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Influence of Chemical Weed Management Strategies on Enhancing Growth and Yield of Quinoa


ABSTRACT
This study evaluated the effect of herbicidal treatments on growth components, weed dynamics and yield in quinoa through a pot experiment conducted during the rabi season 2025 at the Instructional North Farm of Karunya Institute of Technology and Sciences, Coimbatore. The experiment followed a Completely Randomized Design (CRD) with twelve treatments and three replications, comparing different pre-emergence herbicides alone and in combination with post-emergence herbicides, along with weed-free check and unweeded control treatments. The results indicated that crop growth attributes varied significantly between treatments at later growth stages. At 30 DAS, the weed-free check (T11) recorded the highest plant height (39.28 cm), which was statistically similar to pretilachlor at 750 g a.i. ha-1 applied as pre-emergence (T3) and butachlor (pre-emergence) @ 1000 g a.i. ha-1 at 3 DAS + Metamifop @ 1000 ml ha-1 as post-emergence at 25 DAS (T9). At 60, 90 DAS and at harvest, the weed-free check (T11) consistently recorded superior plant height (95.3, 136.0 and 158.9 cm) and dry matter production(18.9, 27.9 and 36.2 g plant-1). Among the treatments sequential application of pretilachlor (pre-emergence) @ 750 g a.i. ha-1 at 3 DAS + halosulfuron-methyl (post-emergence) @ 70 g a.i. ha-1 at 25 DAS (T10)  recorded lower total weed density (2.38, 8.74, and 8.46 nos. pot-1), total weed dry weight (0.54, 4.86 and 4.19 g pot-1) and higher weed control efficiency (78.32%, 68.79% and 74.96%) at 15, 30 and 45 DAS, respectively. The weed-free check(T11) produced higher grain(39.5 g plant-1) and straw yields (45.05 g plant-1), which were statistically comparable to pretilachlor (pre-emergence) @ 750 g a.i. ha-1 at 3 DAS + halosulfuron-methyl (post-emergence) @ 70 g a.i. ha-1 at 25 DAS (T10). In contast, the unweeded control (T12) recorded the highest total weed density and weed dry weight, reduced crop growth and yield due to severe crop-weed competition. This study suggests that the sequential application of pretilachlor followed by halosulfuron-methyl has potential for effective weed management in quinoa under controlled conditions; however, further validation through field experiments is necessary before making broader agronomic recommendations.
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1. INTRODUCTION
Quinoa (Chenopodium quinoa Wild.), a traditional pseudo-cereal from the Andean highlands, has known as a viable, sustainable crop due to its exceptional nutritional qualities and ability to thrive under harsh environmental conditions such as drought and salinity (Harshabardhan et al., 2025). Owing to its complete protein composition containing essential amino acids, it has gained global recognition as a “super food” or “golden grain” and is increasingly promoted to address food security challenges [1,2]. Agronomically, quinoa is a highly versatile annual herbaceous plant belonging to the Amaranthaceae family and is grown worldwide across 1,26,000 hectares, with a production of 1.03 lakh tonnes. In India, it is cultivated around 440 hectares, with a production of 1053 tonnes.
Despite its potential, quinoa cultivation in India is constrained by the lack of standardized agronomic practices, particularly under diverse agro-ecological conditions. Among the production constraints, weed management remains a major challenge, especially during early crop growth stages when quinoa exhibits slow initial growth and poor competitive ability. Under field conditions, heavy weed infestation is seen dominated by species such as Chenopodium album, Amaranthus spp., Cyperus spp; and Echinocloa spp which can cause substantial yield losses due to intense competition for nutrient, moisture and light. Manual weeding, though effective, is labour-intensive, costly, and often impractical under large-scale cultivation, particularly during peak labour scarcity periods. Moreover, the absence of registered and crop-safe herbicides for quinoa in India, further aggravates the problem, limiting farmers’ ability to adopt efficient weed control strategies [3]. Inappropriate herbicide use under field conditions may also lead to phytotoxicity and yield reduction. Therefore, identifying safe, selective, and effective herbicide options and their combinations is crucial for minimizing weed competition and improving crop productivity.
In this context, the present study was undertaken to evaluate the influence of chemical weed management practices on growth components, weed dynamics, and yield of quinoa under controlled conditions, with a view to generating baseline information for future field-level validation.
2. MATERIALS AND METHODS

