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Rice is the main staple food in Asia and 
particularly in Indian subcontinent. India ranks first in 
area (42.4 mill. ha.) and second in rice production with 
a share of 21 percent (104 mill. tones) of world rice 
production in 2012. Moreover, rice is major 
agriculture commodity of India for earning foreign 
currency and contributes about 338090 million rupees 
in agricultural exports (20%) in 2012-13 
(Anonymous, 2013). Further it provides employment 
to millions of people in rice cultivation and rice based 
industry. This indicates the importance of rice crop in 
national food security and economy of India. 
However, in view of shrinking resources like arable 
land, irrigation water and energy there is shifting of 
rice crop by more remunerative crops like soybean 
which require less labour and water (Tomar et al., 
2012). Short fall in rice production leads to 
economical, social and nutritional insecurity in India 
and this has been witnessed in recent past and will be 
acute in future. Moreover, uncertainties of rainfall, 
limitation for increasing irrigation facilities towards 
traditional rice cultivation method, fertilizer and 

pesticide availability are major challenges for 
attaining desired rice production at state and national 
level. This necessitates to find out appropriate 
alternative and more efficient production systems 
such as multiple cropping which can ensure proper 
utilization of resources to obtain increased production 
per unit area and time on a sustainable basis (Trenbath, 
1986; Jabbar et al., 2010), particularly for upland 
rainfed rice growing region like Marathwada 
(Maharashtra), wherein rice productivity is very low 

-1(520 kg ha ) (Anon., 2013b). Legumes in association 
with major staple food crops like rice could be 
successfully introduced to enhance the productivity of 
the system (Saeed et al., 1999). Similarly, weed 
management is big challenge in upland rice. The 
extent of yield reduction due to weed infestation was 
15-20 per cent under transplanted system, 30-35 per 
cent under direct seeded low land system and more 
than 50 per cent under upland situation (Pillai and Rao, 
1974). Whereas, Singh et al. (2005) reported reduction 
in grain yield by 75.8, 70.6 and 62.6% under dry 
seeded rice, wet seeded rice and transplanted rice, 
respectively due to uncontrolled weeds. Dwivedi and 
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ABSTRACT
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Srivastava (2011) found reduction in weed population 
under cereal + legume intercropping. Moreover, 
Intercropping also offers opportunity to incorporate 
the crops of commercial importance and furnishing 
the requirement of family (Arya et al., 2012). Patra 
(2005) also confirmed that intercropping of rice with 
greengram was beneficial over sole crop of direct 
seeded rice. In view of this, there is an urgent need to 
design and develop new methods and techniques of 
crop production to meet the increasing demand for 
food, feed and forage through effective utilization of 
available resources in rainfed upland rice. 
Accordingly a trial was conducted to test the 
performance of soybean as an intercrop in different
row ratios with rice and weed management practices.

MATERIALS  AND METHODS

 A field experiment was conducted on medium 
black soil with slightly alkaline in reaction in 2011, 
2012 and 2013 at Upland Paddy Research Scheme, 
research farm, VNMKV, Parbhani (Maharashtra). 
Rice variety ‘Parag’ was sown with 30 cm row spacing 

-1and seed rate of 60 kgha . Recommended dose of N-P-
-1K @ 80-50-50 kgha  was used. Sources of fertilizers 

were Urea, Single Super Phosphate and Murate of 
Potash. The seed was treated with carbofuron @ 2 

-1 -1gmkg  seed and azorpirillium @ 10 gmkg  seed. 
Soybean variety ‘MAUS-71’ was sown as intercrop 

-1with the seed rate of 75 kg ha  as per the treatments. 
Experiment was laid out in split plot design with three 
replications. In main plot four weed control methods 

-1viz. Pendimethalin @ 0.75 kg a.i. ha , Pendimethalin 
-1@ 0.75 kg a.i. ha  followed by one hand weeding at 25 

days after sowing (DAS); two mechanical weeding at 
20 and 45 DAS and unweeded control and in sub-plots 
five intercropping treatments were followed viz. rice 
(30 cm row spacing); inter cropping rice + soybean 
(2:1); rice + soybean (3:2); rice + soybean (4:2) and 
rice + soybean (5:1). Soil was low in available 
nitrogen, ferrous and zinc; medium in available 
phosphorous and rich in potash. Rainfall during 
experimental period was 636 mm, 678 mm, 1134 mm 
in cropping season during 2011, 2012 and 2013, 
respectively. 

