WEED MANAGEMENT WITH NEW GENERATION HERBICIDES IN RABI Lentil (Lens culinaris Medik.) IN SUB-MOUNTAINOUS AREA OF DISTRICT REASI


Abstract

 A field study was conducted during rabi, 2017-18 at KVK, Reasi, Sher-e-kashmir University of Agricultural Sciences & Technology-Jammu, Jammu &Kashmir (UT) where five herbicides as sole, and mechanical weeding (MW) or sequentially applied were evaluated for efficacies of the herbicides on controlling weeds, their influences on yield and production economics on lentil (Lens culinaris Medikus) variety L4147 (Pusa Ageti). Results revealed that, two hand weeding (HW) was the most effective method for weed control next to weed free. At 60 DAS however, lowest density and dry matter accumulation of all weed species were recorded with two hand weeding at 30 and 45 DAS followed by Imazethapyr (post-emergence/POE) followed by Pendimethalin. Maximum weed control efficiency (WCE) was achieved under two HW (83%) followed by Imazethapyr at 40 DAS. However, significantly highest yield (1365 kg ha-1), highest pods plant-1 (66.07), seeds pod-1 (1.94) and nodules plant-1 (8.20) were recorded under weed free followed by 2 hand weeding at 25 and 40 DAS. Among sole applications, Imazethapyr significantly suppressed both broad and grasses whereas, Pendimethalin significantly suppressed broadleaved weeds but poorly controlled the sedges and grasses but it was better than control. In the economic factor, Two hand weeding  gave highest net return and benefit:cost ratio (`42294.49 ha-1 and 2.8) and lowest weed index (2.8) was comparatively better than all the treatments including control. This integrated treatment was found as the most profit-oriented and sustainable weed management system in lentil.
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Introduction
Lentil (Lens culinaris Medik.) is among the oldest domesticated crop cultivated in the world. Lentil, also known as red dhal, masur or split peas is a staple food often eaten with cereal grains (Reddy and Reddy 2010). It is an excellent source of vitamin A and provides fibre, potassium, B-vitamin and iron. It also has an important role in crop rotation and enhancing soil fertility and providing other environmental services in production systems such as promoting sustainable cereal-based production systems with a potential of fixing free nitrogen up to 107 kg/ha (Chand et al. 2015). Lentil is one of the three largest produced pulses cultivated in 53 nations across the globe and its yield varied between 227 kg/ha in Israel to 2567 kg/ha in China in 2018. The total lentil cultivated area in the world is estimated around 6.10 million ha with annual production and yield of 6.33 million tonnes (MT) and 1038 kg/ha, respectively (FAOSTAT 2019). India is the largest cultivator and largest consumer of lentil. It is cultivated in India on 5.21% of total pulses area (29.03 million ha) contributing 6.67% of total pulses production (23.40 MT) in 2018–19. Lentil production of India was 1.28 million tonnes in 2022 from an acreage of 1.42 million ha. with a productivity of 904 kg/ha.  Lentil cultivation in India is characterized by low yields with high variability and mostly grown by small-holder farmers. The biotic stresses have been reported triggering the reduction in the productivity of lentil by 20–25% in India (Chand et al. 2015). Lentil is an important crop among Rabi pulses and usually grown on marginal and sub-marginal lands in kandi  (rainfed) and mid hills  areas of Jammu region without weed management. Presently not only the productivity and production are diminishing but area is also shrinking under this crop. Among various barriers like hungry and discarded soil, lack of promising cultivars, improper fertilization, pest, disease, poor weed management is the most important yield limiting factors. Weed reduces yield of lentil to the extent of 73% (AICRP. 2019). Mechanical/manual weeding is normally tedious, labour consuming and costlier. Weed management, which includes use of herbicides and different planting methods, can prove more economical and beneficial in lentil crop. The most effective means of controlling weeds is reported to be hand weeding. However, this method is only used on small family farms and is not economical on large farms (Sharma et al., 2016). The use of effective herbicides or a number of different integrated control methods could be more economical than hand hoeing. Accordingly, this study evaluated alternatives to hand weeding to determine the most appropriate and effective weed control method in winter lentils. 

