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ABSTRACT 
 

Various rates of herbicide (pendimethalin) (2, 3 and 4 l/ha) including hand 
weeding were tried for weed control, seed yield and economic return of 
mungbean at Arid Zone Research Institute, D.I. Khan, Pakistan during the year 
2006 and 2007. Hand weeding produced higher yield (1092 and 743.3 kg/ha) 
comparaed to control (631 and 518.8 kg/ha). Among herbicide rates the lowest 
rate (2 l/ha) yielded 1090 and 706.6 kg per hectare during the year 2006 and 
2007, respectively. The dominant weed recorded was Convolvulus arvensis 
during both the years. All herbicidal rates including hand weeding significantly 
controlled the weeds. But generally hand weeding offered the most effective 
control by 64 and 76 percent but at par with herbicide rate of 2 liter per hectare 
(54 and 75% weed control). However, hand weeding was highly labour 
intensive which required 30 to 32 labours per hectare for weeding and 
considered to be impracticable by local farmers. During 2006, herbicide dose 
of 2 l/ha increased the plant height (4.3 cm), pods per plant (24%), grains per 
pod (5%), 1000-seed weight (16%) and seed yield (73%) over control and 
appeared at par with hand weeding treatment in main contributing parameters 
of seed yield. During 2007, same dose of herbicide was also at par with hand 
weeding treatment which increased the plant height (19%), pods per plant 
(90%), grains per pod (13%), 1000-seed weight (4%) and seed yield (36%) over 
control. Herbicide application @ 2 l/ha also had the highest value/cost ratio 
(19.3) among the treatments, ranging from 9.6 to 19.3 and might be profitable 
approach for achieving maximum production of mungbean under rainfed 
conditions. 
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INTRODUCTION 
 

Mungbean (Vigna radiata L.) belongs to leguminosea family and is commonly 
known as green gram. It is an important conventional pulse crop being 
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cultivated in rainfed tract.  During the year 2008 it was cultivated on an area 
of 245.9 thousand hectares in the country with an annual production of 177.7 
thousand tons and 723 kg per hectare grain yield on average basis. Due to 
its high protein contents, it is called poor man’s meat in the developing 
countries. It contains 22-44 percent protein, 1-5 percent oil, 3.5-4.5 percent 
crude fibre, 4.4-4.5 percent ash and 65-68 percent carbohydrates (4).  The 
high yielding varieties of mungbean have been developed but the yield 
potential of new varieties is not being achieved. As a result, the yield of 
mungbean is very low as compared to other developed countries. Being 
leguminous crop, poor crop establishment is often cited as a major constraint 
in mungbean production (5, 6, 10). This lower productivity is also mainly due 
to unawareness and improper use of improved practices by the farming 
community. 
 
The gap between actual and potential production can be minimized with the 
use of adequate level of inputs in proportionate manner alongwith other 
improved cultural practices. Among several factors, proper weed control 
management plays an important role in improving the production of barani 
lands by saving moisture only for crop utilization. Soil moisture is the life 
blood for plant growth, contributing 80-90 percent of herbaceous plants and 
transport medium for nutrients from soil to plants (2). It is generally believed 
that early weed control is essential to ensure maximum yield (6). Agriculture 
in the barani tract is dependent on rainfall which is very erratic and two third 
of it occurs in monsoon, so moisture conservation is very crucial for 
successful crop production (11). Weeds being the major problem compete 
with crop for available moisture, nutrients, space, sunlight, etc. These also 
provide opportunities for harboring insects, pests and diseases and result in 
yield reduction. Weeds infestation also deteriorates the quality of seed which 
creates storage problem and also affects market rate of the product. Of the 
total annual production loss, 30-50 percent has been reported due to weeds 
(12). Similarly weeds in rabi pulses cause yield reduction to the extent of 75 
percent (3, 8). 
 
In view of the high cost of hand weeding, various rates of pendimethalin 
herbicide were evaluated in this study to determine the optimum and 
economical rate of herbicide for weed control and higher mungbean yield 
under rainfed conditions. 
 

