Improving Yield and Returns in Sesame through Strategic Agronomic Interventions in Weed and Nutrient Management
Abstract
A field experiment was conducted during the kharif of 2018 at Achrol, Jaipur (Rajasthan) to evaluate the interactive effects of integrated weed management and nitrogen fertilization on growth, yield, and economics of sesame (Sesamum indicum L.) under semi-arid conditions. The study employed a factorial randomized block design with seven weed management treatments (including combinations of hand weeding, imazethapyr, and alachlor) and three nitrogen levels (0, 20, and 40 kg/ha). Results indicated that the combination of imazethapyr @ 0.15 kg/ha with hand weeding at 30 DAS significantly improved crop growth rate (CGR), branching, capsules per plant, and seed yield, outperforming all other weed control measures. The highest seed yield (8.55 q/ha), biological yield (3.83 t/ha), and net returns (₹27,797/ha) were recorded in this treatment, accompanied by a favourable B-C ratio of 1.86. Increasing nitrogen levels up to 40 kg/ha also significantly enhanced branching, test weight, and yield attributes, with the highest net return (₹25,090/ha) and B-C ratio (1.77) recorded at this level. Correlation analysis further confirmed that seed yield was strongly associated with branches per plant, early CGR, and capsule number. The study highlights that integrating chemical and manual weed control with optimal nitrogen application is a promising strategy to enhance sesame productivity and profitability in semi-arid agro-ecosystems.	Comment by User: The abstract has presented excellently. But I would like to suggest that in the last sentences the author has pointed out the excellent finding. So if this could bring it to policy making (suggestion of the implication), instead of highlighting the better finding. This will add significant value to this research.   
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Introduction
Sesame (Sesamum indicum L.) is one of the earliest domesticated oilseed crops, prized for its high-quality oil, rich antioxidant content, and remarkable adaptability to arid and semi-arid environments. Globally, sesame is cultivated in over 70 countries, with major producers including Sudan, India, and Myanmar. As of 2023, Sudan leads in global sesame production with approximately 1.37 million tonnes, followed by India (802,138 tonnes) and Myanmar (741,823 tonnes) (The World Ranking, 2023). Despite being the second-largest producer, India faces consistently low productivity levels due to reliance on rainfed farming and suboptimal management practices. In India, sesame is primarily grown in rainfed conditions, often on marginal and sub-marginal lands, which contributes to its lower productivity. The average yield in India is about 413 kg/ha, which is below the global average of 535 kg/ha (Kumar et al., 2020). Factors such as erratic rainfall patterns, inadequate nutrient management, and weed competition exacerbate the challenges faced by sesame cultivators.	Comment by User: The word is not well defining to the sentence, it may be refine synonym words (eg.  value/renowned for its high-quality oil) 	Comment by User: The information presented about cultivation of sesame crop in Indian region, is somehow repeating. Also the problematic factors are not clearly linking to one another as it having unwanted paragraph. As both the paragraphs are having similar discussions, so it may be reconstructed as continuous flow (step-by-step explanations) for better clarity and explanation. Therefore, the bold-marked sections may be merged, and the underlined sentences may be revised for continuity.
In Indian farming systems, sesame is commonly grown on marginal lands with limited inputs, making it highly vulnerable to biotic stress, particularly weed competition and nutrient imbalances. Weeds are especially problematic in sesame due to its slow early growth, poor canopy cover, and shallow root system, which collectively enable weeds to outcompete the crop for vital resources such as light, moisture, and nutrients (Lins et al., 2019). Among these, nitrogen plays a pivotal role in sesame’s vegetative and reproductive development, yet nitrogen-use efficiency (NUE) remains low under conventional practices (Saboury et al., 2021). While individual interventions such as hand weeding or nitrogen fertilization offer some benefit, their isolated impact is often insufficient under the dynamic constraints of semi-arid regions.
Integrated Weed Management (IWM), which combines chemical and manual approaches, has emerged as a pragmatic solution for sustainable sesame production. Herbicides such as imazethapyr and alachlor, when complemented by timely manual weeding, can suppress weed flora effectively while reducing labour dependency (Singh et al., 2018). Concurrently, optimal nitrogen management can enhance plant’s growth and yield contributing characters, ultimately leading to higher productivity (Zenawi et al., 2019). Nevertheless, limited studies have examined the synergistic effects of IWM and nitrogen levels on physiological traits, nutrient assimilation, and yield dynamics of sesame in semi-arid, light-textured soils.	Comment by User: As per the previous literatures, the suggested method has been shown suitable and successful for sesame crop cultivation.  But does the authors are applying the same method? If so, this should be clearly defined. However, it is unclear in this discussion which method that the authors are employing and why? Incorporating all these details will increase the overall quality and significance of the research.
Against this backdrop, the present investigation was undertaken to evaluate the impact of integrated weed control strategies and graded nitrogen application on growth, physiological attributes, and productivity of sesame. The goal is to formulate efficient, resource-conserving management practices tailored to semi-arid agroecosystems, thereby contributing to enhanced yield and sustainability.	Comment by User: Please include a brief paragraph explaining how the farmer will benefit from this goal or research when cultivating sesame. The incorporation of this important information at the end of the goals/objectives can benefit policymakers, farmers, and other stakeholders.  Moreover, it will represent as policy paper.
 	Comment by User: Please ensure appropriate word (was or is) to be use
Materials and method
A field experiment was conducted during the kharif season of 2018 at the Agronomy Research Farm of MJRP College of Agriculture and Research, Achrol, Jaipur, Rajasthan. The site lies within the semi-arid agro-climatic zone IIIa (Eastern Plain Zone), characterized by loamy sand soil, low organic carbon content (0.18%), and limited nitrogen availability (127.14 kg/ha). The soil was alkaline in reaction, medium in available phosphorus (16.38 kg/ha) and potassium (156.68 kg/ha). The climatic condition during the experimentation period is provided in Table 1. The experiment was laid out in a factorial randomized block design (FRBD) with three replications (Table 2). 	Comment by User: I think it would be better, if the authors give significant input, discussing about the sesame crops. Like, why this paper focuses on sesame crop and why not other crop? What are the challenges of growing sesame crop for farmer as comparison to other crops in the region? This will focus the goal and importance of the study.
Table 1. Meteorological data during experimental period
	Standard meteorological week no.
	Temperature (0C)
	Mean R.H.
(%)
	Evaporation (mm/day) 
	Rainfall (mm)