The most effective means of controlling weeds is
reported to be hand weeding. However, this method is
only used on small family farms and is not economical
on large farms (Eyupoglu et al., 1995). The use of
eﬀective herbicides or a number of diﬀerent integrated
control methods could be more economical than hand
hoeing. Accordingly, this study evaluated alternatives to
hand weeding to determine the most appropriate
and eﬀective weed control method in winter lentils

Materials and methods
A field experiments entitled “Weed management with new generation herbicides in rabi Lentil (Lens culinaris Medik.) were conducted at different locations of district Reasi as On Farm Trial (OFT) by Krishi Vigya Kendra, Reasi, Sher-e-kashmir University of Agricultural Sciences and Technology-Jammu (SKUAST-J), during kharif 2022 to identify the best herbicides-based weed management practices in Lentil. The soil of the experimental field was sandy loam in texture with pH of 7.2. The experimental site is geographically situated in the Northern Western Hill Zone (Zone - 1) of India and located between 32. 97o North latitude, 74.91° East longitude and 790 meter height above Mean Sea Level (MSL) at Reasi district in Jammu and Kashmir (UT). The soil of the experimental site was sandy loam with neutral with a pH value of 7.02;  EC (0.77) high in organic carbon (0.82); medium available nitrogen (362.95 kg/ha), medium available Phosphorus (25.68kg/ha) and potassium (263.52 kg/ha).  The experiment was laid out in randomized block design (RBD) with six treatments and replicated three times. Total rainfall of 110 mm was received during lentil crop growing season of 2017-18, respectively. Mean maximum and minimum weekly temperature was 15 to 39oC and 7 to 19°C respectively. All the plots were uniformly applied with recommended fertilizers. Sowing of lentil variety L 4717 (Pusa Ageti) was done on November 15th of 2017. Treatments  consisted of  T1 Weedy check (control); T2 Weed free; T3 Hand Weeding at 30 DAS and 45 DAS (Khurpi aided); T4 Quizalofop-p-ethyl 5% EC @ 50 g a.i. ha-1at 40 DAS; T5  Imazethapyr 10% SL @ 37.5 g a.i. ha-1at 40 DAS; T6 Chlorimuron ethyl 25% WP (PPI) @ 4 g a.i. ha-1; T7 Pendimethalin 30% EC (PE) @ 1 kg a.i. ha-1. Weed samples were collected at 30, 60 DAS and at harvest by placing a quadrate (0.50×0.50 m2) randomly in each plot and converted into square meter basis. To make the analysis of variance more valid the data on weed count and weed dry weight was subjected to square x + 0.5 (Chandel,root transformation by using formula  1984) for uniformity. Critical difference for the significant source of variation was calculated at five per cent level of significance. Data analyses were done with RCBD using OPSTAT software. The economic analyses were carried out by computing the market price of inputs and outputs of current rates. 
3. Results and Discussion
3.1. Effect on weed density and biomass
Chenopodium album and Solanum nigrum (Broad leaved weeds/BLWs) and Cyperus esculentus (Sedge) were the predominant weed species in the experimental field. Cynodon dactylon represented the grass family with negligible presence during the experimental years (Table 1). Critical perusal on data taken at 30 DAS indicated that, density and dry matter accumulation of broadleaved weeds were significantly lower in Pendimethalin. Sedges and grasses were not affected by the pre-emergence herbicides. At 60 DAS however, lowest density (48% sedge, 33% BLWs and 18% grass) (Table 2) and dry matter accumulation of all weed species were recorded under two hand weeding at 30 and 45 DAS followed by continuous application of Pendimethalin (PE) and Imazethapyr (POE). The weeds that emerged at the later stage were not serious as crop canopy smothered them and limited the harmful effect on crop under the PE herbicide treatments. Similar result was also communicated by Singh and Joshi (2016). Significantly highest weed control efficiency was achieved under two HW (83%) with season long weed suppression followed by Imazethapyr (Table 2). Khope et al. (2011) also reported that in chickpea two hand weeding gave highest WCE. Sole application of Chlorimuron ethyl recorded significantly lowest weed count and dry matter exhibiting a low WCE but was significantly better than weedy check. The poor efficiency of Chlorimuron ethyl could be attributed to the time of Chlorimuron ethyl application (PPI) as reports confirmed effective weed control with post-emergence application of Chlorimuron ethyl (Chauhan et al., 2012). Pendimethalin was not so effective on sedges and grasses but broadleaved weeds were effectively controlled by these pre-emergence herbicides at both 30 and 60 DAS.
3.2. NPK depletion 
Amount of nutrients (nitrogen, phosphorus and potassium) depleted due to the influence of various weed management systems are depicted in Table 2. Significantly lower nitrogen phosphorus and potassium removal by weeds was observed in weed free and two hand weeding followed by Imazethapyr with significant differences among them whereas, significantly highest depletion by weeds was observed under Chlorimuron ethyl applied as PPI, but was significantly superior to weedy check. High weed intensity, low weed control efficiency, application time (PPI) and less efficacy of the herbicides on the total weed spectrum might have resulted to high nutrient depletion by weeds under this treatment. Two HW at 30 and 45 DAS and Imazethapyr were the least overall nutrient depleting treatments with regard to total NPK removal. Significantly lower weed count, dry matter accumulation and higher efficiency of nutrient uptake by crops might have attributed to the better performance by these treatments. 
Table 1: Effect of weed control treatments on weed density and dry matter accumulation 
	Treatments
	Weed density at 30 DAS
( m-2)
	Dry matter accumulation
at 30 DAS (g m-2)
	Weed density at 60 DAS
( m-2)
	Dry matter accumulation
at 60 DAS (g m-2)

