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ABSTRACT 

A field experiment was carried out during rainy (kharif) and winter (rabq seasons of 2001-2002 and 2002- 
2003 at farmer's field of Burdwan, West Bengal, in Entisol soil, having pH 6.8, total N 0.070 %, available P 7.83 
kg and available K 191.7 kglha, to evaluate the physical and economic performance of different utera crops 
grown on residual moisture after rice (Oryza sativa L.) under rainfed condition and its effect on fertility status of 
soil. Lathyrus (Lathyrus sativus L.) and linseed (Linum usitatissimum L.) proved to be promising utera crops. The 
highest yield (1,063 and 1 , I  20 kglha) was obtained in both the years with Lathyrus as utera crop which was fol- 
lowed by that (607 and 670 kglha) when linseed was taken as utera crop. Similar trend was also observed for 
dry-matter accumulation at harvest of the utera crops. In terms of Lathyrus-equivalent yield, linseed exceeded 
Lathyrus. The highest Lathyrus-equivalent yield (1,214 and 1,340 kglha, respectively, in both years) was ob- 
tained with linseed as utera crop which was followed by that (1,063 and 1,120 kglha) when Lathyrus was taken 
as utera crop. The highest rice-equivalent yield (6,340 and 6,887 kglhalyear) was obtained in rice-linseed utera 
cropping system. Maximum soil moisture content at flowering stages of utera crops was obtained when Lathyrus 
was taken as utera crop. The highest nutrient uptake of NPK was recorded in rice-Lathyrus utera cropping sys- 
tem. In relation to fertility build up of soil, nutrient status in terms of total nitrogen was found to be significantly in- 
creased in rice-Lathyrus utera cropping system. Highest benefit : cost ratio was obtained in rice-linseed utera 
cropping system, followed by rice-Lathyrus utera cropping system. 
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India still has 200 million people below the poverty line 
and around 80 million protein energy malnourished (PEM) 
children. To support an active healthy life, dietary energy 
must come from diverse food sources. The agricultural 
research has now to address this issue by developing 
agro-techniques that stress on diversification of crops by 
including pulses and oilseeds in the cropping system. As 
there is hardly any scope for increasing the area under 
cultivation in India, it is really a colossal task for meeting 
the future food needs. It is against this account that in 
many of the traditional agricultural systems in the tropics 
and subtropics, adopting intensive cropping systems have 
become imperative. In West Bengal condition, utera crop- 
ping under rainfed condition can cater to this need on 
growing utera crops in the winter- (rabi) season, after the 
wet-season rice, utilizing the residual soil moisture by ad- 
justing the sowing time of utera crops. Sowing of seeds 
like Lathyrus, linseed etc. in standing rice crops 2-3 weeks 

after flowering of rice when the soil moisture is favourable 
for sowing is called utera cropping. As there is meagre 
information with respect to suitability of different utera 
crops, the present study was undertaken with an objective 
to examine the performance, technical and economic vi- 
ability of different utera crops grown on residual moisture 
after rice under rainfed conditions and their impact on the 
nutrient status of soil. 

MATERIALS AND METHODS 

A field experiment was carried out during 2001-2002 
to 2002-2003 at farmer's field of Burdwan district of 
West Bengal, India, on Entisol soil, having pH 6.8, total N 
0.070%, available P 7.83 kg and available K 191.7 kglha. 
The experiment was laid out in randomized block design 
and replicated 10 times. Treatments comprised 4 rice- 
based utera cropping sequences, viz. 'IET 5656' rice- 
'Nirmal' Lathyrus, rice-'B 77' lentil (Lens culinaris 
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Medikus, rice-'Neelam' linseed and rice-'B 22' pea 
(Pisum sativum L.). Recommended doses of fertilizer 
were applied to rice (80:40:40 kg N:P20,:K20 /ha) and 
utera crops (10:20:10 kg N:P20,:K20 /ha) respectively. 
The fertilizers to the utera crop were applied at the time of 
their sowing. Higher seed rate as compared to that used in 
normal sowing was used in case of utera crops. For com- 
parison between the utera crops, the yield of all utera 
crops were converted into Lathyrus-equivalent yield, while 
for comparison between crop sequences, the yield of all 
craps were converted into rice-equivalent yield on price 
basis. 

RESULTS AND DISCUSSION 

Rainy-season rice 
The grain yield of transplanted rice during rainy season 

(kharif) did not differ significantly with different utera 
cropping sequences (Table 1). However, the grain yield 
was generally higher by 3.2% to 9.2%, in the second year, 
compared to the first year. 

