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I. Introduction 

The Indo- Gangetic Plains occupies nearly one-sixth of the total geographical area of the sub-continent and is 

home to nearly 42 per cent of the total population of 1.3 billion of South Asia. The population is increasing at 

about 2.0 per cent per year, representing 24 million more mouths to be fed annually. Rice-wheat rotations are 

practiced on nearly 13.5 million ha (Ladha et al, 2000) with another 12 million ha in China. In South Asia that is 

almost one-sixth of the cultivated area, and rice-wheat cropping produces more than 45 per cent of the region's 

food. Demand for rice and wheat will grow at 2.5 per cent per year over the next 20 years. At the same time, the 

per capita rice-wheat growing area has shrunk from 1,200 m
2
 in 1961 to less than 700 m

2
 in 2001. Thus, future 

growth in food production will have to come from yield increases.  

The Indo-gangetic plains climate is sub-humid with a distinct wet monsoon summer season and a dry, cool 

winter season. This allows rice and wheat to be grown in a double cropping pattern in one calendar year, rice in 

the summer and wheat in the winter. Temperature can exceed 45
o
C in the summer and frost occurs in some 

areas in the winter. Soils are mainly alluvial, as a result of depositions of the Indus and Ganges river systems. 

Many soils are alkaline, although acid soils are also present in the piedmont and some floodplains. Soils range in 

texture from loamy sands to silty clay loams. The Indo-Gangetic plains are endowed with extensive canal 

irrigation systems using water storage reservoirs in the Himalayan mid-hills. Canal irrigation is supplemented 

with tube-well water and most of the rice-wheat areas are irrigated or partially irrigated. The Indo-Gangetic 

plains is probably one of the most fertile and productive agricultural areas in the world. Rice and wheat are 

grown annually in sequence on more than 13.5 million hectares in the Indo‐Gangetic Plains of South Asia, 

where the rice‐wheat rotation is vital for food security and livelihood for millions of rural and urban people. 

This cropping system so far has maintained the balance between food supply and population growth but recent 

evidence shows that productivity and sustainability of this system is threatened as yield of both rice and wheat 

are either stagnant or decreasing and total factor productivity is declining for the following reasons: 

Abstract: The rice-wheat cropping system is India’s most widely adopted system, covering over 10.5 million 
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inefficiencies in the current production system, increasing shortage of resources especially water and labor, 

changing climate and socioeconomic changes such as urbanization, labor migration, preference of 

nonagricultural work, rapid economic growth led to increased labor requirement in nonagricultural sectors 

(Ladha et al., 2003). 

During the last several decades, the rice (Oryza sativa) –wheat (Triticum aestivum) based cropping system in 

India significantly contributed in enhancing the food grain production & achieving the food self sufficiency & 

food security. The rice-wheat cropping system is the backbone of India’s food security. The magnitude of the 

contribution of rice-wheat cropping system to the country’s food security can be gauged from Punjab alone, 

which has less than 2% of the country’s cultivated land, and provides 60% of the wheat and 40% of the rice to 

the Public Distribution System and national buffer stocks (Swaminathan, 2007). The rice-wheat cropping system 

is India’s most widely adopted system, covering over 10.5 million hectare mostly in the country’s north-west 

zone (Paroda et al., 1994). The average productivity of the country of both rice and wheat is low 2,130 and 

2,670 kg/ha, respectively. Currently there is growing concern about the sustainability of RWCS as the growth 

rate of rice and wheat yield either stagnating or declining (Paroda 1996). The combination of poor soil fertility 

and inadequate, unbalanced, and inefficient use of fertilizers contributes much to this problem (Yadav et al., 

2000; Dwivedi et al., 2001). Continuous rice- wheat cropping without adequate and balanced nutrition has 

resulted in a widespread problem of multiple nutrient deficiencies (Timsina and Connor, 2001). 

