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Abstract 

Field experiments were conducted during kharif season of 2012 and 2013 at 
Agricultural and Horticultural Research Station, Bhavikere, Tarikere, 
Chickmagalore (D) in Karnataka, India to evaluate the efficacy of Flumioxazin 
against weed flora in soybean and its residual effect on green gram. Flumioxazin 
was tested at 75,100,112.5,125 and 150 g.a.i./ha and compared with  
Chlorimuron Ethyl at 9 g.a.i./ha and Pendimethalin at 1000 g.a.i./ha. Results 
indicated that, Flumioxazin 50% SC at 125 g.a.i./ha provided significant 
reduction in weed density and dry matter thus increased the WCE at 30 and 60 
days after application of herbicides in both the years. This was found at par with 
its higher dose at 150 g.a.i./ha with respect to weed dry weight, weed density as 
well as grain yield. Application of Flumioxazin 50% SC at 125 g.a.i./ha was also 
found more effective in enhancing seed yield of soybean with per cent increase 
of 101% and 87% during 2012 and 2013 respectively as compared to weedy 
check. No phytotoxic effects were found on soybean as well as succeeding green 
gram crop even at the higher dose of 250 g.a.i./ha of Flumioxazin. But the grain 
yield of residual green gram did not showed any significant variation with the 
application of Flumioxazin herbicide. 
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INTRODUCTION 
    Soybean (Glycine max L.) known as “Golden Bean” of family Leguminaceae is an 
important oil yielding crop having multiple uses. It has great potential as an 
exceptionally nutritive and very rich protein food. It contains about 40 per cent protein 
of superior quality and 20 per cent oil with important fatty acids, lecithin, Vitamin A and 
D. It is very remunerative and brings good returns to the farmers. In India, soybean is 
grown in an area of 10.84 million hectares producing 14.67 million tons with an average 
yield of 13.53 kg/ha [1]. 
     The poor weed management practices deprive the crop of its major requirement of 
nutrients, soil moisture, sunlight and space which results poor crop growth and yield. 
Being a rainy season crop, it has high yielding capacity but weed infestation is one of the 
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major constraints in soybean cultivation [2]. Simultaneous emergence and rapid growth 
of large number of weed species causes severe crop-weed competitions and reduction 
in soybean yield up to 30-80% depending upon the type of weed flora and weed density 
[3].  
      The incessant rains do not permit timely intercultivation and manual control of 
weeds is also difficult on large scale on account of high cost and labour shortage during 
weeding peaks. Therefore, there is a need for alternative methods of reducing the weed 
load during early crop growth period of soybean. Hence, the option left for managing 
weeds is by using herbicides which are safer to human life and environment as well. 
     Flumioxazin is among newly released herbicides belonging to the chemical family 
N-phenylphthalimide. The use of this herbicide offers better weed management in 
soybean and peanut. It is a diphenyl ether group G herbicide that inhibits 
protoporphyrinogen oxidase enzyme. This is one of the light dependent peroxidising 
herbicide (LDPH) which acts by blocking heme and chlorophyll biosynthesis resulting in 
the accumulation of photo-toxic porphyrins. The present investigation was undertaken 
to evaluate the efficacy of novel herbicide Flumioxazin comparing with Pendimethalin 
and Chlorimuron Ethyl to determine the effect of Flumioxazin to control broad 
spectrum of weeds in soybean and its residual effect on succeeding green gram crop.  
 
