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1. INTRODUCTION  

 

Northwestern Rajasthan is characterized by typical arid 

climate where vegetation condition is primarily dependent on 

the unpredictable (though seasonal) influence of climatic 

conditions. Mixed cropping by virtue of its merits has 

traditionally been practiced as an insurance against aberrant 

weather conditions and natural calamities like droughts, which 

appear more frequently in this region. Crop-mixtures, in 

general, outperform monocultures both in terms of productivity 

and weed suppression but in order to ensure their benefits to 

be persistent and consistent through time, more scientific 

way-out in the form of intercropping needs to be evaluated by 

involving crops which are complimentary and compatible to 

each other in terms of growth rhythm and climatic 

requirements  so  that dynamic relationship between species 

of diverse morphology can fully be  utilized for efficient  

utilization of resources in the hungry-thirsty soils of this 

region.  

Legume use in intercropping system is valued not only 

for its ability to substitute for fertilizer nitrogen use but to 

improve canopy apparent photosynthesis also, which is one of 

the primary metabolic processes determining plant growth 

and yields. Therefore, intercropping of cereals and legumes 

appears to be one of the feasible approaches for increasing 

the yields in this region, but in harnessing maximum economic 

yields from component crops, elimination of causes 
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responsible for yield losses is also very important and need 

be addressed properly. Among such causes, weed infestation 

is one, which is of prime importance in intercropping systems 

because a number of weed species infests both the crops 

during their growth season. But hitherto, most of the studies 

on crop-weed competition are related to sole crop only and 

such studies are scanty on intercropping systems.  

Pearl millet and legume intercropping system is 

promising for this region and legumes compatible with pearl 

millet as intercrops, are mainly cluster bean and moth bean. 

All the component crops of the system have their own 

importance in livelihood of farmers of the region.   

Pearl millet [Pennisetum glaucum (L.) Br Emend stuntz.] 

popularly known as bajra is an important coarse grain cereal 

of this region. It is a dual purpose (grain and fodder) crop very 

well adapted to agroclimatic conditions of this region. Grains 

contain 11-12% protein, 5-6% fat, 67% carbohydrate and are 

also rich in minerals (phosphorus and iron) and vitamins 

(carotene, riboflavin and niacin). India is the largest producer 

of pearl millet with an annual production of 10.05 m tons from 

an area of 8.69 m ha and productivity of 1156 kg ha-1 (Annual 

Report, AICPMIP, 2014). Rajasthan ranks first in area (4.41 m 

ha) and production (4.11 m tons). However, average 

productivity is 933 kg ha-1 which is still low compared to the 

national average. (www.rajasthankrishi.gov.in, 2014). In 

Rajasthan, pearl millet cultivation is mainly confined to the 

arid (62% of total area) and semi-arid (12.60% of total area) 

regions. 
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Among the leguminous crops compatible with pearl 

millet as intercrops, cluster bean [Cyamopsis tetragonoloba 

(L.) Taub.] is one, which is the crop of dry and warm habitat. It 

is grown for different purposes such as seed, vegetables, 

green fodder, etc. Its seeds contain 28-33% gum, which is an 

important product of commercial value. The multi adaptive 

and adjusting nature of this crop has enabled it to become a 

crucial part of all types cropping and farming systems of the 

arid regions. With the increased availability of new cultivars of 

pearl millet and cluster bean differing widely in plant type and 

maturity periods, considerable scope exists to develop more 

productive pearl millet + cluster bean intercropping system to 

increase and stabilize the yield of  these crop in this region.  

Moth bean [Vigna aconitifolia (Jacq.) Marchall] is 

another important leguminous crop of arid and semi arid 

regions, which fits well in intercropping system with pearl 

millet because of its shorter life span, besides other 

advantages. It is also known as moth and dew bean. It is an 

indispensable component of dry land farming system of arid 

and semi-arid regions because it is the most drought tolerant 

crop among Kharif pulses. Moth bean contain about 20.5% 

easily digestible protein being relatively rich in lysine and 

tryptophan, the essential amino acids, in which cereals are 

deficient. It offers a variety of edible products such as dried 

seeds, mature and immature green pods for vegetable and 

snacks. Moth bean has deep and extensive root system with 

profuse vegetative growth and dense foliage, thus acts as a 

protective cover against soil erosion, smothers weeds and 

conserves soil moisture for a longer period. The duration of 
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crop is very short; hence it is most suitable for low rainfall 

areas of western Rajasthan (Yadav, 2005). Recent increase 

in its demand is quite explainable as it is the crop, which has 

made Bikaner as a major papad and bhujia producing hub in 

the world. All these reasons make moth bean an economic 

crop of the area. Rajasthan is a leading producer of moth 

bean, contributing about 86 % area (9.2 lakh ha) and 79 % 

production (2.6 lakh ton) in the country. Despite all, the 

productivity of moth bean in Rajasthan is very low (288 kg/ha) 

(www.rajasthankrishi.gov.in, 2014) mainly because of the fact 

that it is cultivated largely on marginal or sub marginal lands 

of poor fertility status.  

As pointed out earlier, weed infestation is considered as 

one of the most important constraint that limits yields in 

intercropping system. Pearl millet and legume intercropping, 

being a rainy season system, suffers badly due to severe 

competition by mixed weed flora. Weeds adversely affect crop 

production because they compete with the crop plants for 

nutrient, moisture, light and space. In pearl millet, weeds 

account for 16 to 94 per cent reduction in yield (Umrani et al., 

1980). Thus, weed control has become crucial for quality 

product and higher yields. Conventional methods of weed 

control being weather dependent, laborious, time consuming 

and costly due to high cost of labour and mechanical means 

being less efficient in controlling weeds compare to use of 

herbicides, there is need to explore suitable herbicide (s), 

which may be effective and economically viable for both 

monoculture and intercropping. In recent years, pendimethalin 

has performed well in leguminous and cereals crops as pre-
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emergence herbicide. It is a selective and pre-emergence 

herbicide, absorbed by roots and leaves. Affected plants die 

shortly after germination or following emergence from the soil. 

Experimental evidences are available that the use of 

pendimethalin as pre-emergence spray can completely 

control early emerged broad leaf and annual grassy weeds 

(Gurjar et al., 2001 and Chauhan et al., 2002). If the farmers 

skipped to apply this herbicide due to one or other reasons, 

application of post-emergence herbicide is the option left with 

them. In view of paucity of information on weed management 

especially the application of post-emergence herbicides an 

attempt has been made to test imazethapyr as a post-

emergence herbicides, as these have shown encouraging 

results in other leguminous crops. Numerous reports on weed 

control in sole pearl millet are available (Singh and Yadav, 

1994 and Ram et al., 2004) but information on control of 

weeds in pearl millet and legume intercropping system in arid 

zone is lacking, particularly on herbicidal weed control.  So 

there is a need to test chemical as well as other methods of 

weed control for pearl millet and legume intercropping system. 

Taking cognizance of the facts mentioned above the present 

investigation entitled “Effect of Weed Control Measures in 

Pearl millet–Legumes Intercropping System in Arid Western 

Rajasthan” was conducted with the following objectives:  

1. To study the effect of different weed control measures and 

intercrops on intensity and dry matter of weeds. 

2. To study the effect of different weed control measures and 

intercrops on growth and yield of pearl millet and legumes. 
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3. To find out the effect of different weed control measures 

and intercrops on nutrients content and uptake by crops. 

4. To find out the efficiency and economics of different weed 

control measures in pearl millet and legumes. 

5. To find out the interaction effect of intercropping system 

and weed control measures, if any. 

 

 

 



 43

2. REVIEW OF LITERATURE 

In this chapter, an attempt has been made to collate the 

experiment findings related to the present study entitled 

“Effect of Weed Control Measures in Pearl millet – Legumes 

Intercropping System in Arid Western Rajasthan”. As regards 

intercropping studies involving cereals and legumes, a large 

number of reports were available but there is severe dearth of 

published literature on the use of herbicides in pearl millet and 

legume intercropping system as this aspect has seldom been 

studied in the past. Therefore, reports on others crops have 

also been included in this chapter to elucidate the major 

trends.  

2.1 Effect of intercropping system 

2.1.1 Weed growth 

Singh et al. (2005) conducted a field experiment at 

Udaipur to study the effect of planting pattern and weed 

control methods on weeds and productivity of maize and 

soybean. Based on two year study, they reported that 

intercropping of maize with soybean, irrespective of their row 

ratio, effectively reduced the weed density and dry weight of 

weeds at 50 DAS compared to their pure cropping.   

Ram et al. (2005) conducted an experiment on loamy sand soil of 

Jobner (Jaipur) to evaluate the effect of integrated weed management and 

intercropping systems and reported that lowest weed population (117/m2) 

and dry weight (975 kg/ha) were recorded under pearl millet + cowpea 

followed by pearl millet + green gram while maximum under sole pearl 
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millet at harvest. (Bilalis et al., 2008) also reported significantly less weed 

dry matter under intercropping systems (oat-pea or cereal-legume) as 

compared to pure stands. However, different cereal-legume intercropping 

systems remained statistically at par in this respect. Weed population was 

reduced in brinjal-groundnut intercropping also as compared to sole crop 

(Srikrishnah et al., 2008). Bilalisa et al. (2010) reported that intercropping 

maize and legumes considerably reduced the weed density compared to 

maize as sole.  

Issa Piri et al.( 2011) also found that total dry matter of 

weeds recorded from the sole crop of millet and bean was 

higher than that recorded under intercropping, because millet 

had greater growth rate than bean when they were grown in 

mixture together. They noticed that millet occupied the upper 

part of the canopy and cast shadow on bean, while, bean in 

the lower part of the canopy cast shadow on the soil and led 

to suppression of weeds in this system. Workayehu and 

Wortmann (2011) reported 30% less weed infestation in 

intercrop as compared to sole crop of bean but differences 

across the years were inconsistent. Weed biomass was also 

13% less with maize + bean intercropping compared to sole-

cropped maize. Overall, intercropping suppressed weeds and 

was more productive and economical than sole crop 

production.  

Kiroriwal et al. (2012) reported that the density and dry 

weight of weeds were reduced significantly in pearl millet + 

moth bean and pearl millet + cluster bean inter-cropping 

system as compared to sole crop of pearl millet. Kiroriwal and 

Yadav (2013) conducted a field experiment at Bikaner and 

concluded that Pearl millet intercropped with cluster bean and 
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moth bean significantly reduced the density and dry matter of 

individual and total weeds as compared to sole pearl millet. 

Tenaw Workayehu (2014) also reported more biomass in sole 

bean compared with other cropping systems. The weeding 

frequency and cropping system interaction was not found 

significant for weed biomass.  

2.1.2 Growth, yield attributes and yield  

Yadav and Yadav (2000) at Jodhpur observed that the 

choice of the cropping system significantly affect seed yield of 

each component crop of the system. Maximum grain yield of 

2056 kg ha-1 obtained in sole crop of pearl millet was 

significantly superior to mixed cropping treatments. The seed 

yield of cluster bean was reduced by 38-67% in mixed stands. 

Further, mixed cropping of pearl millet + cluster bean in 1:2 

ratio gave significantly higher pearl millet equivalent yield. 

However, Pandey et al. (2003) reported that maize based 

intercropping system reduced the values of yield attributes 

and grain yield of maize than sole crop of maize but 

significant reduction in cob length, kernels/row, grain/cob and 

grain yield was recorded only with seasame, turmeric and 

forage moth intercropping system at Pusa, Samastipur. 

Ram et al. (2003) observed that plant height of pearl 

millet recorded under sole pearl millet was at par with that 

recorded under pearl millet + cluster bean but it was 

significantly higher when compared with pearl millet 

intercropped with cowpea and green gram. However, Singh 

and Agrawal (2004) observed that yield attributes of pearl 

millet viz., length of ear, grain weight/ear and 1,000- grain 

weight were not influenced by intercropping system.  
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Yadav et al. (2005) reported that the highest dry matter 

production of moth bean and cluster bean with pearl millet 

intercropping was obtained under 5:1 and 6:1 planting system 

and was at par with 4:1 and 5:1 planting system. They also 

reported that the highest grain yield of moth bean and cluster 

bean with pearl millet intercropping was obtained under 5:1 

and 6:2 planting system and was at par with 4:1 and 5:1 

planting system at Bikaner. 

 Yadav and Jat (2005) reported that the row ratio of 2:1 

moth bean : Pearl millet being at par with 3:1 produced 

significantly higher grain and straw yield of moth bean in 

intercropping system than other ratios. Significantly higher 

pearl millet grain yield was recorded with 1:3 (moth bean: 

pearl millet) row ratio but it was at par with 1:2 (moth bean: 

pearl millet) row ratio. The highest fodder yield of pearl millet 

was recorded with 1:3 ratio among all other ratios tested. 

They further reported that out of three moth bean varieties 

namely RMO-40. Jwala and IPCMO-912 intercropped in 1:2, 

2:1, 2:2, 1:3 and 3:1 row ratio with pearl millet, the short 

duration variety RMO-40 recorded significantly higher grain 

yield in intercropping with pearl millet than Jwala and IPCMO-

912. In terms of fodder yield, however, IPCMO-912 being at 

par with long duration variety Jwala was significantly superior 

to RMO-40 in intercropping system at Fatehpur (Rajasthan).  

Results of a field experiment was conducted at Hissar 

showed that sole pearlmillet, clusterbean, mungbean, cowpea 

and blackgram gave significantly higher grain and stover 

yields over inter and strip-cropping (Kumar et al., 2006). Rana 

et al. (2006) reported that maize paired row (40/80 cm) +1 
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row of mung bean recorded significantly higher cobs/plant, 

cob length, grain/cob, grain weight/cob as compared to sole 

maize.  

Chauhan et al. (2008) reported that the grain yield of 

cluster bean decreased in intercropping system when 

compared with the yield obtained from pure stand whereas 

cluster bean equivalent yield was higher with 6:1 row ratio of 

cluster bean and pearl millet or sesame. Sharma (2008) 

showed that intercropping of pearl millet and cluster bean with 

a row ratio of 2:2 recorded the maximum values of plant 

height and number of tillers per plant than other intercropping 

row ratios and sole stands of pearl millet and cluster bean at 

Bikaner, Rajasthan. Rao et al. (2009) reported that sole 

sorghum recorded the highest grain yield among all the 

treatments, however it was statistically at par with that 

recorded under sorghum + green gram in 2:1 row ratio 

fertilized with 50 kg N/ha and with 75 kg N/ha. The lowest 

yield of sorghum was obtained under sorghum + green gram 

in 1:1 row ratio at Pali (Rajasthan). 

A field experiment conducted during the summer season 

at Sabour showed that pearl millet + cowpea at 2:2 row ratio 

recorded significantly higher total grain yield and dry fodder 

compared to other treatments (Sharma et al., 2009). Sharma 

et al. (2010) noticed that intercropping of pigeon pea with 

green gram and pearl millet influenced the plant height, 

number of primary and secondary branches and number of 

pods significantly at Karnataka during Kharif season. Ashish 

Kumar (2011) observed that different yield attributes of pearl 

millet, viz. length of ear, grain weight/ ear and 1,000- grain 
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weight were not influenced by intercropping system at 

Bikaner. 

Patel and Sadhu (2013) conducted a field experiment 

during summer, 2010 at Anand and reported that sole pearl 

millet, though, produced higher grain and straw yields yet, 

intercropping of pearl millet + green gram at 1:2 row ratio 

recorded higher pearl millet equivalent yield, net return and 

benefit: cost ratio and it was found superior to sole pearl millet 

and intercropping of pearl millet with green gram, moth bean 

or cluster bean in different row ratios. 

2.1.3 Nutrient content, uptake and quality  

Sharma and Gupta (2002) observed that N and P 

nutrition of pearl millet was greatly improved by intercropping 

with legumes. They reported that the highest N and P uptake 

by grain and Stover was recorded in pearl millet + cluster 

bean system which was significantly greater than that of pearl 

millet + cowpea system. Goswami et al. (2002)  also reported 

that total uptake of N, P and K was influenced significantly by 

intercropping system being maximum with pearl millet + green 

gram intercropping at IARI New Delhi. However, Ram and 

Singh (2003) at Faizabad (Uttar Pradesh) also recorded 

significantly higher crude protein and nitrogen uptake of 

sorghum sole compared to its intercropping with cluster bean.  

Singh and Agrawal (2004) observed that the N and P 

uptake was maximum in sole pearl millet due to its higher 

grain yield. Ram et al.  (2004) observed that the maximum 

removal of N, P and K by weeds was recorded under sole 

pearl millet, whereas the minimum under pearl millet 
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intercropped with cowpea and green gram. Sole pearl millet 

showed the maximum removal of N, P and K by weeds to an 

extent of 15.3, 1.4 and 13.9 kg ha-1 at 30 DAS and 26.2, 2.4 

and 24.8 kg ha-1 respectively, at 60 DAS. 

Tetarwal and Rana (2006) observed that the cropping 

system had no marked influence on N and P uptake by grain 

as well as straw of pearl millet, whereas, the total uptake of N 

and P was significantly higher with sole crop compared to 

pearl millet + moth bean intercropping system. However, 

Sharma et al. (2008) reported that influence of intercropping 

of maize with cowpea, rice bean and cluster bean was clearly 

evident in the total crude- protein of the system. Intercropping 

of maize + cowpea in the ratio of 2:2 gave higher crude 

protein content than sole stands of maize and cowpea at 

Sabour (Bihar). In another study, nitrogen uptake was 

maximum under sorghum + green gram with 2:1 row ratio at 

50 kg N/ha. (Rao et al., 2009). 

2.1.4 Economics of intercropping  

Tetarwal and Rana (2006) observed that the Pearl millet 

+ moth bean intercropping system fetched higher net return 

(Rs 8,375/ha) as well as benefit: cost (B:C) ratio (0.87) over 

sole pearl millet. Sharma (2008) reported that intercropping 

system of pearl millet and cluster bean with a row ratio of 2:2 

recorded the maximum values of land equivalent ratio, net 

return and benefit: cost ratio than other intercropping row 

ratios, however, maximum aggressivity index and relative 

crowding coefficient were obtained with mixed seed sowing of 

pearl millet and cluster bean at Bikaner, Rajasthan. 

Intercropping of maize with black gram at 1:1 row ratio was 
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found to be the most economically viable system with highest 

land equivalent ratio and maize grain yield at Pantnagar 

(Pathak and Singh, 2008).  

Sharma et al. (2009) reported that pearl millet + cowpea 

(2:2) intercropping system recorded significantly  higher land 

equivalent ratio, relative crowding coefficient, maximum 

aggressivity index and competitive ratio were obtained with 

pearl millet + cluster bean at 1:2 row ratio. However, 

Intercropping of pearl millet with cluster bean at 1:7 row ratio 

was found to be the most economically viable system with 

highest land equivalent ratio and pearl millet grain yield during 

Kharif season at Bikaner (Ashish, K. 2011). In another study, 

pearl millet + moth bean, pearl millet + cluster bean both the 

intercropping systems gave higher net return over sole pearl 

millet. Pearl millet intercropped with cluster bean gave highest 

mean net return of Rs. 23133 ha-1 followed by pearl millet + 

moth bean (Rs. 21143 ha-1) at Bikaner (Kiroriwal and yadav, 

2013). 

2.2 Weed control Studies  

2.2.1 Weed growth 

Reager et al. (2003) while conducting an experiment on 

weed control found that pre emergence application of 

pendimethalin @ 1.0 kg ha-1 supplemented with hand 

weeding resulted in the highest reduction in weed dry matter 

and weed density in cluster bean at Jobner (Jaipur). Kalpana 

and Velayatham (2004) while working at Tamilnadu 

Agriculture University reported that post emergence 

imazethapyr 100 g ha-1 resulted in significant reduction in 
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grasses and sedges in soybean. Mishra and Chandrabhanu 

(2006) observed that pre emergence application of 

pendimethalin @ 1.0 kg ha-1 gave significantly lower weed 

population, weed dry weight as compared to any other 

herbicide treatment in summer black gram at NRCW 

(Jabalpur). In groundnut, post-emergence imazethapyr @ 0.1 

kg ha-1 recorded the lowest weed density of monocot (7.79 

m2) as against 11.44 weeds m2 recorded under unweeded 

check. However, the density of dicot weeds was recorded 

minimum (4.78 m2) under post- emergent imazethapyr 0.150 

kg ha-1 but it was found at par with post emergent 

imazethapyr @ 0.1 kg ha-1. They further concluded that post 

emergent Imazethapyr @ 0.1 kg ha-1 significantly decreased 

weed biomass recorded 30 days after treatment compared to 

post emergent imazethapyr @ 0.05 kg ha-1 and weedy check 

in a field experiment at MPUAT Udaipur (Maliwal and Mundra, 

2009). 

Ali et al. (2011)  concluded that application of 

imazethapyr @ 100 g ha -1 as post emergence was found 

most effective in green gram for reducing population and dry 

weight of weeds in sandy loam soil of S.K. Nagar (Gujarat). 

However, one hand weeding done at 20 DAS, two hand 

weeding done at 20 and 40 DAS, pendimethalin @ 1kg ha-1, 

imazethapyr @ 0.1 kg ha-1,  pendimethalin + one hand 

weeding at 40 DAS, imazethapyr + one hand weeding at 40 

DAS treatments were found equally effective and reduce the 

dry weight of weed flora in cluster bean (Yadav et al., 2011). 

Ram et al. (2012) reported that hand weeding registered 

lowest weed density (2.37 per m2) and weed biomass (3.45 g 
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m2) at 30 DAS and remained statistically at par with 

pendimethalin + imazethapyr @ 0.75 kg ha-1, pendimethalin 

@ 1.0 kg ha-1, pendimethalin @ 0.75 kg ha-1 and 

pendimethalin @ 1.0 kg ha-1 over the rest of the herbicide 

treatments and weedy check, in mung bean at Kota. Kiroriwal 

et al. (2012) reported that all the weed control measures 

decreased the density and dry weight of individual as well as 

total weeds significantly over weedy check. Pendimethalin at 

@ 0.75 kg/ha significantly reduced the density and dry weight 

of individual as well as total weeds significantly over 

oxyfluorfen at @ 0.1-0.2 kg/ha as pre-emergence. Hand 

weeding once at 25 DAS also reduced the density and dry 

weight of individual and total weeds as compared to 

oxyfluorfen @ 0.1-0.2 kg/ha in pearl millet crop at Bikaner. 

Sangeetha et al. (2013) reported that early post- 

emergence application of imazethapyr reduced the density 

and dry biomass of broad-leaved weeds as well as grasses 

significantly as compared to pre-emergence herbicide under 

study in soybean. The lowest weed density and biomass were 

recorded with hand weeding on 30 days after sowing (DAS) 

followed by imazethapyr at 200 and 100 g ha-1. in soybean  at 

Tamil Nadu.  Upadhyay et al. (2013) also concluded that 

odyssey (imazethapyr + imazamox) significantly reduced the 

dry weight of weeds compared with weedy check in soybean 

crop at Jabalpur. Deshmukh et al. (2014) reported that all the 

weed control treatments significantly minimized the weed 

number and weed dry matter as compared with unweeded 

control. Treatment hand weeding on 20 and 40 DAS recorded 
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significantly lowest weed count, weed dry weight and weed 

control efficiency in soybean at Akola. 

2.2.2 Growth, yield attributes and yield 

Rao and Rao (2003) in a field experiment at Bapatla 

(Andhra Pradesh) observed that one hand weeding at 25 DAS 

produced higher grain yield of black gram as compared to 

chemical treatments viz. clodinafop-propargyl (0.045 kg ha-1), 

imazethapyr (0.062 kg ha-1) and thiobencarb (2.0 kg ha-1). 

Ram et al. (2005) observed that the weed control measures 

significantly increased the yield attributes and yields over 

unweeded control. 

Savu et al. (2006) also found that imazethapyr @ 80 g 

ha-1 (Post emergence) produced significantly higher yield 

attributes and yield over weedy check in groundnut at 

Chhattisgarh plains. In soybean, an increase of 40.30 per cent 

in grain yield was reported due to post emergence application 

of imazethapyr @ 100 g ha-1 compared to weedy check at 

Jabalpur (Dixit and Varshney, 2007). Tiwari et al. (2007) 

found that application of imazethapyr @ 0.075 kg ha-1 at 21 

DAS recorded significantly increased pods plant-1, seeds pod-

1, seed and straw yield compared to weedy check. The per 

cent increase in seed and straw yield of soybean due to this 

treatment was 61.8 and 58.4, respectively at Jabalpur. 

Malliswari et al. (2008) observed that hand weeding 

twice at branching and flowering recorded the highest seed 

yield, weed control efficiency and net return followed by pre-

emergence application of pendimethalin @ 1.5 kg ha-1 in 

black gram at Tirupati, Andhra Pradesh. Dan et al. (2009) 
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reported that herbicides nicosulfuron, imazethapyr, haloxyfop-

methyl and clethodim caused phytotoxicity in millet cultivars 

ADR-300 and ADR-500 at the stage of expanded leaves. Dan 

et al. (2010) reported that pearl millet hybrid ADR-7010 

showed high sensitivity to the residual activity of 

sulfentrazone, imazaquin and diclosulam when grown 

immediately after herbicide application. 

Meena et al. (2011) conducted a field experiment to 

evaluate the efficacy of post emergence applications of 

imazethapyr on weed control and reported that application of 

imazethapyr XL 10% SL at 150 g ha-1 as post emergence 

registered maximum number of branches plant-1, pods plant-1, 

seeds pod-1 and seed yield of soybean as compared to weedy 

check and imazethapyr 10% @ 50 g ha-1. Punia et al. (2011) 

also observed that application of imazethapyr @ 80-100 g/ha 

at 21 to 28 DAS resulted in maximum seed yield (1424 kg ha-

1) of cluster bean.  Yadav et al. (2011) reported that seed and 

haulm yield under weed free check, two hand weeding (20 

and 40 DAS) and imazethapyr 100 g  ha-1 20 DAS + hand 

weeding 40 DAS which were at par with each other 

significantly superior to over all weed control measures of 

cluster bean at MPUAT, Udaipur.  

Qian et al. (2011) conducted a field experiment and 

results revealed that imazethapyr had significant difference in 

rice seedling morphology. It inhibited elongation of primary 

roots, shoots and reduced the number of adventitious roots 

and density of root hairs. Gupta et al. (2013) conducted an 

experiment on urd bean and reported that highest seed yield 
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was observed with two hand weedings at 20 and 40 DAS and 

the values were found statistically at par with post emergence 

application of imazethapyr 25 g ha-1 at 20 DAS. Deshmukh et 

al. (2014) reported that odyssey (imazethapyr+ imazamox) 

was effective in reducing weed number and weed dry matter 

as well as showed highest B:C ratio in soybean at Akola, 

Maharashtra.  

Kalhapure et al. (2014) reported that weed free check 

(two hand weeding at 20 and 40 DAS and manually uprooting 

of weeds at 60 DAS) was found more effective to control 

weeds in groundnut and recorded significantly highest growth 

and yield attributes in groundnut over all the other treatments 

viz. plant height, dry matter weight of plant, number of 

pods/plant and pod yield/hectare at Rahuri. 

