


Effect of Different Weed Management Practices on Growth, Yield and Quality of Black Gram (Vigna mungo L.) Under Irrigated Condition

ABSTRACT  
A field experiment was conducted during zaid season of 2023 at Shradhey Bhagwati Singh Agriculture Research Farm (Hajipur), Chandra Bhanu Gupt Krashi Snatakotter Mahavidyalaya, B.K.T, Lucknow (UP) to assess the weed management effect on weeds, crop growth, yield attributes, yield studies, nutrients uptake and economics of  black gram. The result of the investigation revealed that two hand weeding at 20 and 40 DAS was found superior in controlling weeds, increasing black gram yield and nutrient uptake and recorded maximum benefit: cost ratio. Among the herbicidal treatments, application of pendimethalin 30 EC @800 g/ha (PE) + one hand weeding at 30 DAS were recorded the lowest weed density, weed dry weight and highest weed control efficiency, growth parameters, yield attributes, yield, quality parameters, net return and B:C ratio in black gram crop.
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INTRODUCTION-
    Summer black gram, scientifically known as (Vigna mungo L.) is a warm-season legume crop that belong to the Fabaceae (old name Leguminaceae) family. Black gram originated from wild type i.e. Phaseolus sublobatus. Black gram plant possess deep root system which binds soil particles together and thus prevents soil erosion. Besides builds up soil fertility as it fixes about 70-90 kg N/ha. After removing pods, the crop biomass may be used as good quality green or dry fodder or green manure. Among the pulses, black gram had a very important role in human diet of our country, as a rich source of protein (24%), carbohydrate (60%), fat (1.5%), amino acids, phosphoric acid, vitamins and minerals. According to “World Health Organization” standard, a person should normally 80 g of black gram/day. The production of black gram globally is around 8.5 million tonnes in 2021-22, (Anonymous, 2022). The major producing countries such as India, Myanmar and Thailand. About 70% of the world’s black gram production comes from India. India is the world’s largest producer and consumer of black gram. India produces about 2.84 million tonesof black gram annually from 4.76 million hectare of area, with average productivity of 596 kg/ha in 2021-22, (DES, 2022). Utter Pradesh produced 3.11 lakh tonnes of black gram with the area of 5.89 lakh hectare and average productivity was 528 kg/ha during 2021-22, (DES, 2022). Black gram is usually grown under rain fed condition during  kharif sesson in which weed a major reason for the low productivity of the crop. The losses caused by weeds exceed the losses from any other category of agricultural pest like insect, nematode, disease, rodents etc. Weeds have been observed to cause losses in silent and unnoticed ways. In black gram, better weed management could be one of the options for the improvement of crop productivity (Pavithra et al., 2023; Anusha et al., 2024). The use of herbicide in region is very limited due to various reasons including the suitable recommendation of herbicide of the region. The manual weeding is not economically viable option for the farmers to control the weeds. Therefore, the present study evaluates various weed control methods that will reduce weed pressure, increase crop yield and farmers’ profit.
MATERIALS AND METHODS
The field experiment was conducted at Shradhey Bhagwati Singh Agriculture Research Farm (Hajipur), Chandra Bhanu Gupt Krashi Snatakotter Mahavidyalaya, B.K.T, Lucknow, (UP) during Zaid season 2023. Experimental site falls under subtropical zone and is situated at 26.5oC North latitude, 80.52oC East longitudes with an altitude of 123 meters above mean sea level. The soil of the experimental field was silt loam in texture having alkaline soil reaction (7.85), low of organic carbon (0.45 %), medium available nitrogen (376.0 kg ha-1), phosphorus (25.54 kg ha-1) and low in potassium (165.84 kg ha-1). The experiment, comprising of 8 treatments (viz.; Pendimethalin 30 EC @ 800 g a.i/ha (PE) + one hand weeding at 30 DAS, Pendimethalin 30 EC @ 1000 g a.i/ha (PE), Imazethapyr 10 EC @ 100 g a.i/ha (POE) at 25 DAS, Imazethapyr 10 EC @ 50 g a.i/ha (POE) at 25 DAS, Quizalofop-ethyle 10 EC @38 g a.i/ha (POE) at 30 DAS, Quizalofop-ethyle 10 EC @ 50 g a.i/ha (POE) at 30 DAS, two hand Weeding at 20 and 40 DAS and Weedy Check) and plant spacing (30 x 15 cm) were tested in Randomized Block Design (RBD). Recommended fertilizer application of 20 kg/ha Nitrogen and 40 kg/ha P2O5/ha were applied through urea and SSP, respectively. Half dose of nitrogen and full dose of P2O5 was applied at the time of sowing and the rest half of nitrogen was applied at first irrigation. The black gram variety SHEKHAR-2 was sown the 10 April 2023, using 20 kg/ha seed and harvested in the 20 June 2023. The pre-emergence herbicides were applied in soil on next day of sowing, while post-emergence spray was done at 3-4 leaf stage (25 DAS). Weed and plant samples were collected from each plot for weed and plant parameter studies by using standard methods. Yield attributes were recorded from 5 plant selected randomly from each plot. Seed and stover yield of black gram were recorded at harvest. The harvest index was calculated as seed yield divided by total biological yield and multiplied by a hundred. The uptake of nitrogen was calculated as nitrogen content in seed and stover multiplied by respective yield. The data on economics of different treatments was worked out based on prevailing market prices. The data so obtained on various parameters were analyses as per standard statistical procedures. The content of protein in seed was determined using standard laboratory procedures. 