MATERIAL AND METHODS 
2.1 Experimental site and herbicide treatments  
      A field experiment was conducted during kharif season of 2012 and 2013 at 
Agricultural and Horticultural Research Station, Bhavikere, Tarikere taluk, 
Chickmagalore (D) in Karnataka, India (13043’3.85”N, 75043’3.85”E and 655 m AMSL) 
to study the efficacy of Flumioxazin a novel herbicide on weed complex and yield of 
soybean and its residual effect on green gram. The experiment was laid out in 
Randomized Complete Block Design (RCBD) replicated thrice with 8 treatments 
involving three herbicides such as Flumioxazin 50% SC (75, 100, 112.5, 125 & 150 
g.a.i./ha), Chlorimuron ethyl 25% WP at 9 g.a.i./ha and Pendimethalin 30% EC at 1000 
g.a.i./ha. Treatment T8 was weedy check. Variety ‘JSS 355’ was sown on 15th July 2012 
and 20th July 2013 with the spacing of 30cm x 10cm. Recommended fertilizer dose of 
30:80:38 kg/ha was applied in the form of Urea, Single super phosphate and Muriate of 
potash, respectively along with 12.5 kg ZnSO4. Irrigation and insect/disease control 
measures were performed as recommended. 
2.2 Herbicide application 
  All the herbicides were applied by manually operated knapsack sprayer fitted with 
flat nozzle using spray volume of 500 lit/ha. Flumioxazin 50% SC and Pendimetahlin 
30% EC were sprayed at 0-3 days after sowing as pre-emergent spray whereas 
Chlorimuron Ethyl 25% WP was sprayed at 15 DAS of soybean crop as post emergent 
spray.  
2.3 Data collection and analysis 
    Species wise weed count recorded at 30 and 60 days after application of herbicide 
were expressed as number/0.25 m2 quadrates. Weeds collected at 30 and 60 days after 
spray were oven dried at 700C for 24 hours and weighed. The observation on yield was 
recorded at harvest in both the experimental years. The data were subjected to square 
root transformations to normalize their distribution, further analyzed statistically for 
test of significance [4]. The level of significance on ‘F’ test was tested at 5 per cent. The 
interpretation of data was done by using CD values calculated at P≥0.05.  
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       The phytotoxicity assessments such as epinasty, hyponasty, yellowing, necrosis, leaf 
injury, vein clearing and stunting were recorded at 10, 20 and 30 days after the 
application of Flumioxazin at 125 and 250 g.a.i./ha using EWRC rating scale as 
mentioned in Table 1          [5].  
 
 To study the residual effect of Flumioxazin on succeeding crops green gram was 
sown immediately after the harvest of the main crop. Further the observations on 
phytotoxicity and yield observations similar to the main crop as explained earlier. 
 
