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Introduction 
In tropical and sub-tropical regions, okra [Abelmoschus esculentus L. Moench] is 
an important vegetable crop for its tender fruits (pods). Due to wider spacing and 
slow growth during initial stage as well as favourable ecological conditions for 
weeds, okra endures substantial yield loss in monsoon (kharif) season. A yield 
loss of about 54.1 to 90.6% has been reported in okra due to weed competition 
[1], depending on the type of weed flora, their intensity and stage. The most 
critical period of crop-weed competition in okra is 2-6 weeks after sowing. Weeds 
are generally controlled by physical and cultural methods, and hand weeding is 
the most applicable and effective method of weed control. However, these 
methods are tedious, time consuming and laborious. Unavailability of labour at the 
peak time and sometimes unfavourable field conditions do not permit manual 
weedings. The easiest way to control weeds is through herbicides, which is 
quicker and cheaper as compared to other methods. Hence, there is need to 
evolve weed management strategy by integrating herbicides or their mixtures with 
manual weeding. 
Research revealed that pre-emergent herbicides viz., fluchloralin, pendimethalin 
[2,3], oxyfluorfen [4] and alachlor [5] found very effective in controlling weeds in 
okra. However, reports on the efficacy of post-emergence herbicides in okra are 
scanty. Moreover, considering the side effects of continuous use of chemicals, 
relying only on herbicides alone for weed management is not ideal. Hence, the 
present investigation was carried out to evaluate the efficacy of various herbicides 
and their mixtures in combination with manual weeding for managing weeds and 
obtaining higher yield of okra under south Saurashtra conditions. 
 
Materials and Methods     

 
A field experiment was conducted at Department of Agronomy, College of 
Agriculture, Junagadh Agricultural University, Junagadh (Gujarat) during kharif 
seasons of 2015 to 2016. The soil of the experimental plot was clayey in texture 
and slightly alkaline in reaction as well as low in available nitrogen, available 
phosphorus and medium in available potash. The experiment comprising of 10 
treatments viz., T1: Pendimethalin 900 g/ha as pre-emergence (PE) fb hand 
weeding (HW) at 40 DAS, T2: Oxyfluorfen 240 g/ha as PE fb HW at 40 DAS, T3: 
Pre-mix Pendimethalin 30.24% + Imazethapyr 2.24% 900 g/ha as PE fb HW at 40 
DAS , T4: Tank-mix Pendimethalin 450 g/ha + Oxyfluorfen 120 g/ha as PE fb HW 
at 40 DAS, T5: Quizalofop 40 g/ha as post-emergence (POE) at 20 DAS fb HW at 
40 DAS, T6: Imazethapyr 75 g/ha as POE at 20 DAS fb HW at 40 DAS, T7: Tank-
mix Imazethapyr 37.5 g/ha + Quizalofop 20 g/ha as POE at 20 DAS fb HW at 40 
DAS, T8: HW at 15, 30 & 45 DAS, T9: Weed-free and T10: Weedy check, was laid 
out in randomized block design with three replications. The gross and net plot size 
was 6.0 m x 3.6 m and 5.1 m x 2.4 m, respectively. The pre-emergence herbicides 
were applied to soil on next day of sowing, while post-emergence spray was done 
at 20 DAS. The spray volume herbicide application was 500 L/ha. The improved 
variety of okra ‘Gujarat Junagadh Okra 3’ was sown at 60 cm x 30 cm using seed 
rate of 8 kg/ha. A fertilizer dose of 50-50-50 N-P2O5-K2O kg/ha was applied as 
basal at sowing and 50 kg N/ha each was top-dressed at 30 and 60 DAS. The 
crop was raised as per the recommended package of practices. In manual weed 
control treatments, weeds were uprooted and removed as per treatments. In weed 
free plots, the weeds were removed manually after every seven days for ensuring 
complete weed free condition. The biometric observations on plant height, fruits 
per plant, fruit length, fruit girth and fruit weight per plant were recorded from five 
tagged plants per plot. The number of weeds and dry weight of weeds were 
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Abstract- A field experiment was conducted during kharif season of 2015 and 2016 at Junagadh (Gujarat, India) to study the integrated weed management in okra 
[Abelmoschus esculentus (L.) Moench]. Herbicides viz., pendimethalin, oxyfluorfen, pre-mix pendimethalin + imazethapyr and tank-mix pendimethalin + oxyfluorfen as 
pre-emergence (PE), while quizalofop, imazethapyr and tank-mix imazethapyr + quizalofop as post-emergence were tested in integration with hand weeding. The 
pooled results over two years revealed that uncontrolled weed growth resulted in to yield loss of 70.81%. The results further showed that HW at 15, 30 and 45 DAS, 
pendimethalin 900 g/ha as PE fb HW at 40 DAS, tank-mix pendimethalin 450 g/ha + oxyfluorfen 120 g/ha as PE fb HW at 40 DAS, and quizalofop 40 g/ha as POE at 20 
DAS fb HW at 40 DAS were found effective in controlling weeds by registering lower weed count, dry weight of weeds and weed index (4.68, 7.87, 12.02 and 17.74%) 
along with higher weed control efficiency (94.66, 93.42, 84.22 and 79.21%). These treatments also improved growth and y ield attributes viz., plant height, number of 
fruits per plant, fruit length, fruit girth and fruit weight per plant, and ultimately produced higher fruit yield of okra (8 1.06, 78.35, 74.82 and 69.95 q/ha) over the 
unweeded check (24.82 q/ha).  
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recorded at harvest. The fruit yield of all the pickings were recorded from net plot. 
Weed index (WI) and weed control efficiency (WCE) were worked out using 
following formulae suggested by the research workers [6,7]. 
 

