 Influence of weed management practices on weed parameters and economics of mustard (Brassica juncea L.) under NE Ghats zone of Odisha, India

ABSTRACT
This study aims to evaluate the effectiveness of different weed management practices in mustard (Brassica juncea L.) and assess their impact on weed suppression, yield, and economic returns. Weeds compete with crop plants for water, space, light and nutrients. Weeds also impair the quality of produce and various kinds of health and environmental hazards. To improve the growth and yield of mustard, timely and proper control of weeds is indispensable. The study was carried out during Rabi 2022–23 at Instructional farm-1, School of Agriculture, GIET University, Gunupur, Odisha. The soil at the experimental site had sandy loam texture with a pH of 6.4. It contained 0.52 % organic carbon and had available nutrient levels of 120 kg ha⁻¹ for nitrogen, 6.5 kg ha⁻¹ for phosphorus (P₂O₅), and 108.5 kg ha⁻¹ for potassium (K₂O). The experiment was conducted in a randomized block design with three replications and eight treatments. Results revealed that among different treatments, higher growth parameters, fewer weed populations, dry matter, and yield characteristics have been seen with spraying of oxyfluorfen 23.5 EC @0.05 kg a.i/ha at 0-2 DAS + one HW at 40 DAS (T5), followed by T4 (Pendimethalin 30 EC @0.75kg a.i/ha at 0-2 DAS + one HW at 40 DAS). Similarly, T5 (Oxyfluorfen 23.5 EC @0.05 kg a.i/ha at 0- 2 DAS) had the highest B:C ratio, whereas T8 (weedy check) had the lowest. The most effective method of controlling weeds in mustard is found to be oxyfluorfen 23.5 EC @0.05kg a.i/ha at 0-2 DAS + one HW at 40 DAS (T5) for this study. It is hypothesized that a combination of pre-emergence herbicide application and manual weeding will result in the highest yield and economic returns.
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Introduction








Weeds are the major biotic stress in mustard production. Weed competition in mustard is more serious during early stage, because crop growth during winter (rabi) season remains slow during the first 4-6 weeks after sowing (Singh et al., 2020. However, during later stages it grows vigorously and has suppressing effect on weeds. Weeds compete with crop for water, nutrients and light which effect growth and development of crop (Yernaidu et al., 2021; Pandey et al., 2022). Weed  management  is essential  at  initial  stage  of  crop  to  avoid  crop weed completion. The most critical period of this crop    is    varying    according to    agro-climatic condition varieties nature of weed and density of weed  etc..Weeds  can  be  controlled  by  several methods.  Continuous  use  of  the  same  method leads  to  build  up  of  tolerant  weeds  to  particular methods (Sandeep et al., 2024; Yernaidu et al., 2024).
Mustard (Brassica juncea L.) is a significant oil crop with considerable global trade importance. It belongs to the Cruciferae family and ranks as India's second most vital oilseed crop, following groundnut, among the seven edible oilseeds (Yernaidu et al., 2021). In 2018-19, the estimated global area for rapeseed mustard was around 36.59 million hectares, with a production of approximately 72.37 million tonnes and a yield of 1980 kg ha⁻¹. (Kalia et al., 2021).

In India, the area dedicated to rapeseed and mustard is around 6.23 million hectares, with a production of 9.34 million tonnes and productivity of 1499 kg ha-1 (India Stat 2019-20). Weeds are identified as a primary biotic stressor impacting mustard production (Yernaidu et al., 2021). In Odisha, rapeseed-mustard is cultivated across 145.36 thousand hectares, producing 61.63 thousand tonnes with a productivity of 424 kg ha⁻¹ (Odisha AGRISTAT 2013-14), which is significantly lower than the national average. (Mandi et al., 2020).

The oil content in mustard and rapeseed ranges from 37% to 49%. These seeds and oils have various applications, serving as condiments for cooking vegetables, curries and pickles, and are also utilized in hair oil, medicinal products, and grease manufacturing. Additionally, mustard oil cake is recognized as an excellent animal feed and organic fertilizer (Patel et al., 2020). Weeds are seen as a critical factor contributing to reductions in crop yield, accounting for competition in nutrients, moisture, light, and space, with loss rates reported between 30% and 70% (Raj et al., 2020).
Grassy type of weeds such as Digitaria sanguinalis, Chloris barbata, Echinochloa crusgalli, Cynodon dactylon, Dactyloctenium aegyptium, Dinebra retroflexa and Eleusine indica alongside sedges including Cyperus rotundus and broad- leaved weeds like Parthenium hysterophorus, Alternanthera sessilis, Trianthema portulacastrum, Cleome viscosa, Datura stramonium, Euphorbia hirta, Commelina benghalensis, Sonchus arevensis, and Digera arevensis found  at experimental field (Yernaiduet al., 2021).