RESULTS AND DISCUSSION 
3.1 Weed spectrum 
     The experimental field was surveyed using 0.25m2 quadrates to ascertain weed 
composition. A list of pre dominant weed species observed during the period of 
investigation are Celosia argentia, Acanthospermum hispidum, Commelina benghalensis, 
Borreria articularis, Parthenium hysterophorous, Cleome viscose, Dactyloctenium 
aegyptium, Cynodon dactylon, Eleusine indica, Digitaria marginata and Cyperus rotundus. 
3.2 Phytotoxicity 
   Phytotoxicity symptoms were not at all noticed in the plots treated with 
Flumioxazin at 125 as well as at higher dose of 250 g.a.i./ha and also no visual 
symptoms were observed either on soybean or on succeeding green gram crop at 10, 20 
and 30 days after application. Normal vegetative or reproductive growth was seen in 
the crop.  
3.3 Weed density (no./m2) 
      All the weed control treatments proved effective in reducing the weed density 
when compared with weedy check (Table 2). Application of Flumioxazin 50% SC 125 
g.a.i./ha significantly reduced weed density 4.01 no./0.25 m2 at 30 DAS and 3.81 
no./0.25 m2 at 60 DAS  during 2012. Whereas, weed density 3.42 no./0.25 m2 at 30 DAS 
and 2.91 no./0.25 m2 at 60 DAS was observed during 2013. Further, this treatment was 
at par with higher dose application of Flumioxazin at 150 g.a.i./ha. Higher number of 
weeds/0.25 m2 was recorded in weedy check plots at all the stages. The better 
performance of Flumioxazin in the present study appeared to be due to better control of 
grassy as well as broad leaved weeds. And being a pre-emergent herbicide Flumioxazin 
at 125 and 150 g.a.i./ha reduced the weed density during the initial stages of the crop 
growth which happens to be the critical period of weed competition. [6],[7] also found 
similar results when they evaluated pre-emergent herbicide, Metribuzin at 500 and 650 
g.a.i./ha which was efficient in reducing the overall weed density.  
3.4 Weed dry matter and weed control efficiency  
  The results revealed that, application of Flumioxazin 50% SC 150 g. a.i./ha 
significantly reduced the dry matter of weeds at both 30 and 60 DAS in two consequent 
years 2012 and 2013. During the year 2012, weed dry matter at 30 DAS was 1.17 
g/0.25m2 and 0.30 g/0.25m2 at 60 DAS with WCE of 88.64 and 97.47 per cent 
respectively with the application of Flumioxazin 50% SC at 150 g.a.i./ha. In the year 
2013 also, less weed dry matter at 30 DAS and 60 DAS was recorded with the 
application of Flumioxazin 50% SC 150 g.a.i./ha i.e., 2.93 and 3.77 g/0.25m2  having 
WCE of 77.23 and 78.90 per cent respectively.  Further, dose of Flumioxazin 50% SC at 
125 g.a.i./ha though reduced dry matter however failed to record statistical significance 
(Table 3 & 4). The herbicidal treatments showed a profound influence on weed dry 
matter as well as weed control efficiency. Since the Flumioxazin 50% SC at 125 and 150 
g.a.i./ha application reduced weed dry matter as compared to weedy check, this 
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resulted in increased weed control efficiency.  Similar findings were obtained by [8], [9], 
[10]. 
3.5 Grain yield as affected by different herbicide treatments on soybean and residual green 
gram 
    The statistical analysis of the data exhibited that application of Flumioxazin 50% 
SC 125 g.a.i./ha significantly increased grain yield of 7.57 q/ha and 8.15 q/ha during 
2012 and 2013 respectively compared to rest of the treatments. However, proved 
statistically at par with higher dose of Flumioxazin 50% SC 150 g.a.i./ha (Table 5). This 
might be due to the reason that Flumioxazin has effectively controlled the mixed weed 
flora in soybean leading to relatively low competitional stress with reduced weed 
number and weed dry weight which increased the seed yield. These results were in 
conformity with the findings of [11], [12] [13].   
   There was increase in yield from 56 to 104% and 48 to 96% over weedy check 
during 2012 and 2013 respectively, when Flumioxazin was applied at different 
concentrations. Whereas, 44 and 85% increase in yield was noticed when Chlorimuron 
Ethyl and Pendimethalin were applied respectively during 2012. Similarly during 2013, 
38 and 70% increase was found with the application of Chlorimuron Ethyl and 
Pendimethalin respectively.  
 However, application of Flumioxazin 50% SC 125 g.a.i./ha failed to record 
perceptible variation in grain yield of residual green gram crop during both the 
experimental years 2012 and 2013.  
 
Table 1: EWRC rating scale for scoring the phytotoxicity symptoms 
Score Phytotoxicity symptoms 
0 No symptoms/healthy plants 
1 Very mild symptoms, slight stunting 
2 Mild but clear symptoms (eg., chlorosis) not necessary with 

negative effect on yield 
3 & 4 Thinning out, heavy chlorosis or stunting reduction in the yield to 

be expected  
5,6,7,8, & 9 Heavy damage or complete death of plants 
 
Table 2: Weed density at 30 and 60 DAS as affected by different weed control 
treatments in 2012 and 2013 
Treatments 2012 (no./m2) 2013 (no./m2) 

30 DASa 60 DAS 30 DAS 60 DAS 
Flumioxazine 50% SC 75 g. a. i./ha 5.80 4.87 6.33 5.82 
Flumioxazine 50% SC 100 g. a. i./ha 5.36 4.52 5.03 4.86 
Flumioxazine 50% SC 112.5 g. a. i./ha 4.92 4.31 4.12 3.86 
Flumioxazine 50% SC 125 g. a. i./ha 4.01 3.89 3.42 2.91 
Flumioxazine 50% SC 150 g. a. i./ha 2.83 3.22 2.30 2.18 
Chlorimuron Ethyl 25% WC 9 g. a./ha 5.87 4.86 6.66 6.96 
Pendimethalin 30% EC 1000 g. a. i. /ha 5.59 4.78 5.61 5.38 
Untreated control 6.29 6.11 8.44 8.99 
SEm± 0.24 1.07 0.16 0.43 
CD (P=0.05%) 0.74 3.30 0.49  1.33 
a Days after sowing 
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Table 3: Effect of Flumioxazin on weed dry matter and weed control efficiency in 
soybean during 2012  

Treatments 
Weed dry matter (g/0.25m2) Weed control efficiency (%) 

