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Herbicidal efficacy of imazethapyr for weed management in Chickpea (Cicer arietinum L.) under lateritic soils of West Bengal
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ABSTRACT
A field experiment was conducted during the rabi season of 2020–21 at the Agricultural Farm of the Institute of Agriculture, Visva-Bharati, Sriniketan, West Bengal, to evaluate the herbicidal efficacy of imazethapyr applied as pre- and post-emergence for weed management in chickpea (Cicer arietinum L.) under lateritic soil conditions. The experiment was laid out in a randomized block design with nine treatments replicated three times, comprising imazethapyr at 30, 40, and 50 g ha⁻¹ applied as pre-emergence (PE) and post-emergence (POE), pendimethalin at 750 g ha⁻¹ as PE, a weed-free treatment, and a weedy check. Results indicated that weed density, weed dry weight, and weed control efficiency were significantly influenced by the dose and time of herbicide application. Post-emergence application of imazethapyr proved more effective than pre-emergence application in suppressing both grasses and broad-leaved weeds. Among imazethapyr treatments, application at 50 g ha⁻¹ as post-emergence recorded lower weed density and dry weight, higher weed control efficiency, and improved growth parameters, including plant height, leaf area index, and crop growth rate. These improvements resulted in higher biological yield and seed yield compared to lower doses and pre-emergence applications of imazethapyr. However, pendimethalin at 750 g ha⁻¹ as pre-emergence and the weed-free treatment achieved the highest weed suppression, crop productivity, and economic returns, while the weedy check recorded the lowest yields due to severe weed competition. The study concludes that pendimethalin as pre-emergence remains the most effective chemical weed management option in chickpea, while imazethapyr at 50 g ha⁻¹ applied as post-emergence serves as an efficient and practical alternative when pre-emergence application is not feasible.
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1. INTRODUCTION
Chickpea, also known as Bengal gram or Chana, holds a significant position among rabi pulse crops, covering a substantial portion of pulse-producing areas globally. Its botanical name, Cicer arietinum L., reflects its historical roots, with “Cicer” originating from the Greek word “Kiros,” referencing the prominent Roman family Cicero, and “arietinum” from the Latin “aries,” alluding to the ram's head shape of the kabuli chickpea. Globally, chickpea ranks as the second most crucial pulse crop after common beans (Phaseolus vulgaris). It is cultivated across diverse regions, including the Indian subcontinent, the Mediterranean, Asia, Africa, Europe, and Australia. Major producers include India, Pakistan, Turkey, Australia, Myanmar, and Ethiopia. In India, chickpea is a premier crop, covering a significant land area of 9.12 m ha and contributing substantially to national pulse production of 11.12 Mt (https://upag.gov.in/dash-reports/allindiaapy). Maharashtra leads in chickpea cultivation, followed by Madhya Pradesh and Rajasthan (https://www.icar-iipr.org.in/chickpea-crop/). 
Chickpea (Cicer arietinum L.) cultivation in the lateritic soils of eastern India is frequently constrained by severe weed infestation, which competes aggressively for moisture, nutrients, light, and space during the critical early growth stages of the crop. The problem is further intensified under lateritic conditions due to poor soil fertility, erratic moisture availability, and limited crop canopy development. Conventional weed management practices, such as manual weeding, are often labor-intensive, time-consuming, and economically unviable under present-day labor scarcity (Tutlani et al., 2023). Hence, chemical weed control has emerged as a practical and effective alternative for ensuring timely weed suppression and safeguarding crop productivity. Among post-emergence herbicides, imazethapyr has gained attention for its broad-spectrum activity against grasses and broad-leaved weeds; however, its efficacy is highly influenced by dose and time of application. Evaluating the comparative performance of imazethapyr applied as pre- and post-emergence under lateritic soil conditions is therefore essential to optimize weed control strategies, enhance crop growth and yield, and develop economically viable recommendations for sustainable chickpea production in the region (Tutlani et al., 2024).
Despite advancements in varieties and agronomic practices, chickpea productivity remains low, because chickpea plants are naturally short and grow quite slowly at early stage, their smothering effect is very less on weeds. So, this open space leaves the crop vulnerable, allowing a wide variety of weeds to move in and take over quickly. Hence chickpeas struggle to compete with weeds in their early stages. Their small stature and slow initial growth mean they can't shade out competitors effectively, often leading to heavy infestations of both grasses and broadleaved weeds and weed infestation posing a significant challenge. Studies indicate that weed infestation can lead to yield losses ranging from 18% to 90%, emphasizing the need for effective weed management strategies (Poonia and Pithia, 2013; Prasad, 2014). Effective weed management may help in utilizing the sources like water, nutrients, and sunlight, in better way, which leading to better vegetative growth and yield of chickpeas. The study evaluates how various doses and time of application (pre and post emergence) of imazethapyr control weeds and impact crop growth, yield, and its economics, by aiming this the work was designed.
2. MATERIALS AND METHODS
[bookmark: _Hlk196054815]Experimental Site and Soil Characteristics
A field experiment was conducted during the rabi season of 2020–21 at the Agricultural Farm of the Institute of Agriculture, Visva-Bharati, Sriniketan, Birbhum, West Bengal. The experimental site is located at 23°40′9″ N latitude and 87°39′27″ E longitude, at an altitude of 58.90 m above mean sea level, and falls under the sub-humid, semi-arid lateritic region of West Bengal. The soil of the experimental field was sandy loam in texture with a pH of 6.07 and organic carbon content of 0.49%. The soil was low in available nitrogen (157.8 kg ha⁻¹) and potassium (167.85 kg K₂O ha⁻¹), and medium in available phosphorus (13.67 kg P₂O₅ ha⁻¹).

