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Introduction 

 

Nitrogen is essential for the normal growth 

of plants. All vital physiological processes are 

related to this nutrient. It is a basic 

constituent of many compounds of primary 

physiological importance to plant 

metabolism, such as chlorophyll, nucleotide, 

Abstract 

 

The aim of the study was to find out the possibility of reducing N (Nitrogen) and P (Phosphorus) 

doses of cereal and legume crops in cropping system through efficient use of nutrients. The 

treatments comprising two levels of organic manures (FYM @ 0 and 5 t/ha) and three levels of 

phosphorus to rainy season urdbean (0, 25 and 50 kg/ha) and three levels of nitrogen (25, 37.5 

and 50 kg/ha) to winter wheat were applied. Pooled data of two years indicated that the 

application of 5 t FYM/ha in rainy season increased the yield of both urdbean and wheat 

(succeeding) significantly over 0 t FYM. Among the P2O5 levels, 25 and 50 kg/ha were on par 

with each other to have effect on both urdbean and wheat yield. Among the N levels of wheat, 50 

kg/ha was significantly superior over the reduced doses of nitrogen (37.5 and 25 kg/ha) in 

wheat yield. When wheat equivalent yield, net returns, B:C ratio and production efficiency were 

considered, the application of 5 t FYM/ ha was able to reduce the P dose to urdbean to fifty 

percent and N dose of succeeding wheat to twenty five percent. There was a difference in the 

estimated nutrient balance and the actual loss/gain. All   the three nutrients were actually 

gained due to the application of 5t FYM in comparison to no FYM. There was higher N and P use 

efficiency under this system (with FYM) compared to control (no FYM). 

 
Keywords: FYM, Nitrogen, Phosphorus, Wheat equivalent yield, nutrient use efficiency 
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proteins, alkaloids, enzymes, hormones and 

vitamins. Hence, nitrogen is a nutrient 

required by plants in comparatively large 

amounts than the other soil borne elements. 

Nitrogen must be supplied to the plant 

through inorganic fertilizer for an optimal 

yield and replenishment of removed soil 

nitrogen. For the manufacture point of view, 

nitrogenous fertilizers are most energy 

consuming compared to P and K fertilizers. 

Under the present energy crisis situation, 

grain legumes (pulses) are the boon for 

agriculture sector. They have unique capacity 

to fix atmospheric nitrogen (50-200 

kg/ha/year) which helps to reduce the 

nitrogen dose to succeeding crop. Hence, in 

cropping systems, legume and cereal 

inclusion is very important. Usually legumes 

and cereals require higher amount of 

phosphorus and nitrogen, respectively due to 

their biological requirement. Under the 

present energy crisis situation, we have to 

reduce the dosage of chemical fertilizers to 

the crops. Apart from this, it is known that 

continuous application of chemical fertilizers 

has deleterious effect on soil health leading 

to unsustainable yields and volatilization, 

denitrification of nitrogen cause 

environmental hazards. Leaching losses of 

nitrogen which enters into deep layers of soil 

and further cause ground water pollution.  

 

 There is a need to improve nutrient supply 

system in terms of integrated nutrient 

management involving the use of inorganic 

and organic sources of nutrients in each 

cropping system. It is necessary to find out 

optimum quantity of P and N, respectively, to 

urdbean (legume) and wheat (cereal) crops 

under double cropping system of urdbean 

followed by wheat when organic manure was 

applied. Under the present energy crisis 

situation, it is necessary to work out the 

nutrient use efficiency for each crop 

production system for each crop under 

different situations. Keeping the above aspect 

in view, a study was undertaken to 

determine the doses of P and N to urdbean 

and wheat when FYM was applied for an 

efficient use of nutrients.  

 

Material and methods 

 

The experiment was conducted at Main 

Agricultural Research Station (MARS), 

University of Agricultural Sciences, Dharwad 

during the rainy/winter seasons of 2009 to 

2011 under rainfed condition. The 

geographical co-ordinates of Dharwad are 

15°26’ N latitude and 75°7’ E longitude and 

an altitude of 678 m above mean sea level. It 

is located in the Northern Transition Zone of 

Karnataka which has semi arid climate. The 

soil of the experimental site was clayey in 

nature and having available N, P and K of 211, 

13.6 and 270.6 kg/ha (initial nutrient status 

of the soil), respectively. Organic carbon (%) 

and pH of the soil were, respectively, 0.52% 

and 7.2. Organic manure used in the 

experiment was having 0.5, 0.2, 0.5 and 15 

percent N, P, K and C, respectively.   During 

rainy season, the treatments comprised two 

levels of organic manures (Farm yard 

manure @ 0 and 5 t/ha) and three levels of 

phosphorus to urdbean (0, 25 and 50 kg/ha) 

