




Effect of herbicide and herbicides applicator on growth and root parameters of Chickpea (Cicer arietinum L.)


Abstract
Chickpea is a major pulse crop in India, but its productivity is hampered by severe weed infestation during the early growth stages. Manual weeding, though traditional, is labor-intensive, uneconomical, and often delayed, highlighting the need for effective chemical and mechanical solutions. A field experiment was conducted during the rabi season of 2024–25 at the Agronomy Farm, R.S.M. (P.G.) College, Dhampur (Bijnor), to assess the impact of herbicide and herbicides applicator on chickpea growth and root parameters. The trial followed a randomized block design with seven treatments and three replications, integrating pre- and post-emergence herbicides with and without mechanical applicator. Results showed significant differences in weed control efficiency, growth attributes, and yield. The weed-free treatment (T6) recorded the superior growth parameters. Among herbicidal options, pre-emergence application of pendimethalin @1 kg a.i. ha-1 fb imazethapyr @ 60 g a.i. ha⁻¹ applied with an inter-row applicator achieved maximum plant height, number of branches, root dry and fresh weight. Overall, integrating herbicide application with a mechanical applicator proved cost-effective, and sustainable for chickpea weed management.
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Introduction
Pulses play a vital role in the global food and nutritional security due to their higher protein content and adaptability to diverse agro-climatic conditions. Pulse crops, often simply referred to as ‘pulses’ are the edible seeds of plants in the legume family. The term ‘pulse’ is reserved for crops harvested solely as dry grains, which differentiates them from other vegetable crops that are harvested while still green (Kumar, 2025).They are often referred to as the “poor man’s meat” owing to their affordability and nutrient richness (Merga and Haji., 2019). Among pulses, chickpea (Cicer arietinum L.) is one of the most important rabi season legume after pigeon pea, valued both as a staple food and as a rotational crop for maintaining soil fertility (Srinivas and Singh, 2022; Varshney et al., 2013). Chickpea belongs to the genus Cicer, tribe Cicereae, family Fabaceae, and sub-family Papilionaceae (Varshney et al., 2013). It is one of the earliest domesticated legumes and currently ranks second among pulse crops worldwide after dry beans (Lucas and Fuller., 2014).
Chickpea is an annual, herbaceous crop with compound number of twice pinnately compound leaves, white or pink flowers, and pods containing one to three seeds. Chickpea, like other legumes, establish root nodules via specific rhizobia strains; these nodulated roots contribute significantly to soil nitrogen through biological nitrogen fixation, aided by robust root architecture (Mahto et al., 2025). In South Asia, chickpea are consumed as fresh green seeds, dried whole grains, dhal, and flour; traditional preparations involve roasting, frying, boiling, and puffing (Nepali et al., 2022). Fresh green seeds are eaten as a vegetable, while leaves are also consumed for their mineral content. Nutritionally, chickpea seeds are rich in protein (15–22%), carbohydrates (40–60%), and fats (3–10%). They contain about 47% starch, 6% soluble sugars, 6% crude fiber, 3% ash, and are also a good source of phosphorus, calcium, magnesium, iron, and zinc (Salaria et al., 2023; Madurapperumage et al., 2021; Bueckert et al., 2011) 
Chickpea is a good source of important vitamins such as riboflavin, niacin, thiamin, folate and the vitamin A precursor β-carotene Chickpea has significant amounts of all the essential amino acids except sulphur-containing amino acids, which can be complemented by adding cereals to the daily diet. Starch is the major storage carbohydrate followed by dietary fibre, oligosaccharides and simple sugars such as glucose and sucrose. Although lipids are present in low amounts, chickpea is rich in nutritionally important unsaturated fatty acids such as linoleic and oleic acids. β-Sitosterol, campesterol and stigmasterol are important sterols present in chickpea oil. Chickpea has several potential health benefits, and, in combination with other pulses and cereals, it could have beneficial effects on some of the important human diseases such as CVD (Cardiovascular disease), type 2 diabetes, digestive diseases and some cancers (Jukanti et al., 2012).
Globally, chickpea is cultivated on around 14.09 14.09 million hectares with an annual production of nearly 16.51 16.51 million tonnes. The average productivity is about 1171.73 kilogram 1171.73 kilogram per hectare, though this varies widely across regions (FAOSTAT., 2023) India, Australia, Turkey, Myanmar, and Pakistan are the major producers, while the Middle East, North Africa, and Europe are major importers. India alone contributes nearly 74.25% of global chickpea production, cultivating about 10.47 million hectares and producing around 12.26 million tonnes (FAOSTAT., 2023) Within India, Madhya Pradesh ranks first in both area and production of chickpea, followed by Maharashtra, Rajasthan, and Uttar Pradesh. Chickpea alone contributes nearly 49% of the total pulse production in the country (ICAR-IIPR, 2022). According to the Directorate of Economics and Statistics (DES., 2023) during the 2022–23 Rabi season, chickpea occupied an area of about  6.79 lakh hectares in U.P with a total production of 9.17 lakh tonnes and an average productivity of 1.55 t/ha. At the district level, Bijnor reported a comparatively smaller area of 4 hectares, producing 5 tonnes with a yield of 1.25 t/ha, highlighting its localized contribution to the overall chickpea scenario in the state. These figures demonstrate both the large-scale importance of chickpea at the state level and the micro-level variability observed across districts. Though not the largest contributor compared to M.P or M.H, the state still accounts for about 6% of the national area and 5% of production. Districts such as Bijnor, with fertile alluvial soils and favorable winter conditions, play an important role in sustaining chickpea cultivation in the rabi cropping system.
