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ABSTRACT 
 
The experiment was laid out Tirhut College of Agriculture, farm Dholi, Muzaffarpur, Bihar during 
kharif season 2016, to study the effect of weed management practices on weed control, yield and 
economics of soybean [Glycine max (L.)]. Hand weeding twice at 25 and 45 DAS was found most 
effective to control weeds in soybean and recorded lowest weed count, weed dry matter and highest 
weed control efficiency. Among herbicide, application of Pendimethalin 1.0 kg/ha as PE (Pre-
emergance) and Imazethapyr 55 g/ha as PoE (Post-emergance) at 25 DAS was found to be more 
efficient and cost effective to reduce weed population/m2 (53.94 & 67.22), dry weight of weeds/m2 

(21.16 & 45.86 g) an increased weed control efficiency (53.86 & 68.83%) significantly in both the 
stages 30 and 60 DAS. Beside it, Pendimethalin 1.0 kg/ha + Imazethapyr 55 g/ha at 25 DAS, 
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Pendimethalin 1.0 kg/ha + one hand weeding at 40 DAS and hand weeding twice at 25 and 45 DAS 
were equally efficient in increasing the grain yield, straw yield, weed index and gross returns than 
control but net returns ( 39870/ha) and benefit-cost ratio (1.70) was obtained maximum only with 
Pendmethalin 1.0 kg/ha and Imazethapyr 55 g/ha at 25 DAS. 

 
 
Keywords: Pendimethalin; imazethapyr; weed management; soybean. 
 
1. INTRODUCTION 
 
Soybean serves the dual purpose for being 
grown both as an oilseed and pulse crop as well 
[1]. It has been termed as miracle bean because 
of higher protein (40%) and oil (20%) content [2]. 
It has very high potential among grain legume 
crops for combating acute malnutrition. The 
quality of soy protein is equivalent to that of 
animal protein and soybean is also a good 
source of dietary fibre, calcium, magnesium, 
phosphate, thiamine, riboflavin, niacin, etc. 
Soybean has also been reported to have 
medicinal properties in combating diabetes, 
cancer, heart disease, etc. Another significance 
of this crop is in its ability to fix atmospheric 
nitrogen. The productivity of soybean in India is 
only 857 kg/ha which is very low against a world 
average of 2293 kg/ha (FAO, 2006). One of the 
major reasons for lower productivity is abiotic 
and biotic factors encountered during crop 
season. Among the biotic factors, weed is most 
crucial and responsible for reduction in yield from 
20-77 per cent depending on the type of soil, 
season and intensity of weed infestation [3,4]. 
Soybean are not strong competitors in the early 
part of the season, therefore weeds out grow 
them. Heavy infestation of weeds in soybean 
greatly interferes with timeliness and efficiency of 
harvest.  Soybean usually develops a full canopy 
cover at eight weeks after emergence and can 
then compete with weeds up to maturity. Little or 
no reduction in yield occurs if soybean are kept 
weed free for the first four weeks. This is the 
critical period for weed competition in soybeans. 
The conventional method of weed control is time 
consuming, expensive and laborious. It is more 
favourable to use chemicals due to scarcity of 
human labour during peak season [5]. Herbicides 
alone or in combination with hand weeding have 
been found quite effective in controlling weeds 
and increasing the yield of soybean [6]. Beside it, 
herbicides provide effective weed control when 
field is not ready for mechanical/manual weeding 
due to rainfall. Therefore, now-a-days farmers 
are showing increasing interest in the use of 
herbicides for controlling weeds with the urge of 
reducing cost of cultivation owing to shortage of 
and high cost of labour [7]. The pre-emergence 