Materials and Methods
On farm trial was conducted in instructional farm-I, School of Agriculture, GIET University, Gunupur during Rabi season of 2022.
The soil at the experimental site had a sandy loam texture with a pH of 6.4. It contained 0.52 % organic carbon and had available nutrient levels of 120 kg ha⁻¹ for nitrogen, 6.5 kg ha⁻¹ for phosphorus (P₂O₅), and 108.5 kg ha⁻¹ for potassium (K₂O). The experiment was conducted using a randomized block design with 3 replications and 8 treatments.The treatments include T1: Pendimethalin 30 EC @ 0.75kg a.i/ha at 0-2 DAS, T2: Oxyfluorfen 23.5 EC @0.05 kg a.i/ha at 0- 2 DAS, T3: Quizalofop-p-ethyl 10 EC @ 0.05 kg a.i/ha at 15-20 DAS, T4: Pendimethalin 30 EC @ 0.75 kg a.i/ha at 0- 2 DAS+one HW at 40 DAS,T 5:
Oxyfluorfen 23.5 EC @ 0.05 kga.i/ha at 0-
2 DAS+one HWat 40 DAS,T6: Quizalofop- p-ethyl 10 EC @ 0.05 kg a.i/ha at 15-20 DAS+ one HW at 40 DAS, T7: Weed free (manual weeding), T8: Weedy check.

Weeds were picked at random from four locations in each plot using a 0.25 m2 quadrate and recorded at 20, 40, 60 and 90 DAS as well as at harvest. The weeds were initially sun-dried, kept in paper bags and oven-dried at 60°C for 48 hours. The dry weight was monitored until a consistent weight was reached. Later, the weed biomass data was processed and reported in kg ha-1.


With the help of a leaf area meter, the area of the leaves was measured. The leaf area index was calculated using the formula-


Leaf area
LAI = --------------------
Ground area
 Harvest Index was obtained by using the following formula and is expressed in percentage.
Economic yield Harvest Index (H.I.) =	×100
Biological yield
Weed control efficiency was determined by using the below-mentioned formula and is expressed in percentage.
                        DMC-DMT
WCE (%) =	× 100
                                 DMT
Where, DMC and DMT were the weed dry weight in the control plot and treated plot respectively.


Results and Discussion 

Effect on Weeds
The major weeds recorded in the trial were grasses like Cynodon dactylon, Digitaria sanguinalis and Dactyloctenium aegyptium, sedges such as Cyperus rotundus and broad-leaved weeds like Portulaca oleracea, Eclipta alba and Celosia argentea.
In addition to the herbicidal treatments, the weed-free condition resulted in the lowest total weed population and dry weight at 20, 40, 60, and 90 days after sowing (DAS) as well as at harvest. Among all the herbicidal treatments oxyfluorfen 23.5 EC @ 0.05 kg a.i/ha at 0-2 DAS + one HW at 40 DAS (T5) recorded the lowest weed population and dry weight which might be due to the higher efficacy of oxyfluorfen which was followed by T4 and at par with T1 and T2 whereas the highest weed population and density was observed under weedy check (T8). Similar results were also reported by Gupta et al. (2020).

Among the chemical weed management practices, applying oxyfluorfen 23.5 EC at 0.05 kg a.i/ha from 0-2 DAS, followed by one-hand weeding at 40 DAS (T5), showed the highest weed control efficiency, with values of 73.5%, 73.8%, 68.9%, 68.0%, and 68.4% at 20, 40, 60, 90 days after sowing (DAS), and at harvest, respectively. This approach was closely followed by T4 throughout most stages. In contrast, Quizalofop-p-ethyl 10 EC at 0.05 kg a.i/ha applied between 15-20 DAS (T3) resulted in the lowest weed control efficiency with rates of 41.5%, 53.8%,
42.1%, 41.1%, and 49.6% at 20,40,60,90
DAS and at harvest, respectively.
The weed index measures the decline in yield due to weed infestation and is directly related to weed density and weed dry weight. Oxyfluorfen 23.5 EC applied at 0.05 kg a.i./ha from 0 to 2 days after sowing (DAS) followed by one-hand weeding at 40 DAS (T5) resulted in the lowest weed index. This reduction may be attributed to a decreased weed population, lower dry weight of weeds, and improved weed control efficacy whereas, the highest weed index was observed with a weedy check (T8).

