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ABSTRACT 

A field experiment was conducted during 1992-93 to 1994-95 to investigate the 
effect of incorporation of variable crop residue loads of combine harvested rice (Oryza 
sativa L.) and wheat (Triticum aestivum L. emend. Fiori & Paol.) crops on the nitro- 
gen requirement of succeeding crops of wheat and rice grown in sequence and soil 
productivity. The treatments consisted of 3 levels of residue loads in the main plots 
and 3 of nitrogen (80,120,100 kg Nlha) in the subplots. The crop sequence of wheat 
followed by rice was taken for 3 years on the same site. An increasing trend was 
noted in crop yield and productivity with the increase in the level of residue load 
incorporated. The incorporation of moderate level of crop residue load in conjunction 
with the application of recommended level of N (120 kglha) not only assisted in 
increasing the grain yield but also increased the organic matter content, available N 
and P. 
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In the Indo-Gangetic plains region of 
India nearly 12 million ha is accounted for 
rice-wheat rotation. Substantial area under 
this crop sequence is combine harvested, leav- 
ing enormous quantities of organic matter- 
the quantities depend on the crop status and 
soil fertility. The disposal of crop residue, in 
general, and rice, in particular, has received 
increasing attention. Crop residues can be 
managed by removing or by burning, or by 
in-situ incorporation. The burning of residues 
is not only a source of atmospheric pollution 
but also results in loss of precious plant nu- 
trients and valuable renewable organic mat- 

ter resources (Ponnamperuma, 1984). The 
physical removal of combine harvested crop 
residue is no longer feasible because of in- 
creased labour cost and scarce labour avail- 
ability. Thus public concern over wastage of 
this valuable resource stipulated interest in 
the incorporation of above-ground biomass 
(stubble and straw). The incorporation of such 
large quantities of crop residue, however, re- 
sults in temporary immobilization of plant 
nutrients, resulting in neutralizing the ben- 
eficial effects of incorporation in soil on grain 
yield of succeeding crops. Variable results 
have been reported by Bhatnagar et al. (1983) 



March 19991 EFFECT OF CROP RESIDUE ON RICE-WHEAT SYSTEM 9 

and Beri et al. (1995). 
A field experiment was therefore con- 

ducted for 3 years to study as to how the in- 
corporation of variable loads of organic resi- 
due of rice and wheat crops from combine 
harvested fields would affect the N require- 
ment and performance of succeeding crops of 
wheat and rice in the sequence, and effect of 
such incorporation, year after year on the 
physico-chemical properties of soil. 

MATERIALS AND METHODS 

The field experiment was carried out at 
Agronomy Research Farm, Ludhiana 
(30°54'N and 75'48'E) at an elevation of 247 
m above mean sea-level, from crop season 
1992-93 to 1994-95. The soil was loamy sand 
(Typic Ustochrept), having pH 7.8, electrical 
conductivity 0.21 dS/m and was low in or- 
ganic carbon (0.30%) and available nitrogen 
(182 kg Niha), high in available phosphorus 
(36 kg Piha) and high in available potassium 
(182 kg m a ) .  To initiate the experiment a 
crop of rice was transplanted during rainy 
season (kharzj) (second fortnight of June) and 
it was applied 80, 120 and 160 kg Niha to 
create 3 rice residue loads. The crop after 
simulated combine harvesting was incorgo- 
rated as such in the respective main 
plots.During different year's crop residue 
loads L,, L, and L, were as given in the Table 
1 and wheat was sown 4 weeks after incorpo- 

as result of 3 levels of N, resulting in 3 vari- 
able crop residue loads was combine harvested 
(simulated) and incorporated into soil. The 
rice crop was raised with 3 levels of N (40, 
120 and 160 kgha) transplanted 4 weeks af- 
ter incorporation of wheat residue. In case of 
wheat, half of the treatmental N was applied 
at the time of sowing, and remaining half was 
applied through urea at the fust irrigation 4 
weeks after sowing. A basal dose of 60 kg 
P,O,/ha and 30 kg qO/ha  was given at the 
time of sowing. While in rice, N wasapplied 
in 3 splits, viz. one-third at time of last pud- 
ding, one-third 3 weeks after transplanting 
and the y s t  6 weeks after transplanting. Be- 
sides, the crop received 25 kg ZnSO,/ha (5.75 
kg Znlha). Recommended package of prac- 
tices was followed to raise the crops. Thor- 
ough incorporation to a mean depth of 10-1 5 
cm was achieved with the help of off-set disc 
harrow run after shredding of the standing 
crop residue left-over after combine harvest- 
ing with a rotary blade shredder into 25-30 
cm fragments. The yield data on wheat and 
iice were recorded every year for 3 years. The 
soil samples were analyzed for organic car- 
bon, available N, P and K by standard meth- 
ods after completion of 3 cycles of rice-wheat 
sequence. 

RESULTS AND DISCUSSION 

Grain yield 
ration of rice above-ground biomass and ap- Wheat: Different rice residue loads incorpo- 
plied 3 levels of nitrogen, viz. 80, 120, and rated did not influence the grain yield of suc- 
160 kg Nha. Likewise, the biomass obtained ceeding wheat during the fust year (Table.2). 

