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Abstract 
The investigation was conducted during Kharif season of 2013 at RRS, BCKV, WB to find out the bio-

efficacy and phytotoxicity of 2, 4-D ethyl ester 80% EC in maize and its effect on succeeding lentil crop. 

The experiment comprising nine different weed control treatments viz. five different doses of 2,4-D EE 

80% EC applied @ 0.45, 0.90, 1.35,1.80 and 3.60 kg a.i. ha-1, 2,4-D EE 38% EC (Commercial) @ 0.90 

kg a.i. ha-1, atrazine 50% WP @ 0.25 kg a.i. ha-1, hand weeding twice at 20 and 40 DAS and unweeded 

control, replicated thrice in RBD. The pre-emergence application of 2, 4-D EE 80% EC 3.6 kg a.i. ha-1 

has resulted in effective weed control, recording the least weed density and dry weight and there by 

higher WCE next to manual weeding. In case of yield, 2, 4-D EE 80% EC 1.8 kg a.i. ha-1 (4.65 t ha-1), 

resulted better yield after manual weeding (5.11 t ha-1). 2, 4-D EE 80% EC applied on maize with 

different doses have found no residual effect on germination and yield of succeeding lentil crop. 
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Introduction 
Maize (Zea mays L.) is the most important cereal crop after wheat and rice, grown in virtually 

every suitable agricultural region of the globe. In India, it is cultivated as a food as well as feed 

crop under varying soil, topography, seasons and management practices throughout the 

country. The growth rate of maize especially during early stages is rather slow which helps 

weeds to offer effective competition in their favour. Reductions in yield to the extent of 32.4 to 

42.3% due to weed growth have been estimated in maize (Sharma et al., 2000). Almost all 

types of weeds viz., grasses, broad leaved weeds and sedges infest the maize fields. The extent 

of nutrient loss varies from 30-40% of the applied nutrients (Mundra et al. 2002).Weeds being 

a serious negative factor in crop production are responsible for marked loss (28-100%) in crop 

yield (Pandey et al. 2001). Atrazine, recommended as a pre-emergence herbicide, is not 

effective against some of the weeds, both grassy and non-grassy as well as the sedge. Hence, 

there is need for some alternate pre-emergence herbicide which can provide broad spectrum 

weed control in Kharif maize without affecting the crop growth and yield. 2,4-

Dichlorophenoxy acetic acid (2,4-D) was first registered in 1947 as an agricultural herbicide, 

and it is still the most widely used herbicide worldwide. End-use products, however, are 

generally formulated as inorganic or amine salts, or as esters (Wilson et al. 1997). 2,4-D is 

selective as well as systemic and effective against broad-leaved plants/weeds and the some 

sedge. The esters are mainly liquid (EC; emulsifiable concentrate) formulation. However, they 

are more volatile than amines. The molecular weights of esters like methyl, ethyl, propyl, 

butyl, pentyl, hexyl of 2,4-D have higher penetrability through plant surface, but are not safe to 

use since they have more volatility. The esters are readily absorbed by foliage. The ester 

formulation of 2, 4-D is preferred to amine and sodium salts formulation for control of 

difficult weeds like Asphodelus tenuifolius, Convolvulus arvensis and Cirsium arvense because 

of the fastest absorption on the plant surface (Das, 2013). 2, 4-D is a systemic herbicide that is 

absorbed through foliage and roots and is translocated to actively growing areas within the 

plant. Symptoms include bending and twisting of leaves and stems within 2 to 7 days, 

followed by browning and plant death 3 to 4 weeks after application (Manitoba, 2006). 

