EFFECT OF PRE- AND POST-EMERGENCE HERBICIDES ON GROWTH, YIELD, AND ECONOMICS OF SESAME








ABSTRACT 
An experiment was conducted at Onattukara Regional Agricultural Research Station, Kayamkulam, to evaluate of the efficiency of pre and post-emergence herbicides for weed management; their effect on growth, yield and economics on sesame crop. The experiment was laid out in RBD with nine treatments and three replications. The major weed in the experiment field was Melochia corchorifolia (Chocolate weed). Among the different weed management practices mechanical weeding with wheel hoe weeder at 15 and 30 DAS (T7) recorded the highest plant height and seed yield which was identical with PE pendimethalin 500 g ha-1 + mechanical weeding with wheel hoe weeder at 25 DAS (T6), PE pendimethalin 500 g ha-1 + carfentrazone ethyl 20 g ha-1 at 25 DAS (T4)s and Hand hoe weeding at 15 and 30 DAS (T8). At 60 DAS the lowest density of weeds was observed in PE pendimethalin 500 g ha-1 + carfentrazone ethyl 20 g ha-1 at 25 DAS (T4) (31.82 no.m- 2) and it was at par with mechanical weeding with wheel hoe weeder at 15 and 30 DAS (T7). The treatment PE pendimethalin 500 g ha-1 + mechanical weeding with wheel hoe weeder at 25 DAS (T6) resulted in the highest net returns and B:C ratio of (Rs. 37,070 ha-1 and 2.09 respectively) which was found to be identical with PE pendimethalin 500 g ha-1 + carfentrazone ethyl 20 g ha-1 at 25 DAS (T4) and mechanical weeding with wheel hoe weeder at 15 and 30 DAS (T7).
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INTRODUCTION 
Sesame (Sesamum indicum L.) (2n=26) belonging to the family Pedaliaceae is the oldest known oilseed crop and grown in the tropics and subtropics in warm climates. Sesame is one of India’s most important oilseed crop, ranks fourth behind groundnut, rapeseed, and mustard. It is labelled as the “Queen of oilseeds” because of its high oil content, delicious nutty aroma, and flavour (Johnson et al.,1979). 
India is one of the largest exporters of sesame and ranks first in both acreage (15.23 lakh hectares) and production (8.47 lakh tonnes) with an average productivity of 553 kg ha-1 (Indiastat, 2023-24). Though the country ranks first in area and production of sesame in the world, the productivity of sesame is low due to its cultivation in marginal and submarginal soils under the rainfed situation with poor agronomic management practices. Among the various biotic stress factors, weeds are the major obstacle to sesame production and lower sesame yield. The most critical period of crop weed competition in sesame is between 15 and 30 DAS (Venkatakrishnan and Gnanamurthy 1998). Seed yield loss due to uncontrolled weed growth in sesame has been reported to be as high as 50 per cent (Dungarwal et al., 2003).
Although the conventional methods of weed control such as hand weeding, mechanical weeding with a hand hoe, manually operated wheel hoe weeder etc. are very much expensive due to high wages, labour shortages during the critical weeding season (15 to 30 DAS) and incessant protracted rains. Use of herbicides could be more time saving, economical and efficient to prevent early crop-weed competition. Recent years have witnessed the introduction of herbicides which were found to be highly effective against all categories of weeds. However, only a few studies have been done to evaluate the efficiency of such herbicides. Therefore, it is necessary to identify the appropriate weed management strategy using these herbicides to effective control of weeds and improve the sesame growth and productivity. 
In this backdrop, the present study was undertaken with the objectives to evaluate of the efficiency of pre and post-emergence herbicides for weed management; their effect on growth, yield and economics on sesame crop.

