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ABSTRACT 
	Aims: This study evaluated chemical and cultural weed management strategies for late-sown wheat in the Indo-Gangetic plains, quantifying effects on weed flora, crop growth, yield, nutrient dynamics, soil fertility, and economics.
Study design:  Randomised Block Design.
Place and Duration of Study: Study conducted at research farm of C.C.R. P.G. College Muzaffarnagar, during Rabi season of 2022-23.
Methodology: Research was conducted on wheat variety DBW-90 with 12 treatments (combination of Chemical + Cultural) and 3 replications during Rabi 2022–23 at Muzaffarnagar, U.P.
Results: The weed flora comprised predominantly Phalaris minor and Avena ludoviciana among grasses, with Chenopodium album, Anagallis arvensis and Melilotus indica among broadleaf weeds, with grassy weeds dominating across 30, 60, and 90 DAS. The pre-emergence Pyroxasulfone 127 g a.i. ha−1 followed by post-emergence Mesosulfuron-methyl + Iodosulfuron-methyl sodium 30+6 g a.i. ha−1 consistently minimized total weed density and dry matter, achieved the highest weed control efficiency at 60 and 90 DAS, and maximized wheat growth and yield attributes among herbicidal treatments.
Conclusion: This regime enhanced NPK uptake by crop, reduced nutrient removal by weeds, improved post-harvest soil available NPK and organic carbon, and provided the highest net returns and B:C ratio among herbicidal options, making it the most effective and economical combination for late-sown wheat under the study conditions
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1. INTRODUCTION

Wheat is a foundational cereal providing approximately 21% of global food calories and 20% of protein, with India contributing approximately 13.5% to global production and Uttar Pradesh as a major producing state; intensifying sustainable productivity is essential amid rising food demand and land constraints (Singh et al., 2019). Weed interference is a dominant yield-limiting factor in wheat, with critical competition commonly spanning 11–21 days after emergence (Kadam et al., 2021), and mixed weed flora in late-sown wheat reported to reduce grain yield by up to 34.3% under unmanaged conditions (Meena et al., 2017). While herbicides are efficient and increasingly adopted due to labor scarcity, sole reliance on single-mode herbicides has fostered resistance (notably in Phalaris minor), necessitating alternate chemistries and mixtures that broaden spectrum, reduce doses, delay resistance, and synergistically improve control and crop performance.
The study focused on the late-sown wheat ecology of the Indo-Gangetic plains, where grassy weeds such as Phalaris minor and Avena spp. typically dominate alongside notable broadleaf weeds, and sought to quantify comprehensive impacts of integrated herbicide programs on weed dynamics, crop growth, yield, nutrient fluxes, soil fertility, and farm economics (Khan et al., 2021). The specific objective was to identify an effective and economical weed management strategy that is robust to late-sowing conditions and aligns with current resistance management needs in North-Western Plains Zone production systems.

2. material and methods
Experimental site: Agriculture Research Farm, Chaudhary Chhotu Ram Post Graduate College, Muzaffarnagar (U.P.), 28° N, 77° E, 245.82; subtropical climate with 2022–23 seasonal temperature min/max Approximately 5.0–36.6 °C, RH morning 47–98% and evening 19–76%; October–February Rabi season. The climate of this region is a typically sub-tropical characterised by high temperature during summer dry & hot and winter are cold.
 
Soil: Sandy loam; OC 0.43%, pH 7.60, EC 0.24 dS m−1; available N 245.6 kg ha−1, P 13.4 kg ha−1, K 185 kg ha−1 at 0–15 cm depth prior to sowing.