	
	Max.
	Min.
	
	
	

	27
	35.7
	26.9
	70
	05.3
	024.4

	28
	37.1
	27.1
	57
	06.5
	005.8

	29
	36.1
	26.4
	67
	04.9
	086.6

	30
	32.8
	25.7
	76
	02.9
	040.8

	31
	32.0
	25.1
	77
	01.8
	035.3

	32
	33.1
	25.7
	78
	03.0
	014.9

	33
	31.7
	24.9
	87
	02.3
	044.8

	34
	29.6
	24.4
	86
	01.8
	061.5

	35
	34.3
	25.6
	73
	03.2
	001.2

	36
	31.7
	24.9
	81
	02.2
	038.0

	37
	30.3
	23.8
	81
	01.7
	045.0

	38
	30.8
	21.2
	69
	02.7
	019.2

	39
	34.1
	17.8
	53
	03.9
	000.0

	40
	35.8
	18.9
	53
	04.6
	000.0



Table 2. Details of treatment
	Treatment details
	Notation

	First factor (weed management)

	Weedy check
	W1

	One hand weeding at 20 DAS
	W2

	Two hand weedings at 20 and 40 DAS
	W3

	Pre-emergence application of alachlor @ 1.5 kg a.i./ha
	W4

	Alachlor @ 1.5 kg a.i./ha + HW at 30 DAS
	W5

	Pre-emergence imazethapyr @ 0.15 kg a.i./ha
	W6

	Imazethapyr @ 0.15 kg a.i./ha + HW at 30 DAS
	W7

	Second factor (Nitrogen dosage)