Crop Details and Agronomic Practices
Chickpea (Cicer arietinum L.) variety ‘Anuradha’ (WBG-39) was used for the study. The crop was sown on 22 November 2020 at a seed rate of 60 kg ha⁻¹, maintaining a spacing of 30 cm × 10 cm. Each experimental plot measured 5.0 m × 3.0 m. All recommended agronomic practices were followed uniformly for the crop, except for weed management treatments. A basal dose of fertilizers was applied at the rate of 30:60:60 kg ha⁻¹ of N:P₂O₅:K₂O.

Experimental Design and Treatments
The experiment was laid out in a randomized complete block design (RCBD) with nine treatments and three replications. The treatments consisted of imazethapyr applied as pre-emergence (PE) at 30, 40, and 50 g ha⁻¹ (T₁–T₃), imazethapyr applied as post-emergence (POE) at 30, 40, and 50 g ha⁻¹ (T₄–T₆), pendimethalin at 750 g ha⁻¹ as PE (T₇), weed-free (T₈), and weedy check (T₉). Pre-emergence herbicides were applied one day after sowing, while post-emergence herbicides were applied at 20 days after sowing using a knapsack sprayer fitted with a flat-fan nozzle. The weed-free treatment involved four manual weedings.

Weed Observation and Data Recording
Weed density and dry weight were recorded separately for grasses and broad-leaved weeds at 90 days after sowing (DAS) and at harvest. Weed samples were collected from a 1 m² area in each plot using a quadrat. Weeds were uprooted, washed with running water, air-dried, and then oven-dried at 65°C for 72 hours until constant weight was obtained. Dry weights were recorded using an electronic precision balance. 
Weed control efficiency (WCE) was calculated by using the dry weight of weeds, following formula and expressed in percentage. 

Where, WCE=Weed control efficiency,
DMC= Dry matter of weeds in control plot,
DMT= Dry matter of weeds in treated plot, 
Leaf Area Index (LAI) measures the leaf surface area per unit of land area (Watson, 1952). Leaf area per plant was measured using a LICOR Model LI 3100 leaf area meter at 90 days after sowing (DAS). The LAI was then calculated using Johnson's (1967) formula:

Crop growth rate during the period of two growth stages i.e., 90 days after sowing (DAS) and at harvest was determined with the following formula as proposed by Watson (1952)

Where, W2 = and W1 were the final and initial dry weights of all plant parts per unit land area at times t2 and t1 respectively.
The Return per rupee invested was calculated by using the formula.
                               
