar results were observed 
by Shahi et al. [22], Pooniya et al. [25], Singh et 
al. [26]. 
 

4. CONCLUSION 
 

Rice crop contributes major calorie into food 
basket of India under the rice-wheat cropping 

system but due to intensive agriculture and 
excessive use of external inputs results in 
degradation of soil, water and bio-diversity      
hence affecting rice production. The 
Conservation Agriculture (CA)-based crop 
establishment in rice is a potential option to 
address the above issues. ZTDSR-ZTW + RW R 
treatment (CE4) and nutrient recommendation 
based on Rice-Wheat Crop Manager-RWCM 
(N3) recommendation (N3), recorded better 
growth i.e. maximum plant height and number of 
tillers, better yield attributes, i.e. maximum 
number of panicles per m2 and maximum 
number of grains per panicle, and higher yield 
than the other main and sub plot treatments. 
ZTDSR-ZTW + RW R (CE4) crop establishment, 
along with RWCM (N3) based nutrition 
recommendations, can improve rice growth and 
yield in eastern Uttar Pradesh's rice-wheat 
system. Conservation agriculture approaches in 
rice can increase soil health and production while 
lowering costs and energy needs in the near 
future. Future research should focus on effective 
weed management and residue management 
techniques for CA-based crop establishment 
methods in rice. 

 
DISCLAIMER (ARTIFICIAL INTELLIGENCE): 

 
NO generative AI technologies such as Large 
Language Models (ChatGPT, COPILOT, etc) and 
text-to-image generators have been used during 
writing or editing of manuscripts.  



 
 
 
 

Upadhyay et al.; Int. J. Plant Soil Sci., vol. 36, no. 7, pp. 501-507, 2024; Article no.IJPSS.118822 
 
 

 
506 

 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Jat RK, Sapkota TB, Singh RG, Jat ML, 
Kumar M, Gupta RK. Seven years of 
conservation agriculture in a rice–wheat 
rotation of Eastern Gangetic Plains of 
South Asia: yield trends and economic 
profitability. Field Crops Research. 2014; 
164:199-210. 

2. Haque ME, Bell RW, Islam MA, Rahman 
MA. Minimum tillage unpuddled 
transplanting: An alternative crop 
establishment strategy for rice in 
conservation agriculture cropping systems. 
Field crops research. 2016;185:31-9. 

3. Diwedi N, Singh S, Pandey D, Singh PK, 
Chanda SS, Tiwari HN, Singh DK, Singh 
G. The Effect of Integrated Nutrient 
Management on Growth, Yield Attributes 
and Yield of Transplanted Rice under 
Irrigated Condition (Oryza sativa L.). J. 
Exp. Agric. Int. 2024;46(1):27-36.  
Available:https://journaljeai.com/index.php/
JEAI/article/view/2288 
[Accessed on: 2024 Jun. 8] 

4. Yengkokpam P, Kumari P, Singh VK, 
Ningthi KC, Dhiman S, Chaudhary M, 
Sharma R. Application and Management of 
Nitrogenous Fertilizer in Rice Field: A 
Review. AJSSPN. 2024;10(2):64-71.  
Available:https://journalajsspn.com/index.p
hp/AJSSPN/article/view/261  
[Accessed on:  2024 Jun. 8] 

5. Dobermann A, Witt C, Dawe D, 
Abdulrachman S, Gines HC, Nagarajan R, 
Satawathananont S, Son TT, Tan PS, 
Wang GH, Chien NV. Site-specific nutrient 
management for intensive rice cropping 
systems in Asia. Field Crops Research. 
2002;74(1):37-66. 

6. Fageria NK. Nutrient management for 
improving upland rice productivity and 
sustainability. Communications in Soil 
Science and Plant Analysis. 2001;32(15-
16):2603-29. 

7. Jat ML, Gathala MK, Saharawat YS, 
Tetarwal JP, Gupta R. Double no-till and 
permanent raised beds in maize–wheat 
rotation of north-western Indo-Gangetic 
plains of India: Effects on crop yields, 
water productivity, profitability and soil 
physical properties. Field Crops Research. 
2013;149:291-9. 

8. Parihar CM, Jat SL, Singh AK, Ghosh A, 
Rathore NS, Kumar B, Pradhan S, 
Majumdar K, Satyanarayana T, Jat ML, 
Saharawat YS. Effects of precision 
conservation agriculture in a maize-wheat-
mungbean rotation on crop yield, water-
use and radiation conversion under a 
semiarid agro-ecosystem. Agricultural 
Water Management. 2017;192:306-19. 

9. Ladha JK, Singh Y. Integrated crop and 
resource management in the rice-wheat 
system of South Asia. Int. Rice Res. Inst.; 
2009. 

10. Verhulst N, Govaerts B, Verachtert E, 
Castellanos-Navarrete A, Mezzalama M, 
Wall P, Deckers J, Sayre KD. 
Conservation agriculture, improving soil 
quality for sustainable production systems. 
Advances in soil science: Food security 
and soil quality. 2010;1799267585:137-
208. 

