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ABSTRACT

Aims: Soybean (Glycine max L.) is highly susceptible to weed competition during its early growth stages, which can cause significant yield losses if not managed properly. Therefore, a field experiment was conducted to evaluate the effectiveness of different weed management practices, including chemical (Pendimethalin, Metribuzin, Imazethapyr, and their combinations) and manual (one-hand and two-hand weeding), on soybean yield, growth attributes, weed density, and weed biomass. 
Study Design: This experiment was laid out in a randomized complete block design with three replications.
Place and Duration of Study: This study was conducted over two consecutive years of 2022/23 and 2023/24 at the Grain Legumes Research Program (GLRP), Khajura, Banke, Nepal.
Methodology: The experiment consisted of eight weed management treatments viz., Pendimethalin, Pendimethalin and Imazethapyr, Metribuzin, Metribuzin and Imazethapyr, Imazethapyr, One hand weeding, Two hand weeding and Unweeded. 
[bookmark: _GoBack]Results: Results demonstrated that weed management significantly influenced key yield components, i.e, days to flowering, number of pods per plant and 100-seed weight. Among treatments, two-hand weeding produced the highest grain yield (1841 kg ha⁻¹), followed by one-hand weeding (1709 kg ha⁻¹), while the lowest yield was recorded in the unweeded control (746 kg ha⁻¹). The combination of Pendimethalin+Imazethapyr was the most effective chemical treatment in suppressing weed dry biomass (19.7 g/0.5 m²) and improving yield-related traits. Although manual weeding effectively reduced weed competition and maximized yield, it was less efficient in reducing total weed biomass compared to integrated chemical treatments at the earlier stage of crop growth. 
Conclusion: The study concludes that integrated weed management, particularly the combination of Pendimethalin and Imazethapyr, offers a sustainable and effective strategy for improving soybean productivity by minimizing weed competition and biomass under field conditions.
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1. INTRODUCTION
Soybean (Glycine max L.) is an important grain legume that contains approximately 43% protein and 20% oil [1]. It is cultivated worldwide and is valued for its diverse uses in food, animal feed, and industry. However, as a rainy season crop, it is highly susceptible to weed competition (2-3 flushes) [2] during its early growth stages (20- 40 days) [1], which can lead to significant reductions in yield and resource use efficiency.  Reports indicate that up to 70% of yield loss can occur due to weed infestation, depending on the type, intensity, and duration of competition with the crop [3]. Weeds mainly compete with crops for essential resources such as nutrients, light, water, and space [1]. In recent years, integrated weed management (IWM) strategies that combine manual and chemical control methods have become increasingly important as sustainable approaches to reduce weed pressure while maintaining environmental and economic viability [4].

Conventional weed control methods, particularly manual and mechanical weeding, are included. They have long been practiced and are effective in managing diverse weed flora [5]. But these methods are often labor-intensive, costly, and less feasible on a large scale, especially due to rising labor costs, labor shortages, and unfavorable weather conditions [6]. On the other hand, herbicides such as Pendimethalin, Metribuzin, and Imazethapyr are now available in the market and widely used in soybean cultivation for their broad-spectrum efficacy against both grassy and broad-leaved weeds [7]. While manual weeding remains vital in smallholder farming systems where herbicide access may be limited, recent research [8] has shown that integrating pre- and post-emergence herbicides with conventional practices like timely manual or mechanical weeding can enhance weed control efficiency, reduce weed biomass, and improve crop yield. However, the performance of these integrated approaches under varying agro-ecological conditions still needs further investigation to develop site-specific, sustainable weed management strategies in soybean farming.

Therefore, this study was undertaken to evaluate the effectiveness of chemical and manual weed management practices on soybean growth, yield, weed density, and weed biomass. The findings are expected to contribute to the development of efficient and sustainable weed management strategies suitable for diverse soybean production systems. 

