


Effect of Herbicide and Post Emergence Herbicide Applicator on Growth Characteristics of Garden Pea (Pisum sativum L. var. hortense)

[bookmark: _GoBack]ABSTRACT
Background: The study was conducted during the rabi season of 2024–25 at the Agronomic Research Farm, R.S.M. (P.G.) College, Dhampur, Bijnor, Uttar Pradesh, India, to evaluate the effect of herbicides and herbicide applicators on the growth and yield of garden pea, and to identify the most effective weed management strategy.
Method: The experiment was laid out in a randomized complete block design (RBD) with three replications and seven treatments, viz., 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). Observations were recorded on weed parameters (weed population density, weed control efficiency (WCE), weed index, and weed dry weight) and crop growth parameters.
Results: Statistical analysis revealed significant differences among treatments. For weed parameters, T₆ (weed-free) proved the most effective with the lowest weed density, weed dry weight, and weed index, and the highest WCE, followed by T₂. In terms of crop growth and yield attributes (plant height, number of leaves, leaf area, and yield), T₆ again performed the best, and it was closely followed by T₄. The poorest results for both weed and crop parameters were recorded under T₇ (weedy check).
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1. INTRODUCTION
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). Pulses is the second most important legume crop of the world (Pawar et al., 2016). Pulses are rich source of protein and play a significant role in correcting the prevalent malnutrition (Singh et al., 2015). Pea crop has a great potential both for seeds as pulse (field pea) and pods as vegetable (garden pea). Pea cultivation is wide spread in areas having a mild and cool climate, because relatively high or low temperatures are the most important factors limiting pea cultivation. The genus Pisum was considered to be consisted of five species: P. fulvum, P. abyssinicum, P. sativum L., P. humile and P. elatiusmostly found in Mediterranean area and West Asia, out of which only P. sativum is cultivate. P. sativum having a chromosome number 2n=14, plant is short lived, herbaceous annual which climbs by leaflets tendrils. It is also called table pea. 
Each 100 g edible portion of the green pea contains moisture (78 g), protein (6.3 g), carbohydrates (14.4 g), energy (84 Kcal), calcium (26 mg), phosphorus (116 mg), iron (1.9 mg) and vitamin A (640 IU) (Thamburaj and Singh, 2013); (Peter and Pranab, 2012). Garden pea is also consumed as processed products like canned, dehydrated and frozen for consumption in off season. This crop is helpful for enhancing soil fertility and soil conservation because it is a legume that fixes nitrogen. Therefore, apart from meeting its own requirement of nitrogen, peas are well – known to leave behind residual nitrogen of about 50 – 60 kg ha-1 in the soil (Negi et al., 2006).
Globally, garden pea ranks third among pulse crops after dry bean and chickpea with area 2.66 million ha, production 21.48 million tonnes with productivity 8074.5 kg ha-1 (FAOSTAT, 2023). Within India, it stands as the third most grown rabi (winter) pulse after chickpea and lentil. India is the second-largest producer of garden pea globally, after China, cultivating it over 0.56 million hectares and production around 5.84 million tonnes, with an average productivity of 10.30 t ha-1  (DA and FW, 2021). Vegetable, garden, or green pea is primarily grown during the rabi season across several states: Karnataka, Madhya Pradesh, Rajasthan, West Bengal, Punjab, Assam, Haryana, Uttar Pradesh, Uttarakhand, Himachal Pradesh, Bihar, and Odisha. Among these, Uttar Pradesh holds the top position, contributing 0.23 million hectares in area and 2.66 million tonnes in production. Meanwhile, states like Jharkhand (21.76 kg ha-1) and Karnataka (17.34 kg ha-1) continue to register comparatively higher productivity levels (DA and FW, 2021).
Besides competing for moisture, nutrients, space and light that reduce crop yield, weeds can contaminate pea and potato crop by harbouring insects and fungi, and making harvest difficult (Bithell, 2004, Rai et al., 2021 and Chandel et al., 2022). Weeds are well – adapted in crop fields due to various morphological (seed mimicry, phenotypic/vegetative mimicry) and phenological characteristics (discontinuous germination, quick growth, very short parental dependence to seedling independence, high seed production, large seed bank, chronological mimicry etc.). Due to the short life cycle, shallow root system, and sparse canopy, pea is considered a highly sensitive crop to the competition of weeds. The interference was severer in delayed sowing than early sowing conditions, which resulted in 30 – 35% reduction in pea yield (Johnson and Holm, 2010). Fernandez et al. (2012) observed that weed control increased pea yield by 63%, whereas Harker et al. (2001) reported pea yield losses due to weeds, ranging from 40 to 70%. According to Bhyan et al. (2004), the critical period for crop – weed competition in pea ranged from 40 to 60 DAS. 
At early stages of crop is more susceptible to weed competition, hence to avoid initial crop – weed competition, it is necessarily to apply pre – emergence herbicides (Chandel et al., 2022 and Saikia et al., 2025). However, pre – emergence herbicide that only offer weed control at an early stages and make field free from weeds up to 20 to 25 days and cannot control flushes of weeds at later stage of crop (Kumar et al., 2022). Gogoi et al. (2022) observed that there are many gaps in adoption of improved production technology including seed rate and weed management which need to be minimized for enhancing productivity and sustainability in pulses production.
Most of the weeding is done by hand, which is labour – intensive, expensive and time consuming (Saikia et al., 2024). Large and commercial pea growers use pre – emergence herbicide, mainly, pendimethalin (microtubule assembly inhibitor), which is a broad – spectrum herbicide, selective to pea (Kulshrestha et al., 2000), and effective against annual grassy weeds and few broad – leaved weeds. However, only pre – emergence application is not adequate to control diverse weeds, which differ in morphology, physiology, and tolerance. 
Imazethapyr, a selective herbicide effective against a wide range of weeds in legume crops, has demonstrated compatibility with garden peas, leading to improved weed control and increased yield (Singh et al., 2020; Rana et al., 2019). Its application has led to effective weed management and increased productivity in pea fields (Mawalia et al., 2016;  Singh et al., 2020). 
The emergence of more herbicide – resistant weeds is causing similar weed management issues, despite the use of herbicidal weed control in traditional farming. As a result, innovative and long – lasting weed management techniques need to be created (Mortensen et al., 2012). 
Historically, limited attention has been paid by researchers to the development of effective strategies for managing weeds in pulses, including garden pea. In India, only a few herbicides are registered for use in pulses, and most weed management recommendations focus on pre – emergence herbicide applications followed by manual weeding. However, due to labour shortages for intercultural operations, there is a recognized need to develop alternative methods involving post – emergence herbicides for effective weed management in pulses (Kumar et al., 2022).
The main objectives of this study are as follows: To tackle these challenges, a long – term strategy for weed management in pulse crops is essential, involving the integration of advanced technologies. This includes developing a cutting – edge herbicide application device capable of operating over a broader time window, providing greater flexibility in application timing. Such a device could revolutionize weed control by enabling the safe use of non – selective herbicides in pulse crops, precisely targeting weeds without harming the crops. This innovation has the potential to not only enhance weed management but also boost productivity and promote the sustainability of pulse cultivation. This study also aims to reduces yield losses and develop a inter row herbicide applicator device for minimizing the weed infestation.
2.METHODS AND MATERIALS  
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%.
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).
Table 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.