	
	BLWs
	Sedges
	Grasses
	BLWs
	Sedges
	Grasses
	BLWs
	Sedges
	Grasses
	BLWs
	Sedges
	Grasses

	T1  (control)
	7.55 (56.50)
	7.49 (55.67)
	2.48 (5.67)
	2.22 (4.45)
	2.75
(7.08)
	1.46
(1.67)
	9.65 (92.67)
	10.05
(100.50)
	3.52
(12.00)
	5.97 (35.20)
	4.76
(22.13)
	3.07
(8.97)

	T2
	0.71
(0.00)
	0.71 (0.00)
	0.71 (0.00)
	0.71 (0.00)
	0.71
(0.00)
	0.71
(0.00)
	0.71 (0.00)
	0.71
(0.00)
	0.71
(0.00)
	0.71 (0.00)
	0.71
(0.00)
	0.71
(0.00)

	T3
	7.30 (52.83)
	6.49 (41.67)
	2.44 (5.47)
	2.18 (4.23)
	2.47
(5.60)
	1.30
(1.20)
	1.92 (3.20)
	2.68
(6.67)
	1.32
(1.33)
	2.09 (3.85)
	2.08
(3.83)
	1.30
(1.25)

	T4
	7.45 (55.00)
	6.63 (43.50)
	2.45 (5.50)
	2.06 (3.73)
	2.57
(6.10)
	1.15
(0.82)
	4.17 (16.87)
	5.90
(34.33)
	1.63
(2.17)
	3.58 (12.35)
	2.87
(7.72)
	1.66
(2.28)

	T5
	7.35 (53.58)
	6.89 (47.00)
	2.42 (5.33)
	2.11 (3.94)
	2.53
(5.90)
	1.05
(0.60)
	3.81 (14.00)
	3.72
(13.33)
	1.68
(2.33)
	2.89 (7.85)
	2.77
(7.18)
	1.57
(2.00)

	T6
	6.07 (36.33)
	6.87 (46.67)
	2.12 (4.00)
	2.03 (3.62)
	2.40
(5.25)
	1.17
(0.88)
	7.31 (53.00)
	6.61
(43.17)
	2.27
(4.67)
	4.27 (17.75)
	3.34
(10.65)
	1.97
(3.40)

	T7
	1.29 (1.17)
	6.66 (43.83)
	2.35 (5.00)
	1.06 (0.62)
	2.60
(6.27)
	1.06
(0.63)
	2.65 (6.50)
	8.37
(69.50)
	2.74
(7.00)
	2.81 (7.38)
	3.74
(13.50)
	1.83
(2.88)

