Bio-efficacy of Herbicide-Based Weed Management Practices on Yield Attributes and Phytotoxicity of Groundnut (Arachis hypogaea L.) under Rice–Groundnut System


ABSTRACT
Integration of pre-emergence herbicides with post-emergence herbicides or manual weeding is considered an effective strategy for season-long weed control. Post-emergence herbicides such as imazethapyr and quizalofop-p-ethyl have shown promising results in controlling broad-leaved and grassy weeds during the critical stages of crop growth. The present study aimed to evaluate the effectiveness of different herbicide combinations and integrated weed management practices for improving weed control and crop productivity in groundnut. A field experiment was conducted during rabi–summer 2016–17 at the Agricultural Research Station, Kumta, Karnataka, to evaluate the effect of different weed management practices on yield attributes and crop phytotoxicity of groundnut (Arachis hypogaea L.) under rice–groundnut system. The experiment was laid out in a randomized complete block design with nine weed management treatments and three replications. Observations on plant height, number of branches per plant, dry matter production and crop phytotoxicity were recorded at different growth stages. Weed-free treatment recorded significantly higher plant height, number of branches, leaf area and dry matter accumulation, which was statistically on par with pre-emergence application of pendimethalin @ 1.5 kg ha⁻¹ followed by one hand weeding at 25 DAS and pendimethalin @ 1.5 kg ha⁻¹ followed by post-emergence imazethapyr @ 75 g ha⁻¹ at 20–30 DAS. Unweeded control recorded the lowest values of all growth parameters due to severe weed competition. Visual phytotoxicity ratings revealed no severe or persistent injury to groundnut crop under any herbicide treatment, and initial mild symptoms disappeared within 21–28 days after application. The harvest index was significantly influenced by the weed management treatments. The highest harvest index (0.29) was recorded in the weed-free check, which was on par with T₄ (0.29) and T₇ (0.28), while the lowest harvest index (0.25) was recorded in the unweeded check. Overall, integrated weed management practices involving pre-emergence application of pendimethalin followed by hand weeding or post-emergence herbicides improved yield and yield attributes compared with the unweeded condition.  The study concluded that integrated weed management involving pre-emergence herbicide followed by manual or post-emergence control is effective and safe for enhancing the growth of groundnut under rice-fallow conditions.
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Introduction
Weed management is an arduous undertaking in crop production. Integrated weed management, inclusive of the application of bioherbicides, is an emerging weed control strategy toward sustainable agriculture. In general, bioherbicides are derived either from plants containing phytotoxic allelochemicals or certain disease-carrying microbes that can suppress weed populations. While bioherbicides have exhibited great promise in deterring weed seed germination and growth, only a few in vitro studies have been conducted on the physiological responses they evoke in weeds (Hasan et al., 2021; Arshad et al., 2025). Groundnut (Arachis hypogaea L.) is one of the most important oilseed and legume crops of India, contributing significantly to edible oil production and nutritional security. It is one of the most important foods, legume crops with higher protein (22-30%) and oil content (44-56%). By 2050, the current global population (2021) of 7.7 billion is expected to reach over 9 billion to meet the demand for food, and world food production needs to be increased by 70 to 100% (Food and Agriculture Organization of the United Nations, 2021). However, the productivity of groundnut under rice–groundnut system remains low, particularly in coastal regions, mainly due to heavy weed infestation during early stages of crop growth. The slow initial growth of groundnut, coupled with favourable soil moisture conditions in rice-fallow fields provides an ideal environment for rapid weed emergence and growth (Korav et al.2020). Weed infestation poses a significant challenge for crop cultivation.  Particularly during the initial growth stages, crops face considerable weed pressure due to their slower growth compared to weeds. This imbalance often leads    to intense    competition    for essential resources such as nutrients, light, and water, with weeds often outcompeting the crop.  The first     four     to     eight     weeks     after sowing are critical for weed management, as this period greatly influences   crop growth (Misra, 2011; Narwal & Yenagi, 2024).
Groundnut is particularly vulnerable to weed competition during the early stages of crop growth because of its slow initial growth and poor canopy development. In addition, shoot growth in the early stages is relatively slower compared to root development, which allows weeds to emerge and establish rapidly. These weeds compete aggressively with the crop for nutrients, moisture, light and space, thereby reducing crop growth and yield Narwal and Yenagi. (2024). The critical period of weed competition in groundnut is generally between four and eight weeks after sowing, during which timely weed management is essential to avoid significant yield losses (Jat et al., 2011). Yield losses in groundnut due to weed infestation have been reported to range from 15 to 75 per cent depending on weed intensity and environmental conditions (Sathya et al., 2013). Weed management in groundnut has been found to be easier; less labour and less time-consuming and less costly and most effective in reducing weed threat compared to hand weeding through herbicides (Shah & Pramanik, 2020; Paul et al., 2024). 