2.2.3 Nutrient content, uptake and quality 

Kohli et al. (2006) noted that pendimethalin at 1.0 kg ha-

1 + one hand weeding at 35 DAS resulted in significantly 

higher N and P uptake by green gram. While two hand 

weeding at 20 and 30 DAS recorded the maximum grain 

protein content at Hisar. Whereas, two hand weeding at 20 

and 40 DAS resulted in maximum uptake of N (133.8 kg ha-1), 

P2O5 (32.5 kg ha-1), K2O (135.1 kg ha-1) by cluster bean while 

in weedy check plots N,P,K uptake by crop was 40.6, 9.8, 

41.1 kg ha-1, respectively at Hisar (Yadav et al., 2011). 

Kiroriwal et al. (2012) reported that the maximum uptake 

of N and P by crop was observed under weed free closely 

followed by hand weeding twice at Bikaner. Chhodavadia et 

al. (2013) reported that unweeded check treatments resulted 
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higher uptake of N, P and K nutrients while treatments two 

hand weeding and two interculturing at 20 and 40 DAS 

recorded the least loss of nutrients by weeds in summer 

green gram at Junagarh (Gujrat). Nutrient uptake by weeds 

was highest in weedy check. The uptake of nitrogen by maize 

was significantly higher due to atrazine 0.75 kg/ha pre 

emergence 2, 4-D 0.5 kg/ha post emergence which was at 

par with hand weeding, this treatment recorded significantly 

highest uptake of phosphorus and potassium too at akola 

Maharashtra (Sonawane et al., 2014). Kavita et al (2014) 

reported that nutrient (N, P and K) uptake by black gram was 

found superior in weed free treatment followed by 

pendimethalin 1500 g ha-1 PE and two hand weeding at 15 

DAS and 30 DAS while nutrient uptake by weeds were 

observed highest in weedy check. 

2.2.4 Economics of weed control methods 

Sukhadia et al. (2000) reported that weed-free (three 

hand weeding and interculturing) recorded highest weed 

control efficiency (100%), followed by integration of 

pendimethalin at 0.900 kg ha-1 as pre-emergence with one 

hand weeding and interculturing at 40-45 DAS in pigeon pea 

crop at Junagarh (Gujrat). Bhandari et al. (2004) reported that 

pre emergence application of pendimethalin 2.0 kg ha-1 gave 

significantly higher gross return and net return in black gram 

as compared to pendimethalin 1.0 and 1.5 kg ha-1 , 

pendimethalin 1.0 kg ha-1 followed by hoeing 25 DAS, hoeing 

25 DAS and weedy check. Maximum gross return was 

obtained from weed free treatment at Amritsar (Punjab).  
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Rathi et al. (2004) reported that lower dose of 

pendimethalin (0.5 kg ha-1) followed by one hand weeding at 

60 DAS demonstrated intended weed control (67.80 per cent 

WCE), enhanced higher grain yield (379 kg ha-1) and fetched 

more net monetary return (3611 Rs.ha-1) due to weed control 

at  Kanpur(Uttar Pradesh). Malliswari et al. (2008) reported 

that net monetary return was higher under hand weeding 

carried out twice at branching and flowering followed by pre-

emergence application of pendimethalin @ 1.5 kg ha-1 in 

blackgram at Tirupati (Andhra Pradesh). 

Meena et al. (2011) conducted a field experiment to 

evaluate the efficacy of post emergence applications of 

imazethapyr on weed control and reported that application of 

imazethapyr @ 100 g ha-1 gave significantly higher net return 

(Rs. 14,237 ha-1) and B: C ratio(1.68) of soybean followed by 

imazethapyr @ 150 g ha-1 over weedy check and imazethapyr 

@ 50 g ha-1. Singh (2011) conducted a field experiments 

during summer seasons for four years and kharif seasons for 

three years  and reported that gross returns were highest in 

case of 2 Hand weeding at 25 and 40 DAS during both the 

seasons. Net returns were the highest with pendimethalin @ 

0.45 kg ha-1+ Hand weeding at 25 DAS, closely followed by 

pendimethalin @ 0.75kg ha-1 in summer season. Weedy 

check, though, involved the lowest cost of cultivation yet, it 

provided the lowest net returns. Kalhapure et al. (2014) 

reported that highest gross monetary returns (Rs.1,09,845 ha-

1) was recorded in treatment weed free check, maximum net 
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monetary returns (Rs.61,460 ha-1) and B:C ratio (2.42) were 

recorded in the treatment application of pendimethalin @ 

1.5kg ha-1 as pre-emergence + imazethapyr @ 0.150 kg ha-1 

as post-emergence + one hand weeding at 40 DAS, which 

was found most economically feasible weed management 

practice for groundnut at Rahuri (Maharashtra). 
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       3. MATERIALS AND 

METHODS 

 

A field experiment entitled “Effect of Weed Control 

Measures in Pearl millet – Legumes Intercropping System in 

Arid Western Rajasthan” was conducted at the Instructional 

Farm, College of Agriculture, Swami Keshwanand Rajasthan 

Agricultural University, Bikaner during kharif 2014. The details 

of experimental techniques, materials used and 

methods/techniques adopted for treatment evaluation during 

the course of investigation are described in this chapter. 

3.1 Experimental site and location 

The experiment was conducted at the Instructional farm, 

College of Agriculture, Swami Keshwanand Rajasthan 

Agricultural University, Bikaner during kharif 2014. Bikaner is 

situated at 28.010N latitude and 73.220E longitude at an 

altitude of 234.70 meters above mean sea level. According to 

“Agro-ecological region map” brought out by the National 

Bureau of Soil Survey and Land Use Planning (NBSS&LUP), 

Bikaner falls under Agro-ecological region No. 2(MgE1) under 

Arid ecosystem (Hot Arid Eco-region with desert and Saline 

soil), which is characterized by deep, sandy and coarse 

loamy, desert soils with low water holding capacity, hot and 

arid climate. As per NARP, Bikaner falls in Agro-climatic zone 

Ic (Hyper Arid Partially Irrigated North Western Plain Zone). 
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According to National Planning Commission, Bikaner falls 

under Agro-climatic zone XIV (Western Dry Region) of India. 

3.2 Climate and weather condition 

Bikaner has arid climate and average annual rainfall is 

265 mm. More than 80 per cent rainfall is received in the 

kharif season (July-September) by the south-west monsoon. 

During summer, the maximum temperature may go as high as 

480C while in the winter, it may fall as low as 00C. This region 

is prone to high wind velocity and soil erosion due to dusty 

winds in summer. The periodical mean weekly weather 

parameters for the period of the experimentation recorded 

from the meteorological observatory of Agricultural Research 

Station, SKRAU, Bikaner, are presented in table 3.1 and 

depicted in fig. 3.1 shows that lowest and highest values of 

maximum temperature of 31.3oC and 42.2oC were recorded in 

the 45th and 28th  standard meteorological week, respectively. 

Likewise, the extreme values of minimum temperature (11.5 & 

29.60C) were recorded in the 45th and 24th standard 

meteorological weeks, respectively. Crop received 427.9 mm 

of rainfall in 12 rainy days in the growing season. Evaporation 

ranged from 3.0 to 16.5 mm per day during the crop growing 

period. The average relative humidity during experiment 

fluctuated in the ranges of 42.4 to 66.3%. The average bright 

sunshine hours during the experimental season were 8.2 

hours per day. 

3.3 Soil of experimental field 

In order to know the physical and chemical properties of 

soil, samples were taken randomly from 0-15 cm depth from 
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different spots of the experimental field and a representative 

composite sample was prepared by mixing all these samples 

together. This composite sample was analyzed to determine 

the mechanical composition, physio-chemical properties, 

organic carbon and available N, P and K of the soil. The 

results of the analysis along with methods used are presented 

in table 3.2. 

Result of the physical and chemical analysis revealed 

that the soil of the experimental field was loamy sand in 

texture and slightly alkaline in reaction. The status of soil was 

poor in organic carbon and low in available nitrogen, medium 

in phosphorus and high in available potassium. 
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Table: 3.1 Mean weekly meteorological data during c rop season ( Kharif, 2014) 

Standard 

Week 
Duration 

Temperature 

(°C) 

R.H. 

( %) 

Total 

Rainfall 

(mm.) 

No. of 

Rainy 

days* 

Wind 

Velocity 

(km./hr.)  

Evaporation 

(mm/day) 

Bright 

Sunshine 

Hours Max. Min. Max. Min. 

24 11.06.14 17.06.14 42.5 29.6 51.7 26.8 0.0 0.0 15.8 16.5 10.0 

25 18.06.14 24.06.14 42.1 29.0 59.5 23.7 0.0 0.0 14.8 15.0 7.1 

26 25.06.14 01.07.14 39.3 24.1 63.2 29.4 0.0 0.0 14.7 12.7 6.4 

27 02.07.14 08.07.14 38.5 23.0 63.4 31.5 10.5 1.0 10.9 11.7 6.6 

28 09.07.14 15.07.14 42.9 23.2 58.8 27.0 0.0 0.0 12.8 14.0 11.4 

29 16.07.14 22.07.14 40.1 27.3 77.7 30.8 0.0 0.0 11.2 9.0 5.5 

30 23.07.14 29.07.14 37.9 24.2 68.0 52.8 22.5 3.0 9.7 6.0 5.6 

31 30.07.14 05.08.14 34.3 18.1 75.0 71.2 175 2.0 7.2 6.1 6.7 

32 06.08.14 12.08.14 37.4 26.3 75.2 53.1 0.2 0.0 6.4 8.2 8.3 

33 13.08.14 19.08.14 36.1 19.6 73.7 41.7 0.0 0.0 12.2 9.4 9 

34 20.08.14 26.08.14 38.7 20.8 55.5 40.1 0.0 0.0 9.8 9.4 10.2 

35 27.08.14 02.09.14 33.1 19.0 80.5 77.4 138 3.0 6.3 5.3 6.2 

36 03.09.14 09.09.14 34.0 20.0 89.1 81.0 81.7 3.0 7.1 4.0 5.9 

37 10.09.14 16.09.14 37.7 22.1 81.4 68.6 0.0 0.0 7.2 8.4 8.7 

38 17.09.14 23.09.14 37.5 23.0 77.9 54.0 0.0 0.0 9.5 8.0 10.2 

39 24.09.14 30.09.14 36.0 23.8 66.9 45.1 0.0 0.0 10.3 8.0 10.2 

40 01.10.14 07.10.14 35.6 23.2 65.9 35.3 0.0 0.0 7.3 7.4 10.1 

41 08.10.14 14.10.14 36.9 25.1 37.2 29.2 0.0 0.0 5.0 5.1 9.9 

42 15.10.14 21.10.14 35.6 19.1 59.0 28.4 0.0 0.0 3.2 4.0 8.7 

43 22.10.14 28.10.14 35.6 19.1 59.0 28.4 0.0 0.0 3.2 4.0 8.7 

44 29.10.14 04.11.14 32.2 19.9 66.4 44.1 0.0 0.0 3.6 3.4 5.4 
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45 05.11.14 11.11.14 31.3 11.5 53.3 12.4 0.0 0.0 3.2 3.0 8.9 

Average/Total 37.1 22.3 66.3 42.4 427.9 12.0 8.7 8.1 8.2 

*A day having 2.5 mm or more rainfall is considered as a rainy day,          

 Note: Figures in italic represent total of the season 

 Source: Agro-meteorological observatory, A.R.S.,(Beechwal), S. K. Rajasthan Agricultural University, Bikaner 
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Table 3.2 Physico-chemical characteristics of the 

experimental soil 

Soil properties Value 

at          

0-15 

cm 

depth 

Methods of analysis 

with reference 

A. Mechanical Composition  

Sand (%) 85.60 
Hydrometer method 

(Bouyoucos, 1962) 

Silt (%) 7.42  

Clay (%) 6.98  

Texture 
Loamy 

Sand 

Triangular method (Brady, 

1983) 

B. Physical properties  

Bulk density (Mg m3) 1.65 

Method No. 38, USDA 

HandBook No. 60 (Richards, 

1954) 

Particle density (Mg 

m3) 
2.68 

Method No. 39, USDA 

HandBook No. 60 (Richards, 

1954) 

Field Capacity (%) 8.35 

Method No. 30, USDA 

HandBook No. 60 (Richards, 

1954) 

Porosity (%) 39.4 

Method No. 40, USDA 

Handbook No. 60 (Richards, 

1954) 
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C. Chemical properties   

Organic carbon (%) 0.08 

Walkley and Black’s rapid 

titration method (Jackson, 

1973) 

Available nitrogen           

(kg ha-1) 
86.40 

Alkaline KMnO4 method 

(Subbiah and Asija, 1956) 

Available 

phosphorus   (P2O5  

kg ha-1) 

21.91 
Olsen’s method (Olsen et al., 

1954) 

Available potassium     

(K2O kg ha-1) 
234.00 

Flame photometric Method 

(Jackson, 1973) 

Soil pH  (1:2 soil 

water suspension) 
8.5 

Method No. 21 b, USDA 

Hand Book No. 60 (Richards, 

1954) 

3.4   Cropping history of experimental field 

The cropping history of the experimental field for the last 

three years is given in table 3.3 

Table 3.3 Cropping history of the experimental fiel d 

Crop year Season 

Kharif Rabi 

2012-

2013 

Mungbean  Barley  

2013-

2014 

Pearl millet Gram  

2014  Pearl millet, Cluster bean & Moth 

bean* 

 

* Experimental crop 
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3.5 Experimental details  

3.5.1 Treatments 

Table 3.4 Treatments along with the symbols 

Treatments   

Symbol 

Intercropping (Main plot)  

1. Pearl millet sole I1 

2. Cluster bean sole I2 

3. Moth bean sole I3 

4. Pearl millet + cluster bean at 1:2 row ratio I4 

5. Pearl millet + moth bean at 1:2 row ratio I5 

Weed control (Sub plot)  

1. Weedy check W1 

2. Two hand weeding at 20 and 35 DAS W2 

3. Pendimethalin 0.75 kg ha-1 as PE W3 

4. Imazethapyr 40 g ha-1 at 25 DAS as PoE W4 

3.5.2   Experimental design and layout 

The experiment was laid out in a split plot design and 

replicated thrice. The plan of layout is depicted in Fig. 3.2. 

The 20 treatments were randomized with the help of 

random number table (Fisher, 1950). 

3.5.3 Details of experiment 

Experimental details are given in table no. 3.5 

Table 3.5 Details of experiment  

i. Season     Kharif, 2014 
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ii. Total number of 

treatments 

    5 x 4 =20 

iii. Replications      3 

iv. Total  number  of plots      20 x 3=60 

v. Experimental design     Split plot 

vi. Plot size              

 (a) Gross plot size    5.0 m x 4.5 m = 22.5 

m2 

 (b) Net plot size    4.0 m x 3.3 m = 13.2 

m2 

vii. Crops and varieties  

(a) Pearlmillet 

(b) Clusterbean 

(c) Mothbean   

    

    

  

 

RHB-173 

RGC-1066 

RMO-435 

viii. Crop geometry      30cm X 10cm 

ix. Seed rate 

(a) Pearlmillet 

(b) Clusterbean 

(c) Mothbean 

    

   

   

 

 

4   kg ha-1  

20 kg ha-1  

12 kg ha-1 

x. Fertilizers                            

   (a)  Nitrogen 

   (c)  Phosphorus 

    

    

 

60 kg ha-1   

40 kg ha-1  

3.6   Salient features of crop variety 

RHB 173:  It is a hybrid variety of pearl millet which matures in 78-80 

days. Plants are of medium height (1.5 to 2.1 m) and having long thin 
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ear heads. Its yield potential of grain is 30- 33 q ha-1
 and 68-77 q ha-1

 

straw yield. 

RGC 1066: The variety RGC-1066 (lathi) of cluster bean was 

developed in the year 2007 for Rajasthan state. It is an early maturing 

(92-97 days), erect type with rare branches per plant and pod length is 

5.50-6.35 cm. It has synchronous maturity and yield potential is 1032 to 

1451 kg ha-1. The variety is suitable for rainfed condition. 

RMO 435: It is an early maturing variety of moth bean (62-65 days), 

good for grain and fodder purposes both. It exhibits synchronized 

maturity. Yield potential of grain and straw 6-8 q ha-1 and 14-20 q ha-1, 

respectively. The variety is suitable for arid and semi arid region. 

3.7 Details of crop raising 

The details of different operations undertaken for raising the 

crops are given as follows. 

3.7.1 Field preparation 

With the onset of monsoon rains, the experimental field was 

prepared by two cross harrowing followed by planking.  The experiment 

was laid out as per plan.  

3.7.2 Seed rate and sowing  

The seed of the crops were sown @ 4 kg ha-1 of pearl millet, 20 

kg ha-1 of cluster bean and 12 kg ha-1 of moth bean in lines spaced as 

per treatments in sole cropping and intercropping. The sowing was 

done by “kera” method in open furrow on July 23, 2014. 

3.7.3 Fertilizer application 

Nitrogen was applied @ 60 kg ha-1 through urea duly calculated 

after application phosphorus through DAP @ 40 kg P2O5 ha-1. Full 

dose of phosphorus and half dose of nitrogen was applied as basal. 



 46

The remaining half dose of nitrogen was applied as top dressing at 30 

DAS through urea in rows of pearl millet only. 

3.7.4 Hoeing and weeding 

Hoeing and weeding was done manually as per treatment with 

the help of hoe locally knows as “Kasola or Kasia” and spray herbicide 

as per treatment.  

3.7.5 Irrigation 

Two irrigations were applied to the crop during the dry spell. The 

respective dates of irrigation to the crop are presented in chronological 

record. 

3.7.6 Harvesting 

To assess the grain, straw and biological yield, harvesting was 

done from each plot by sickles, tied in bundles and tagged. These 

tagged bundles were left for sun drying in the plots. After complete 

drying, the bundles were weighed and weight of each bundle was 

recorded in kg and converted to kg ha-1 as biological yield. 

3.7.7 Threshing and winnowing 

The dry weight of each bundle was recorded on cloth bag and 

then threshing was done manually by beating and trampling the ears 

and pods of each plot separately and grains were collected in 

numbered bags. After winnowing, cleaned seeds were weighed to 

record grain yield kg/plot then converted to kg ha-1 as grain yield. The 

straw yield was computed by subtracting the grain yield from biological 

yield and express in kg ha-1.  

3.8 Chronological record 

 The chronological record of crop raising is given in table 3.6.  

 

Table 3.6 Chronological record of crop raising  
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S. No. Particulars  Date Remarks  
1 Ploughing and planking 15.07.2014 Tractor drawn 

harrow and planker 
2 Layout of experimental field 20.07.2014 Manually 

3 Fertilizer application 21.07.2014 Pora 
4 
5 

Sowing of seeds 
Pendimethalin (PE) 
treatment 

23.07.2014 
24.07.2014 Kera 

Manually 

6 
 
7 

Imazethapyr (PoE) 
treatment  
Top dressing of urea in 
Pearlmillet 

17.08.2014 
 
21.08.2014 

Manually 
 

Manually 

8 Hand weeding 
1st (as per treatment) 
2nd(as per treatment) 

 
12.08.2014 
27.08.2014 

 
Manually 
Manually 

9 Irrigation 21.08.2014 
20.09.2014 

Sprinkler system 
Sprinkler system 

10 Harvesting 
i.Mothbean  

ii.pearlmillet 
iii.Clusterbean  

           
02.10.2014 
09.10.2014 
27.10.2014         

 
Manually 
Manually 
Manually 

11 Threshing & winnowing   
 i.Pearlmillet 

ii.Mothbean                                                      
iii.Clusterbean  

06.11.2014 
07.11.2014 
10.11.2014       

Manually 
Manually 
Manually 

 

3.9 Weed studies 

3.9.1 Weed flora  

 List of dominant weed species observed during the course of 

investigation are presented in table 3.7. 

 

Table 3.7 Weed flora of experimental site 

S. Botanical name Common/English Growth 
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No. name habit 

1. Cynodon dactylon 

(L.) 

Bermuda grass Perennial 

2. Tribulus terrestris 

(L.) 

Puncture vine Biennial 

3. Amaranthus 

spinosus (L.) 

Spiny Amaranthus Annual 

4. Portulaca oleracea 

(L.) 

Common Purslane Annual 

5. Cenchrus biflorus 

(L.) 

Sandbur Annual 

6. Corchorus tridense 

(L.) 

Wild jute Annual 

7. Digera arvensis 

Forsk. 

Digera Annual 

8. Eleusine verticillata 

(L.) 

Goosegrass Annual 

9. Eragrostis tennela  Kusagrass Annual 

10. Euphorbia hirta (L.) Garden spurge Annual 

11.  Gisekia poiedious  Suleri Annual 

 

3.9.2   Weed density 

Weed density was recorded at 30, 45 DAS and at harvest as 

described by Meharia (2006). A quadrate of 50 x 50 cm (0.25 m2) was 
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thrown randomly at two places in each plot and numbers of weeds 

present within the quadrate were counted and recorded. The count was 

then expressed as number per square metre of land area and analyzed 

after √x+ 0.5 transformations (Gomez and Gomez, 1984) where x is the 

original data.  

3.9.3   Dry matter of weeds 

The dry matter of weeds was recorded as grams per square 

metre at 30, 45 DAS and at harvest as per Meharia (2006). All the 

weeds falling within the quadrate were cut close to the ground and 

were collected in paper bags. After that, these weed samples were 

weighed after drying them in oven at 650C for 8 hours. 

3.9.4   Weed Control Efficiency (WCE) 

The weed control efficiency was calculated as suggested by 

Tiwari et al (1989). 

 

WCE =        X-Y 

         X 

Where, 

X = Dry matter of total weeds per unit area under weedy check 

plot. 

Y = Dry matter of total weeds per unit area under treated plot  

3.9.5   Weed Smothering Efficiency (WSE) 

The weed smothering efficiency was calculated as suggested by 

Tiwari et al (1989). 

 

WSE =   

Where, 

X = Dry matter of total weeds per unit area under main crop. 

× 100 

X-

X 
× 100 
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Y = Dry matter of total weeds per unit area under intercrops. 

3.10 Treatment evaluation of pearl millet 

To evaluate the effect of various treatments, observation on 

plant growth parameters, yield attributes, yield, quality and other 

aspects were recorded. The methodology adopted for recording each 

of the aforesaid observations is given as follows. 

3.10.1 Growth and yield attributes of Pearlmillet 

3.10.1.1   Plant stand  

Number of plants per plot was counted at 30 DAS and at crop 

harvest and converted in number of plants per hectare. 

3.10.1.2 Plant Height  

Five plants were selected randomly from each plot and tagged. 

Height of individual plant was measured at 30 DAS and harvest from 

base of the plant to top of the main shoot by metre scale and average 

was computed. 

3.10.1.3 Dry matter accumulation 

To find out the effect of different treatments on dry matter 

accumulation of crop, five plants randomly uprooted from sampling 

rows of each plot at 30 DAS and at harvest. After removing the root 

portion, the above ground parts of plants were first sun dried in paper 

bags for some days and finally in an electric oven at 700C for 24 hours. 

After complete drying, the material was weighed on balance and the 

weight was recorded. The average weight was worked out and used as 

dry matter (g plant-1). 

 

 

 

3.10.1.4 Total number of tillers per plant   
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  The tillers of five randomly selected and tagged plants of 

pearlmillet were counted at harvest. Average number of tillers per plant 

was also workout and recorded as mean number of tillers per plant. 

3.10.1.5 Number of effective tillers per plant  

The effective tillers of five randomly selected and 

tagged plants were counted at harvest and average 

number of effective tillers per plant was worked out and 

recorded as mean number of effective tillers per plant. 

3.10.1.6 Ear head length  

Five ears were taken randomly from selected tagged 

plants from each plot and their length was measured from 

the neck node to the tip and average was computed in cm.  

3.10.1.7 Test weight 

A small seed sample was taken from the produce of 

each of the plot harvested and 1000-seed were counted 

and weighed in grams. 

3.10.1.8 Grain yield 

 The grain yield (kg plot-1) of each plot was recorded after 

cleaning the threshed produce and was converted as kg ha-1. 

3.10.1.9 Straw yield 

The straw yield (kg plot-1) was obtained by subtracting the seed 

yield from biological yield per plot recorded earlier and then converted 

in terms of kg ha-1. 

3.10.1.10 Biological yield 

 The harvested material from each plot was thoroughly sun dried. 

After drying, the produce of individual plot area was weighed with the 

help of a balance and weight recorded in kg plot-1. Later, biological 

yield per plot was converted in terms of kg ha-1. 
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3.10.1.11 Harvest index 

The harvest index was worked out by dividing the grain yield 

(economic yield) by grain + straw yield (biological yield) obtained from 

net plot area and multiplies by 100 to express it in per cent (Singh and 

Stoskhopf, 1971).  

 

Harvest Index 

(%) =        

Economic yield (kg 

ha-1) 

 

X 100 

Biological yield (kg 

ha-1) 

3.11 Treatment evaluation of legumes 

The methodology used for evaluating the different 

treatments in terms of growth, yield and quality of crop 

have been given as under:- 

3.11.1 Growth and yield attributes  

  For evaluating growth characters, five plants were 

randomly selected in each plot from the sampling rows and 

tagged permanently.  

3.11.1.1 Plant Stand 

Number of plants was counted after thinning at 30 

DAS and at harvest and converted in hectare.  

3.11.1.2 Plant height 

Five plants were selected randomly from each plot and tagged. 

Height of individual plant was measured in cm at 30 DAS and at 

harvest from base of the plant to top of the main shoot by metre scale 

and average was computed. 

 

3.11.1.3 Dry matter accumulation 
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To find out the effect of different treatments on dry matter 

accumulation of crop, five plants randomly uprooted from sampling 

rows of each plot at 30 DAS and at harvest. After removing the root 

portion, the above ground parts of plants were first sun dried in paper 

bags for some days and finally in an electric oven at 700C for 24 hours. 

After complete drying, the material was weighed on balance and the 

weight was recorded. The average weight was worked out and used as 

dry matter (g plant-1). 

3.11.1.4 Number of nodule per plant   

The nodules of five randomly selected plants were 

counted at 50 DAS and average number of nodules per 

plant was worked out and recorded as number of nodules 

per plant. 

3.11.1.5 Number of pods per plant  

The pods of five randomly selected and tagged plants 

were counted and average number of pod per plant was 

worked out and recorded as number of pods per plant. 

3.11.1.6 Number of seeds per pod   

 Five pods were randomly selected from each five 

tagged plants and numbers of seeds per pod were counted 

and mean value for number of seeds per pod was 

calculated. 

3.11.1.7 Test weight 

One thousand seeds were counted by seed counter 

from each sample drawn from the produce of each plot and 

their weight (g) was recorded.  

 

3.11.1.8 Grain Yield 
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The grain yield (kg plot-1) of each plot was recorded 

after cleaning the threshed produce and was converted as 

kg ha-1. 

3.11.1.9 Straw yield 

The Straw yield (kg plot-1) was obtained by 

subtracting the seed yield from biological yield recorded 

earlier and then converted in terms of kg ha-1. 

