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Introduction 

Pulses are an essential group of leguminous crops that serve as a 

major source of plant-based protein in the Indian diet. They play 

a vital role in sustainable agriculture by enriching soil fertility 

through biological nitrogen fixation. Among the various pulse 

crops, green gram (Vigna radiata L.), commonly known as 

moong, holds a prominent place due to its short duration, 

adaptability to different agro-climatic conditions and high 

nutritional value. It is rich in protein, dietary fiber, vitamins and 

minerals, making it a key component in combating malnutrition. 

During 2021-22, the total area under pulses in India stands at 

31.03 million ha, with a total production of 27.69 mt. The average 

productivity is about 892 kg ha-1. Green gram contributes 

substantially to the pulse basket, especially in kharif and 

summer seasons across several states, including Rajasthan, 

Maharashtra, Andhra Pradesh and Odisha. 

 In the state of Odisha, green gram is primarily grown after 

the rice harvest, while irrigated fields are suitable for summer 

cultivation. The incorporation of early-maturing varieties allows 

farmers to expand their cropping options by cultivating green 

gram in summer. Despite its adaptability, several biotic and 

abiotic factors negatively impact green gram yields, with weed 

competition being a prominent challenge that can lead to 

significant reductions in productivity (1).  Weed infestation affects 

green gram, particularly during its initial growth stages, which are 

critical for establishment. The crop reaches approximately              

70-80 % of its growth within the first 20-40 days post-sowing, 

hence it is essential to ensure minimal weed presence during this 

period (2). Effective weed management is crucial to prevent yield 

losses and the initial slow growth of green gram necessitates two 

rounds of hand weeding for control, although this method can be 

labour-intensive and costly (3). The adoption of herbicides has 

risen as a necessary strategy to combat weeds and reduce their 

detrimental effects. While herbicides simplify weed management 

for farmers (4-6), their overuse raises environmental concerns, 

warranting the exploration of eco-friendly alternatives to 

chemical weed control (7).  

 The challenge lies in identifying sustainable practices that 

can take the place of conventional pesticides while effectively 

managing weed populations (8, 9). Implementing an integrated 

weed management that combines multiple control methods can 

significantly alleviate weed pressure (10-12). The stale seedbed 

technique is an effective preventive measure wherein weeds are 

encouraged to germinate and are controlled before crop sowing, 

thereby reducing the weed seed bank. Additionally, utilizing 

natural herbicides or those with allelopathic properties can 

further enhance weed management efforts (2, 13). It is imperative 

to develop and implement comprehensive and sustainable weed 

management practices tailored to the unique challenges faced 
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Abstract  

Green gram is an important pulse crop in India. Its cultivation is affected due to several biotic and abiotic factors, which have reduced the yield 

significantly. Among these factors, weed infestation is a prominent challenge that can lead to significant reductions in productivity. A field experiment 
was conducted with ten weed management treatments to evaluate the weed growth, yield and economics of green gram during summer, 2022. Ten 

treatments were evaluated, including techniques such as stale seedbed, pendimethalin at 750 g ha-1, imazethapyr at 75 g ha-1 and hand weeding. The 

dominant weeds in the experimental area were Digitaria sanguinalis, Poa annua and Melochia corchorifolia. The lowest biomass and density of weeds 

were achieved with two-hand weeding, which was comparable to treatments involving pendimethalin fb imazethapyr and stale seedbed fb 
imazethapyr. Among the weed management practices, the lowest value of weed index was recorded in pendimethalin fb imazethapyr (4.95 %), 

followed by stale seedbed technique fb imazethapyr (7.26 %), whilst it was the highest under weedy check (60.34 %). The maximum seed yield was 

noted in the hand weeding treatment (10.70 q ha-1), which was followed by pendimethalin fb imazethapyr (10.17 q ha-1) and stale seedbed fb 

imazethapyr  (9.92 q ha-1). Pendimethalin fb imazethapyr also fetched the highest net return ₹ 39335 ha-1) and B:C (2.14) and at par with stale seedbed 
fb imazethapyr (₹ 37240  ha-1   and 2.07). The study concluded that pendimethalin or stale seedbed with imazethapyr provided effective weed 

management and enhanced productivity and profitability in summer green gram.   
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during green gram cultivation. By focusing on diverse and 

integrated strategies, it is possible to minimize weed threats 

while promoting environmental stewardship and enhancing 

agricultural productivity (14). With this in consideration, the 

current experiment was conducted to assess the integrated weed 

management practices to mitigate the weed challenges in green 

gram cultivation, emphasizing sustainable approaches that 

ensure long-term productivity and environmental health. We 

hypothesize that applying a moderate rate sequential herbicide 

or herbicide with a non-chemical method of weed control will 

deliver superior weed control, while reducing labour demand 

and chemical inputs.  