Statistical analysis:
The   data   were   subjected   to   analysis   of   variance   techniques   (ANOVA)   for randomized block  design  as  prescribed  by  Cochran  and  Cox (1963).Critical  difference  of different  treatments  at  5%  level  of  probability  were  calculated  wherever  F  test  will  be significant.
RESULTS AND DISCUSSION
Weed studies
The highest weed density m-2 and weed dry weight g/m-2  (86.33 and 36.03) was recorded in weedy check and lowest (9.33 and 3.14 ) being under two hand weeding at 20 and 40 DAS, which was significantly superior to the rest of treatments. Among the herbicidal treatments, application of pendimethalin 30 EC @800 g a.i./ha (PE) + one hand weeding at 30 DAS resulted in lowest weed density and dry weight of weeds g/m-2 (13.33 and 12.87) followed by Pendimethalin 30 EC @ 1000 g a.i/ha (PE) at 30 DAS. Effective control of weeds occasioned initially, by pendimethalin couple with hand weeding lead to lower weed density and weed dry weight on the plots with application of pendimethalin 30 EC @800 g a.i./ha (PE) + one hand weeding at 30 DAS. Similar result was reported by Aggarwal et. al. (2014) and Sumachandrika et. al. (2003). Significantly, the maximum weed control efficiency (91.86 %) was recorded under two hand weeding at 20 and 40 DAS, which was significantly superior to the rest of the treatments.  However, among the herbicidal treatments, pre-emergence application of pendimethalin 30 EC @800 g a.i./ha (PE) + one hand weeding at 30 DAS resulted in significantly higher weed control efficiency (86.31 %) followed by Pendimethalin 30 EC @ 1000 g a.i/ha (PE) at 30 DAS. Similar result was also reported by Kundu et al. (2011). 
Crop studies:
On growth-
Two hand weeding at 20 and 40 DAS recorded significantly maximum plant height (44.77 cm), number of branches/plant (9.11) and dry matter accumulation (17.80 g/plant) significantly superior over rest of the treatments. However, among the herbicidal treatments, pre-emergence spray of Pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS recorded significantly maximum plant height (42.93 cm), number of branches/plant (8.77) and dry matter accumulation (17.55 g/plant) significantly superior over rest of the herbicidal treatments. Weedy check recorded significantly minimum plant height (34.58 cm), number of branches/plant (5.10) and dry matter accumulation (11.40 g/plant) as compare to rest of the treatment. Similar finding were obtained by Pongen and Nongamaithem (2017).
Yield attributes-
Two hand weeding at 20 and 40 DAS recorded significantly highest values of yield attributes and yield viz., number of pods/plant (25.63), no of seeds/pod (7.26), seed yield /plant (6.15 g), test weight (42.21 g) over rest of the treatments. The higher values of yield attributes with two hand weeding at 20 and 40 DAS was because of efficient control of weed growth which resulted higher availability of nutrients to plant which enhanced the metabolic activities and synthesis of higher photo-synthesis and its translocation to reproductive part of plant (sink) thus resulted higher yield attributes. Among the herbicidal treatments, pre-emergence spray of Pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS recorded significantly highest values of  yield  attributes and yield viz., number of pods/plant (23.63), no of seeds/pod (7.13), seed yield /plant (5.91 g), test weight (42.05 g) over rest of the herbicidal treatments. Similarly, efficient control of weeds initially due to spray of pendimethalin and post-emergence weed control by hand weeding at later stage facilitates the plant for higher available of nutrients. Thus, synthesis of higher photosynthesis and its translation to reproductive parts enhanced the values of yield attribute. Weedy check recorded the lowest values of yield attributes and yield viz., number of pods/plant (10.73), no of seeds/pod (4.96), seed yield /plant (3.16 g), test weight (36.76 g), over rest of the treatments. However, poor availability of nutrients due to heavy weeds infestation under weedy check resulted in poor metabolic activities and lower synthesis of photosynthesis resulted poor growth and yield attributes. Similar result was also reported by Chhodavadia et. al., (2012).  
On yield studies-
Two hand weeding at 20 and 40 DAS produced significantly maximum seed yield (12.61 q/ha) and stover yield (25.49 q/ha) compared to the rest of the treatments. Among the herbicidal treatments, pre-emergence spray pendimethalin 30 EC @800 g a.i./ha (PE) + one hand weeding at 30 DAS recorded  significantly higher seed yield (12.04 q/ha) and stover yield (25.25 q/ha) over rest of the herbicidal treatments. Weedy check recorded significantly the lowest seed yield (6.80 q/ha) and stover yield (17.01 q/ha) compared to the rest of the treatments. The higher growth and yield attributes under two hand weeding at 20 and 40 DAS or pre-emergence spray of Pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS resulted higher seed yield and stover yield under above treatments. However, the lowest seed and stover yield under weedy check was mainly due to poor yield attributes. Similar result was also reported by Shyam  and  Tilgam  (2019).








