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Abstract

Rice-wheat system has played a major role for raising food grain production to make the country self-

sufficient. However, its sustainability has been questioned in view of decline in crop yields and factor 

productivity of fertilizers. Soils of Trans-Gangetic Plains (representing Punjab and Haryana) and Upper 

Gangetic Plains (representing Delhi and Western UP) plain suffering from production fatigue manifesting 

in terms of declining soil organic matter, multi-nutrient deficiencies and diminishing factor productivity. 

The excess mining of nutrients by the crops is more than their replenishment with fertilizer. The field 

experiment under rice and wheat crop was established at CCS HAU, College of Agriculture, Kaul farm 

during 2021-22 and 2022-23. The experiment was planned in a split-plot design. The study included four 

main plot treatments and four sub plot treatments. The grain yield of wheat and rice was observed highest 

for 125% RDF, followed by 100% RDF, 75% RDF and lower in control under rice-wheat cropping system. 

Among main plot treatments, it was found that FYM+FYM showed lower grain yield of wheat and rice 

crop, followed by RDF (B)+GM, RS+RDF (B) and maximum was in RDF+RDF treatment. It was 

observed that the available nitrogen was increased by 5.19 to 16.6% in organic treatments, 7.5 to 16.2% in 

fertilizer treatments over the initial value of available nitrogen (138.57 kg ha-1). The data revealed that 

organic carbon fraction increased where organic source was applied with RDF of N, P and K fertilizer.  
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Introduction 
Rice-wheat system has played a major role for raising food grain production to make the country 
self-sufficient. However, its sustainability has been questioned in view of decline in crop yields 
and factor productivity of fertilizers. Soils of Trans-Gangetic Plains (representing Punjab and 
Haryana) and Upper Gangetic Plains (representing Delhi and Western UP) plain suffering from 
production fatigue manifesting in terms of declining soil organic matter, multi-nutrient 
deficiencies and diminishing factor productivity. The excess mining of nutrients by the crops is 
more than their replenishment with fertilizer. The excess mining of nutrients by the crops is 
more than their replenishment with fertilizer. Even at moderate levels of production (6-8 t ha-1yr-

1) RWCS removes 300-400 kg ha-1 of N + P2O5 + K2O yr-1, nutrient removal is much higher on
farmer’s field, where productivity is 10 t ha-1 yr-1 or more. In addition, large amount of 
secondary and micronutrients are also removed (Prasad and Nagarajan 2004) [7]. The quality of 
crop produce is deteriorated due to entry of chemical residues in the plants system and then food 
chain. Extra-mining of nutrients will have to be arrested to ensure sustenance of soil health, 
which is need of the hour to ensure food and nutritional security of the country. For efficient use 
of fertilizers, all nutrients must be applied in balanced proportions contextual to the particular 
crop/cropping system. The N: P2O5: K2O (commonly referred to as NPK) consumption ratio 
(2018-19) of Haryana was 23.1:6.2:1 against ideal ratio of 4:2:1. Decline in the factor 
productivity of fertilizers year after year at the farmer’s level is a common sight (Devraj et al., 
2020) [1]. The inadequate and imbalanced fertilizer use has caused widespread nutrient (N, P, K) 
deficiencies and deterioration in soil health in many parts of India. There is an urgent need to 
narrow down the NPK consumption ratio to sustain the crop productivity and restore the soil 
health. 
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Materials and Methods 

Experimental site: The field trial was started at the CCSHAU 

Research farm, Rice Research Station, Kaul, located at 29°51‟N 

latitude and 76°39‟E longitude at the mean sea elevation of 254 

m in north-west part of India. The soil was alkaline in nature 

with clay loam texture having medium organic carbon and 

available nitrogen while high phosphorus and potassium. 

 

Experiment details: The study was conducted during the rice-

wheat cropping systems of 2021-22 and 2022-23. Treatments 

were distributed in 14 m × 12 m plots with three replications in 

Split- split plot design. The study included four organic 

treatments (FYM+FYM, RS+RDF, RDF+GM and RDF+RDF) 

as main plot treatments and four fertilizer treatments (control, 

75% RDF, 100% RDF and 125% RDF) as sub plot treatments. 

Nitrogen was applied in split dose as treatments wise. 

Phosphorus and potassium fertilizers were applied at the time of 

sowing in both crops. The farm yard manure (FYM) was applied 

in the treatment plots well before the sowing/transplanting of the 

crop. Treatment details for rice and wheat was given in table 1. 

The initial values of available N, P and K was 138.57, 25.88 and 

298.89 kg ha-1 respectively. 

 
Table 1: Treatment details of rice and wheat 

 

 Main plot treatments 

Sr. No.  Wheat Rice 

1. FYM+FYM FYM @ 15 t ha-1 FYM @ 15 t ha-1 

2. RS+RDF (B) 

Rice straw incorporation @ 

6t ha-1 + HAU waste 

decomposer 

RDF + Biofertilizer 

(Azotobacter + PSB) 

3. 
RDF 

(B)+GM 

RDF + Biofertilizer 

(Azotobacter + PSB) 

Green manuring 

(Dhaincha) 

4. RDF+RDF RDF RDF 

 Sub plot treatments 

1. 75% RDF 75% RDF 75% RDF 

2. 100% RDF 100% RDF 100% RDF 

3. 125% RDF 125% RDF 125% RDF 

4. Control Control Control 

 

Soil Sampling & Analysis 

After the harvest of each Crops, soil samples were collected for 

available N, P and K content in soil. The soil samples were air-

dried and grinded in wooden pestle-mortar and pass through 2 

mm sieve. The available N in soil was analyzed by Kjeldhal- 

distillation method (Subbiah and Asija 1956). Available P in soil 

samples was extracted by 0.5M sodium bicarbonate (pH 8.5) 

with activated charcoal and P concentration of extract 

calorimetrically measured at 660 nm by using spectrophotometer 

(Olsen et al., 1954) [6]. Available K in soil was extracted by 1N 

neutral NH4OAC and determined with the help of flame 

photometer (Jackson, 1973) [2].  