3.11.1.10 Biological yield 

The harvested material from net area of each plot 

was thoroughly sun dried. After drying, the produce of 

individual net plot area was weighed with the help of a 

spring balance and weight recorded in kg. Later, biological 

yield per plot was converted in terms of kg ha-1 

3.11.1.11 Harvest index 

The harvest index was worked out by dividing the 

seed yield (economic yield) by grain + straw yield 

(biological yield) obtained from net plot area and multiplies 

by 100 to express it in per cent (Singh and Stoskhopf, 

1971). 

 

Harvest Index 

(%) =        

Economic yield (kg 

ha-1) 

 

X 100 

Biological yield (kg 

ha-1) 

3.12 Chemical studies 

3.12.1 Plant nutrient analysis 

For estimation of nitrogen, phosphorus and 

potassium samples of grain and straw were taken at the 

time of threshing. Each dried straw sample was ground fine 



 55

powder in willey mill for estimating the nutrient content. For 

estimating the nutrient content in grain, each sample was 

ground by an electric grinder. Nutrient content in grain and 

straw were determined by using standard methods (Table 

3.8). 

Table 3.8 Methods of plant analysis  

S.No. Determination Methods References 

1.  Nitrogen content Calorimetric method 

using 

spectrophotometer -

106  

Snell and Snell 

(1939) 

2.  Phosphorus 

content 

Vanado-molybdo-

phosphoric yellow 

colour method   

Jackson (1973) 

3.  Potassium 

content 

Flame photometry 

method 

Jackson (1973) 

 

3.12.2 Nutrient uptake  

The uptake of nitrogen, phosphorus and potassium of 

harvested seed and straw was estimated by using the 

following formula. 

 

Nutrient 

uptake   

= 

(kg ha-1) 

Per cent 

nutrient 

content in 

grain 

 

x 

Grain  

yield          

(kg ha-

1) 

 

+ 

Per cent 

nutrient 

content in 

straw 

 

x 

Straw 

yield      

(kg ha-

1) 

100 

 

3.13 Indices of yield advantage 
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 3.13.1 Pearl millet equivalent yield  

Seed yield of cluster bean and moth bean was 

calculated in terms of pearl millet for all intercropping 

treatments. On the basis of their market price and then 

analyzed statistically as equivalent grain yield of pearl 

millet. 

 

Pearl millet 

grain 

equivalent 

yield (kg ha-1) 

= 

Yield of 

intercrop 

(kg ha-1) 

X 

Price of 

intercrop 

(Rs. kg-

1) + 
Pearlmillet 
grain yield 

(kg ha-1) 
Price of pearlmillet 

(Rs. kg-1) 

3.13.2 Land equivalent ratio  

It denotes the relative land area under sole crop 

required to produce the same yield as obtained under a 

mixed or an intercropping system at the same management 

level. It is calculated as sum total of the ratios of yield of 

each component crop in an intercropping system to its 

corresponding yield when grown as a sole crop thus:  

LER = 
Yab 

+ 
Yba 

Yaa   Ybb  

Yab = is the yield of crop ‘a’ in association with crop ‘b’ 

Yba = is the yield of crop ‘b’ in association with crop ‘a’ 

Yaa = is the pure stand yield of crop ‘a’ 

Ybb = is the pure stand yield of crop ‘b’ 

3.13.3 Aggressivity  
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It gives a simple measure of how much the relative 

yield increase in crop ‘a’ is greater than that for crop ‘b’ in 

an intercropping system  

Aab = 
Yab 

- 
Yba 

Yaa Zab Ybb Zba 

Yab = is the yield of crop ‘a’ in association with crop ‘b’ 

Yba = is the yield of crop ‘b’ in association with crop ‘a’ 

Yaa = is the pure stand yield of crop ‘a’ 

Ybb = is the pure stand yield of crop ‘b’ 

Zab= is the crop ‘a’ proportion with crop ‘b’ 

Zba= is the crop ‘b’ proportion with crop ‘a’ 

3.13.4 Relative crowding coefficient (RCC) 

It is a measure of the relative dominance of one 

component crop over the other in an intercropping system. 

The coefficient (K) is determined separately for each 

component crop e.g. for crop ‘a’ in association with ‘b’ the 

coefficient is as:   

Kab = 

 

Yab 

X Zba 

(Yaa - Yab) x 

Zab  

 Kab =             

   

Yba 

X Zab  

 (Ybb- Yba) x 

Zba 
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Yab= is the yield of crop ‘a’ in association with crop ‘b’ 

Yba=is the yield of crop ‘b’ in association with crop ‘a’ 

Yaa=is the pure stand yield of crop ‘a’ 

Ybb = is the pure stand yield of crop ‘b’ 

Zab= is the crop ‘a’ proportion with crop ‘b’ 

Zba= is the crop ‘b’ proportion with crop ‘a’ 

 

3.14 Economic analysis 

3.14.1 Net returns (Rs. ha -1) 

To find out the more profitable treatment, economics 

of different treatments were worked out in terms of net 

returns (Rs. ha-1) on the basis of the prevailing market rate 

so that the most remunerative treatment could be 

recommended 

Net return (Rs. ha-

1)  = 

Gross return (Rs. 

ha-1)  - 

Cost of cultivation (Rs. 

ha-1)   

3.14.2 Benefit: Cost (B: C) ratio  

Benefit cost ratio for each treatment was calculated to 

ascertain economic viability of the treatment using the 

following formula:  

B:C ratio = 

Gross return (Rs. ha-1) 

Cost of cultivation (Rs. 

ha-1) 

 

3.15 Statistical analysis  

3.15.1 Analysis of variance and test of significanc e  
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The data on growth, yield and other characters were 

statistically analyzed with the help of fisher’s analysis of 

variance technique (Fisher, 1950). The critical difference 

(CD) for the treatment comparisons were worked out where 

ever the variance ratio (F test) was found significant at 5% 

level of probability. To evaluate the nature and magnitude 

at treatment effect, summary tables along with S.Em.± and 

critical difference (C.D.) were prepared and are given in the 

last of the chapter entitled “Experimental results” and their 

analysis of variance for mean sum of squares (MSS) are 

given or finding in the appendices at the end. 

 



 60

     4. EXPERIMENTAL 

RESULTS 

 

A field experiment entitled “Effect of Weed Control Measures in 

Pearl millet – Legumes Intercropping System in Arid Western 

Rajasthan” was conducted at the instructional farm, College of 

Agriculture, Swami Keshwanand Rajasthan Agricultural University, 

Bikaner during kharif 2014. The experimental findings pertaining to 

weed density, weed dry matter, crop growth parameters, yields & yield 

attributes of pearl millet and legumes, nutrient content & uptake by 

pearl millet and legumes as influenced by intercropping system and 

weed control measures based upon field trial are presented in this 

chapter. Data pertaining to various criteria used for treatment 

evaluation were analyzed statistically to test their significance. Data 

pertaining is important characters have also been depicted graphically 

for elucidation of the important trends, where ever considered 

necessary.  

4.1 Weed studies  

4.1.1 Weed flora  

 Weed flora of experimental field consisted of Amaranthus 

spinosus L., Cynodon dactylon L. Euphorbia hirta L., Amaranthus 

spinosus L.., Portulaca oleracea L., Digera arvensis Forsk., Gisekia 

poiedious, Cenchrus biflorus L., Tribulus terrestris L., Corchorus 

tridense L., Eleusine verticillata L. and Eragrostris tennela.  

4.1.2 Density of weeds 

Intercropping  

Pearl millet – legumes intercropping system had 

significant influence on weed density (Table 4.1 and fig. 

4.1). Sole cluster bean, sole moth bean, pearl millet 
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intercropping with cluster bean and  pearl millet 

intercropping with moth bean being at par with each other, 

reduced the density of weeds compared to sole pearl millet 

at 30 DAS, 45 DAS and at harvest. Maximum density of 

weeds was recorded in sole pearl millet at 30 DAS, 45 DAS 

and at harvest.  

 Sole cluster bean, sole moth bean, pearl millet 

intercrop with cluster bean and pearl millet intercrop with 

moth bean significantly reduced the weed density by 13.09, 

17.65, 13.48 and 18.08 per cent at 30 DAS, 13.85, 17.78, 

21.57 and 26.83 per cent at 45 DAS and 15.25, 18.31, 

18.72 and 27.47 per cent over sole pearl millet, 

respectively. 

Weed control   

It is evident from data presented in table 4.1 and fig. 

4.1 that the weed density reduced significantly under all the 

weed control treatments as compared to weedy check at 

30 DAS, 45 DAS and at harvest. Two hand weeding, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

reduced the weed density by 83.02, 72.57 and 64.81per 

cent at 30 DAS, 86.46, 67.30 and 76.67 per cent at 45 DAS 

and 83.00, 66.71 and 70.94 per cent at harvest, 

respectively over weedy check. 

Further, hand weeding twice reduced weed density 

significantly over chemical herbicide at 30 DAS, 45 DAS 

and at harvest. The weed density reduction with hand 

weeding twice by 38.09, 58.58 and 48.94 percent over 

pendimethalin at 0.75 kg ha-1 51.75, 41.95 and 41.50  

percent over imazethapyr at 40 g ha-1at 30 DAS, 45 DAS 

and  at harvest,  respectively. 
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Interaction effect on density of weeds 

 Table 4.1(a) and fig. 4.1(a) indicated that 

intercropping systems significantly reduced the density of 

weeds at harvest under weedy check plots as compared to 

sole crops of pearl millet and legumes. Further, sole crops 

of moth bean being statistically at par with legume 

intercropping system also reduced weed density 

significantly, over sole
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Table 4.1 Effect of weed control measures and pearl  millet legumes intercropping system on density and  

dry matter of weeds 

Treatment 

 

Weed Density (no/m 2) Weed dry matter (g/m 2) 

30 DAS 45 DAS At 

harvest 

30 DAS 45 DAS At 

harvest 

Intercropping        

Pearl millet sole 
6.74# 

(38.92)* 

6.23 

(32.78) 

6.29 

(33.51) 
8.61 97.32 71.72 

Cluster bean sole 
6.32 

(33.83) 

5.81 

(28.25) 

5.83 

(28.40) 
6.56 84.13 62.85 

Moth bean sole 
6.16 

(32.05) 

5.69 

(26.95) 

5.73 

(27.37) 
6.41 80.61 62.52 

PM+CB (1:2) 
6.30 

(33.67) 

5.57 

(25.71) 

5.72 

(27.24) 
6.17 70.96 54.13 

PM+MB (1:2) 
6.15 

(31.88) 

5.40 

(23.99) 

5.43 

(24.30) 
5.76 66.22 52.20 

S.Em.± 1.08 1.31 1.42 0.32 3.63 2.55 
CD (P=0.05) 3.52 4.28 4.62 1.05 11.84 8.32 
Weed control        
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Weedy check 
9.21 

(75.88) 

8.56 

(64.96) 

8.43 

(62.81) 
16.82 230.45 186.03 

Two hand weeding at 20 and 35 DAS 
4.09 

(12.88) 

3.47 

(8.80) 

3.77 

(10.68) 
1.77 15.55 11.10 

Pendimethalin 0.75 kg ha-1 as PE 
5.06 

(20.81) 

5.11 

(21.24) 

5.07 

(20.91) 
3.09 37.29 25.34 

Imazethapyr 40 g ha-1 at 25 DAS as 

PoE 

5.67 

(26.70) 

4.39 

(15.15) 

4.77 

(18.26) 
5.13 36.10 20.26 

S.Em.± 0.94 0.83 1.17 0.26 2.64 2.14 

CD (P=0.05) 2.71 2.40 3.37 0.75 7.62 6.17 

DAS: Days after sowing; NS: Non-significant; *: Figures in parenthesis are original values, #:  Weed density transformed to √n+0.
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pearl millet when imazethapyr 40 g ha-1 was at par with 

pendimethalin at 0.75 kg ha-1. However, Hand weeding 

twice at 20 DAS and 35 DAS resulted in lowest density of 

weeds irrespective to cropping systems. 

4.1.3 Dry matter of weeds 

Intercropping  

 It is evident from data presented in table 4.1 and fig. 

4.2 that significantly higher total dry matter of weeds was 

recorded under pearl millet sole at 30 DAS, 45 DAS and at 

harvest over all intercropping systems as well sole of both 

cluster bean and moth bean. 

Sole cluster bean, sole moth bean, pearl millet 

intercrop with cluster bean and pearl millet intercrop with 

moth bean significantly reduced the total weed dry matter 

accumulation by 23.81, 25.56, 28.36 and 33.11 per cent at 

30 DAS, 13.56, 17.16, 27.08 and 31.95 per cent at 45 DAS 

and 12.37, 12.83, 24.52 and 27.21 per cent over sole pearl 

millet, respectively.  

Further, cluster bean as well as moth bean grown in 

intercropped with pearl millet reduced significantly total dry 

matter of weeds over sole of either cluster bean or moth 

bean at 45 DAS and at harvest. Pearl millet intercrop with 

cluster bean reduced total weed dry matter accumulation 

by 15.65 and  13.86 per cent over sole cluster bean and 

pearl millet intercrop with moth bean reduced total weed 

dry matter accumulation by 17.86 and 16.50 per cent over 

sole moth bean, respectively, at 45 DAS and at harvest. 

Weed control   

A perusal data (Table 4.1 and fig. 4.2) indicated that 

all weed control treatments considerably decreased the 
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total weed dry matter over weedy check at 30 DAS, 45 

DAS and at harvest.  
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Fig. 4.1 Effect of weed control measures and pearl millet legumes intercropping system on density of 

weeds 
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Fig. 4.2 Effect of weed control measures and pearl millet legumes intercropping system on dry matter 

of weeds 
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Table 4.1(a): Interaction effect of weed control me asures and pearl millet legumes intercropping 

system on density of weeds (no/m 2) at harvest 

Treatments  Pearl millet 
sole 

Cluster 
bean sole 

Moth bean 
sole 

PM+CB  
(1:2) 

PM+MB  

(1:2) 

Weedy check 74.59 67.77 63.72 56.22 51.77 

Two hand weeding at 20 and 35 
DAS 

12.70 10.40 9.37 10.90 10.03 

Pendimethalin 0.75 kg ha-1 as PE 22.98 20.37 20.15 20.84 20.23 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

23.78 15.06 16.26 21.00 15.18 

S.Em.± 2.60     

CD (P=0.05) 7.52     

 

Table 4.1(b): Interaction effect of weed control me asures and pearl millet legumes intercropping 

system on dry matter of weeds (g/m 2) at harvest 

Treatments  Pearl millet 
sole 

Cluster 
bean sole 

Moth bean 
sole 

PM+CB  
(1:2) 

PM+MB  

(1:2) 

Weedy check 211.80 214.87 185.00 165.77 152.73 

Two hand weeding at 20 and 35 
DAS 

12.33 7.97 15.58 7.35 12.27 
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Pendimethalin 0.75 kg ha-1 as PE 30.30 14.43 30.67 26.63 24.67 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

32.45 14.12 18.82 16.78 19.15 

S.Em.± 4.78     

CD (P=0.05) 13.80     
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Two hand weeding, pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 reduced the weed density by 

89.50, 81.65 and 69.52 per cent at 30 DAS, 93.25, 83.82 

and 84.34 per cent at 45 DAS and 94.03, 86.38 and 89.11 

per cent at harvest, respectively over weedy check. 

Further, hand weeding twice reduced total weed dry 

matter significantly, over chemical herbicide at 30 DAS, 45 

DAS and at harvest. Total weed dry matter reduction with 

hand weeding twice by 42.76, 58.30 and 56.20 percent 

over pendimethalin at 0.75 kg ha-1 65.54, 56.92 and 45.22  

percent over imazethapyr at 40 g ha-1at 30 DAS, 45 DAS 

and  at harvest,  respectively. 

Interaction effect on dry matter of weeds 

 Data table 4.1b and fig. 4.2 (a) revealed that 

intercropping systems significantly reduced the dry matter 

of weeds among weedy check plots as compared to sole 

crops of pearl millet and legumes. Further, sole crops of 

cluster bean being statistically at par with sole moth bean 

as well as legume intercropping system also reduced dry 

matter of weeds significantly, over sole pearl millet when 

imazethapyr 40 g ha-1 was applied. However, Hand 

weeding twice at 20 DAS and 35 DAS was produced 

lowest dry matter of weeds irrespective to cropping 

systems. 

4.1.4 Weed control efficiency  

Weed control  

 It is obvious from data presented in table 4.2 and fig. 

4.3 that maximum weed control efficiency was recorded 

under two hand weeding and minimum in weedy check 

treatment. Among herbicidal weed control measures, pre-

emergence application of pendimethalin at 0.75 kg ha-1 
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have higher (81.65%) weed control efficiency as compared 

to imazethapyr at 40 g ha-1 (69.52%) at 30 DAS. However, 

post-emergence application of imazethapyr at 40 g ha-1 

gave higher weed control efficiency (84.34 and 89.11 per 

cent) as compared to  

 

Fig. 4.1(a) Interaction effect of weed control meas ures 

and pearl millet legumes intercropping system on 

density of weeds at harvest 
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Fig.4.2(a) Interaction effect of weed control measu res 

and pearl millet legumes intercropping system on dr y 

matter of weeds at harvest  
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Table 4.2 Effect of weed control measures and pearl  millet legumes intercropping system on weed 

control efficiency and weed smothering efficiency 

Treatments 
 

Weed control efficiency  Weed smothering efficiency  

30 DAS 45 DAS 
At 

harvest 
30 DAS 45 DAS At harvest  

 Intercropping       

Pearl millet sole - - - - - - 

Cluster bean sole - - - - - - 

Moth bean sole - - - - - - 

PM+CB (1:2) - - - 28.34 27.08 24.52 

PM+MB (1:2) - - - 33.10 31.95 27.21 

S.Em.± - - - - - - 

CD (P=0.05) - - - - - - 

 Weed control        

Weedy check 0.00 0.00 0.00 - - - 

Two hand weeding at 20 and 35 
DAS 

89.50 93.25 94.03 - - - 
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Pendimethalin 0.75 kg ha-1 as PE 81.65 83.82 86.38 - - - 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

69.52 84.34 89.11 - - - 

S.Em.± - - - - - - 

CD (P=0.05) - - - - - - 
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pendimethalin at 0.75 kg ha-1 (83.82 and 86.38 per cent) at 

45 DAS and at harvest, respectively. 

4.1.5 Weed smothering efficiency  

Intercropping  

 Data presented in table 4.2 and fig. 4.4 showed that 

maximum weed smothering efficiency was recorded under 

pearl millet intercropped with moth bean 33.10, 31.95 and 

27.21 per cent followed by pearl millet + cluster bean 

intercropping system 28.34, 27.08 and 24.52 percent, 

respectively, at 30 DAS, 45 DAS and at harvest. 

4.2 Crop studies  

4.2.1 Growth and yield attributes of pearl millet  

4.2.1.1 Plant stand  

Intercropping 

 An appraisal of data (Table 4.3) explicits that plant 

stand at 30 DAS and at harvest was significantly higher in 

pearl millet sole as compared to pearl millet intercrop with 

cluster bean as well as moth bean. However, plant stand 

observed in both intercrops pearl millet + moth bean and 

pearl millet + cluster bean remained statistically at par with 

each other. Pearl millet intercroped with cluster bean and 

moth bean reduced plant stand by 66.80 and 67.10 per 

cent at 30 DAS and 66.35 and 66.60 per cent at harvest, 

respectively, over sole pearl millet. 

Weed control  

 It is evident from data presented in table 4.3 that 

herbicidal weed control measures significantly reduced 

plant stand at 30 DAS as compared to weedy check and 
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two hand weedings. However, two hand weedings 

recorded significantly, higher plant stand of pearl millet at 

harvest as compared to herbicidal weed control measures 

and weedy 
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Fig. 4.3 Effect of weed control measures on weed 

control efficiency 

 

Fig. 4.4 Effect of pearl millet legumes intercroppi ng 

system on weed     smothering efficiency 
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Table 4.3 Effect of weed control measures and pearl  millet legumes intercropping system on plant 

stand, plant height and dry matter accumulation of pearl millet 

Treatments 
 

Plant stand (‘000 
ha-1) 

Plant height (cm.) Dry matter 
accumulation  

(g plant -1) 

 30 DAS 
At 

Harvest 
30 DAS 

At 
Harvest 

30 DAS At Harvest 

Intercropping       

Pearl millet sole 211 204 42.30 163.10 10.04 25.94 

Cluster bean sole - - - - - - 

Moth bean sole - - - - - - 

PM+CB (1:2) 70 69 40.57 161.73 9.86 30.84 

PM+MB (1:2) 69 68 40.07 161.48 9.73 31.23 

S.Em.± 2.5 2.7 0.94 2.96 0.53 1.22 

CD (P=0.05) 10 11 NS NS NS NS 

Weed control        

Weedy check 134 125 44.28 157.99 10.91 26.80 

Two hand weeding at 20 and 35 
DAS 

137 135 45.20 173.58 12.28 35.03 

Pendimethalin 0.75 kg ha-1 as PE 123 121 42.50 168.01 9.76 31.97 
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Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

73 71 31.93 148.83 6.56 23.56 

S.Em.± 2.1 1.9 1.03 2.61 0.59 1.07 

CD (P=0.05) 6 6 3.06 7.76 1.74 3.19 
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check. Unweeded control, pendimethalin at 0.75 kg ha-1 

and imazethapyr at 40 g ha-1 reduced plant stand of pearl 

millet by 7.37, 10.40 and 47.32 per cent at harvest, 

respectively over two hand weeding. 

4.2.1.2 Plant height 

Intercropping 

 A perusal of data (Table 4.3) showed that 

intercropping system did not affect the plant height of pearl 

millet significantly at all the growth stages.  

Weed control   

 Data presented in table 4.3 indicated that taller plant 

was recorded under hand weeding twice as compared to 

both herbicidal weed control measures at 30 DAS and at 

harvest. Moreover, all weed control measures (except 

imazethapyr at 40 g ha-1) significantly increased plant 

height of pearl millet over weedy check at harvest.  

Hand weeding twice and pendimethalin at 0.75 kg ha-1 

increased plant height of pearl millet by 9.87 and 6.34 per 

cent over weedy check at harvest.  

4.2.1.3 Dry matter accumulation 

Intercropping  

 Data regarding dry matter accumulation of pearl millet 

recorded at different growth stages are presented in table 

4.3 revealed that dry matter production per plant of pearl 

millet at 30 DAS was not influenced by intercropping 

system. However, at harvest dry matter production by pearl 

millet in intercropping system increased considerably. Pearl 

millet + cluster bean and pearl millet + moth bean 



 83

intercropping increase 19.26 and 20.80 percent dry matter, 

respectively, over crop grown in sole.  

 

Weed control  

An examination of data (Table 4.3) revealed that all 

weed control measures (except imazethapyr at 40 g ha-1) 

considerably increased the crop dry matter production per 

plant of pearl millet at 30 DAS and at harvest over 

unweeded control. Further, hand weeding twice produced 

significantly higher dry matter accumulation per plant of 

pearl millet at 30 DAS and at harvest as compared to both 

pre and post emergence application of herbicides. 

However, both herbicides pendimethalin at 0.75 kg ha-1 

and imazethapyr at 40 g ha-1 showed non significant result 

to each other. 

Hand weeding twice at 20 and 35 DAS recorded 

significantly higher dry matter production of pearl millet to 

the tune of 25.85, 87.29 and 12.52 per cent at 30 DAS and, 

16.91, 48.73 and 30.72 per cent at harvest over, 

pendimethalin at 0.75 kg ha-1, imazethapyr at 40 g ha-1 and 

weedy check, respectively. 

4.2.1.4 Number of total tillers per plant 

Intercropping  

 Data presented in table 4.4 revealed that total 

number of tillers per plant of pearl millet were significantly 

higher under intercropping system either with cluster bean 

or moth bean as compared to sole pearl millet. 

Intercropping with cluster bean and moth bean increased 

total number of tillers by 26.12 and 35.07 per cent 

respectively, over sole pearl millet. 
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Weed control 

 A perusal of data table 4.4 showed that all weed 

control measures (except imazethapyr at 40 g ha-1) 

considerably increased total number of tillers per plant of 

pearl millet at harvest over weedy check. Hand weeding 

twice produced significantly higher total number of tillers 

per plant of pearl millet at harvest as compared to both pre 

and post emergence application of herbicides. However, 

both herbicides, pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was statistically at par to each 

other. 

Hand weeding twice at 20 and 35 DAS recorded 

significantly increased number of tillers per plant of pearl 

millet to the tune of 13.48, 56.99 and 47.80 per cent over 

pendimethalin at 0.75 kg ha-1, imazethapyr at 40 g ha-1 and 

weedy check, respectively. 

4.2.1.5 Number of effective tillers per plant  

Intercropping  

 It is obvious from data (Table 4.4) that effective tillers 

per plant of pearl millet was significantly, higher in 

intercropping system either with cluster bean or moth bean 

as compared to pearl millet sole. 

Pearl millet intercropping system with cluster bean 

and moth bean, respectively, increased by 28.86 and 28.76 

per cent effective tillers per plant of pearl millet over pearl 

millet sole. 

Weed control 

 A perusal of data (Table 4.4) showed that all weed 

control measures (except imazethapyr at 40 g ha-1) 
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considerably increased effective tillers per plant of pearl 

millet over weedy check. Hand weeding twice produced 

significantly higher effective tillers per plant of pearl millet 

as compared to both pre and post emergence application 

of herbicides. However, both herbicides, pendimethalin at 

0.75 kg ha-1 and imazethapyr at 40 g ha-1 statistically at par 

to each other in regard to effective tillers of pearl millet. 

Hand weeding twice at 20 and 35 DAS recorded 

significantly increased effective tillers per plant of pearl 

millet to the tune of 16.89, 100 and 72.97 per cent over 

pendimethalin at 0.75 kg ha-1, imazethapyr at 40 g ha-1 and 

weedy check, respectively. 
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Table 4.4 Effect of weed control measures and pearl  millet legumes intercropping system on total 
number of tillers per plant , effective tillers per plant, length of ear head an d test weight of 
pearl millet.  

Treatment Total tillers     
per plant 

Effective 
tillers per plant  

Length of ear 
head (cm.) 

Test weight 
(g) 

Intercropping     

Pearl millet sole 2.23 1.75 21.73 6.89 

Cluster bean sole - - - - 

Moth bean sole - - - - 

PM+CB (1:2) 2.82 2.26 22.19 6.98 

PM+MB (1:2) 3.02 2.25 22.74 7.10 

S.Em.± 0.14 0.11 0.60 0.30 

CD (P=0.05) 0.53 0.43 NS NS 

Weed control      

Weedy check 2.28 1.64 20.73 6.62 

Two hand weeding at 20 and 35 
DAS 

3.37 2.84 23.87 7.37 

Pendimethalin 0.75 kg ha-1 as PE 2.97 2.43 23.07 6.96 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

2.14 1.42 21.21 7.01 
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S.Em.± 0.13 0.09 0.44 0.26 

CD (P=0.05) 0.39 0.26 1.32 NS 
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4.2.1.6 Ear head length  

Intercropping 

 It is obvious from data presented in table 4.4 that ear 

head length of pearl millet did not affect significantly by sole 

pearl millet as well as intercropping system with cluster 

bean and moth bean. 