Table:- 1.  Effect of weed management practices on weed studies and crop growth of black gram.
	

Treatments
	Weed density (m2) at 
60 DAS
	Weed dry weight
(g m-2) at
60 DAS
	Weed    control efficiency (%)    at 60 DAS
	Plant
height
(cm) at
harvest
	No. of branches
plant-1
at harvest
	Dry matter accumu-
lation plant-1
at harvest

	T1 : Pendimethalin 30 EC @ 800 g a.i/ha (PE) + hand weeding at 30 DAS 
	13.33
(3.71)
	12.87
(3.65)
	86.31
	42.93  
	8.77
	17.55

	T2 : Pendimethalin 30 EC @ 1000 g a.i/ha (PE) 
	17.33
(4.22)
	18.48
(4.35)
	79.91
	41.10
	8.10
	17.25

	T3 : Imazethapyr 10 EC @ 100 g a.i/ha (POE) at 25 DAS 
	23.33
(4.88)
	22.23
(4.76)
	73.88
	39.11
	7.22
	16.69

	T4: Imazethapyr 10 EC @ 50 g a.i/ha (POE) at 25 DAS 
	31.00
(5.61)
	25.85
(5.13)
	64.06
	36.70
	6.77
	15.93

	T5 : Quizalofop-ethyle 10 EC @38 g a.i/ha (POE) at 30 DAS 
	36.66
(6.01)
	28.70
(5.41)
	57.43
	35.61
	6.44
	15.39

	T6 : Quizalofop-ethyle 10 EC @ 50 g a.i/ha (POE) at 30 DAS 
	26.33
(5.17)
	23.52
(4.90)
	69.42
	38.50
	7.10
	16.41

	T7 : Two hand weeding at 20 & 40   DAS 
	9.33
(3.13)
	3.14
(1.90)
	91.86
	44.77
	9.11
	17.80

	T8 : Weedy Check 
	86.33
(9.31)
	36.03
(6.04)
	0.00
	34.58
	5.10
	11.40

	SE(m)± 
	1.030
	0.043
	     1.32
	0.01
	0.15
	0.02

	CD. (P = 0.05)
	3.155
	0.131
	4.05
	0.03
	0.47
	0.09



Table -2.  Effect of weed management practices on yield attributes and yield of  black gram.
	
Treatments
	No. of pods
Plant-1
	No. of seeds
Pod-1
	Seeds yield
g Plant-1
	Test wt.
(1000g)
	Seed
yield
(q ha-1)
	Stover yield
(q ha-1)

	T1 : Pendimethalin 30 EC @ 800 g a.i/ha (PE) + hand weeding at 30 DAS 
	23.63
	7.13
	5.91
	42.05
	12.04
	25.25

	T2 : Pendimethalin 30 EC @ 1000 g a.i/ha (PE) 
	21.76
	6.96
	5.58
	41.40
	11.50
	24.87

	T3 : Imazethapyr 10 EC @ 100 g a.i/ha (POE) at 25 DAS 
	21.06
	6.86
	5.25
	41.22
	10.92
	24.69

	T4: Imazethapyr 10 EC @ 50 g a.i/ha (POE) at 25 DAS 
	18.96
	6.40
	4.75
	40.58
	10.09
	24.06

	T5 : Quizalofop-ethyle 10 EC @38 g a.i/ha (POE) at 30 DAS 
	17.96
	5.96
	4.49
	40.05
	9.63
	23.88

