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ABSTRACT 
 

A field experiment was conducted during 2000-2001 and 2001-2002 to evaluate the effect of 
5 organic sources of nutrients with 4 levels of N to rice and 3 levels of N to wheat on 
balance of total N and organic matter as well as available N, P and K content of soil in rice-
wheat system. The change in organic matter and total soil nitrogen over a period of two 
years of cropping cycle in 0-20 and 20-40 cm soil depth was only marginal, however, the 
values were higher in green manured plots. Nitrogen fertilizer application to rice and wheat 
showed increase in organic carbon and total soil nitrogen in both 0-20 and 20-40 cm soil 
depth. Available N, P and K content had positive balance in soil due to addition of green 
manure and at higher levels of fertilizer N application either to rice or to wheat crops. All the 
above nutrients had negative balance in soils of fallow plots and at lower level of nitrogen 
applied to rice or to wheat crops.  
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INTRODUCTION 
Nutrient supply is the major factor and 

plays an important role in crop production. It 
is more important in cereal based cropping 
sequences like rice-wheat which has being 
adopted on 10.5 mha in northern alluvial 
plains. Depletion of soil nitrogen on one 

hand and increasing cost of fertilizer on the 
other require more efficient use of limited 
nitrogen resources. Long term studies in rice-
wheat sequence conducted for more than 20 
years at Pantnagar have shown decline in rice 
yield over the years receiving fertilizer 
nitrogen. 

Production and incorporation of nitrogen 
rich biomass as green manure and using * Author for correspondence 
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supplementing chemical fertilizer on a 
regular basis can maintain organic matter and 
nutrient status in soil. Leguminous green 
manure crops had been recognized as an 
important source of N for wetland soils. The 
integrated use of green manure and fertilizer 
nitrogen management is helpful in providing 
available N to crop in sustained manner. It is 
important that a balance between inputs and 
outputs of nutrients in achieved to ensure 
both short term productivity and long term 
sustainability18. Therefore, the present study 
was undertaken to evaluate the fertilizing 
value of three green manure crops (Sesbania, 
Crotalaria, and Vigna), wheat straw 
incorporation alone and in conjunction with 
fertilizer nitrogen with respect to organic 
matter, total soil N and available soil NPK 
balance.  

MATERIAL AND METHODS 
A field experiment was conducted at 

Crop Research Centre of the Govind Ballabh 
Pant University of Agriculture and 
Technology, Pantnagar during 2000-2001 
and 2001-2002 to integrate the use of urea 
nitrogen, wheat straw incorporation and 
green manure (Sesbania, Crotalaria and 
Vigna) which were grown before rice crop. 
Five organic sources of nutrients Sesbania 
aculeata, Crotalaria juncea and Vigna 
unguiculata, wheat straw incorporation and 
no organic management (fallow) with 4 
inorganic nitrogen levels (0, 60, 120 and 180 
kg N ha-1) were applied to rice crop. The 
succeding crop of wheat also received 3 
levels of nitrogen (0, 75 and 150 kg N ha-1) 
in rice-wheat system. The trial was laid out 
in split-split plot design, keeping organic 
sources in main plot, levels of nitrogen 
applied to rice in sub-plot and levels of 
nitrogen applied to wheat in sub-sub plot 
with 3 replications, during both the years in 
the same plots.  

Green manure crops were grown in situ 
on 22 May, 2000 and 1 May, 2001 at 30 cm 

row distance. These crops were incorporated 
at 8 weeks old stage and small pieces (4-5 
cm) of wheat straw @ 10.0 t ha-1 were 
incorporated at puddling according to 
treatments in both the years. Nitrogen as urea 
was applied in 3 splits (50% at planting, 25% 
at tillering and 25% at panicle initiation) to 
rice and in 2 splits (50% at sowing and 50% 
at first irrigation) to wheat. Phosphorus @ 60 
kg ha-1 to both the crops and potassium @ 40 
kg ha-1 to rice only were applied as basal 
dose. Twenty day old seedlings of rice cv. 
Pant Dhan 4 (duration of 135-140 days) were 
transplanted on 2 July, 2000 and 29 June, 
2001 at a spacing of 20 cm x 15 cm. Wheat 
(cv. UP-2338) was sown on 24 and 17 
November in 2000-2001 and 2001-2002, 
respectively; in lines of 23 cm apart using 
100 kg seed ha-1.  