RESULTS AND DISCUSSION 

Rice grain yield was significantly influenced due 
to weed management practices and intercropping 
treatments under study in 2011-12, 12-13, 13-14 and 
in pooled analysis (Table 1). Amongst weed 
management practices, pre emergence (PE) 
application of pendimethalin @ 0.75 kg/ha followed 

  

by one hand weeding at 25 DAS produced 
significantly highest grain yield over rest of the weed 
management practices except two hand weeding at 20 
and 40 DAS in 2011-12, 2012-13 and 2013-14. In 
pooled data, pre-emergence application of 

-1pendimethalin @ 0.75 kgha  followed by hand 
weeding at 25 DAS showed higher rice seed yield, 
however, it was at par with rest of the treatments, 
except unweeded control. Significantly the lowest 
seed yield was observed with unweeded control in 
2011-12, 12-13, 13-14 and pooled data over the 
seasons. Sinha et al., (2006) reported higher rice grain 
yield with pre emergence application of 
pendimethalin coupled with one hand weeding at 25 
DAS under dry seeded sole rice crop. Amongst various 
intercropping treatments sole rice crop gave 
significantly highest rice grain yield than rest of the 
various rice + soybean intercropping systems during 
three years of investigation. rice + soybean (4:2) 
showed significantly highest grain yield over rest of 
the rice inter cropping systems except rice + soybean 
at 2:1 ratio during first two years of experimentation 
(2011-12 and 2012-13). However, in 2013-14, rice + 
soybean at 2:1 ratio found significantly superior over 
lowest introduction of soybean with rice i.e. rice + 
soybean at 5:1 ratio and was at par with other rice + 
soybean combinations. Significantly lowest rice grain 
yield was observed with rice + soybean (5:1) in all the 
three seasons. Pooled data was non-significant for 
intercropping treatments under study. Reduction in 
grain yield of rice due to intercropping was also 
reported by Chandra et al., (1992). This might be 
attributed to lowered population of rice in 
intercropping system due to introduction of soybean 
crop. Amongst weed management practices 

-1application of pendimethalin @ 0.75 kg ha  followed 
by one hand weeding at 25 DAS produced 
significantly more soybean grain yield over rest of the 
treatments except hand weeding on 25 and 40 DAS in 
the entire period of investigation and pooled analysis. 
Jadhav et al., (2003) found superiority of hand 
weeding twice in soybean over pendimethalin 
followed by hand weeding in sole soybean crop. 
Unweeded control gave significantly lowest soybean 
grain yield over rest of the treatments in all the seasons 
and pooled results.

Pooled data rice + soybean (3:2) gave significantly 
more seed yield over rest of the intercropping systems. 
rice + soybean (4:2) was observed statistically at par 
with rice + soybean (2:1) in all the years of 
investigation and both were significantly better than 
rice + soybean (5:1). Amongst weed management 
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practices, application of pendimethalin (PE) @ 0.75 
kg/ha followed by one hand weeding at 25 DAS 
produced significantly highest grain yield over rest of 
the weed management practices except two 
mechanical weedings at 20 and 40 DAS in 2011-12, 
2012-13, 2013-14 and in pooled analysis. 
Significantly lowest rice grain equivalent yield was 
observed with unweeded control in 2011-12,2012-13, 
2013-14 and pooled data, rice + soybean (3:2) gave 
significantly more rice grain equivalent yield over rest 
of the intercropping systems except rice + soybean 
(4:2) in first year of investigation. Significantly lowest 
rice grain equivalent yield was observed under rice + 
soybean (5:1). Munda et al., (2002) reported higher 
rice grain equivalent yield under rice + soybean (4:2) 
intercropping system in comparison to sole crop of 
rice under rainfed mid-hill dry terraces of Meghalaya.  

Rice grain yield significantly influenced due to 

interaction effects of weed management practices and 

intercropping treatments (Table 3). Significantly 

highest rice grain yield was obtained with 

pendimethalin @ 0.75 kg/ha followed by one hand 

weeding at 25 DAS in sole crop of rice and it was at par 

with two hand weeding at 25 DAS and 40 DAS with 

sole crop of rice in 2011-12 and similar trend was 

observed in 2012-13 and pooled data. Rice seed yield 

was not influenced significantly in 2013-14 due to 

various interactions. In 2011-12, rice + soybean (4:2) 
-1with pendimethalin @ 0.75 kgha  followed by one 

hand weeding at 25 DAS gave more rice seed yield, 

however, it was at par with rice + soybean (2:1) with 
-1pendimethalin @ 0.75 kgha  followed by one hand 

weeding at 25 DAS and rice + soybean (4:2) with two 

hand weeding at 25 DAS and 40 DAS. Similar results 

were observed in 2012-13. 

Soybean yield was significantly influenced by 

interaction of weed management practices and 

intercropping treatments under study (Table 3). 

Significantly highest soybean yield was obtained with 
-1pendimethalin @ 0.75 kg ha  followed by one hand 

weeding at 25 DAS with rice + soybean (3:2) over rest 

of the treatment combinations except the treatment of 

hand weeding at 25 DAS and 40 DAS with rice + 

soybean (3:2) in 2011-12. Similar trend was noted in 

rest of the period of experimentation (2012-13, 13-14) 

and in pooled data. The significantly lowest soybean 

grain yield was obtained with unweeded control with 

least introduction of soybean intercrop with a ratio of 

rice + soybean at 5:1during three years of 

experimentation and pooled analysis.