Statistical Analysis
The experimental data were analyzed using Microsoft Excel. Weed density and weed dry weight data were transformed using square-root transformation prior to analysis to normalize variance. Treatment means were compared using the critical difference (CD) test at the 5% level of significance.

3. RESULTS AND DISCUSSION
3.1 Weed flora
The dominant weed species observed in the study area included grasses like Cynodon dactylon, Echinocloa colonum, and Digitaria sanguinalis and Polygonum plebeium, Malvastrum coromandelianum, Euphorbia hirta, Chenopodium album, and Eclipta alba are the broad-leaved weeds. This weed flora was similarly reported by (Niranjan et al., 2020 and Hedayetullah and Kumar, 2023).
Weed density
Effect of weed management practices on weed density of chickpea tabulated in Table 1. At 90 DAS, the highest density of grasses and broadleaf weeds (BLW) was observed in the weedy check plot (T9). This was statistically similar to the plot treated with imazethapyr at 30 g ha-1 pre-emergence (T1). The weed-free plot (T8) had the lowest density of grasses and broadleaf weeds. Among the chemical treatments, the plot treated with pendimethalin at 750 g ha-1 pre-emergence (T7) showed the lowest values, followed by the plot treated with imazethapyr at 50 g ha-1 post-emergence (T6). This treatment had a significantly lower population of grasses and broadleaf weeds compared to other doses and timings of imazethapyr application (T1 to T5). And same trend was followed at the time of harvest also. Similar finding was reported by Singh et al. (2014) and Upasani and Barla (2022).
Weed dry weight
Effect of weed management practices on weed dry weight of chickpea tabulated in Table 1. Highest dry weight of grasses and broadleaf weeds (BLW) were recorded under weedy check (T9) and lowest dry weight of grasses and broadleaf weeds were recorded in weed free plot (T8) at 90 DAS and at harvest, and among chemical treatments, effect of T7 (pendimethalin 750 g ha-1 PE) led to significantly lower dry weight of grasses and broadleaf weeds than other treatments. Imazethapyr 50 g ha-1 POE (T6) recorded lower dry weight of grasses and broadleaf weeds than T1 to T5. Dry weight of grasses was recorded significantly lower under T5 next to T6 than where imazethapyr was used as pre-emergence. In broadleaf weeds the dry weight under T5 was significantly lower next to T6. Rathod et al. (2017) reported the similar result.
Table 1: Effect of weed management practices on weed density and weed dry weight of chickpea
	Treatments
	Weed density at 90DAS     (No. m-2)
	Weed density at harvest     (No. m-2)
	Weed dry weight at 90DAS (g m-2)
	Weed dry weight at harvest (g m-2)

	
	Grass
	BLW
	Grass
	BLW
	Grass
	BLW
	Grass
	BLW

	T1- Imazethapyr 30 g ha-1as PE
	11.45 (132.92)
	12.25 (150.99)
	11.70
(138.51)
	12.21
(152.10)
	8.90 (80.49)
	7.65 (62.34)
	9.28
(86.94)
	6.67
(44.40)

	T2 - Imazethapyr 40 g ha-1 as PE
	11.08 (124.11)
	11.98 (146.34)
	11.46
(134.45)
	11.99
(146.05)
	8.69 (76.37)
	7.49 (57.05)
	8.94
(83.90)
	6.36
(40.07)

	T3 - Imazethapyr 50 g ha-1 as PE
	10.97 (122.63)
	11.62 (138.07)
	11.24
(131.54)
	11.36
(132.83)
	8.34 (70.26)
	7.32 (53.82)
	8.77
(77.46)
	6.34
(39.73)

	T4 - Imazethapyr 30 g ha-1 as POE
	10.63 (116.44)
	11.57 (137.13)
	10.96
(121.35)
	11.13
(124.82)
	8.17 (67.57)
	7.28 (53.56)
	8.54
(74.05)
	6.24
(38.40)