Statistical analysis 
The observed parameters were subjected to analysis of variance (ANOVA) using Statistical Tool for Agricultural Research (STAR) software (version STAR 2.0.1, IRRI, Los Baños, Philippines), while the significance of differences between treatment mean values was determined using the Least significant difference (LSD) test at 5% level. 

3 Result
	Growth parameters of garden pea, viz., plant height, number of leaves plant-1, leaf area plant and number of branches under different weed management. 
3.1 Plant height (cm)
Data pertaining to the effect of herbicide and post emergence herbicide applicator devices on plant height at 40 and 60 DAS are given in Table 2 and figure 2.
At 40 DAS, the tallest plant (7.25 cm) noted in weed free (T6) which was at par with T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) but found significantly superior to rest of the treatments. Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and it was at par with (T1), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3) and HW @ 15 and 30 DAS (T5) but found significantly superior to leftover treatments. The minimum plant height (3.82 cm) observed under weedy check (control) (T7). 
Further, data showed that at 60 DAS the tallest plant noted (51.71 cm) under weed free (T6) which was significantly superior to Pendimethalin @ 1 kg a.i. ha⁻¹ (T1) and weedy check (control) (T7) but found statistically on par with rest of treatments. This was followed by Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) recorded tallest plant which was statistically at par with Pendimethalin @ 1 kg a.i. ha⁻¹ (T1), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3) and HW @ 15 and 30 DAS (T5) but found significantly superior over the rest of the treatment. The minimum plant height (39.49 cm) observed under weedy check (control) (T7).
The lowest plant height at 40 DAS and 60 DAS were observed under weedy check control.
3.2. Number of branches 
	Further, data showed that at 40 DAS the number of branches (7.69 plant⁻¹) noted in weed free (T6) which was comparable to Pendimethalin @ 1 kg a.i. ha⁻¹ (T1), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4), and HW @ 15 and 30 DAS (T5) but found significantly superior to rest of the treatment. Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) which was statistically significantly excel over weedy check (control) (T7) but found to be statistically on par compared to other treatments.
At 60 DAS, higher number of branches (17.14 plant⁻¹) noted in weed free (T6) which was significantly superior to Pendimethalin @ 1 kg a.i. ha⁻¹ (T1), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), (T3), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4), HW @ 15 and 30 DAS (T5) and weedy check (control) (T7). Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and it was at par with HW @ 15 and 30 DAS (T5) and significantly superior to leftover treatments.
Table 2 Effect of herbicide and herbicide applicator devices on growth parameters
	Treatment
	Plant height (cm)
	Number of branches plant-1