Soil of the experimental plot was silty 
clay loam with pH 7.3 and 7.2, organic 
matter 2.132 and 1.566 %, available nitrogen 
227 and 205 kg ha-1, available phosphorus 
20.5 and 18.8 kg ha-1 and available 
potassium 145 and 129 kg ha-1 from 0-20 and 
20-40 cm depth, respectively. Organic matter 
(modified Walkley and Black method11 total 
N (Macro-kjeldahl Method)1 available N 
(Alkaline KMnO4 method)16 available P 
(Olsen’s method)12 and available K (Neutral 
normal ammonium acetate method8 of soil 
was estimated.  

RESULTS AND DISCUSSION 
Organic Matter  

The change in organic matter at 0-20 and 
20-40 cm soil depth over a period of two 
years in rice-wheat cropping system was non 
significantly influenced by the green 
manuring, wheat straw incorporation and 
fallow treatments, and by N levels to rice or 
wheat. However, organic matter was higher 
in Sesbania green manured plots (Table 1) as 
compared to other organic sources at 0-20 
and 20-40cm soil depth. Organic matter 
content of soil increased in case of Vigna, 
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Crotalaria and Sesbania green manuring and 
straw incorporated plots and decreased over 
initial values in fallow plots at both soil 
depths, after two years of rice-wheat 
cropping system. Increasing each levels of 
nitrogen even up to 180 kg N ha-1 to rice and 
150 kg N ha-1 to wheat increased the organic 
matter content of soil over initial value 
[2.132% (0-20 cm) and 1.566% (20-40 cm)] 
at both soil depths. The increase of organic 
matter content of soil may also be explained 
as the function of amount of organic matter 
added, their decomposition and synthesis and 
subsequent mineralization. The increase in 
soil organic matter due to incorporation of 

green manure or straw application at higher 
levels of inorganic-N might have influenced 
microbial activity with time. The increase in 
organic matter in the present experimental 
soils might be because of mollisols which are 
rich in organic carbon and hence slows the 
decomposition and mineralization of organic 
matter content added due to Sesbania2, 
Crotalaria7, Vigna  green manure17 and straw 
incorporation3,4,14 also observed increase in 
soil organic carbon content over the initial 
value and it was probably due to more root 
biomass production with increasing level of 
fertilizer-N applied to rice.  

Table 1 : Balance sheet of total N and available N, P and K as influenced by integrated 
nitrogen management under rice-wheat cropping system after two year  

(0-20 cm depth) 

Treatments 

Organic matter 
(%) 

Total N  
(kg ha-1) 

Available N 
(kg ha-1) 

Available P 
(kg ha-1) 

Available K 
(kg ha-1) 