	Control
	N0

	20 kg N/ha
	N20

	40 kg N/ha
	N40



The field was ploughed after onset of monsoon by tractor drawn disc plough, then cross ploughing with cultivator and planking was done.  After field preparation, seed beds of 4.0 m x 3.0 m size were prepared as per the plan of layout. Sesame variety ‘RT-127’ was sown at a seed rate of 3 kg/ha. The seed was treated with bavistin @ 2 g/kg to protect it from the seed and soil borne diseases. All plots received a uniform basal dose of phosphorus (25 kg P2O5/ha) through single superphosphate. Nitrogen was applied as per treatment using urea, incorporated at sowing. Herbicide treatments were applied one day after sowing using a flat-fan nozzle knapsack sprayer calibrated to deliver 500 L/ha spray volume.	Comment by User: The section can be headed by: Field Experimental Work or Field Experiment, etc. But it is not necessary to put, just a suggestion as per the discussion about field experiment in this section.
Data were analysed using ANOVA for factorial RBD as per Gomez and Gomez (1984). Treatment means were compared using the Least Significant Difference (LSD) at 5% probability level (P = 0.05).
Results and discussion
Effect of weather on crop growth and yield
During the experimental period (SMW 27 to 40), sesame growth was influenced by notable variations in temperature, rainfall, and relative humidity. Maximum temperatures ranged from 29.6°C to 37.1°C and minimum from 17.8°C to 27.1°C, providing generally favourable thermal conditions for sesame development, with high temperatures during early growth promoting vegetative development and slightly cooler conditions during flowering and capsule formation aiding reproductive processes. Rainfall distribution was uneven, with significant precipitation in SMWs 29, 30, 33, and 34 supporting critical growth stages, while dry spells in the early and terminal phases (especially SMWs 35, 39, and 40) may have imposed moisture stress, potentially affecting seed filling. Mean relative humidity ranged from 53% to 87%, with higher levels during the reproductive phase benefiting capsule development, though prolonged humidity could risk disease incidence. Overall, while the weather conditions were largely conducive, variability in rainfall and late-season dryness may have influenced final yield outcomes.
Growth attributes
Data on the effect of weed management and nitrogen dosage on the plant population, branches/plant, and crop growth rate (CGR) is presented in Table 3. Plant population per meter row length was not significantly influenced by either weed management treatments or nitrogen levels at 25 DAS, while minor but non-significant variations were observed at 50 DAS. Among the weed management treatments, the highest plant population at 50 DAS was recorded under Pre-emergence application of alachlor @ 1.5 kg a.i./ha (W4) (9.87), followed closely by Imazethapyr @ 0.15 kg a.i./ha + HW at 30 DAS (W7) (9.77) and two hand weeding at 20 and 40 DAS (W3) (9.60), indicating better plant survival under these regimes. Similarly, nitrogen application levels did not show a statistically significant effect on plant population at both observation stages, although slightly higher values were noted with increasing nitrogen levels. These results suggest that neither weed competition nor nitrogen fertilization up to 40 kg/ha had a significant impact on plant mortality or establishment. Similar findings were reported by Patel et al. (2019), who observed that early-season weed control practices and moderate nitrogen doses had minimal influence on final plant count in sesame, attributing population stability more to seedling vigour and environmental conditions than to nutrient or weed management.	Comment by User: What is “regime” indicated here? Does it mean treatment or system?  