with a common dose of 25 kg/ha of N. During 

winter, three levels of nitrogen (25, 37.5 and 

50kg/ha) were applied with common dose of 

phosphorus of 25 kg/ha to wheat. The 

experiment was laid out in split plot design 

with combinations of organic manure and P 

levels to urdbean in rainy season as main 

plots and N doses to wheat during winter as 

sub plots. Organic manure (FYM) was applied 

three weeks before sowing. Urdbean 

genotype TAU-1 was shown on 12 and 10 

June of 2009 and 2010 respectively. Wheat 

genotype DWR-2006 was shown on 5, 10 and 

15 - October of 2010 and 2011, respectively.   

The dried samples of plant were ground in a 

Willy mill, passed through 40-mesh sieve. 

Plant N, P and K were estimated following 

the methods as advocated by Jackson (1973). 

Soil samples were collected from each plot 

after crops harvest from 0-20 cm depth, air 

dried and sieved (2 mm mesh). Soil available 

nitrogen, phosphorus and potassium were 

estimated by alkaline potassium 

permanganate Subbiah and Asija (1956), 

sodium bicarbonate Olsen et al. (1954) and 

ammonium acetate Hanway and Heidel 

(1952) method respectively.  
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The data collected on different parameters 

were subjected to statistical analysis 

following the procedure described by Gomez 

and Gomez (1984). The significance of 

difference between means was tested 

through ‘F’ test and the critical difference 

(CD/LSD) was worked out where variance 

ratio was found significant for treatment 

effect. The treatment effects were tested at 

5% confidence level for their sign

The nitrogen (N)-use efficiencies were 

computed with the formulae given below: 

 

Agronomic-use efficiency (kg grain/kg N 

applied) = (Yt -Yo)/Na 

 

Where: Yt = Grain yield in the test treatment 

(kg/ha) 

 

       Yo = Grain yield in the control plot 

(kg/ha) 

 

             Na = N applied to the test treatment 

(kg/ha) 

 

Phosphorus and potassium-use efficiency 

was computed in a similar way as that of N

use efficiency.  

 

Wheat equivalent yield (WEY) was worked 

out based on gross return obtained by both 

urdbean and wheat crops and divided by 

selling price of wheat. 

.                                                                 

Wheat equivalent yield (kg/ha)   =    _______  

                                                                      

Where, A=yield of urdbean(kg/ha)  B= yield 

of wheat (kg/ha)   

a=price of urdbean(  /kg)      b=price of 

wheat(  /kg) 

For working out the price of urdbean and 

wheat selling price of economic

crops was considered. Driving factors for 
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The data collected on different parameters 

were subjected to statistical analysis 

procedure described by Gomez 

ignificance of 

difference between means was tested 

through ‘F’ test and the critical difference 

(CD/LSD) was worked out where variance 

ratio was found significant for treatment 

effect. The treatment effects were tested at 

5% confidence level for their significance. 

use efficiencies were 

computed with the formulae given below:  

use efficiency (kg grain/kg N 

Where: Yt = Grain yield in the test treatment 

Yo = Grain yield in the control plot 

Na = N applied to the test treatment 

use efficiency 

was computed in a similar way as that of N-

Wheat equivalent yield (WEY) was worked 

out based on gross return obtained by both 

n and wheat crops and divided by 

                                  Aa x Bb 

Wheat equivalent yield (kg/ha)   =    _______   

             b 

Where, A=yield of urdbean(kg/ha)  B= yield 

)      b=price of 

For working out the price of urdbean and 

of economic yield of both  

Driving factors for 

selling prices are prevailing weather 

condition, demand and supply of the crops in 

the market.  

 

Estimated nutrient balance was carried out 

using the equation(X)   X = A+B-

 

Where    A = Initial nutrient status of the soil 

(N =216: P2O5 =31: K2O=356 kg/ha)

 

                   B= Added nutrients (kg/ha)

form of fertilizers and organic manures 

 

                C = Up take of nutrients

 

Actual loss/gain was carried out using the 

equation (Y)          Y = D-A 

 

Where      D = Final Nutrient status

                 A = Initial nutrient status of the soil 

(N =216: P2O5 =31: K2O=356 kg/ha)

 

Gross returns (RS/ha) was calculated using 

the following formula  

 

Gross returns (RS/ha) = Quantity of the 

economic yield (kg/ha) + Qt. of byproduct of 

the crop (kg/ha) 

 Price of the crop (Rs/kg)         

crop (Rs/kg) 