Design and crop: RBD, 12 treatments, 3 replications; variety DBW-90; seed rate 125 kg ha−1; spacing 20 cm; plot size 5×4 m gross and 4×3.2 m net; recommended NPK 120:60:40 kg ha−1 under irrigated late-sown conditions

Treatments: T1 Isoproturon 1000 g a.i (Active Ingredient). ha−1 + 2,4-D 500 g a.i. ha−1 (PoE- Post Emergence), T2 Pyroxasulfone 127 g a.i. ha−1 (PE- Pre Emergence), T3 Pyroxasulfone 127 g a.i. ha−1 (PE) + 1 HW (Hand Weeding), T4 Pyroxasulfone 127 g a.i. ha−1 (PE) fb Sulfosulfuron + Metsulfuron (RM- Ready Mix) 32 g a.i. ha−1 (PoE), T5 Pyroxasulfone 127 g a.i. ha−1 (PE) + Pinoxaden 40 g a.i. ha−1 (PoE), T6 Pinoxaden 40 g a.i. ha−1 (PoE), T7 Pinoxaden 40 g a.i. ha−1 (PoE) + 1 HW, T8 Pinoxaden + Clodinafop-propargyl 40 g a.i. ha−1 (PoE), T9 Pyroxasulfone 127 g a.i. ha−1 (PE) + Mesosulfuron-methyl + Iodosulfuron-methyl sodium 30+6 g a.i. ha−1 (PoE), T10 Mesosulfuron-methyl + Iodosulfuron-methyl sodium 30+6 g a.i. ha−1 (PoE), T11 Weed-free, T12 Unweeded check.

Statistical Analysis: The experimental data obtained during the course of investigation were analyzed statistically using analysis of variance technique as prescribed for randomized block design and treatment differences were tested by ‘F’ test of significance at 5% level of probability on the basis of null hypothesis.

Measurements: Weed spectrum and density at 30, 60, 90 DAS; weed dry matter and weed control efficiency (WCE); crop growth (plant height, tillers m−1, dry matter); yield attributes and yields; NPK content and uptake by weeds and crop; soil available NPK and OC post-harvest; gross, net returns, and B: C ratio using local price structure.

Table 1 : Details of Weed Management Treatments Evaluated in the Experiment
	S. No 

	Treatment

	Notation

	1. 
	Isoproturon @ 1000 g a.i. ha-1 + 2,4-D @ 500 g a.i. ha-1 as PoE
	T1

	2. 
	Pyroxasulfone @127 g a.i. ha-1 as PE
	T2

	3. 
	Pyroxasulfone @127 g a.i. ha-1 as PE + 1 HW
	T3

	4. 
	Pyroxasulfone @127 g a.i. ha-1 PE fb sulfosulfuron + metsulfuron (RM) @ 32 g a.i. ha-1 PoE
	T4

	5. 
	Pyroxasulfone @127 g a.i. ha-1PE + Pinoxaden @ 40g a.i. ha-1 as PoE
	T5

	6. 
	Pinoxaden @ 40g a.i. ha-1 as PoE
	T6

	7. 
	Pinoxaden @ 40g a.i. ha-1 as PoE +1 HW
	T7

	8. 
	Pinoxaden + clodinafop-propargyl  @ 40 g a.i. ha-1 as PoE
	T8

	9. 
	Pyroxasulfone @127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g.a.i. ha-1PoE
	T9

	10. 
	Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g.a.i. ha-1PoE
	T10

	11. 
	Weed free 
	T11

	12. 
	Unweeded check 
	T12



Table 2 : Details of chemicals used in the Experiment as Herbicides
	S. No.
	Common name
	Trade name
	Activity ingredient (a.i.)