 

II. Materials and Methods 

The long term field experiment was initiated during 1988- 89 in the experimental farm of Norman E. Barlough 

Crop Research Centre at G. B. Pant University of Agriculture and Technology, Pantnagar, district Udham Singh 

Nagar, Uttarakhand in the Tarai region of Indo- Gangetic Plains. It lies at 243.8 m above from sea level, about 

30 km southward of foothills of Shivalik range of Himalayas at 29
0
 N latitude, 79

0
 29

0
 E longitude with sub 

humid, sub tropical type of climate. The soil of experimental field at the beginning of the experiment (1988-89) 

was silty loam in texture, rich in organic carbon (1.22 %), medium in available nitrogen (336 kg/ ha), 

phosphorus (20 kg/ ha) and potassium (216 kg/ ha). The experiment included two crops per year under rice-

wheat cropping system. The treatments which were arranged in a complete randomized block design with three 

replications included unfertilized control, application of recommended NPK (N120P60K40 - T1),  application of 

N180 P60 & K40 (T2), Sesbania + FYM@ 5t/ha for rice (as starter dose to green manure crop) & FYM @ 10t/ha 

for wheat (T3), N120P60K40  (N through neem coated urea) (T4), N120P60K40 (T1)+ straw mixed@ 4t /ha (T5),  

Sesbania with P & K (60: 40) for rice & recommended NPK (N120P60K40) for wheat (T6) and N120P60K40 (T1) + 

straw burnt@ 4t /ha (T7). 

Wherever the green manuring treatment was there, Sesbania grown in- situ before rice transplanting and 

incorporated 40- 60 days after sowing. Prilled urea (N@ 120 kg/ha) along with wheat straw @ 4 t/ ha was 

mixed to soil before rice transplanting. Straw of wheat was burnt and mixed into top 15 cm soil before 20- 25 

days of rice transplanting and the plots were irrigated. Similarly, rice straw was used before wheat sowing. FYM 

@ 5 t/ ha and @ 10 t/ ha for rice and wheat, respectively was applied just 25 days before planting in treatment 

T3. In treatments T1, T2, T4, T5 and T7, half dose of N and full dose of P & K was applied at the time of field 

preparation i.e. previous day of planting. Rice variety Pant dhan-4 and wheat variety UP-2338 was used for 

experimentation. In case of rice nursery sowing and transplanting was done in June and in wheat, the crop was 

sown in first week of December. Sesbania was incorporated as green manure prior to basmati rice only. All the 

agronomic practices and plant protection measures were followed as per standard recommendations. Rice crop 

was harvested on last week of October and wheat crop was harvested on first fortnight of April, every year. 

(A) Sampling and Analysis of Soil 

Soil samples were collected from the surface layer (0-15 cm) of all the plots after the completion of crop cycle 

in April, every year. Soil samples were air dried and ground to pass through a 2 mm sieve. All soil meant for 

chemical analysis were stored at room temperature until required for analysis. Soil organic carbon was 

determined by the method of Walkley & Black (1934) as described by Jackson (1967) and expressed in 

percentage (%). Available nitrogen in soil was determined by alkaline KMnO4 method (Subbiah and Asija, 

1956) and expressed in terms of kg ha
-1

. Available phosphorus in soil was determined by 0.5 M NaHCO3 (pH 

8.5) extraction method (Olsen et al., 1954) and available potassium extracted by neutral normal ammonium 

acetate method (Pratt, 1965) and concentration in aliquot was determined by flame photometer. All chemical 

results were given as means of triplicate analysis.  

(B) Grain Yield  

Grain yield of rice and wheat was determined from the net plot area by harvesting all the tillers and hills 

excluding the border line area. The grain were separated from the straw, dried & weighed.  

(C) System Productivity 

Data on grain yield was recorded after each season of crop harvest and system productivity  in terms of rice 

grain equivalent yield (RGEY) was evaluated using equation i.e RGEY (q/ha ) = rice yield + {(yield of rabi crop 

X price of rabi crop)/ price of rice} 
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(D) Sustainability Index 

Sustainability index was calculated to assess soil quality under the influence of different fertilizer management 

practices and was evaluated using the equation i.e. Sustainability Index = { (Mean yield- standard deviation)/ 

MaximumYield}. 