2. MATERIALS AND METHODS 

A field experiment was conducted at agricultural farm of Nepal Agricultural Research Council, Grain Legumes Research Program (GLRP), Khajura, Banke, Nepal situated at 28° 06'' 45' N latitude, 81° 35'' 58' E longitude and 182 meters above Mean Sea Level in the summer seasons of two consecutive years 2022/23 (Year I) and 2023/24 (Year II). 

This experiment was laid out in a randomized complete block design with three replications at Grain Legumes Research Program (GLRP), Khajura, Banke, Nepal, situated at 28° 06'' 45' N latitude, 81° 35'' 58' E longitude and 182 meters above Mean Sea Level in the summer seasons of two consecutive years 2022/23 (Year I) and 2023/24 (Year II). The weed management practices were (a) Pendimethalin (30% EC @ 4 ml per liter water), (b) Pendimethalin and Imazethapyr (10% SL @ 2 ml per liter water), (c) Metribuzin (70% WP @ 1 g per liter water), (d) Metribuzin and Imazethapyr, (e) Imazethapyr, (f) One hand weeding (at 25 days after seeding), (g) Two hand weeding (at 25 and 50 days after seeding) and (h) Unweeded. The herbicide Pendimethalin and Metribuzin were applied one day after seeding, while Imazethapyr was applied at 25 days after seeding. 

The soil characteristics of experimental plots were sandy loam with neutral in pH consisting of a low amount of organic matter (1.62%) and nitrogen (0.07%) but a high level of phosphorous (125.9 kg/ha) and potassium (275.4 kg/ha). All the data on yield, growth and development parameters were analyzed statistically at probability level of P ≤ .05 by using statistical software RStudio.

3. RESULTS AND DISCUSSION

3.1 Effect on growth and yield attributes

The effect of various weed management practices on the growth and yield attributes of soybean is shown in Table 1. The results indicated that weed management significantly affected days to flowering, number of pods per plant, and 100-seed weight, while plant height, days to maturity, and interaction were not statistically significant. The number of days to flowering was significantly influenced by the weed management treatments (p < 0.01). The earliest flowering (51.3 days) was recorded in the one-hand weeding treatment, which was statistically at par with Imazethapyr (51.7 days) and the unweeded control (51.7 days). In contrast, the latest flowering was observed in the Metribuzin treatment (53.0 days), followed closely by Pendimethalin + Imazethapyr (52.7 days). The differences in flowering time may be attributed to the mode of action of the herbicides and their impact on early plant development. Similarly, the number of pods per plant was significantly affected by weed management practices (p < 0.01). The highest pod number (101.4 pods/plant) was observed in Pendimethalin+Imazethapyr treatment, followed by one-hand weeding (85.2) and Metribuzin + Imazethapyr (83.9). On the other hand, the lowest number of pods was found in the unweeded control (68.4). These findings emphasize the importance of effective weed control during the critical stages of pod development to maximize reproductive output. The 100-seed weight was significantly influenced by the year (p < 0.01) but not by management practices. Although no statistical difference was noted among treatments, Metribuzin (13.6 g) and two-hand weeding (13.4 g) yielded numerically higher seed weights compared to other treatments. This could indicate that these treatments, while not always enhancing pod number, may have improved resource availability per seed. The results of the study are conformity with the findings of [7,9], where they found yield attribute pods/plant was increased by weed management practices.

On the other hand, there were no significant differences among treatments in terms of days to maturity. All treatments reached physiological maturity between 117 and 120 days, suggesting that the weed management strategies used did not substantially alter the crop’s growth cycle. Previous finding of Daramola [10] have shown that the critical period for weed competition in soybean typically spans from 14 to 42 days after sowing (DAS). Effective weed control during this window is essential to prevent yield losses. However, weed interference outside this period, either before 14 DAS or after 42 DAS, has minimal impact on soybean growth and yield. Similarly, Plant height ranged from 80.2 cm (Metribuzin) to 93.1 cm (Unweeded), but the differences were not statistically significant (p > 0.05). The tallest plants were observed in the unweeded plots, possibly due to interspecific competition for light, which may have triggered elongation responses in soybean. However, this increased height did not translate into higher yield components, likely due to the negative impact of weed competition on resource availability.