11. Kumar V, Gathala MK, Saharawat YS, 
Parihar CM, Kumar R, Kumar R, Jat ML, 
Jat AS, Mahala DM, Kumar L, Nayak HS. 
Impact of tillage and crop establishment 
methods on crop yields, profitability and 
soil physical properties in rice–wheat 
system of Indo‐Gangetic Plains of India. 
Soil Use and Management. 2019;35(2): 
303-13. 

12. Gathala MK, Laing AM, Tiwari TP, Timsina 
J, Islam MS, Chowdhury AK, 
Chattopadhyay C, Singh AK, Bhatt BP, 
Shrestha R, Barma NC. Enabling 
smallholder farmers to sustainably improve 
their food, energy and water nexus while 
achieving environmental and economic 
benefits. Renewable and Sustainable 
Energy Reviews. 2020;120:109645. 

13. Jat ML, Gathala MK, Ladha JK, Saharawat 
YS, Jat AS, Kumar V, Sharma SK, Kumar 
V, Gupta R. Evaluation of precision land 
leveling and double zero-till systems in the 
rice–wheat rotation: Water use, 
productivity, profitability and soil physical 
properties. Soil and Tillage Research. 
2009;105(1):112-21. 

14. Krupnik TJ, Yasmin S, Shahjahan M, 
McDonald A, Hossain K, Baksh E, Hossain 
F, Kurishi ASMA, Miah AA, Mamun MA, 
Rahman BMS. June. Productivity and 
farmers’ perceptions of rice-maize system 
performance under conservation 
agriculture, mixed and full tillage, and 
farmers’ practices in rainfed and water-
limited environments of southern 
Bangladesh. In 6th World Congress on 



 
 
 
 

Upadhyay et al.; Int. J. Plant Soil Sci., vol. 36, no. 7, pp. 501-507, 2024; Article no.IJPSS.118822 
 
 

 
507 

 

Conservation Agriculture. Winnipeg, 
Canada. 2014;24. 

15. Hossen MA, Hossain MM, Haque ME, Bell 
RW. Transplanting into non-puddled soils 
with a small-scale mechanical transplanter 
reduced fuel, labour and irrigation water 
requirements for rice (Oryza sativa L.) 
establishment and increased yield. Field 
Crops Research. 2018;225: 141-51. 

16. Gathala MK, Laing AM, Tiwari TP, Timsina 
J, Rola-Rubzen F, Islam S, Maharjan S, 
Brown PR, Das KK, Pradhan K, 
Chowdhury AK. Improving smallholder 
farmers’ gross margins and labor-use 
efficiency across a range of cropping 
systems in the Eastern Gangetic Plains. 
World Development. 2021;138: 105266. 

17. Dobermann A. Future intensification of 
irrigated rice systems. In Studies in Plant 
Science. 2000;7:229-247. 

18. Dobermann A, Cassman KG. Plant nutrient 
management for enhanced productivity in 
intensive grain production systems of the 
United States and Asia. Plant and soil. 
2002;247:153-75. 

19. Choudhary M, Jat HS, Datta A, Sharma 
PC, Rajashekar B, Jat ML. Topsoil 
bacterial community changes and nutrient 
dynamics under cereal based climate-
smart agri-food systems. Frontiers in 
Microbiology. 2020;11:542545. 

20. Singh VK, Dwivedi BS, Tiwari KN, 
Majumdar K, Rani M, Singh SK, Timsina J. 
Optimizing nutrient management strategies 
for rice–wheat system in the Indo-Gangetic 
Plains of India and adjacent region for 
higher productivity, nutrient use efficiency 
and profits. Field Crops Research. 2014; 
164:30-44. 

21. Shrestha JI, Subedi SU, Timsina KP, 
Chaudhary A, Kandel M, Tripathi S. 
Conservation agriculture as an approach 
towards sustainable crop production: A 
Review. Farming and Management. 2020; 
5(1):7-15. 

22. Shahi UP, Singh VK, Kumar A, Upadhyay 
PK, Rai PK. Site-specific nutrient 
management: Impact on productivity, 
nutrient uptake and economics of rice-
wheat system. Indian J. Agric. Sci. 2022; 
92:195-8. 

23. Singh H, Singh UP, Singh SP, Singh Y. 
Effect of crop establishment and nutrient 
management on productivity and 
profitability of rice under rice-wheat 
system. Int. J. Chem. Stud. 2018;6(3):165-
70. 

24. Yadav DB, Yadav A, Vats AK, Gill G, Malik 
RK. Direct seeded rice in sequence with 
zero-tillage wheat in north-western India: 
addressing system-based sustainability 
issues. SN Applied Sciences. 2021;3(11): 
844. 

25. Pooniya V, Biswakarma N, Parihar CM, 
Swarnalakshmi K, Lama A, Zhiipao RR, 
Nath A, Pal M, Jat SL, Satyanarayana T, 
Majumdar K. Six years of conservation 
agriculture and nutrient management in 
maize–mustard rotation: Impact on soil 
properties, system productivity and 
profitability. Field crops research. 2021; 
260:108002. 

26. Singh Y, Sidhu HS. Management of cereal 
crop residues for sustainable rice-wheat 
production system in the Indo-Gangetic 
plains of India. Proceedings of the Indian 
National Science Academy. 2014;80(1):95-
114. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/118822 

https://www.sdiarticle5.com/review-history/118822