 

Materials and methods  

Weather  

The present experiment was conducted in the research farm 

located at 20°15.666'N latitude and 85°40.513'E longitude, at an 

altitude of 58 m above MSL. The climate was characterized as 

warm sub-humid, featuring mild winters and hot summers, with 

peak rainfall during the southwest monsoon from June to 

October. A total of 41.1 mm of rainfall was recorded during the 

crop growing season in 2022, with the highest daily rainfall of 

40.0 mm occurring in the 8th meteorological standard week and 

the lowest daily rainfall of 1.1 mm in the 7th week (Fig. 1). The 

maximum temperature peaked at 40.7 °C in the 17th week, while 

the minimum temperature ranged from 15.3 °C to 27.5 °C during 

the same period. Evapotranspiration rates increased over the 

weeks, culminating in a maximum of 5.1 mm per day during the 

17th  week (Fig. 1).  

Soil  

The experimental area exhibited uniform topography and 

normal fertility status. Soil samples collected from depths of 0-

15 cm revealed sandy loam texture, with various chemical 

properties assessed, including pH (5.86), electrical conductivity 

(4.2 dS m-1) and organic carbon content (0.47 %). The 

determined available nutrients were 205.6 kg ha-1 nitrogen, 

18.43 kg ha-1 phosphorus and 106.6 kg ha-1 potassium. Over the 

four years, the experimental field was predominantly 

cultivated with rice during the kharif season, while pulses were 

also grown occasionally.   

Experimental details 

The experiment was conducted in a randomized block design 

with a total of 10 treatments such as - stale seedbed (SSB) at 15 

days before sowing (DBS), pendimethalin at 750 g ha-1 at 1 day 

after sowing (DAS), imazethapyr at 75 g ha-1 at 20 DAS, SSB at 15 

DBS fb pendimethalin at 750 g ha-1 at 1 DAS, SSB at 15 DBS fb 

imazethapyr at 75 g ha-1 at 20 DAS, pendimethalin at 750 g ha-1 at 

1 DAS fb imazethapyr at 75 g ha-1 at 20 DAS, aqueous leaf extract 

of Calotropis gigantea at 10 % concentration at 1 DAS, aqueous 

leaf extract of Calotropis gigantea at 20 % concentration at 1 DAS, 

two hand weeding at 15 and 30 DAS, weedy check, repeated 

across 3 replications. The green gram variety used in this study 

was Virat, which was sown at a rate of 25 kg ha-1    on February 15, 

2022. Planting density was recommended with a 25 cm row 

spacing and a north-south orientation. Fertilizer application was 

carried out at a rate of 20-40-20 kg ha-1, with urea providing 

nitrogen, SSP providing phosphorus and MOP providing 

potassium. 

Treatment imposition 

Herbicides were applied at specific doses utilizing a knapsack 

sprayer with a flat fan nozzle at appropriate growth phases of 

development. Before sowing, an irrigation was applied 15 days 

earlier in the stale seedbed to facilitate weed germination, 

followed by shallow harrowing to control the emerging weeds. 

After being thoroughly cleaned, fresh Calotropis gigantea leaves 

were allowed to air dry at room temperature in the shade. 

Subsequently, the air-dried leaves were subjected to oven drying 

for complete moisture removal. The dried leaves were then 

ground using a clean mortar and pestle to create a fine powder. 

This powder was soaked in 1000 mL of distilled water for 48 hr at 

room temperature in order to create solutions with 

concentrations of 10 % and 20 % w/v. After this step, the solution 

was filtered and refrigerated at or below 4 °C for later use. 