Final 
status 

Net 
gain or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain 
or 

loss 
Organic sources to rice 

Initial value 2.132 - 2004 - 227 - 20.5 - 145 - 

Fallow 2.130 -0.002 1962 -42 205 -22 18.7 -1.8 138 -7 

Wheat straw 2.194 0.062 2032 28 238 11 21.1 0.6 156 11 

Vigna 2.218 0.086 2041 37 246 19 22.0 1.5 153 7 

Crotalaria 2.222 0.090 2053 49 249 22 23.0 2.5 155 10 

Sesbania 2.238 0.106 2072 68 263 36 24.7 4.2 154 9 

CD (0.05) NS - 67 - 20 - 1.2 - 6 - 

N levels  (kg ha-1) to rice 
0 2.170 0.038 1970 -34 196 -31 20.2 -0.3 137 -8 

60 2.178 0.046 1985 -19 234 7 21.4 0.9 148 3 

120 2.218 0.086 2077 73 255 28 22.4 1.9 158 13 

180 2.234 0.102 2096 92 277 50 23.6 3.1 161 16 

CD (0.05) NS - 44 - 14 - 0.9 - 5 - 

N levels (kg ha-1) to wheat 
0 2.147 -0.015 1922 -82 190 -38 18.3 -2.2 134 -11 

75 2.224 0.092 2068 64 241 14 22.7 2.2 154 9 

150 2.230 0.098 2106 102 291 64 24.7 4.2 166 21 

CD (0.05) NS - 40 - 12 - 0.8 - 4 - 
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Table 2 : Balance sheet of total N and available N, P and K as influenced by integrated 
nitrogen management under rice-wheat cropping system after two year  

(20-40 cm depth) 

Treatments 

Organic matter 
(%) 

Total N (kg 
ha-1) 

Available N 
(kg ha-1) 

Available P 
(kg ha-1) 

Available K (kg 
ha-1) 

Final 
status 

Net 
gain or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain 
or 

loss 

Final 
status 

Net 
gain or 

loss 

Organic sources to rice 
Initial value 1.566 - 1800 - 205 - 18.8 - 129 - 

Fallow 1.496 -0.070 1768 -32 182 -23 17.3 -1.5 117 -13 
Wheat 
straw 

1.573 0.007 1810 10 196 -9 19.8 1.0 137 8 

Vigna 1.610 0.044 1814 14 216 11 20.4 1.6 136 7 

Crotalaria 1.619 0.053 1818 18 228 23 21.4 2.6 136 7 

Sesbania 1.629 0.063 1820 20 231 26 21.6 2.8 136 7 
CD (0.05) NS - NS - 10 - 0.9 - 7 - 

N levels (kg ha-1) to rice 
0 1.520 -0.046 1765 -35 181 -24 17.7 -1.1 124 -5 
60 1.581 0.015 1784 -16 202 -3 19.8 1.0 127 -2 
120 1.608 0.042 1829 29 220 15 21.4 2.6 137 8 
180 1.633 0.067 1846 46 239 34 21.9 2.9 140 11 
CD (0.05) NS - 38 - 8 - 0.7 - 3 - 

N levels (kg ha-1) to wheat 
0 1.520 -0.046 1752 -48 173 -32 16.8 -2.0 122 -7 
75 1.592 0.026 1811 11 215 10 20.9 2.1 135 6 
150 1.638 0.072 1855 55 244 39 22.6 3.8 141 12 
CD (0.05) NS - 46 - 7 - 0.5 - 3 - 

 
Total Nitrogen  

The addition of organic sources 
significantly influenced the total  N content 
of soil over fallow treatment in 0-20 cm soil 
depth, while in 20-40 cm the influence was 
non-significant.  Application of 120 and 180 
N ha-1 to rice resulted in significantly high 
total nitrogen in soil as compared to 0 and 60 
kg N ha-1 in 0-20 and 20-40 cm soil depth 
and application of 75 and 100 kg N ha-1 to 
wheat also resulted in significantly high total 
N in soil over no nitrogen use in wheat in 
both soil depth. 

Data pertaining to balance of total 
nitrogen in soil at 0-20 and 20-40 cm soil 
depth showed positive nitrogen balance due 
to Sesbania, Crotalaria  and Vigna green 
manure and wheat straw treatment in rice-
wheat system (Table 1 and Table 2). The 
negative balance of nitrogen in the system 
was observed in case of fallow (control) as 
well as lower levels of nitrogen application 
to both rice and wheat. The net gain in total 
soil N content at 0-20 and 20-40 cm soil 
depth in rice-wheat system was noticed at 
120 and 180 kg N ha-1 applied to rice and 75 
and 150 kg Nha-1 applied to wheat. Similar 
increase in values of total soil N by Sesbania 
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green manure and straw incorporation4 in 
rice-wheat system have also been reported.  