	
	40 DAS
	60 DAS
	40 DAS
	60 DAS

	T1
	PE application of Pendimethalin @ 1 kg a.i. ha⁻¹
	4.70bc
	41.91bc
	6.23a
	9.56d

	T2
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹
	4.87bc
	46.52abc
	6.38a
	11.85c

	T3
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood
	4.97bc
	47.99ab
	6.50a
	12.54c

	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
	6.49ab
	49.31ab
	7.32a
	14.67b

	T5
	Hand weeding @ 15 and 30 DAS
	5.03bc
	48.53ab
	6.79a
	13.45bc

	T6
	Weed free
	7.25a
	51.71a
	7.69a
	17.14a

	T7
	Weedy check (control)
	3.82c
	39.49c
	4.43b
	8.23d

	SEm±
	0.65
	2.43
	0.50
	0.67

	CD (0.05)
	2.0
	7.48
	1.53
	2.07
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Fig. 1. Effect of herbicide and herbicide applicator devices on growth parameters (plant height and number of branches)
3.2 Number of leaves 
Further, data showed that at 40 DAS, higher number of leaves (28.95 plant⁻¹) noted in weed free (T6) which was at par with T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and HW @ 15 and 30 DAS (T5) but found significantly superior to rest of the treatments. Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and it was at par with T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3), and HW @ 15 and 30 DAS (T5) but found significantly superior to leftover treatments. 
At 60 DAS, higher number of leaves (70.22 plant⁻¹) observed in weed free (T6) which was equivalent to T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and HW @ 15 and 30 DAS (T5) but found significantly superior over rest of the treatments. Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and it was at par with T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3) and HW @ 15 and 30 DAS (T5) but found significantly superior to leftover treatments. 
3.3. Leaf area 
The data showed that at 40 DAS, the higher leaf area (54.48 cm² plant⁻¹) achieved by weed free (T6) which was statistically identical to T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and HW @ 15 and 30 DAS (T5) but had significant improvement over the other treatments. Followed by Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) which was statistically significantly excel over Pendimethalin @ 1 kg a.i. ha⁻¹ (T1) and weedy check (control) (T7) but found statistically on par as compared to other treatments.
At 60 DAS, higher leaf area (680.46 cm² plant⁻¹) noted in weed free (T6) which was significantly superior with Pendimethalin @ 1 kg a.i. ha⁻¹ (T1), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4), HW @ 15 and 30 DAS (T5) and weedy check (control) (T7). Next best treatment was Pendimethalin fb Imazethapyr @ 60 g a.i. ha⁻¹ using IRHA (T4) and it was at par with T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ (T2), T₁ fb Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood (T3) and HW @ 15 and 30 DAS (T5) but found significantly superior to leftover treatments.
[image: ]
Fig. 2. Effect of herbicide and herbicide applicator devices on growth parameters (Number of leaves and leaf area)





Table 3 Effect of herbicide and herbicide applicator devices on growth parameters
	Treatment
	Number of leaves plant-1
	Leaf area plant-1

	
	40 DAS
	60 DAS
	40 DAS
	60 DAS

	T1
	PE application of Pendimethalin @ 1 kg a.i. ha⁻¹
	21.56cd
	53.32c
	39.36cd
	496.47c

	T2
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹
	23.90bc
	59.21bc
	43.45bc
	529.72bc

	T3
	T₁ fb PoE application of Imazethapyr @ 60 g a.i. ha⁻¹ using spray hood
	25.05abc
	60.42bc
	45.51bc
	550.97bc

	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
	27.89ab
	63.59ab
	48.53ab
	593.97b

	T5
	Hand weeding @ 15 and 30 DAS
	26.58ab
	62.21abc
	47.69ab
	560.40bc

	T6
	Weed free
	28.95a
	70.22a
	54.48a
	680.46a

	T7
	Weedy check (control)
	19.57d
	53.82c
	35.52d
	364.79d

	SEm±
	1.37
	2.91
	2.39
	25.81

	CD (0.05)
	4.21
	8.96
	7.36
	79.53


4. Discussion 
These findings are in line with earlier reports. Yadav et al. (2019) demonstrated that the sequential use of Pendimethalin and Imazethapyr improved plant height, number of branches, and dry matter accumulation in chickpea, which ultimately contributed to higher yield attributes. Similarly, Gairola et al. (2024) also noted that the combination of Pendimethalin + Imazethapyr resulted in significant improvement in growth parameters such as plant height, number of leaves, leaf area, and dry weight. The present results corroborate these findings, suggesting that integration of pre and post – emergence herbicides plays a key role in reducing crop – weed competition and supporting vigorous crop growth.
5. Conclusion 
	The study pointed out that different weed management practices in ggarden pea had significantly influence on growth parameters. All the weed management treatments, weed free (T6) attained the maximum plant height, number of branches, number of leaves and leaf area while among the herbicidal treatments 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.  
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