(E) Statistical Analysis  

All the data using samples from replicate field plots for each treatment was analyzed statistically. Analysis of 

variance (ANOVA) was done to determine the effect of treatment using Gomez and Gomez (1984). Critical 

Difference (C.D.) values were calculated using standard errors of mean (S.Em.±) at 5 per cent level of 

significance.  

 

III. Result and Discussion 

(A) Trends in Rice yield  

Yield of rice during 11 years resulted to a significant effect of different nutrient treatments applied to them 

(Fig.1). Grain yield for all the treatments were greater than the un- amended control. During 1998- 2002 rice 

yield was highest with the N180P60K40 treatment which was at par with recommended NPK (T1), use of Sesbania 

in combination with FYM treatment (T3), Sesbania with P & K (60: 40) for rice and recommended NPK 

(N120P60K40) for wheat (T6) and recommended NPK with straw burnt (T7). Lower grain yield in the plots 

amended with green manure & FYM may have been associated with the less available nutrients in the initial 

years of transition as nutrient processes in first year organic systems change from inorganic N fertilization to 

organic amendments and this effect has been widely studied (Harris et al., 1994) and slower release rates of 

organic materials (Liebhardt et al., 2000; MacRae et al., 1990). However, after 11 years the maximum mean 

yield was recorded with the use of Sesbania in combination with FYM treatment (5.96 t/ha) than did any other 

treatments. This increase in grain yield after continuous use for six years with FYM application has been found 

to be associated with the better root development and more root length density responsible for increasing the 

capacity of rice plant to extract nutrient from deeper soil layers. Moreover, this organic manure might have 

helped in improving nutrient availability from soil for a prolonged period, which ultimately increased the crop 

yield and this is also studied (Nayak et al., 2007). The increase in grain yield of rice over recommended doses 

under different treatments ranged from 5 to 25%. 

 

(B) Trends in wheat yield 

Overall yield of wheat was low in almost all fertility treatments which may be attributed to late sowing of wheat 

(generally during first fortnight of December) which is general phenomenon of rice-wheat cropping system in 

Indo- Gangetic Plains. Highest grain yield of wheat was recorded in FYM (T3) for the first two years of 

experimentation which was at par with the application of recommended NPK (N through NCU). In 2000-01, it 

shifted towards N180P60K40 (T2) which was statistically at par with T1, T3 & T6. In the year 2002-03 significant 

higher yield was obtained again with N180P60K40 (T2) which was statistically at par with T1 & T3. During the year 

2005-06 to 2008-09 significantly higher yield was recorded with FYM treatment than all other treatments. Long 

term study showed that there was a regular decrease of wheat yield after 2002-03 till 2008- 09 with 

recommended dose of NPK and N180P60K40, this may be due to limiting factor of micronutrient and other soil 

properties. Same trend was also observed by Yang et al., 2011. However, the wheat yield was regularly 

increasing after 2002-03 till 2008-09 with the application of FYM (T3). This may be due to the effect of higher 

levels of organic matter, which improves soil physical & chemical properties and add significant quantities of N, 

P, K, Ca and Mg (Edmeades, 2003). (Fig. 2) 

 

(C) Total System Productivity 

Total system productivity (average of 11 years) was observed to be higher in all the treatments as compared to 

the control and recommended NPK dose (Fig. 3). The treatment where Sesbania + FYM to rice and FYM (10 

t/ha) to wheat were applied, recorded much higher system productivity (11.68 t/ha) followed by N180P60K40 (T2) 

and N120P60K40 + straw burnt @ 4t /ha (T1). However, lowest system productivity after control (4.00 t/ha) was 

recorded with recommended NPK (9.11 t/ha), N through NCU (T4). 