Additionally, manual weeding was conducted twice, at intervals 

of 15 and 30 days post-sowing, to ensure optimum growth 

conditions for the summer green gram.  

Observation and data collection 

Yield attributes of green gram were meticulously measured by 

selecting ten samples at random. The 1000 seed weight was 

assessed by counting a sample of 1000 seeds using a digital seed 

counter and weighing them. Finally, seed yield were quantified, 

 

Fig. 1. Mean weekly rainfall, evaporation, maximum and minimum temperature during the crop growth period (2022).  
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with the seed weight recorded from threshed and cleaned 

produce of the designated area, converted to quintals per 

hectare (q ha-1). Species-wise identification of weeds in the 

experimental field was conducted using authenticated sources, 

categorizing them morphologically into grasses and broad-

leaved types. Weed density was measured by counting the 

number of weeds per square meter at 30 DAS using a quadrat of 

0.25 m² to derive detailed category-wise data. For weed dry weight, 

samples were collected and processed by drying above-ground 

parts in a hot air oven to constant weight. The weed control 

efficiency (WCE) was computed based on the reduction of weed 

dry weight achieved by different control methods compared to 

unweeded checks, expressed as a percentage (15). Unlikely, the 

weed index (WI) reflects the gain in crop yield attributed to effective 

weed control methods, representing the crop yield in treated plots 

as a percentage of the yield from weed-free conditions (16). The net 

monetary return was calculated after deducting all the 

expenditures from the gross return. It was obtained by subtracting 

the cost of cultivation from gross return. Dividing the gross return 

by the cost of cultivation, B: C ratio was obtained.  

Statistical analysis 

The experimental data were analyzed using the analysis of 

variance method, employing Fisher's "F" test at a probability 

level of 0.05 to assess significance. Data with wide variation and 

zero values in weed density and biomass were square root 

transformed for normalization before analysis (17). The 

statistical analysis was carried out using the GRAPES.  

 

Results and Discussion  

Weed flora 

The experimental field exhibited infestation from eight distinct 

weed species categorized into two groups: two monocot and 

six dicot species, spanning across six families at 30 DAS. In the 

weedy check plots, all eight species were present. The seven 

dominant weed species identified in the experimental field are 

presented in Table 1. In green gram cultivation, a significant 

presence of Digitaria sanguinalis and Poa annua was observed 

among grasses, while Melochia corchorifolia, Grangea 

maderaspatana and Aeschynomene afraspera emerged as the 

broadleaf weeds throughout the crop growth period (3). 

Weed density and biomass 

The densities and biomass of all weed categories were the 

maximum under the weedy check plots, which exhibited a 

preponderance of grasses (56.03 %), followed by broadleaved 

weeds (43.97 %) at 30 DAS. Among the weed management 

practices, minimum density and biomass of grasses and 

broadleaved weeds were recorded in the hand weeding (HW) 

treatment, which was at par with the application of pendimethalin 

at 750 g ha-1 fb imazethapyr 75 g ha-1 and stale seedbed technique 

fb imazethapyr 75 g ha-1 (Table 2). The succeeding foremost 

treatment was imazethapyr application, which was at par with the 

stale seedbed fb pendimethalin in decreasing the weed growth 

(Table 2). If properly integrated, the stale seedbed method, a 

cultural approach, can increase weed control while reducing 

herbicide applications and total production costs (9). Medium 

infestation of total weeds was found in the treatment stale 

seedbed fb imazethapyr 75 g ha-1    at 30 DAS. Among the sole 

applications, imazethapyr 75 g ha-1   was effective in keeping the 

grasses, broadleaved weeds density and biomass under ETL, 

which was followed by the application of pendimethalin, stale 

seedbed and aqueous leaf extract of Calotropis gigantea at 20 % 

concentration. Post-emergence application of imazethapyr at 50 

g ha-1 delivered a statistically significant suppression of overall 

weed infestation and biomass compared to the untreated 

control (18). Pendimethalin fb imazethapyr was used because it 

significantly reduces weed biomass and density, improving 

weed control. Pendimethalin suppressed initial weed flushes by 

inhibiting root/shoot emergence at pre-sowing and early 

Botanical name Family Common name 
Grasses 

Poa annua L. Poaceae Annual meadow grass 
Digitaria sanguinalis (L.) Scop. Poaceae Large crabgrass 