Despite its significance, chickpea productivity in India remains lower due to several biotic and abiotic stresses such as insect pests, diseases, drought, poor soil fertility, labor shortages, and particularly, weed infestation (Sethi et al., 2021 ; Kashyap et al., 2022). Weeds are among the most serious constraints, causing yield losses up to 75% depending on species and intensity (Chaudhary., 2005). Common weeds infesting chickpea include Avena ludoviciana, Chenopodium album, Phalaris minor, Melilotus spp., Cyperus rotundus and Vicia spp. (Gupta et al., 2014  Singh et al., 2016)). Early and heavy flushes of weeds not only compete for resources but also reduce nodulation and nitrogen fixation. Manual weeding is labor-intensive and costly, while delayed operations make control ineffective, increasing reliance on herbicides (Kumar and Pannu, 2011). The use of pre- and post-emergence herbicides has emerged as an efficient method of weed management in chickpea. Pre-emergence herbicides like pendimethalin suppress initial flushes of weeds but provide control only for 20–25 days ( Kumar et al.,2019). Post-emergence herbicides such as imazethapyr are effective against both grassy and broadleaf weeds but have limitations such as phytotoxicity risk, narrow application window, and higher costs (Mohammed et al., 2020 Nath et al., 2024) Ready-mix formulations of pendimethalin + imazethapyr have shown yields comparable to weed-free plots, indicating high efficiency and labor-saving potential ( Gairola et al., 2024, Nagar et al., 2025). However, issues such as herbicide resistance, environmental persistence, and limited registration for pulses restrict their widespread adoption.
Previous studies (Nepali et al., 2022; Singh et al., 2020; Nagar et al., 2025) emphasize that integrating herbicides with cultural and mechanical methods improves weed control efficiency, yield, and profitability. The adoption of precision applicators is also critical to reduce drift, avoid direct crop injury, and ensure uniform application (Sonu., 2024). Another challenge is the narrow window for applying post-emergence herbicides in chickpea fields. Chickpea have a short growing season, and the timing of herbicide application must be precise to avoid damaging the crop while effectively controlling the weeds. Delayed application can result in weeds becoming too established, making control efforts less effective (Mohammed et al., 2020). Furthermore, chickpea fields often host a diverse range of weeds, including both grassy and broad-leaved species. This diversity complicates the selection of post-emergence herbicides, as a single herbicide may not be effective against all weed types present (Khose et al., 2021). In view of these challenges, the present study was undertaken to with the aim to test the effect of herbicide and post-emergence herbicide applicator device on growth and root parameters of chickpea.
2. METHODS AND MATERIALS  
The experiment was conducted with chickpea variety Phule Vikram certified seeds were used for sowing. The herbicides tested included pendimethalin (pre-emergence), imazethapyr (post-emergence). For comparison, manual weeding and weed-free treatments were also included. Post-emergence herbicide was applied through a post-emergence herbicide applicator, designed to minimize crop contact and drift losses, and its performance was compared with a conventional knapsack sprayer.
The experiment was laid out at Agronomic Research Farm, R.S.M. (P.G.) College Dhampur (Bijnor) during December 2024 to April 2025. The experimental soil was predominantly silty loam in texture, slightly alkaline in reaction (7.26 pH) and relatively low in organic carbon (0.36%). The area of experimental field reaches up to 1 kilometre east of Dhampur town, situated along the Dhampur – Moradabad road. The farm stands at an elevation of 286 meters above mean sea level (MSL) and is situated at coordinates 29.021°N latitude and 78.508°E longitude. Thought out the experimental period the warmest month is April, with an average temperature of 38.4 °C, while the coldest month is December, with an average temperature of 2.6°C. The month of February saw the highest average relative humidity at 92%.
Experimental Design and Treatments
[bookmark: _GoBack]The experiment was laid out in a randomized complete block design (RBD) with three replications and seven treatments consisted of three replication with the seven treatment i.e. T₁: pre-emergence (PE) application of pendimethalin @ 1 kg a.i. ha⁻¹, T₂: T₁ followed by (fb) post-emergence (PoE) application of imazethapyr @ 60 g a.i. ha⁻¹, T₃: T₁ fb PoE imazethapyr @ 60 g a.i. ha⁻¹ using a spray hood, T₄: T₁ fb PoE imazethapyr @ 60 g a.i. ha⁻¹ using an inter-row herbicide applicator (IRHA) developed at R.S.M. (P.G.) College, Dhampur, T₅: hand weeding at 15 and 30 DAS, T₆: weed-free, and T₇: weedy check (control).
The treatments were as follows:
List 1. Details of treatments with their symbols
	S. No.
	Treatment
	Symbol

