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Integration of pre-emergence herbicide and mechanical weeding for efficient weed management in jute (Corchorus olitorius L.)




ABSTRACT
A field experiment was conducted for two consecutive years during the jute season (April to July) of 2022 and 2023 at the research farm of ICAR-Central Research Institute for Jute and Allied Fibres  Nilganj, Barrackpore, West Bengal, India with 10 treatment combinations namely, T1: Manual weeding (nirani) two time (at 7 DAS and at 21 DAS), T2: Nail weeder two times (at 7 DAS and at 21 DAS), T3: Single wheel jute weeder two times (at 10 DAS and at 21 DAS), T4: Nail weeder (at 7 DAS) + single wheel jute weeder (at 21 DAS), T5: Ipfencarbazone @ 90 g ha-1, T6: Ipfencarbazone @ 120 g ha-1, T7: Ipfencarbazone @ 90 g ha-1 + nail weeder at 21 DAS, T8:  Ipfencarbazone @ 120 g ha-1 + nail weeder at 21 DAS, T9: Ipfencarbazone @ 90 g ha-1 + single wheel jute weeder at 21 DAS, and T10: Ipfencarbazone @ 120 g ha-1 + single wheel jute weeder at 21 DAS. The experimental design was RDB with three replications. Besides uneconomical two manual weeding producing the highest fibre yield in jute (38.5 q ha-1), application of ipfencarbazone @ 90 g ha-1 (PE) + nail weeder at 21 DAS produced higher fibre yield (36.2 q ha-1) closely followed by and at par with the fibre yield recorded with ipfencarbazone @ 90 g ha-1 (PE) + single wheel jute weeder at 21 DAS (36.1 q ha-1) and the NRPRI were higher, 2.17 and 2.16, respectively. Deployment of nail weeder as a mechanical method of weed management in jute gave additional benefit of higher soil moisture content by about 18.6 to 21% at 5 cm depth, and by about 3.8 to 5.2% at 10 cm depth at 3 DAA. Moreover, at 7 DAA also, the soil moisture contents were higher at 5 cm (34.3 to 37.9%) and at 10 cm (10 to 15.9%). The soil enzyme activities such as FDHA, dehydrogenase, β-glucosidase was initially reduced by the application of ipfencarbazone 90 g ha-1, but the same was increased to its initial levels at 120 DAS (at harvest of jute). For the jute farmers it may be suggested that application of ipfencarbazone (90 g ha-1) as pre-emergence along with mechanical weeding by nail weeder or single wheel jute weeder could manage jute weeds efficiently with higher fibre yield and better return from jute cultivation.

Key words: Jute (Corchorus olitorius), weed management, pre-emergence herbicide, ipfencarbazone, mechanical weeding, fibre yield.