Broadleaved weeds 
Melochia corchorifolia L. Sterculiaceae Chocolate weed 
Aeschynomene afraspera L. Fabaceae Joint vetch 
Cassia tora L. Fabaceae Sickle pod 
Croton sparsiflorus Morong Euphorbiaceae Wild chilli 
Mitracarpus hirtus (L.) DC. Rubiaceae Girdle pod 
Coldenia procumbens L. Boraginaceae Creeping coldenia 

Table 1. Floristic composition of weeds in the experimental site  

Table 2. Effect of weed management on weed growth, weed control efficiency (WCE) and weed index (WI) of summer green gram at 30 DAS  

Treatments 
Weed density (No. m-2) Weed biomass (g m-2) 

WCE ( %) WI ( %) 
Grass BLW Grass BLW 

T1: SSB 5.12 (25.91) 3.24 (9.99) 4.59 (20.64) 2.79 (7.32) 57.3 39.5 
T2: Pendimethalin 4.80 (22.58) 3.11 (9.17) 4.36 (18.56) 2.71 (6.89) 61.1 36.8 
T3: Imazethapyr 2.94 (8.23) 1.86 (2.99) 2.36 (5.10) 1.46 (1.66) 89.7 24.8 
T4: T1 fb T2 3.24 (10.19) 1.88 (3.07) 2.76 (7.27) 1.57 (1.96) 85.9 26.7 
T5: T1 fb T3 1.90 (3.11) 1.64 (2.20) 1.42 (1.53) 1.19 (0.92) 96.3 07.2 
T6: T2 fb T3 1.66 (2.26) 1.62 (2.13) 1.31 (1.22) 1.20 (0.95) 96.7 04.9 
T7:  ALE of Calotropis @ 10 % 5.57 (30.55) 3.62 (12.71) 5.41 (28.95) 3.38 (10.95) 39.1 51.0 
T8: ALE of Calotropis @ 20 % 4.94 (24.01) 3.24 (10.04) 4.53 (20.05) 2.86 (7.68) 57.7 43.1 
T9: 2 HW 1.39 (1.46) 1.48 (1.71) 1.01 (0.52) 0.99 (0.49) 98.5 00.0 
T10: Weedy check 6.17 (37.77) 5.49 (29.64) 6.18 (37.83) 5.30 (27.69) 0.0 60.3 
SEm(±) 0.18 0.11 0.18 0.07 - - 
CD(P=0.05) 0.55 0.33 0.53 0.21 - - 

*Values in parentheses are original data. Which have been transformed through the square root transformation. BLW = Broadleaved weeds, 
SSB = Stale seedbed, ALE = Aqueous leaf extract, HW = Hand weeding  
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seedling stages, while imazethapyr targeted later emerging 

weeds through ALS inhibition during early crop growth, thus 

extending residual control into mid-season (19). In the wheat 

crop, the stale seedbed produced a lower overall weed density 

than the conventional seedbed (20). The aqueous extract of C. 

gigantea was equally efficient as the stale seed bed approach 

and pre-emergence herbicide treatment at inhibiting the 

germination of grassy weeds. The phytotoxic action of the 

proteases found in C. procera extract was the cause of the 

plant's decreased dry weight (21). Because they may increase 

reactive oxygen levels, certain flavonoids have an allelopathic 

action that inhibits germination (22).  

Weed control efficiency 

The weed control efficiency (WCE) of the two hand-weeding 

treatments was 98.5 % in managing weeds. WCE of all the weed 

management treatments was markedly higher over the weedy 

check at 30 DAS (Table 2). Among different sequential 

applications, pendimethalin fb imazethapyr registered the highest 

WCE (96.7 %) for managing grasses and broadleaved weeds and 

was very closely followed by stale seedbed fb imazethapyr (96.3 

%) at 30 DAS   (Table 2). Imazethapyr effectively controlled the 

complex weed flora, registering the highest WCE against total 

weeds (89.7 %) than the pendimethalin treatment (61.1 %) in the 

sole weed control category. Research indicates a similar 

observation from their previous study (3). Unweeded control 

resulted in the lowest WCE (23). 