2.1. Experimental site
A pot experiment was carried out at Karunya Institute of Technology and Sciences, Coimbatore, Tamil Nadu (10°94'N latitude, 76°74'E longitude and 448.6 m altitude above MSL) during the rabi season of 2025 to evaluate the influence of chemical weed management practices on growth components, weed dynamics and yield in quinoa. 
2.2. Treatment details
The experiment was laid out in a Completely Randomized Design (CRD) with twelve treatments and three replications, as shown in Table 1. Each pot was filled with 25 kg soil and sown with 10 seeds; PE herbicides were applied at 3 DAS and PoE herbicides at 25 DAS using a 50 ml hand sprayer. The data collected on various parameters were statistically analysed using ANOVA, as described by [4]. The critical difference was calculated at a 5% probability level.
2.2.1. Herbicide calculation
The quantity of herbicide required per pot was calculated by converting the recommended field dose to pot area and adjusting for the active ingredient concentration of the formulation.


2.3. Growth analysis
The growth parameters, including plant height and dry matter production, were recorded as per the standard observation.
2.4. Weed dynamics
2.4.1. Weed flora
Weed flora in the experimental pots was documented at regular intervals, and the identified species were categorized as grasses, sedges, and broad-leaved weeds (BLW).
2.4.2. Weed density
Weed density was determined by counting the total number of weeds in each experimental pot at the prescribed observation intervals. All weed species that emerged within the pot were carefully identified and counted manually. The recorded values were expressed as the number of weeds pot-1.
2.4.3. Weed dry weight
Weeds from each pot were uprooted at observation stages, sun-dried and oven-dried at 65 °C to a consistent weight, and the final biomass was recorded as weed dry weight (g pot-1) to determine herbicide efficacy.
2.4.4. Weed control efficiency
To assess the efficacy of different weed control treatments based on their effects on weed density, weed control efficiency was computed [5].