	SEm±
	0.14
	0.20
	0.06
	0.06
	0.21
	0.04
	0.12
	0.17
	0.07
	0.13
	0.11
	0.06

	CD (p=0.05)
	0.42
	0.58
	0.17
	0.18
	0.61
	0.10
	0.34
	0.49
	0.21
	0.38
	0.33
	0.16 


Data on weeds are subjected to (x+0.5)transformation ;Values within parentheses are original; DAS: Days after sowing; T1: Weedy Check; T2:Weed Free; T3:Two Hand weeding 30 and 45DAS;T4: Quizalofop-p-ethyl @ 50 g a.i.ha-1 at 40 DAS;T5: Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS; T6: Chlorimuron ethyl @ 4 g a.i. ha-1 as PPI; T7: Pendimethalin @ 1 kg a.i.ha-1 as PE (P); PE: Pre-emergence.
Table 2: Effect of weed control treatments on relative density, WCE and NPK depletion at crop harvest 
	Treatments
	Relative density ( %)
at 30 DAS
	Relative density ( %)
at 60 DAS
	WCE
(%)
	Nutrient depleted
(kg ha-1) at crop harvest

	
	BLWs
	Sedges
	Grasses
	BLWs
	Sedges
	Grasses
	
	N
	P
	K

	T1Weedy check (control)
	49
	47
	4
	51
	43
	7
	-
	5.98 (35.32)
	2.38 (5.15)
	4.76
(22.13)

	T2Weed free
	0
	0
	0
	0
	0
	0
	100
	0.71 (0.00)
	0.71 (0.00)
	0.71
(0.00)

	T3HW 30 DAS & 45 DAS 
	43
	52
	5
	48
	33
	18
	83
	2.65 (6.54)
	1.24 (1.05)
	2.19
(4.29)

	T4Quizalofop-p-ethyl @ 50 g a.i.ha-1 at 40 DAS (Q)
	39
	55
	5
	62
	34
	4
	57
	3.76 (13.67)
	1.71 (2.42)
	3.12
(9.22)

	T5Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS (I)
	47
	49
	5
	45
	48
	7
	67
	3.31 (10.46)
	1.53 (1.83)
	2.88
(7.78)

	T6Chlorimuron ethyl @ 4 g a.i. ha-1 as PPI (C)
	52
	45
	4
	47
	49
	4
	50
	4.10 (16.33)
	1.80 (2.73)
	3.32
(10.55)

	T7Pendimethalin 30% EC @ 1 kg a.i.ha-1 as PE (P)
	89
	2
	9
	80
	10
	11
	63
	3.66 (12.89)
	1.61 (2.10)
	3.00
(8.52)

	SEm±
	-
	-
	-
	-
	-
	-
	-
	0.15
	0.04
	0.09

	CD (p=0.05)
	-
	-
	-
	-
	-
	-
	-
	0.44
	0.10
	0.27


3.3. Effect on yield attributes
The yield attributes were significantly influenced by the different treatments, either sole or in integrated manner (Table 3). Significantly higher number of pods plant-1 and seeds pod-1 were associated with two HW after weed free followed by Pendimethalin (PE) @ 1 kg a.i. ha-1+Mechanical weeding at 40 DAS and Pendimethalin (PE) @ 1 kg a.i. ha-1. Rest of the treatments showed no significant differences in the yield attributes, except sole Chlorimuron and Quizalofop-p-ethyl observed with comparatively lower values and  showed statistically non-significant differences amongst them.. The result is supported by the findings of Muhammad et al. (2017). Reduced weed density and dry matter accumulation at initial weed stage with pre-emergence spray of Pendimethalin and soil manipulation with mechanical weeding might have attributed to better yield attributes. Muhammad et al. (2010) also reported that hoeing involved treatments showed better yield attributes performance in chickpea.