Weed control 

 A further examination of data (Table 4.4) revealed 

that all weed control measures (except imazethapyr at 40 g 

ha-1) produced considerably longer ear length of pearl 

millet over weedy check. However, Hand weeding twice 

and pendimethalin at 0.75 kg ha-1 gave at par ear head 

length of pearl millet as compared to post emergence 

application of imazethapyr at 40 g ha-1.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 

recorded significantly increased length of ear in pearl millet 

to the tune of 15.15, and 11.29 per cent over weedy check, 

respectively. 

4.2.1.7 Test weight 

Intercropping  

 Data presented in table 4.4 indicated that test weight 

of pearl millet was not affected significantly due to various 

intercropping systems. 

Weed control 

 A reference to data presented (Table 4.4) showed 

that test weight of pearl millet was not influenced 

significantly by intercropping system. 
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4.2.1.8 Grain yield 

Intercropping 

 An assessment of data (Table 4.5) indicated that 

grain yield of pearl millet increased considerably in pearl 

millet sole as compared to both intercropping system with 

cluster bean and moth bean. However, grain yield of pearl 

millet produced in both intercropping system, pearl millet – 

cluster bean and pearl millet – moth bean was statistically 

at par to each other. 

Sole crop increased by 58.12 and 58.39 per cent 

seed yield of pearl millet compared to pearl millet – cluster 

bean and pearl millet – moth bean cropping system, 

respectively. 

Weed control 

 It is clear from data presented (Table 4.5) that all 

weed control measures (except imazethapyr at 40 g ha-1) 

produced significantly higher grain yield of pearl millet over 

weedy check. Further, hand weeding twice statistically at 

par with pendimethalin at 0.75 kg ha-1 produced 

significantly higher grain yield of pearl millet as compared 

to post emergence application of imazethapyr at 40 g ha-1.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 

recorded significantly higher grain yield of pearl millet to the 

tune of 30.76, and 13.71 per cent over weedy check, 

respectively 
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4.2.1.9 Straw yield 

Intercropping  

 A perusal of data presented in table 4.5 revealed that 

straw yield of pearl millet was significantly higher in pearl 

millet sole as compare to pearl millet intercropping system 

with cluster bean and moth bean. However, straw yield of 

pearl millet produced in both intercropping system, pearl 

millet – cluster bean and pearl millet – moth bean was 

statistically at par to each other. 

Sole crop increased by 158.67 and 152.80 per cent 

straw yield of pearl millet compared to pearl millet – cluster 

bean and pearl millet – moth bean cropping system, 

respectively. 

Weed control  

 Data (Table 4.5) further revealed that hand weeding 

twice at 20 and 35 DAS produced significantly higher straw 

yield of pearl millet over weedy check and herbicidal weed 

control measures. Further, pre emergence application 

pendimethalin at 0.75 kg ha-1 produced significantly higher 

straw yield of pearl millet as compared to post emergence 

application of imazethapyr at 40 g ha-1.  

Hand weeding twice increased the straw yield by 

13.74, 20.21 and 36.25 percent over pendimethalin at 0.75 

kg ha-1, weedy check and imazethapyr at 40 g ha-1, 

respectively. 

4.2.1.10 Biological yield 

Intercropping 

 An appraisal of data presented in table 4.5 explicits 

that biological yield of pearl millet sole (2625.58 kg ha-1) 
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was recorded significantly higher than all other treatments. 

However, biological yield of pearl millet obtained from pearl 

millet– cluster bean intercropping system and pearl millet– 

moth bean intercropping system was statistically at par to 

each other.  

Pearl millet sole recorded 151.55 and 148.35 per cent 

higher biological yield of pearl millet by over pearl millet – 

moth bean and pearl millet – cluster bean intercropping 

system, respectively. 

Weed control  

 A reference to data presented in table 4.5 revealed 

that hand weeding twice at 20 and 35 DAS produced 

significantly higher 
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Table 4.5 Effect of weed control measures and pearl  millet legumes intercropping system on grain, 
straw and biological yield and harvest index of pea rl millet 

Treatments  Yield (kg ha -1) Harvest 

index (%)  Grain Straw Biological 

Intercropping      

Pearl millet sole 908 1718 2626 35.15 

Cluster bean sole - - - - 

Moth bean sole - - - - 

PM+CB (1:2) 380 664 1044 36.15 

PM+MB (1:2) 378 680 1058 35.29 

S.Em.± 20.5 57.4 50.0 0.81 

CD (P=0.05) 80 225 196 NS 

Weed control      

Weedy check 500 987 1487 34.53 

Two hand weeding at 20 and 35 
DAS 

654 1237 1891 35.74 

Pendimethalin 0.75 kg ha-1 as PE 569 1067 1636 35.98 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

497 790 1287 35.85 
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S.Em.± 23.3 35.4 63.9 0.67 

CD (P=0.05) 69 105 190 NS 
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biological yield of pearl millet over weedy check and 

herbicidal weed control measures. Further, pre emergence 

application of pendimethalin at 0.75 kg ha-1 produced 

significantly higher biological yield of pearl millet as 

compared to post emergence application of imazethapyr at 

40 g ha-1. 

 Hand weeding twice increased the biological yield of 

pearl millet by 27.16, 15.60 and 47.03 per cent over weedy 

check, pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 

g ha-1, respectively. 

4.2.1.11 Harvest index  

Intercropping  

 A perusal of data (Table 4.5) revealed that harvest 

index of pearl millet was not influenced by intercropping 

system with cluster bean as well as moth bean. 

Weed control 

It is explicit from data (Table 4.5) that harvest index 

was not affected significantly due to different weed control 

measure.  

4.2.2 Nutrient content and uptake by pearl 

millet  

Data regarding content of nutrient viz., N, P & K and their 

uptake by pearl millet grain and straw are summarized in 

table 4.6 & 4.7 

4.2.2.1 Nitrogen content in pearl millet grain 

Intercropping   

 Data (Table 4.6) indicated that nitrogen content in 

pearl millet grain was increased significantly in crop grown 
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with intercropping systems compared to sole crop. Highest 

nitrogen content of seed was recorded in pearl millet-

cluster bean intercropping system which was statistically at 

par with pearl millet-moth bean intercropping system.  

Pearl millet intercropped with cluster bean and moth 

bean increased nitrogen content of seed of pearl millet to 

the tune 6.40 and 5.42 per cent, respectively over sole crop 

of pearl millet. 

Weed control   

 A reference to data presented in table 4.6 revealed 

that all the weed control treatments significantly increased 

nitrogen content in grain of pearl millet over weedy check. 

Highest nitrogen content in grain of pearl millet recorded 

under hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in nitrogen content in grain of pearl 

millet due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 15.89, 15.03 and 12.06 per 

cent, respectively over weedy check. 

4.2.2.2 Nitrogen content in pearl millet straw 

Intercropping   

 A perusal of data (Table 4.6) revealed that nitrogen 

content in straw of pearl millet was increased significantly 

in crop grown with intercropping systems compared to sole 

crop. Pearl millet intercropped with cluster bean and moth 

bean increased nitrogen content of straw of pearl millet to 

the tune 6.70 and 7.87 per cent, respectively over sole crop 

of pearl millet. 
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Weed control   

 A reference to data presented in table 4.6 revealed 

that all the weed control treatments significantly increased 

nitrogen content in straw of pearl millet over weedy check. 

However, nitrogen content in straw of pearl millet recorded 

under hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in nitrogen content in straw of pearl 

millet due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 25.68, 22.75 and 22.20 per 

cent, respectively over weedy check 

4.2.2.3 Phosphorus content in pearl millet grain 

Intercropping   

 Data (Table 4.6) indicated that phosphorus 

content in grain of pearl millet was not influenced by 

intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.6 revealed 

that all the weed control treatments significantly increased 

phosphorus content in grain of pearl millet over weedy 

check. However, phosphorus content in grain of pearl millet 

recorded under hand weeding twice being statistically at 

par with pendimethalin at 0.75 kg ha-1 and imazethapyr at 

40 g ha-1. 

The increase in phosphorus content in grain of pearl 

millet due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 
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imazethapyr at 40 g ha-1 was 7.00, 5.45 and 5.09 per cent, 

respectively over weedy check. 

4.2.2.4 Phosphorus content in pearl millet straw 

Intercropping   

A perusal of data (Table 4.6) revealed that 

phosphorus content in straw of pearl millet was not 

influenced by intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.6 revealed 

that all the weed control treatments significantly increased 

phosphorus content in straw of pearl millet over weedy 

check. However, nitrogen content in straw of pearl millet 

recorded under hand weeding twice being statistically at 

par with pendimethalin at 0.75 kg ha-1 and imazethapyr at 

40 g ha-1. 

The magnitude of increase in phosphorus content in 

straw of pearl millet due to hand weeding twice at 20 and 

35 DAS, pre emergence application of pendimethalin at 

0.75 kg ha-1 and imazethapyr at 40 g ha-1 was 7.89, 5.26 

and 6.50 per cent, respectively over weedy check 

4.2.2.5 Potassium content in pearl millet grain 

Intercropping   

 Data (Table 4.6) showed that potassium content 

in grain of pearl millet was not influenced by intercropping 

systems as well as sole crop. 

Weed control   

 It can be further seen from the data presented in table 

4.6 revealed that all the weed control treatments 
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significantly increased potassium content in grain of pearl 

millet over weedy check. However, hand weeding twice, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

being statistically at par to each other in regard to 

potassium content in grain of pearl millet. 

The increase in potassium content in grain of pearl 

millet due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 5.14, 3.55 and 3.54 per cent, 

respectively over weedy check. 

 

 

 

4.2.2.6 Potassium content in pearl millet straw 

Intercropping   

A perusal of data (Table 4.6) revealed that potassium 

content in straw of pearl millet was not influenced by 

intercropping systems as well as sole crop. 

Weed control   

 It is evident from data in table 4.6 that machanical 

weed control measure significantly increased potassium 

content in straw of pearl millet over herbicidal weed control 

measures and weedy check. While, nitrogen content in 

straw of pearl millet recorded under weedy check being 

statistically at par with pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1. 

The magnitude of increase in potassium content in 

straw of pearl millet due to hand weeding twice at 20 and 

35 DAS was 5.27, per cent, respectively over weedy check 
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4.2.2.7 Protein content in pearl millet 

Intercropping 

 Data (Table 4.6) revealed that protein content in pearl 

millet grain was affected significantly due to various 

intercropping systems. Pearl millet intercrop with cluster 

bean recorded highest protein content in pearl millet grain 

which was statistically at par with pearl millet-moth bean 

intercropping system. 

The magnitude of increase protein content of seed of 

pearl millet in pearl millet intercropped with cluster bean 

and moth bean was 6.41 and 5.42 per cent, respectively 

over sole crop of pearl millet. 

Weed control   

It is obvious from data (Table 4.6) that two hand 

weeding, pendimethalin at 0.75 kg ha-1, and imazethapyr 

40 g ha-1, being at par



 100

Table 4.6 Effect of weed control measures and pearl  millet legumes intercropping system on nitrogen, 

phosphorus, potassium and protein content in pearl millet 

Treatments 

 

Nitrogen 

content 

             (%) 

Phosphorus 

content (%) 

Potassium 

content (%) 

Protein 

content 

(%) 

 Grain Straw Grain Straw Grain Straw  

Intercropping        

Pearl millet sole 1.624 0.455 0.266 0.117 0.573 1.846 10.15 

Cluster bean sole - - - - - - - 

Moth bean sole - - - - - - - 

PM+CB (1:2) 1.728 0.486 0.269 0.120 0.586 1.851 10.80 

PM+MB (1:2) 1.712 0.491 0.271 0.122 0.586 1.852 10.70 

S.Em.± 0.021 0.006 0.003 0.001 0.008 0.025 0.13 

CD (P=0.05) 0.083 0.024 NS NS NS NS 0.52 

Weed control         

Weedy check 1.517 0.406 0.257 0.114 0.564 1.804 9.48 

Two hand weeding at 20 and 35 DAS 1.758 0.510 0.275 0.123 0.593 1.899 10.99 

Pendimethalin 0.75 kg ha-1 as PE 1.745 0.498 0.271 0.120 0.584 1.850 10.91 
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Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

1.729 0.496 0.271 0.122 0.585 1.847 10.81 

S.Em.± 0.019 0.005 0.003 0.001 0.007 0.021 0.12 

CD (P=0.05) 0.057 0.016 0.009 0.004 0.020 0.063 0.36 
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with each other, significantly increased protein content in 

grain as compared to weedy check. The increase in protein 

content in pearl millet grain with two hand weeding 

treatment, imazethapyr 40 g ha-1 and pendimethalin 0.75 

kg ha-1 was 15.87, 15.03 and 12.06 percent, respectively 

over weedy check.  

4.2.2.8 Nitrogen uptake by pearl millet  

Intercropping  

Data (Table 4.7) indicated that total nitrogen uptake by 

pearl millet was increased significantly in sole crop 

compared to pearl millet grown with intercropping systems. 

However, total nitrogen uptake by pearl millet was recorded 

in pearl millet-cluster bean intercropping system and pearl 

millet-moth bean intercropping system was statistically at 

par to each other.  

Sole crop of pearl millet increased total nitrogen 

uptake of pearl millet to the tune 131.09 and 130.66 per 

cent over pearl millet intercropped with cluster bean and 

moth bean, respectively. 

Weed control  

 A further examination of data (Table 4.7) revealed 

that all weed control measures (except imazethapyr at 40 g 

ha-1), significantly, increased total nitrogen uptake by pearl 

millet over weedy check. Further, hand weeding twice 

significantly superior as compared to pendimethalin at 0.75 

kg ha-1in regard to total nitrogen uptake by pearl millet. 

Post emergence application of imazethapyr at 40 g ha-

1showed lowest uptake of nitrogen by pearl millet.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 
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recorded significantly increased total nitrogen uptake by 

pearl millet to the tune of 57.48, and 33.80 per cent over 

weedy check, respectively. 
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Table 4.7 Effect of weed control measures and pearl  millet legumes intercropping system on nitrogen, 

phosphorus and potassium uptake by pearl millet 

Treatments 

 

Nitrogen uptake  

(kg ha -1) 

Phosphorus uptake  

(kg ha -1) 

Potassium uptake 

 (kg ha -1) 

Grain Straw Total Grain Straw Total Grain Straw Tot al 

Intercropping          

Pearl millet sole 14.80 7.88 22.68 2.42 2.00 4.42 5.20 31.85 37.05 

Cluster bean sole - - - - - - - - - 

Moth bean sole - - - - - - - - - 

PM+CB (1:2) 6.57 3.24 9.81 1.02 0.80 1.82 2.23 12.30 14.53 

PM+MB (1:2) 6.48 3.35 9.83 1.02 0.83 1.86 2.22 12.61 14.83 

S.Em.± 0.51 0.37 0.86 0.08 0.09 0.16 0.16 1.49 1.64 

CD (P=0.05) 1.99 1.47 3.38 0.30 0.36 0.65 0.64 5.84 6.42 

Weed control           

Weedy check 7.39 3.90 11.28 1.27 1.11 2.38 2.80 17.86 20.65 

Two hand weeding at 20 and 35 
DAS 

11.47 6.30 17.77 1.81 1.51 3.32 3.87 23.55 27.41 

Pendimethalin 0.75 kg ha-1 as PE 9.86 5.24 15.10 1.53 1.25 2.78 3.31 19.74 23.04 
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Imazethapyr 40 g ha-1 at 25 DAS 
as PoE 

8.42 3.85 12.27 1.33 0.99 2.32 2.89 14.55 17.43 

S.Em.± 0.40 0.17 0.51 0.06 0.04 0.09 0.14 0.70 0.76 

CD (P=0.05) 1.19 0.50 1.52 0.19 0.13 0.27 0.41 2.07 2.26 
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4.2.2.9 Phosphorus uptake by pearl millet 

Intercropping  

 An appraisal of data (Table 4.7) reflects that total 

phosphorus uptake by pearl millet was increased 

significantly in sole crop compared to pearl millet grown 

with intercropping systems. However, total phosphorus 

uptake by pearl millet was recorded in pearl millet-cluster 

bean intercropping system and pearl millet-moth bean 

intercropping system was statistically at par to each other.  

Sole crop of pearl millet increased total phosphorus 

uptake of pearl millet to the tune 142.56 and 137.98 per 

cent over pearl millet intercropped with cluster bean and 

moth bean, respectively. 

Weed control  

 An assessment of data (Table 4.7) indicates that all 

weed control measures (except imazethapyr at 40 g ha-1), 

significantly, increased total phosphorus uptake by pearl 

millet over weedy check. Further, hand weeding twice 

significantly superior as compared to pendimethalin at 0.75 

kg ha-1in regard to total phosphorus uptake by pearl millet. 

Post emergence application of imazethapyr at 40 g ha-1 

showed lowest uptake of phosphorus by pearl millet.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 

recorded significantly increased total phosphorus uptake by 

pearl millet to the tune of 39.81 and 16.88 per cent over 

weedy check, respectively. 

4.2.2.10 Potassium uptake by pearl millet 

Intercropping  
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 An appraisal of data (Table 4.7) reflects that total 

potassium uptake by pearl millet was increased 

significantly in sole crop compared to pearl millet grown 

with intercropping systems. However, total potassium 

uptake by pearl millet was recorded in pearl millet-cluster 

bean intercropping system and pearl millet-moth bean 

intercropping system was statistically at par to each other.  

Sole crop of pearl millet increased total potassium 

uptake of pearl millet to the tune 154.95 and 149.84 per 

cent over pearl millet intercropped with cluster bean and 

moth bean, respectively. 

Weed control  

 An assessment of data (Table 4.7) indicates that all 

weed control measures (except imazethapyr at 40 g ha-1), 

significantly, increased total potassium uptake by pearl 

millet over weedy check. Further, hand weeding twice 

significantly superior as compared to pendimethalin at 0.75 

kg ha-1in regard to total potassium uptake by pearl millet. 

Post emergence application of imazethapyr at 40 g ha-1 

showed lowest uptake of potassium by pearl millet.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 

recorded significantly increased total potassium uptake by 

pearl millet to the tune of 32.73 and 11.57 per cent over 

weedy check, respectively. 

4.2.3 Growth and yield attributes of cluster 

bean 

4.2.3.1 Plant stand 

Intercropping 
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 A perusal of data (Table 4.8) indicated that plant 

stand of cluster bean at 30 DAS and at harvest as sole 

crop was significantly higher compared to cluster bean 

grown with pearl millet intercropping system. Sole crop of 

cluster bean recorded higher plant stand by 49.16 and 

50.00 per cent at 30 DAS and at harvest, respectively, 

compared to cluster bean grown with pearl millet 

intercropping system. 

Weed control 

 An appraisal of data presented in table 4.8 explicits 

that all weed control measures recorded significantly, 

higher plant stand of cluster bean at harvest over weedy 

check. However, weed control measures found statistically 

at par to each other at harvest. Plant stand of cluster bean 

produce non significant result at 30 DAS. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher plant 

stand of cluster bean at harvest to the tune of 7.38, 5.96 

and 5.23 per cent over weedy check, respectively 

4.2.3.2 Plant height 

Intercropping 

 The assessment of data (Table 4.8) revealed that 

plant height at different growth stages of cluster bean was 

not influenced significantly due to intercropping system with 

pearl millet as well as sole crop. 

Weed control 

 A critical examination of data (Table 4.8) indicates 

that all the weed control measures significantly affected the 
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plant height at 30 DAS as well as at harvest compared to 

weedy check. Further, plant height of cluster bean among 

weed control measures found statistically at par to each 

other at 30 DAS and at harvest.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher plant 

stand of cluster bean to the tune of 22.09, 15.36  and 13.54 

per cent at 30 DAS and 29.91, 25.53 and 19.02 per cent at 

harvest, respectively, over weedy check. 
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Table 4.8 Effect of weed control measures and pearl  millet legumes intercropping system on plant stand , 

plant height and dry matter accumulation of cluster  bean 

Treatments 
 

Plant stand (‘000 ha -1) Plant height (cm.) 
Dry matter 

accumulation  
(g plant -1) 

 30 DAS 
At 

Harvest 
30 DAS 

At 
Harvest 

30 DAS 
At 

Harvest 

Intercropping       

Pearl millet sole - - - - - - 

Cluster bean sole 292 283 21.82 84.42 1.13 12.71 

Moth bean sole - - - - - - 

PM+CB (1:2) 196 187 21.04 83.35 1.20 12.83 

PM+MB (1:2) - - - - - - 

S.Em.± 2.0 4.2 0.64 2.53 0.07 0.57 

CD (P=0.05) 12 26 NS NS NS NS 

Weedy check 243 225 18.88 69.88 1.11 8.90 

Weed control        

Two hand weeding at 20 and 35 DAS 246 242 23.05 90.78 1.18 15.15 

Pendimethalin 0.75 kg ha-1 as PE 245 239 21.78 87.72 1.24 13.68 
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Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

244 238 22.00 87.15 1.13 13.35 

S.Em.± 1.5 3.9 0.83 2.52 0.07 0.47 

CD (P=0.05) NS 12.0 2.57 7.76 NS 1.44 
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4.2.3.3 Dry matter accumulation 

Intercropping 

 A Perusal of data (Table 4.8) indicated that dry matter 

accumulation per plant of cluster bean at 30 DAS and at 

harvest was not influenced considerably due to 

intercropping system with pearl millet as well as sole crop. 

Weed control  

 It is obvious from data (Table 4.8) that all weed 

control treatments did not cause significant effect on plant 

dry matter (g per plant) at 30 DAS. Data further indicates 

that all the weed control measures significantly affected per 

plant dry matter accumulation at harvest compared to 

weedy check. However, per plant dry matter accumulation 

of cluster bean due to mechanical (Hand weeding twice) 

weed control measure found statistically superior over both 

chemical weed control measures being statistically at par to 

each other at harvest. Hand weeding twice at 20 and 35 

DAS, pre emergence application of pendimethalin at 0.75 

kg ha-1 and  imazethapyr at 40 g ha-1 recorded significantly 

higher plant dry matter accumulation of cluster bean to the 

tune of 70.22, 53.71 and 29.37 per cent at harvest, 

respectively, over weedy check. 

Hand weeding twice at 20 and 35 DAS increased 

plant dry matter accumulation of cluster bean to the tune of 

10.75 and 13.48 per cent at harvest as compared pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1, respectively. 

4.2.3.4 Nodules per plant 

Intercropping 
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 A Perusal of data (Table 4.9) indicated that number of 

root nodules per plant at 50 DAS of cluster bean was not 

influenced considerably due to intercropping system with 

pearl millet as well as sole crop. 

Weed control  

It is obvious from data (Table 4.9) that harvest index 

was not affected significantly due to different weed control 

measure.  

4.2.3.5 Pods per plant 

Intercropping 

It is evident from the data (Table 4.9) that number of 

pods per plant of cluster bean was not influenced 

statistically by intercropping system. however, the highest 

pods per plant (35.18) were observed in sole cluster bean.  

Weed control 

 An appraisal of data (Table 4.9) reflects that all weed 

control measures recorded significantly, higher number of 

pods per plant of cluster bean over weedy check. However, 

weed control measures brought statistically at par to each 

other in respect to number of pods per plant of clusterbean.  

The magnitude of increase in number of pods per 

plant of cluster bean due to various weed control measures 

as hand weeding twice at 20 and 35 DAS, pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 28.22, 25.38 and 16.87 per 

cent, respectively over weedy check. 

4.2.3.6 Seeds per pod 

Intercropping 
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 The critical examination of data (Table 4.9) revealed 

that seeds per pod of cluster bean were not influenced 

significantly due to intercropping system with pearl millet as 

well as sole crop. 

 

Weed control 

Data (Table 4.9) revealed that all the weed control 

treatments significantly increased number of seeds per pod 

over weedy check. Highest seeds per pod recorded under 

hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in number of seeds per pod of cluster 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 38.89, 34.52 and 28.97 per 

cent, respectively over weedy check. 

4.2.3.7 Test weight 

Intercropping 

A perusal of data (Table 4.9) indicated that test 

weight of cluster bean was not affected significantly due to 

intercropping system with pearl millet as well as sole crop. 

Weed control 

An assessment of data (Table 4.9) elucidates that all 

the weed control treatments caused non-significantly effect 

on test weight of cluster bean over weedy check. 

Whenever, maximum (31.45 g) test weight was recorded 

with two hand weeding treatment. 

4.2.3.8 Grain yield  
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Intercropping 

 An assessment of data (Table 4.10) indicates that 

grain yield increased considerably in cluster bean sole as 

compared to cluster bean in intercropping system with 

pearl millet.  

Sole crop increased by 46.29 per cent seed yield of 

cluster bean compared to pearl millet – cluster bean 

cropping system. 
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Table 4.9 Effect of weed control measures and pearl  millet legumes intercropping system on nodules, 
pods, seeds and test weight of cluster bean 

Treatments 
Nodules per 

plant 
Pods per plant  Seeds per pod  Test weight (g)  

Intercropping     

Pearl millet sole - - - - 

Cluster bean sole 15.83 34.37 4.91 30.92 

Moth bean sole - - - - 

PM+CB (1:2) 14.50 35.18 5.64 30.60 

PM+MB (1:2) - - - - 

S.Em.± 0.84 0.83 0.23 0.61 

CD (P=0.05) NS NS NS NS 

Weed control      

Weedy check 14.33 29.27 4.20 29.60 

Two hand weeding at 20 and 35 
DAS 

16.41 37.53 5.83 30.78 

Pendimethalin 0.75 kg ha-1 as PE 15.05 36.70 5.65 31.22 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

14.88 35.60 5.42 31.45 
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S.Em.± 1.12 1.14 0.22 0.74 

CD (P=0.05) NS 3.52 0.69 NS 
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Weed control 

 It is clear from the data presented (Table 4.10) that all 

weed control measures produced significantly higher grain 

yield of cluster bean over weedy check. Moreover, hand 

weeding twice produced significantly higher grain yield of 

cluster bean as compared to both herbicidal weed control 

measures a.i. pre emergence application of pendimethalin 

at 0.75 kg ha-1 and post emergence application of 

imazethapyr at 40 g ha-1 being statistically at par with each 

other. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher grain 

yield of cluster bean to the tune of 88.08, 61.87 and 30.83 

per cent, respectively, over weedy check. 

Hand weeding twice at 20 and 35 DAS increased 

grain yield of cluster bean to the tune 16.20 and 19.05 per 

cent as compared pre emergence application of 

pendimethalin at 0.75 kg ha-1 and  imazethapyr at 40 g ha-1, 

respectively. 

4.2.3.9 Straw yield  

Intercropping  

 A perusal of data presented in table 4.10 revealed 

that straw yield of cluster bean was significantly higher in 

cluster bean sole as compare to cluster bean intercropping 

system with pearl millet. Sole crop increased by 49.97 per 

cent straw yield of cluster bean compared to pearl millet – 

cluster bean intercropping system, respectively. 