 

Net returns (Rs/ha) = Gross returns 

cultivation 

 

B: C ratio = Gross returns/cost of cultivation

 

Results and Discussion 

 

System Productivity 

 

Pooled data of two year (4season) 

that total system productivity (WEY) varied 

significantly due to P and N management in 

urdbean and wheat, respectively. 

application of 5 t FYM/ha along with 25 kg P 

(50% of recommended dose) to urdbean 

irrespective of N doses to wheat recorded 

higher WYE  over the same levels of P and N 

without FYM application (Table 2). System 

production depends upon management 

practices that cannot accomplish the present 
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rices are prevailing weather 

, demand and supply of the crops in 

was carried out 

-C 

A = Initial nutrient status of the soil 

O=356 kg/ha) 

(kg/ha) in the 

form of fertilizers and organic manures  

C = Up take of nutrients (kg/ha)  

Actual loss/gain was carried out using the 

Final Nutrient status (kg/ha) 

A = Initial nutrient status of the soil 

O=356 kg/ha) 

Gross returns (RS/ha) was calculated using 

Quantity of the 

Qt. of byproduct of 

       Price of the 

Net returns (Rs/ha) = Gross returns – cost of 

= Gross returns/cost of cultivation 

of two year (4season) indicated 

otal system productivity (WEY) varied 

significantly due to P and N management in 

urdbean and wheat, respectively. The 

pplication of 5 t FYM/ha along with 25 kg P 

(50% of recommended dose) to urdbean 

doses to wheat recorded 

higher WYE  over the same levels of P and N 

without FYM application (Table 2). System 

production depends upon management 

practices that cannot accomplish the present 
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demands of the crop but also carry forward 

sufficient amount of nutrients capital for the 

follow up crop. Mahavishnan et al., (2005) 

reported that when FYM was applied to 

cotton crop about 30% N, 60-75% P and 80% 

K became available to the immediate follow 

up crop. Apart from this grain legumes are 

known to improve the productivity of 

succeeding crop due to improvement in 

nutrient use efficiency and biological 

nitrogen fixation Dwivedi et al., (2003). 

 

The inclusion of P in the fertilization 

schedule enhanced yield of urdbean over N 

alone and the magnitude of increase was 

more under  5 t FYM + 50 kg P. The yield 

response to 50 kg P/ha over 25 kg P and 0 kg 

P was 5.27 and 14.49%, respectively. The use 

of 5 t FYM along with 25 kg P to urdbean and 

37.5 kg N to wheat brought an additional 

wheat equivalent yield of 389 kg (10.6%) 

over 0 t FYM along with 50 kg P to urdbean 

and 50 N to wheat.  

 

Economic efficiency  

 

The highest values of gross returns (42904 

Rs/ha), net returns 22749 Rs /ha) and B : C 

ratio (2.12)  were recorded in 5 t FYM+50 kg 

P+37.5 kg N. This treatment gave 20.9 % 

higher net return over control (0 t FYM+50 

kg P+50 kg N). Economic efficiency (107.22-

119.73/ha/day) was almost comparable 

among the treatments T13 to T18, where 5t 

FYM was added with 25 or 50 kg P/ha to 

urdbean and 25 to 50 kg N to wheat. This 

was attributed to the higher yield of urdbean 

and wheat recorded in these treatments. 

These results corroborate with those of 

Gopinath and Mina, (2011). 

 

Agronomic use efficiency of N, P and K 

 

Incremental rates of the fertilizer N brought 

concomitant decrease in the N use efficiency 

under both with and without FYM 

application systems (Fig.1). Results 

suggested higher N use efficiency under the 

treatments receiving both P and FYM 

compared to those receiving  N or P 

alone. Highest N use efficiency was observed 

where 5t FYM was applied with 50 kg P2O5  to 

urdbean and 50% RDN to wheat (T18).  

 

With respect to P also, the same trend was 

observed. Singh et al., (2006) also noticed 

similar results in rice-wheat system. In both 

systems of FYM application, agronomic P use 

efficiency was high consequent to the 

application of fertilizer N. Wherever FYM was 

applied along with P, nitrogen effect was not 

seen on P use efficiency. The highest P use 

efficiency was observed where 5t FYM was 

applied with 0 kg P2O5 to urdbean and 100% 

N to wheat. With regard to K use efficiency, 

the same trend followed with N 

application.The treatments T1-T9 received 0 

kg K2O/ha and treatments T10-T18 received 

25 kg K2O/ha (through 5t FYM). The 

treatment receiving 5 t FYM along with 50kg 

P2O5 to urdbean and 50% N to wheat (T18) 

recorded the highest K use efficiency.  

