
RJCES Vol 5 [5] October 2017                     49 | P a g e      © 2017 AELS, INDIA 

 

 

 

OORRIIGGIINNAALL  AARRTTIICCLLEE  
 

Effect of Balanced Nutrition on Productivity, Soil Fertility and 
Economics of Rice (Oryza Sativa L.) – Maize (Zea Mays (L.) 

Cropping System under Kosi Zone of Bihar 
 

Dilip Kumar Mahto* R P Sharma1, Santosh Kumar Chaudhary2, S K Yadav3 and Vikash Kumar4 

*2Department of Agronomy, NCOH, Noorsarai, Nalanda-803113 
1Department of Agronomy, BAC, Sabour, Bhagalpur 

3Department of Soil Science and Agriculture Chemistry NCOH, Noorsarai, Nalanda-803113 
4Department of PFDM (ABM), MANAGE, Hyderabad 

Corresponding author’s:  dilipkr_mahto@rediffmail.com 

 
ABSTRACT 

A field experiment was conducted during kharif and rabi season of 2012-13 at farmers’ field of Jalalgarh and Kasba 
blocks of Purnea district,in Zone II of  Bihar, to study the response of rice-maize cropping sequence to balanced nutrition. 
The experiment consisted of 7 treatments combinations, viz. absolute control, recommended N alone, recommended N 
and P, recommended N and K, recommended N, P and K, recommended NPK with ZnSO4 and farmers’ practice. ZnSO4 
was not applied in maize crop owing to observe is residual impact, applied in rice. This experiment replicated in 24 
farmers’ field. Application of 80 kg ha-1 N, 40 kg ha-1 P and 20 kg ha-1 K along with 25 kg ha-1 ZnSO4 to rice recorded 
significantly higher grain (43.22 q ha-1) as well as straw (63.11 q ha-1) yield and in the same plot in succeeding maize 
application of 120 kg ha-1 N, 75 kg ha-1 P and 50 kg ha-1 K also recorded significantly higher grain (77.96 q ha-1) and 
stalk (107.96 q ha-1) yield. Similarly, the maximum system rice equivalent yield (158.4 q ha-1) and productivity (43.4 kg 
ha-1 day-1) were also achieved under this nutrient combination. Significantly higher cost of cultivation (61606 ha-1), gross 
return (1, 64,271 ha-1), net return (1, 02,665 ha-1), B: C ratio (2.02) for rice-maize cropping system was also recorded 
with the same treatment combination. Soil analysed after harvest, that differed significantly in available N P and K 
although, OC was found non significant. 
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INTRODUCTION 
The Kosi river basin of Bihar spread over an area of 11410 Sq. Km and represents lowland agroecosystem 
with medium textured sandy clay loam soils. Farmers used to grow high yielding varieties of rice during 
wet season followed by maize/wheat and green gram/maize in rabi and summer respectively. Among 
them rice-maize is the dominant cropping system and greatly support the livelihood of the rural people. 
During the last 30 years as a result of intensified crop management involving improved germplasm, 
greater use of fertilizer and irrigation, the yield has markedly increased in India in cereal-based system. 
During the period 1950-51 to 2007-08, the cereal production in the country increased by 5 times, 
whereas the fertilizer consumption increased by 322 times, implying a very low fertilizer use efficiency 
[10]. A decline in partial factor productivity of nitrogenous fertilizer is the most commonly observed 
effect of intensive cereal-based systems. Decline in soil N supply results in declining factor productivity of 
chemical nitrogen, because soil N is natural substitute for chemical nitrogen. In addition to nitrogen, 
phosphorus and potassium are the most important nutrient elements required by the cereal-based 
systems. In post green revolution era multiple-nutrient deficiency including micronutrients is one of the 
important problems making system unsustainable [6]. Moreover, deficiency of Zn is very frequent in rice-
based intensive system with no or little application of Zn fertilizer [12]. Therefore, balanced fertilization 
application paves the way for optimum plant nutrient supply to realize full yield potential of crop. 
However, continuous use of imbalance fertilizers causes decline in soil fertility and yield reduction. 
Considering this fact, a participatory research was carried out at farmers’ field to quantify the 
productivity potential of rice-maize cropping system with set of nutrient combination treatments. 
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MATERIALS AND METHODS 
The field experiment was conducted in Randomized Block Design, during kharif and rabi seasons of 2012-
13, on farmers’ field of Jalagarh (Chak, Kachnahar and Hansi villages) and Kasba (Sabdalpur, Dogachhi 
and Kulakhas villages) blocks of Purnea district, situated in Kosi Zone of Bihar. The mean value of physical 
and chemical characteristics of soils over the sites at the initiation of experiment indicated that, soil is 
sandy clay loam with soil pH 6.7, EC 0.09 dS/m, organic carbon 0.36, available N 212 kg ha-1, available P 
15.08 kg ha-1, available K 195.33 kg ha-1. The experiment comprised of 7 treatments, viz. control (no 
fertilizer), recommended N, NP, NK, NPK, NPK+ZnSO4 and farmers’ practice, applied to rice and maize in 
sequence. In case of NPK+ZnSO4, ZnSO4 was only applied to rice crop. At each site/village, 4 farmers 
were selected thus making 24 farmers and all the 7 treatments were allotted in each of the farmers’ field 
taking a block of 532 m2 area (net plot) i.e. the area of treatment at every farmers’ plot was 76 m2.  The 
data was statistically analysed with the help of analysis of variance (ANOVA) technique as suggested by 
Gomez and Gomez (1984) for a randomized block design. The results are presented at 5% level of 
significance (p=0.05) for making comparison between treatments. Rice cultivar ‘Rajendra Sweta’ and 
maize ‘Saktiman-3’ were grown. The recommended dose of N:P2O5 : K2O:ZnSO4 in rice was 80:40:20:25 kg 
ha-1 respectively, while for maize it was 120:75:50:0 kg ha-1. In farmers’ practice 60:30 and 10 kg ha-1 N, 
P2O5 and K2O respectively was applied in rice, whereas in maize 90, 50 and 20 kg ha-1 N, P2O5 and K2O 
respectively were applied. Both the crops were raised with recommended package of practices under 
irrigated condition. Grain and straw yield were considered as economic yield, in both the crops. The 
maize yield was converted into rice-equivalent yield (REY) based on prevailing market price in the 
respective years. Production efficiency in terms of kg ha-1 day-1 was calculated by dividing the total REY of 
rice-maize system with 365 days [2]. 
 