In case of branches/plant, it is evident from Table 1, that all weed management practices significantly increased the number of branches per plant at both 50 DAS and harvest stages compared to the unweeded control. Among the treatments, two hand weeding at 20 and 40 DAS and imazethapyr at 0.15 kg/ha followed by one hand weeding at 30 DAS were the most effective, recording 27.8% and 20.0% more branches at 50 DAS and 28.1% and 26.9% more at harvest, respectively, over the weedy check. Other effective treatments included alachlor at 1.5 kg/ha + hand weeding at 30 DAS, one hand weeding at 20 DAS, imazethapyr at 0.15 kg/ha, and alachlor at 1.5 kg/ha, which increased the number of branches per plant by 17.6%, 14.6%, 13.2%, and 11.2% at 50 DAS, and 17.3%, 13.7%, 12.0%, and 10.9% at harvest, respectively, over the control. Additionally, increasing nitrogen levels up to 40 kg/ha significantly enhanced branching, with this dose resulting in 2.1% and 8.0% more branches at 50 DAS, and 1.7% and 9.6% more at harvest over 20 kg/ha and the control, respectively. The significant increase in the number of branches per plant under effective weed management practices and higher nitrogen levels can be attributed to reduced crop-weed competition and enhanced nutrient availability, which promote better vegetative growth. Treatments involving timely hand weeding and the use of herbicides like imazethapyr and alachlor likely improved resource utilization and light interception, supporting axillary bud development. Similar findings were reported by Rao et al. (2017), who noted that integrated weed management in sesame improved branching and yield attributes. Furthermore, increased nitrogen availability has been shown to stimulate meristematic activity, leading to enhanced branching (Kumar et al., 2016). These results are consistent with the observations of Singh and Yadav (2018), who found that 40 kg N/ha significantly improved growth and yield parameters in sesame under field conditions.	Comment by User: The underline statement is not clearly define or explained. Generally, the sentence of “more branches at 50 DAS and 28.1% and 26.9% more at harvest, respectively, over the weedy check” may be reconstruct.
The crop growth rate, an important indicator of dry matter accumulation, varied significantly among the weed management treatments during the 25–50 DAS period but not during the 50–90 DAS. Highest CGR during 25–50 DAS was recorded with W7 (3.947 g/m²/day), followed by W3 (3.740 g/m²/day), indicating superior biomass accumulation under these treatments, likely due to better weed suppression and nutrient availability. In contrast, unweeded control (W1) recorded the lowest CGR (2.225 g/m²/day), reflecting strong competition for light, water, and nutrients during early growth. Although nitrogen levels did not significantly affect CGR statistically, a numerical increase was observed with higher nitrogen, with N3 (40 kg N/ha) achieving the highest CGR (3.421 g/m²/day) in the 25–50 DAS window. These findings align with those of Meena et al. (2017), who emphasized that early-season weed control and nitrogen application enhance growth rate by improving photosynthetic efficiency and leaf area development. According to Thakur et al. (2020), efficient early biomass accumulation is crucial for achieving higher yields in sesame, particularly under rainfed conditions.
Table 3. Effect of treatments on plant population, branches/plant and crop growth rate of sesame
	Treatments
	Plant population (1 meter row length)
	Branches/plant
	Crop growth rate (g/m2/day)