herbicides are found to be effective in controlling 
the weeds during early stages but these failed to 
show the effective results on weed emergence at 
later stages of the crop. To overcome this 
problem, application of post-emergence 
herbicides are gaining popularity as it provides 
the farmers to opt the application time ranging 
from 10 to 30 days after sowing. Common post-
emergence herbicides like imazethapyr are 
useful in controlling annual grass, broadleaf 
weeds and perennial sedges and quizalofop-p-
ethyl is applied for selective control of perennial 
and annual grass weeds in peanut [8]. 
Pendimethalin inhibits both cell divison and cell 
elongation in the roots and shoot meristems of 
the susceptible plants. It is applicable on the soil 
surface as pre-emergence spray and its active 
ingredient penetrated into the germinating weed 
seedlings (both monocot and dicot) through the 
hypocotyl. The seedlings died before or shortly 
after emergence. This herbicide acts almost 
exclusively through radical, and hence effective 
weed control in initial stage due to higher rate of 
killing of the juvenile weed seedling. Imazethapyr 
is a broad-spectrum imidazolinone herbicide, 
absorbed by the foliage and roots with rapid 
translocation in the xylem and phloem to the 
meristematic regions where it accumulates. It 
controls weeds by reducing the levels of three 
branched-chain aliphatic amino acids, isoleucine, 
leucine and valine, through the inhibition of 
acetolactate synthase, an enzyme common to 
the biosynthetic pathway for these amino acids. 
This inhibition causes a disruption in protein 
synthesis which, in turn, leads to an interference 
in DNA synthesis and cell growth. Imazethapyr 
applied as PPI, PRE and POE controls           
monocot and dicot weeds and had a               
strong residual life [9,10]. Jha and Soni [11] 
reported that maximum weed control efficiency 
(80%) with the application of pendimethalin @                    
0.75 kg/ha followed by imazethapyr @               
0.75 kg/ha. 
 
Keeping in view the aforesaid points present 
study was planned to study the effect of suitable 
weed management practices to control                 
weeds in soybean with lower cost and higher 
grain yield. 
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2. MATERIALS AND METHODS 
 

The field experiment was conducted during kharif 
season of 2016 at the research farm of Tirhut 
College of Agriculture, Dholi, Muzaffarpur which 
is situated on the southern bank of the river Burhi 
Gandak at an altitude of 52.18 meter above 
mean sea level and lies at 25º.98’ N latitude and 
85º.6’ E longitude. The area has subtropical 
climate with hot and dry summer, moderate 
rainfall and cold winter. The total rainfall received 
during the crop season was 344.60 mm with 
good distribution. The maximum and minimum 
temperature during the crop-growth period 
ranged between 29.30

0
C to 34.50

0
C and 20.70

0
C 

to 27.000C during 2016. The relative humidity 
recorded during the growth period of crop varied 
from 91.1 to 99.1%. The soil was sandy loam 
(52.78 % sand, 38.10 % silt and 10 % clay) in 
texture and moderaetly alkaline in reaction (pH 
8.3) with electric conductivity 0.37 dS/m, low in 
organic carbon (0.41%), available N (204 kg/ha), 
available P2O5 (17.55 kg/ha) and available K2O 
(108.62 kg/ha). The experiment was carried out 
in split-plot design having four weed 
management viz. Control, Hand weeding at 25 
and 45 DAS, Pendimethalin 1.0 kg/ha (PE) + one 
hand  weeding at 40 DAS and Pendimethalin 1.0 
kg/ha (PE) +  Imazethapyr 55 g/ha (PoE) at 25 
DAS in sub-plot and replicated thrice. The 
soybean variety, JS-335 was sown on 03 July, 
2016 in row 30 cm apart using seed rate of 75 
kg/ha in a plot measuring 7.2 m2. Full dose of 
nutrient sources were applied as basal prior to 
sowing in band. Pendimethalin was applied next 
day of sowing and Imazethapyr was applied at 
25 DAS. The spraying was done with flat fan 
nozzle. Hand weeding was done with the help of 
khurpi at 25 and 45 DAS as per treatment. The 
data on weed population and weed biomass 
were taken at 30 and 60 DAS with the help of 
random quadrate (0.25 m) method. Weed control 
efficiency and weed index was calculated by 
employing formula as given by Tripathi et al. [12]  
 

 
 

Where,  
 

W.C.E= weed control efficiency, DWc = dry 
weight of weeds under weedy check, DWt= dry 
weight of weeds under weed control treatment 
 

WI=  

 

Where, WI= Weed index (%), X=Yield obtained 
from minimum weed competition plot, Y= Yield 
obtained from treated plot. 