 

Materials and Methods  

The field experiment was conducted to study the effect of bio-efficacy and phytotoxicity of 2, 

4-D ethyl ester 80% EC in kharif during 2013 maize and its effect on succeeding crop lentil in 

the sub-humid and sub-tropical condition of West Bengal. The experiments under Bidhan 

Chandra Krishi Viswavidyalaya, Gayeshpur situated at 280 5.3/N latitude and 830 5.3/ E 

longitude and the elevation of 9.75 m above the mean sea level.Topography of the land was 
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referred as medium land situation. There were nine different 

weed control treatments viz. five different doses of 2,4-D 

ethyl ester 80% EC (Nufarm) applied at 0.45, 0.90, 1.35,1.80 

and 3.60 kg a.i. ha-1, 2,4-D ethyl ester 38% EC (Commercial) 

at 0.90 kg a.i. ha-1, atrazine 50% WP at 0.25 kg a.i. ha-1, hand 

weeding twice at 20 and 40 DAS and unweeded control, 

replicated thrice in randomized block design (RBD). Spraying 

was done with the help of hand operated knapsack sprayer 

fitted with a flat fan hooded nozzle with the spray volume of 

water 500 l ha-1. Data were recorded on predominant weed 

flora, weed density and dry weight of weeds. Phytotoxic 

effect of herbicides on crop in terms of yellowing, stunting 

and necrosis were recorded at 7, 14 and 21 DAHA. The weed 

related observations were recorded as per standard procedure 

and the data were statistically analyzed by following the 

procedure as given by Gomez and Gomez (2010). 

Succeeding crop lentil was taken during Rabi season of 2013-

14 to find out the residual effects of herbicides 2, 4-D ethyl 

ester 80% EC, 2, 4-D ethyl ester 38% EC and atrazine 50% 

WP. Lentil variety ‘Asha’ was sown in 30 cm spacing using 

20 kg seed ha-1 on 18th October, 2013. These studies were 

continued in fixed lay out without disturbing the soil. The 

weeds were removed manually in these crops. Observations 

on germination percent at 10 DAS (days after sowing) of the 

succeeding lentil crop was recorded during the experiment. 

The total yield of succeeding crop was recorded at the time of 

harvest. 

 

Results and Discussion 

Effect on weeds 

The dominant weed flora of the experimental field was 

observed grasses (viz. Echinochloa colonum, Eleusine indica, 

Setaria glauca, Digitaria sanguinalis, Sorghum halepense, 

Cynodon dactylon) sedges (viz. Cyperus rotundus, Cyperus 

esculentus) and few broad-leaved weeds, (viz. Trianthema 

portulacastrum, Digera arvensis, Amaranthus viridis, 

Euphorbia hirta, Phyllanthus niruri, Ageratum conyzoides, 

Commelina benghalensis). 

During kharif 2013, it was observed that the population of 

broad leaf weed, grassy weeds and sedges varied significantly 

over weed control treatments (Table 1). The population of 

broad leaf weed (5.0, 4.5 and 7.5 no. m-2 respectively), grassy 

weed (7.7, 7.2 and 8.0 no. m-2 respectively) and sedge weed 

(1.3, 1.2 and 1.9 no. m-2 respectively) populations was lower 

under hand weeding at 20, 40 and 60 DAS. The total weed 

density was significantly reduced in the herbicide treatments. 

The data on weed count has revealed that 2, 4-D ethyl ester 

80% EC 3.6 kg a.i. ha-1 has resulted in effective control of all 

type of weeds and has recorded least weed count at 20, 40 and 

60 DAS and remained on par among themselves and superior 

to the other treatments except hand weeding. 2, 4-D ethyl 

ester 80% EC 3.6 kg a.i. ha-1 was on par with 2, 4-D ethyl 

ester 80% EC 1.8 kg a.i. ha-1 in controlling the total weed 

population. The unweeded control treatment recorded the 

highest weed count at all the observations with the 

predominance of grasses followed by broad leaf weeds and 

sedges, respectively. 