Available N, P and K 

The available NPK content of soil 
significantly differed due to the addition of 
organic sources, level of N to rice and levels 
of N wheat in both soil depths. Addition of 
organic sources significantly increased the 
available N content to 0-20 cm soil depth 
over fallow, while in 20-40 cm soil depth 
Sesbania aculeata green manuring being at 
par with Crotalaria juncea green manuring 
recorded significantly high available N 
content in soil. With successive increase in N 
levels to rice or to wheat the available N 
content of soil differed significantly at both 
soil depths. Sesbania aculeata green manure 
resulted in highest available P content in soil 
in 0-20 cm soil depth and it was significantly 
higher than remaining green manure 
treatments. Whereas, in 20-40 cm soil depth 
Sesbania aculeata being at par with 
Crotalaria juncia recorded significantly 
higher available P content in soil. Addition 
of organic sources significantly increased the 
soil available K over fallow in both soil 
depth. With successive increase in levels of 
N to rice or wheat there was significant 
increase in available K content of soil.  

In the available nutrients balance sheet 
approach, it was observed that available N, P 
and K had positive balance in soil at 0-20cm 
soil depth due to application of any organic 
source and at 60, 120 and 180kg N to rice 
and 75 and 150 kg N to wheat (Table 1 and 
Table 2). These nutrients had negative 
balance in soil (0-20cm) when no organic 
source (fallow) was taken and at no nitrogen  
use in rice as well as in wheat. While in 20-
40 cm soil depth negative balance was 
recorded in available nitrogen content in 
fallow as well as in wheat straw incorporated 
plots. The application of 0 and 60 kg N to 

rice and no nitrogen use in wheat also 
showed negative balance. The available P (in 
20-40cm) recorded negative balance in 
fallow plots and in plots with no nitrogen use 
in rice and in wheat crop. The available K (in 
20-40 cm soil depth) showed negative 
balance in fallow plots as well as in rice plots 
receiving 0 and 60 kg N ha-1 and wheat plots 
with no nitrogen use. The build up of 
available N, P and K increased with 
increasing levels of nitrogen and the highest 
values of respective nutrients were observed 
at 180 kg N ha-1 applied to rice and 150 kg N 
ha-1 applied to wheat. The role of green 
manure as a source of organic matter and 
nitrogen and their capacity to mobilize soil 
phosphorus and other nutrients has been well 
recognized15. In soil, a key role might be 
played by organic fractions which could 
exhibit both direct and indirect effects on soil 
fertility and nutrient availability. Legume 
plants have the ability to mine and utilize 
phosphorus through the well developed tap 
root system, and when used as green 
manures, they upon mineralization release P 
in the available forms6. Potassium in wheat 
straw is water soluble and there is increase in 
soil solution Fe2+ and Mn2+, due to straw 
incorporation and this releases K from 
exchange complex10. Several workers have 
also reported increase in soil available N, P 
and K due to Sesbania green manure7, 
Crotalaria5, Vigna17, straw incorporation3  
and due to fertilizer-N13 over initial values.  

CONCLUSION 

This the study clearly shows that green 
manuring, wheat straw incorporation in rice 
and higher levels of fertilizer N applied to 
rice and wheat crops brought improvement in 
the available N, P and K content of soil and 
nearly maintained the soil organic matter and 
total nitrogen.  



Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

1086 
 

ACKNOWLEDGEMENT 
The authors are grateful to NATP on 

Sesbania and Crotalaria for providing 
financial support during the course of 
investigation. 

REFERENCES 
1. Bremner J.M. and Mulvaney C.S., 

Nitrogen-total : Methods of soil analysis. 
Part II.  American Society of Agronomy. 
Inc. Soil Science Society of America, 
Inc. Madison, Wisconsin, USA., 595-
624, (1982). 

2. Datt N. and Bhardwaj K.K.R., Nitrogen 
contribution and soil improvement by 
legume green manuring in rice-wheat 
cropping on an acid clay loam soil. 
Journal of Indian Society of Soil Science 
43(4), 603-607, (1995). 

3. Dhiman S.D., Nandal D.P. and Hari Om, 
Productivity of rice-wheat cropping 
system as affected by its residue 
management and fertility levels. Indian 
Journal of Agronomy 45(1), 1-5, (1995). 