	T5 - Imazethapyr 40 g ha-1 as POE
	9.17 (85.37)
	9.91 (98.31)
	10.63
(115.75)
	10.25
(105.12)
	7.27 (56.05)
	6.07 (37.99)
	8.36
(71.37)
	6.15
(37.87)

	T6 - Imazethapyr 50 g ha-1 as POE
	7.74 (60.08)
	8.15 (67.40)
	9.75
(94.67)
	9.34
(88.07)
	6.38 (41.15)
	5.25 (28.86)
	7.81
(60.94)
	5.72
(32.27)

	T7 - Pendimethalin 750 g ha-1 as PE
	5.76 (36.58)
	3.94 (15.53)
	7.94
(62.67)
	4.60
(21.19)
	5.67 (32.64)
	3.48 (12.30)
	7.33
(54.23)
	4.51
(19.93)

	T8 - Weed free
	0.71 (0.00)
	0.71 (0.00)
	0.71
(0.00)
	0.71
(0.00)
	0.71 (0.00)
	0.71 (0.00)
	0.71
(0.00)
	0.71
(0.00)

	T9 - Weedy check
	12.18 (153.81)
	12.45 (158.52)
	11.84
(140.00)
	12.56
(157.33)
	10.70 (105.66)
	7.91 (64.22)
	9.67
(94.84)
	6.95
(47.80)

	    SEm (±)
	0.17
	0.19
	0.14
	0.13
	0.13
	0.16
	0.14
	0.11

	                CD (5%)
	0.48
	0.55
	0.42
	0.38
	0.37
	0.48
	0.41
	0.31



The figures in the parenthesis are original values. The data were transformed to√𝑋+0.5



Weed control efficiency
Effect of weed management practices on weed control efficiency of chickpea tabulated in Table 2. Weed control efficiency was assessed by measuring the dry weight of total weeds at 90 DAS and at the time of harvest. Among all the treatments, T7 (Pendimethalin 750 g ha-1 PE) achieved the highest weed control efficiency, which was next to the weed-free plot (T8). The post-emergence application of imazethapyr demonstrated higher weed control efficiency compared to its pre-emergence application. Specifically, T6 (Imazethapyr 50 g ha-1 POE) was closely followed by T5 in terms of efficiency, has also been supported by Bhutada and Bhale (2013) and Gairola et al. (2024).
Table 2: Effect of weed management practices on weed control efficiency of chickpea
	Treatments
	Weed control efficiency
(%)