	T6 : Quizalofop-ethyle 10 EC @ 50 g a.i/ha (POE) at 30 DAS 
	20.30
	6.73
	4.95
	40.71
	10.38
	24.41

	T7 : Two hand weeding at 20 & 40   DAS 
	25.63
	7.26
	6.15
	42.21
	12.61
	25.49

	T8 : Weedy Check 
	10.73
	4.96
	3.16
	36.76
	6.80
	17.01

	SE(m)± 
	0.257
	0.138
	0.024
	0.036
	0.029
	0.071

	CD. (P = 0.05)
	0.786
	0.423
	0.074
	0.110
	0.090
	0.219



On qualitative studies-
The maximum uptake of nitrogen by seed (46.46 kg/ha) and stover (37.55 kg/ha) were recorded with two hand weeding at 20 and 40 DAS which was significantly superior to the rest of the treatments. Among the herbicidal treatments, pre-emergence spray of pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS was recorded significantly highest N uptake through seed (42.68 kg/ha) and stover (36.95 kg/ha) over rest of the herbicidal treatments.  The lowest nitrogen uptake in seed (22.79 kg/ha) and stover (22.33 kg/ha) were recorded under weedy check plot. The uptake of nutrients is the function of nutrients content (%) and its respective yield of treatment, thus higher yield under two hand weeding at 20 and 40 DAS resulted higher uptake of nitrogen content to this, poor seed yield under weedy check resulted in lower uptake of nitrogen. Similar result was also reported by Singh et al. (2018) and Sharma et. al., (2016). 
Table-3.  Effect of different weed management practices on nitrogen uptake (kg/ha) through seed and stover, protein production and economics.
	
Treatments
	Nitrogen uptake (kg/ha)
	Protein Content (%)
	Protein Pro-
duction (kg/ha)
	Net income
(Rs/ha.)
	B : C
Ratio       (Rs/Re. invested )

	
	Seed
	Stover
	
	
	
	

	
	
	
	
	
	
	

	T1 : Pendimethalin 30 EC @ 800 g a.i/ha (PE) + hand weeding at 30 DAS 
	42.68
	36.95
	22.33
	267.85
	66099.75
	2.01

	T2 : Pendimethalin 30 EC @ 1000 g a.i/ha (PE) 
	40.65
	35.89
	22.08
	254.06
	65091.75
	2.18

	T3 : Imazethapyr 10 EC @ 100 g a.i/ha (POE) at 25 DAS 
	38.27
	35.14
	21.89
	239.10
	61270.75
	2.08

	T4: Imazethapyr 10 EC @ 50 g a.i/ha (POE) at 25 DAS 
	34.85
	33.52
	21.61
	217.88
	55964
	1.95

	T5 : Quizalofop-ethyle 10 EC @38 g a.i/ha (POE) at 30 DAS 
	33.05
	32.71
	21.45
	206.59
	53187.65
	1.89

	T6 : Quizalofop-ethyle 10 EC @ 50 g a.i/ha (POE) at 30 DAS 
	36.06
	34.24
	21.70
	225.34
	58619.75
	2.08

	T7 : Two hand weeding at 20 & 40   DAS 
	46.46
	37.55
	23.02
	290.43
	70001.25
	2.12

	T8 : Weedy Check 
	22.79
	22.33
	20.95
	142.48
	30158.75
	1.10

	SE(m)± 
	0.141
	0.115
	0.021
	0.854
	-
	-

	CD. (P = 0.05)
	0.431
	0.352
	0.066
	2.616
	-
	-


The data further revealed that significantly highest protein content (23.02 %) and production (290.43 kg/ha) were recorded under two hand weeding at 20 and 40 DAS over rest of the treatments. Among the herbicidal treatments, pre-emergence application of pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS was recorded highest protein content (22.33 %) and production (267.85 kg/ha) significantly superior to rest of the herbicidal treatments. Weedy check recorded significantly lowest protein content (20.95 %) and production (142.48 kg/ha) over rest of the treatments. The results are in agreement with Tayade (2013). 
On economics-   
Two hand weeding at 20 and 40 DAS accrued the maximum net income (Rs. 70001.25 ha-1) followed by pre-emergence spray of pendimethalin 30 EC @800 g a.i./ha + one hand weeding at 30 DAS. However, the pre-emergence spray of pendimethalin 30 EC @1000 g a.i./ha alone gave the maximum B:C ratio (2.18) followed by two hand weeding at 20 and 40 DAS (2.12), respectively. The higher net income with two hand weeding might be due to higher seed and stover yield, while, maximum B:C ratio under pre-emergence spray of pendimethalin 30 EC @1000 g a.i./ha alone was because of  labour cost involved. Similar result was also reported by Meena et al. (2011) and Chaudhary et al., (2011).  
CONCLUSIONS-
Two   hand weeding  at  20  and  40  DAS  was  most  effective  in  reducing  weed density, weed dry weight, recorded maximum crop growth, yield attributes, grain yield,  N  uptake  by  seed  and  stover  of  black  gram  crop. Among the herbicidal treatments, Pendimethalin 30 EC @ 800 g a.i/ha (PE) + one hand weeding at 30 DAS was  most  effective  in  reducing  weed density, weed dry weight, recorded maximum crop growth, yield attributes, grain yield,   N uptake  by  seed  and  stover  of  black  gram  crop.  However, Pendimethalin 30 EC @ 1000 g a.i/ha (PE) recorded maximum benefit: cost ratio.