MATERIALS AND METHODS
	The experiment for weed management in sesame was taken up during summer 2022 at Onattukara Regional Agricultural Research Station, Kayamkulam Kerala, located at 9.180503° N latitude, 76.518950° E longitude at an altitude of 3.09 m above MSL. The experiment was laid out in RBD with nine treatments and three replications. PE oxyflourfen 80 g ha-1 at 2 DAS+ carfentrazone ethyl 20 g ha-1 at 25 DAS (T1), PE oxyflourfen 80 g ha-1 at 2 DAS + imazethapyr 50 g ha-1 at 25 DAS (T2), PE oxyflourfen 80 g ha-1 at 2 DAS + mechanical weeding with wheel hoe weeder at 25 DAS (T3), PE pendimethalin 500 g ha-1 at 2 DAS + carfentrazone ethyl 20 g ha-1 at 25 DAS (T4), PE pendimethalin 500 g ha-1 at 2 DAS + imazethapyr 50 g ha-1 at 25 DAS (T5), PE pendimethalin     500 g ha-1 at 2 DAS + mechanical weeding with wheel hoe weeder at 25 DAS (T6), mechanical weeding with wheel hoe weeder at 15 and 30 DAS (T7), hand hoe weeding at 15 and 30 DAS (T8) and weedy check (T9) constituted the treatments. The major weed found in the experimental field was Melochia corchorifolia.
Herbicides were applied using crop protective herbicide applicator developed by Department of Agronomy, College of Agriculture, Vellayani and sowing was done with seed cum fertilizer drill developed by Department of Agronomy, College of Agriculture, Vellayani (Patent Certificate No. 127005 and Design No. 359570-001 dated 28/02/2022 by the Patent Office of Government of India). The sesame variety used for the study was       “Thilak”. FYM 5 t ha-1 was uniformly applied to all plots. A uniform dose of 30 kg N, 15 kg P2O5 and 30 kg K2O ha-1 was applied through urea, rajphos and murate of potash respectively to all the plots. Nitrogen was applied in two splits. The 75 per cent N along with entire dose of P and K were applied as basal at the time of sowing and the remaining 25 per cent of N was applied as foliar spray at 3 per cent concentration on 30 DAS.
Thinning was done on fifteenth day after sowing by retaining only one healthy and vigorous seedling per hill. The crop was raised as per the Package of Practices recommendations Crops (KAU, 2016). Statistical analysis was done by using GRAPES statistical software developed by Department of Agricultural Statistics, College of Agriculture, Vellayani (Gopinath et al., 2020).


RESULT AND DISCUSSION
EFFECT OF WEED MANAGEMENT ON CROP GROWTH AND YIELD 
	Weed management treatments had a positive influence on the growth attributes viz., plant height at 40 DAS, 60 DAS and at harvest. Compared to weedy check, plants in the herbicide treated plots recorded taller plants   at 40, 60 DAS and at harvest stage (Table 1). Treatment T7 recorded higher plant height at 40 DAS, 60 DAS, and at harvest (45.7cm, 93.3cm, and 105.0 cm respectively) and was statistically identical with T8, T6 and T4. This better growth of sesame in weed management treatments was due to the efficient management of weeds at the early growth stage of the crop. Weed free environment might have resulted in lesser crop weed competition, rapid cell multiplication and cell elongation, better nutrient uptake which ultimately resulted in increased plant height. The result is in agreement with the observation of Venu et al. (2022) and Kamani et al. (2021).
	Seed yield, haulm yield and weed index were significantly influenced by weed management. The treatment T7 resulted in the highest seed yield (478 kg ha-1) However, seed yield were comparable with T6, T4 and T8 (Table 1). This might be due to the better expression of yield components viz., number of capsules per plant, number of seeds per capsule in these treatments as a result of reduced competition for growth resources with the weeds. These results are in agreement with those of Venu et al. (2022) and Khanam et al. (2021) in sesame and Hussain et al. (2021) in wheat. Due to the adoption of weed management practices, seed yield of sesame was enhanced from 202 (Weedy check) to 478 kg ha-1 (Table 1). Weed competition caused a yield reduction of 42.26 per cent in sesame. The finding is in accordance with the observations made by Dungarwal et al. (2003).
	The treatment T7 recorded the highest haulm yield (1177 kg ha-1) which was at par with T6 (Table 1). Weed free environment maintained by T7 during the crop growth resulted in better growth parameters, which in turn increased dry matter production. The result is in consonance with findings of Venu et al. (2022).
	Weedy check (T9) recorded significantly lower values for the growth and yield attributes. This was due to season long crop weed competition (CWC) which might have reduced the availability of nutrients, water, sunlight and space, leading to reduced growth parameters, which in turn reduced the dry matter production and yield of sesame. The results are in agreement with the findings of Venu et al. (2022) and Singh et al. (2018).