Winter-season utera crops 
Growth parameters : The higher dry-matter production 

(317 and 3 17 g/m2, respectiely, in 2 years) of Lathyrus as 
utera crop at harvest was recorded which was followed 
by that in linseed (152 and 222 g/m2, respectively, in 2 
years) as utera crop (Table 1). The lowest dry-matter ac- 
cumulation at harvest (104 and 112 gim2) was recorded in 
lentil in rice-lentil utera cropping system. 

Yield: The highest seed yield of utera crop (1,063 and 
1,120 kglha), respectively, in 2 years) was obtained with 
Lathyrus as utera crop which was followed by that (607 
and 670 kglha, respectively, in 2 years) with linseed as 
utera crop (Table 1). The lowest utera crop yield of 309 
and 301 kglha, respectively, in 2 years was obtained in 
case of pea. This type of result was obtained due to the 
fact that Lathyrus, which could tolerate late-season mois- 
ture stress well, showed the highest yield potential realiza- 
tion among the winter utera crops. Similar results were 
reported by Das and Bhanja (1 993a), who also observed 
the highest yield with Lathyrus as a utera crop. 

Equivalent yield 
Winter season utera crops : The Lathyrus-equivalent 

yield of utera crops differed significantly with different 
utera crops in rice-based cropping system (Table I). In 
terms of Lathyrus price-equivalent yield, linseed crop ex- 
ceeded that of Lathyrus. The highest Lathyrus-equivalent 
yield of utera crop (1,214 and 1,340 @/ha, respectively, 
in 2 years) was obtained with linseed, followed by that 
(1,063 and 1,120 kglha, respectively, in 2 years) when 

Lathyrus was taken as utera crop. The lowest Lathyrus- 
equivalent yield (508 and 448 kglha) was obtained with 
the lentil as utera crop. Thus the crops which could with- 
stand,moisture stress better ultimately proved the best. 

Rice-utera cropping system: The rice-equivalent yield 
of-.different rice-based utera cropping system varied sig- 
nificantly with different rabi crop taken as utera crop 
(Table 1). Significantly highest rice-equivalent yield of the 
whole system (6,340 and 6,887 kglhdyear, respectively, 
in 2 years) was recorded under rice-linseed (as utera) 
cropping system, followed by that (6,225 and 6,542 kg/ha/ 
year) under rice-lathyrus utera cropping system, on the 
line of the performance of utera crop-equivalent yields, 
obtained earlier on basis of market realization. 

Benefit : cost ratio : Rice-linseed cropping system 
was found to be the most remunerative giving the highest 
benefit : cost ratio (2.49 and 2.55, respectively, in 2 
years), followed by rice-Lathyrus utera cropping system 
which recorded benefit : cost ratio of 2.35 and 2.40, re- 
spectively, in the 2 years (Table 1). Similar result was 
obtained by Upasani (1993). Mondal et al. (2003) re- 
ported benefit : cost ratio of 2.49 in rice-linseed utera 
cropping system, while Mondal et al. (2004) obtained net 
production value of 2.7 1 in rice-Lathyrus utera cropping 
system. 

Soil moisture content (99) at flowering of utera crops 
Soil-moisture content showed wide variation at flower- 

ing stage among different utem crops (Table 2). In both 
the years, the highest soil-moistue content (21.2 and 
24.3% respectively) at flowering stage of utera crop was 
observed in Lathyrus followed by that (11.1 and 12.8% 
respectively) when linseed was taken as utera crop. The 
lowest soil-moisture content was obtained with pea as 
utera crop. Lathyrus is a trailing type of crop and its dense 
crop canopy gave a good coverage over land surface 
which resulted in better conservation of soil-moisture 
against evaporation, in spite of higher crop density and 
hence many have accounted for highest moisture content 
in soil. In fact, in utera cropping systems, the key to real- 
izing the highest yield or retuklies with their efficacy in 
using the residual root profile moisture and hence the crop 
which made conservative use of soil moisture, did well, 
ultimately. 