“Jute includes Corchorus olitorius L. (tossa Jute) and Corchorus capsularis L. (white Jute); (Malvaceae). Jute is an important commercial fibre crop of eastern India especially for West Bengal, Assam, Bihar, Jharkhand, Meghalaya, Odisha, parts of Nagaland, and Tripura. In India about 0.8 million ha is covered annually by this crop with an annual average production of 1.5 million tonnes of fibre” (Sarkar et al., 2023). Jute farming involves four million farm families and generates employment to the tune of 10 million paid man-days. In the national level, jute fibre productivity has increased from mere 1138 kg ha-1 in 1947-48 to around 2700 kg ha-1 in 2023-24, indicating a rise of 237% (Sarkar et al., 2023). “However, the difference between the realisable potential yield and farmers’ yield has remained as much as 14-15 q ha-1. The yield gap can be narrowed down through adoption of improved package of practices which include sound weed management for jute” (Sarkar et al., 2023). “From the time immemorial, weed control has been one of the major concerns in successful crop husbandry. Weed management in jute is very important as the vigorous crop-weed competition can cause up to 80% loss of jute productivity under severe weed infestation” (Ghorai et al., 2013; Rinku et al., 2025). The critical period of weed competition in tossa jute is between 10 and 34 days after sowing (DAS) (Kumar et al., 2015). “Moreover, it was reported that weeds in jute field at 45 DAS removed 16.6 kg N, 3.7 kg P2O5 and 33.9 kg K2O ha-1. Compared with grasses, sedges removed 189.4% more P2O5 and 64.7% more K2O” (Sarkar and Majumdar, 2013). “Manual weeding is always costly (≥ 35% of total cost of production), tedious and time consuming which sharply reduce the profitability by increasing cost of production in jute” (Ghorai et al., 2013; Sarkar and Bhattacharya, 2005). “Several reports on pre-emergence and / pre-plant soil incorporation herbicidal weed management in jute by pendimethalin, pretilachlor, butachlor” (Ghorai et al., 2013; Ghorai and Sarkar, 2006), trifluralin (Sarkar et al., 2005), s-metolachlor (Ghorai et al., 2013; Sarkar and Majumdar, 2013) have been published. In post emergence category of herbicides, it was reported that quizalofop ethyl (Ghorai et al., 2004; Bhattacharya et al., 2004; Ghorai et al., 2013), fenoxaprof-p-ethyl, cyhalofop butyl (Sarkar, 2006), haloxafop-R-methyl (Ghorai et al., 2017) controlled grass category of annual/ biennial weeds. However, reliance on herbicides alone may be suboptimal due to incomplete control of broadleaved and sedge weeds. “In general, mechanical weed management (using simple implements) sounds promise. It needs to ponder also that use of only mechanical weed controlling implements require specific sets of congenial field condition (especially soil moisture status and certain soil structure at the point of operation) which may not always be available in practical field situations. So, to develop some more practical solution to the weed menace in jute, a rational combination of mechanical and herbicidal methods of weed management needs to be considered. The used pre-emergence herbicide, Ipfencarbazone is a good herbicide for its excellent efficacy on all three categories of weeds such as Echinochloa spp., Cyperus spp., and some broadleaved weeds. It inhibits cell division and cell growth by adversely affecting VLCFA (very long chain fatty acids of > 20 carbon atoms) synthesis in the weeds resulting overall growth inhibition and eventually kills the weeds” (Kido et al., 2016). Therefore, there are still scope and need of more research and development on weed management in jute encompassing especially mechanical means separately or in combination and in complementary approach with herbicidal method. Therefore, it is of prime importance to find out an effective, easy, economical weed management strategy (in combination of methods) for the small and marginal jute farmers.

MATERIALS AND METHODS
Field experiment was conducted for consecutive two years (2022 and 2023) at the research farm of ICAR-Central Research Institute for Jute and Allied Fibres, Nilganj, Barrackpore, West Bengal, India. The soil of the concerned experimental field belongs to Typic Ustochrept with sandy load texture having general characteristics: pH (1:1.25 w/v) in water 7.1, organic carbon 5.83 g kg-1, available N 292, P2O5 36 and K2O 155 kg ha-1. 
The 10 treatment combinations were, T1: Manual weeding (nirani) two time (at 7 DAS and at 21 DAS), T2: Nail weeder two times (at 7 DAS and at 21 DAS), T3: Single wheel jute weeder two times (at 10 DAS and at 21 DAS), T4: Nail weeder (at 7 DAS) + single wheel jute weeder (at 21 DAS), T5: Ipfencarbazone @ 90 g ha-1, T6: Ipfencarbazone @ 120 g ha-1, T7: Ipfencarbazone @ 90 g ha-1 + nail weeder at 21 DAS, T8:  Ipfencarbazone @ 120 g ha-1 + nail weeder at 21 DAS, T9: Ipfencarbazone @ 90 g ha-1 + single wheel jute weeder at 21 DAS, and T10: Ipfencarbazone @ 120 g ha-1 + single wheel jute weeder at 21 DAS. The experimental design was RBD with 3 replications with 6 m x 4 m each plot size having a total of 30 plots under the experiment. The chemical formula of Ipfencarbazone is C18H14Cl2F2N4O2, and the IUPAC Name is 1-(2,4-dichlorophenyl)-2′,4′-difluoro-1,5-dihydro-N-isopropyl-5-oxo-4H-1,2,4-triazole-4-carboxanilide. 
For mechanical weeding ‘CRIJAF nail weeder’ with 5 nails (Ghorai et al., 2018) and ‘Single wheel jute weeder’ with attachment of sharp edge scrapper of 2.5 cm flat width (Naik et al., 2018, and 2019) were used for weeding in line sown jute crop. Certified jute seed of cv. JRO 204 (Suren) was used in the field experiment. Standard agronomic crop management practices and plant protection measures were followed as recommended for olitorius jute crop. The soil samples collected for microbiological studies were analysed for microbial changes due to treatments in the soil microbiology laboratory using serial dilution plate technique. Weed biomass were measured after appropriate drying for calculating weed parameters.