Although manual and mechanical weeding are effective methods of weed control, their adoption is often constrained by the non-availability of labour during peak periods, high labour costs and unfavorable weather conditions. Under such circumstances, chemical weed management using herbicides offers a practical and efficient alternative. However, the residual activity of some pre-emergence herbicides may not persist for a longer duration, which may allow subsequent weed emergence later in the crop growth period (Mishra, 2020). Therefore, integration of pre-emergence herbicides with post-emergence herbicides or manual weeding is considered an effective strategy for season-long weed control. Post-emergence herbicides such as imazethapyr and quizalofop-p-ethyl have shown promising results in controlling broad-leaved and grassy weeds during the critical stages of crop growth (Kalaichelvi et al., 2015; Narwal and Yenagi, 2024).
Development of effective and economically viable weed management strategies is essential to reduce weed competition and enhance the productivity of groundnut, particularly in rice–fallow cropping systems. Keeping this in view, the present investigation entitled “Bio-efficacy of Herbicide-Based Weed Management Practices on Yield Attributes and Phytotoxicity of Groundnut (Arachis hypogaea L.) under Rice–Groundnut System” was conducted at the Agricultural Research Station, Kumta, Uttar Kannada district of Karnataka, under the University of Agricultural Sciences, Dharwad. The study aimed to evaluate the effectiveness of different herbicide combinations and integrated weed management practices for improving weed control and crop productivity in groundnut.Top of Form
Bottom of Form
MATERIALS AND METHODS
The field experiment was conducted at the Agricultural Research Station, Kumta, Uttar Kannada district of Karnataka during rabi–summer 2016–17. The experiment was laid out in a randomized complete block design (RCBD) with nine treatments and three replications. The treatment details are T1: Unweeded check, T2: Weed free check, T3: Two hand weeding (At 20 and 40 DAS), T4: pendimethalin 30 % E.C. @ 1.5 kg ha-1 (PE) (pre-emergence)  followed by (fb) one hand weeding at 25 DAS, T5: oxyfluorfen 23.5 % E.C. @ 200 g ha-1(PE)  fb one hand weeding at 25 DAS, T6: pendimethalin 30 % E.C. @ 1.5 kg ha-1 (PE)  fb quizalofop-p-ethyl 5 % E.C. @ 50 g ha-1 20-30 DAS (post emergence) (POE), T7: pendimethalin 30 % E.C. @ 1.5 k ha-1 (PE)  fb imazethapyr 10 % S.L.  @ 75 g ha-1 20- 30 DAS (POE), T8: pendimethalin 30 % E.C. @ 1.5 kg ha-1 (PE) fb oxyfluorfen 23.5 % E.C. @ 100 g ha-1 at 20-30 DAS (POE), T9: pendimethalin 30 % E.C. @ 1.0 kg ha-1 (PE) fb one hand weeding at 25 DAS. The soil of the experimental site was loamy sand, acidic in reaction (pH 5.32), low in organic carbon and available nitrogen, phosphorus and potassium. Groundnut cultivar DH-86 was sown at a spacing of 30 cm × 10 cm using a seed rate of 150 kg ha⁻¹. Recommended package of practices was followed for crop cultivation i.e. 25:75:25 kg N, P2O5 and K2O along with 7.5 t FYM per ha. First irrigation was given one day after sowing to ensure uniform germination. Thereafter normal irrigation schedule was followed 10 days after sowing (DAS), 20 DAS, 30 DAS, 40 DAS, 50 DAS, 60 DAS, 70 DAS, 80 DAS, 90 DAS, 100 DAS and 110 DAS (prior to uprooting). 
Plant height was recorded from the ground level to the growing tip of the plant from five tagged plants in each treatment at 30 DAS, 60 DAS and at harvest, and the mean value was expressed in centimeters (cm). The number of branches per plant was also recorded from the same tagged plants at the respective growth stages, and the average was computed and expressed as branches plant⁻¹.
For dry matter production, five plants were randomly selected from the border rows marked for destructive sampling at 30 DAS, 60 DAS and at harvest. The plants were carefully uprooted, and the roots were separated and washed with water to remove adhering soil particles. The entire plant samples were then oven-dried at 60°C until constant weight, and the dry matter was recorded and expressed as g plant⁻¹.
The number of filled pods per plant was recorded by counting pods from five tagged plants in each treatment, and the average was expressed as pods plant⁻¹. Pods harvested from the net plot area (including pods from tagged plants) were dried to constant weight and converted to pod yield (t ha⁻¹). For the determination of shelling percentage, three random samples of 250 g pods were taken from each treatment, shelled manually, and kernels were separated and weighed. The shelling percentage was calculated as the ratio of kernel weight to pod weight and expressed as a percentage.
                         	Weight of kernels
Shelling (%) = -------------------------- × 100 
                            Weight of pods