Table 3: Weed control treatments on nodule count at 60 DAS, yield attributes, grain yield, economics and phytotoxicity on lentil

	Treatments
	Nodules plant.-1
	Pods
plant-1
	Seeds
pod-1
	Yield
(kg ha-1)
	Net return
(` ha-1)
	BCR
	Weed index(%)

	T1Weedy check (control)
	3.69
	24.48
	1.70
	625.91
	13352.61
	1.71
	56.21

	T2Weed free
	10.83
	68.88
	1.98
	1429.67
	41416.62
	2.32
	0.00

	T3HW 30 DAS & 45 DAS 
	9.20
	65.07
	1.95
	1389.47
	42294.49
	2.48
	2.81

	T4Quizalofop-p-ethyl @ 50 g a.i.ha-1 at 40 DAS (Q)
	4.62
	42.33
	1.75
	1018.55
	31185.54
	2.49
	28.76

	T5Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS (I)
	4.42
	50.93
	1.72
	1115.90
	37083.61
	2.86
	21.95

	T6Chlorimuron ethyl @ 4 g a.i. ha-1 as PPI (C)
	4.08
	37.25
	1.78
	1010.10
	32160.99
	2.65
	29.35

	T7Pendimethalin 30% EC @ 1 kg a.i.ha-1 as PE (P)
	5.98
	58.35
	1.88
	1045.76
	32725.47
	2.58
	26.86

	SEm±
	0.45
	2.94
	0.09
	36.84
	-
	-
	-

	CD (p=0.05)
	1.32
	8.53
	NS
	106.80
	-
	-
	-


3.4. Impact on yield
Hand weeding (HW) at 30 and 45 DAS (khurpi aided) showed significantly superior effect next to weed free. Kaur et al. (2016) also confirmed the same result when HW in lentil was done at 25 and 45 DAS. Among the treatments, two hand weeding gave significantly highest yield followed by Imazethapyr that remained statistically at par with remaining weedicides applied i.e Quizalofop-p-ethyl, Chlorimuron ethyl and Pendimethalin. Twice hand weeding and weed free exhibited non-significant difference among them. Among the treatments, Chlorimuron ethyl applied sole registered the significantly lower yield but was higher than weedy check. Similar result of better effect of Chlorimuron ethyl over control in soybean yield was also reported by Sharma and Sharma (2010).
356. Weed index
Weed index as in Table 3 reflected that, weedy check resulted in yield loss to the tune of 56%. The yield reduction was possibly due to the high intensity of weeds that robbed off the nutrient supply, sunlight and water besides limited space for comfortable crop growth and development. Among the treatments, Chlorimuron ethyl alone (29%) applied as PPI and sole Quizalofop-p-ethyl (28.76%) applied as post-emergence resulted in highest yield loss next to control. There was little loss in two hand weeding and no loss in weed free. The finding is in conformity with Adak (2016) who reported the yield loss of 60% in lentil without weeding. Two hand weeding hoeing recorded lowest yield reduction after weed free. Effective weed control with reduced weed flora and biomass could be attributed to the better performance in avoiding yield loss. Among the sole applied herbicides, T5 Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS showed least yield reduction. 
3.6. Economic implication
Economic analyses (Table 3) indicated that cost incurred in sole application of herbicides were comparatively less, but the low biological yield correspondingly resulted in low net return and BCR. Weed free and two hand weeding were significantly highest in grain yield and gross return, but due to higher cost of cultivation associated, the net return and BCR were correspondingly low. Comparison between single herbicides indicated that, Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS was the most profitable herbicide. Among the continuous herbicide applications, Pendimethalin (PE) was the 2nd  best option as it fetched a fair net return and high BCR. Two Hand weeding (HW) at 30 and 45 DAS reflected highest net return but Imazethapyr application recorded highest  BCR which may be the best choice for integrated weed management. Similar profitability with the treatment in lentil was also reported by Kalpana (2010). All the treatments recorded higher BCR than control.
4. Conclusion 
The study suggested that, Imazethapyr @ 37.5 g a.i. ha-1 at 40 DAS could be the best option for sole weedicides application for weed management in lentil under rainfed conditions  in the Shivalik foot hills of Jammu. The data is only one year observation so there should  be more long term experiments data  for further recommendations.
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