RESULTS AND DISCUSSION
Effect of different weed management methods on weeds
Dry weight of weeds differed significantly with different weed management treatments (Table 1). At 45 DAS, the lowest dry weight of weeds was recorded with two manual weeding (32.18 g m-2) followed by the dry weight of weeds observed with deployment of nail weeder two times (41.56 g m-2). The pre-emergence herbicide, ipfencarbazone alone at 90 g ha-1 or 120 g ha-1 could not suppress weeds efficiently as the dry weight of weeds were 64.35 g m-2 and 58.64 g m-2, respectively. At 60 DAS, the lowest dry weight of weeds was recorded with two manual weeding (18.14 g m-2), followed by the dry weight of weeds with nail weeder two times (21.23 g m-2) or deployment of nail weeder at 7 DAS and single wheel jute weeder at 21 DAS (23.55 g m-2). Ipfencarbazone 90 g ha-1 or 120 g ha-1 along with nail weeder at 21 DAS also controlled the weeds as the dry weight of weeds were 27.16 g m-2 and 25.46 g m-2, respectively.


Effect of different weed management methods on jute crop
[bookmark: _GoBack]The highest tossa jute (cv. JRO 204) plant height (PH) at harvest (120 DAS) was recoded with two manual weeding treatments (362.9 cm). Among the herbicidal and mechanical weed management treatments, it was observed that, ipfencarbazone @ 90 g ha-1 (PE) + nail weeder at 21 DAS produced the tallest jute plants (341.7 cm) closely followed by and at par with the plant height obtained with ipfencarbazone @ 90 g ha-1 (PE) + single wheel jute weeder at 21 DAS (338.6 cm) (Table 1). Like PH, similar trends were observed in case of jute basal diameter (BD) at harvest. The highest jute fibre yield was obtained with two manual weeding (38.46 q ha-1). Among the herbicidal and mechanical weed management methods considered, application of ipfencarbazone @ 90 g ha-1 (PE) + nail weeder at 21 DAS produced higher fibre yield (36.25 q ha-1) closely followed by and at par with the fibre yield recorded with application of ipfencarbazone @ 90 g ha-1 (PE) + single wheel jute weeder at 21 DAS (36.13 q ha-1). Earlier Ghorai et al., (2018), and Naik et al., (2018) reported that “mechanical weeding by nail weeder and single wheel jute weeder efficiently controlled weeds in jute. In both the efficacious combination treatments (herbicide and mechanical weeder), the fibre yield reduction, due to competition from surviving weeds (i.e., Weed Index), was only 6.5 and 6.7%, respectively, as compared to the fibre yield obtained in manual weeding treatment. The stick yield of jute also followed the same pattern of fibre yield with the different weed management treatments. In general, the obtained jute fibre was very good in terms of colour, strength and fineness”.

Effect of different weed management methods on soil moisture content
Deployment of nail weeder alone or in combination of other methods of weed management in jute significantly influenced soil moisture content at different soil depths at 3 and 7 days after application of nail weeder (Table 2). At 3 days after application (DAA), nail weeder retained 21% more soil moisture at 5 cm depth as compared to two manual weeding. Nail weeder also retained 18.64% more soil moisture at 5 cm depth as compared to single wheel jute weeder. Similar effect of more soil moisture was observed at 10 cm depth also between nail weeder and manual weeding (+ 5.20%); between nail weeder and single wheel jute weeder (+ 3.76%). At 7 DAA of nail weeder also given similar benefit of more soil moisture at 5 cm and 10 cm soil depth. Nail weeder vs manual weeding gave more soil moisture retainment at 5 cm (34.34%) and 10 cm (15.95%). Similarly, between nail weeder treatment and single wheel jute weeder, soil moisture was more with nail weeder deployment by 37.92% (at 5 cm) and 10.01% (at 10 cm). Similar benefit of nail weeder was reported earlier by Ghorai et al., (2018).