 

Statistical Analysis 

The data of each treatment related to soil samples were analyzed 

in split-split plot design. The critical difference (CD) was used 

to compare the effect of the treatment at p<0.05 using OPSTAT 

software (Sheoran et al., 1998) [10]. 

 

Results  

The value of soil pH decreased from 8.3 (initial) to 7.97 (Rice) 

and EC increased from 0.22 to 0.24 dS m-1 after one year of 

experiment (table 1). Among different sub-plots treatments non-

significant effect of nutrients were found on soil EC and pH. 

The interaction of main treatments and sub treatments on soil pH 

and EC were also non-significant.  

The highest (0.46%) soil organic carbon was observed in 

FYM+FYM treatment, followed by RS+RDF (B), RDF (B)+GM 

and least was observed in RDF+RDF (0.40) in one year of 

experiment. The practices of nutrients management in organic 

and inorganic treatments increased soil organic carbon upto 24% 

from its initial value (0.41%). 

 
Table 2: Effect of different nutrient management practices on soil EC, 

pH and soil OC in rice-wheat cropping system 
 

Treatments Soil EC (dS m-1) Soil pH Soil OC (%) 

FYM+FYM 0.24 7.97 0.46 

RS+RDF (B) 0.23 7.98 0.43 

RDF (B)+GM 0.23 7.99 0.44 

RDF+RDF 0.22 8.02 0.40 

S.Em± 0.00 0.006 0.002 

CD (p=0.05) (S) NS NS 0.007 

Sub plot (T) 

75% RDF 0.23 8.00 0.43 

100% RDF 0.24 7.99 0.43 

125% RDF 0.24 7.98 0.43 

Control 0.23 8.00 0.42 

S.Em± 0.00 0.003 0.003 

CD (p=0.05) (T) NS NS 0.008 

CD (p=0.05) (S*T) NS NS NS 

 

Available macronutrients 

It was observed that the available nitrogen was increased by 5.19 

to 16.6% in organic treatments, 7.5 to 16.2% in fertilizer 

treatments over the initial value of available nitrogen (138.57 kg 

ha-1) (table 2). The highest available P was observed in 

RDF+RDF (31.11 kg ha-1) and 125% RDF (31.28 kg ha-1) 

treatments, followed by RS+RDF (B) and 100% RDF treatments 

and least was observed in RDF (B)+GM and control (30.36 kg 

ha-1) in rice-wheat cropping system. Available potassium was 

found to be increased significantly from its initial value of 

298.89 kg ha-1 to 316.29 kg ha-1 (125% RDF) after one year of 

experiment. 

 
Table 3: Effect of different nutrient management practices on soil 

available N, P and K (kg ha-1) in rice-wheat cropping system 
 

Treatments 
Soil available N 

(kg ha-1) 

Soil available P 

(kg ha-1) 

Soil available K 

(kg ha-1) 

FYM+FYM 151.73 30.22 313.41 

RS+RDF (B) 155.96 31.43 313.75 

RDF (B)+GM 154.28 30.4 315.08 

RDF+RDF 154.44 31.11 311.57 

S.Em± 0.832 0.141 0.616 

CD (p=0.05) (S) 2.88 0.486 2.131 

Sub plot (T) 

75% RDF 153.18 30.6 312.88 

100% RDF 155.07 30.92 314.26 

125% RDF 156.72 31.28 316.29 

Control 151.44 30.36 310.37 

S.Em± 0.59 0.117 0.549 

CD (p=0.05) (T) 1.7 0.34 1.58 

CD (p=0.05) (S*T) S S S 

 

Discussion 

The available macronutrients of soil were found more in 

treatments where organic sources were applied as compare to 

https://www.agronomyjournals.com/
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control. This is due to fact that during the decomposition of 

organic matter, biological and chemical reactions were enhanced 

which results into release of bounded nutrients into soluble 

form. Among different sub-plots, the availability of 

macronutrients of soil were increased as the application of 

inorganic fertilizers were increase from 75% RDF to 125 RDF. 

This might be due to direct application of inorganic form of 

nutrients, resultant into increase in availability of nutrients in 

soil. Similar results were reported by Singh et al. (2007) [11] and 

Urkurkar et al. (2010) [13], Satyanarayana and Janawade, (2009) 
[8] and Meena et al. (2008) [5], Kumar et al. (2020) [4], Sharma et 

al. (2023) [9] and Kumar et al. (2012) [3]. Also in case of 

phosphorus and potassium, the organic matter reacts with 

sesquioxides which make them inactive giving ample quantity of 

available phosphorus for plants (Urkurkar et al. 2010) [13]. 

 

Conclusion 

The experiment highlights the complex interplay between 

different nutrient management practices and their impact on soil 

properties and nutrient dynamics. The results underscore the 

potential of integrated nutrient management strategies to 

improve soil health and support sustainable crop production in 

rice-wheat cropping systems. 
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