WI (%) = 
YWF - YT

YWF

×100 

Where; YWF and YT are the yield from weed-free plot and yield from treated plot, 
respectively. 

WCE (%) = 
DWC - DWT

DWC
×100, 

Where, DWC = Dry matter accumulation of weeds in unweeded control, DWT= Dry 
matter accumulation of weeds in treated plot. 
The data were subjected to statistical analysis by adopting appropriate analysis of 
variance [8]. Wherever the F values found significant at 5 per cent level of 
probability, the critical difference (CD) values were computed for making 
comparison among the treatment means. 
 
Results and Discussion 
The dominant weed flora observed in the experimental field were Echinochloa 
colona, Cynodon dactylon, Indigofera glandulosa, Dactyloctenium aegyptium and 
Brachiaria ramosa among the monocots; Digera arvensis, Commelina 
benghalensis, Leucas aspera, Eclipta alba, Portulaca oleracea and Phyllanthus 
niruri among the dicot weeds, and Cyperus rotundus as sedge weed. 
 
Effect on crop 
Data presented in [Table-1] showed that various weed management treatments 
significantly influenced growth and yield attributes of okra. Significantly the highest 
plant height (81.17 cm) was recorded with the weed-free check (T9), however it 
remained statistically at par with HW thrice (T8), pendimethalin 900 g/ha as PE fb 
HW at 40 DAS (T1), tank-mix pendimethalin 450 g/ha + oxyfluorfen 120 g/ha as 
PE fb HW at 40 DAS (T4) and quizalofop 40 g/ha as POE at 20 DAS fb HW at 40 
DAS (T5). The weed-free check (T9) has given significantly the highest number of 
fruits per plant (17.30), which remained statistically comparable to HW thrice (T8) 
and pendimethalin 900 g/ha as PE fb HW at 40 DAS (T1). 
 