Weed control  



 119

 Data (Table 4.10) further revealed that hand weeding 

twice at 20 and 35 DAS produced significantly higher straw 

yield of cluster bean over weedy check and herbicidal weed 

control measures. However, mechanical as well as 

chemical weed control measures being 
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Table 4.10 Effect of weed control measures and pear l millet legumes intercropping system on grain, str aw 

and biological yield and harvest index of cluster b ean 

Treatments  Yield (kg ha -1) 
Harvest index (%)  

 Grain Straw Biological 

Intercropping      

Pearl millet sole - - - - 

Cluster bean sole 1086 2134 3220 33.4 

Moth bean sole - - - - 

PM+CB (1:2) 742 1423 2165 34.2 

PM+MB (1:2) - - - - 

S.Em.± 40.1 87.7 121.3 0.71 

CD (P=0.05) 244 534 738 NS 

Weed control      

Weedy check 602 1267 1869 32.3 

Two hand weeding at 20 and 35 

DAS 
1131 2070 3201 35.3 

Pendimethalin 0.75 kg ha-1 as PE 974 1886 2860 34.3 

Imazethapyr 40 g ha-1 at 25 DAS as 950 1892 2842 33.4 
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PoE 

S.Em.± 50.1 71.3 108.3 0.87 

CD (P=0.05) 154 220 334 2.67 
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statistically at par to each other in reference to straw yield 

of cluster bean. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher straw 

yield of cluster bean to the tune of 63.44, 48.90 and 30.18 

per cent, respectively, over weedy check. 

4.2.3.10 Biological yield 

Intercropping 

 An appraisal of data presented in table 4.10 

explicit that biological yield of cluster bean in sole crop was 

recorded significantly higher than pearl millet – cluster bean 

intercropping system. Cluster bean sole increased the 

biological yield of cluster bean by 48.71 per cent over pearl 

millet – cluster bean intercropping system. 

Weed control  

 A reference to data presented in table 4.10 revealed 

that all weed control measures produced significantly 

higher biological yield of cluster bean over weedy check. 

Moreover, hand weeding twice produced significantly 

higher biological yield of cluster bean as compared to both 

herbicidal weed control measures a.i. pre emergence 

application of pendimethalin at 0.75 kg ha-1 and post 

emergence application of imazethapyr at 40 g ha-1 being 

statistically at par with each other. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher 

biological yield of cluster bean to the tune of 71.37, 53.08 
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and 30.41 per cent at harvest, respectively, over weedy 

check. 

Hand weeding twice at 20 and 35 DAS increased 

biological yield of cluster bean to the tune 11.95 and 12.66 

per cent at harvest as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1, respectively. 

4.2.3.11 Harvest index  

Intercropping  

 A perusal of data (Table 4.10) revealed that harvest 

index of cluster bean was not influenced by intercropping 

system with pearl millet as well as sole crop. 

Weed control 

It is clear from data (Table 4.10) that harvest index 

was significantly influenced due to mechanical weed 

control measure as compared to weedy check. Highest 

harvest index recorded under hand weeding twice being 

statistically at par with pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1. However, both chemical weed 

control measures being statistically at par with weedy 

check.  

Hand weeding twice at 20 and 35 DAS, increase 

harvest index of cluster bean by 9.15 per cent over weedy 

check. 

4.2.4 Nutrient content and uptake by cluster 

bean  

Data regarding content of nutrient viz., N, P & K and their 

uptake by cluster bean grain and straw are summarized in 

table 4.11, & 4.12. 
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4.2.4.1 Nitrogen content in cluster bean grain 

Intercropping   

A perusal of data (Table 4.11) revealed that nitrogen 

content in grain of cluster bean was not influenced by 

intercropping system with pearl millet as well as sole crop. 

Weed control   

 A reference to data presented in table 4.11 revealed 

that all the weed control treatments significantly increased 

nitrogen content in grain of cluster bean over weedy check. 

Highest nitrogen content in grain of cluster bean recorded 

under hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in nitrogen content in grain of cluster 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 7.32, 5.56 and 4.53 per cent, 

respectively over weedy check. 

4.2.4.2 Nitrogen content in cluster bean straw 

Intercropping   

A perusal of data (Table 4.11) revealed that nitrogen 

content in straw of cluster bean was not influenced by 

intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.11 revealed 

that hand weeding twice, significantly increased nitrogen 

content in straw of cluster bean over weedy check. 

However, nitrogen content in straw of cluster bean 

recorded under pendimethalin at 0.75 kg ha-1 and 



 125

imazethapyr at 40 g ha-1 being statistically at par with 

weedy check. 

The increase in nitrogen content in straw of cluster 

bean due to hand weeding twice at 20 and 35 DAS was 

7.38 per cent, respectively over weedy check. 

4.2.4.3 Phosphorus content in cluster bean grain 

Intercropping   

 Data (Table 4.11) indicated that phosphorus 

content in cluster bean grain of pearl millet was not 

influenced by intercropping systems as well as sole crop. 

 

 

Weed control   

 A reference to data presented in table 4.11 revealed 

that all the weed control treatments significantly increased 

phosphorus content in grain of cluster bean over weedy 

check. However, phosphorus content in grain of cluster 

bean recorded under hand weeding twice being statistically 

at par with pendimethalin at 0.75 kg ha-1 and imazethapyr 

at 40 g ha-1. 

The increase in phosphorus content in grain of cluster 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 7.43, 4.70 and 4.38 per cent, 

respectively over weedy check. 

4.2.4.4 Phosphorus content in cluster bean straw 

Intercropping   
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A perusal of data (Table 4.11) revealed that 

phosphorus content in straw of cluster bean was not 

influenced by intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.11 revealed 

that hand weeding twice significantly increased phosphorus 

content in straw of cluster bean over weedy check, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

However, nitrogen content in straw of cluster bean 

recorded under weedy check being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The magnitude of increase in phosphorus content in 

straw of cluster bean due to hand weeding twice at 20 and 

35 DAS was 6.88 per cent, respectively over weedy check 

 

 

4.2.4.5 Potassium content in cluster bean grain 

Intercropping   

 Data (Table 4.11) show that potassium content 

in cluster bean grain was not influenced by intercropping 

systems as well as sole crop. 

Weed control   

 It can be further seen from the data presented in table 

4.11 that all the weed control treatments significantly 

increased potassium content in grain of cluster bean over 

weedy check. However, hand weeding twice, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

being statistically at par to each other in regard to 

potassium content in grain of cluster bean. 
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The increase in potassium content in grain of cluster 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 7.42, 5.22 and 4.09 per cent, 

respectively over weedy check. 

4.2.4.6 Potassium content in cluster bean straw 

Intercropping   

A perusal of data (Table 4.11) revealed that 

potassium content in straw of cluster bean was not 

influenced by intercropping systems as well as sole crop. 

Weed control   

 It is evident from data in table 4.11 that all the weed 

control treatments significantly increased potassium 

content in straw of cluster bean over weedy check. 

However, hand weeding twice, pendimethalin at 0.75 kg ha-

1 and imazethapyr at 40 g ha-1 being statistically at par to 

each other in regard to potassium content in straw of 

cluster bean. 
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Table 4.11 Effect of weed control measures and pear l millet legumes intercropping system on nitrogen, 

phosphorus, potassium and protein content in cluste r bean 

Treatments Nitrogen 

content (%) 

Phosphorus 

content (%) 

Potassium content 

(%) 

Protein 

content 

(%) 

Grain Straw Grain Straw Grain Straw  

Intercropping         

Pearl millet sole - - - - - - - 

Cluster bean sole 3.593 0.855 0.427 0.261 0.386 0.620 22.46 

Moth bean sole - - - - - - - 

PM+CB (1:2) 3.543 0.845 0.415 0.249 0.373 0.612 22.15 

PM+MB (1:2) - - - - - - - 

S.Em.± 0.036 0.008 0.004 0.003 0.004 0.007 0.22 

CD (P=0.05) NS NS NS NS NS NS NS 

Weed control         

Weedy check 3.417 0.827 0.404 0.247 0.364 0.583 21.35 

Two hand weeding at 20 and 35 
DAS 

3.667 0.888 0.434 0.264 0.391 0.640 22.92 
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Pendimethalin 0.75 kg ha-1 as PE 3.607 0.844 0.423 0.255 0.383 0.621 22.54 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

3.583 0.843 0.423 0.254 0.380 0.619 22.40 

S.Em.± 0.049 0.012 0.006 0.003 0.005 0.009 0.31 

CD (P=0.05) 0.152 0.036 0.018 0.010 0.017 0.026 0.95 
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The increase in potassium content in straw of cluster 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 9.78, 6.52 and 5.63 per cent, 

respectively over weedy check. 

4.2.4.7 Protein content in cluster bean grain 

Intercropping 

 Data (Table 4.11) revealed that protein content 

in cluster bean grain was not influenced by intercropping 

systems as well as sole crop. 

Weed control   

It is obvious from data (Table 4.11) that two hand 

weeding, pendimethalin at 0.75 kg ha-1, and imazethapyr 

40 g ha-1, being at par with each other, significantly 

increased protein content in cluster bean as compared to 

weedy check.  

The increase in protein content in cluster bean grain 

with two hand weeding treatment, imazethapyr 40 g ha-1 

and pendimethalin 0.75 kg ha-1 was 7.32, 5.56 and 4.55 

percent, respectively over weedy. 

4.2.4.8 Nitrogen uptake by cluster bean  

Intercropping  

Data (Table 4.12) indicated that total nitrogen uptake by 

cluster bean was increased significantly in sole crop 

compared to cluster bean grown in intercropping system 

with pearl millet.  

Sole crop of cluster bean increased total nitrogen 

uptake of cluster bean to the tune 50.02 per cent over 

cluster bean intercropped with pearl millet. 
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Weed control  

 A further examination of data (Table 4.12) revealed 

that all weed control measures, significantly, increased total 

nitrogen uptake by 
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Table 4.12 Effect of weed control measures and pear l millet legumes intercropping system on nitrogen, 

phosphorus and potassium uptake by cluster bean 

Treatments Nitrogen uptake  

(kg ha -1) 

Phosphorus uptake  

(kg ha -1) 

Potassium uptake 

 (kg ha -1) 

Grain Straw  Total Grain Straw  Total Grain Straw  Total 

Intercropping           

Pearl millet sole - - - - - - - - - 

Cluster bean sole 39.33 18.37 57.69 4.67 5.59 10.26 4.24 13.32 17.56 

Moth bean sole - - - - - - - - - 

PM+CB (1:2) 26.42 12.04 38.46 3.10 3.56 6.65 2.78 8.74 11.52 

PM+MB (1:2) - - - - - - - - - 

S.Em.± 1.48 0.83 2.22 0.18 0.25 0.41 0.16 0.61 0.75 

CD (P=0.05) 9.00 5.05 13.50 1.07 1.52 2.48 0.99 3.70 4.55 

Weed control           

Weedy check 20.58 10.46 31.04 2.44 3.15 5.58 2.19 7.39 9.58 

Two hand weeding at 20 and 35 

DAS 
41.63 18.48 60.10 4.93 5.50 10.43 4.46 13.30 17.76 

Pendimethalin 0.75 kg ha-1 as PE 35.17 15.93 51.09 4.12 4.80 8.92 3.74 11.70 15.44 
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Imazethapyr 40 g ha-1 at 25 DAS as 

PoE 
34.11 15.96 50.07 4.05 4.85 8.90 3.64 11.75 15.39 

S.Em.± 1.99 0.63 2.45 0.24 0.19 0.38 0.22 0.46 0.62 

CD (P=0.05) 6.13 1.93 7.53 0.72 0.58 1.18 0.66 1.40 1.90 
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cluster bean over weedy check. Further, hand weeding 

twice, significantly superior as compared to pendimethalin 

at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 in regard to 

total nitrogen uptake by cluster bean.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 gha-1 recorded significantly higher total 

nitrogen uptake by cluster bean to the tune of 93.65, 64.63 

and 31.67 per cent over weedy check, respectively. The 

magnitude of increased total nitrogen uptake by cluster 

bean in hand weeding twice at 20 and 35 DAS was 17.63 

and 20.03 per cent as compared to pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1, respectively. 

4.2.4.9 Phosphorus uptake by cluster bean 

Intercropping  

 An appraisal of data (Table 4.12) reflects that total 

phosphorus uptake by cluster bean was increased 

significantly in sole crop compared to cluster bean grown in 

intercropping system with pearl millet.  

Sole crop of cluster bean increased total phosphorus 

uptake of cluster bean to the tune 54.22 per cent over 

cluster bean intercropped with pearl millet. 

Weed control  

 An assessment of data (Table 4.12) indicated that all 

weed control measures, significantly, increased total 

phosphorus uptake by cluster bean over weedy check. 

Further, hand weeding twice significantly superior as 

compared to pendimethalin at 0.75 kg ha-1 and post 
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emergence application of imazethapyr at 40 g ha-1in regard 

to total phosphorus uptake by cluster bean. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

post emergence application of imazethapyr at 40 g ha-1 

increased total phosphorus uptake by cluster bean to the 

tune of 86.73, 59.65 and 31.76 per cent over weedy check, 

respectively. 

4.2.4.10 Potassium uptake by cluster bean 

Intercropping  

 An appraisal of data (Table 4.12) reflects that total 

potassium uptake by cluster bean was increased 

significantly in sole crop compared to cluster bean grown 

with intercropping system with pearl millet.  

Sole crop increased total potassium uptake by cluster 

bean to the tune 52.42 per cent over cluster bean 

intercropped with pearl millet. 

Weed control  

 An assessment of data (Table 4.12) indicates that all 

weed control measures, significantly, increased total 

potassium uptake by cluster bean over weedy check. 

Further, hand weeding twice significantly superior as 

compared to pendimethalin at 0.75 kg ha-1 and imazethapyr 

at 40 g ha-1in regard to total potassium uptake by cluster 

bean.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

post emergence application of imazethapyr at 40 g ha-1 

recorded significantly increased total potassium uptake by 
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cluster bean to the tune of 85.29, 61.07 and 32.68 per cent 

over weedy check, respectively. The magnitude of 

increased total potassium uptake by cluster bean in hand 

weeding twice at 20 and 35 DAS was 15.04 and 15.40 per 

cent as compared pre emergence application of 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1, 

respectively. 

4.2.5 Growth and yield attributes of moth bean 

4.2.5.1 Plant stand 

Intercropping 

 A perusal of data (Table 4.13) indicated that plant 

stand in sole moth bean was significantly higher as 

compared to pearl millet-moth bean intercropping system. 

Intercropping system decreased 32.97 and 34.34 per cent 

plant stand of moth bean at 30 DAS and at harvest, 

respectively, as compared to sole crop. 

Weed control 

 A critical examination of data (Table 4.13) indicates 

that plant stand of moth bean produce non significant result 

at 30 DAS. Further, revealed data that all weed control 

measures recorded significantly, higher plant stand of moth 

bean at harvest over weedy check. However, weed control 

measures found statistically at par to each other at harvest.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher plant 

stand of moth bean at harvest to the tune of 10.17, 8.75 

and 7.53 per cent over weedy check, respectively 

4.2.5.2 Plant height 
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Intercropping 

 A Perusal of data (Table 4.13) indicated that plant 

height at 30 DAS and at harvest of moth bean was not 

influenced significantly due to pearl millet-moth bean 

intercropping system. Moreover, sole moth bean produced 

taller plant (24.41 cm) at harvest. 
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Table 4.13 Effect of weed control measures and pear l millet legumes intercropping system on plant stan d, 

plant height and dry matter accumulation of moth be an 

Treatments 
 

Plant stand (‘000 ha -

1) 
Plant height (cm.) 

Dry matter 
accumulation (g 

plant -1) 

 30 DAS 
At 

Harvest 
30 DAS 

At 
Harvest 

30 DAS 
At 

Harvest 

Intercropping       

Pearl millet sole - - - - - - 

Cluster bean sole - - - - - - 

Moth bean sole 287 276 14.32 24.41 4.40 16.38 

PM+CB (1:2) - - - - - - 

PM+MB (1:2) 192 182 13.98 23.30 4.27 15.62 

S.Em.± 6.5 7.1 0.30 0.93 0.17 0.58 

CD (P=0.05) 39 43 NS NS NS NS 

Weed control        

Weedy check 238 215 12.98 20.33 3.06 12.25 

Two hand weeding at 20 and 35 DAS 241 237 15.17 26.05 5.31 19.30 

Pendimethalin 0.75 kg ha-1 as PE 240 233 14.32 24.72 4.64 16.73 
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Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

239 232 14.13 24.32 4.34 15.70 

S.Em.± 5.2 5.5 0.42 1.22 0.20 0.81 

CD (P=0.05) NS 17 1.28 3.75 0.61 2.49 
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Weed control 

 A reference to data presented in table 4.13 revealed 

that all weed control measures (Except imazethapyr at 40 g 

ha-1 at 30 DAS) significantly affected the plant height of 

moth bean at 30 DAS as well as at harvest compared to 

weedy check. Further, plant height of moth bean among 

weed control measures found statistically at par to each 

other at 30 DAS and at harvest.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher plant 

stand of moth bean to the tune of 16.87, 10.32  and 7.58 

per cent at 30 DAS and 28.14, 21.59 and 15.32 per cent at 

harvest, respectively, over weedy check. 

4.2.5.3 Dry matter accumulation 

Intercropping 

 The assessment of data (Table 4.13) revealed that 

dry matter accumulation per plant of moth bean at 30 DAS 

and at harvest was not affected significantly by 

intercropping treatment. However, maximum dry matter 

accumulation in moth bean was recorded 4.40 and 16.38 g 

per plant under sole crop at 30 DAS and at harvest, 

respectively. 

Weed control 

It is obvious from data (Table 4.13) that all the weed 

control measures significantly affected per plant dry matter 

accumulation at 30 DAS and at harvest compared to weedy 

check. However, per plant dry matter accumulation of moth 

bean due to mechanical (Hand weeding twice) weed 

control measure showed statistically superior over both 
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chemical weed control measures being statistically at par to 

each other at harvest.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher plant 

dry matter accumulation of moth bean to the tune of 73.53, 

51.63 and 24.11 per cent at 30 DAS and 57.55, 36.57 and 

17.88 per cent at harvest, respectively, over weedy check.  

Hand weeding twice at 20 and 35 DAS increased 

plant dry matter accumulation of moth bean to the tune 

14.44 and 22.35 per cent at 30 DAS and 15.36 and 22.93 

per cent at harvest as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1, respectively. 

4.2.5.4 Nodules per plant 

Intercropping 

 A Perusal of data (Table 4.14) indicated that number 

of root nodules per plant at 50 DAS of moth bean was not 

influenced considerably due to intercropping system with 

pearl millet as well as sole crop. 

Weed control  

An assessment of data (Table 4.14) revealed that all 

the weed control treatments brought about non-significant 

effect on number of nodules per plant of moth bean. Data 

further indicated that number of nodules per plant at 50 

DAS was recorded highest 13.47 and lowest 11.10 per 

plant with two hand weeding and weedy check, 

respectively. 

4.2.5.5 Pods per plant 
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Intercropping 

It is evident from the data (Table 4.14) that number of 

pods per plant of moth bean was not influenced statistically 

by intercropping system. however, the highest pods per 

plant were observed in sole moth bean.  

 

Weed control 

 An appraisal of data (Table 4.14) reflects that all 

weed control measures recorded significantly, higher 

number of pods per plant of moth bean over weedy check. 

However, weed control measures brought statistically at 

par to each other in respect to number of pods per plant of 

moth bean.  

The magnitude of increase in number of pods per 

plant of moth bean due to various weed control measures 

as hand weeding twice at 20 and 35 DAS, pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 12.90, 10.74 and 7.63 per 

cent, respectively over weedy check. 

4.2.5.6 Seeds per pod 

Intercropping 

 The critical examination of data (Table 4.14) revealed 

that seeds per pod of moth bean were not influenced 

significantly due to intercropping system with pearl millet as 

well as sole crop. 

Weed control 

Data (Table 4.14) revealed that all the weed control 

treatments significantly increased number of seeds per pod 

over weedy check. Highest seeds per pod recorded under 
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hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in number of seeds per pod of moth 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 31.21, 18.01 and 16.60 per 

cent, respectively over weedy check.  
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Table 4.14 Effect of weed control measures and pear l millet legumes intercropping system on nodules , 
pods, seeds and test weight of moth bean 

Treatment Nodules per 

plant 

Pods per plant Seeds per pod Test weight (g)  

Intercropping     

Pearl millet sole - - - - 

Cluster bean sole - - - - 

Moth bean sole 12.75 32.50 5.33 24.67 

PM+CB (1:2) - - - - 

PM+MB (1:2) 11.68 34.50 5.62 25.09 

S.Em.± 0.60 0.80 0.29 0.63 

CD (P=0.05) NS NS NS NS 

Weed control      

Weedy check 11.10 31.00 4.70 23.45 

Two hand weeding at 20 and 35 
DAS 

13.47 35.00 6.17 24.95 

Pendimethalin 0.75 kg ha-1 as PE 12.40 34.33 5.55 25.30 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

11.90 33.67 5.48 25.82 
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S.Em.± 0.83 0.70 0.23 0.85 

CD (P=0.05) NS 2.13 0.71 NS 
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4.2.5.7 Test weight 

Intercropping 

A perusal of data (Table 4.14) indicated that test 

weight of moth bean was not affected significantly due to 

intercropping system with pearl millet as well as sole crop. 

Weed control 

An assessment of data (Table 4.14) elucidates that all 

the weed control treatments caused non-significantly effect 

on test weight of moth bean over weedy check. Whenever, 

maximum test weight was recorded with two hand weeding 

treatment. 

4.2.5.8 Grain yield of moth bean 

Intercropping 

 An assessment of data (Table 4.15) indicated that 

grain yield of moth bean increased considerably in sole 

crop as compared to moth bean in intercropping system 

with pearl millet.  

Sole crop increased by 31.95 per cent seed yield of 

moth bean compared to pearl millet – moth bean cropping 

system. 

Weed control 

 It is clear from data presented (Table 4.15) that all 

weed control measures produced significantly higher grain 

yield of moth bean over weedy check. Moreover, hand 

weeding twice produced significantly higher grain yield of 

moth bean as compared to both herbicidal weed control 

measures i.e. pre emergence application of pendimethalin 

at 0.75 kg ha-1 and post emergence application of 
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imazethapyr at 40 g ha-1 being statistically at par with each 

other. 

The magnitude of increase in grain yield of moth bean 

due to various weed control measures as hand weeding 

twice at 20 and 35 DAS, pre emergence application of 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

was 74.71, 49.43 and 27.04 per cent, respectively over 

weedy check. 

Hand weeding twice at 20 and 35 DAS increased 

grain yield of moth bean to the tune 16.92 and 18.65 per 

cent as compared pre emergence application of 

pendimethalin at 0.75 kg ha-1 and  imazethapyr at 40 g ha-1, 

respectively. 

4.2.5.9 Straw yield 

Intercropping  

 A perusal of data presented in table 4.15 revealed 

that straw yield of moth bean was significantly higher in 

sole crop as compare to moth bean in intercropping system 

with pearl millet.  

Sole crop increased straw yield of moth bean by 

38.71 per cent compared to pearl millet – moth bean 

cropping system. 

Weed control  

 Data (Table 4.15) further revealed that hand weeding 

twice at 20 and 35 DAS produced significantly higher straw 

yield of moth bean over weedy check and herbicidal weed 

control measures. Moreover, mechanical weed control 

measures, significantly superior to chemical weed control 

measures in respect straw yield of moth bean. 
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Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 recorded significantly higher straw 

yield of moth bean to the tune of 52.47, 25.04 and 14.34 

per cent, respectively, over weedy check. 

Hand weeding twice at 20 and 35 DAS increased 

straw yield of moth bean to the tune 21.94 and 25.12 per 

cent as compared pre emergence application of 

pendimethalin at 0.75 kg ha-1 and  imazethapyr at 40 g ha-1, 

respectively. 

 

4.2.5.10 Biological yield 

Intercropping 

An appraisal of data presented in table 4.15 explicit 

that biological yield of moth bean in sole crop was recorded 

significantly higher than pearl millet – moth bean 

intercropping system. Moth bean sole increased the 

biological yield of moth bean by 36.75 per cent over pearl 

millet – moth bean intercropping system. 

Weed control  

 A reference to data presented in table 4.15 revealed 

that all weed control measures produced significantly 

higher biological yield of moth bean over weedy check. 

Moreover, hand weeding twice produced significantly 

higher biological yield of moth bean as compared to both 

herbicidal weed control measures i.e. pre emergence 

application of pendimethalin at 0.75 kg ha-1 and post 

emergence application of imazethapyr at 40 g ha-1 being 

statistically at par with each other. 
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The significant increase of biological yield of moth 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1 was 58.49, 31.64 and 18.13 per 

cent at harvest, respectively, over weedy check. 

Hand weeding twice at 20 and 35 DAS increased 

biological yield of moth bean to the tune 20.40 and 23.12 

per cent at harvest as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and  

imazethapyr at 40 g ha-1, respectively. 

4.2.5.11 Harvest index  

Intercropping  

 A perusal of data (Table 4.15) revealed that harvest 

index of moth bean was not influenced by intercropping 

system with pearl millet as well as sole crop. 
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Table 4.15 Effect of weed control measures and pear l millet legumes intercropping system on grain, str aw 

and biological yield and harvest index of moth bean  

Treatments Yield (kg ha -1) Harvest index (%)  

 Grain Straw Biological 

Intercropping     

Pearl millet sole - - - - 

Cluster bean sole - - - - 

Moth bean sole 794 1949 2743 28.8 

PM+CB (1:2) - - - - 

PM+MB (1:2) 540 1194 1734 30.9 

S.Em.± 28.7 78.8 109.6 0.9 

CD (P=0.05) 174 479 667 NS 

Weed control      

Weedy check 467 1259 1726 27.6 

Two hand weeding at 20 and 35 

DAS 
816 1919 2735 30.3 

Pendimethalin 0.75 kg ha-1 as PE 697 1574 2271 30.9 

Imazethapyr 40 g ha-1 at 25 DAS as 687 1534 2221 30.7 
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PoE 

S.Em.± 37.6 83.6 125.8 0.8 

CD (P=0.05) 116 257 388 2.6 
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Weed control 

Data (Table 4.15) revealed that all the weed control 

treatments significantly increased harvest index over 

weedy check. Highest harvest index recorded under hand 

weeding twice being statistically at par with pendimethalin 

at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 

The increase in harvest index of moth bean due to 

hand weeding twice at 20 and 35 DAS, pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 9.64, 11.99 and 10.24 per 

cent, respectively over weedy check. 

4.2.6 Nutrient content and uptake by moth bean  

Data regarding content of nutrient viz., N, P & K and their 

uptake by moth bean grain and straw are summarized in 

table 4.16 & 4.17. 