Seed yield was recorded in each plot after 
harvest. The economics of different treatments 
were computed by considering the prevailing 
market price of inputs and produce of soybean. 
The data were statistically analysed. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Weed Control 
 
Population of weeds increased with 
advancement of crop age up to 60 DAS under all 
the weed management practices. Different weed 
management practices were found highly 
effective in controlling the weeds at all the stages 
of crop growth. Hand weeding at 25 and 45 DAS 
recorded lowest population of weeds which may 
be due to complete removal of weed flora at 25 
and 45 DAS by manual weeding. However, in 
control plots were recorded highest weed 
population among the treatments. Pre-
emergence application of Pendimethalin brought 
about significant reduction of weeds in early 
stage (30 DAS). Moreover, the post-emergence 
herbicides were applied only 25 DAS and the 
time gap between application and expression of 
effect at the time of observation was limited. This 
may be the reason for less control of weeds by 
post-emergence herbicides at 30 DAS. 
Therefore, Pendimethalin 1.0 kg/ha + 
Imazethapyr 55 g/ha at 25 DAS and 
Pendimethalin 1.0 kg/ha + one hand weeding at 
40 DAS were equally effective for controlling the 
weeds at 30 DAS. However, at 60 DAS the 
scenario was different than observed at 30 DAS. 
Pendimethalin as pre-emergence application 
followed by either of Imazethapyr or one hand 
weeding at 40 DAS significantly reduced weed 
population and weed biomass at 60 DAS in 
compare to weed-control.  
 
No weeding system produces maximum weed 
dry weight at both stages of crop growth. This 
might be due to unchecked growth in this 
system, where the weeds continued to grow 
freely and enjoyed all the growth factors more 
efficiently, and as such accumulated higher dry 
matter. Under hand weeding system, as the 
weeds were removed at 25 and 45 DAS, weed 
dry weight decreased drastically but again tend 
to recoup towards maturity due to regeneration 
or commencement of new flushes. The weed dry 
weight (45.86 g/m2) slowly increased in the plot 
treated with Pendimethalin 1.0 kg/ha +  
Imazethapyr 55 g/ha at 25 DAS towards maturity 
of the crop because of decreasing trend of 
effectiveness resulting in regeneration of existing 
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weeds and emergence of new weed seedlings in 
the later stages of crop growth. That’s why, With 
advancement in crop age i.e. at 60 DAS, hand 
weeding at 25 and 45 DAS (88.45 %) recorded 
significantly higher weed control efficiency than 
Pendimethalin 1.0 kg/ha +  Imazethapyr 55 g/ha 
at 25 DAS (68.83 %) but was at par with 
Pendimethalin 1.0 kg/ha + one hand  weeding at 
40 DAS (87.28 %). Sylvestre et al. [13] also 
reported similar observation that Pendimethalin 
(0.75 kg/ha) at 30 DAS fb Imazethapyr (100 
g/ha) at 20 DAS recorded minimum weed density 
and weed dry weight as compare to alone 
application of Pendimethalin. 
 
Among the herbicides, Imazethapyr is known to 
be very effective in controlling broad range of 
weeds including annual broadleaved and some 
grasses in soybean and other legume crops [14]. 
More reduction in weed dry weight by reducing 
the weed density in these treatments might have 
resulted in higher weed control efficiency. The 
effective weed management, particularly within 
the first 40 to 45 days is more critical and later 
the crop canopy by and large keeps the weed 
count low in soybean. 
 
Weed index refers to reduction in yield due to the 
presence of weeds in comparison to the yield of 
twice hand weeding at 25 and 45 DAS. Lower 
value of weed index was found in Pendimethalin 
1.0 kg/ha + one hand  weeding at 40 DAS (2.24) 
and Pendimethalin 1.0 kg/ha +  Imazethapyr 55 
g/ha at 25 DAS (4.97) and both of them were at 
par with each other due to equally effective for 
controlling weeds at the time of critical period of 
crop-weed competition.  
 