MATERIALS AND METHODS 
 
This study was conducted at Arid Zone Research Institute (AZRI), Dera 
Ismail Khan, Pakistan during the year 2006 and 2007. Different doses of 
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pendimethalin herbicide (2, 3 and 4 l/ha) were compared with control and 
hand weeding. These dose rates were applied to the respective treatments 
using a Solo ‘Jet - Pak’ Knapsack sprayer equipped with a single stainless-
steel flat-fan nozzle tip before sowing and thoroughly incorporated with soil 
by using rotavator. Output of the sprayer was 260 litre per hectare at a 
walking speed of 5 km per hour. 
 
Prior to seeding, one pre-sowing irrigation was applied to the experimental 
site to get optimum plant stand and then no irrigation was applied after 
sowing till harvest of the crop. Soil samples were taken from this site for 
analysis (Table 1). Meteorological data were also taken and are given in 
Table 2. 
 

Table 1. Physico-chemical properties of the soil sites used in the study. 
 

Properties Kharif 2006 Kharif 2007 
pH 8.2 8.1 
EC (dS/m) 2.79 4.55 
Available P (mg/kg) 6.89 7.10 
Available K (mg/kg) 112 110 
Organic matter (%) 0.76 0.71 
Clay (%) 52.50 56.00 
Silt (%) 38.00 36.00 
Sand (%) 9.50 8.00 
Texture Clay Clay 

 
Table 2. Mean monthly temperature (oC) and precipitation of the sites during the 

seasons. 
 
Month  Year 2006 Year 2007 

Air temperature Precipitation 
(mm) 

Air temperature Precipitation 
(mm) Mean 

maximum 
Mean 

minimum 
Mean 

maximum 
Mean 

minimum 
May 42 25 21.00 41 23 5.00 
June 41 25 31.00 41 27 41.50 
July 41 28 24.00 39 27 100.00 
August 38 27 28.00 39 27 3.00 
September 37 24 2.00 32 24 52.00 
Total -- -- 98.00 -- -- 201.00 
Source: AZRI Farm, D. I. Khan. 
 
Soil was disc harrowed, NPK fertilizer @ 20-50-0 kg per hectare was 
broadcast and incorporated into the soil, using rotavator for the purpose. 
Mungbean variety NM-98 was sown on July 5, during both the years with 
seed rate of 20 kg per hectare, respectively. The experiment was laid out in 
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RCBD with three replications and net plot size of 1.8 x 5 m (6 rows/plot). The 
dominant weed appeared was Convolvulus arvensis (perennial weed). The 
weed assessment was made after four weeks of spraying. For sampling, two 
1 x 1 quadrates were placed in each plot, the number of weeds counted and 
dry weights determined separately. The time required for hand weeding for 
each plot was recorded and the results averaged to calculate the labour 
requirement per hectare. 
 
Data for plant height, days to maturity, pods per plant, grains per pod, 1000-
seed weight and seed yield from all treatments were collected from four 
central rows in each plot. Data were analyzed using the analysis of variances 
(ANOVA) procedure and LSD (p<0.05) values were calculated for 
comparison among means (13). 
 

RESULTS AND DISCUSSION 
 
Weed control 
 
All the herbicidal rates including hand weading significantly controlled the 
weeds over control plot. Among the treatments, hand weeding controlled the 
weeds by 64 percent which was at par with that of pendimethalin (54%) 
applied @ 2 litre per hectare during 2006 (Table 3). In 2007 also hand 
weeding gave 76 percent weed control over control plot which was again at 
par with pendimethalin applied @ 2 litre (75%) and 3 litre per hectare (85%). 
Generally application of the lowest dose (2 l/ha) proved as the most 
economical during both the years. 
 
Plant height 
 
The plant height ranged from 53.97 to 67.30 cm and 48.63 to 59.73 cm 
among the treatments during the year 2006 and 2007, respectively (Table 4). 
Maximum plant height of 67.30 and 59.73 cm was recorded in the treatment 
of hand weeding. It showed non-significant difference with the lowest rate of 
pendimethalin (2 l/ha, 62.8 and 57.63 cm). The plant height showed 
decreasing trend with increase in rate of herbicide as the lowest plant height 
(53.97 and 54.63 cm) was noted in the application of highest rate of 
pendimethalin (4 l/ha) (Table 4). 
 