Nutrient balance sheet: 

 

The estimated balance sheet, (×=A+B-C, in 

table-2) which was computed by 

substraction of nutrient uptake of the crops 

from nutrient addition from different sources 

(through soil, fertilizer, organic manure etc..) 

revealed negative N balance under all 

treatments applied with 5t FYM/ha.  where 

as actual loss/gain  (Y=D-A, in table-2) in all 

the treatments having 5t FYM were having 

higher values for N gain than those 

treatments without FYM. This difference may 

be due to the reason that the contribution of 

biological nitrogen fixation in urdbean was 

not measured while computing estimated N 

balance. Literature indicates that legumes 

may decline 54-70% of their N requirement 

through BNF (Awonaike etal, 1990).  

 

 P2O5 values were positive in the estimated 

balance sheet since both crops of the system 

removed less P2O5 than the addition through 

the fertilizer and other sources, with 

consequent increase in P2O5 application, 

values for P2O5 balance also increased. There 

was actual gain in P2O5   and K2O values when 

5t FYM was applied compared to no FYM 

application. However, biological nitrogen 

fixation in urdbean was not measured while 
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computing estimated N balance, which was 

the limitation of the study 

 

Conclusion 

 

The result of the above study concluded that 

wheat equivalent yield, gross returns, net 

returns and B: C ratio were not reduced 

significantly when 5t FYM/ha was applied 

along with 25 kg P2O5 to urdbean and 37.5 kg 

N to wheat. There was higher N and P use 

efficiency under this system compared to the 

application of 50 kg P2O5  and  50 kg N to 

urdbean and wheat, respectively without 

FYM application. 
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Table 1: System productivity and 

Treatment Wheat 

equivalent 

yield 

(kg/ha) 

T1:0 t FYM + 0 kg P + 50 kg N 2883 

T2:0 t FYM + 0 kg P + 37.5 kg N 2923 

T3:0 t FYM + 0 kg P +  25kg  N 2842 

T4:0 t FYM + 25 kg P + 50 kg N 3480 

T5:0 t FYM + 25  kg P +  37.5kg  N 3469 

T6:0 t FYM + 25  kg P +  25kg N 3140 

T7:0 t FYM + 50 kg P + 50kg N 3669 

T8:0t FYM + 50 kg P + 37.5kg N 3604 

T9:0 t FYM + 50 kg P +  25kg N 3577 

T10:5 t FYM + 0 kg P + 50 kg N 3983 

T11:5 t FYM + 0 kg P + 37.5kg N 4135 

T12:5 t FYM + 0 kg P +  25kg N 4045 

T13:5 t FYM + 2 5 kg P + 50 kg N 4275 

T14:5 t FYM + 25  kg P +  37.5kg N 4255 

T15:5 t FYM + 25  kg P +  250kg N 4123 

T16:5 t FYM + 50 kg P + 50 kg N 4250 

T17:5 t FYM + 50 kg P + 37.5kg N 4309 

T18:5 t FYM + 50 kg P + 25 kg N 4316 

SEm±±±± 97 

CD at 5% 291 
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ductivity and economics of urdbean - wheat  cropping system (Pooled)

 

equivalent 

 

Production 

efficiency 

(kg /ha/day) 

Economic 

efficiency 

( /ha/day) 

Cost of 

cultivation 

( /ha) 

Gross returns 

( /ha) 

15.17 72.58 17127 30917 

15.38 72.68 16874 30684 

14.96 59.88 16622 28000 

18.32 91.46 17505 34883 

18.26 92.18 17253 34768 

16.53 75.48 17001 31342 

19.31 99.03 17884 36700 

18.97 97.08 17632 36078 

18.83 90.86 17379 34642 

20.96 100.11 19675 38696 

21.76 100.31 19423 38481 

21.29 86.87 19221 35726 

22.50 107.22 20029 40799 

22.39 109.23 19776 40529 

21.57 110.80 19524 40576 

22.37 115.58 20407 42367 

22.68 119.73 20155 42904 

22.72 116.57 19903 42051 

0.72 4.2  1230 

2.16 12.6  3530 

Research in Agriculture and Agronomy, DOI: 10.5171/2016.998551 

cropping system (Pooled) 

 Net returns 

( /ha) 

B:C 

ratio 

13790 1.80 

13810 1.82 

11378 1.68 

17378 1.98 

17515 2.01 

14341 1.84 

18816 2.05 

18446 2.06 

17263 1.99 

19021 1.96 

19058 1.98 

16505 1.85 

20371 2.04 

20753 2.05 

21052 2.07 

21960 2.09 

22749 2.12 

22148 2.11 

1230 0.03 

3530 0.09 
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Table 2: Nutrient balance of urdbean - wheat cropping system 