Effect on economics
Table2. presents data on the cost of cultivation. Among the chemical herbicides, T4 (Pendimethalin 30 EC @ 0.75 kg a.i/ha at 0-2 DAS + one HW at 40 DAS) was found with a maximum cost of cultivation (Rs. 46369 ha-1) followed by T6. Besides herbicidal treatments, weed-free recorded the maximum cost of cultivation (Rs. 51444 ha-1) which could be attributed to the increased labor requirement for weeding compared to other weed management methods used in the study and the minimum (Rs.42344 ha-1) was recorded under T8.
The maximum gross return (Rs. 69720 ha-1) was observed under T5 (Oxyfluorfen
23.5 EC @ 0.05 kg a.i/ha at 0-2 DAS+one
HW at 40 DAS) which was followed by Pendimethalin 30 EC @ 0.75 kg a.i/ha at 0-2 DAS+one HW at 40 DAS (Rs.66467 ha-1) whereas T8 (Weedy check) gave minimum gross return (Rs. 52472 ha-1). The treatment with the highest net return (Rs.24356 ha-1) was oxyfluorfen 23.5 EC @ 0.05 kg a.i/ha at 0-2 DAS + one HW at 40 DAS (T5) followed by T2 whereas the treatment T8 (Weedy check) found with lowest net return (Rs. 10128 ha-1).
The findings showed that the highest B:C ratio of 1.54 was achieved with oxyfluorfen 23.5 EC @ 0.05 kg a.i/ha at 0- 2 DAS + one HW at 40 DAS (T5). This was closely followed by Oxyfluorfen
23.5 EC @ 0.05 kg a.i/ha at 0-2 DAS which resulted in B:C ratio of 1.48, whereas the weedy check treatment produced the lowest B:C ratio of 1.24.

Table1.Effect of weed management practices on total weed population, weed dry weight, weed control efficiency and weed index.


	

Treatments
	Total weeds population m-2
	Total weeds dry weight m-2(g)
	Weed control efficiency (%)
	Weed index (%)

	
	20 DAS
	40 DAS
	60 DAS
	90 DAS
	At harvest
	20 DAS
	40 DAS
	60 DAS
	90 DAS
	At harvest
	
	

	T1-(Pendimethalin 30 EC@ 0.75kg a.i/ha at 0-2 DAS)
	6.54
(42.27)
	6.48
(41.48)
	6.31
(39.26)
	5.94
(34.79)
	5.68
(31.75)
	3.77
(13.70)
	4.68
(21.37)
	5.52
(30.00)
	5.61
(30.93)
	5.14
(25.93)
	58.3
	12.9

	T2-(Oxyfluorfen 23.5 EC@ 0.05kg
a.i/ha at 0-2 DAS)
	6.53
(42.08)
	6.47
(41.34)
	6.27
(38.82)
	5.81
(33.20)
	5.39
(28.52)
	2.84
(7.59)
	3.82
(14.07)
	5.03
(24.81)
	5.90
(34.26)
	5.54
(30.22)
	51.4
	7.3

	T3-(Quizalofop-p-ethyl  10 EC @ 0.05 kg a.i/ha at 15-20 DAS)
	8.05
(64.33)
	7.37
(53.75)
	6.77
(45.33)
	6.70
(44.33)
	6.56
(42.59)
	4.30
(17.96)
	4.76
(22.11)
	5.77
(32.81)
	6.00
(35.56)
	5.65
(31.37)
	49.6
	13.9

	T4-(Pendimethalin 30 EC @ 0.75kg a.i/ha at 0-2 DAS + one HW at 40 DAS)
	6.55
(42.37)
	6.49
(41.56)
	5.19
(26.48)
	4.89
(23.45)
	4.46
(19.41)
	3.79
(13.89)
	4.55
(20.24)
	4.45
(19.26)
	4.72
(21.78)
	4.60
(20.67)
	