At 30 DAS At 60 DAS At 30 DAS At 60 DAS 

Flumioxazine 50% SC 
75 g a.i./ha 

4.37 6.03 57.57 49.32 

Flumioxazine 50% SC 
100 g a.i./ha 

2.87 3.37 72.13 71.68 

Flumioxazine 50% SC 
112.5 g a.i./ha 

2.17 1.43 78.93 87.98 

Flumioxazine 50% SC 
125g a.i./ha 

1.80 0.80 82.52 93.27 

Flumioxazine 50% SC 
150g a.i./ha 

1.17 0.30 88.64 97.47 

Chlorimuron Ethyl 25% 
WC 9 g a.i./ha 

6.20 7.20 39.80 39.49 

Pendimethalin 30% EC 
1000 g a.i./ha 

2.77 3.27 73.10 72.52 

Untreated control 10.30 11.90 - - 
SEm± 0.60 0.68 - - 
CD (P=0.05%) 1.84 2.08 - - 
 
Table 4: Effect of Flumioxazin on weed dry matter and weed control efficiency in 

soybean during 2013  
 

 
Treatments 

Weed dry matter 
(g/0.25m2) 

Weed control efficiency 
(%) 

At 30 DAS At 60 DAS At 30 DAS At 60 DAS 

Flumioxazine 50% SC 75 g a.i./ha 5.47 8.33 57.49 53.38 
Flumioxazine 50% SC 100 g a.i./ha 5.13 6.77 60.13 62.11 
Flumioxazine 50% SC 112.5 g a.i./ha 4.83 5.07 62.47 71.62 
Flumioxazine 50% SC 125g a.i./ha 4.20 4.53 67.36 74.65 
Flumioxazine 50% SC 150g a.i./ha 2.93 3.77 77.23 78.90 
Chlorimuron Ethyl 25% WC 9 g 
a.i./ha 

5.57 7.53 56.72 57.86 

Pendimethalin 30% EC 1000 g a.i./ha 6.27 9.10 51.28 49.07 
Untreated control 12.87 17.87 - - 
SEm± 0.63 0.95 - - 
CD (P=0.05%) 1.94 2.92 - - 
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Table 5: Effect of weed control treatments on yield of soybean and residual green gram 
during 2012 and 2013 

Treatments Soybean Seed Yield 
(q/ha) 

Yield 
increase 

over weedy 
check (q/ha) 

Percent 
increase 

Residual 
green gram 
yield (q/ha) 

2012 2013 2012 2013 2012 2013 2012 2013 
Flumioxazine 50% 
SC 75 g a.i./ha 

5.87 6.45 
2.10 2.10 56 48 

3.13 2.73 

Flumioxazine 50% 
SC 100 g a.i./ha 

6.47 7.22 
2.70 2.87 72 66 

3.20 2.70 

Flumioxazine 50% 
SC 112.5 g a.i./ha 

7.00 7.75 
3.23 3.40 86 78 

3.00 2.73 

Flumioxazine 50% 
SC 125g a.i./ha 

7.57 8.15 
3.80 3.80 101 87 

2.83 2.40 

Flumioxazine 50% 
SC 150g a.i./ha 

7.70 8.53 
3.93 4.18 104 96 

2.60 2.30 

Chlorimuron Ethyl 
25% WC 9 g a.i./ha 

5.43 6.02 
1.66 1.67 44 38 

3.07 2.80 

Pendimethalin 30% 
EC 1000 g a.i./ha 

6.97 7.38 
3.20 3.03 85 70 

3.13 2.73 

Untreated control 3.77 4.35 - - - - 3.07 2.77 
SEm± 0.06 0.21 - - - - 0.14 0.15 
CD (P=0.05%) 0.19 0.65 - - - - - - 
 
 
CONCLUSION 

It can be concluded from the present investigation that, application of 
Flumioxazin 50 % SC 125 g.a.i./ha gave significantly superior control over mixed weed 
flora thereby enhanced the grain yield in soybean. This was found at par with its higher 
dose at 150 g.a.i./ha during both the experimental years 2012 and 2013. No visual 
phytotoxic symptoms were observed on both soybean and residual green gram even 
when sprayed with Flumioxazin 50 % SC 250 g.a.i./ha. However, it failed to record 
variation in grain yield of residual green gram crop.   
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