Visual rating of crop toxicity was made on 7, 14, 21, 28 and 35 days after spraying to know the extent of toxicity caused by different herbicides on the crop as given by Rao and Aggarwal (1986). Crop phytotoxicity ratings are presented in Table 1. Crop phytotoxicity was assessed visually at 7, 14, 21, 28 and 35 days after herbicide application using a 0–10 rating scale, where 0 represented no injury and 10 represented complete crop destruction.
Table 1. Crop phytotoxicity ratings (0-10 Scale)
	Crop toxicity rating
	Symptoms on crop

	0
	No injury or normal

	1
	Slight stunting, injury or discoloration

	2
	Some stand loss, stunting or discoloration

	3
	Injuries more pronounce but not persistent.

	4
	Moderate injury, recovery possible

	5
	Injury is more persistence and recovery is doubtful

	6
	Near severe injury, no recovery is possible.

	7
	Severe injury, stand loss

	8
	Almost destroyed, a few plants are surviving

	9
	Very few plants alive

	10
	Complete destruction



The data were subjected to analysis of variance (ANOVA) as per RCBD. Significance was tested at 5 per cent probability level.
RESULTS AND DISCUSSION
Effect on plant height and number of branches
Plant height of groundnut was significantly influenced by different weed management treatments at 30 DAS, 60 DAS and at harvest (Table 2). Among the treatments, pre-emergence application of pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ followed by one hand weeding at 25 DAS (T₄) recorded significantly higher plant height at 30 DAS (8.3 cm) and 60 DAS (23.8 cm), which remained statistically at par with most of the integrated weed management treatments. In contrast, the lowest plant height was recorded in the unweeded check (7.0 cm at 30 DAS) due to severe crop–weed competition. This might be due to reduced weed competition for nutrition, water, space and light throughout the crop growth period. The results are in agreement with those reported by Sasikala et al., (2006) and Chandolia et al. (2010).
On the other hand, the number of branches per plant was not significantly influenced by weed management treatments at 30 DAS, 60 DAS and at harvest (Table 2). However, relatively higher branching was observed under weed-free and integrated weed management treatments, whereas lower values were recorded in the unweeded check, possibly due to greater competition for nutrients, moisture and light.
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Dry matter production
Dry matter accumulation of groundnut was significantly influenced by different weed management practices at 30 DAS, 60 DAS and at harvest (Table 3). Among the weed management treatments, pre-emergence application of pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ followed by one hand weeding at 25 DAS (T₄) recorded significantly higher dry matter production per plant at 30 DAS (5.00 g plant⁻¹), which was statistically at par with T₆: pendimethalin fb quizalofop-p-ethyl (4.8 g plant⁻¹), T₇: pendimethalin fb imazethapyr (4.8 g plant⁻¹) and T₉: pendimethalin @ 1.0 kg ha⁻¹ fb one hand weeding (4.1 g plant⁻¹). However, the lowest dry matter production (3.20 g plant⁻¹) was recorded in the unweeded check.
A similar trend was observed at 60 DAS, where T₄ recorded significantly higher dry matter accumulation (22.0 g plant⁻¹), which was on par with T₃: two hand weeding (20.2 g plant⁻¹), T₆ (21.0 g plant⁻¹), T₇ (20.9 g plant⁻¹) and T₉ (20.5 g plant⁻¹). The lowest dry matter accumulation (16.6 g plant⁻¹) was recorded in the unweeded check.
At harvest, T₄ again recorded significantly higher dry matter production (25.4 g plant⁻¹), which remained at par with T₆ (24.1 g plant⁻¹) and T₇ (23.5 g plant⁻¹). However, the maximum dry matter production was observed under the weed-free check (25.7 g plant⁻¹), whereas the minimum dry matter accumulation (18.7 g plant⁻¹) was recorded in the unweeded check. Suseendran et al.  (2019) also reported that unweeded control recorded the least dry matter production in groundnut. The higher dry matter accumulation under effective weed management treatments could be attributed to reduced crop–weed competition and better availability of growth resources, resulting in enhanced photosynthesis and biomass production. 
Yield parameters