66.8
	
6.7

	T5-(Oxyfluorfen 23.5 EC@ 0.05kg
a.i/ha at 0-2 DAS + one HW at 40 DAS)
	6.54
(42.26)
	6.43
(40.82)
	5.12
(25.73)
	4.76
(22.19)
	4.45
(19.26)
	2.94
(8.15)
	3.60
(12.44)
	4.25
(17.59)
	4.46
(19.41)
	4.49
(19.67)
	
68.4
	
4.6

	T6-(Quizalofop-p-ethyl 10 EC @ 0.05 kg a.i/ha at 15-20 DAS +  one HW at 40 DAS
	7.87
(61.37)
	7.33
(53.24)
	5.60
(30.81)
	5.55
(30.33)
	5.54
(30.15)
	3.49
(11.67)
	4.81
(22.67)
	5.23
(26.85)
	5.37
(28.33)
	4.67
(21.30)
	
65.8
	
7.1

	T7-(Weed free)
	6.28
(38.89)
	5.00
(24.52)
	4.90
(23.53)
	4.77
(22.22)
	4.57
(20.37)
	2.35
(5.00)
	3.27
(10.18)
	3.94
(15.00)
	3.94
(15.06)
	3.43
(11.30)
	81.8
	0

	T8-(Weedy check)
	9.36
(87.04)
	9.57
(91.05)
	9.82
(95.90)
	10.04
(100.37)
	10.39
(107.41)
	5.59
(30.74)
	6.87
(48.00)
	7.60
(57.22)
	7.82
(60.67)
	7.92
(62.22)
	0.00
	25.0

	SEm(±)
	0.91
	1.26
	1.07
	1.24
	1.36
	0.49
	1.08
	1.54
	1.28
	0.73
	-
	-

	CD at 5%
	2.76
	3.84
	3.26
	3.77
	4.12
	1.49
	3.27
	4.67
	3.88
	2.23
	-
	-


The values in parenthesis are subjected to √x+0.5 transformation

Table2. Effect of weed management practices on economics of mustard	

	

Treatments
	Cost of cultivation (Rs. ha-1)
	
Gross return (Rs.ha-1)
	Net return
(Rs.ha-1)
	
B : C ratio

	T1-(Pendimethalin 30 EC@ 0.75kg a.i/ha at 0-2 DAS)
	
45589
	
61262
	
15673
	
1.34

	T2-(Oxyfluorfen 23.5 EC@ 0.05kg
a.i/ha at 0-2 DAS)
	
44324
	
65771
	
21447
	
1.48

	T3-(Quizalofop-p-ethyl  10 EC @ 0.05 kg a.i/ha at 15-20 DAS)
	
44414
	
61448
	
17034
	
1.38

	T4-(Pendimethalin 30 EC @ 0.75kg a.i/ha at 0-2 DAS + one HW at 40 DAS)
	
46369
	
66467
	
20098
	
1.43

	T5-(Oxyfluorfen 23.5 EC@ 0.05kg
a.i/ha at 0-2 DAS + one HW at 40 DAS)
	
45364
	
69720
	
24356
	
1.54

	T6-(Quizalofop-p-ethyl 10 EC @ 0.05 kg a.i/ha at 15-20 DAS +  one HW at 40 DAS
	
45714
	
66020
	
20306
	
1.44

	T7-(Weed free)
	51444
	72829
	21385
	1.42

	T8-(Weedy check)
	42344
	52472
	10128
	1.24




Conclusion
Application of oxyfluorfen 23.5 EC at 0.05 kg a.i./ha as pre-emergence (at 0 to 2 DAS) along with one-hand weeding at 40 DAS (T5) resulted in the lowest weed density, highest weed control efficiency, lowest dry matter and weed index as compared to all other herbicidal treatments, which was followed by T4 (Pendimethalin 30 EC @ 0.75 kg a.i/ha at 0-2 DAS + one HW at 40 DAS. The highest yield of 1156 kg ha-1 was obtained by pre-emergence application of oxyfluorfen 23.5 EC @ 0.05kg a.i/ha at 0-2 DAS + one HW at 40 DAS. This treatment yielded a gross return of Rs. 69720/ha, a net return of Rs. 24356/ha, and a benefit-cost ratio of 1.5.
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