	
	At 90DAS
	At harvest

	T1- Imazethapyr30 gha-1as PE
	47.00
	64.13

	T2- Imazethapyr40 gha-1 as PE
	58.40
	66.73

	T3- Imazethapyr50 gha-1 as PE
	60.67
	71.07

	T4- Imazethapyr 30 gha-1 as POE
	65.70
	72.37

	T5- Imazethapyr 40 gha-1 as POE
	68.47
	75.13

	T6-Imazethapyr 50 gha-1 as POE
	71.53
	83.47

	T7- Pendimethalin 750 gha-1 as PE
	90.47
	88.53

	T8-Weed free
	108.53
	92.80

	T9-Weedy check
	44.30
	62.00

	SEm (±)
	4.05
	2.21

	CD (5%)
	12.13
	6.63



3.2 Growth parameters
Plant height 
Growth parameters like plant height were significantly varied by the effects of treatments and resulted highest in the weed-free treatment (T8) among all treatments, whereas imazethapyr 50 g ha-1 POE (T6) had significantly greater plant height compared to other imazethapyr treatments (30, 40, 50 g ha-1 as PE, and 30, 40 g ha-1 POE; T1, T2, T3, T4, and T5) (Table 3 and Fig. 1). Treatments T4 to T8 had significantly taller plants than the weedy check. Similar result was obtained by Kaushik et al. (2014). 
Number of branches 
Number of branches had the similar pattern and observed that highest number of branches per plant was recorded under weed free plot and weedy check recorded significantly lower number of branches per plant than T1 to T8 (Table 3). Among chemical treatments pendimethalin 750 g ha-1 PE (T7), recorded significantly higher number of branches which was at par with T6 (imazethapyr 50 g ha-1 POE) and likewise at harvest also. Yadav et al. (2019) has got the parallel result. 
Leaf area index (LAI) 
Significantly lower leaf area index (LAI) recorded at 90 DAS, in T9 (weedy check) than all treatments (T1 to T8) and weeds free (T8) recorded the highest lower leaf area index (LAI) which was close to T7 (Pendimethalin 750 g ha-1 PE) that recorded significantly higher LAI than T1 to T6 (Table 3).  T6 valued higher LAI which was statistically at par with T5, T4 and T3. 
Crop growth rate (CGR)
Crop growth rate was significantly varied by effects of treatments and during 90 DAS to harvest weed free (T8) exhibited highest crop growth rate, while the weedy check plot (T9) had the lowest crop growth rate (0.78 g m-2 day-1), significantly lower than all other treatments (T1 to T8) (Table 3). Amongst herbicidal treatment pendimethalin treated plot recoded statistically higher crop growth rate than all other chemical treated plot (T1 to T6). Imazethapyr 50 g ha-1 POE (T6) recorded significantly higher cop growth rate among all the imazethapyr treatment (T1 to T5). Kakade et al. (2020) opined the similar findings.
Table 3: Effect of different weed management practices on growth parameters of chickpea at 90 DAS and at harvest
	Treatments
	Plant height (cm)
	No. of branches plant-1
	LAI at 90 DAS
	CGR (g m-2)
90 DAS - harvest

	
	At 90DAS
	At harvest
	At 90DAS
	At harvest
	
	

	T1- Imazethapyr30 gha-1as PE
	26.30
	27.57
	47.00
	64.13
	0.66
	2.35

	T2- Imazethapyr40 gha-1 as PE
	26.47
	28.53
	58.40
	66.73
	0.70
	2.57

	T3- Imazethapyr50 gha-1 as PE
	29.97
	31.00
	60.67
	71.07
	0.74
	2.90

	T4- Imazethapyr 30 gha-1 as POE
	30.37
	31.70
	65.70
	72.37
	0.77
	3.53

	T5- Imazethapyr 40 gha-1 as POE
	31.00
	32.13
	68.47
	75.13
	0.83
	3.73

	T6-Imazethapyr 50 gha-1 as POE
	32.53
	33.17
	71.53
	83.47
	0.89
	4.17

	T7- Pendimethalin 750 gha-1 as PE
	34.67
	35.97
	90.47
	88.53
	1.07
	4.93

	T8-Weed free
	35.70
	38.07
	108.53
	92.80
	1.26
	5.43

	T9-Weedy check
	25.23
	26.50
	44.30
	62.00
	0.60
	0.79

	SEm (±)
	1.32
	1.41
	4.05
	2.21
	0.06
	0.23

	CD (5%)
	3.97
	4.24
	12.13
	6.63
	0.18
	0.69



[image: ]
Fig. 1: Effect of different weed management practices on plant height of chickpea

3.3 Yield
Biological and seed yield
Effect of different weed management practices on yield of chickpea tabulated in Table 4. Above ground biomass (Biological yield) has been affected by different treatments the results showed that the weed-free treatment (T8) had the highest record of it (Fig. 2) and also chickpea seed yield (Fig. 3), which is significantly higher than T1 to T7. The lowest yield was from the weedy check (T9), and significantly less than T4 to T8. Treatments T1, T2, and T3 had similar, significantly lower yields compared to T4, to T7, and T8. Among imazethapyr treatments, T6 (50 g ha-1 POE) had the highest yield inclusive with T5.
Table 4: Effect of different weed management practices on yield of chickpea
	Treatments
	Biological yield
(kg ha-1)
	Seed yield
(kg ha-1)

	
	