The data on pod yield differed significantly due to weed management treatments (Table 4). Among the weed management treatments, pre-emergence application of pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ followed by one hand weeding at 25 DAS (T₄) recorded significantly higher pod yield (2.2 t ha⁻¹), which was on par with T₆: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb quizalofop-p-ethyl 5% E.C. @ 50 g ha⁻¹ at 20–30 DAS (2.1 t ha⁻¹), T₇: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb imazethapyr 10% S.L. @ 75 g ha⁻¹ at 20–30 DAS (2.1 t ha⁻¹) and T₉: pendimethalin 30% E.C. @ 1.0 kg ha⁻¹ fb one hand weeding at 25 DAS (2.0 t ha⁻¹). However, the weed-free check (T₂) recorded significantly higher pod yield (2.4 t ha⁻¹), while the lowest pod yield (1.4 t ha⁻¹) was recorded in the unweeded check (T₁). The results revealed that weed management practices significantly influenced pod yield, kernel yield, haulm yield and harvest index of groundnut. The highest yields recorded under the weed-free check clearly demonstrate the severe competition exerted by weeds on groundnut during early growth stages. Similar findings were reported by Sailaja et al., (2002) and Sagvekar et al. (2015. Groundnut is a poor competitor during the initial growth period due to its slow canopy development, and unchecked weed growth drastically reduces nutrient, moisture and light availability to the crop, thereby reducing yield attributes and final productivity.
Among the weed control treatments, pre-emergence application of pendimethalin followed by one hand weeding or post-emergence herbicides produced higher pod and kernel yield compared with other treatments. The superiority of these treatments may be attributed to effective fression of both grassy and broad-leaved weeds during the critical period of crop–weed competition, resulting in improved crop growth, dry matter accumulation and yield formation. Similar findings have been reported in several studies where integrated weed management practices involving pre-emergence herbicides followed by manual or post-emergence control significantly improved pod yield and yield attributes in groundnut (Kalaichelvi et al., 2015; Chaitanya et al., 2013).
The data on shelling percentage did not differ significantly among the treatments (Table 1). However, numerically higher shelling percentage was recorded in T₂: weed-free check (58.62%), which was on par with T₄: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb one hand weeding at 25 DAS (57.46%), T₆: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb quizalofop-p-ethyl 5% E.C. @ 50 g ha⁻¹ at 20–30 DAS (56.07%), and T₇: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb imazethapyr 10% S.L. @ 75 g ha⁻¹ at 20–30 DAS (55.47%). The lowest shelling percentage (53.55%) was observed in the unweeded check (T₁).
The haulm yield differed significantly due to different weed management practices. Among the weed control treatments, T₄: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb one hand weeding at 25 DAS recorded significantly higher haulm yield (2233 kg ha⁻¹), which was at par with T₃: two hand weeding at 20 and 40 DAS (2053 kg ha⁻¹), T₆: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb quizalofop-p-ethyl 5% E.C. @ 50 g ha⁻¹ at 20–30 DAS (2228 kg ha⁻¹), T₇: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb imazethapyr 10% S.L. @ 75 g ha⁻¹ at 20–30 DAS (2106 kg ha⁻¹) and T₉: pendimethalin 30% E.C. @ 1.0 kg ha⁻¹ fb one hand weeding at 25 DAS (2063 kg ha⁻¹). However, the highest haulm yield (2397 kg ha⁻¹) was recorded under the weed-free check, while the lowest haulm yield (1612 kg ha⁻¹) was observed in the unweeded check.
The kernel yield was also significantly influenced by different weed management treatments. Among the treatments, T₄: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb one hand weeding at 25 DAS recorded significantly higher kernel yield (1.3 t ha⁻¹), which was statistically at par with T₆: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb quizalofop-p-ethyl 5% E.C. @ 50 g ha⁻¹ at 20–30 DAS (1.2 t ha⁻¹) and T₇: pendimethalin 30% E.C. @ 1.5 kg ha⁻¹ fb imazethapyr 10% S.L. @ 75 g ha⁻¹ at 20–30 DAS (1.2 t ha⁻¹). However, the highest kernel yield (1.4 t ha⁻¹) was recorded in the weed-free check, while the lowest kernel yield (0.7 t ha⁻¹) was recorded in the unweeded check. The treatment pendimethalin followed by one hand weeding produced yields comparable to other integrated herbicide treatments such as pendimethalin followed by quizalofop-p-ethyl or imazethapyr. This indicates that sequential or integrated herbicide strategies provide broad-spectrum weed control and maintain lower weed density throughout the crop growth period. Studies have shown that pre-emergence application of pendimethalin followed by manual weeding or post-emergence herbicides significantly reduces weed density and increases pod yield in groundnut compared with untreated plots (Parthipan 2020).