Weed index 

The weed index (%) was calculated by using grain yield 

and data presented in Table 1. i.e. the weed index (WI). It stated 

that all of the weed control methods had lower WI values than the 

weedy check (Table 2). Pendimethalin fb imazethapyr (4.95 %) 

had the lowest value of WI among the weed management 

practices, followed by SSB fb imazethapyr (7.26 %), while weedy 

check had the highest value (60.34 %). Application of imazethapyr 

registered the minimum WI (24.83 %) as compared to other sole 

weed control approaches in summer green gram (Table 2). 

Various doses of imazethapyr resulted in a minimum WI (24). 

Yield attributing parameters 

The highest pods/plant, seeds/pod were observed in two HW, 
which remained statistically at par with pendimethalin fb 

imazethapyr and stale seedbed fb imazethapyr (Table 3). The 

stale seedbed technique, consisting of shallow tillage and 

herbicide, had the highest yield attributes and yield due to 

reduced weed growth (25). Likewise, the application of 

imazethapyr alone and the stale seedbed technique with 

pendimethalin also exhibited significant improvement in the 

number of pods per plant. The 1000 seed weight was found to be 

similar among all treatments. That was not varied significantly 

among the different treatment combinations under the study. 

Two HW produced the highest pods per plant, seeds per pod and 

seed yield (26). Except for 1000 seed weight, all yield characteristics 

were substantially lower in the weedy. The yield and yield-

attributing parameters showed lower values in weedy treatments 

(27).  

Seed yield 

The highest productivity of seed (10.70 q ha-1) was significantly 

recorded under two HW, which, however, was found to maintain 

statistically similar yield levels with pendimethalin fb imazethapyr 

(10.17 q ha-1) and stale seedbed fb imazethapyr (9.92 q ha-1)       

(Table 3). The stale seedbed technique effectively depletes the 

weed seed bank, ensuring a reduced weed infestation in the 

future and minimising crop-weed competition during the crop-

growing period. Similarly, applying pendimethalin as a pre-

emergence herbicide suppresses early weed growth by reducing 

both density and biomass. Combining these early weed control 

methods with the application of imazethapyr further enhances 

weed suppression, ultimately leading to improved yield in green 

gram cultivation. This sequential herbicide approach significantly 

enhanced weed control efficiency, leading to a notable increase in 

seed yield. Compared with T6 treatment, the yield advantages 

under T9 treatment ranged from 5.21 % in seed yield. Weeds are 

considered a major constraint in achieving higher productivity. 

One of the key intercultural activities to reach the potential yield of 

green gram is weed management throughout the crucial stages of 

crop growth. Because they occupy more area and face less 

competition from weeds for nutrients, water and light, green gram 

plants in less weed-competitive environments produced more 

pods and seeds than those grown in more weed-competitive 

environments.    

 The next best treatments, viz. imazethapyr (8.04 q ha-1), 

which was at par with the integration of stale seedbed fb 

pendimethalin (7.84 q ha-1). Compared to two HW treatments, 

pendimethalin applications resulted in a noticeably increased 

grain production (28, 29). Post-emergence application of 

imazethapyr registered maximum yield as compared to other 

sole methods of weed control. However, the sole application of 

pendimethalin, stale seedbed and 20 % leaf extract 

concentration of C. gigantea were comparable in registering 

higher yield      (Table 3). Applying a 30 % concentration of 

Table 3. Effect of weed management on yield attributes, yield and economics of green gram  