Where, X= Weed dry matter in weedy check and Y= Weed dry matter in treated pot. 
3. RESULTS AND DISCUSSION
3.1. Growth components
3.1.1. Plant height
The effects of different herbicide treatments on the plant height of quinoa are presented in Table 2. Significant variation in plant height among treatments was observed at 30 DAS. The greatest plant height (39.28 cm) was recorded under the weed-free check (T11), which was statistically comparable to pretilachlor applied at 750 g a.i. ha⁻¹ as a pre-emergence treatment (T3), as well as butachlor at 1000 g a.i. ha⁻¹ applied at 3 DAS followed by metamifop at 1000 ml ha⁻¹ at 25 DAS as a post-emergence treatment (T9). At 60 and 90 DAS, and at harvest, the weed-free check (T11) consistently exhibited the highest plant heights (95.3 cm, 136 cm, and 158.9 cm, respectively), remaining statistically at par with the pre-emergence application of pretilachlor at 750 g a.i. ha⁻¹ (T3). The improved plant growth observed under these treatments may be attributed to effective weed suppression, which reduced competition for essential resources such as light, nutrients, and moisture, thereby facilitating enhanced crop development [6].
In contrast, the unweeded control (T12) recorded the lowest plant height, likely due to intense and prolonged competition between the crop and weeds. These findings emphasise the importance of timely and effective weed management in optimising crop growth.
Under field conditions, where weed pressure is often more intense and variable, effective control during the early growth stages is particularly important for ensuring optimal plant development. However, the magnitude of response may vary under field situations due to environmental factors and heterogeneous weed flora, necessitating further validation of these results under open field conditions
3.1.2. Dry matter production (DMP)
The influence of herbicides on total dry matter production at various growth stages is depicted in Fig. 1. At 30 DAS, the weed-free check (T11) recorded the highest DMP (16.59 g plant-1), which was on par with  the application of butachlor as pre-emergence @ 1000 g a.i. ha-1 at 3 DAS followed by metamifop @ 1000 ml ha-1 at 25 DAS as post-emergence (T9). At 60, 90 DAS and at harvest, the weed-free check (T11) continued to produce higher DMP, which was on par with pretilachlor @ 750 g a.i., ha-1 applied at 3 DAS as pre-emergence (T3) and butachlor @ 1000 g a.i. ha-1 applied at 3 DAS as pre-emergence (T2). The increased dry matter accumulation under these treatments can be attributed to effective weed control, which minimized crop–weed competition and ensured better availability of essential resources such as nutrients, moisture, and light, thereby enhancing photosynthetic efficiency and biomass production [7,8]. In contrast, the unweeded control (T12) recorded the lowest DMP due to intense competition from weeds, leading to greater nutrient depletion and reduced biomass accumulation by the crop. The results highlight the importance of efficient weed management in improving biomass accumulation in quinoa however, field validation is essential due to variability in soil, moisture and weed pressure.
3.2. Weed dynamics
3.2.1. Weed flora
The experimental pots were dominated by grasses, sedges and BLW, mainly Digitaria sanguinalis, Echinocloa crus-galli, Cynodon dactylon, Cyperus iria, Cyperus rotundus, Amaranthus retroflexus, Amaranthus viridis and Portulaca oleracea.
3.2.2. Total weed density
[bookmark: _GoBack]The total weed density under different herbicidal treatments is presented in Table 3. Significant differences in weed density were observed among treatments at 15, 30, and 45 DAS. The lowest weed densities (2.38, 8.74, and 8.46 plants pot⁻¹, respectively) were recorded under the combined application of pretilachlor at 750 g a.i. ha⁻¹ as a pre-emergence treatment at 3 DAS, followed by halosulfuron-methyl at 70 g a.i. ha⁻¹ as a post-emergence application at 25 DAS. This was closely followed by the treatment involving butachlor at 1000 g a.i. ha⁻¹ applied as a pre-emergence herbicide at 3 DAS, supplemented with metamifop at 1000 ml ha⁻¹ as a post-emergence application at 25 DAS (T9), which recorded weed densities of 3.79, 9.80, and 9.42 plants pot⁻¹, respectively. Overall, these findings demonstrate the effectiveness of integrated pre- and post-emergence herbicide applications in reducing weed density.
Total weed density differed significantly among herbicidal treatments at 15, 30 and 45 DAS, with the lowest under pre-emergence application of pretilachlor @ 750 g a.i. ha-1 at 3 DAS + Halosulfuron-methyl @ 70 g a.i. ha-1 at 25 DAS as post-emergence (2.38, 8.74 and 8.46 nos. pot-1) and butachlor (pre-emergence) @ 1000 g a.i. ha⁻¹ at 3 DAS followed by metamifop (post-emergence) @ 1000 ml ha-1 at 25 DAS (T9) (3.79, 9.80 and 9.42 nos. pot-1). The reduction in weed population was due to the sequential application of pre-emergence and post-emergence herbicides, which effectively controlled grasses, sedges and BLW during the crop growth period, thereby reducing weed emergence [9]. In contrast, unweeded control (T12) recorded the highest weed density (12.03, 17.63 and 19.96 nos. pot-1) at all stages due to the absence of weed management practices, resulting in severe weed infestation and increased crop-weed competition. These findings are consistent with those of [10]. The results emphasize the importance of integrated weed management. However, field validation is needed as environmental factors may affect herbicide efficacy.
3.2.3. Total weed dry weight
The total weed dry weight differed significantly among the herbicidal treatments depicted in Fig 2. Lowest weed dry weight at 15, 30 and 45 DAS was measured in pre-emergence application of pretilachlor @ 750 g a.i. ha-1 at 3 DAS + Halosulfuron-methyl @ 70 g a.i. ha-1 at 25 DAS as post-emergence (0.54, 4.86 and 4.19 g pot-1) followed by butachlor (pre-emergence) @ 1000 g a.i. ha-1 at 3 DAS followed by metamifop (post-emergence) @ 1000 ml ha-1 at 25 DAS (T9) (1.99, 5.32 and 4.70 g pot-1). This was due to the sequential application of herbicides, which effectively suppressed a broad spectrum of weeds including grasses, sedges, and broad-leaved weeds, thereby limiting weed growth and biomass accumulation [11,12]. In contrast, the unweeded control (T12) recorded the highest weed dry weight (7.47, 15.57 and 18.63 g pot⁻¹) due to unchecked weed growth throughout the crop period. These findings are in line with the results reported by [13]. The reduction in weed biomass highlights the effectiveness of sequential herbicide application in minimizing crop-weed competition. However, under field conditions, environmental variability may influence herbicide performance; hence, further field validation is required.
3.2.4. Weed control efficiency (WCE)
Weed control efficiency varied significantly across treatments and is presented in Table 4. The weed-free check (T11) resulted in 100% WCE at all stages due to continuous manual weeding. The herbicidal pre-emergence application of pretilachlor @ 750 g a.i. ha -1 at 3 DAS (T3) recorded higher WCE (80.19) at 15 DAS, while application of pretilachlor (pre-emergence) @ 750 g a.i. ha-1 at 3 DAS followed by halosulfuron-methyl (post-emergence) @ 70 g a.i. ha-1 at 25 DAS (T10) recorded the highest WCE at later stages(74.96%). This was followed by S-metolachlor (pre-emergence) @ 1.67 L ha-1 at 3 DAS, followed by clethodim (post-emergence) @ 96 g a.i. ha-1 at 25 DAS (T8) (72.73%). The higher WCE might be attributed to effective control of both early and late-emerging weeds, ensuring sustained weed suppression [14,15]. In contrast, the unweeded control (T12) recorded the lowest WCE due to the absence of weed management practices. These results indicate the advantage of sequential herbicide application; however, field validation is required as environmental factors may influence herbicide efficacy.
3.3. Grain and Straw yield
The effects of various herbicides on quinoa grain and straw yields are shown in Fig. 3, with notable variations among treatments. The weed-free check (T11) produced more grain (39.5 g plant-1) and straw yield (45.05 g plant-1), which was statistically comparable to the pre-emergence application of pretilachlor @ 750 g a.i. ha-1 at 3 DAS + post-emergence application of halosulfuron-methyl @ 70 g a.i. ha-1 at 25 DAS (T10). Effective weed control might have increased the availability of nutrients, moisture and other critical growth resources, hence improving crop development and yield characteristics, resulting in higher grain and straw production [16]. The unweeded control (T12) resulted in lower grain (14.73 g plant-1) and straw yield (16.4 g plant-1) due to severe crop–weed competition, resulting in reduced resource availability [17]. These findings highlight the importance of effective weed management in maximizing yield; however, field validation is necessary due to variability in environmental conditions and weed dynamics.
4. CONCLUSION
Although the weed-free check resulted in higher growth components, weed dynamics and yield of quinoa, maintaining a completely weed free condition is impractical due to labour shortages and increased cultivation costs. Hence, the study concluded that the sequential pre-emergence application of pretilachlor @ 750 g a.i.ha-1 at 3 DAS + post-emergence application of halosulfuron-methyl @ 70 g a.i.ha-1 at 25 DAS (T10) proved effective in reducing weed pressure and improving crop performance under controlled conditions. However, as the findings are based on a pot experiment, further validation under field conditions is essential before recommending this treatment for large-scale adoption.
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Table 1. Treatment details