The lower pod and kernel yield recorded in the unweeded check highlights the magnitude of yield loss caused by weed competition. Continuous weed infestation throughout the crop growth period reduces crop growth, number of pods per plant and biomass accumulation, ultimately leading to significant yield reduction. Earlier studies have also reported substantial decreases in groundnut productivity under unweeded conditions due to intense competition for nutrients, moisture and light (Nivetha C et al., 2022). The shelling percentage did not differ significantly among treatments, suggesting that weed management practices mainly influence crop growth and biomass production rather than kernel development within pods. Similar observations have been reported in earlier studies where weed control practices significantly affected yield and growth parameters but had a limited influence on shelling percentage.
The harvest index was significantly influenced by the weed management treatments. The highest harvest index (0.29) was recorded in the weed-free check, which was on par with T₄ (0.29) and T₇ (0.28), while the lowest harvest index (0.25) was recorded in the unweeded check. Overall, integrated weed management practices involving pre-emergence application of pendimethalin followed by hand weeding or post-emergence herbicides improved yield and yield attributes compared with the unweeded condition. Higher haulm yield and harvest index observed under integrated weed management treatments may be attributed to better crop growth and efficient partitioning of assimilates toward economic yield. Effective weed suppression improves photosynthetic activity and nutrient uptake, which ultimately enhances both vegetative biomass and pod production.
Crop phytotoxicity
The phytotoxicity effect of herbicides on the crop was presented in the form of a score card (Table 5). Visual phytotoxicity ratings indicated that none of the herbicide treatments caused severe or permanent injury to the groundnut crop. Slight symptoms such as mild chlorosis or stunting were observed in some post-emergence treatments during early stages, which disappeared by 21–28 days after application. Among the herbicides, pendimethalin, quizalofop-p-ethyl and imazethapyr were found to be safe herbicides as the crop was normal and phytotoxic symptoms were not seen throughout its growth period from germination to harvest. This confirms the safety of the tested herbicides when applied at recommended doses. Slight (1) to medium (2) stunting and reddish-brown discoloration of leaves was observed till 28 days after spraying of oxyfluorfen 23.5 % E.C. either as pre-emergence application @ 200 g ha-1and post-emergence application of oxyfluorfen 23.5 % E.C. @ 100 g ha-1 at 20-30 DAS. However, these symptoms vanished and the crop recovered to normal by 30 days after spraying. But this resulted in inferior performance of the crop during this stage, through the effect of oxyfluorfen 23.5 % E.C on suppressing weed growth was similar to that of pendimethalin as pre-emergence and of quizalofop-p-ethyl and imazethapyr as post-emergence. These results are in agreement with Gousia Begum (2005), Rao (2008) in rice-fallow blackgram and Naidu et al. (2011).
CONCLUSION
The study revealed that weed management practices significantly affected growth parameters of groundnut under the rice–groundnut system. Overall, the findings emphasise that integrated weed management practices combining pre-emergence herbicides with manual or post-emergence weed control are effective in improving productivity of groundnut, and such approaches can serve as practical alternatives to maintaining weed-free conditions throughout the crop season. Pre-emergence application of pendimethalin @ 1.5 kg ha⁻¹ followed by one hand weeding or post-emergence imazethapyr effectively enhanced plant height, branching, leaf area and dry matter production without causing phytotoxic effects. These treatments can be recommended as efficient and safe weed management options for rice-fallow groundnut cultivation in coastal regions. 