4.2.6.1 Nitrogen content in moth bean grain 

Intercropping   

 A perusal of data (Table 4.16) revealed that 

nitrogen content in grain of moth bean was not influenced 

by intercropping system with pearl millet as well as sole 

crop. 

Weed control   

 A reference to data presented in table 4.16 revealed 

that all the weed control treatments significantly increased 

nitrogen content in grain of moth bean over weedy check. 

Highest nitrogen content in grain of moth bean recorded 

under hand weeding twice being statistically at par with 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. 
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The increase in nitrogen content in grain of moth 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 5.84, 5.17 and 4.56 per cent, 

respectively over weedy check. 

 

4.2.6.2 Nitrogen content in moth bean straw 

Intercropping   

A perusal of data (Table 4.16) revealed that nitrogen 

content in straw of moth bean was not influenced by 

intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.16 revealed 

that all weed control measures, significantly increased 

nitrogen content in straw of moth bean over weedy check. 

However, nitrogen content in straw of moth bean recorded 

under hand weeding twice at 20 and 35 DAS, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

being statistically at par with each other. 

The increase in nitrogen content in straw of moth 

bean due to hand weeding twice at 20 and 35 DAS, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

was 5.78, 5.40 and 4.25 per cent, respectively over weedy 

check. 

4.2.6.3 Phosphorus content in moth bean grain 

Intercropping   

 Data (Table 4.16) indicated that phosphorus 

content in moth bean grain of pearl millet was not 

influenced by intercropping systems as well as sole crop. 
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Weed control   

 A reference to data presented in table 4.16 revealed 

that all the weed control treatments significantly increased 

phosphorus content in grain of moth bean over weedy 

check. However, phosphorus content in grain of moth bean 

recorded under hand weeding twice being statistically at 

par with pendimethalin at 0.75 kg ha-1 and imazethapyr at 

40 g ha-1. 

The increase in phosphorus content in grain of moth 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 13.05, 10.97 and 11.78 per 

cent, respectively over weedy check. 

4.2.6.4 Phosphorus content in moth bean straw 

Intercropping   

A perusal of data (Table 4.16) revealed that 

phosphorus content in straw of moth bean was not 

influenced by intercropping systems as well as sole crop. 

Weed control   

 A reference to data presented in table 4.16 revealed 

all weed control measures, significantly increased 

phosphorus content in straw of moth bean over weedy 

check. However, hand weeding twice, pendimethalin at 

0.75 kg ha-1 and imazethapyr at 40 g ha-1 being statistically 

at par to each other. 

The magnitude of increase in phosphorus content in 

straw of moth bean due to hand weeding twice at 20 and 

35 DAS, pendimethalin at 0.75 kg ha-1 and imazethapyr at 
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40 g ha-1 was 14.35, 9.26 and 6.88 per cent, respectively 

over weedy check. 

4.2.6.5 Potassium content in moth bean grain 

Intercropping   

 Data (Table 4.16) show that potassium content 

in moth bean grain was not influenced by intercropping 

systems as well as sole crop. 

Weed control   

 It can be further seen from the data presented in table 

4.16 revealed that all the weed control treatments 

significantly increased potassium content in grain of moth 

bean over weedy check.  
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Table 4.16 Effect of weed control measures and pear l millet legumes intercropping system on nitrogen, 

phosphorus, potassium and protein content in moth b ean 

Treatments 

 

 

Nitrogen  

content (%) 

Phosphorus 

content (%) 

Potassium  

content (%) 

Protein 

content (%) 

Grain Straw Grain Straw Grain Straw  

Intercropping         

Pearl millet sole - - - - - - - 

Cluster bean sole - - - - - - - 

Moth bean sole 3.606 0.822 0.426 0.239 0.375 0.732 22.60 

PM+CB (1:2) - - - - - -  

PM+MB (1:2) 3.590 0.796 0.412 0.227 0.364 0.725 22.50 

S.Em.± 0.041 0.009 0.004 0.002 0.004 0.008 0.26 

CD (P=0.05) NS NS NS NS NS NS NS 

Weed control         

Weedy check 3.461 0.778 0.383 0.216 0.355 0.710 21.88 

Two hand weeding at 20 and 35 
DAS 

3.663 0.823 0.433 0.247 0.377 0.753 22.89 

Pendimethalin 0.75 kg ha-1 as PE 3.640 0.820 0.425 0.236 0.375 0.728 22.75 
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Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

3.628 0.813 0.434 0.233 0.372 0.724 22.67 

S.Em.± 0.050 0.011 0.006 0.003 0.005 0.010 0.31 

CD (P=0.05) 0.153 0.034 0.018 0.010 0.016 0.031 0.96 
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However, hand weeding twice, pendimethalin at 0.75 kg ha-

1 and imazethapyr at 40 g ha-1 being statistically at par to 

each other in regard to potassium content in grain of moth 

bean. 

The increase in potassium content in grain of moth 

bean due to hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 was 6.20, 5.63 and 4.51 per cent, 

respectively over weedy check. 

4.2.6.6 Potassium content in moth bean straw 

Intercropping   

A perusal of data (Table 4.16) revealed that 

potassium content in straw of moth bean was not 

influenced by intercropping systems as well as sole crop. 

Weed control   

 It is evident from data in table 4.16 that two hand 

weeding significantly increased potassium content in straw 

of moth bean over weedy check. However, hand weeding 

twice, pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 

g ha-1 being statistically at par to each other in regard to 

potassium content in straw of moth bean. 

The increase in potassium content in straw of moth 

bean due to hand weeding twice at 20 and 35 DAS was 

6.06 per cent, respectively over weedy check. 

4.2.6.7 Protein content in moth bean grain 

Intercropping 

 Data (Table 4.16) revealed that protein content 

in moth bean grain was not influenced by intercropping 

systems as well as sole crop. 
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Weed control   

It is obvious from data (Table 4.16) that two hand 

weeding, significantly increased protein content in moth 

bean as compared to weedy check. However, two hand 

weeding, pendimethalin at 0.75 kg ha-1, and imazethapyr 

40 g ha-1, being at par with each. 

The increase in protein content in moth bean grain 

with two hand weeding treatment was 4.62 percent, 

respectively over weedy check. 

4.2.6.8 Nitrogen uptake by moth bean  

Intercropping  

Data (Table 4.17) indicated that total nitrogen uptake by 

moth bean was increased significantly in sole crop 

compared to moth bean grown in intercropping system with 

pearl millet.  

Sole crop of moth bean increased total nitrogen 

uptake of moth bean to the tune 35.44 per cent over moth 

bean intercropped with pearl millet. 

Weed control  

 A further examination of data (Table 4.17) revealed 

that all weed control measures, significantly, increased total 

nitrogen uptake by moth bean over weedy check. Further, 

hand weeding twice, significantly superior as compared to 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 

in regard to total nitrogen uptake by moth bean.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 
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and imazethapyr at 40 g ha-1 recorded significantly 

increased total nitrogen uptake by moth bean to the tune of 

74.87, 47.89 and 25.17 per cent over weedy check, 

respectively.  

The magnitude of increased total nitrogen uptake by 

moth bean in hand weeding twice at 20 and 35 DAS was 

18.25 and 21.43 per cent as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1, respectively. 

4.2.6.9 Phosphorus uptake by moth bean 

Intercropping  

 An appraisal of data (Table 4.17) reflects that total 

phosphorus uptake by moth bean was increased 

significantly in sole crop compared to moth bean grown in 

intercropping system with pearl millet.  

Sole crop of moth bean increased total phosphorus 

uptake of moth bean to the tune 41.31 per cent over moth 

bean intercropped with pearl millet. 

Weed control  

 An assessment of data (Table 4.17) indicated that all 

weed control measures, significantly, increased total 

phosphorus uptake by moth bean over weedy check. 

Further, hand weeding twice significantly superior as 

compared to pendimethalin at 0.75 kg ha-1 and post 

emergence application of imazethapyr at 40 g ha-1in regard 

to total phosphorus uptake by moth bean. 

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

post emergence application of imazethapyr at 40 g ha-1 
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increased total phosphorus uptake by moth bean to the 

tune of 70.28, 35.37 and 17.67 per cent over weedy check, 

respectively. 

The magnitude of increased total phosphorus uptake 

by moth bean in hand weeding twice at 20 and 35 DAS 

was 25.78 and 30.89 per cent as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1, respectively. 
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Table 4.17 Effect of weed control measures and pear l millet legumes intercropping system on nitrogen, 

phosphorus and potassium uptake by moth bean 

Treatments Nitrogen uptake  

(kg ha -1) 

Phosphorus uptake  

(kg ha -1) 

Potassium uptake 

 (kg ha -1) 

Grain Straw Total Grain Straw Total Grain Straw Tot al 

Intercropping           

Pearl millet sole - - - - - - - - - 

Cluster bean sole - - - - - - - - - 

Moth bean sole 28.69 16.04 44.73 3.41 4.66 8.07 2.97 14.29 17.26 

PM+CB (1:2) - - - - - - - - - 

PM+MB (1:2) 19.36 9.51 28.87 2.23 2.74 4.97 1.97 8.67 10.64 

S.Em.± 1.21 0.66 1.74 0.14 0.19 0.30 0.13 0.59 0.68 

CD (P=0.05) 7.37 4.00 10.58 0.85 1.13 1.83 0.76 3.58 4.15 

Weed control           

Weedy check 16.15 9.82 25.97 1.79 2.76 4.55 1.67 8.92 10.59 

Two hand weeding at 20 and 35 

DAS 29.62 15.80 45.42 3.51 4.70 8.21 3.04 14.39 17.43 

Pendimethalin 0.75 kg ha-1 as PE 25.42 12.99 38.41 2.97 3.74 6.71 2.62 11.47 14.10 
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Imazethapyr 40 g ha-1 at 25 DAS as 

PoE 24.92 12.49 37.40 3.00 3.59 6.60 2.55 11.13 13.68 

S.Em.± 1.13 0.62 1.64 0.13 0.18 0.29 0.12 0.55 0.64 

CD (P=0.05) 3.49 1.91 5.06 0.41 0.55 0.90 0.36 1.70 1.98 
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4.2.6.10 Potassium uptake by moth bean 

Intercropping  

 An appraisal of data (Table 4.17) reflects that total 

potassium uptake by moth bean was increased significantly 

in sole crop compared to moth bean grown with 

intercropping system with pearl millet.  

Sole crop increased total potassium uptake by moth 

bean to the tune 39.33 per cent over moth bean 

intercropped with pearl millet. 

Weed control  

 An assessment of data (Table 4.17) indicated that all 

weed control measures, significantly, increased total 

potassium uptake by moth bean over weedy check. 

Further, hand weeding twice significantly superior as 

compared to pendimethalin at 0.75 kg ha-1 and imazethapyr 

at 40 g ha-1in regard to total potassium uptake by moth 

bean.  

Hand weeding twice at 20 and 35 DAS and pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

post emergence application of imazethapyr at 40 g ha-1 

recorded significantly increased total potassium uptake by 

moth bean to the tune of 61.32, 28.58 and 15.34 per cent 

over weedy check, respectively.  

The magnitude of increased total potassium uptake 

by moth bean in hand weeding twice at 20 and 35 DAS 

was 25.46 and 29.31 per cent as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1, respectively. 

4.3 Indices 
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4.3.1 Pearl millet equivalent yield (PMEY) 

Intercropping 

 Data (Table 4.18 and fig. 4.5) clearly indicated that 

pearl millet equivalent yield of sole cluster bean being, 

statistically at par with sole
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Table 4.18 Effect of intercropping system on PMEY, land equivalent ratio, Aggressivity and relative 

crowding coefficient 

Treatments PMEY 

(Kg ha -1) 

LER Agg. RCC 

    Pearl 

millet 

CB/ MB 

Intercropping      

Pearl millet sole 908 1 - - - 

Cluster bean sole 3491 1 - - - 

Moth bean sole 3118 1 - - - 

PM+CB (1:2) 2766 1.102 +0.0765 1.44 1.08 

PM+MB (1:2) 2499 1.097 +0.0759 1.43 1.06 

S.Em.± 131 - - - - 

CD (P=0.05) 429 - - - - 

Weed control       

Weedy check 1807 - - - - 

Two hand weeding at 20 and 35 DAS 3129 - - - - 



 167

Pendimethalin 0.75 kg ha-1 as PE 2689 - - - - 

Imazethapyr 40 g ha-1 at 25 DAS as 

PoE 
2600 - - - - 

S.Em.± 89 - - - - 

CD (P=0.05) 258 - - - - 



 168

moth bean was significantly, superior as compared to sole 

crop of pearl millet and legume intercropping system with 

pearl millet. 

Further, pearl millet grown with legume intercropping 

system significantly, increased pearl millet equivalent yield 

as compared to sole crop of pearl millet 

The magnitude of increased pearl millet equivalent 

yield due to sole cluster bean, sole moth bean, cluster bean 

intercropping with pearl millet and moth bean intercropping 

with pearl millet was 284.63, 243.53, 204.75 and 175.36 

per cent, respectively, over sole pearl millet. 

Weed control  

 Examination of data (Table 4.18 and fig. 4.5) revealed 

that all weed control measures, significantly, increased 

pearl millet equivalent yield over weedy check. Further, 

hand weeding twice, significantly superior as compared to 

pendimethalin at 0.75 kg ha-1 and  imazethapyr at 40g ha-1 

in regard to pearl millet equivalent yield.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

and imazethapyr at 40 g ha-1 recorded significantly 

increased pearl millet equivalent yield to the tune of 73.14, 

48.82 and 25.36 per cent over weedy check, respectively.  

The magnitude of increased pearl millet equivalent 

yield in hand weeding twice at 20 and 35 DAS was 16.34 

and 20.31 per cent as compared pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1, respectively. 

Interaction effect on PMEY 
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 Data presented in table 4.18 (a) and fig. 4.5(a) 

showed that hand weeding twice at 20 DAS and 35 DAS, 

done in sole cluster bean gave significantly higher PMEY 

(4351 kg h-1) over rest all treatment combinations. Further, 

sole crops of moth bean and cluster bean as
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Fig. 4.5 Effect of weed control measures and pearl millet legumes intercropping system on pearl 

millet equivalent yield 
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 well legume intercropping system produced significantly 

higher PMEY, over sole pearl millet of their respective 

weed control measures.  

4.3.2 Land equivalent ratio 

Intercropping 

An appraisal of data (Table 4.18) reflects that land 

equivalent ratio was improved when pearl millet grown 

intercropped with legume. Maximum land equivalent ratio 

was obtained in cluster bean intercropped with pearl millet 

(1.102), followed in moth bean intercropped with pearl 

millet (1.097).  

4.3.3 Aggressivity  

Intercropping 

Data (Table 4.18) reflects that aggressivity was 

recorded positive when pearl millet grown intercropped with 

legume. Maximum aggressivity was obtained in cluster 

bean intercropped with pearl millet (+0.0765), followed in 

moth bean intercropped with pearl millet (+0.0759). 

4.3.4 Relative crowding coefficient 

Intercropping 

A perusal of data (Table 4.18) revealed that in pearl 

millet there was yield advantage in all intercrop 

combinations but highest yield advantage was recorded in 

pearl millet + cluster bean intercropping system. Further, 

revealed that among cluster bean as well as moth bean the 

maximum yield advantage was obtained in pearl millet + 

cluster bean intercropping.   
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4.4 Economics  

4.4.1 Net return  

Intercropping 

 Data (Table 4.19 and fig. 4.6) clearly indicated that 

net return of sole cluster bean being, statistically at par with 

sole moth bean was significantly, superior as compared to 

sole crop of pearl millet and legume intercropping system 

with pearl millet. Further, pearl millet grown with legume 

intercropping system significantly, increased net return as 

compared to sole crop of pearl millet 

The magnitude of increased net return due to sole 

cluster bean, sole moth bean, cluster bean intercropping 

with pearl millet and moth bean intercropping with pearl 

millet was 544.05, 459.84, 399.95 and 335.26 per cent, 

respectively, over sole pearl millet. 

Weed control  

 Examination of data (Table 4.19 and fig. 4.6) revealed 

that all weed control measures, significantly, increased net 

return over weedy check. Further, hand weeding twice, 

significantly superior as compared to pendimethalin at 0.75 

kg ha-1 and imazethapyr at 40 g ha-1 in regard to net return.  

Hand weeding twice at 20 and 35 DAS, pre 

emergence application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 recorded significantly increased net 

return to the tune of 100.95, 72.77 and 32.11 per cent over 

weedy check, respectively.  
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The magnitude of increased net return in hand 

weeding twice at 20 and 35 DAS was 16.32 and 22.14 per 

cent as compared pre emergence application of 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1, 

respectively. 
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Table 4.19 Effect of weed control measures and 

intercropping systems on net return and B:C 

ratio 

Treatments Net return  

(Rs.ha -1) 

B:C ratio 

 

Intercropping   

Pearl millet sole 6347 1.42 

Cluster bean sole 40876 3.62 

Moth bean sole 35531 3.36 

PM+CB (1:2) 31730 3.06 

PM+MB (1:2) 27624 2.83 

S.Em.± 2060 0.13 

CD (P=0.05) 6719 0.43 

Weed control    

Weedy check 17812 2.27 

Two hand weeding at 20 and 35 

DAS 
35795 3.06 

Pendimethalin 0.75 kg ha-1 as PE 30774 3.06 

Imazethapyr 40 g ha-1 at 25 DAS 

as PoE 
29306 3.05 

S.Em.± 1366 0.08 

CD (P=0.05) 3945 0.25 
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Interaction effect on net return 

Data presented in table 4.19(a) and fig. 4.6(a)showed 

that hand weeding twice at 20 DAS and 35 DAS, done in 

sole cluster bean gave significantly higher net returns 

(51894 Rs h-1) over rest all treatment combinations. 

Further, sole crops of moth bean and cluster bean as well 

legume intercropping system produced significantly higher 

net return, over sole pearl millet of their respective weed 

control measures.  

4.4.2 B: C ratio  

Intercropping 

 Data (Table 4.19 and fig. 4.7) clearly indicated that 

B:C ratio of sole cluster bean being, statistically at par with 

sole moth bean was significantly, superior as compared to 

sole crop of pearl millet and legume intercropping system 

with pearl millet. 

Further, pearl millet grown with legume intercropping 

system significantly, increased B:C ratio as compared to 

sole crop of pearl millet 

The magnitude of increased B:C ratio due to sole 

cluster bean, sole moth bean, cluster bean intercropping 

with pearl millet and moth bean intercropping with pearl 

millet was 154.93, 136.62, 115.49 and 99.30 per cent over 

sole pearl millet. 

Weed control  

 Examination of data (Table 4.19 and fig. 4.7) revealed 

that all weed control measures, significantly, increased B:C 

ratio over weedy check. However, hand weeding twice, 

pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 
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being statistically at par to each other in regard to B: C 

ratio. 

Hand weeding twice at 20 and 35 DAS, pre emergence 

application of pendimethalin at 0.75 kg ha-1 and 

imazethapyr at 40 g ha-1 recorded  
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Fig. 4.6 Effect of weed control measures and pearl millet legumes intercropping system on net return  



 179

 

Fig. 4.7 Effect of weed control measures and pearl millet legumes intercropping system on B:C ratio 
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Table 4.18a: Interaction effect of weed control mea sures and pearl millet legumes intercropping 

system on PMEY 

Treatments  Pearl millet 
sole 

Cluster 
bean sole 

Moth bean 
sole 

PM+CB  
(1:2) 

PM+MB  

(1:2) 

Weedy check 813 2213 2033 1998 1978 

Two hand weeding at 20 and 35 
DAS 

988 4351 3729 3407 3166 

Pendimethalin 0.75 kg ha-1 as PE 876 3584 3330 3091 2564 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

953 3815 3379 2567 2288 

S.Em.± 200     

CD (P=0.05) 578     

 

Table 4.19a: Interaction effect of weed control mea sures and pearl millet legumes intercropping 

system on net return 

Treatments  Pearl millet 
sole 

Cluster 
bean sole 

Moth bean 
sole 

PM+CB  
(1:2) 

PM+MB  

(1:2) 

Weedy check 6229 21827 20098 20548 20359 

Two hand weeding at 20 and 35 
DAS 

7202 51894 43536 40106 36235 



 181

Pendimethalin 0.75 kg ha-1 as PE 6757 42926 38778 36740 28667 

Imazethapyr 40 g ha-1 at 25 DAS as 
PoE 

5199 46856 39713 29525 25237 

S.Em.± 3054     

CD (P=0.05) 8822     
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Table 4.19b: Interaction effect of weed control mea sures and pearl millet legumes intercropping 

system on B:C ratio 

Treatments  PM 
Sole 

CB 
Sole 

MB 
sole 

PM
+ 

CB 
(1:2

) 

PM+

MB 

(1:2) 

Weedy check 1.45 2.52 2.46 
2.4

5 
2.47 

Two hand weeding at 
20 and 35 DAS 

1.42 3.94 3.54 
3.2

9 
3.12 

Pendimethalin 0.75 kg 
ha-1 as PE 

1.46 3.81 3.63 
3.4

3 
2.94 

Imazethapyr 40 g ha-1 
at 25 DAS as PoE 

1.37 4.21 3.82 
3.0

4 
2.79 

S.Em.± 0.19     

CD (P=0.05) 0.55     
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significantly increased B:C ratio to the tune of 34.80, 34.80 and 25.49 per cent over weedy check, 

respectively. 

Interaction effect on B:C ratio 

 It is obvious from data presented in table 4.19b revealed that maximum B:C ratio (4.19b) was recorded 

when imazethapyr 40 g ha-1 was applied in sole crop of cluster bean, Further, pre emergence application of 

pendimethalin at 0.75 in sole cluster bean closely related to imazethapyr 40 g ha-1 applied as post emergence 

in moth bean sole was superior over rest treatment combinations in respect to B:C ratio. However, all weed 

control measures in legume intercropping system were showed significant effect on B:C ratio over weed 

control measures in sole pearl millet. 
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Fig. 4.5(a) Interaction effect of weed control meas ures and pearl millet legumes intercropping system 

on PMEY 
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Fig. 4.6(a) Interaction effect of weed control meas ures and pearl millet legumes intercropping system 

on net return  
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5. DISCUSSION  

  

 In the course of presenting the results of the experiment entitled “Effect of Weed Control Measures in 

Pearl millet – Legumes Intercropping System in Arid Western Rajasthan” significant variation in the criteria 

used for evaluating the treatments were observed. In this chapter, it is endeavored to discuss the significant 

events or those assuming a definite pattern in respect of various parameters studied, so as to establish cause 

and affect relationship in the light of available evidences and literature.   

5. 1 Effect of intercropping systems 

5.1.1 Weed growth 

 Pearl millet intercropped with cluster bean and moth bean significantly reduced the density and dry 

matter of weeds as compared to sole pearl millet (Table 4.1). The lower density and dry matter production of 

different weeds under intercropping systems may be ascribed to higher crop canopy than sole pearl millet. 

Extensive canopy of intercrops precluded penetration of solar radiation up to the weeds and thus smothered 

them leading to lower weed dry matter. Kiroriwal et al. (2012), Ram et al. (2005) and Shetty (1981) also 

reported similar effect of intercrops on density and dry weight of all weeds as compared to sole crop of 

pearlmillet.  
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Weed smothering efficiency of pulse intercrops ranged from 24.52 to 33.10 per cent (Table 4.2) also 

supported the finding. Weed suppression to an extent of 20-43 per cent through inclusion of cowpea, black 

gram and green gram between two rows of pigeon pea has also been reported by Ali and Varshney (1988). 

Weed smothering efficiency of pulses ranged from 28.2 to 36.2 per cent was reported by Balasubramaniam 

and Subramaniam (1989). Similar results were also reported by De and Singh (1981), Dhingra et al. (1984), 

Patil and Pandey (1996) and Ram et al. (2004). 

5.1.2 Growth and yield attributes of Crops 

5.1.2.1 Pearl millet  

Intercropping of pearl millet with cluster bean and moth bean had significant effect on plant population 

at 30 DAS and at harvest (Table 4.3). The highest number of plants ha-1 was recorded under sole crop. 

Significant difference among systems of intercropping in plant stand was by the virtue of the row ratio of 

intercropping system. Yadav and Jat (2005) reported similar results.  

Pearl millet intercrop with cluster bean as well as moth bean gave significantly enhanced dry matter 

accumulation per plant as compared to sole cropping at harvest (Table 4.3). Better environment particularly 

the light interception by pearl millet in these intercropping systems. Better growth of pearl millet in 

intercropping systems might be due to the ability of intercrops to enrich the soil through fixation of free 

nitrogen from the atmosphere. Intercrops being legume crops could fix nitrogen during growth and so 

benefited to companion crop. There are two aspects of this (i) the nitrogen made available from the intercrops 

is simultaneously used by the companion graminaceous crop at later stages (Chatterjee et al. 1989). (ii) Due 
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to short duration of intercrops, they did not compete for the environmental factors, like sunlight and space 

which show greater compatibilities with pearl millet might be the reason for better growth of pearl millet in 

different intercropping systems. The significant increase in dry matter accumulation at successive crop growth 

stages seems to be on account of production of higher tillers per plant which might have led to greater 

absorption and utilization of radiant energy resulting in higher accumulation of photosynthates and finally dry 

matter per plant. Monteith (1972) reported that potential dry matter production of several crops is linear 

function of intercepted photo-synthetically active radiation (PAR). These results are in close confirmity with 

those of Bangali (1987) and Yadav et al. (2005). 

Total number of tillers and effective tillers per plant were also significantly higher under intercropping 

system than sole pearl millet (Table 4.4). Higher number of effective tillers in intercropping treatments may be 

due to lower pearl millet population and wider space available for more growth and development of pearl 

millet (Pal et al. 2000). Singh and Agrawal (2004) also reported the similar findings under intercropping 

systems. Grain, straw and biological yields of sole pearl millet was significantly increased among pearl millet-

cluster bean and pearl millet-moth bean intercropping system (Table 4.5). Significant difference by 

intercropping system in grain, straw and biological yield of pearl millet were due to the virtue of the row ratio 

of intercropping system. These findings are in close conformity of those reported by Patel and Sadhu (2013), 

Yadav and Yadav (2000) and Dubey et al. (1995). 

5.1.2.2 Legumes  
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A significant reduction in grain, straw and biological yield of cluster bean and moth bean was observed 

under intercropping treatments (Table 4.10 & 4.15). The reduction in yield of cluster bean and moth bean in 

the intercropping system was mainly due to reduction in plant stand of cluster bean and moth bean in 

intercropping treatment as replacement type of intercropping system was followed in the present study. 

These results are supported with those of Yadav and Yadav (2000) who reported that grain yield of cluster 

bean was reduced by 38-67% in mixed stands of pearl millet + cluster bean in 1:2 ratios. They also reported 

that mixed cropping gave significantly higher pearl millet equivalent yield. Kumar et al. (2006), Mishra (1996) 

also found similar results. It is evident from the table 4.7 & 4.10 that seed yield of cluster bean and moth bean 

was very much linked with yield attributes i.e. final plant stand, pods per plant and seeds per pod in cluster 

bean and moth bean. Singh et al. (2003) reported similar findings in green gram and pearl millet intercropping 

system. 