 

Initial nutrient status of soil (A) =216Kg/ha N,  31 Kg/ha P 2O5 and 356 Kg/ha K2O

 

Treatment 
Added 

(B) 

Uptake 

(C) 

 

Final  

 Nutrient 

 status (D) 

Estimated nutrient  

Balance (××××=A+B-C) 

 

Actual loss/gain 

              Y=D-A 

 

N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O N P2O5 K2O 

T1 : 0 t FYM + 0 kg P + 50 kg N 75.0 25.0 0.0 247.9 36.5 347.3 226.5 29.69 326.2 43.1 19.5 8.7 10.5 -1.31 -29.8 

T2:  0 t FYM + 0 kg P + 37.5 kg N 62.5 25.0 0.0 246.6 36.2 348.7 223.5 31.26 324.0 31.9 19.8 7.3 7.5 0.26 -32.0 

T3: 0 t FYM + 0 kg P +  25kg  N 50.0 25.0 0.0 233.4 33.8 349.2 224.9 31.86 322.4 32.6 22.2 6.8 8.9 0.86 -33.6 

T4: 0 t FYM + 25 kg P + 50 kg N 75.0 50.0 0.0 252.4 42.2 348.2 227.0 31.23 335.2 38.6 38.8 7.8 11.0 0.23 -20.8 

T5: 0 t FYM + 25  kg P +  37.5kg  N 62.5 50.0 0.0 250.5 42.0 347.9 224.1 32.64 334.5 28.0 39.0 8.1 8.1 1.64 -21.5 

T6: 0 t FYM + 25  kg P +  25kg N 50.0 50.0 0.0 241.2 37.1 347.9 219.2 33.92 331.6 24.8 43.9 8.1 3.2 2.92 -24.4 

T7: 0 t FYM + 50 kg P + 50kg N 75.0 75.0 0.0 263.5 45.0 349.1 226.5 34.32 342.2 27.5 61.0 6.9 10.5 3.32 -13.8 

T8: 0 t FYM + 50 kg P + 37.5kg N 62.5 75.0 0.0 258.3 44.1 350.1 224.1 36.63 340.8 20.2 61.9 5.9 8.1 5.63 -15.2 

T9: 0 t FYM + 50 kg P +  25kg N 50.0 75.0 0.0 256.2 40.7 351.2 222.4 36.62 338.7 9.8 65.3 4.8 6.4 5.62 -17.3 

T10: 5 t FYM + 0 kg P + 50 kg N 75.0 35.0 25.0 305.8 51.3 359.5 279.3 36.57 361.0 -14.8 14.7 21.5 53.3 5.57 5.0 

T11: 5 t FYM + 0 kg P + 37.5kg N 62.5 35.0 25.0 306.4 51.5 360.2 266.2 35.68 375.1 -27.9 14.6 20.8 40.2 4.68 19.1 

T12: 5 t FYM + 0 kg P +  25kg N 50.0 35.0 25.0 285.2 46.5 361.2 250.7 39.35 372.4 -19.2 19.5 19.8 34.7 8.35 16.4 

T13: 5 t FYM + 2 5 kg P + 50 kg 

N 75.0 60.0 25.0 326.0 61.1 362.4 284.2 43.56 383.2 -35.0 29.9 18.6 58.2 12.56 27.2 

T14: 5 t FYM + 25  kg P +  37.5kg 

N 62.5 60.0 25.0 323.8 52.7 362.4 267.2 44.87 382.2 -45.3 38.3 18.6 51.2 13.87 26.2 

T15: 5 t FYM + 25  kg P +  250kg N 50.0 60.0 25.0 321.8 50.3 363.6 257.4 46.36 380.8 -55.8 40.7 10.6 46.4 15.36 24.8 

T16: 5 t FYM + 50 kg P + 50 kg N 75.0 85.0 25.0 344.0 56.8 364.9 271.3 46.92 398.7 -53.0 59.3 7.5 65.3 15.92 42.7 

T17: 5 t FYM + 50 kg P + 37.5kg N 62.5 85.0 25.0 340.7 54.6 366.2 259.3 48.93 395.9 -62.2 61.4 5.8 56.3 17.93 39.9 

T18: 5 t FYM + 50 kg P + 25 kg N 50.0 85.0 25.0 338.5 52.8 368.3 249.1 51.23 392.9. -72.5 63.2 2.8 53.1 20.23 37.0 
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Figure 1 
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