Nutrient cgntent gf utera crqps at hqwest 
The N, P and R c~p ten t  (%) of utera crops at harvest 

was worked gut and it varied with different utera crops 
(Table 2). However, the variation of nutrient content 

- ,among different winter utera crops was due to their ge- 
netic variability. 
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Total NPK uptake by different crop sequences corded in rice-Lathyrus utera cropping system with aver- 
Different rice-based utera cropping sequences differed age yearly requirement of 159.6, 35 and 141.4 kglha of 

in their nutrient (NPK) uptake, either entirely from the soil N, P and K, respectively, followed by rice-linseed (as 
or in part by way of biological fixation in case of legumes utera) cropping sequence removing 117.1, 29.8 and 139 
(Table 3). The maximum nutrient uptake of NPK was re- N, P and K kglhalyear respectively. More uptake was 

- 
Table 1. Dry-matter accumulation of utera crops, y~eld of rice and utera crops, Lnthyr~u-equivalent yield of utera crops and rice-equivalent 

y~eld and benefit : cost ratio of different rice-based utera cropplng systems 

Treatment Dry-matter 
accumulation of 

utern crops (g/m2) 
at harvest 

Utera crop Lnthyrus-equivalent 
seed yield yield of utera 

(k@a) crops (kglha) 

2002 2003 2002 2003 

Rice-equivalent 
yield of the 

cropping 
system 

(kglhalyear) 
2002 2003 

6,225 6,542 
5,213 5,589 
6,340 6,887 
5,402 5,402 

5 1 6 1 

Benefit : cost 
ratio 

Table 2. Soil-moisture content (%) at flowering stage and nutreint content (%) of utera crops at harvest 

Treatment Soil moisture content 
at flowering of utern 

crops 

Nutrient content (96) in utern crops at harvest 

N content P content K content 

2002 2003 2002 2003 2002 2003 

Table 3. Nutrient uptake by rice and utera crops 

Treatment Nutrient uptake by rice (kglha) Nutrient uptake by utera crops (kglha) 

N uptake P uptake K uptake N uptake P uptake K uptake 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Table 4. Nutrient status in soil and changes in soil NPK after the harvest of utera crops in both years 

Treatment Soil nutrient status after the harvest of utera crops Increase (+) or decrease(-) of soil NPK after the harvest 

Total N (%) Available P Available K Total N (kglha) Available P Available K 
( k g W  - @ m a )  (kglha) ( k g W  ( k m 4  (kdha) 

2002 2003 2002 2003 2002 2003 2002 203 2002 2003 2002 2003 
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probably due to higher dry-matter production in these se- 
quences. 

Nutrient status in soil after the harvest of utera crops 
The total N and available P in soil after the harvest of 

the utera crops was significantly influenced by different 
utera cropping systems in the 2 years (Table 4). However, 
the effect of different cropping sequences on available K 
status of soil was not significant. 

Total nitrogen: ,The results showed that plots seeded 
with winter grain legumes as utera crops maintained a 
higher level of soil fertility after 2 cycles of rice-utera crop 
sequence. Of these, rice-lathyrus cropping sequence reg- 
istered higher total N content in soil than the other treat- 
ments. 

The highest total N content (0.0696 and 0.0708% re- 
spectively) in the 2 years after the harvest of utera crops 
was obtained in rice-lathyrus system, thus recording a net 
increase of 18 kg Nlha after the eno of 2 cycles of crop- 
ping. This increase may in part be due to the ability of the 
Lathyrus crop of fix atmospheric nitrogen in its root nod- 
ules. The total soil-nitrogen status after the harvest of 
utera crops could be kept relatively higher in rice-lentil 
and rice-pea cropping system, while much depletion 
(-112 and -217 kglha, in 2 years respectively) was ob- 
served in case of rice-linseed utera cropping system 
(Table 4). Nitrogen economy with winter legumes as com- 
pared to non-legumes was also reported by Ahlawat et al. 
(1981). 

Available phosphorus: The available P content of soil 
after all the utera crops increased over the initial soil con- 
tent. The highest available P after the harvest of utera af- 

ter 2 cycles of the sequence was observed in rice-lentil 
cropping sequence. However, this might have been due to 
comparatively lower crop yield, resulting in lower uptake. 
Interestingly, in spite of more phosphorus removal from 
the soil, the available phosphorus content of the soil after 
2..cycles of the rice-Lathyrus utera cropping sequence 
was comparable to the other treatments which removed 
less phosphorus. This might be due to the improvement in 
physico-chemical properties and microbial conditions in 
soil which helped to solubilize the fixed phosphate in the 
soil. Nair et al. (1973) also reported to increased available 
phosphate due to legumes. 
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