4. Gangaiah B., Residue and fertilizer 
management in rice-wheat cropping 
system Ph.D. Thesis submitted to Indian 
Agricultural Research Institute, New 
Delhi, (1995). 

5. Ghosh P.K. and Sharma K.C., Direct and 
residual effect of green manuring in rice-
wheat rotation. Crop Research, 1(2), 
133-136, (1996). 

6. Gu R.S. and Wen R.X., Cultivation and 
application of green manure in paddy 
fields of China. In; proceeding of the 
Symposium on paddy soil science press, 
Beijing. Peoples Republic of China, 207-
219, (1981). 

7. Hemalata M., Thirumurugan V. and 
Balasubramanian R., Effect of organic 
sources of nitrogen on productivity, 
quality of rice (Oryza sativa) and soil 
fertility in single crop wetlands. Indian 
Journal of Agronomy, 45(3), 564-567, 
(2000).  

8. Knudsen D., Peterson G.A. and Pratt 
P.G., Litheum, sodium and potassium. 
In: Methods of soil analysis. Part II.  
American Society of Agronomy. Inc. 
Soil Science Society of America Inc. 
Madison, Wisconsin, USA. 225-246, 
(1982). 

9. Mahapatra B.S., Sharma K.C. and 
Sharma G.L., Nitrogen fertility under 
rice-wheat-fallow system with integrated 
nitrogen management in lowland rice. 
Indian Journal of Agronomy, 36(2), 223-
227, (1991). 

10. Nagarajah S., Neue H.U. and Alberto 
M.C.R., Effect of Sesbania, Azolla and 
rice straw incorporation on the kinetics 
of NH4, K, Fe, Mn, Zn and P in some 
flooded rice soils. Plant and Soil, 116, 
37-48, (1989). 

11. Nelson D.W. and Sommers L.E., Total 
carbon, organic carbon and organic 
matter. In : Methods of soil analysis. 
Part II.  American Society of Agronomy. 
Inc. Soil Science Society of America Inc. 
Madison, Wisconsin, USA., 539-577, 
(1982). 

12. Olsen S.R., Cole C.V., Waterabe F.S. 
and Dean L.A., Estimation of available 
phosphorus in soils by extraction with 
sodium carbonate. Circular No. 939 of  
United States Department of  
Agriculture, (1954). 



Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

1087 
 

13. Ram S., Chauhan R.P.S., Singh B.B. and 
Singh V.P., Response of wet-season rice 
(Oryza sativa) to nitrogen and 
phosphorus in partially reclaimed sodic 
soil. Indian Journal of Agricultural 
Sciences, 67(11), 514-517, (1997).  

14. Sharma S.N., Effect of residue 
management practices and nitrogen rates 
on chemical properties of soil in a rice 
(Oryza sativa)-wheat (Triticum 
aestivum) cropping system. Indian 
Journal of Agricultural Science, 71(4), 
293-295, (2001). 

15. Singh N.T., Green manures as sources of 
nutrients in rice production. In: Organic 
matter and rice. International Rice 
Research Institute, Los Banos, 
Philippines. 407-418, (1984). 

16. Subbaiah B.V. and Asija G.L., A rapid 
procedure for the determination of 
available nitrogen in soils. Current 
Science, 25, 259-262, (1956).  

17. Thakur R.B., Chaudhary S.K. and Jha 
G., Effect of combined use of green 
manure crop and nitrogen on 
productivity of rice (Oryza sativa)-wheat 
(Triticum aestivum) system under 
lowland rice. Indian Journal of 
Agronomy, 44(4), 664-668, (1999). 

18. Watson C.A., Bengtsoon H., Ebbesvik 
M., Loes A.K., Myrbeck A. and 
Stockdale E.A., A review of farm-scale 
nutrient budgets for organic farms as a 
foot for management of soil fertility. Soil 
Use and Management, 18, 264-273, 
(2002). 

 
����� 

 

Foreign Subscribers 

may send their money 

through 

 WESTERN MONEY 

 UNION TRANSFER 

Service 