	1.
	PE application of Pendimethalin @ 1 kg a.i. ha⁻¹
	T1

	2.
	[bookmark: _Hlk207107292]T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹
	T2

	3.
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood
	T3

	4.
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using inter row herbicide applicator (IRHA) developed at R.S.M (P.G.) College, Dhampur
	T4

	5.
	Hand weeding @ 15 and 30 DAS
	T5

	6.
	Weed free
	T6

	7.
	Weedy check (control)
	T7

	Note: 1) PE = Pre – emergence; 2) a.i. = Active ingredient 3) PoE = Post emergence; 4) fb = Followed by; 5) DAS = Days after sowing, 6) IRHA = Inter row herbicide applicator.



Crop Management
The field was prepared by ploughing twice with a tractor-drawn mould board plough followed by harrowing and leveling. The crop was sowing on 5 December by line sowing at a spacing of 30 × 10cm, using a seed rate of 70 kg/ha. Seeds were treated with culture and a fungicide (e.g., carbendazim @ 2g/kg seed) prior to sowing. A basal dose of 20 kg N, 60 kg P₂O₅, and 20 kg K₂O per hectare was applied at sowing. Irrigations were provided at critical growth stages depending on soil moisture status. Plant protection measures against pests and diseases were undertaken as and when required, using recommended practice.
Observations Recorded
Data were collected at 75 and 100 days after sowing (DAS) from each experimental plot following a uniform, randomized sampling procedure. For plant height, five healthy plants were selected at random within the central area of each plot to avoid border effects; height was measured from ground level to the apical tip using a graduated ruler and recorded in centimetres (cm), and the mean of the five measurements was calculated for that plot. The number of branches per plant was determined on the same five selected plants by counting all primary and secondary branches borne on each plant; the average branches per plant was then worked out for each plot. Root fresh weight was obtained by destructive sampling: three representative plants (of average vigour) were carefully uprooted from the central portion of the plot, roots were separated from shoots, gently washed free of adhering soil, blotted with absorbent paper to remove surface moisture and immediately weighed on a calibrated electronic balance (readability ±0.01 g); the fresh weight was expressed as g plant⁻¹ and the mean of three plants recorded. For root dry weight, the excised roots from the same destructive samples were first air-dried briefly, then oven-dried at 68°C ± 2°C until constant weight was achieved; dry mass was measured on the electronic balance and expressed as g plant⁻¹ (mean of three plants per plot).
 Statistical Analysis
The recorded data were statistically analyzed using the Analysis of Variance (ANOVA) technique appropriate for the experimental design. Treatment means were compared 5% level of significance (CD at 5%). Data on weed counts were subjected to square root transformation √(x+0.5) before analysis. Statistical software STAR was used for computation.