Rice equivalent grain yield was significantly 

influenced by interaction of weed management 

practices and intercropping treatments under study. 

Significantly highest REY was obtained with 
-1pendimethalin @ 0.75 kg ha  followed by one hand 

weeding at 25 DAS with rice + soybean (3:2) over rest 

of the treatment combinations except in 2011-12. 

Similar trend was noted in rest of the period of 

experimentation (2012-13, 13-14) and in pooled data 

(Table 4). The lowest soybean seed yield was 

significantly obtained under unweeded control with 

least introduction of soybean intercrop with a ratio of 

rice + soybean at 5:1 in first two years; however, in last 

year and in pooled analysis sole crop of rice gave 

lowest rice grain equivalent yield, however, both the 

treatments were at par with each other in all the years 

and pooled analysis.

Significantly highest weed dry weight was 

recorded with weedy check. Amongst weed control 
-1treatments pendimethalin @ 0.75 kg a.i. ha  followed 

by one hand weeding at 25 DAS recorded significantly 

lowest weed dry weight in three years of study and 

pooled analysis at all stages of observation (30 DAS, 

60 DAS and at harvest); however, this was at par with 

two hand weeding at 20 and 45 DAS at 30 DAS in 

2011-12, at 60 DAS in 2012-13 and at harvest in 2011-

12 and 2012-13 (Table 5). Reduction in weed dry 

matter due to pre emergence application of 

pendimethalin in integration with one hand weeding 

was reported by Walia et al., (2009) in dry seeded rice 

and Jadhav et al., (2003) in soybean indicating 

suitability of pendimethalin and integration hand 

weeding with herbicide in intercropping system of rice 

+ soybean. Weed dry weight was not influenced 

significantly due to intercropping treatments alone or 

their interaction effects with weed management 

practices. Major associated weeds in the present 

investigation were

Broad-leaved weeds: Commelina benghalensis, 

Amaranthus sp, Merrimia emarginata, Euphorbia sp., 

Convolvulus arvensis, Parthenium sp., Xanthium 

strumarium, Digera arvensis, Abtulion indicum, 

Alternanthera philoxeroides 

Grasses: Echinochloa colonum, Echinochloa 

crusgali, Dactyloctenium aegyptium, Brachiaria 

eruciformis, Digitaria sanguinalis, Cynadon 

dactylon, Setaria tomentosa, Dinebra retroflexa.

Sedges: Cyprus rotundus 
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Highest weed control efficiency was recorded with 
-1pendimethalin @ 0.75 kg a.i. ha  followed by one 

hand weeding at 25 DAS and lowest weed index i.e. 
per cent seed yield loss was observed with two hand 
weeding at 20 and 45 DAS amongst weed 
management practices.

Gross monitory return (GMR) and net monitory 
return (NMR) 

Weed Management Practices: Significantly 
highest GMR was obtained with pendimethalin @ 

-10.75 kg a.i. ha  followed by one hand weeding at 25 
DAS over rest of the practices; however, it was on par 
with two hand weeding at 20 and 45 DAS amongst 
weed management practices in all the three years of 
experimentation (Table 6). However, significantly 
highest NMR was obtained with pendimethalin @ 

-10.75 kg a.i. ha  followed by one hand weeding at 25 
DAS than rest of the weed management practices in all 
the three years of experimentation followed by two 
hand weeding at 20 and 45 DAS . Significantly highest 
GMR and NMR was noted with rice + soybean 
intercropping (3:2) in 2011-12, 2012-13 and 2013-14 
and was closely followed by rice + soybean (2:1) and 
rice + soybean (4:2) and were at par with each other in 
all the years of study.

Significantly maximum rice equivalent yield 
(REY) and net returns were observed with 

-1pendimethalin @ 0.75 kg ha  followed by one hand 
weeding at 25 DAS over rest of the weed management 

-1practices.. Moreover, pendimethalin @ 0.75 kg ha  
followed by hand weeding at 25 DAS recorded lowest 
weed dry matter and highest weed control efficiency in 
2011-12,12-13 and 13-14. This confirmed advantage 
of integration of pendimethalin and mechanical 
weeding in controlling weeds and improving yield of 
rice + soybean intercropping. 

Significantly highest rice equivalent yield, GMR, 
NMR was observed with rice + soybean intercropping 
at the ratio of 3:2 over rest of the intercrop treatments 
in all the three years. Significantly highest REY was 
obtained with rice + soybean intercropping with the 
ratio of 3:2 in pooled results. Amongst various 
interactions, the highest rice grain equivalent yield 
was obtained with the treatment of pendimethalin @ 

-10.75 kg ha  followed by hand weeding at 25 DAS for 
rice + soybean intercropping at the ratio of 3:2 over 
rest of the interactions of weed management and 
intercropping of rice + soybean in all three years and 
pooled analysis. It proved beneficial over rest of the 
combinations of row proportions of rice+ soybean or 

sole rice crop, respectively during all the years of study 
and pooled analysis.
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