	Weed index was not statistically analyzed, however, the treatment T7 recorded the lowest weed index (0.00) which was followed by treatment T6 (0.87%) and T4 (5.89%)   (Table 1). Higher yield resulted in lower weed index in T7, T6 and T4. Higher yield obtained was due to better availability and uptake of nutrients as result of reduced crop weed competition as evident from the data on total weed density (Table 3). These results are in agreement with those of Kamani et al. (2022) in sesame and Chopra et al. (2015) in wheat.
EFFECT OF WEED MANAGEMENT ON WEED
	The results on absolute density weeds showed that grasses and broad leaved weeds were major weeds in the experimental site. Among the two, broadleaved weeds were the predominate one (Table 2). The major grassy weeds found in the experimental field were Echinochloa colona, Eleusine indica, while the dominant broadleaved weeds present in the field were Melochia corchorifolia and Cleome viscosa. Sreepriya and Girija  (2018) reported that the major weed flora associated with summer sesame with Melochia corchorifolia, Digitaria ciliaris, Echinochloa colona, Oryza sativa, and Cleome viscosa .
	The most important quantitative parameters used for assessing the effectiveness of weed management treatments is density of weeds. Absolute density of grasses and BLW, and total weed density were significantly influenced by weed management. At 20 DAS the lowest absolute density of grasses was observed in T5 (1.72 no.m-2). Whereas, at 40 DAS and 60 DAS the lowest absolute density of grasses was recorded in T4 (1.17 and 3.34 no.m-2, respectively). At 20 DAS, 40DAS and 60 DAS the lowest absolute density of BLW was observed in T7 (39.15, 20.89 and 27.37 no.m-2, respectively). 
Total weed density was significantly influenced by weed management at 20 DAS, 40 DAS and 60 DAS (Table 3). At 20 and 40 DAS the lowest density of weeds was observed in T7 (41.78 and 23.85 no.m-2, respectively). At 60 DAS the lowest density of weeds was observed in T4 (31.82 no.m- 2) and it was at par with T7. T9 recorded the highest weed density at 20 DAS (138.64 no.m-2), 40DAS (108.91 no.m-2), and 60DAS (100.93 no.m-2).
Compared to PE oxyfluorfen, PE pendimethalin were found more effective in reducing the density of BLW at 20 DAS (Table 2). The result is in accordance with the observation made by Sahu et al. (2019) in sesame and Mondal et al. (2008) also reported that pendimethalin 750 g ha-1 was more effective in controlling the BLW than oxyflourfen 100 g ha-1. Data on absolute density of BLW (Table 2) at 40 DAS revealed that, the treatments with  wheel hoe weeding at 25 DAS and PoE carfentrazone ethyl resulted in lesser density of  BLW compared to POE imazethapyr. This was because of the fact that wheel hoe weeding at  25 DAS effectively uprooted BLW. Chacko et al. (2021) reported that mechanical weeding with wheel hoe weeder (MWHW) at 15, 30 and 45 DAS recorded the lowest total weed in ladies-finger and Singh et al. (2013) reported that carfentrazone ethyl 25 g ha-1 was most effective in controlling broad-leaved weeds in direct seeded rice (DSR).
EFFECT OF WEED MANAGEMENT ON ECONOMICS
	A weed management practice should be economically viable to be acceptable at farmer's level. The highest gross return was observed in the treatment T7 (Rs.71,726 ha-1) which was comparable with T6, T4 and T8 (Table 4). However, the net return and B: C was recorded highest in T6 (Rs. 37070 ha-1 and 2.09) and were at par with T4 and T7. Higher grain yield and less labour requirement was the reason for higher net return, and B: C ratio in T6 T4 and T7 (Table 4 and Fig.1). Reduction in weed competition had resulted in better availability of growth factors which in turn led to higher photosynthesis and dry matter accumulation. Better control of weeds right from sowing had resulted in better expression of yield attributes, which ultimately resulted in higher grain yield in T7, T6 and T4. In treatments, T7, T6 and T4, weeds present in the early growth phase were effectively controlled by wheel hoe weeder/ PE pendimethalin and later emerged weeds were effectively controlled by either wheel hoe weeding or PoE carfentrazone ethyl at 25 DAS. The present study is in the line with Chopra et al. (2015), Sangeetha et al. (2019) and Chacko et al. (2021). 
	Among the treatments the lowest gross return (Rs. 30300 ha-1), net return (Rs. 2100 ha-1) and B: C ratio (1.07) were recorded in weedy check (T9), due to the lowest seed yield as a result of heavy weed competition (Table 4 and Fig.1). 
CONCLUSION
	The yield and economics of treatments T7, T6 and T4 were comparable. Hence the study revealed the possibility of three weed management options for sesame. Mechanical weeding with wheel hoe weeder at 15 and 30 DAS (T7) could be recommended as a non chemical weed management practice. Pre emergence pendimethalin 500 g ha-1 at 2 DAS + wheel hoe weeding at 25 DAS (T6) could be recommended as an integrated weed management practice and pendimethalin 500 g ha-1 at 2 DAS + post directed application of carfentrazone ethyl 20 g ha-1 at 25 DAS (T4) could be recommended as a chemical weed management practices for higher yield and return in sesame.