	
	25 DAS
	50 DAS
	50 DAS
	Harvest
	25-50 DAS
	50 DAS-90 DAS

	Weed management 

	W1
	10.23
	7.87
	2.05
	2.49
	2.225
	0.558

	W2
	10.40
	9.40
	2.35
	2.83
	3.020
	0.312

	W3
	10.57
	9.60
	2.62
	3.19
	3.740
	0.503

	W4
	10.66
	9.87
	2.28
	2.76
	2.708
	0.498

	W5
	10.71
	9.70
	2.41
	2.92
	3.493
	0.486

	W6
	10.79
	9.67
	2.32
	2.79
	2.920
	0.631

	W7
	10.50
	9.77
	2.46
	3.16
	3.947
	0.584

	SEm+
	0.36
	0.29
	0.07
	0.09
	0.608

	0.380

	LSD (P = 0.05) 
	NS
	0.82
	0.20
	0.24
	NS
	NS

	Nitrogen dosage

	N1
	10.66
	9.46
	2.25
	2.72
	2.860
	0.474

	N2
	10.50
	9.46
	2.38
	2.93
	3.170
	0.518

	N3
	10.49
	9.31
	2.43
	2.98
	3.421
	0.539

	SEm+
	0.25
	0.20
	0.05
	0.06
	0.280
	0.175

	LSD (P= 0.05) 
	NS
	NS
	0.14
	0.17
	NS
	NS



Yield and yield attributing characters
Data on capsule/plant, test weight, seed yield and biological yield as influenced by weed management and nitrogen dosage is presented in Table 4. A critical evaluation of the data reveals that both weed management and nitrogen fertilization significantly influenced all yield parameters in sesame. Among weed control treatments, the pre-emergence application of imazethapyr at 0.15 kg/ha + hand weeding at 30 DAS (W7) recorded the highest number of capsules per plant (60.85), seed yield (8.55 q/ha), and biological yield (3.83 t/ha), and was statistically superior to all other treatments. Suggesting the effectiveness of integrated weed control in reducing competition and enhancing reproductive efficiency. Similar results were reported by Ramesh et al. (2002), who found that integrated weed management significantly improved capsule number and seed yield in sesame under field conditions. Hand weeding twice at 20 and 40 DAS (W3) and alachlor at 1.5 kg/ha + HW at 30 DAS (W5) also recorded comparably high performance, further highlighting the benefit of timely weed control. Test weight also improved under effective weed control, with W7 and W3 registering the highest values (2.86 g and 2.85 g), indicating better seed development under reduced competition, a finding consistent with Rao and Nagamani (2007).
Nitrogen application also significantly enhanced all yield components. The highest nitrogen dose (40 kg/ha, N3) produced the most capsules (55.33), highest seed yield (7.87 q/ha), and greatest biological yield (3.66 t/ha), with notable increases over lower nitrogen levels. The corresponding improvement in test weight (2.73 g) under N3 reflects enhanced assimilate availability for seed development. These results corroborate the findings of Yadav et al. (2014), who reported that nitrogen application up to 40 kg/ha improved seed weight and yield by promoting vegetative growth and efficient partitioning of assimilates. Similarly, Roy and Hore (2002) observed that nitrogen promotes photosynthetic efficiency and dry matter accumulation, ultimately leading to improved seed and biological yields in sesame.
Table 4. Effect of treatments on capsule/plant, test weight, seed yield and biological yield of sesame
	Treatments
	Capsule/plant (no.)
	Test weight (g)
	Seed yield (q/ha)
	Biological yield (t/ha)

	Weed management

	W1
	31.56
	2.31
	5.14
	2.61

	W2
	48.63
	2.64
	7.06
	3.28

	W3
	57.22
	2.85
	8.18
	3.75

	W4
	40.20
	2.53
	6.36
	3.00

	W5
	53.19
	2.66
	7.70
	3.57

	W6
	44.70
	2.57
	6.70
	3.17

	W7
	60.85
	2.86
	8.55
	3.83

	SEm+
	1.79
	0.075
	2.2
	0.10

	LSD (P = 0.05)
	5.12
	0.21
	6.4
	0.30

	Nitrogen dosage

	N1
	39.03
	2.50
	6.13
	2.88

	N2
	49.80
	2.67
	7.29
	3.39

	N3
	55.33
	2.73
	7.87
	3.66

	SEm+
	1.27
	0.05
	1.6
	0.76

	LSD (P= 0.05)
	3.62
	0.15
	4.5
	0.21


Economics of treatments
The economic evaluation of various weed management practices and nitrogen dosage in sesame revealed notable differences in profitability (Table 5). Among weed control treatments, the pre-emergence application of imazethapyr at 0.15 kg/ha + hand weeding at 30 DAS emerged as the most profitable option, recording the highest net return of ₹27,797/ha with the lowest cost of cultivation (₹14,950/ha) and a B-C ratio of 1.86, indicating its superior economic efficiency. This was followed by two hand weeding at 20 and 40 DAS, which also recorded high net returns (₹25,580/ha), though at a higher cultivation cost (₹24,200/ha). Sole application of alachlor and the weedy check recorded the lowest B-C ratios (1.24 and 1.27, respectively), highlighting the economic disadvantage of ineffective or minimal weed control. Regarding nitrogen levels, the application of 40 kg N/ha resulted in the maximum net return of ₹25,090/ha and a B-C ratio of 1.77, with a reasonable cost of cultivation (₹14,170/ha), making it the most beneficial nitrogen dose economically.
Table 5. Economic of treatments
	Treatments
	Cost of cultivation (₹/ha)
	Net return ((₹/ha))
	B-C ratio