Effect of different weed management methods on soil enzymes
The soil enzyme activities at different days after application of herbicide (herbicide was applied on the soil just after sowing on the same day) were also studied. It was recorded that the Fluorescein diacetate hydrolyzing activity (FDHA) was initially reduced by about 44.8%, 26.4% and 10.9% at 7, 15 and 30 DAS, respectively in ipfencarbazone 90 g ha-1 treatment. But the same enzyme activity was increased to about initial value (1.508 µg fluorescein g h-1) in the 90 g ha-1 treatment. However, in ipfencarbazone 120 g ha-1 treatment, the same enzyme value was 18.7% less at 120 DAS (Fig 1). The dehydrogenase activity was reduced by 58.9%, 53.0% and 49.3% at 7, 15 and 30 DAS, respectively. At harvest (120 DAS) the said enzyme activity reached to its normal level (5.195 µg TPF g d-1) both in 90 and 120 g ha-1 herbicide treatments (Fig 2). Due to the application of ipfencarbazone at 90 and 120 g ha-1, the β-glucosidase activity was reduced initially. In 90 g ha-1 treatment the reduction was 34.1%, 31.6% and 28.7% at 7, 15 and 30 DAS, respectively. The same enzyme value reached to its initial value (12.92 µg pNP g h-1) at 120 DAS (Fig 3). Similar effects of other herbicides used in jute were reported by Majumdar et al., (2008), Majumdar et al., (2010) and, Sarkar and Majumdar (2013). The urease activity was not much affected by the application of ipfencarbazone at 90 or 120 g ha-1 (Fig 4) at 7, 15 and 30 DAS but increased at harvest of jute (at 120 DAS). 
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	Fig 1: Effect of Ipfencarbazone Rate on Fluorescein Diacetate Hydrolysis (FDHA) Activity
	Fig 2: Temporal Changes in Dehydrogenase Activity Following Ipfencarbazone Application


   
	[image: ]
	[image: ]

	Fig 3: β-Glucosidase Enzyme Activity Following Ipfencarbazone Application at Different Doses
	Fig 4: Effect of Ipfencarbazone Dose on Urease Activity Over Time (DAS)







Effect of different weed management methods on economics of jute cultivation
 
The weeding cost was 90% (₹21,660/-) less in case of mechanical weeding either by nail weeder or single wheel jute weeder along with herbicide (ipfencarbazone 90 g ha-1). In case of mechanical weeding alone, the weeding cost was about 88% less as compared to the cost of weeding by manual weeding twice. The highest net return per rupee investment (NRPRI) was obtained either with ipfencarbazone 90 g ha-1 + nail weeder (2.17) or with ipfencarbazone 90 g ha-1 + single wheel jute weeder (2.16). The NRPRI was the lowest in case of manual weeding (1.55) due to high price of manual labour (Table 3). Earlier Sarkar and Bhattacharya (2005) also reported similar findings in jute weed management with other herbicides.

CONCLUSION
The highest fibre yield of jute was obtained with two manual weeding and the net return per rupee investment (NRPRI) was the lowest (1.55) in this treatment. Whereas, application of ipfencarbazone @ 90 g ha-1 (PE) + nail weeder at 21 DAS produced higher fibre yield (36.25 q ha-1) closely followed by and at par with the fibre yield recorded with ipfencarbazone @ 90 g ha-1 (PE) + single wheel jute weeder at 21 DAS (36.13 q ha-1) and the NRPRI were higher values of 2.17 and 2.16, respectively. Deployment of nail weeder as a mechanical method of weed management in jute given additional benefit of higher soil moisture content by about 18.64 to 21% at 5 cm depth, and by about 3.76 to 5.20% at 10 cm depth at 3 DAA. Moreover, at 7 DAA also, the soil moisture contents were higher at 5 cm (34.34 to 37.92%) and at 10 cm (10.01 to 15.95%). The soil enzyme activities such as FDHA, dehydrogenase, β-glucosidase was initially reduced by the application of ipfencarbazone 90 g ha-1, but the same was increased to its initial levels at 120 DAS (at harvest of jute). The urease activity was not much affected by the application of ipfencarbazone at 90 and 120 g ha-1 at 7, 15 and 30 DAS.