Treatments
	T1
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS

	T2
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS

	T3
	PE application of Pretilachlor @ 750g a.i./ha at 3 DAS

	T4
	PE application of Pyroxasulfone @ 100g a.i./ha at 3 DAS

	T5
	PoE application of Clethodim @ 96g a.i./ha at 25 DAS

	T6
	PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS

	T7
	PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS

	T8
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS + PoE application of Clethodim @ 96g a.i./ha at 25 DAS

	T9
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS + PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS

	T10
	PE application of Pretilachlor @ 750g a.i./ha at 3DAS + PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS

	T11
	Weed free check

	T12
	Unweeded control














Table 2. Effect of herbicidal treatments on plant height (cm) of quinoa
	Treatments 
	30 DAS
	60 DAS
	90 DAS
	Harvest

	T1
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS
	29.08
	78.89
	106.7
	138.71

	T2
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS
	31.80
	83.3
	114.85
	145.44

	T3
	PE application of Pretilachlor @ 750g a.i./ha at 3 DAS
	34.50
	86.1
	119.3
	145.60

	T4
	PE application of Pyroxasulfone @ 100g a.i./ha at 3 DAS
	26.73
	69.9
	94.00
	128.11

	T5
	PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	28.70
	73.1
	100.11
	131.68

	T6
	PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	28.5
	71.0
	97.8
	129.73

	T7
	PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	24.31
	75.3
	103.13
	135.40

	T8
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS + PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	30.99
	80.4
	108.5
	140.85

	T9
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS + PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	31.20
	90.2
	129.60
	153.7

	T10
	PE application of Pretilachlor @ 750g a.i./ha at 3DAS + PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	30.93
	88.4
	122.00
	149.7

	T11
	Weed free check
	39.28
	95.3
	136.00
	158.9

	T12
	Unweeded control
	23.77
	76.4
	89.33
	115.93

	 
	Mean 
	30.0
	81
	110.11
	139.5

	 
	SE(d) 
	1.69
	1.58
	3.224
	2.096

	 
	CD (P=0.05%) 
	3.51
	3.28
	6.694
	4.35


   *PE – Pre-emergence, PoE – Post emergence






Table 3. Effect of herbicidal treatments on total weed density (Nos. pot-1) of quinoa