Table-1 Effect of weed management on growth and yield attributes of okra 
(Pooled over two years) 

Treatment 
Plant 

height 
(cm) 

Fruits 
per 

plant 

Fruit 
length 
(cm) 

Fruit 
girth 
(cm) 

Fruit 
weight per 
plant (g) 

Pendimethalin fb HW 76.56 15.82 16.63 6.23 169.19 

Oxyfluorfen fb HW 66.67 13.77 14.05 5.94 135.59 

Pendimethalin + 
Imazethapyr fb HW 

61.87 12.80 13.22 5.76 105.69 

Pendimethalin + 
Oxyfluorfen fb HW 

70.08 14.68 14.29 6.15 163.38 

Quizalofop fb HW 67.26 14.67 14.21 6.10 145.23 

Imazethapyr fb HW 56.81 11.85 12.72 5.64 102.14 

Imazethapyr + 
Quizalofop fb HW 

64.76 13.67 13.39 5.86 116.20 

HW thrice 78.80 16.47 17.27 6.34 191.83 

Weed-free check 81.17 17.30 17.62 6.42 202.43 

Weedy check 56.52 8.48 9.91 4.55 54.68 

S.Em.± 4.70 0.73 0.71 0.16 7.99 

CD (P=0.05) 13.96 2.18 2.11 0.48 23.73 

 
The fruit length was significantly highest (17.62 cm) with the weed-free check (T9), 
but it was statistically equivalent to HW thrice (T8) and pendimethalin 900 g/ha as 
PE fb HW at 40 DAS (T1). The weed-free check (T9) registered significantly the 
highest fruit girth (6.42 cm), however it was statistically at par with HW thrice (T8), 
pendimethalin 900 g/ha as PE fb HW at 40 DAS (T1), tank-mix pendimethalin 450 
g/ha + oxyfluorfen 120 g/ha as PE fb HW at 40 DAS (T4) and quizalofop 40 g/ha 
as POE at 20 DAS fb HW at 40 DAS (T5). Significantly the maximum fruit weight 
per plant (202.43 g) was recorded under the weed-free check (T9), however it 
remained at par with HW thrice (T8). Among post-emergence treatments, 
quizalofop 40 g/ha as POE at 20 DAS fb HW at 40 DAS was found superior.  

Efficient control of weeds by manual weeding and/or herbicides under the above 
superior treatments might have reduce crop-weed competition for moisture, 
nutrients and sunlight and ultimately enhanced photosynthetic and metabolic 
activities in the crop, which reflected in improved growth and development of the 
crop. Whereas, unrestricted weed growth under weedy check (T10) restrained 
growth and development of the crop as evidenced from the lowest values of plant 
height (56.52 cm), fruits per plant (8.48), fruit length (9.91 cm), fruit girth (4.55 cm) 
and fruit weight per plant (54.68 g). These findings are in close conformity with 
previous reports [9-11]. The data furnished in [Table-2] showed fruit yield of okra 
significantly affected by different weed management treatments. The weed-free 
check (T9) produced significantly the highest fruit yield of 85.04 q/ha. The next 
best treatments in this regard were HW at 15, 30 and 45 DAS(T8) and 
pendimethalin 900 g/ha as PE fb HW at 40 DAS (T1) with fruit yield of 81.06 and 
78.35 q/ha, respectively. Among post-emergence treatments, quizalofop 40 g/ha 
as POE at 20 DAS fb HW at 40 DAS (T4) was found superior by recording fruit 
yield of 69.95 q/ha. Overall, the treatments viz., weed-free check (T9), HW thrice 
(T8), pendimethalin 900 g/ha as PE fb HW at 40 DAS (T1), tank-mix pendimethalin 
450 g/ha + oxyfluorfen 120 g/ha as PE fb HW at 40 DAS (T4) and quizalofop 40 
g/ha as POE at 20 DAS fb HW at 40 DAS (T5) increased fruit yield to the tune of 
243, 227, 216, 201 and 182 per cent over the unweeded check (T10). Improved 
growth and yield attributes owing to effective control of weeds under these 
treatments might have accelerated partitioning of photosynthates to various 
metabolic sinks and resulted in increased fruit yield. These findings are in 
agreement with those reported earlier [12-14]. 
 