The dry matter production of weeds was recorded at 20, 40 

and 60 DAS. Significant differences in dry matter production 

were observed among the treatments at all the stages. At 20, 

40 and 60 DAS, the lowest DMP of 3.60, 2.9 and 7.0 g m-2 

was recorded in hand weeding twice, followed by 2, 4-D ethyl 

ester 80% EC 3.6 kg a.i. ha-1 and 2, 4-D ethyl ester 80% EC 

1.8 kg a.i. ha-1. Consequent to the lower density of weeds 

observed in hand weeding twice followed by 2, 4-D ethyl 

ester 80% EC 3.6 kg a.i. ha-1 and 2, 4-D ethyl ester 80% EC 

1.8 kg a.i. ha-1. The weed dry weight was recorded least in the 

aforesaid treatments. The weed dry weight (Table 2) in the 

aforesaid treatments remained on par among themselves and 

remain significantly superior to the other treatments at all the 

stages especially that the standard treatments viz., 2, 4-D ethyl 

ester 38% EC (Commercial) 0.9 kg a.i. ha-1 and atrazine 50 % 

WP 0.25 kg a.i.ha-1. The weed control efficiency derived from 

the weed dry weight revealed, hand weeding twice resulted 

with the higher weed control efficiency of 87.88, 95.84 and 

91.30% during 20, 40 and 60 DAS respectively. This was 

followed by 2, 4-D ethyl ester 80% EC 3.6 kg a.i. ha-1 (64.67, 

81.36 and 77.63 % at 20, 40 and 60 DAS, respectively) and 2, 

4-D ethyl ester 80% EC 1.8 kg a.i. ha-1 (60.96, 78.85 and 

75.15 % at 20, 40 and 60 DAS, respectively). The weed 

control efficiency of the aforesaid treatments remained 

comparable with each other and better than other treatments. 

It has been founded that 2, 4-D ethyl ester 80% EC 0.90 kg 

a.i. ha-1 resulted better weed control efficiency (52.55, 74.76 

and 70.8 % at 20, 40 and 60 DAS, respectively ) than 2, 4-D 

ethyl ester 80% EC (Commercial) 0.90 kg a.i. ha-1 (49.86, 

72.55 and 67.57 % at 20, 40 and 60 DAS, respectively). The 

lowest WCE was recorded in unweeded control plot. 

 
Table 1: Effect of treatments on weed density, total weed dry weight and weed control efficiency in maize during Kharif 2013 

 

Treatment 
Dose a.i. 

kg ha-1 

Broadleaved weeds 

(No.m-2) 

Grasses 

(No.m-2) 

Sedges 

(No.m-2) 

Total weed population 

( No.m-2 ) 

20 

DAS 

40 

DAS 

60 

DAS 

20  

DAS 

40  

DAS 

60 

DAS 

20 

DAS 

40 

DAS 

60 

DAS 
20 DAS 

40 

DAS 

60 

DAS 

2, 4-D ethyl ester 80% EC (Nufarm) 0.45 25.2 30.5 36.7 30.5 32.6 37.2 10.5 15.5 18.5 66.2 78.6 92.4 

2, 4-D ethyl ester 80% EC (Nufarm) 0. 90 18.7 23.7 28.2 21.5 25.1 30.5 7.8 10.1 8.8 50.3 62.3 62.5 

2, 4-D ethyl ester 80% EC (Nufarm) 1.35 15.8 20.0 28.2 16.2 18.2 30.0 6.5 7.0 11.2 38.5 45.2 69.4 

2, 4-D ethyl ester 80% EC (Nufarm) 1.8 12.0 17.2 25.5 12.9 17.5 25.5 5.0 7.0 10.5 29.9 41.7 61.5 

2, 4-D ethyl ester 80% EC (Nufarm) 3.6 10.6 12.0 18.6 9.5 15.0 20.5 4.2 6.5 8.0 24.3 33.5 47.1 

2, 4-D ethyl ester 38% EC 

(Commercial) 
0.9 20.5 25.5 30.50 25.5 27.9 32.5 9.0 12.2 15.20 55.0 65.6 78.2 

Atrazine 50% WP 0.25 16.0 22.5 26.4 18.2 19.5 25.2 6.5 7.5 12.0 40.7 49.5 63.6 

Hand weeding (20 and 40 DAS ) - 5.0 4.5 7.5 7.7 7.2 8.0 1.3 1.2 1.9 14.0 12.9 17.4 