	

	T1- Imazethapyr30 gha-1as PE
	1282.03
	417

	T2- Imazethapyr40 gha-1 as PE
	1347.13
	443

	T3- Imazethapyr50 gha-1 as PE
	1468.30
	485

	T4- Imazethapyr 30 gha-1 as POE
	1729.87
	575

	T5- Imazethapyr 40 gha-1 as POE
	2053.76
	686

	T6-Imazethapyr 50 gha-1 as POE
	2467.00
	867

	T7- Pendimethalin 750 gha-1 as PE
	3247.00
	1234

	T8-Weed free
	3828.57
	1486

	T9-Weedy check
	943.37
	304

	SEm (±)
	141.15
	65

	CD (5%)
	410.32
	189
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Fig. 2: Effect of different weed management practices on biological yield of chickpea
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Fig. 3: Effect of different weed management practices on seed yield of chickpea

3.4 Economics
Gross return
Effect of different weed management practices on economic parameters of chickpea tabulated in Table 5. In the terms of economics, gross return was highest under weed free plot (T8) among all the treatments which was 120.37 percent higher than T7 (pendimethalin 750 g ha-1 PE), which is highest among all the herbicidal treatment. T6 (imazethapyr 50 g ha-1 POE) was higher in all the imazethapyr treatment i.e., (T1 to T5). The lowest gross return showed in weedy check plot (T9).
Return per rupee investment
Effect of different weed management practices on economic parameters of chickpea tabulated in Table 5. The return per rupee invested was highest in case of T7-pendimethalin 750 g ha-1 PE (3.41), among all the applied treatments for weed management and it was closely followed by T8-weed free (2.48) and T6-imazethapyr 50 g ha-1 as POE (2.44) which greater among all the imazethapyr dose and time of application (T1 to T5).
Table 5: Effect of different weed management practices on economic parameters of chickpea
	Treatments
	Gross return*
(INR ha-1)
	Return per rupee investment*

	
	
	

	T1- Imazethapyr30 gha-1as PE
	33795.17
	0.16

	T2- Imazethapyr40 gha-1 as PE
	35902.67
	0.23

	T3- Imazethapyr50 gha-1 as PE
	39289.00
	0.34

	T4- Imazethapyr 30 gha-1 as POE
	46566.83
	0.60

	T5- Imazethapyr 40 gha-1 as POE
	55598.33
	0.90

	T6-Imazethapyr 50 gha-1 as POE
	70133.50
	1.39

	T7- Pendimethalin 750 gha-1 as PE
	99700.00
	2.34

	T8-Weed free
	120016.83
	1.45

	T9-Weedy check
	24615.83
	0.13










4. CONCLUSION
The present study clearly demonstrated that effective weed management is crucial for improving growth, yield, and economic returns of chickpea cultivated under lateritic soil conditions of West Bengal. Among the evaluated treatments, pendimethalin applied as pre-emergence at 750 g ha⁻¹ proved to be the most effective herbicidal option, providing superior control of complex weed flora, higher weed control efficiency, and maximum biological and seed yields. The weed-free treatment also recorded the highest productivity; however, it may not be economically or practically feasible under field conditions. Post-emergence application of imazethapyr was consistently more effective than pre-emergence application, particularly at 50 g ha⁻¹, which resulted in improved weed suppression, enhanced growth parameters, and higher yields compared to other imazethapyr doses and timings. Although imazethapyr at 50 g ha⁻¹ as post-emergence was slightly inferior to pendimethalin, it emerged as a reliable alternative when pre-emergence herbicide application is delayed or missed. From a future perspective, integrated weed management strategies combining judicious herbicide use with cultural and mechanical practices should be emphasized to enhance sustainability and reduce reliance on a single herbicide. Long-term studies are needed to assess the residual effects of imazethapyr on soil health, weed flora dynamics, and subsequent crops. Additionally, evaluation of herbicide rotation and combination strategies may help mitigate the risk of herbicide resistance and ensure sustainable chickpea production in lateritic regions.
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