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

REFERENCE-
Aggarwal, N; Singh, G; Ram, H. and Khanna, V. 2014. Effect of post-emergence application of imazethapyr on symbiotic activities, growth and yield of black gram (Vigna mungo  L.) cultivars and its efficacy against weeds. Indian Journal of Agronomy, 59(3):421-426.
Chaudhary, S.U., Iqbal, J., Hussain, M. and Wajid, A. 2011. Economical weed control in lentil crop. The Journal of Animal and Plant Science 21(4): 734-737.
Chhodavadia, S.K., Sagarka, B.K., Gohil, B.S. and Dobariya, V.K. 2012. Herbicidal weed control in green gram. agriculture: towards a new paradigm of sustainability. Pp. 207-21. 
Kumar R, Verma BK, Ahmad A, Zaidi SFA, Prakash V and Kumar D. 2015. Biochemical properties of soil and weed control measures. Annals of Plant and Soil Research 17 (1): 250-251.
Meena DS, Ram B, Jadon C and Tetarwal JP. 2011. Efficacy of imazethapyr on weed management in soybean. Indian Journal of Weed Science 43(3&4):169-171.   
Pongen, T. and Nongmaithem, D. 2017. Response of black gram to integrated weed management with varying levels of phosphorus and potassium. Indian Journol of  Weed Science. 49(2): 201-203.
Sharma R. and Renjith PS. 2016. Sequential and tank mix application of herbicides for weed management ensuring high productivity of soybean. The Indian Journal of Agricultural Sciences. 86(2): 197-201.
Singh, M.; Shekhar, K.S.; Ardeep and Datta, D. 2018. Herbicide combinations of weed management in Urdbean (Vigna mungo) under tarai condition of Uttrakhand. Int. J. Chem. Stud. 6(4): 1594-1597.
Singh, G.  2011. Weed management in summer and kharif season black gram (Vigna mungo (L.) Hepper). Indian Journal of  weed Sciences. 43(1 & 2): 77-80.
Sumachandrika., Balinene, D., Venkateswarlu., Subbaaiah, G. and Swarajyalaxmi, G.  2003.  Relative  efficiency  of  soil  solarization  and  herbicide  for  weed control in Kharif black gram. Indian journal of Weed Science 35(1 & 2): 139-140.
Tayade, D.K. 2013.  Effect of post-emergence herbicide on growth and yield of  chickpea  M.Sc. (Ag) Thesis (Agronomy) Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra.
Tilgam, Monika and Shyam, Manish 2019. Effect of imazethapyr and its combination with imazamox on nodulation and economic yield of black gram. Journal Pharmacognosy and Phytochemistry 2019 SP5: 103-106.
Kundu,  R.,  Bera,  P.  S.,  Brhmachari,  K.  and  Mallik,  R.  2011.  Integrated  weed management  in  summer  green  gram (Vigna  radiata L.)  under gangetic alluvial  soil  of  West  Bengal. Journal of the  Botanical  Society  of  Bengal 65(1): 35-43.
Anusha, S., D. H. Patil, P. S. Rathod, K. Basavaraj, and B. M. Dodamani. 2024. “Studies on Chemical Weed Management Practices on Growth and Yield of Blackgram [Vigna Mungo (L.)]”. International Journal of Environment and Climate Change 14 (2):783-90. https://doi.org/10.9734/ijecc/2024/v14i23989. 
Pavithra , G., A. Velayutham, P. M. Shanmugam, P. Boominathan, and C. Bharathi. 2023. “Effect of Non-Chemical Weed Management Practices on Weed Dynamics and Yield in Blackgram (Vigna Mungo)”. International Journal of Plant & Soil Science 35 (18):1666-73. https://doi.org/10.9734/ijpss/2023/v35i183442. 
[bookmark: _GoBack]