Table 1. Average quantity ofcrop residue loads ofrice and wheat (tonnedha) incorporated duringdifferent years 

Crop residue load 1992-93 1993-94 1 994-95 Total load 
incorporated 

Rice* Wheat** Rice Wheat Rice Wheat 
Rice Wheat 

'-, 4.4 6.9 7.8 6.0 5.6 5.9 17.8 18.8 
L, 5.6 7.7 8.6 6.3 6.2 6.2 20 4 20.2 
L; 6.0 8.5 9.4 6.5 6.5 6.3 21.9 21.3 

*Rice res~due incorporated before sowing wheat; **wheat res~due incorporated before transplanting rlce 
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But wheat grain yield showed a significantly loads was, however, not significant in any of 
higher production with incorporation of the years, but maximum yield in all 3 years 
higher crop loads (L, and L,) over that of was obtained at N, x L,, followed by N, x L, 
lower load (L,) during the next 2 years, L, and N, x L,. 
and L, being at par. Incorporation of lower A general trend in yield improvement was 
loads (L,) recorded wheat yield of 50.4 q/ha thus observed with highest yields, being ob- 
which was lesser by a margin of 0.6 q/ha with tained in the initial year with application of 
incorporation ofhigher, i.e. 6.0 tonnesha(L,) higher level of 160 kg N/ha at least, and as 
of rice residue in the first year. However, wheat the yield at 120 kg N/ha tends to equalize that 
yields at L, and L, were at par between them- of 160 kg Nha in the third year, this might 
selves and were significantly higher than L, obviate the need for higher level, expiry year 
during 1993-94 and 1994-95, with differ- of 2-3 year gestation period, often observed 
ences getting increased with time at high lev- in such studies. 
els of loads. It is possible that L, might yield Rice: The wheat residue loads affected the 
sjgnificantly higher than L, with time. Sidhu rice yield significantly during both the years. 
and Ben (1989) also observed such effect. The highest yield of rice in both the years was 

Wheat grain yield was significantly obtained at L,. In 1993-94, rice grain yield at 
higher with 160 kg N/ha over 120 and 80 kg L, was significantly superior to L,,  whereas 
Nha  during 1992-93 and 1993-94; however, L, was at par with both L, and L,. In 1994- 
during 1994-95 though the trend of high yield 95, the trend of the previous year was found 
was maintained at 160 kg Nlha, the differ- to persist. The results thus indicate that dif- 
ences at 120 and 160 kg Nha were not sig- ferential effect of wheat residue loads incor- 
nificant. The interaction of N and residue porated in the initial years, becomes distinctly 

Table 2. Effect ofcrop residue loads and nitrogen on yield of wheat and rice (qlha) 

Nibogen Wheat 
fig/ha) 

1992-93 1993-94 1994-95 

L, L. L, Mean L, L, L, Mean L, L, L, Mean 

Wheat 

Nm 46.2 44.8 43.3 44.8 42.2 43.4 43.0 42.9 43.2 45.7 466 45.1 
N,, 51.8 51.5 49.4 50.9 47.1 47.5 48.1 47.6 49.6 499 50.8 50.1 

N ~ m  53.1 55.3 56.7 55.0 49.1 50.7 51.1 50.3 50.1 50.9 52.1 51.0 
Mean 50.4 50.5 49.8 46.1 47.2 47.4 47.6 48.8 49.8 
CD (P = 0.05) 
Load (L) NS 1.03 1.12 
N level (N) 3.23 1.61 1.95 
Interaction NS NS NS 
(LXN) 

Rice 

Nw 51.0 54.5 55.0 53.5 32.5 365 40.5 36.5 

N~~ 58.6 58.2 59.6 58.8 37.4 40 8 42.J 40.1 

N ~ m  60.4 61.6 64.1 62.0 40.3 41.4 428 41.5 
Mean 56.7 58 1 59 6 367 396 418 
CD (P = 0.05) 
Loads (L) 1.81 1.74 
N levels (N) 1.84 1.01 
Interaction (L x N) NS 1.75 
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Table3. Nutrient status (&I5 cm soil layer) in relation the initial value. The effect was pronounced 
- to loads ofcrop residue incorporated at the end On the build-up ofp, due probably in response - i of  3-year rice-wheat cycle after harvest ofwheat 

to more solubilizing of added organic P ma- 
Treamnt Organic Available nutrients figha) terial by the soil microflora. 

carbon (%) 
N P . K  Thus soil fertility can be improved by fur- 

ther continuation of incorporation of crop resi- 
Crop residue load (fonnes/hn) 

0.33 183.5 39.4 187.5 
due loads of combine harvested rice and wheat 

4 0.35 199,2 40.0 190.0 crops in conjunction with"l60 kg N/ha to 
L2 
L3 0.38 198.1 40.8 193.6 wheat, at least during the initial years. And it 

Trend +ve +ve +ve +ve might possibly be sustaipe'd with recom- 
Nitrogen (kg/hfl) 

0.35 176.5 38.7 189.4 
mended level of 120 kg Niha input, after ini- 

N,,, 0.35 198.6 40.6 191 ,5  tial gestation phase of 2-3 years is over and 
N,, 
N , ,  0.36 205.8 41.0 190.3 ' whence the curnmulative effect of added or- 
Initial 0.30 182.0 36.0 180.0 ganic matter laid to come into play. 
Trend Statusquo +ve +ve +ve 
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