RESULTS AND DISCUSSION 
Productivity of rice and maize 
Application of recommended dose of NPK along with ZnSO4 resulted significantly higher grain (43.22 q 
ha-1) and straw (63.11 q ha-1) yield of rice and grain (77.96 q ha-1) and stalk yield (107.96 q ha-1) of maize 
(Table 1). The increase in grain yield of rice due to application of recommended doses of NPK along with 
ZnSO4 was 151.1, 56.2, 20.9, 32.6, 7.9 and 36.4 percent higher over the control, N, NP, NK, NPK and 
farmers’ practice respectively (Table 1). Further in succeeding maize, the increase in grain yield with NPK 
along with ZnSO4 (residual effect) were to the tune of 133.3, 50.9, 15.3, 25.6, 1.4 and 24.9 percent over 
control, N, NP, NK, NPK and farmers’ practice respectively. Again with respect to system REY and system 
productivity, NPK along with ZnSO4 recorded significantly higher value (158.4 q ha-1 and 43.4 kg ha-1 day-

1 respectively) in comparison with other nutrient treatments (Table 1). Significant improvement in grain 
yield of rice and maize may be attributed to improvement of P that promote better root development and 
subsequently absorption of N, while K is involved in N metabolism in cereals. Further, soils of the 
experimental sites are deficient in Zn; the application of this deficit nutrient helped both the crops to 
record higher yields over NPK treatment alone. The results are in agreement with [9, 11, 5, 1]. 
Response of nutrients  
The response (kg grain per kg nutrient applied) of N, P and K over control, was 13.1, 19.4 and 23.1 for rice 
and 15.2, 20.5 and11.40 for maize and 18.2, 26.5 and 27.1 kg for rice-maize system respectively (Table 2). 
Although, response of NP, NK and NPK over control was observed 15.4, 15.3 and 16.3 and 16.3, 15.8 and 
16.7 kg grains obtained per kg nutrients applied in rice and maize crops respectively (Table 3). The 
response of P over N and NK was found 20.2 and 18.7 in rice and 7.6 and 5.7 in maize crops. The response 
of K over N and NP were observed 4.9 and 3.6 in rice and 6.1 and 3.5 in maize. The response of Zn over 
NPK recorded 1.9 in rice and 1.4 in maize. Kumar et al., [7] and Hiremath et al., [4] also recorded similar 
findings. 
Post-harvest nutrient status of soil 
The higher value (Table 4) of organic carbon and available N, P, K were observed with the application of 
80 kg N, 40 kg P2O5, 20 kg K2O, and 25 kg ZnSO4 to rice and 120 kg N, 75 kg P2O5, 50 kg K2O to the 
succeeding maize in same plot over the other treatment combinations. It might be due to balanced 
fertilizer application. Kumar et al., [8] reported significant improvement in post-harvest soil fertility in 
elevated doses of fertilizer. 
Economic analysis of cropping system 
Application of 80 kg N, 40 kg P2O5, 20 kg K2O along with ZnSO4 @ 25 kg ha-1 in rice and 120 kg N, 75 kg 
P2O5, 50 kg K2O in maize in same plot resulted in significantly higher cost of cultivation (Rs. 61606 ha-1), 
gross return (Rs. 195153.9 ha-1), net return (Rs.133547.9 ha-1) and benefit: cost ratio (2.17) of the rice-
maize system over the remaining nutrient combinations (Table 5). Whereas, the control treatment 
recorded the significantly lower cost of cultivation of the system (Rs.51275 ha-1), system gross return 
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(Rs.73376.0 ha-1), system net return (Rs. 22101.0 ha-1) and benefit-cost ratio (0.43). Though, 
recommended NPK along with ZnSO4 recorded the highest cost of cultivation due to highest level of 
fertilizer application, at the same time this treatment recorded the highest level of yield for both the crops 
and the marginal gain is higher than any of the treatments. Similarly, in control treatments though, the 
cost of cultivation is the lowest owing to no fertilizer application, at the same time this treatment 
recorded the minimum level of yield for both the crops and marginal gain was also the lowest. These 
findings are in line with those of Sharma et al. [13].  
It may be concluded that the application of 80 kg N, 40 kg P2O5, 20 kg K2O, 25 kg ZnSO4 to rice and 120 kg 
N, 75 kg P2O5, 50 kg K2O in succeeding maize with the residual effect of ZnSO4 applied in rice are required 
to harvest optimum crop yield, maintaining soil fertility and economic returns in rice-maize cropping 
sequence under Kosi region of Bihar. 
 