3.Result and Discussion 
Effect of growth parameters
3.1 Plant Height (cm)
At 75 DAS, the maximum plant height (34.10 cm) Fig.1. was observed under weed-free condition (T6), which remained at par with T1, T2, T3, T4, and T5, but was significantly superior over the weedy check (T7, 24.40 cm). Among herbicidal treatments, T4 recorded the highest plant height, significantly better than T7 but statistically similar to T1, T2, T3, and T5. At 100 DAS, the tallest plants (45.31 cm) were recorded in T6, followed by T4 (44.83 cm), both significantly superior to the weedy check (36.30 cm). Weed-free conditions allowed unrestricted access to nutrients, light, and moisture, leading to maximum vegetative growth. T4 also performed better due to the combined effect of pendimethalin for early weed suppression and precise post-emergence application of imazethapyr using an inter-row herbicide applicator, which minimized crop injury. Similar results were reported Gairola et al.( 2024),confirming that integration of pendimethalin with imazethapyr enhanced plant height by reducing weed competition.
3.2 Number of Branches Plant⁻¹
At 75 DAS, the maximum number of branches (11.10 plant⁻¹) was recorded in T6, which was at par with all treatments except T7 (8.56), where branching was significantly lower. At 100 DAS, T6 again produced the highest number of branches (16.32 plant⁻¹), statistically similar to T4 (15.93), T5 (15.82), and T3 (15.70), but significantly superior to T1 and T2. The lowest branch number was observed in T7 (12.57). Branching in T6 was favored by the absence of weeds, allowing unhindered resource utilization. Among herbicidal treatments, T4 was the most effective, as safe placement of imazethapyr minimized phytotoxicity and promoted branching, corroborating the findings of Thakur et al.(2024), who reported increased branching under timely application of imazethapyr. In contrast, T2 and T3 showed slightly reduced branching due to herbicide injury, while T7 recorded the lowest due to severe crop–weed competition.

3.3 Root Fresh Weight (g plant⁻¹)
At 75 DAS, the maximum root fresh weight Table. 2. (2.14 g) was recorded in T6, which was at par with T4 and T5 but significantly superior over the rest (Fig.2). Among herbicidal treatments, T4 showed higher root fresh weight, statistically better than T7 but similar to other treatments. At 100 DAS, the highest root fresh weight (4.48 g) was again found in T6, followed by T4, which was significantly superior over T2, T3, T5, and T7. Weed-free conditions promoted better root development by eliminating below-ground competition for moisture and nutrients. T4 also supported greater root biomass due to effective weed suppression and precise herbicide placement. These results align with Rana et al.( 2013), who observed improved root biomass with imazethapyr application in legumes. In contrast, T7 exhibited the lowest values, as persistent weeds competed for underground resources, restricting root growth.
3.4 Root Dry Weight (g plant⁻¹)
At 75 DAS, T6 produced the highest root dry weight Figure .2. (1.26 g), statistically comparable with T4 but superior to other treatments. At 100 DAS, maximum root dry weight (1.76 g) was again recorded in T6, significantly higher than T1, T2, and T7, but statistically similar to T3, T4, and T5. The higher dry weight in T6 was attributed to the absence of weeds, Table .2. which allowed optimum root biomass accumulation. Among herbicidal treatments, T4 again performed better due to the safe and effective placement of imazethapyr, supporting maximum resource absorption. Similar findings were reported by Thakur et al. (2024), who highlighted that timely and safe imazethapyr application enhanced root biomass in chickpea. On the contrary, T7 consistently showed the lowest root dry weight due to continuous weed interference, which restricted photosynthesis and assimilate partitioning to roots. Fig.2.
Table 1. Effect of herbicide and herbicide applicator devices on growth parameters
	Treatment
	Plant height (cm)
	Number of branches plant-1

	
	75 DAS
	100 DAS
	75 DAS
	100 DAS

	T1
	PE application of Pendimethalin @ 1 kg a.i. ha⁻¹
	28.95b
	42.30a
	10.25a
	14.03bc