Table 2: Plant height and number of branches of groundnut as influenced by weed management treatments at different crop growth stages
	Treatments
	Plant height (cm)
	Number of branches per plant

	
	30 DAS
	60 DAS
	At harvest 
	30 DAS
	60 DAS
	At harvest 

	T1
	Un-weeded check
	7.0
	18.2
	25.2
	3.6
	5.3
	6.0

	T2
	Weed free check
	8.5
	24.5
	30.8
	4.3
	6.0
	6.6

	T3
	Two hand weeding (At 20 and 40 DAS)
	7.8
	21.7
	28.5
	3.8
	5.9
	6.4

	T4
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE)  fb One hand weeding at 25 DAS (POE)
	8.3
	23.8
	29.9
	4.2
	6.0
	6.4

	T5
	Oxyfluorfen 23.5% E.C. @ 200 g ha-1 (PE)  fb One hand weeding at 25 DAS
	7.5
	19.1
	26.8
	3.7
	5.6
	6.3

	T6
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE) fb Quizalofop-p-ethyl 5% E.C. @ 50 g ha-1 20- 30 DAS  (POE)
	8.1
	23.0
	29.8
	4.1
	5.9
	6.4

	T7
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Imazethapyr 10 % S.L. @ 75 g ha-1 at 20- 30 DAS (POE) 
	8.1
	22.2
	29.3
	4.1
	5.9
	6.4

	T8
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Oxyfluorfen 23.5% E.C. @ 100 g ha-1 at 20-30 DAS (POE)
	7.6
	19.5
	27.0
	3.8
	5.8
	6.3

	T9
	Pendimethalin 30% E.C. @1.0 kg ha-1 (PE) fb One hand weeding at 25 DAS.
	7.8
	22.0
	28.7
	3.9
	5.9
	6.4

	
	S.Em.±
	0.24
	1.15
	1.00
	0.23
	0.29
	0.42

	
	C.D. at 5%
	0.73
	3.46
	2.99
	NS
	NS
	NS


*DAS: Days after sowing, fb: followed by, HW: Hand weeding, E.C. Emulsifiable Concentrate, S.L. Soluble liquid, PE: Pre-emergence, POE: Post-emergence
Table 3: Dry matter production per plant of groundnut as influenced by weed management treatments

	Treatments
	Dry matter production per plant 
(g plant-1)

	
	30 DAS
	 60 DAS
	At harvest 

	T1
	Un-weeded check
	3.2
	16.6
	18.7

	T2
	Weed free check
	5.0
	23.4
	25.7

	T3
	Two hand weeding (At 20 and 40 DAS)
	4.0
	20.2
	22.0

	T4
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE)  fb One hand weeding at 25 DAS (POE)
	5.0
	22.0
	25.4

	T5
	Oxyfluorfen 23.5% E.C. @ 200 g ha-1 (PE)  fb One hand weeding at 25 DAS
	3.6
	18.3
	20.5

	T6
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE) fb Quizalofop-p-ethyl 5% E.C. @ 50 g ha-1 20- 30 DAS  (POE)
	4.8
	21.0
	24.1

	T7
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Imazethapyr 10 % S.L. @ 75 g ha-1 at 20- 30 DAS (POE) 
	4.8
	20.9
	23.5

	T8
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Oxyfluorfen 23.5% E.C. @ 100 g ha-1 at 20-30 DAS (POE)
	3.8
	18.7
	20.7

	T9
	Pendimethalin 30% E.C. @1.0 kg ha-1 (PE) fb One hand weeding at 25 DAS.
	4.1
	20.5
	22.3