	Plant height, cm
	Seed yield
(kg ha-1)
	Haulm yield
(kg ha-1)
	Weed index (%)

	Treatments
	
40 DAS
	
60 DAS
	
At harvest
	
	
	

	T1
	
36.2
	
78.0
	
87.4
	
362
	
945
	
24.21

	T2
	
29.3
	
60.7
	
70.0
	
267
	
706
	
44.25

	T3
	
36.6
	
78.6
	
88.0
	
369
	
952
	
22.84

	T4
	
42.3
	
88.7
	
96.0
	
450
	
1073
	
5.89

	T5
	
31.0
	
68.7
	
76.0
	
282
	
827
	
41.08

	T6
	
42.2
	
90.9
	
104.3
	
474
	
1079
	
0.87

	T7
	
45.7
	
93.3
	
105.0
	
478
	
1177
	
0.00

	T8
	
43.7
	
87.7
	
94.9
	
447
	
1052
	
6.52

	T9
	
30.0
	
52.0
	
61.4
	
202
	
613
	
57.78

	
SEm (±)
	
1.7
	
3.0
	
3.7
	
24.71
	
33.3
	
-

	
CD (0.05)
	
5.20
	
9.03
	
11.37
	
72.72
	
98.20
	
-


Table 1. Plant height (cm), Seed yield (kg ha-1), haulm yield (kg ha-1) and weed index (%) in sesame as influenced by weed management
        Table 2. Absolute density of grasses and broad leaf weeds as influenced by weed management in sesame, no. m-2
	
Treatments
	
Absolute density of grasses (no. m-2)
	Absolute density of BLW  (no. m-2)

	
	
20DAS
	
40DAS
	
60DAS
	
20DAS
	
40DAS
	
60DAS

	T1
	
2.76 (6.63)
	
2.13 (3.57)
	
2.52 (5.36)
	
9.24 (84.29)
	
6.54 (41.78)
	
7.08 (49.17)

	T2
	
2.55 (5.52)
	
2.53 (5.44)
	
3.06 (8.38)
	