3.2 Yield 
 
Results showed that the effect of all weed 
management practices significantly influenced 
the yield of soybean over control (Table 2). 
Pendimethalin 1.0 kg/ha + Imazethapyr 55 g/ha 
at 25 DAS (15.86 kg/ha) was produced similar 
grain yield compare to Pendimethalin 1.0 kg/ha + 
one hand weeding at 40 DAS (16.26 kg/ha) and 
hand weeding at 25 and 45 DAS (16.71 kg/ha) 
while all of them significantly higher than control 
(8.79 kg/ha). This might be due to pre-
emergence application of pendimethalin which 
prevented emergence of monocot and grassy 
weeds by inhibiting root and shoot growth, while 
imazethapyr was responsible for inhibition of 
acetolactate synthase (ALS) or acetohydroxy 
acid synthase (AHAS) in weeds which caused 
destruction of these weeds at 3-4 leaf stage [15]. 
Therefore, the crop was kept free of competition 
with weeds at the early critical stages of crop 
growth which resulted in favourable environment 
to have higher nutrient uptake and better source 
sink relationship. Vijay et al. [16] have also 
reported increase in seed yield under 
pendimethalin @ 2.5 l/ha followed by 
imazethapyr @ 75 g/ha at 20 DAS was due to its 
effectiveness in controlling weeds and 
improvement in growth and development of crop 
and higher yield attributes of soybean crop. The 
increase in yield under these treatments may be 
attributed to concomitant reduction in weed dry 
matter, which accounted for reduction in crop 
weed competition, and provided congenial 
environment to the crop for better reproductive 
potential. Treatments recording higher grain yield 
also recorded higher yield of straw in the weed 

Table 1. Effect of weed management practices on weed control of soybean 
 

Treatments Weed population 
(No./m2) 

Weed dry 
weight (g/m2) 

Weed control 
efficiency (%) 

Weed 
index 

30 
DAS 

60  
DAS 

30 
DAS 

60 
DAS 

30 
DAS 

60 
DAS 

Weed management Control 105.80 140.12 45.74 146.84 0.00 0.00 48.12 
Hand weeding at 25 and 45 
DAS 

14.13 23.80 4.24 16.98 90.72 88.45 0.00 

Pendimethalin @ 1.0 kg/ha 
as PE + one hand  weeding 
at 40 DAS 

56.52 26.23 22.19 18.73 51.55 87.28 2.24 

Pendimethalin @ 1.0 kg/ha 
as PE and imazethapyr @ 
55 g/ha as PoE at 25 DAS 

53.94 67.22 21.16 45.86 53.80 68.83 4.97 

S.Em.± 1.58 2.02 0.37 1.09 1.43 1.81 1.95 
C.D.( P=0.05) 4.60 5.86 1.06 3.17 4.16 5.25 5.67 
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Table 2. Effect of weed management practices on yield and economics of soybean 
 

Treatments Grain 
yield 
(q/ha) 

Straw 
yield 
(q/ha) 

Harvest 
index 
(%) 

Total cost of 
cultivation 
( /ha) 

Gross 
return  
( /ha) 

Net 
return  
( /ha) 

B:C 
Ratio 

Weed management Control 8.79 17.19 33.07 20659 35922 15263 0.73 
Hand weeding at 25 and 45 
DAS 

16.71 28.11 37.27 30359 66932 36573 1.20 

Pendimethalin @ 1.0 kg/ha 
as PE + one hand  weeding 
at 40 DAS 

16.26 27.65 36.86 27119 65190 38071 1.41 

Pendimethalin @ 1.0 kg/ha 
as PE and Imazethapyr @ 
55 g/ha as PoE at 25 DAS 

15.86 26.93 36.84 23705 63576 39870 1.70 

S.Em.± 0.37 0.64 0.02  1519.10 1519.10 0.05 
C.D.( P=0.05) 1.10 1.86 NS  4408.69 4408.69 0.16 

 
free environment. The reduction in straw yield 
due to weed infestation was obviously because 
of the reduced growth and development of 
vegetative attributes and reduced dry matter 
production by crop plants under intense weed 
competition in control condition. 
 