Treatments 
Yield attributes Seed yield 

(q/ha) 
Net return 

(Rs ha-1) 
B: C ratio 

No. of  pods plant-1 No. of seeds pod-1 1000 seed wt (g) 
T1: SSB 21.00 5.47 38.05 6.47 13825 1.42 
T2: Pendimethalin 22.33 5.67 37.12 6.76 16210 1.49 
T3: Imazethapyr 26.67 6.23 37.09 8.04 25963 1.80 
T4: T1 fb T2 26.00 5.97 36.11 7.84 21643 1.61 
T5: T1 fb T3 29.00 7.80 38.62 9.92 37240 2.07 
T6: T2 fb T3 29.67 8.07 38.00 10.17 39335 2.14 
T7:  ALE of Calotropis @ 10 % 16.33 4.77 37.30 5.23 5704 1.18 
T8: ALE of Calotropis @ 20 % 20.33 5.17 37.13 6.08 11563 1.35 
T9: 2 HW 30.33 8.67 39.04 10.70 31959 1.70 
T10: Weedy 13.00 3.97 36.16 4.24 1.25 1.00 
SEm(±) 0.95 0.40 0.94 0.27 1934.86 0.06 
CD(P=0.05) 2.82 1.18 NS 0.79 5748.8 0.17 

NB: SSB = Stale seedbed, ALE = Aqueous leaf extract, HW = Hand weeding  
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Calotropis gigantea leaf extract as a pre-emergence spray, 

followed by HW at 40 DAS, proved to be non-toxic to cotton. 

This weed management approach effectively enhanced cotton 

yield under irrigated conditions (30). The aqueous leaf extract 

of Calotropis, on the other hand, has been shown to have 

allelopathic qualities, such as reducing yield and inhibiting 

germination. In summer green gram, the seed yield was 

negatively connected with rising weed biomass and density 

(2). 

Economics 

Among weed management treatments, pendimethalin fb 
imazethapyr fetched the highest net return (₹ 39335 ha-1) and B:C 

ratio (2.14) and remained at par with stale seed bed technique fb 

imazethapyr (₹ 37240 ha-1  and 2.07) (Table 3). Herbicide 

technology has revolutionised weed management by providing a 

cost-effective and efficient alternative to traditional hand-

weeding. From the outset, it has enabled crops to establish a 

strong start, reducing competition from weeds and improving 

overall yield potential. In green gram cultivation, herbicide 

application proved to be more economical than manual weeding 

while ensuring effective weed control. Post-emergence 

application of imazethapyr+imazamox at 50 g ha-1 yielded the 

highest net returns and B:C ratio, closely followed by 

imazethapyr+pendimethalin at 1000 g ha-1 (31). Across various 

weed control strategies, the use of herbicides-whether applied 

individually or in combination-consistently outperforms 

untreated plots in terms of financial gains and cost-effectiveness 

(32). The maximum benefit was achieved by applying an 

integrated weed management approach to reduce the diverse 

weed flora (33). 

Relationship among the weed, crop growth and yield 

The grass and broad-leaved density and biomass were 

negatively correlated with the growth parameters, such as plant 

height, dry matter accumulation (DMA). Similarly, the weed 

growth was also negatively correlated with the yield attributing 

and yield of green gram (Fig. 2). The grassy weed population 

strongly affected the dry matter accumulation (-1.0) and plant 

height (-0.99). Unlike weed growth, there was a positive 

correlation among yield, yield attributing and all the growth 

parameters measured in green gram (Fig. 2). A strong positive 

correlation was observed between stover yield and pods plant-1, 

i.e. 0.99. The relation of the number of pods m-2 and seeds pod-1 

was 0.915 and 0.934 with the seed yield of summer green gram, 

respectively (3). Furthermore, the traits such as plant height, 

DMA and number of branches were positively and significantly 

correlated to yield, highlighting the relevance of these 

characteristics in selecting for productivity (2).  

 

Conclusion  

The application of pendimethalin at 750 g ha-1 or stale seedbed 

followed by the post-emergence application of imazethapyr at 

75 g ha-1 has shown promising effectiveness in managing diverse 

weed flora in green gram cultivation during the summer season. 

Economic analysis of green gram exhibited maximum net return 

and highest B:C ratio under pendimethalin at 750 g ha-1 fb 

imazethapyr at 75 g ha-1, which was statistically at par with the 

application of stale seed bed fb imazethapyr at 75 g ha-1. This 

 

Fig. 2. Relationship among the weed growth, yield, yield attributing and growth parameters in summer green gram.  
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weed management approach not only aids in controlling weed 

populations but also contributes to improved crop productivity. 

Future research ought to prioritize the strategic optimization of 

both herbicidal as well as cultural weed management practices 

and their combinations. Furthermore, there lies significant 

potential in the exploration of integrated weed management 

practices. 
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