Table 1: Grain/seed, straw yield and rice equivalent yield (REY) as influenced by nutrient combinations in 
rice-maize cropping system 

Treatments  
Rice grain 

yield (q ha-1) 
Rice straw 

yield (t ha-1) 
Maize grain 

yield (q ha-1) 

Maize stalk  
yield (q ha-1) 

REY (q 
ha-1) 

System 
Productivity  
(kg ha-1 day-1 

Control  17.21 24.93 33.41 46.44 65.76 18.02 
N 27.67 39.03 51.67 71.82 102.19 28.00 

NP 35.73 51.30 67.62 94.00 133.95 36.70 
NK 32.58 46.58 62.05 86.87 122.43 33.54 

NPK 40.06 57.75 76.88 100.63 151.73 41.57 

NPK + ZnSO4 43.22 63.11 77.96 107.96 158.40 43.40 
Farmers’ 
practice 

31.68 44.75 62.39 
86.72 

121.01 
33.15 

SEm(±)      - 
LSD (0.05%) 1.24 1.84 1.93 2.64 5.82 - 

 
Table 2: Response of plant nutrients as kg grains obtained per kg nutrient applied 

Treatment 
Kg grain kg-1 nutrient applied 

Rice-Maize system 
Rice  Maize  

Nitrogen (N) 13.1 15.2 18.2 
Phosphorus (P2O5) 19.4 20.5 26.5 

Potash (K2O) 23.1 19.6 17.1 
 

Table 3: Response of plant nutrients as kg grains obtained per kg nutrient applied 
Treatment Response over control  Response of P Response of K ZnSO4 

 N NP NK NPK Over N Over 
NK 

Over 
N 

Over 
NP 

Over NPK 

Rice  13.1 15.4 15.3 16.3 20.2 18.7 4.9 3.6 1.9 
Maize  15.2 16.3 15.8 16.7 7.6 5.7 6.1 3.5  

 
Table 4: Post-harvest soil-nutrient status as influenced by nutrient combinations in rice-maize cropping 
system  

Treatments  
OC 
(%) 

Available N (kg 
ha-1) 

Available P  
(kg ha-1) 

Available K  
(kg ha-1) 

Control  0.370 219.79 15.11 198.33 
N 0.379 230.87 14.99 198.46 

NP 0.373 230.83 15.14 201.39 
NK 0.373 228.12 15.21 204.26 

NPK 0.372 217.00 15.27 200.79 

NPK + ZnSO4 0.372 215.50 15.26 203.66 

Farmers’ 
practice 

0.375 227.00 15.23 200.25 

SEm(±) 0.004 2.20 0.06 1.22 
LSD (0.05%) NS 6.17 0.17 3.14 
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Table 5: Economics of rice-maize cropping system as influenced by nutrient combinations 

Treatments  
Gross return 

(Rs.)  
Cost of cultivation (Rs.)   Net return (Rs.) B: C ratio 

Control  73376.0 51275.0 22101.0 0.43 
N 119220.8 54049.0 65171.8 1.21 

NP 158545.8 58209.0 100336.8 1.72 
NK 145329.3 55435.0 89894.3 1.62 

NPK 184148.8 60856.0 123292.8 2.03 
NPK + ZnSO4 195153.9 61606.0 133547.9 2.17 

Farmers’ practice 146934.4 56456.0 90478.4 1.60 
LSD (0.05%) 73376.0 51275.0 22101.0 0.43 
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