The weed free environment recorded significantly 
higher harvest index than control condition. This 
was probably due to better water and nutrient 
availability resulting in enhanced sink capacity 
and higher grain productivity under hand 
weeding and Pendimethalin 1.0 kg/ha + one 
hand  weeding at 40 DAS and Pendimethalin 1.0 
kg/ha +  Imazethapyr 55 g/ha at 25 DAS. 

 

3.3 Economics 
 
Maximum gross returns (  66932/ha) was 
recorded under hand weeding at 25 and 45 DAS 
which was closely followed by Pendimethalin 1.0 
kg/ha + one hand weeding at 40 DAS (  
65190/ha) and Pendimethalin 1.0 kg/ha and 
Imazethapyr 55 g/ha at 25 DAS (  63576/ha) 
treated plots. These three were at par with each 
other. This might be due to the fact that higher 
weed control efficiency of these treatments 
produced higher seed and stover yield thus 
realizing higher gross returns. However, gross 
returns obtained under weed-control plot (  
35922/ha) was significantly lowest among the 
treatment as yield of both seed and stover was 
lowest in this treatment due to fact that weed 
infestation resulted into significant reduction of 
yield. Similar findings were reported by several 
authors [17,18]. Although hand weeding at 25 
and 45 DAS recorded highest gross returns over 
all other treatments but it failed to realize highest 
net return and B: C ratio. It was found as reverse 
trend of gross returns. So, highest net return        

(  39870/ha) and B: C ratio (1.70) was recorded 
in application of Pendimethalin 1.0 kg/ha and 
Imazethapyr 55 g/ha at 25 DAS. This is accorded 
to higher cost of cultivation of soybean with hand 
weeding at 25 and 45 DAS involving more 
human labours and higher wages. This cost was 
reduced in the treatment Pendimethalin 1.0 kg/ha 
and Imazethapyr 55 g/ha at 25 DAS by using 
herbicides effectively manage weeds with 
minimizing human labours. Vijay et al. [16] have 
also conclude that sequential application of 
pendimethalin @ 2.5 l/ha followed by either 
imazethapyr @ 75 g/ha or imazethapyr + 
imazamox @ 100 g/ha at 20 DAS is effective and 
economical weed management practice in 
soybean. Control plot recorded lowest net returns 
(  15263/ha) and B: C ratio (0.73). Besides, it is 
quite important to note that keeping the land free 
of weeds throughout the crop growth period is 
practically impossible by the farmers, since 
involves huge cost on labour. 
 

3.4 Human Risk Involved 
 
Pendimethalin is slightly toxic if ingested, inhaled 
or absorbed through the skin. The most probable 
occasion for human exposure is to applicators 
during mixing, loading, spraying and flagging 
[19]. Pendimethalin is a mild skin irritant [20]. 
Inhalation of dusts or fumes may be mildly to 
moderately irritating to the linings of the mouth, 
nose, throat and lungs [21]. Pendimethalin's 
herbicidal effects are related to inhibition of cell 
division and cell elongation. It is absorbed by 
plant roots and shoots. Pendimethalin is not 
absorbed by the leaves of grasses. Only very 
small amounts are taken up by plants from the 
soil. Once absorbed into plant tissues, 
translocation is limited and pendimethalin breaks 
down via oxidation. Residues on crops at harvest 
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are usually below detectable levels (0.05 ppm) 
[21]. Ingested pendimethalin is largely 
unabsorbed by the bloodstream and excreted 
through the feces. Pendimethalin which does 
become absorbed into the bloodstream from the 
gastrointestinal tract is rapidly metabolized in the 
kidneys and liver and is then excreted in the 
urine [22]. 
 

4. CONCLUSION 
 
Pendimethalin 1.0 kg/ha + Imazethapyr 55 g/ha 
at 25 DAS was equally effective for controlling 
the weeds and produced similar soybean yield to 
that of Pendimethalin 1.0 kg/ha + one hand 
weeding at 40 DAS and hand weeding twice. 
Therefore, it may be concluded that 
Pendimethalin 1.0 kg/ha + Imazethapyr 55 g/ha 
at 25 DAS could be used as cost effective weed 
management practices in soybean.  
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