Table 1. Effect of different weed management methods on weed growth, crop growth and yield of jute (Pooled data of two years)
	
	Dry weight of weeds (g m-2)
	Plant height (cm)
	Basal diameter (cm)
	Fibre yield (q ha-1)
	Stick yield (q ha-1)

	
	45 DAS
	60 DAS
	
	
	
	

	T1
	32.18
	18.14
	362.9
	1.99
	38.46
	92.74

	T2
	41.56
	21.23
	321.4
	1.76
	31.17
	75.00

	T3
	58.45
	24.47
	317.4
	1.70
	30.98
	74.55

	T4
	49.15
	23.55
	317.1
	1.73
	31.22
	75.14

	T5
	64.35
	38.33
	311.3
	1.75
	29.17
	70.22

	T6
	58.64
	29.19
	309.8
	1.67
	29.88
	71.93

	T7
	54.37
	27.16
	341.7
	1.89
	36.25
	87.25

	T8
	44.25
	25.46
	327.6
	1.75
	33.16
	79.79

	T9
	61.17
	31.55
	338.6
	1.90
	36.13
	86.97

	T10
	48.65
	29.87
	326.7
	1.80
	33.19
	79.89

	CD (5%)
	4.35
	2.98
	17.797
	0.121
	1.506
	3.604





Table 2. Effect of different weed management methods on soil moisture content at different depths (Pooled data of two years)

	Tr.
	Treatments
	Soil moisture content (%)

	
	
	1 DAA
	3 DAA
	7 DAA

	
	
	5 cm
	10 cm
	5 cm
	10 cm
	5 cm
	10 cm

	T1
	Manual weeding twice
	19.54
	27.24
	14.52
	23.85
	11.56
	20.37

	T2
	Nail weeder twice
	17.65
	26.82
	17.57
	25.09
	15.53
	23.62

	T3
	Single wheel jute weeder twice
	19.70
	28.37
	14.81
	24.18
	11.26
	21.47

	T4
	Nail weeder + Single wheel jute weeder
	20.11
	28.99
	17.59
	25.11
	15.77
	23.87

	T5
	Ipfencarbazone 90 g
	17.84
	27.03
	14.70
	23.60
	11.83
	19.82

	T6
	Ipfencarbazone 120 g
	19.78
	27.45
	15.11
	22.95
	11.68
	20.14

	T7
	Ipfencarbazone 90 g + Nail weeder
	18.11
	25.89
	14.80
	23.83
	11.91
	19.79

	T8
	Ipfencarbazone 120 g + Nail weeder
	18.54
	26.02
	14.65
	23.77
	12.88
	20.44

	T9
	Ipfencarbazone 90 g + Single wheel jute weeder
	18.42
	25.53
	15.51
	23.90
	13.23
	21.52

	T10
	Ipfencarbazone 120 g + Single wheel jute weeder
	19.31
	26.30
	15.77
	24.01
	13.91
	21.49

	CD at 5%
	NS
	NS
	1.852
	1.299
	1.492
	1.074


DAA: day/s after application of nail weeder






Table 3. Effect of different weed management methods on economics of jute cultivation (Pooled data of two years)

	 Tr.
	Total return
	Weeding cost
	Total cost
	Net return
	NRPRI

	T1
	₹ 2,26,573
	₹ 24,000
	₹ 89,000
	₹ 1,37,573
	1.55

	T2
	₹ 1,83,611
	₹ 2,800
	₹ 67,800
	₹ 1,15,811
	1.71

	T3
	₹ 1,82,492
	₹ 2,800
	₹ 67,800
	₹ 1,14,692
	1.69

	T4
	₹ 1,83,907
	₹ 2,800
	₹ 67,800
	₹ 1,16,107
	1.71

	T5
	₹ 1,71,833
	₹ 940
	₹ 65,940
	₹ 1,05,893
	1.61

	T6
	₹ 1,76,015
	₹ 1,120
	₹ 66,120
	₹ 1,09,895
	1.66

	T7
	₹ 2,13,538
	₹ 2,340
	₹ 67,340
	₹ 1,46,198
	2.17

	T8
	₹ 1,95,333
	₹ 2,520
	₹ 67,520
	₹ 1,27,813
	1.89

	T9
	₹ 2,12,832
	₹ 2,340
	₹ 67,340
	₹ 1,45,492
	2.16

	T10
	₹ 1,95,513
	₹ 2,520
	₹ 67,520
	₹ 1,27,993
	1.90


FY= fibre yield; SY= stick yield; NRPRI= Net return per rupee investment
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