	
	S.Em.±
	0.37
	0.84
	0.92

	
	C.D. at 5%
	1.12
	2.52
	2.75


*DAS: Days after sowing, fb: followed by, HW: Hand weeding, E.C. Emulsifiable Concentrate, S.L. Soluble liquid, PE: Pre-emergence, POE: Post-emergence
Table 4. Pod yield, shelling per cent, haulm yield, kernel yield and harvest index of groundnut as influenced by weed management treatments
	Treatments
	Pod yield (t ha-1)
	Shelling (%)
	Haulm yield 
(kg ha-1)
	Kernel yield  
(t ha-1)
	Harvest index

	T1
	Un-weeded check
	1.4
	53.55
	1,612
	0.7
	0.25

	T2
	Weed free check
	2.4
	58.62
	2,397
	1.4
	0.29

	T3
	Two hand weeding (At 20 and 40 DAS)
	1.9
	54.96
	2,053
	1.0
	0.27

	T4
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE)  fb One hand weeding at 25 DAS (POE)
	2.2
	57.46
	2,233
	1.3
	0.29

	T5
	Oxyfluorfen 23.5% E.C. @ 200 g ha-1 (PE)  fb One hand weeding at 25 DAS
	1.6
	53.81
	1,787
	0.8
	0.27

	T6
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE) fb Quizalofop-p-ethyl 5% E.C. @ 50 g ha-1 20- 30 DAS  (POE)
	2.1
	56.07
	2,228
	1.2
	0.27

	T7
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Imazethapyr 10 % S.L. @ 75 g ha-1 at 20- 30 DAS (POE) 
	2.1
	55.47
	2,106
	1.2
	0.28

	T8
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Oxyfluorfen 23.5% E.C. @ 100 g ha-1 at 20-30 DAS (POE)
	1.6
	53.77
	1,808
	0.9
	0.28

	T9
	Pendimethalin 30% E.C. @1.0 kg ha-1 (PE) fb One hand weeding at 25 DAS.
	2.0
	54.01
	2,063
	1.1
	0.27

	
	S.Em.±
	0.09
	1.98
	96
	0.04
	0.01

	
	C.D. at 5%
	0.29
	NS
	288
	0.12
	0.02


*DAS: Days after sowing, fb: followed by, HW: Hand weeding, E.C. Emulsifiable Concentrate, S.L. Soluble liquid, PE: Pre-emergence, POE: Post-emergence


Table 5: Crop phytotoxicity in groundnut due to application of pre-emergence and post-emergence herbicides
	Treatments
	Crop phytotoxicity ratings

	
	7 DAS
	14 DAS
	21 DAS
	28 DAS
	35 DAS

	T1
	Un-weeded check
	-
	-
	-
	-
	-

	T2
	Weed free check
	-
	-
	-
	-
	-

	T3
	Two hand weeding (At 20 and 40 DAS)
	-
	-
	-
	-
	-

	T4
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE)  fb One hand weeding at 25 DAS (POE)
	-
	-
	-
	-
	-

	T5
	Oxyfluorfen 23.5% E.C. @ 200 g ha-1 (PE)  fb One hand weeding at 25 DAS
	1
	1
	-
	-
	-

	T6
	Pendimethalin 30 % E.C. @1.5 kg ha-1 (PE) fb Quizalofop-p-ethyl 5% E.C. @ 50 g ha-1 20- 30 DAS  (POE)
	-
	-
	-
	-
	-

	T7
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Imazethapyr 10 % S.L. @ 75 g ha-1 at 20- 30 DAS (POE) 
	2
	2
	1
	1
	-

	T8
	Pendimethalin 30% E.C. @1.5 kg ha-1 (PE) fb Oxyfluorfen 23.5% E.C. @ 100 g ha-1 at 20-30 DAS (POE)
	-
	-
	-
	-
	-

	T9
	Pendimethalin 30% E.C. @1.0 kg ha-1 (PE) fb One hand weeding at 25 DAS.
	-
	-
	-
	-
	-


*DAS: Days after sowing, fb: followed by, HW: Hand weeding, E.C. Emulsifiable Concentrate, S.L. Soluble liquid, PE: Pre-emergence, POE: Post-emergence
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