Unweeded control - 35.8 60.2 72.6 45.9 70.5 75.8 13.0 16.1 18.5 94.7 146.8 166.9 

SE (d) 0.79 1.45 1.87 0.89 1.63 1.93 0.25 0.49 0.59 3.6 6.36 6.85 

CD (P= 0.05) 1.68 3.08 3.96 1.88 3.45 4.09 0.52 1.04 1.25 7.63 13.48 14.52 
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Effect on crops 

Hand weeding twice recorded the highest grain yield of 5.11 t 

ha -1 which was on par with 2, 4-D ethyl ester 80% EC1.8 kg 

a.i. ha-1 (4.65 t ha-1) and 2, 4-D ethyl ester 80% EC 1.35 kg 

a.i. ha-1 (4.50 t ha-1), respectively. Similar to grain yield, 

stover yield was also influenced due to different weed 

management practices (Table 2). Among the treatments hand 

weeding twice recorded the highest stover yield of 13.05 t ha -

1 which was on par with 2, 4-D ethyl ester 80% EC 1.8 kg a.i. 

ha-1 (12.25 t ha-1) and 2, 4-D ethyl ester 80% EC 1.35 kg a.i. 

ha-1 (12.00 t ha-1), respectively. 

It has been founded that in 2, 4-D ethyl ester 80% EC 0.90 kg 

a.i. ha-1plot obtained higher grain and stover yield (2.5 and 10 

t ha-1, respectively) than 2, 4-D ethyl ester 80% EC 

(Commercial) 0.90 kg a.i. ha-1 plot (2.25 and 9.2 t ha-1, 

respectively). 

 

Phytotoxicity 

The observation on visual crop toxicity was done on 7, 14 and 

21 days after herbicide application (DAHA). The visual crop 

toxicity symptoms like leaf injury, vein clearing, epinasty, 

hyponasty, scorching and necrosis were observed (Table 2). 

The observation on the level of phytotoxicity through visual 

assessment of crop response was rated in the scale of 1-10. 

There were no crop phytotoxicity symptoms among the 

different treatments as well as at the highest dose of 2,4-D 

ethyl ester 80% EC 3.6 kg a.i. ha-1. 

 
Table 2: Effect of treatments on weed dry matter accumulation, weed control efficiency, phytotoxicity, grain yield and stover yield of Maize 

during Kharif 2013 
 

Treatment 
Dose a.i. 

kg ha-1 

Total weed dry matter 

production(g m-2) 

Weed control 

efficiency (%) 
Phytotoxicity observation Grain 

yield 

( t ha-1 ) 