	T2
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹
	30.12b
	43.40a
	10.30a
	15.53ab

	T3
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood
	31.53a
	44.67a
	10.51a
	15.70ab

	T4
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using inter row herbicide applicator (IRHA) developed at R.S.M (P.G.) College, Dhampur
	33.00a
	45.00a
	11.08a
	15.93ab

	T5
	Hand weeding @ 15 and 30 DAS
	32.15a
	44.90a
	10.85a
	15.82ab

	T6
	Weed free
	34.10a
	45.31a
	11.10a
	16.32a

	T7
	Weedy check (control)
	24.40b
	36.30b
	8.56b
	12.57c

	SEm±
	0.65
	1.86
	1.79
	0.49

	CD (0.05)
	2.0
	5.73
	5.53
	1.50




Fig. 1. Effect of herbicide and herbicide applicator devices on growth parameters (plant height and number of branches)
.

Fig. 2. Effect of herbicide and herbicide applicator devices on growth parameters (root fresh weight and root dry weight)
Table 2. Effect of herbicide and herbicide applicator devices on growth parameters
	Treatment
	Root fresh weight (g plant‑1)
	Root dry weight (g)

	
	75 DAS
	100 DAS
	75 DAS
	100 DAS

	T1
	PE application of Pendimethalin @ 1 kg a.i. ha⁻¹
	1.62bc
	3.23c
	0.81c
	1.39bc

	T2
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹
	1.65bc
	3.59bc
	0.82c
	1.43bc

	T3
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood
	1.74b
	3.75bc
	0.94bc
	1.50ab

	T4
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using inter row herbicide applicator (IRHA) developed at R.S.M (P.G.) College, Dhampur
	1.90ab
	3.90ab
	1.15ab
	1.60ab

	T5
	Hand weeding @ 15 and 30 DAS
	1.80ab
	3.80bc
	0.96bc
	1.58ab

	T6
	Weed free
	2.14a
	4.48a
	1.26a
	1.76a

	T7
	Weedy check (control)
	1.30c
	3.20c
	0.78c
	1.17c

	SEm±
	0.65
	0.12
	0.08
	0.11

	CD (0.05)
	2.0
	0.38
	0.24
	0.33



4. Conclusion 
The present investigation revealed that effective weed management plays a pivotal role in enhancing the growth and vigor of chickpea. Among the tested treatments, the pre-emergence application of pendimethalin followed by post-emergence application of imazethapyr using an inter-row herbicide applicator (T₄) proved most effective after the weed-free condition, ensuring better plant height, higher number of branches, and improved root biomass at successive growth stages. 
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Growth parameters

Plant height (cm)	75 DAS	T1	T2	T3	T4	T5	T6	T7	28.95	30.12	31.53	33	32.15	34.1	24.4	Plant height (cm)	100 DAS	T1	T2	T3	T4	T5	T6	T7	42.3	43.4	44.67	45	44.9	45.31	36.299999999999997	Number of branches plant-1	75 DAS	T1	T2	T3	T4	T5	T6	T7	10.25	10.3	10.51	11.08	10.85	11.1	8.56	Number of branches plant-1	100 DAS	T1	T2	T3	T4	T5	T6	T7	14.03	15.53	15.7	15.93	15.82	16.32	12.57	
Plant height (cm) / Number of branches plant⁻¹ 




Growth parameter

Root fresh weight (g)	75 DAS	T1	T2	T3	T4	T5	T6	T7	1.62	1.65	1.74	1.9	1.8	2.14	1.3	Root fresh weight (g)	100 DAS	T1	T2	T3	T4	T5	T6	T7	3.23	3.59	3.75	3.9	3.8	4.4800000000000004	3.2	Root dry weight (g)	75 DAS	T1	T2	T3	T4	T5	T6	T7	0.81	0.82	0.94	1.1499999999999999	0.96	1.26	0.78	Root dry weight (g)	100 DAS	T1	T2	T3	T4	T5	T6	T7	1.39	1.43	1.5	1.6	1.58	1.76	1.17	
Root fresh weight (g plant⁻¹) /
 Root dry weight (g plant⁻¹) 
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