	Treatments 
	15 DAS
	30 DAS
	45 DAS

	T1
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS
	2.8 (6.80)
	3.6 (11.9)
	3.5 (11.3)

	T2
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS
	2.6 (5.86)
	3.6 (12.0)
	3.5 (11.6)

	T3
	PE application of Pretilachlor @ 750g a.i./ha at 3 DAS
	2.7 (6.24)
	3.5 (11.7)
	3.4 (11.2)

	T4
	PE application of Pyroxasulfone @ 100g a.i./ha at 3 DAS
	3.1 (8.36)
	3.8 (13.9)
	3.8 (13.3)

	T5
	PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	3.3 (10.2)
	3.9 (14.5)
	3.9 (13.9)

	T6
	PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	3.3 (9.76)
	4.1 (15.6)
	4.0 (15.2)

	T7
	PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	2.7 (6.46)
	4.0 (15.4)
	4.0 (14.9)

	T8
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS + PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	3.0 (7.96)
	3.6 (11.7)
	3.5 (11.4)

	T9
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS + PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	2.2 (3.79)
	3.3 (9.80)
	3.2 (9.42)

	T10
	PE application of Pretilachlor @ 750g a.i./ha at 3DAS + PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	1.8 (2.38)
	3.1 (8.74)
	3.1 (8.46)

	T11
	Weed free check
	-
	-
	-

	T12
	Unweeded control
	12.03
	17.63
	19.96

	 
	Mean 
	2.68
	3.50
	3.47

	 
	SE(d) 
	0.035
	0.043
	0.028

	 
	CD (P=0.05%) 
	0.072
	0.089
	0.059


  *Data were subjected to square root transformation. Values in parenthesis are original values
  *PE – Pre-emergence, PoE – Post emergence



Table 4. Effect of herbicidal treatments on weed control efficiency (%) of quinoa
	Treatments 
	15 DAS
	30 DAS
	45 DAS

	T1
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS
	55.6
	38.15
	57.34

	T2
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS
	70.28
	44.45
	60.98

	T3
	PE application of Pretilachlor @ 750g a.i./ha at 3 DAS
	80.19
	50.29
	64.64

	T4
	PE application of Pyroxasulfone @ 100g a.i./ha at 3 DAS
	22.36
	20.81
	45.25

	T5
	PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	27.45
	26.01
	52.06

	T6
	PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	30.12
	21.45
	47.83

	T7
	PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	59.83
	32.69
	46.27

	T8
	PE application of S-metolachlor @ 1.67L a.i./ha at 3 DAS + PoE application of Clethodim @ 96g a.i./ha at 25 DAS
	55.96
	61.59
	72.73

	T9
	PE application of Butachlor @ 1000 g a.i./ha at 3 DAS + PoE application of Metamifop @ 1000ml a.i./ha at 25 DAS
	51.27
	52.73
	70.96

	T10
	PE application of Pretilachlor @ 750g a.i./ha at 3DAS + PoE application of Halosulfuron-methyl @ 70g a.i./ha at 25 DAS
	78.32
	68.79
	74.96

	T11
	Weed free check
	100
	100
	100

	T12
	Unweeded control
	-
	-
	-

	 
	Mean
	52.62
	43.08
	57.75


     *PE – Pre-emergence, PoE – Post emergence








          Fig 1. Effect of herbicidal treatments on dry matter production (g plant-1) of quinoa


          Fig 2. Effect of herbicidal treatments on total weed dry weight (g pot-1) of quinoa



Fig 3. Effect of herbicidal treatments on grain yield and straw yield (g plant-1) of quinoa
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15 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	3.32	3.08	3.35	5.8	5.42	5.22	3	3.29	1.99	0.54	0	7.47	30 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	9.6300000000000008	8.65	7.74	12.33	11.52	12.23	12.15	6.36	5.32	4.8600000000000003	0	15.57	45 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	7.95	7.27	6.59	10.199999999999999	8.93	9.7200000000000006	10.47	5.56	4.7	4.1900000000000004	0	18.63	


Grain yield	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	20.100000000000001	22.61	24.207000000000001	18.077000000000002	19.809999999999999	19.363	18.559999999999999	26.797000000000001	30.402999999999999	34.917000000000002	39.497	14.733000000000001	Straw yield	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	21.466999999999999	23.343	25.556999999999999	18.977	20.027000000000001	19.88	19.18	28.023	33.799999999999997	38.159999999999997	45.046999999999997	16.393000000000001	