Stover 

yield 

( t ha-1 ) 
20  

DAS 

40  

DAS 

60  

DAS 

20 

DAS 

40 

DAS 

60 

DAS 

7 

DAHA 

14 

DAHA 

21 

DAHA 

2, 4-D ethyl ester 80% EC 

(Nufarm) 
0.45 16.3 18.5 28.0 45.15 73.47 65.21 0 0 0 2.15 9.55 

2, 4-D ethyl ester 80% EC 

(Nufarm) 
0. 90 13.4 16.6 23.5 52.55 74.76 70.8 0 0 0 2.5 10.0 

2, 4-D ethyl ester 80% EC 

(Nufarm) 
1.35 12.8 16.1 23.0 56.93 76.91 71.42 0 0 0 4.5 12.0 

2, 4-D ethyl ester 80% EC 

(Nufarm) 
1.8 11.6 14.75 20.0 60.96 78.85 75.15 0 0 0 4.65 12.25 

2, 4-D ethyl ester 80% EC 

(Nufarm) 
3.6 10.5 13.0 18.0 64.67 81.36 77.63 0 0 0 3.9 11.5 

2, 4-D ethyl ester 38% EC 

(Commercial) 
0.9 14.9 17.75 26.2 49.86 72.55 67.57 0 0 0 2.25 9.2 

Atrazine 50% WP 0.25 11.35 15.2 20.15 61.81 78.2 74.96 0 0 0 3.75 11.4 

Hand weeding (20 and 40 

DAS) 
- 3.6 2.9 7.0 87.8 95.84 91.3 0 0 0 5.11 13.05 

Unweeded control - 29.72 69.75 80.75 - - - 0 0 0 1.99 8.05 

SE (d) 0.7 2.41 2.79 - - - - - - 0.45 0.85 

CD (P= 0.05) 1.47 5.11 5.91 - - - - - - 0.88 2.01 

 

Residual effect of herbicides on succeedingcrop Lentil 

The results revealed that the germination percentage of 

succeeding lentil crop at 10 DAS remain slightly affected 

irrespective of the treatments (Table 3). This suggests that 

best germination obtained in hand weeding twice plot 

(76.00%) followed by 2, 4-D ethyl ester 80% EC 1.8 kg a.i. 

ha-1 (70.00%) and 2, 4-D ethyl ester 80% EC 1.35 kg a.i. ha-1 

(70.00%).  

Yield of succeeding lentil showed no distinct variation due to 

the application of different herbicides at varying doses in the 

experiment for controlling weeds in maize. 

 
Table 3: Residual effect of different herbicides applied in maize on succeeding lentil crop 

 

Treatments Dose kg a.i. ha-1 Germination % Yield (q ha-1) 

2, 4-D ethyl ester 80% EC (Nufarm) 0.45 62.00 4.86 

2, 4-D ethyl ester 80% EC (Nufarm) 0. 90 69.00 5.28 

2, 4-D ethyl ester 80%EC (Nufarm) 1.35 70.00 5.60 

2, 4-D ethyl ester 80% EC (Nufarm) 1.80 70.00 5.68 

2, 4-D ethyl ester 80% EC (Nufarm) 3.60 68.00 5.50 

2, 4-D ethyl ester 38% EC (Commercial) 0.90 65.00 5.13 

Atrazine 50% WP 0.25 65.00 5.49 

Hand weeding twice (20 and 40 DAS) - 76.00 5.97 

Unweeded control - 60.00 4.69 

SE (d) NS NS 

CD (P= 0.05) NS NS 

 

Conclusion 
From the above study, it is inferred that 2, 4-D ethyl ester 

80% EC 3.6 kg a.i. ha-1 and 2, 4-D ethyl ester 80% EC 1.8 kg 

a.i. ha-1 has resulted in effective weed control, recording the 

least weed density and weed dry weight and thereby higher 

weed control efficiency after manual weeding twice treatment 

plot. In case of yield parameters and yield, 2, 4-D ethyl ester 

80% EC 1.8 kg a.i. ha-1, resulted better yield after manual 

weeding treated plot which was on par with aforesaid 

treatments.2, 4-D ethyl ester 80% EC tested at different doses 

for phytotoxicity has revealed that there was no phytotoxicity 

symptoms observed in any of the doses and the tested 
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formulation is safe to the maize crop. Singh et al. (2010) 

reported that application of all the three formulations of 2,4-D 

i.e. sodium, di-methyl amine and ethyl ester at all the tried 

levels resulted in significant reduction in population and dry 

matter accumulation of weeds as compared to unweeded 

treatment. All the three formulations showed no adverse effect 

on plant growth. The grain yield of maize was found to be 

significantly higher at all the levels of 2,4-D as compared to 

unweeded control. 

The effect of 2, 4-D ethyl ester 80% EC 1.8 kg a.i. ha-1 

applied in maize during kharif 2013, the succeeding lentil 

crop revealed that there is better impact on either the 

germination (%) or yield of lentil crop compare to the other 

herbicidal doses grown during 2013-14. Hence, it can be 

concluded that the aforesaid treatment of this experiment 

applied in maize during 2013 is also best for succeeding crop 

lentil. 
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