Table 1. Effects of different weed management practices on yield attributes of soybean
	Treatment 
	Days to flowering
	Days to maturity
	Plant height, cm
	No. of pods plant–1 
	100 seed weight, g

	Pendimethalin
	52.3ab
	120
	87.8
	92.6
	12.3

	Pendimethalin - Imazethapyr 
	52.7a
	120
	82.0
	101.4
	12.8

	Metribuzin
	53.0a
	117
	80.2
	68.5
	13.6

	Metribuzin - Imazethapyr 
	52.3ab
	117
	87.5
	83.9
	12.0

	Imazethapyr 
	51.7bc
	118
	82.2
	79.7
	12.0

	One hand weeding
	51.3c
	120
	84.7
	85.2
	12.5

	Two hand weeding
	52.3ab
	120
	91.9
	71.0
	13.4

	Unweeded
	51.7bc
	120
	93.1
	68.4
	12.3

	F-test
	
	
	
	
	

	Year 
	ns
	ns
	*
	ns
	**

	Management practices
	**
	ns
	ns
	**
	ns

	Interaction
	ns
	ns
	ns
	ns
	ns

	LSD (0.05)
	0.96
	2.94
	16.29
	21.00
	1.27

	CV%
	1.58
	2.12
	14.23
	22.18
	8.71



In the study, the combined application of Pendimethalin + Imazethapyr emerged as the most effective chemical treatment, enhancing pod number and showing relatively good performance in terms of flowering and seed weight. Similar results were earlier reported by [11, 12] that combining Pendimethalin+Imazethapyr resulted in enhanced growth and yield attributes.  Among manual methods, one-hand weeding showed promising results, matching chemical treatments in several parameters. On the contrary, the unweeded control consistently showed poor performance, affirming the detrimental effects of weed competition on soybean yield attributes. These results align with Meena et al. [13] that effective weed management improves both vegetative and reproductive traits in soybean.

3.2 Effects on grain yield

A significant variation (p < 0.01) was observed among treatments for seed yield across both years and the combined analysis (Table 2). Two hand weeding consistently produced the highest seed yield across both years, recording 2059 kg ha⁻¹ in Year I, 1622 kg ha⁻¹ in Year II, and a combined yield of 1841 kg ha⁻¹, which was statistically at par with one hand weeding (1709 kg ha⁻¹ combined yield). These findings highlight the effectiveness of manual weeding in minimizing weed competition and enhancing crop productivity. Similar results have been reported by Bhimwal [14], who emphasized that frequent hand weeding significantly improves soybean yield by reducing early weed interference.

Among the herbicide treatments, Metribuzin+Imazethapyr showed relatively better performance (1493 kg ha⁻¹ combined yield), followed by Imazethapyr alone (1383 kg ha⁻¹) and Pendimethalin (1378 kg ha⁻¹). In contrast, the lowest yield was recorded in the unweeded control (746 kg ha⁻¹), highlighting the severe impact of uncontrolled weed growth on soybean yield. This supports findings that weed competition can cause yield reductions exceeding 50% in unweeded plots [15].

Table 2. Effects of different weed management practices on yield of soybean
	Treatment 
	Seed yield, kg ha–1 (Year I)
	Seed yield, kg ha–1 (Year II)
	Seed yield, kg ha–1 (Combined )