 

(D) Sustainability Index 

Sustainability index was observed to be higher in all the treatments as compared to the control and 

recommended NPK dose (Fig. 4). Sustainability index was calculated to assess soil quality under the influence 

of different fertilizer management practices. The long-term application of organic manures in rice-wheat 

cropping system increased the index value because it increased the nutrient index, microbial index and crop 

index of soils (Kang et al., 2005). The use of only chemical fertilizers in the rice-wheat cropping system resulted 

in poor soil microbial index and crop index. In rice- wheat system, additional application of FYM at 10 t ha
-1
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before sowing wheat made the system more sustainable than application of N120P60K40 the sustainability index 

values were 0.90 (the highest for this system) and 0.76, respectively. 

 

(E) Soil Properties 

After 11 years of completion of crop cycle, results (Table 1) revealed that the application of Sesbania green 

manure maintained the organic carbon (1.23 %) than other treatments which was found to be at par with T5 

(recommended NPK with straw mixed), T6 (Sesbania with P & K (60: 40) for rice and recommended NPK 

(N120P60K40) for wheat) and T7 (recommended NPK with straw burnt). The increase of organic carbon in organic 

system is very slow (Clark et al., 1999). In all other treatment there was a significant decline in the organic 

carbon per cent and this might be due to the continuous cropping of rice and wheat. 

Significantly higher available nitrogen was recorded with Sesbania + FYM treatment followed by T4 and T5 and 

lowest was recorded under control. FYM and Sesbania amended plots had higher content of available 

phosphorus than other treatments; this was due to residual accumulation of nutrient applied through organic 

sources. Lower availability of plant nutrient in plots applied with organic amendments was expected due to the 

slower release of organic material, particularly during initial years (Liebhardt et al., 2000, MacRae et al., 1990). 

However, with the time it showed successive increase. Available potassium was significantly higher when straw 

was burnt as burning leads to direct addition of potassium (at least 40 kg/ha) followed by T3, similar results 

were observed (Clark et al., 1999 and Reganold et al., 2001). The role of green manuring as a source of organic 

matter and nitrogen and its capacity to mobile soil phosphorus and other nutrients is well recognized. Studies 

conducted by Gupta (1998) indicated that green manuring increased the available N, P and K content of soil to 

the extent of 61, 107 and 75 percent, respectively. 

 

IV. Conclusion 

Organic farming opens up the prospects of producing high yield, grain quality and adequate soil fertility by 

using organic amendments as compared to inorganic/ chemical fertilizers on long term basis. The long term 

application of organics invariably led to increase in productivity and can boost better energy and environmental 

balance and makes a substantial contribution to conserving agricultural diversity and therefore, incorporation of 

green manure and/or farm yard manures were found to be beneficial to build up the soil organic matter and 

sustain the productivity of the system.  
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Table 1: Organic carbon and available nutrient status of soil as influenced by different 

fertility treatments after 11 years of rice-wheat crop cycle 
Treatments Organic carbon (%) Available N (kg/ha) Available P (kg/ha) Available K (kg/ha) 

Control 0.84 145.6 12.8 173.5 

T1 0.97 351.2 24.0 201.4 

T2 0.95 359.5 24.1 197.5 

T3 1.23 373.7 30.7 209.8 

T4 0.96 367.5 27.2 193.9 

T5 1.16 367.1 25.2 206.0 

T6 1.21 353.0 25.9 199.0 

T7 1.15 357.8 22.7 298.6 

SEm ± 0.03 4.54 2.21 0.82 

CD(p=0.05) 0.078 13.77 6.71 2.74 

Initial 1.22 336.0 20.0 216.0 

 

Fig. 1: Rice grain yield of 11 years as 

influenced by different fertility treatments. 

Fig. 2: Wheat grain yield of 11 years as 

influenced by different fertility treatments. 

 

Fig. 3: Total system productivity in terms of rice 

grain equivalent yield of 11 years in 

continuous  rice-wheat crop cycle. 

 

Fig. 4: Sustainability index of different fertility  

treatments after 11 years of experimentation 

 