Pods per plant 
 

The data (Table 4) showed significant (P < 0.05) variation in pods per plant 
from 12.87 to 16.27 and 6.43 to 12.73 among  different treatments during the  
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Table 3. Percent weed control with hand weeding and herbicidal rate during 2006 and 
2007. 

 
Year 2006 2007 
Herbicide rates No. of 

weeds/m2 
Biomass 

g/m2 
Percent 

weed 
control 

No. of 
weeds/m2 

Biomass 
g/m2 

Percent 
weed 

control 
Control 11.18a 17.30a - 13.0a 9.7a - 
Hand weeding 4.00b 5.60b 64 3.1b 3.5b 76 
Pendimethalin @ 2 l/ha 5.17b 8.66b 54 3.3b 4.0b 75 
Pendimethalin @ 3 l/ha 4.51b 6.63b 60 2.0b 2.7b 85 
Pendimethalin @ 4 l/ha 4.40b 6.10b 61 3.0b 4.76b 77 
LSD 3.93 4.10 - 7.4 3.9  

 
Table 4. Impact of various rates of herbicide (pendimethalin) on yield and yield traits 

of mungbean. 
 

Herbicide rates Plant 
height 
(cm) 

Days to 
maturity 

Pods/ 
plant 

Grains/ 
pod 

1000 seed 
weight (g) 

Seed 
yield 

(kg/ha) 

2006       
Control 60.30b 67 12.87c 10.30c 34.55c 631c 
Hand weeding 67.30a 67 16.27a 12.30a 40.39a 1092a 
Pendimethalin@2 l/ha 62.87ab 67 16.00a 11.63ab 40.05a 1090a 
Pendimethalin@ 3 l/ha 60.40b 67 13.63bc 10.63bc 38.84b 840b 
Pendimethalin@ 4 l/ha 53.97c 67 13.43bc 10.30c 39.28b 829b 
LSD (0.05) 5.10 N.S. 0.90 1.13 0.52 70.0 
2007       
Control 48.63d 65 6.43d 9.40b 37.02b 519b 
Hand weeding 59.73a 65 12.73a 10.73a 38.95a 743a 
Pendimethalin@2 l/ha 57.63ab 65 12.20a 10.97a 38.34a 707a 
Pendimethalin@ 3 l/ha 55.40bc 65 10.63b 10.63a 38.35a 699a 
Pendimethalin@ 4 l/ha 54.63c 65 8.53c 9.73b 38.31a 567b 
LSD (0.05) 2.57 NS 1.93 0.74 0.66 54 

Mean followed by same letters(s) do not differ significantly at P <0.05. 
NS = Non-significant. 
 
year 2006 and 2007, respectively. Among the treatments, hand weeding 
excelled in number of pods (16.27 and 12.73/plant) but appeared at par with 
the lowest rate of pendimathalin (16.00 and 12.20/plant) during the year 2006 
and 2007, respectively. Both these treatments increased the number of pods 
over control during both years more in 2007 i.e. 98 and 90 percent. It might 
be due to optimum rainfall (201 mm) received during the growing season of 
2007. Beyond this herbicide rate number of pods decreased from 13.63 to 
13.43 (2006) and 10.63 to 8.53 (2007) which might be the results of 
phytotoxicity effect of herbicide on plant growth which negatively affected the 
pods per plant (Table 4). 
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Grains per pod 
 
The data regarding number of grains per pod varied from 10.30 to 12.30 and 
9.40 to 10.97 during 2006 and 2007, respectively (Table 4). The highest 
number of grains (12.30) were recorded in hand weeding which was 
statistically at par with minimum herbicide rate (2 l/ha) (11.63) during 2006. 
The said treatment increased the grains per pod (10.97) during the year 2007 
over control and hand weeding. Increasing rate of herbicide reduced number 
of grains per pod during both the years (Table 4). 
 