	Pendimethalin
	1637c
	1118b
	1378b

	Pendimethalin - Imazethapyr 
	1555c
	1107b
	1331b

	Metribuzin
	1071d
	1140b
	1106c

	Metribuzin - Imazethapyr 
	1905ab
	1081b
	1493b

	Imazethapyr 
	1701bc
	1065b
	1383b

	One hand weeding
	2079a
	1339ab
	1709a

	Two hand weeding
	2059a
	1622a
	1841a

	Unweeded
	841d
	652c
	746d

	F-test
	**
	**
	**

	LSD (0.05)
	260.60
	282.41
	182.17

	CV %
	9.26
	14.12
	7.57



3.3 Effects on weed biomass

The number of broad-leaf and narrow-leaf weeds per 0.5 m² did not differ significantly among treatments, suggesting that the weed control methods had limited influence on weed species composition. This lack of significant difference might be attributed to variability in weed emergence patterns, environmental conditions, or timing of herbicide applications.  However, numerically, Pendimethalin and Pendimethalin+Imazethapyr treatments recorded fewer narrow-leaf weeds (77 and 73 per 0.5 m², respectively) compared to other treatments, indicating better control of grassy weeds. One hand weeding had the lowest number of narrow-leaf weeds (35 per 0.5 m²), possibly due to selective manual removal. On the other hand, the highest number of broad-leaf weeds was recorded under Imazethapyr (41 per 0.5 m²) and two hand weedings (43 per 0.5 m²).

3.4 Effects on weed dry weight

Significant differences (p < 0.01) were observed in weed dry weight among the treatments (Table 3). The lowest weed biomass was found in Pendimethalin + Imazethapyr (19.7 g/0.5 m²) and Pendimethalin alone (21.0 g/0.5 m²), which were statistically superior to other treatments. This indicates that pre-emergence (Pendimethalin) combined with post-emergence (Imazethapyr) herbicides effectively reduced total weed biomass. These results are in close conformity with those reported by [16] who reported that a combination of pre- and post-emergence herbicides significantly suppresses weed growth.

In contrast, Metribuzin (34.3 g/0.5 m²), Imazethapyr alone (35.0 g/0.5 m²), two hand weeding (35.0 g/0.5 m²), and unweeded control (36.7 g/0.5 m²) had significantly higher weed dry weights, highlighting their lesser effectiveness in biomass reduction. Despite its high weed biomass, two hand weeding achieved maximum yield, suggesting that manual weed removal at critical growth stages can offset early weed pressure. These findings are consistent with Singh et al. [17], who reported that timely manual weeding is as effective as chemical control in ensuring yield stability, especially in smallholder farming systems. Interestingly, manual weeding, despite showing some reduction in weed numbers, was not as efficient in reducing total weed biomass, possibly due to weed regrowth between weeding intervals.  In contrast to our findings, Paudel et al. [6] reported that manual weeding in soybean fields showed reduced total dry weight. 















Table 3. Effects of different weed management practices on weeds and their biomass 
	Treatmen
	Number of broad-leaf weeds in 0.5 m2
	Number of narrow-leaf weeds in 0.5 m2
	Weed dry weight in g/0.5 m2

	Pendimethalin
	15
	77
	21.0c

	Pendimethalin - Imazethapyr 
	25
	73
	19.7c

	Metribuzin
	34
	110
	34.3a

	Metribuzin - Imazethapyr 
	31
	63
	23.7bc

	Imazethapyr 
	41
	102
	35.0a

	One hand weeding
	31
	35
	29.3ab

	Two hand weeding
	43
	79
	35.0a

	Unweeded
	31
	79
	36.7a

	F-test
	ns
	ns
	**

	LSD (0.05)
	67.00
	68.246
	7.532

	CV%
	102.94
	50.36
	14.66




4. CONCLUSION

The findings from the study indicate that effective weed management practices play a crucial role in enhancing soybean yield and suppressing weed growth. Among the treatments, two hand weedings resulted in the highest yield, while Pendimethalin combined with Imazethapyr effectively reduced weed biomass with comparable yield performance. Although weed counts were not significantly different among treatments, significant differences in weed dry weight highlighted the efficiency of herbicide combinations over single applications and untreated controls. Overall, integrating pre- and post-emergence herbicides or timely manual weeding can significantly improve soybean productivity and reduce weed competition, supporting the adoption of integrated weed management strategies for sustainable crop production.
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