Effect on weeds 
The data [Table-2] indicated that different weed management treatments did 
cause significant variation in count and dry weight of weeds. The weed-free (T9) 
recorded significantly the lowest weed count (3.0/m2) and dry weight of weeds (44 
kg/ha), followed by HW thrice (T8), pendimethalin 900 g/ha as PE fb HW at 40 
DAS (T1), tank-mix pendimethalin 450 g/ha + oxyfluorfen 120 g/ha as PE fb HW at 
40 DAS (T4) and quizalofop 40 g/ha as POE at 20 DAS fb HW at 40 DAS (T5) 
having WI of 0.00, 4.68, 7.87, 12.02 and 17.74%, and WCE of 97.98, 94.86, 
93.42, 84.22 and 79.21%, respectively. Weed suppression during initial stage by 
hand weeding and/or pre-emergence/pre-plant pendimethalin supplemented with 
manual weeding or post-emergence quizalofop in the later stage provided 
effective control of weeds as evident from lower dry weight of weeds and excellent 
weed indices. Similar results have been reported erstwhile [14-16]. 
 
Table-2 Effect of weeds management on fruit yield and weed parameters (Pooled 

over two years) 
Treatment Fruit 

yield 
(q/ha) 

Weed 
count 

(Nos./m2)* 

Weed 
dry 

weight 
(kg/ha) 

Weed 
index 
(%) 

Weed 
control 

efficiency 
(%) 

Pendimethalin fb HW 78.35 3.48 (11.7) 143 7.87 93.42 

Oxyfluorfen fb HW 64.02 6.20 (38.0) 546 24.72 74.89 

Pendimethalin + Imazethapyr  
fb HW 

45.25 4.20 (17.3) 882 46.79 59.43 

Pendimethalin + Oxyfluorfen  
fb HW 

74.82 5.11 (25.7) 343 12.02 84.22 

Quizalofop fb HW 69.95 6.79 (45.7) 452 17.74 79.21 

Imazethapyr fb HW 41.37 5.84 (33.7) 1067 51.35 50.92 

Imazethapyr + Quizalofop 
 fb HW 

56.87 4.77 (22.3) 694 33.13 68.08 

HW thrice 81.06 3.61 (12.7) 116 4.68 94.66 

Weed-free check 85.04 1.86 (3.0) 44 0.00 97.98 

Weedy check 24.82 9.80 (95.7) 2174 70.81 0.00 

S.Em.± 2.92 0.19 41   

CD (P=0.05) 8.36 0.56 118   

*Data were subjected to square root transformation and original data given in parenthesis. 

 
Conclusion 
On the basis of two-year field experimentation, it can be concluded that effective 
control of weeds in kharif okra along with higher fruit yield could be achieved by 
either of the followings: 
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• Hand weeding at 15, 30 and 45 days after sowing 

• Pre-emergence application of pendimethalin 900 g/ha and hand weeding at 
40 days after sowing 

• Pre-emergence application of tank-mix pendimethalin 450 g/ha + 
oxyfluorfen 120 g/ha and hand weeding at 40 days after sowing 

• Post-emergence application of quizalofop 40 g/ha at 20 days after sowing 
and hand weeding at 40 days after sowing. 

 
Application of research: Weeds are great threat to crop production. In the 
present case, uncontrolled weeds caused 71% yield loss. This research is 
important for managing weeds in okra. The integrated approach evolved in this 
study resulted in effective weed control (84 to 95%) along with higher yield (182 to 
227%) compared to the unweeded check. 
 
Research Category: Biotic stress, weed management 
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DAS: Days after sowing 
PE: Pre-emergence 
POE: Post-emergence 
fb: followed by 
WI: Weed index 
WCE: Weed control efficiency 
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