	Weed management

	W1
	15500
	14416
	1.27

	W2
	20900
	21979
	1.65

	W3
	24200
	25580
	1.67

	W4
	14300
	17671
	1.24

	W5
	16200
	22326
	1.38

	W6
	17000
	20586
	1.59

	W7
	14950
	27797
	1.86

	SEm+
	600
	1250
	-

	LSD (P = 0.05)
	1750
	600
	-

	Nitrogen dosage

	N1
	14200
	16890
	1.19

	N2
	14000
	22457
	1.60

	N3
	14170
	25090
	1.77

	SEm+
	300
	900
	-

	LSD (P= 0.05)
	900
	2600
	-



Correlation analysis
The correlation analysis reveals several significant and biologically meaningful relationships among sesame growth and yield attributes (Table 6). A strong positive correlation was observed between branches/plant at harvest and seed yield (r = 0.9717), indicating that increased branching is a key determinant of yield in sesame, likely due to its direct influence on capsule-bearing potential. Similar findings were reported by Bharati et al. (2015), who noted that branching significantly contributes to yield through increased photosynthetic surface and reproductive sites. The CGR during 25-50 DAS was also highly correlated with both seed yield (r = 0.9819) and capsules/plant (r = 0.9759), underscoring the importance of early biomass accumulation in setting yield potential. This is in accordance with Kumar et al. (2018), who emphasized the role of early growth vigour in determining final productivity. Additionally, test weight showed a very strong positive correlation with branches/plant (r = 0.9571) and seed yield (r = 0.9830), suggesting that not only seed number but seed development and filling are critical for higher yield, documented by the work of Meena et al. (2016). Interestingly, CGR during 50-90 DAS had weak or negligible correlations with most parameters, including yield (r = 0.0232), implying that late-season growth has limited influence on final productivity, possibly due to early maturity and resource reallocation. A strong relationship was also noted between biological yield and seed yield (r = 0.9956), reaffirming that increased total biomass contributes significantly to economic yield. 
Conclusion
The result of the study demonstrates that integrated weed management and nitrogen fertilization significantly influence the growth, yield, and economic returns of sesame under semi-arid conditions. The application of imazethapyr @ 0.15 kg/ha followed by one hand weeding at 30 DAS proved to be the most effective weed control strategy, providing the highest seed yield, net returns, and benefit-cost ratio. Among nitrogen levels, 40 kg N/ha was found optimal for enhancing yield components and profitability. Early-season crop growth rate, branching, and capsule formation were strongly correlated with final yield, suggesting their importance as predictive indicators. The findings suggest that a combination of pre-emergence herbicide and timely manual weeding, along with adequate nitrogen application, can substantially improve sesame productivity and economic viability in semi-arid farming systems.

Table 6. correlation analysis among different growth and yield characters of sesame as influenced by weed management and nitrogen dosage
	 
	Plant population 25 DAS
	Plant population 50 DAS
	Branches/plant 50 DAS
	Branches/plant harvest
	CGR 25-50 DAS
	CGR 50-90DAS
	Capsule/plant
	Test weight
	Seed yield
	Biological yield

	Plant population 25 DAS
	1
	
	
	
	
	
	
	
	
	

	Plant population 50 DAS
	0.7731
	1
	
	
	
	
	
	
	
	

	Branches/plant 50 DAS
	0.3322
	0.6769
	1
	
	
	
	
	
	
	

	Branches/plant harvest
	0.2279
	0.6351
	0.9641
	1
	
	
	
	
	
	

	CGR 25-50 DAS
	0.2499
	0.6152
	0.9159
	0.9693
	1
	
	
	
	
	

	CGR 50-90DAS
	0.2265
	-0.0736
	-0.0547
	0.0528
	0.0609
	1
	
	
	
	

	Capsule/plant
	0.1755
	0.5887
	0.9172
	0.9610
	0.9759
	0.0132
	1
	
	
	

	Test weight
	0.2085
	0.6483
	0.9571
	0.9925
	0.9679
	-0.0059
	0.9772
	1
	
	

	Seed yield
	0.2207
	0.6301
	0.9300
	0.9717
	0.9819
	0.0232
	0.9974
	0.9830
	1
	

	Biological yield
	0.1907
	0.5798
	0.9258
	0.9615
	0.9711
	0.0475
	0.9962
	0.9712
	0.9956
	1
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