1000-seed weight 
 
Significant effect of various herbicide doses including hand weeding was 
observed on 1000-grains weight which ranged from 34.55 to 40.39g during 
the year 2006 and 37.02 to 38.95 g during 2007 (Table 4). The highest 
values (40.39 and 38.95 g) were recorded in hand weeding plots with 17 and 
5 percent increase over control during 2006 and 2007, respectively. The said 
treatment was statistically at par with minimum herbicide rate (2 l/ha) (40.05 
g) during 2006. However, during 2007, there was non-significant difference in 
1000-seed weight among different treatments. 
 
Seed yield 
 
This trait gave a significant response to different treatments. During 2006, 
maximum seed yield (1092 kg/ha) was recorded in hand weeding which was 
at par with pendimethalin @ 2 litre per hectare (1090 kg/ha) (Table 4). During 
2007, yield did not differ significantly between hand weeding plots (743 
kg/ha) as well as herbicidal  rates of 2 and 3 litre per hectare (707 and 699 
kg/ha). The reducing effect in yield with higher rate of herbicide might be due 
to its phytoloxic effect on plant growth (Table 4). Peter and Zbiba (9) 
concluded that retardation and inhibition of nodulation in legumes plants was 
caused by herbicidal injury due to its extensive use. 
 
Economic return 
 
All the treatments increased the cost benefit ratio over control during both 
years of study (Table 5). Hand weeding significantly increased the yield by 73 
and 36 percent over control during the year 2006 and 2007, respectively but 
this method took 30 to 32 man days per hectare and had the lowest value 
cost ratio of 1:3.3 (2006) and 1:1.7 (2007).  Alternative to manual weedings 
herbicide applied @ 2 litre per hectare produced the highest cost benefit 
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ratios of 1:19.3 and 1:9.6 during the year 2006 and 2007, respectively and 
was found equally effective to manual weeding (Table 5). 
 
Table 5. Impact of manual weeding and various rates of herbicide (pendimethalin) on 

the economic returns of mungbean during 2006 and 2007.  
 

Treatments Gross 
returns 
(Rs./ha) 

Net Yield 
Increase 
(kg/ha) 

Variable 
cost    

(Rs/ha) 

Net values Value cost 
ratio 

2006      
Control 20192 - - 20192 - 
Hand weeding 34944 `461 4500 30444 3.3 
Pendimethalin @ 2 l/ha 34880 459   760 34120 19.3 
Pendimethalin @ 3 l/ha 26880 209 1045 25835 6.4 
Pendimethalin @ 4 l/ha 26528 198 1330 25198 4.8 
2007      
Control 21798 - - 21798 - 
Hand Weeding 31206 224 5440 30386 1.7 
Pendimethalin @ 2 l/ha 29694 188   820 28874 9.6 
Pendimethalin @ 3 l/ha 29358 180 1130 28228 6.7 
Pendimethalin @ 4 l/ha 23814   48 1440 22374 1.4 

2006 
Mungbean market price Rs. 32/kg, Herbicide (pendimethalin) price Rs. 285/l + spray + labour 
cost 190/ha. Net value = Gross return - variable cost. Value/ Cost= Value of additional seed 
production/ cost of obtaining extra yield. A man day comprises 8 hrs @ Rs.150 and 30 men 
required per hectare for hand weeding. 
2007 
Mungbean price Rs. 42/kg, Herbicide (pendimethalin) price Rs. 310/l+spray + labour cost 
200/ha, Net value = Gross return-variable cost, Value/Cost = Value of additional seed 
production/cost of obtaining extra yield. A man day comprises 8 hrs @ Rs. 170/- and 32 men 
required percentage for weeding. 
 

Though hand weeding generally increased mungbean seed yield than all 
other treatments yet this method was very arduous and time consuming. The 
farmers do not consider this method practicable due to its high magnitude but 
also labour is difficult to hire and beyond the means of average farmers. The 
ratios of value of additional mungbean seed yield (Rs.32 to 42 kg/ha) to the 
cost of hand weeding (V/C ratios) were 3.3-1.7 indicating a low return on 
investment. Similarly, V/C ratios for herbicide applied @ 2 litre at a lowest 
cost of Rs.760 to 820 per hectare gave the highest cost benefit ratio of 1:19.3 
and 1:9.6 during 2006 and 2007, respectively. 
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