5.1.3 Nutrient content and uptake  

 Nitrogen content in grain as well as straw and protein content in grain of pearl millet was increased 

significantly under intercropping with cluster bean and moth bean compared to sole pearl millet (Table 4.6). 

Increase in nitrogen content due to intercrops may be attributed to leguminous nature of the crops, which 

caused fixation of atmospheric nitrogen and release during growth. The aspect of this availability of nitrogen 

from the intercrops are simultaneously used by the companion graminaceous crop so benefited to companion 

crop. These results are in accordance with Sharma and Gupta (2002) who showed that nitrogen content of 
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pearl millet was significantly improved by intercropping with legumes. Sharma et al. (2008) also reported 

similar results in maize intercropped with cowpea at Sabour (Bihar).  

The nitrogen, phosphorus and potassium uptake by pearl millet, cluster bean and moth bean were 

increased significantly in sole crops as compared to intercropping systems (Table 4.7). Since the nutrient 

uptake by the crop is a function of dry matter accumulation of cellular level and therefore, increased uptake of 

nitrogen, phosphorus and potassium were recorded under sole crops. This may be due to grain and straw 

yield of each sole crop was greatly increased than yield in intercropping. The findings are supported with 

those of Singh and Agarwal (2004) who observed that the N and P uptake was maximum in sole pearl millet 

due to its higher grain yield. Similar results of higher nutrient uptake in sole crops were also recorded by Ram 

and Singh (2003) in sorghum and Kuri (2009) in sole moth bean. 

5.1.4 Economics and indices 

Significantly higher pearl millet equivalent yield was obtained when pearl millet intercropped with cluster 

bean and moth bean as compared to sole pearl millet (Table 4.18). This might be due to higher yield and 

price of cluster bean and moth bean which resulted in enhanced pearl millet equivalent yield. Dubey et al. 

(1995), Tetarwal and Rana (2006), Kiroriwal et al. (2012) and Patel and Sadhu (2013) also observed similar 

results pertaining to equivalent yield. 

The highest net return and B: C ratio was recorded in sole crop of cluster bean (Rs. 31730 ha-1 and B: 

C ratio 3.06) and moth bean (Rs. 31730 ha-1 and B: C ratio 3.06), followed by pearl millet + cluster bean (Rs. 

31730 ha-1 and B: C ratio 3.06) and pearl millet + moth bean intercropping system (Table 4.19). The higher 
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net return obtained under sole legume as well as intercropping systems with legumes was due to higher yield 

as well as price of substitutional crops. Verma et al. (1992) reported that pearl millet intercropped with pigeon 

pea gave higher net monetary returns and B: C ratio as against sole pearl millet. Gadhia et al. (1993) and 

Gautam (1994) recorded highest pearl millet equivalent yield and B: C ratio in pearl millet intercropped with 

legume. These results also confirm the findings of Malik et al. (1993) and Ramula and Gautam (1999) 

5.2 Effect of weed management  

5.2.1 Weed growth 

Pearlmillet, a rainy season grain crop, raised in warm and moist weather was invaded in unweeded 

control plots by graminaceous and broad leaf weeds simultaneously with the crop emergence. The weed 

control treatments tried in the present investigation viz. weedy check, hand weeding twice at 20 and 35 DAS, 

pendimethalin at 0.75 kg ha-1, and imazethapyr at 40 g ha-1 differed significantly in their effect on density on 

dry weight of weeds at 30, 45 DAS and at harvest.  

All the weed control measures significantly reduced the density and dry weight of weeds (Table 4.1). 

The total weed density of 75.88 no/m2 recorded in weedy check plots at 30 DAS, which declined to 64.96 

no/m2 with advancement in crop growth 45 DAS and 62.81 no/m2 at harvest, possible due to severe 

competition, shadiness and short life of weeds resulting in exterminating some weed species. The increase in 

dry weight of weeds to such a high level under weedy check may be attributed to uninterrupted weed growth 

throughout the crop season. 
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Hand weeding twice at 20 and 35 DAS, reduced density and dry matter of foun at 30 DAS, 45 DAS and 

at harvest (Table 4.1). This might be due to effective destruction of weeds at their critical growth stages that 

created favorable conditions for crop growth and ultimately resulted in lowest density of later emerged weeds 

and their lowest biomass with higher weed control efficiency (Table 4.2). The results of study also corroborate 

with the findings of Kumar et al. (2004), Vyas and Jain (2004), Prasad et al. (2008), Punia et al. (2011), 

Sangeeta et al. (2013), Kumar et al. (2013) and Yadav et al. (2014). 

Among herbicide, pendimethalin at 0.75 kg ha-1 as pre emergence and post emergence application of 

imazethapyr at 40 g ha-1 reduced density and dry matter of weeds (Table 4.1). This may be attributed to the 

phytotoxic action of these herbicides on weeds. Pendimethalin excerts its herbicidal effect by inhibiting both 

root and shoot growth and development through disruption of ATP formation (Wang et al., 1974) and 

inhibition of cell division in the meristematic tissue (Rao, 1983). Pendimethalin absorbed by germinating 

weeds inhibits cell division in the meristematic tissues resulting in death of most of the weeds within a few 

days of their emergence. It also plays a role in microtubule disruption and inhibits mitosis because it blocks 

synthesis of nucleic acids or any other requisites for mitosis the plants die shortly after germination or 

emergence from the soil (Gupta, 2008). Thus, the inhibiting effect of pendimethalin might have been 

responsible for reduced weed population and weed dry matter accumulation. These findings in accordance 

with that of Singh and Chaudhary (1992), Malik et al. (2005), Kohli et al. (2006), Yadav et al. (2011). 

Imazethapyr belongs to group of imidazolinones is a selective herbicide and applied as post emergence 

with a view to control late emerging weeds. It inhibits the plastid enzyme acetolactate syntheses (ALS) in 
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plants which catalyses the first step in the biosynthesis of essential branched chain amino acids (Valine, 

leucine and isoleucine). The ALS inhibitors thus stop cell division and reduce carbohydrate translocation in 

the susceptible plants (Gupta, 2008). Imazethapyr is imidazolinones herbicide, which are absorbed both by 

roots and shoots, finally effective control a broad spectrum weeds (Saltoni et al. 2004). These results 

corroborate with the findings of Rao and Rao (2003), Rani et al. (2004), Sasikala et al. (2007) Singh et al. 

(2014). 

5.2.2 Growth and yield attributes of Crops 

5.2.2.1 Pearl millet  

 The weed control treatments tried in the present investigation brought significant effects on crop growth 

in terms of periodic plant stand, plant height and dry matter accumulation, total tillers, effective tillers, ear 

head length and yield (Table 4.3, 4.4 & 4.5).  

Hand weeding twice significantly increased the grain and straw yield of pearl millet over other weed 

control measures (Table 4.5).The variation in grain and straw yield due to different weed control treatments is 

again associated with the similar variation in weed control. Two hand weedings recorded the highest grain 

and pearl millet equivalent yield while the lowest recorded under weedy check. The lowest straw and grain 

yield recorded in weed check plots may be ascribed to the maximum density and dry matter of weeds which 

compete with the crop plant for growth essentials leading to maximum weed competition. On the other hand 

the higher grain yield obtained due to hand weeding treatment was associated with lower dry matter 

production of weeds under this treatment which posed less competition. Further, hand weeding treatment 
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was done manually with the help of hand hoe, which makes the soil porous and creates favorable 

environment for growth in addition to effective control of weeds. The favorable effect of weed control on 

account of reduced weed crop competition under these treatments led to significant increase in various yield 

parameters viz. numbers of effective tillers, length of ear and test weight. Further, contribution of weed control 

measures towards the important yield attributes could be owing to their effect on reducing crop weed 

competition and increasing the weed control efficiency and hence, better utilization of inputs by crop plants. 

Kaushik and Gautam (1984), Verma and Kumar (1985) and Ram et al. (2005) also reported improvement in 

yield components due to elimination of severe crop weed competition.  

 Under herbicidal weed control treatments, although pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 

g ha-1 controlled the different type of weeds effectively but these treatments failed to produce higher yields 

particularly of pearl millet. The reason being significantly lower growth and yield attributing character due to 

some phytotoxic effect of pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 on pearl millet so 

noticed. However, plant height was recouped at harvest. Similar results were also reported by Yadav et al. 

(2004) in pearl millet in cumin - pearl millet cropping system.  

 Imazethapyr at 40 g ha-1 applied as post emergence at 25 DAS decreased all growth & yield attributes 

and yield compared to other weed control measures. Imazethapyr which is non selective to cereals has 

showed phytotoxic effect which caused injury to pearl millet and reduced yield (Table 4.5). These results are 

in accordance with the findings of Dan et al. (2009) in pearlmillet. Similar results were also reported in rice by 

Qian et al. (2011). 
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5.2.2.2 Legumes  

 Hand weeding twice, Pendimethalin at 0.75 kg ha-1 and Imazethapyr at 40 g ha-1 were found most 

effective in enhancing crop growth in terms of periodic plant stand, plant height and dry matter accumulation, 

nodules per plant, pods per plant, seeds per pod and yield of cluster bean and moth bean (Table 4.8 to 4.10 

& 4.13 to 4.15). 

 The variation in grain and straw yield due to different weed control measures associated with the 

variation in weed control. Hand weeding treatment recorded the highest grain and straw yield which seems to 

be due to minimum dry matter production of weeds in these plots. Moreover, manual hand weeding also 

helps in improving soil physical condition which ultimately creates congenial condition for crop growth, 

besides providing effective weed control. The favourable effect of weed control on account of reduced weed 

crop competition under this treatment led to significant increase in various yield parameters viz. numbers of 

plant height, nodules per plant and pods per plant. Further, contribution of weed control measures on 

reducing crop weed competition and increasing the weed control efficiency and hence, better utilization of 

inputs by crop plants. Kaushik and Gautam (1984), Verma and Kumar (1985) and Ram et al. (2005) also 

reported improvement in yield components due to elimination of severe crop weed competition.  

 Herbicidal weed control treatments, pendimethalin at 0.75 kg ha-1 and Imazethapyr at 40 g ha-1 

controlled the different type of weeds (monocot and dicot) effectively. These treatments significantly 

increased the grain and straw yield of cluster bean and moth bean by reducing density and dry matter 
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production of weeds, generate favorable environment for better growth of crop plant. Results corroborate with 

the findings of Rao and Rao (2003), Rani et al. (2004) and Sasikala et al. (2007). The slight increase in weed 

count and weed dry weight at harvest in the treatments integrated with hand weeding at harvest was might be 

due to the improvement in soil and crop environment by hand weeding that is suitable for germination of new 

weed seeds also, which could not compete with well established crop. Results corroborate with the findings of 

Kumar et al. (2013) and Yadav et al. (2014). 

5.2.3 Nutrient content and uptake  

 Nutrient content (N, P & K) in grain as well as straw of pearl millet, cluster bean and moth bean were 

increased significantly under all the weed control measures over weedy check (Table 4.6, 4.11& 4.16). Hand 

weeding twice effectively controlled and suppressed the weed growth and thereby provided almost weed free 

environment to the crop to utilize the available nutrients under reduced crop weed competition for nutrients, 

resulting in increased N, P and K content and crop dry matter production. Thus, increase in crop dry matter 

with a concomitant increase in its nitrogen, phosphorus and potassium content seems to be responsible for 

increased uptake of nitrogen, phosphorus and potassium, respectively, by crop under these treatments 

(Except pendimethalin at 0.75 kg ha-1 and Imazethapyr at 40 g ha-1 in pearl millet reduce uptake). Similar 

findings were also reported by Maley (1977), Singh et al. (1979), Tiwari et al. (1990), Sreenivas and 

Satyanarayan (1994) and Ram et al. (2004).  

5.2.4 Economics and indices 
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 All the weed control treatment gave significantly higher pearl millet equivalent yield, net return and B: C 

ratio (Table 4.19) obviously due to higher grain and straw yield obtained with these treatments. Hand weeding 

twice treatment provided the higher pearl millet equivalent yield (3128 kg ha-1), net return (Rs.35794 ha-1) and 

B:C ratio (3.06) due to higher yield. Similar findings were also reported by Patel et al. (1993) and Chandel et 

al. (1995). 
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                            6. SUMMARY AND CONCLUSI ON  

 

A field experiment entitled “Effect of weed control measures in pearl millet legumes intercropping 

system in arid western Rajasthan” was conducted during Kharif, 2014 at instructional farm, college of 

agriculture, Swami Keshwanand Rajasthan Agricultural University, Bikaner. The results presented and 

discussed in the preceding chapters are summarized as under. 

6.1 Effect of intercropping system 

6.1 .1 Weed studies 

I. Sole cluster bean, sole moth bean, pearl millet intercropping with cluster bean and  pearl millet 

intercropping with moth bean being at par with each other, significantly reduced the density of weeds 

compared to sole pearl millet at 30 DAS, 45 DAS and at harvest.  

II. Significantly higher total dry matter of weeds was recorded under sole crop of pearl millet at 30 DAS, 45 

DAS and at harvest over all cropping systems. 

III. The highest weed smothering efficiency was recorded under pearl millet intercropped with moth bean 

followed by pearl millet + cluster bean intercropping system at 30 DAS, 45 DAS and at harvest. 

6.1.2 Crop studies  

6.1.2.1 Pearl millet 
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I. The plant stand of pearl millet at 30 DAS and at harvest was significantly higher in sole pearl millet as compared to pearl 

millet + cluster bean and pearl millet + moth bean intercropping system 

II. The plant height and dry matter accumulation per plant of pearl millet at 30 DAS and at harvest were not influenced 

significantly by sole crop as well as intercropping system. 

III. The total number of tillers and effective tillers per plant in pearl millet + moth bean followed by pearl millet + cluster bean 

intercropping gave significantly higher as compared to sole crop. 

IV. The length of ear head and test weight of pearl millet was not influenced significantly due to different intercropping systems. 

V. The sole pearl millet recorded significantly higher grain, straw and biological yield compared to all the intercropping 

treatments.  

VI. The nitrogen and protein content in pearl millet grain were increased significantly under intercropping with legumes 

compared to grown sole crop of pearl millet. 

VII. The total uptake of nitrogen, phosphorus and potassium by grain as well as straw of sole pearl millet was significantly higher 

over to intercropping system. 

6.1.2.2 Cluster bean 

I. The plant stand at 30 DAS and at harvest of sole cluster bean was significantly higher as compared to intercropping 

systems.  

II. The plant height and dry matter accumulation per plant at 30 DAS and at harvest of cluster bean was not influenced 

significantly due to various intercropping systems.  

III. The number of nodules per plant, pods per plant, seeds per pod and test weight of cluster bean was not influenced 

considerably due to intercropping system.  
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IV. The grain, straw and biological yield in sole cluster bean was recorded significantly higher as compared to intercropping 

systems. 

V. The nitrogen, phosphorus and potassium content in cluster bean grain as well as in straw were not affected significantly by 

intercropping system. 

VI. The total uptake of nitrogen, phosphorus and potassium by grain and straw of sole cluster bean was significantly higher over 

to intercropping system. 

6.1.2.3 Moth bean 

I. The plant stand at 30 DAS and at harvest of sole moth bean was significantly higher as compared to 

intercropping systems.  

I. The plant height and dry matter accumulation per plant at 30 DAS and at harvest of moth bean was not 

influenced significantly due to various intercropping systems.  

II. The number of nodules per plant, pods per plant, seeds per pod and test weight of cluster bean was not 

influenced considerably due to intercropping system.  

III. The grain, straw and biological yield in sole moth bean was recorded significantly higher as compared 

to intercropping systems. 

IV. The nitrogen, phosphorus and potassium content in moth bean grain as well as in straw were not 

influenced considerably by intercropping system. 

V. The total uptake of nitrogen, phosphorus and potassium by grain and straw of sole moth bean was 

significantly higher over to intercropping system. 

6.1.3 Indices and Economics 
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I. The pearl millet grain equivalent yield was significantly influenced by intercropping treatments. The 

maximum mean pearl millet grain equivalent yield was obtained under sole cluster bean and followed by 

sole moth bean, pearl millet + cluster bean and pearl millet + moth bean. 

II. The land equivalent ratios of intercropping systems were higher as compared to sole pearl millet. 

Among intercropping treatments pearl millet + cluster bean was recorded highest value of land 

equivalent ratio.  

III. The aggressivity and relative crowding coefficient value were recorded higher in pearl millet + cluster 

bean. 

IV. All the intercropping treatments, there was yield disadvantage in cluster bean and moth bean. Whereas 

in case of pearl millet there is yield advantage in all intercrop combinations.  

V. The sole crop of cluster bean had maximum net return and B: C ratio. Among intercropping treatment of 

pearl millet + cluster bean had net returns (31730 Rs.ha-1) was, significantly higher than sole pearl 

millet. 

6.2 Effect of weed control measures 

6.2.1 Weed studies 

I. Weed density reduced significantly, under all the weed control treatments as compared to weedy check at 30 DAS, 45 DAS 

and at harvest. Further, hand weeding twice reduced weed density significantly, over chemical herbicides at 30 DAS, 45 

DAS and at harvest. 
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II. All weed control treatments considerably decreased the total weed dry matter over weedy check at 30 DAS, 45 DAS and at 

harvest. 

III. The maximum weed control efficiency was recorded under two hand weeding and minimum in weedy check treatment. 

Among herbicidal weed control measures, pre-emergence application of pendimethalin at 0.75 kg ha-1 have higher weed 

control efficiency as compared to imazethapyr at 40 g ha-1at 30 DAS. 

IV. Post-emergence application of imazethapyr at 40 g ha-1 gave higher weed control efficiency as compared to pendimethalin 

at 0.75 kg ha-1 at 45 DAS and at harvest, respectively. 

 

 

6.2.2 Crop studies  

6.2.2.1 Pearl millet 

I. The plant stand of pearl millet at 30 DAS was significantly higher under hand weeding twice treatment over pendimethalin 

at 0.75 kg ha-1 and imazethapyr at 40 g ha-1. At harvest plant stand of pearl millet was significantly higher in hand 

weeding twice over all weed control treatment. 

II. The taller plant of pearl millet was recorded under hand weeding twice as compared to both 

herbicidal weed control measures at 30 DAS and at harvest. All weed control measures (except 

imazethapyr at 40 g ha-1) significantly increased plant height of pearl millet over weedy check at 

harvest.  
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III. Dry matter accumulation per plant of pearl millet at harvest increased considerably by all weed control treatments over 

weedy check. 

IV. The total number of tillers, effective tillers per plant and length of ear head under hand weeding twice gave significantly 

higher as compared to remaining weed control treatment. 

V. Two hand weeding recorded highest grain, straw and biological yield of pearl millet compared to other weed control 

measures. 

VI. The nitrogen, phosphorus and potassium content in pearl millet grain and straw were increased significantly in all weed 

control measures compared to weedy check. Protein content in pearl millet grain also recorded highest in all weed control 

measures compared to weedy check. 

VII. The total uptake of nitrogen, phosphorus and potassium by grain and straw were significantly higher in hand weeding 

treatment over all weed control treatment. 

6.2.2.2 Cluster bean 

I. The plant stand, height and dry matter accumulation per plant of cluster bean at harvest under all weed control measures 

were significantly higher as compared to weedy check.  

II. The number of pods per plant and seeds per pod of cluster bean were considerably increased by all weed control measures 

over weedy check.  

III. The grain, straw and biological yield in cluster bean was recorded significantly higher in all weed control treatments as 

compared to weedy check. 

IV. The nitrogen, phosphorus and potassium content in cluster bean grain was increased significantly under hand weeding twice 

compared to weedy check. Further, protein content was significantly increased in similar treatment. 
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V. The total uptake of nitrogen, phosphorus and potassium by grain as well as straw of cluster bean was significantly higher in 

hand weeding twice over weedy check. 

6.2.2.3 Moth bean  

I. The plant stand, height and dry matter accumulation per plant of moth bean at harvest under all weed control measures 

were significantly higher as compared to weedy check.  

II. The number of pods per plant and seeds per pod of moth bean were considerably increased by all weed control measures 

over weedy check.  

III. The grain, straw and biological yield in moth bean was recorded significantly higher in all weed control treatments as 

compared to weedy check. 

IV. The nitrogen, phosphorus and potassium content in moth bean grain were increased significantly in hand weeding twice 

treatment over weedy check. Further, protein content was significantly increased in similar treatment. 

V. The total uptake of nitrogen, phosphorus and potassium by grain and straw of moth bean were 

considerably higher in hand weeding twice compared to weedy check. 

6.2.3 Indices and Economics 

I. Pearl millet equivalent yield was significantly increased under the weed control measures compared to weedy check. 

II. The hand weeding twice treatment had maximum net return (35795 Rs.ha-1) and B: C ratio (3.06).  

III. In interaction of hand weeding twice at 20 DAS and 35 DAS, done in sole cluster bean gave significantly higher PMEY (4351 

kg h-1) and net returns (51894 Rs h-1) over rest all treatment combinations. 
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Conclusion  

 Based on results of one year experimentation, it may be inferred that legumes grown as sole crop 

recorded maximum pearl millet equivalent yield, net return and B: C ratio. Among intercropping systems, 

pearl millet + cluster bean produced maximum pearl millet equivalent yield (2765 kg ha-1), net return (31730 

Rs.ha-1) and B: C ratio (3.06). Hand weeding twice at 20 DAS and 35 DAS gave significantly higher pearl 

millet equivalent yield (3129 kg ha-1), net returns (35795 Rs.ha-1) and B:C ratio (3.06) compared to other 

weed control measures. 

 The combined effect of treatments showed that two hand weeding at 20 DAS and 35 DAS in sole 

cluster bean gave significantly higher PMEY (4351 kg ha-1) and  net returns (51894 Rs h-1) over rest of the 

other treatment combinations. 

However, these results are only indicative and require further experimentation to arrive at some more consistent and final conclusion.                  
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Effect of Weed Control Measures in Pearl millet-Leg umes Intercropping System in Arid Western Rajasthan  
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ABSTRACT 
 
 A field experiment was conducted during kharif, 2014 at Instructional Farm, College of Agriculture, Bikaner. The experiment comprising 
20 treatments combination, replicated three times and was laid out in split plot design with combination of five cropping systems (Sole pearl 
millet, sole cluster bean, sole moth bean, pearl millet + cluster bean and pearl millet + moth bean) and four weed control treatments (weedy 
check, hand weeding twice at 20 and 45 DAS, pendimethalin at 0.75 kg ha-1 as pre emergence and imazethapyr 40 g ha-1 as post emergence).  
 The results showed that intercropping systems significantly reduced the mean density and dry matter production of weeds as compared 
to sole pearl millet at all the stages. Pearl millet intercropped with cluster bean and moth bean (24.52 and 27.21%, respectively) had good weed 
smothering efficiency. Dry matter accumulation at harvest, total tillers and effective tillers per plant of pearl millet was significantly higher under 
intercropping with legume but non significant effect observed on plant height, ear head length and test weight. Maximum grain and straw yield 
of pearl millet were recorded with sole pearl millet over pearl millet with intercropping. However, growth and yield attributes of legumes viz. 
plant height, dry matter accumulation, nodules per plant, pods per plant, seeds per pod and test weight were not influenced by sole as well as 
intercropping system but maximum grain, straw and biological yield were recorded with sole crop. Significantly higher pearl millet equivalent 
yield was recorded under sole crop of cluster bean as well as moth bean. Pearl millet + cluster bean and pearl millet + moth bean also gave 
higher significant pearl millet equivalent yield compared to sole pearl millet. Mean net return and B:C ratio fetched under sole cluster bean. 
Further, higher mean net return of Rs. 31730 with B:C ratio of 3.06 was statistically at par with pearl millet + moth bean but significantly higher 
over pearl millet sole. Nitrogen and protein content in pearl millet grain considerably increase due to intercropping with legumes.   
 In sole grown pearl millet, cluster bean and moth bean both grain and straw were recorded significantly higher N, P & K uptake. 
 All the weed control treatments significantly reduced the density and dry matter production of weeds in comparison to weedy check. 
Hand weeding twice at 20 and 35 DAS resulted maximum reduction in density and dry matter production at 30 DAS, 45 DAS and at harvest. 
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Pendimethalin at 0.75 kg ha-1 and imazethapyr at 40 g ha-1 reduced the density and dry matter compared to weedy check but lower than two 
hand weeding treatment. 
 The crop plant height, dry matter, effective tillers, ear head length, grain, straw and biological yield of pearl millet increased significantly 
under all the weed control treatments(except imazethapyr at 40 g ha-1) as compared to weedy check. However, maximum mean values of 
these parameters were recorded under hand weeding twice at 20 and 35 DAS. Application of pendimethalin at 0.75 kg ha-1 and imazethapyr at 
40 g ha-1 decreased the growth and yield attributes (viz. plant population, height, dry matter production, effective tillers, earl head length and 
test weight) of pearl millet compared to two hand weeding due to some phytotoxic effect.  
 The plant height, dry matter, nodules per plant, pods per plant and seeds per pod, grain, straw and biological yield of legumes increased 
significantly under all the weed control treatments as compared to weedy check. Further, highest mean values of these attributes were 
recorded under hand weeding twice at 20 and 35 DAS treatment. 
Nitrogen, phosphorus, potassium and protein content as well as total uptake of these nutrients by crops increased considerably with all weed 
control treatment compared to weedy check. 