9.85 (96.06)
	
7.98( 62.76)
	
8.31 (68.05)

	T3
	
2.13 (3.55)
	
1.88 (2.54)
	
2.91 (7.48)
	
8.57 (72.38)
	
5.98 (34.81)
	
6.98 (47.65)

	T4
	
2.10 (3.41)
	
1.47 (1.17)
	
2.08 (3.34)
	
7.44 (54.30)
	
5.21 (26.11)
	
5.43 (28.48)

	T5
	
1.65 (1.72)
	
2.27 (4.17)
	
2.91 (7.51)
	
7.64 (57.33)
	
7.43 (54.23)
	
7.96 (62.42)

	T6
	
2.34 (4.51)
	
2.07 (3.30)
	
2.53 (5.45)
	
7.83 (60.35)
	
5.69 (31.33)
	
5.94 (34.26)

	T7
	
1.90 (2.63)
	
1.98 (2.93)
	
2.62 (5.89)
	
6.34 (39.15)
	
4.68 (20.89)
	
5.33 (27.37)

	T8
	
2.13 (3.55)
	
1.97 (2.89)
	
2.72 (6.43)
	
7.44 (54.30)
	
5.37 (27.85)
	
6.09 (36.05)

	T9
	
2.78 (6.77)
	
3.22 (9.42)
	
3.89 (14.14)
	
11.52 (131.67)
	
10.02 (99.31)
	
9.33 (86.02)

	
SEm (±)
	
0.10
	
0.03
	
0.06
	
0.07
	
0.12
	
0.08

	
CD (0.05)
	
0.325
	
0.094
	
0.177
	
0.217
	
0.285
	
0.239


Values in parentheses are original values, values on absolute density of grasses and BLW are subjected to square root transformations √x +1
Table 3. Total density of weeds as influenced by weed management in sesame, no. m-2
	
Treatments
	
Total density of weeds (no. m-2)

	
	
20 DAS
	
40 DAS
	
60 DAS

	T1
	
9.59 (90.98)
	
6.81 (45.35)
	
7.45 (54.53)

	T2
	
10.13 (101.57)
	
8.32 (68.21)
	
8.80 (76.44)

	T3
	
8.77 (75.94)
	
6.20 (37.39)
	
7.49 (55.14)

	T4
	
7.66 (57.71)
	
5.32 (27.29)
	
5.73 (31.82)

	T5
	
7.75 (59.05)
	
7.71 (58.40)
	
8.42 (69.93)

	T6
	
8.12 (64.86)
	
5.97 (34.64)
	
6.38 (39.71)

	T7
	
6.54 (41.78)
	
4.99 (23.85)
	
5.85 (33.26)

	T8
	
7.67 (57.86)
	
5.64 (30.77)
	
6.59 (42.49)

	T9
	
11.82 (138.64)
	
10.48 (108.91)
	
10.10 (100.93)

	
SEm (±)
	
0.13
	
0.07
	
0.08

	
CD (0.05)
	
0.396
	
0.215
	
0.239


Values in parentheses are original values, values on total density of weeds are subjected to square root transformations √x +1






	
Treatments
	
Cost of
Cultivation               (Rs ha-1 )
	
Gross income

(Rs ha-1)
	
Net income

(Rs ha-1)

	T1
	
32870
	
54367
	
21497

	T2
	
32880
	
39996
	
7116

	T3
	
34370
	
55353
	
20983

	T4
	
32530
	
67500
	
34970

	T5
	
32540
	
42271
	
9731

	T6
	
34030
	
71100
	
37070

	T7
	
37950
	
71726
	
33776

	T8
	
43200
	
67050
	
23850

	T9
	
28200
	
30300
	
2100

	
SEm (±)
	
-
	
1981
	
1684

	
CD (0.05)
	
-
	
5829.5
	
4954.7


Table 4. Economics of cultivation as influenced by weed management in sesame
 


                Fig. 1 Effect of weed management practices on B:C  
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