Significantly higher pearl millet equivalent yield was recorded in two hand weeding over all other treatments. Pendimethalin at 0.75 kg 
ha-1 and imazethapyr at 40 g ha-1 treatment produce higher pearl millet equivalent yield over weedy check but lower than two hand weeding 
treatments. All the weed control treatments recorded significantly higher net return and B:C ratio over weedy check. Pendimethalin at 0.75 kg 
ha-1 (Rs.30774 ha-1) and imazethapyr at 40 g ha-1 (Rs.29306 ha-1) significantly higher compared to weedy check in respect of net return, but 
lower than hand weeding twice (Rs. 35795 ha-1). 
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'kq"d if'peh jktLFkku esa cktjk & Qyhnkj Qly vUr%lL; ç.kkyh esa [kjirokj 
fu;a=.k mik;ksa dk izHkko 

 

gfj flag∗ 
¼'kks/kkFkhZ½ 

 MkW- ,e-,y- jsxj∗∗ 
¼eq[; lykgdkj½ 

 
      

vuq{ksi.k 

 d`f"k egkfo|ky;] chdkusj ds iz{kS= QkeZ ij o"kZ 2014 dh [kjhQ _rq esa 'kq"d if'peh jktLFkku esa cktjk&Qyhnkj 
Qly vUr%'kL; iz.kkyh esa [kjirokj fu;U=.k mi;ks dk izHkko uked iz;ksx lEiUu fd;k x;k A bl 'kks/k dk;Z esa dqy chl 
¼20½ la;ksT; iz;ksxksipkjks] ftles vUr%'kL; dh ik¡p iz.kkfy;ksa ¼,dy cktjk] ,dy Xokj] ,dy eksB] cktjk $ Xokj o cktjk $ 
eksB½ dks eq[; [k.M o [kjirokj fu;U=.k ds pkj mipkjksa ¼[kjirokjh; ifj{kkFkZ] nks ckj gkFk ls fujkbZ] vadqj.k ls igys 0-75 
fdxzk- izfr gS- isUMhfeFkkyhu o vadqj.k ds ckn 40 xzke izfr gS- bestkFkkij ½ dks mi[k.M esa foHkDr [k.M vfHkdYiuk esa rhu 
ckj iqujko`fr dh x;hA   

  iz;ksx ds ifj.kkeksa esa ns[kk x;k fd vUr% 'kL; vfHkfØ;k ls [kjirokjksa dh la[;k rFkk 'kq"d Hkkj esa ,dy cktjk dh 
rqyuk esa lkFkZd deh gqbZA cktjk ds lkFk Xokj rFkk eksB vUr% Qly esa izHkkoh [kjirokj ncko Øe'k% 24-52 o 27-21 izfr'kr 
ntZ dh xbZA cktjk ds lkFk Qyhnkj Qlyksa dh vUr%'kL; ds rgr cktjk ds 'kq"d Hkkj lap;] dqy rFkk izHkkoh dYyksa dh 
la[;k izfr ikS/kk esa lkFkZd o`f) gqbZ ijUrq ikS/kksa dh ÅpkbZ] ckyh dh yEckbZ rFkk ifj{k.k Hkkj esa lkFkZd izHkko ugh jgkA tcfd 
,dy cktjk esa] cktjk ds lkFk Qyhnkj Qly dh vUr%'kL; iz.kkyh dh vis{kk nkuk rFkk Hkwlk mit esa Li"Vr% c<ksrjh ntZ dh 
x;hA ;nfi ,dy Qyhnkj Qlyksa ds lkFk&lkFk cktjk o Qyhnkj vUr%'kL; iz.kkyh esa Qyhnkj Qlyksa dh o`f) rFkk mit 
eki<.M ¼ftlesa ikS/k ÅpkbZ ]izfr ikS/kk 'kq"d Hkkj lap;u] tM xzfUFk;ka] Qkfy;ksa dh la[;k] izfr Qyh nkuksa dh la[;k rFkk 
ifj{k.k Hkkj ij dksbZ lkFkZd izHkko ugha ik;k x;kA ijUrq] vf/kdre nkuk] Hkwlk o tSfod mit Qyhnkj Qlyksa dh ,dy Qly 
esa ik;h xbZA cktjk lerqY; mit ,dy Xokj ds lkFk&lkFk ,dy eksB esa lokZf/kd ikbZ xbZ tks vU; lHkh vUr Qly iz.kkfy;ks 
                                         
∗  LukrdksÙkj 'kks/kkFkhZ] d`f"k egkfo|ky;] ,l-ds- jktLFkku d`f"k fo'ofo|ky;] chdkusj 
∗∗  lgk;d izk/;kid] lL; foKku] d`f"k foKku dsUæ] ,l-ds- jktLFkku d`f"k fo'ofo|ky;] chdkusj 
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,oe ,dy cktjk dh rqyuk esa vf/kd jghA tcfd ,dy cktjk dh rqyuk esa cktjk$Xokj rFkk cktjk$eksB esa Hkh lkFkZd #i ls 
vf/kd cktjk lerqY; mit ntZ dh xbZA 

 ,dye ek/; vk; o ykHk ykxr vuqikr ,dy Xokj esa lkFkZd #i ls vf/kd ik;k x;ks] tcfd vUr%Qlyh dj.k esa 
,dye ek/; vk; o ykHk ykxr vuqikr ,dy cktjk ls vf/kd jgh tksfd cktjk$eksB esa Øe'k% #i;s  31730 izfr gsDVs;j o 
3-06 ik;h xbZA 

 cktjk ds nkuks esa u=tu o izksVhu dh ek=k cktjk ds lkFk Qyhnkj Qlyksa ds vUr%'kL; ysus ls lkFkZd #i ls c<hA 
tcfd u=tu] QkLQksjl rFkk iksVk'k dk vUrZxzg.k lHkh ,dy Qlyksa ¼cktjk] Xokj o eksB½  ds nkuksa o Hkwlk esa lkFkZd :i ls 
vUr% Qlyhdj.k ls vf/kd jgkA         

[kjirokj ijh{kkFkZ dh rqyuk esa blds fu;U=.k ds lHkh mipkjksa esa [kjirokjksa ds ek/; ?kuRo rFkk 'kq"d Hkkj lap;u esa 
deh ik;h x;hA nks ckj gLrykspu mipkj ls [kjirokjksa ek/; ?kuRo] 'kq"d Hkkj lap;u esa lkFkZd deh ntZ dh xbZA 
is.MhesFkkyhu 0-75 fdxzk izfr gSDVs;j ,oa bestkFkkij 40 xzke izfr gSDVs;j ds mipkjksa esa [kjirokjh; ijh{kkFkZ dh vis{kk 
[kjirokjksa ds ek/; ?kuRo rFkk 'kq"d Hkkj lap;u esa deh gqbZ ijUrq ;g nks ckj gLrykspu ls de FkhA [kjirokjh; ijh{kkFkZ dh 
rqyuk esa [kjirokj fu;U=.k ds lHkh mipkjksa ¼bestkFkkij 40 xzke izfr gSDVs;j dks NksM+dj½ ds lkFk cktjk dh ikS/k ÅapkbZ] 
'kq"d Hkkj] izHkko'kkyh dYyksa dh la[;k] ckyh yEckbZ] nkuk] Hkwlk rFkk tSfod mit esa lkFkZd o`f) gqbZA 

fQj Hkh] bu ekudksa dk ek/; eku nks gLrykspu mipkj esa vf/kdre ntZ fd;k x;kA is.MhesFkkyhu 0-75 fdxzk izfr 
gSDVs;j rFkk bestkFkkij 40 xzke izfr gSDVs;j ds mi;ksx }kjk cktjk dh o`f) rFkk mit ekidksa esa gLrykspu mipkj dh vis{kk 
deh ntZ dh x;hA [kjirokjh; ijh{kkFkZ dh rqyuk esa [kjirokj fu;a=.k ds lHkh mipkjksa ds lkFk Qfynkj Qly dh ikS/kksa dh 
ÅapkbZ] 'kq"d Hkkj] tM+ xzfUFk;k izfr ikS/kk] Qfy;ka izfr ikS/kk] nkuk izfr Qyh] nkuk] Hkwlk rFkk tSfod mit esa lkFkZd o`f) gqbZA 
blds vykok bu ekudksa dk ek/; ifjek.k nks gLrykspu ds mipkj ds lkFk vf/kdre ntZ fd;k x;kA u=tu] QkLQksjl] 
iksVk'k rFkk izksVhu dh ek=k ds lkFk&lkFk budk dqy vUr%xzg.k [kjirokj fu;U=.k ds lHkh mipkjksa ds lkFk [kjirokj ijh{kkFkZ 
dh vis{kk lkFkZd :i ls c<+kA cktjk lerqY; mit nks ckj gLrykspu mipkj esa vU; lHkh mipkjksa ls lkFkZd :i ls vf/kd 
ntZ dh x;hA is.MhesFkkyhu 0-75 fdxzk izfr gSDVj rFkk bestkFkkij 40 xzke izfr gSDVj ds mipkj esa [kjirokjh; ijh{kkFkZ dh 
vis{kk cktjk lerqY; mit esa o`f) gqbZ ijUrq ;g nks ckj gLrykspu ls de FkhA   
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1 
Appendix - I 

Analysis of variance for density and dry matter of w eeds at different growth of crop plant 

Source of 
variance  d.f.  

Mean sum of square  
Weed Density (no/m 2) Weed dry matter (g/m 2) 

30 DAS 45 DAS At 
harvest 30 DAS 45 DAS At harvest 

Rep 2 13.48 3.71 12.18 3.56 178.91 29.27 
I 4 97.79* 132.91* 135.08* 14.75** 1,766.06** 733.99** 
Error a 8 13.99 20.69 24.03 1.25 158.17 78.11 
W 3 12,133.93** 9,721.79** 8,284.91** 711.42** 152,707.12** 105,270.29** 
IxW 12 26.91 86.62** 55.73* 4.31** 924.95** 615.00** 
Error b 30 13.19 10.37 20.36 1.01 104.30 68.46 
* Significant at 5 per cent ** Significant at 1 per cent 

Appendix - II 

Analysis of variance for plant stand, plant height a nd dry matter accumulation of pearl millet 

  Mean sum of square  

Source of 
variance  

d.f.  Plant stand (‘000 ha -1) Plant height (cm.)  
Dry matter 

accumulation 
(g plant -1) 

  
30 DAS 

At 

Harvest 
30 DAS 

At 

Harvest 
30 DAS 

At 

Harvest 

Rep 2 19.20 18.95 15.95 11.81 1.14 25.23 

I 2 79,510.14*
* 

73,380.34*
* 

16.48 9.15 0.30 104.33 
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Error a 4 77.54 87.22 10.51 104.92 3.35 17.94 
W 3 7,746.10** 7,395.77** 338.51** 1,078.76** 53.64** 237.67** 
IxW 6 1,278.86** 1,290.80** 0.13 1.63 0.04 3.79 
Error b 18 38.92 32.97 9.52 61.46 3.09 10.39 
* Significant at 5 per cent ** Significant at 1 per cent 
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Appendix – III 

Analysis of variance for total number of tillers , effective tillers, length of ear head and test wei ght of 

pearlmillet 

Source of 
variance  

d.f.  

Mean sum of square  
Total tillers per 

plant 

Effective tillers 

per plant 

Length of ear 

head (cm.) 

Test weight (g) 

 

Rep 2 0.04 0.09 2.06 0.35 
I 2 1.99* 1.02* 3.11 0.15 
Error a 4 0.22 0.15 4.29 1.02 
W 3 3.01** 3.99** 19.97** 0.85 
IxW 6 0.08 0.07 0.13 0.02 
Error b 18 0.16 0.07 1.77 0.62 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix – IV 

Analysis of variance for grain, straw and biological  yield and harvest index of pearlmillet 

Source of 
variance  d.f.  

Mean sum of square  
Yield (kg ha -1) Harvest index 

(%) Grain  Straw  Biological  
Rep 2 2,354.23 5,857.09 19,390.34 0.39 
I 2 1,119,232.60** 4,378,212.90** 9,924,178.62** 3.52 
Error a 4 5,034.55 39,559.86 29,948.38 7.89 
W 3 48,859.52** 312,194.66** 584,512.34** 4.05 
IxW 6 10,916.17 93,679.35** 45,667.73 82.40** 
Error b 18 4,872.58 11,312.31 36,782.55 4.07 
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* Significant at 5 per cent ** Significant at 1 per cent         
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Appendix - V 

Analysis of variance for nitrogen, phosphorus, potas sium and protein content of pearl millet 

Source of 
variance  d.f.  

Mean sum of square  

Nitrogen content 
(%) 

Phosphorus 
content (%)  

Potassium 
content (%)  

Protein 
content 

(%) 
Grain  Straw  Grain  Straw  Grain  Straw  Grain  

Rep 2 0.0366 0.0025 0.0009 0.0002 0.0043 0.0434 1.43 
I 2 0.0376* 0.0045* 0.0001 0.0001 0.0007 0.0001 1.47* 
Error a 4 0.0053 0.0004 0.0001 0.000001 0.0007 0.0072 0.21 
W 3 0.1171** 0.0209** 0.0005** 0.0002** 0.0014* 0.0137* 4.57** 
IxW 6 0.0036 0.0007 0.0002 0.0002 0.0000 0.0003 0.14 
Error b 18 0.0033 0.0003 0.0001 0.000001 0.0004 0.0041 0.13 
* Significant at 5 per cent ** Significant at 1 per cent 

 
Appendix - VI 

Analysis of variance for nitrogen, phosphorus and po tassium uptake of pearl millet 

Source of 
variance  

d.f.  

Mean sum of square  
Nitrogen uptake  Phosphorus uptake  Potassium uptake  

Grain  Straw  Total  Grain  Stra
w  Total  Grain  Straw  Total  

Rep 2 1.82 0.98 5.29 0.04 0.07 0.20 0.20 17.19 20.70 

I 2 273.7
2** 

84.00*
* 

660.8
5** 

7.77** 5.62*
* 

26.59
** 

35.51
** 

1,503.9
0** 

2,001.5
3** 

Error a 4 3.08 1.68 8.89 0.07 0.10 0.32 0.32 26.51 32.11 
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W 3 28.37*
* 

12.48*
* 

77.25*
* 

0.54** 0.46*
* 

1.93*
* 

2.15*
* 

126.98*
* 

158.92*
* 

IxW 6 4.34 3.10 4.79 0.09 0.07 0.10 0.40 35.75 29.77 
Error b 18 1.45 0.26 2.34 0.04 0.02 0.07 0.17 4.35 5.21 
* Significant at 5 per cent ** Significant at 1 per cent   

Appendix - VII 

Analysis of variance for plant stand, plant height a nd dry matter accumulation of cluster bean 

Source of 
variance  d.f.  

Mean sum of square  

Plant stand (‘000 ha -1) Plant height (cm.)  
Dry matter 

accumulation  
(g plant -1) 

30 DAS At Harvest  30 DAS 
At 

Harvest 
30 DAS 

At 

Harvest 

Rep 2 51.22 588.45 3.45 168.37 0.01 0.31 
I 1 55,802.60** 53,394.55** 3.60 6.83 0.03 0.09 
Error a 2 48.98 214.25 4.89 76.93 0.06 3.92 
W 3 11.96 321.44* 19.12* 537.95** 0.02 43.62** 
IxW 3 14.24 61.77 7.73 87.78 0.01 0.60 
Error b 12 12.90 91.75 4.19 38.09 0.03 1.31 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix – VIII 

Analysis of variance for on nodules per plant, pods per plant, seeds per pod and test weight of 

cluster bean 
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Source of 
variance  

d.f.  

Mean sum of square  
Nodules per 

plant 
Pods per plant  Seeds per pod  Test weight (g)  

Rep 2 0.29 6.30 0.07 0.29 
I 1 10.53 4.00 3.23 0.60 
Error a 2 8.44 8.35 0.61 4.42 
W 3 4.69 84.67** 3.26** 4.06 
IxW 3 0.39 5.14 0.21 0.18 
Error b 12 7.49 7.83 0.30 3.33 
* Significant at 5 per cent ** Significant at 1 per cent 

Appendix – IX  

Analysis of variance for grain, straw and biological  yield and harvest index of cluster bean 

Source of 
variance  

d.f.  
Mean sum of square  

Yield (kg ha -1) Harvest index 
(%) Grain  Straw  Biological  

Rep 2 4,225.65 7,287.26 21,006.53 0.25 
I 1 7,08,516.39* 3,034,568.29* 6,675,688.56* 3.36 
Error a 2 19,267.02 92,297.58 176,525.93 6.02 
W 3 2,99,531.93** 743,015.10** 1,978,138.09** 9.54 
IxW 3 29,780.58 55,105.27 149,202.21 6.41 
Error b 12 15,062.46 30,467.52 70,355.30 4.52 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix - X 
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Analysis of variance for nitrogen, phosphorus, potas sium and protein content of cluster bean 

Source 
of 
variance  

d.f.  

Mean sum of square  

Nitrogen content 
(%) 

Phosphorus 
content (%)  

Potassium 
content (%)  

Protein 
content 

(%) 
Grain  Straw  Grain  Straw  Grain  Straw  Grain  

Rep 2 0.1133 0.0064 0.0015 0.0005 0.0011 0.0030 4.43 
I 1 0.0150 0.0007 0.0010 0.0008 0.0011 0.0004 0.59 
Error a 2 0.0153 0.0008 0.0002 0.0001 0.0002 0.0006 0.60 

W 3  0.0687*  0.0041*  0.0009*  0.0003* 0.0007*   
0.0034** 

  2.68* 

IxW 3 0.0038 0.0013 0.0001 0.0003 0.0002 0.0003 0.15 
Error b 12 0.0147 0.0008 0.0002 0.0001 0.0002 0.0004 0.57 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix - XI 

Analysis of variance for nitrogen, phosphorus and po tassium uptake of cluster bean 

Source of 
variance  d.f.  

Mean sum of square  
Nitrogen uptake  Phosphorus uptake  Potassium uptake  

Grain  Straw  Total  Grain  Straw  Total  Grain  Straw  Total  
Rep 2 28.03 3.89 52.51 0.39 0.33 1.44 0.31 1.93 3.75 

I 1 
999.9

6* 
240.1

7* 
2,220.2

5* 
14.93

* 24.71* 78.04* 12.78* 
125.8

3* 
218.8

1* 
Error a 2 26.27 8.27 59.09 0.37 0.75 1.99 0.32 4.43 6.71 

W 3 
469.2

1** 
68.61*

* 
896.08

** 6.52** 6.04** 
25.08*

* 5.40** 
38.71*

* 
72.86*

* 
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IxW 3 42.89 6.61 79.60 0.63 0.55 2.34 0.67 3.09 6.40 
Error b 12 23.74 2.36 35.87 0.33 0.21 0.88 0.28 1.24 2.27 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix - XII 
Analysis of variance for plant stand, plant height a nd dry matter accumulation of moth bean 

Source of 
variance  d.f.  

Mean sum of square  

Plant stand (‘000 ha -1) Plant height (cm.)  
Dry matter 

accumulation  
(g plant -1) 

30 DAS At 
Harvest 30 DAS At 

Harvest 30 DAS At 
Harvest 

Rep 2 162.64 306.72 3.99 2.51 0.44 11.68 
I 1 53,666.58** 54,229.83* 0.67 7.37 0.10 3.45 
Error a 2 503.78 609.18 1.08 10.38 0.35 4.06 
W 3 12.74 586.84 4.85* 36.35* 5.34** 51.16** 
IxW 3 2.63 3.48 0.25 0.77 0.13 0.41 
Error b 12 165.44 179.59 1.04 8.88 0.24 3.92 
* Significant at 5 per cent ** Significant at 1 per cent  

Appendix – XIII 

Analysis of variance for on nodules per plant, pods per plant, seeds per pod and test weight of moth 

bean 

Source of d.f.  Mean sum of square  
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variance  Nodules per 

plant 
Pods per plant  Seeds per pod  Test weight (g)  

Rep 2 5.51 15.88 0.15 0.30 

I 1 6.83 24.00 0.48 1.08 

Error a 2 4.26 7.63 1.04 4.84 

W 3 5.89 18.44** 2.17** 6.21 

IxW 3 0.64 0.44 0.82 0.47 

Error b 12 4.09 2.86 0.32 4.30 
* Significant at 5 per cent ** Significant at 1 per cent 

Appendix – XIV 

Analysis of variance for grain, straw and biological  yield and harvest index of moth bean 

Source of 
variance  

d.f.  
Mean sum of square  

Yield (kg ha -1) Harvest index 
(%) Grain  Straw  Biological  

Rep 2 38,143.90 98,408.33 289,125.91 4.13 

I 1 385,870.83* 3,413,806.42* 6,095,140.86* 28.71 

Error a 2 9,891.99 74,501.75 144,178.84 10.81 

W 3 126,992.26** 440,385.54** 1,021,744.32** 14.17 

IxW 3 17,019.84 47,396.67 83,670.95 13.86 

Error b 12 8,470.32 41,903.62 94,984.28 4.38 

* Significant at 5 per cent ** Significant at 1 per cent 
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       Appendix - XV 

Analysis of variance for nitrogen, phosphorus, potas sium and protein content of moth bean 

Source of 
variance  d.f.  

Mean sum of square  

Nitrogen content 
(%) 

Phosphorus 
content (%)  

Potassium 
content (%)  

Protein 
content 

(%) 
Grain  Straw  Grain  Straw  Grain  Straw  Grain  

Rep 2 0.1021 0 .0052 0.0014 0.0004 0.0011 0.0045 3.99 

I 1 0.0015 0 .0040 0.0011 0.0009 0.0007 0.0003 0.06 

Error a 2 0.0204 0.0009 0.0002 0.0001 0.0002 0.0008 0.80 

W 3 0.0511 0.0026* 0.0035** 0.0010** 0.0006* 0.0019 1.23 

IxW 3 0.0005 0.0003 0.0002 0.0004 0.0006 0.0001 0.02 

Error b 12 0.0148 0.0007 0.0002 0.0001 0.0002 0.0006 0.58 
* Significant at 5 per cent ** Significant at 1 per cent 

Appendix - XVI 
Analysis of variance for nitrogen, phosphorus and po tassium uptake of moth bean 

Source of 
variance  d.f.  

Mean sum of square  
Nitrogen uptake  Phosphorus uptake  Potassium uptake  

Grain  Straw  Total  Grai
n  Straw  Total  Grain  Straw  Total  

Rep 2 22.65 2.51 38.52 0.31 0.22 0.99 0.25 1.98 3.46 

I 1 
522.15

* 
255.4

2* 
1,507.9

6* 8.29* 22.24* 57.69* 5.98* 
189.4

2* 
262.6

9* 
Error a 2 17.61 5.18 36.28 0.23 0.42 1.08 0.19 4.14 5.57 

W 3 192.01
** 

36.05*
* 

388.98*
* 

3.19*
* 

3.80** 13.56*
* 

2.01** 30.29*
* 

47.07*
* 
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IxW 3 24.47 4.80 37.52 0.45 0.14 0.69 0.16 3.23 3.85 

Error b 12 7.71 2.30 16.18 0.11 0.19 0.51 0.08 1.83 2.48 
*Significant at 5 per cent ** Significant at 1 per cent  

Appendix – XVII 

Analysis of variance for PMEY, net return and B: C rat io 

Source 
of 
variance  

d.f.  
Mean sum of square  

 
PMEY Net return  B: C ratio  

Rep 2 138,561.22 29,900,578.27 0.12 

I 4 11,862,312.57** 2,113,605,236.19** 8.79** 

Error a 8 207,495.15 50,940,955.64 0.21 

W 3 4,542,634.87** 866,156,513.61** 2.30** 

IxW 12 384,978.09** 87,363,360.88** 0.33** 

Error b 30 120,041.94 27,990,125.28 0.11 

* Significant at 5 per cent ** Significant at 1 per cent 

 

 

 

 

 



 241

 

 

 

 

 

Appendix - XVIII 

Common cost of cultivation for pearl millet legumes intercropping system 

S.N
o. 

Particular of operation  Cost 
(Rs.) 

Input  Rate/unit(R
s) 
 

1. Field preparation    

(a) Ploughing by disc harrow (after onset of 
monsoon) 1200 Tractor drawn disc harrow Rs 1200 ha-

1 

(b) 
Ploughing along with fertilizer followed by 
planking 

900 Tractor drawn cultivator 
with planker Rs 900 ha-1 

(c) Fertilizer (phosphorus 40 kg ha-1) 2262 Through DAP Rs 26/kg 

(d) Layout and preparation of beds(6 labour) 996 Labour 
Rs 
166/labour 

2. Sowing of seeds by kera method 
including labour charge (10 labour) 1660 Hand drawn seed drill Rs 

166/labour 

3. Thinning (5 labours) 830 Labour Rs 
166/labour 
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4. Plant protection 380 Monochrotophos Rs 380/litre 

5. Irrigation including charge(8 labours) 1328 Labour Rs 
166/labour 

6. Harvesting (8 labours) 1328 Labour 
Rs 
166/labour 

7. Threshing and winnowing  (8 labours) 1328 Labour Rs 
166/labour 

8. Miscellaneous 500   

 Total 12712   
  

 

Appendix - XIX 

Treatment cost of cultivation of different pearl mi llet - legumes intercropping system 

S. 

No. 

Particular of 

operation 

Treatment Cost (Rs) Rate/unit(R
s) 

I1 I2 I3 I4 I5  

1. Seeds       

(a) Pearlmillet 400 - - 133 133 Rs 100/kg 

(b) Cluster bean - 1500 - 1000 - Rs 75/kg 

(c) Moth bean - - 1020 - 680 Rs 85/kg 

2. Seed treatment 24 120 72 88 56 Rs 2/g 
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(Bavistin) 

3. Fertilizer (Urea) 679 - - 226 226 Rs 7/kg 

 Total 1103 1620 1092 1448 1096  

 

Appendix - XX 

Treatment cost of cultivation of weed control measu res in pearl millet - legumes intercropping system 

S. 

No. 

Particular of 

operation 

Treatment Cost (Rs) Rate/unit(R
s) 

W1 W2 W3 W4  

1. Weed control      

(a) Hand weeding - 3320 - - 
Rs 

166/labour 

(b) Pendimethalin - - 938 - Rs 375/kg 

(c) Imazethapyr - - - 280 Rs 700/kg 

 Total - 3320 938 280  
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Appendix - XXI 

Comparative and economics of various treatment combi nations 

Treatme

nts 

Treatme

nt cost 

(Rs. ha -

1) 

Commo

n cost 

(Rs. ha -

1) 

Total 

cost of 

cultivati

on (Rs. 

ha-1) 

Grain yield 

(kg ha -1) 

Straw yield 

(kg ha -1) 
Gross 

return 

 (Rs. 

ha-1) 

Net 

return 

(Rs. 

ha-1) 

B:C 

ratio Pearl 

Millet 

CB 

/MB 

Pearl  

Millet  

CB 

/MB 

I1W1 1103 12712 13815 813 - 1733 - 20044 6229 1.45 

I1W2 4423 12712 17135 988 - 2101 - 24337 7202 1.42 

I1W3 2041 12712 14753 876 - 1848 - 21510 6757 1.46 

I1W4 1383 12712 14095 953 - 1190 - 19294 5199 1.37 

I2W1 1620 12712 14332 - 689 - 1479 36159 21827 2.52 

I2W2 4940 12712 17652 - 1354 - 2465 69546 51894 3.94 

I2W3 2558 12712 15270 - 1115 - 2293 58196 42926 3.81 

I2W4 1900 12712 14612 - 1187 - 2301 61468 46856 4.21 

I3W1 1092 12712 13804 - 517 - 1556 33902 20098 2.46 

I3W2 4412 12712 17124 - 949 - 2414 60660 43536 3.54 

I3W3 2030 12712 14742 - 848 - 1970 53520 38778 3.63 

I3W4 1372 12712 14084 - 860 - 1855 53797 39713 3.82 

I4W1 1448 12712 14160 344 515 609 1055 34708 20548 2.45 
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I4W2 4768 12712 17480 486 909 803 1676 57586 40106 3.29 
I4W3 2386 12712 15098 416 832 676 1480 51838 36740 3.43 

I4W4 1728 12712 14440 273 714 569 1482 43965 29525 3.04 
I5W1 1096 12712 13808 343 416 622 962 34167 20359 2.47 

I5W2 4416 12712 17128 488 682 809 1425 53363 36235 3.12 
I5W3 2034 12712 14746 413 547 679 1178 43413 28667 2.94 

I5W4 1376 12712 14088 267 515 608 1213 39325 25237 2.79 

Respectively rate of grain and straw of pearl millet (Rs.14 & 5 kg-1), Cluster bean (Rs.45 & 3.5 kg-1) and moth 
bean (Rs.55 & 3.5kg-1)  

 