	1. 
	Sulfosulfuron-methyl
	Target
	20 (WP)

	2. 
	Metsulfuron-methyl
	Escort
	20 (WP)

	3. 
	Isoproturon
	Arelon
	175 g a.i. ha-1

	4. 
	Pyroxasulfone
	Zidua
	127 g a.i. ha-1

	5. 
	Clodinafop – propargyl
	Acm-9
	40 g a.i. ha-1

	6. 
	Iodosulfuron – methyl sodium
	Atlantis
	6 g a.i. ha-1



3. results
Weed Flora and Density
Eleven species were recorded; grassy weeds dominated across crop stages, with Phalaris minor and Avena ludoviciana most prevalent, and Chenopodium album, Anagallis arvensis, and Melilotus indica among leading broadleaf weeds.
Total weed density was lowest in weed-free plots at all intervals (1.0 m−2 at 30, 60, 90 DAS) and highest in unweeded check (10.8, 10.9, 10.5 m−2), with Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) recording the lowest densities among herbicides at 60 and 90 DAS (4.4 and 3.9 m−2).
The same combination minimized Phalaris minor, Chenopodium album, and Anagallis arvensis densities at 60 and 90 Days After Sowing (DAS), often at par with Pyroxasulfone (PE) Sulfosulfuron + Metsulfuron (PoE).

Table 3: Density of other weeds (number per m-2) as influenced by different weed management practices

	Symbol

	Density of total weeds (number per m-2)
	Density of Phalaris minor
(number per m-2)
	Density of Chenopodium album
(number per m-2)
	Density of Anagallis arvensis
(number per m-2)
	Density of Melilotus indica (number per m-2)
	Density of other weeds (number per m-2)

	
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	90 DAS

	T1
	4.7(21.0)
	2.2(4.0)
	2.4(4.9)
	2.2(3.7)
	2.2(3.7)
	2.4(4.8)

	T2
	5.4(28.5)
	2.8(6.6)
	2.6(5.8)
	2.3(4.4)
	2.6(5.8)
	2.6(5.9)

	T3
	5.3(27.0)
	2.6(5.7)
	2.6(5.7)
	2.3(4.3)
	2.6(5.7)
	2.6(5.7)

	T4
	4.4(18.1)
	2.1(3.5)
	2.3(4.2)
	2.0(3.0)
	2.1(3.2)
	2.3(4.3)

	T5
	4.6(20.2)
	2.2(3.7)
	2.4(4.7)
	2.1(3.6)
	2.1(3.5)
	2.4(4.8)

	T6
	5.1(25.4)
	2.4(5.0)
	2.5(5.3)
	2.3(4.3)
	2.5(5.2)
	2.6(5.6)

	T7
	4.9(23.3)
	2.3(4.2)
	2.5(5.3)
	2.2(4.0)
	2.3(4.4)
	2.5(5.3)

	T8
	4.5(19.4)
	2.1(3.3)
	2.4(4.6)
	2.1(3.3)
	2.1(3.4)
	2.4(4.7)

	T9
	3.9(14.3)
	2.1(3.3)
	2.1(3.3)
	1.7(2.0)
	1.7(2.0)
	2.2(3.7)

	T10
	4.5(18.9)
	2.1(3.4)
	2.3(4.3)
	2.1(3.3)
	2.1(3.3)
	2.4(4.6)

	T11
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)

	T12
	10.5(109.6)
	4.6(20.3)
	5.0(24.3)
	4.9(23.3)
	4.9(23.3)
	4.4(18.3)

	SEm(±)
	0.20
	0.09
	0.10
	0.09
	0.10
	0.10

	C.D. (P=0.05)
	0.59
	0.27
	0.29
	0.27
	0.28
	0.30




Weed biomass and WCE
Weed dry matter was minimal under weed-free at all stages and lowest among herbicidal treatments with Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE), translating into the highest WCE at 60 and 90 DAS and matching the strongest alternate sequence (Pyroxasulfone PE fb Sulfosulfuron + Metsulfuron RM PoE).
Consistently lower weed loads under these programs reduced crop-weed competition during the critical window (15–60 DAS), underpinning superior crop growth and yield expression.

Table 4: Weed control efficiency at 90 days and Weed index (%) as influenced by different weed management practices
	Symbol 

	[bookmark: _Hlk168304390]Dry weight of total weeds (g m-2)
	[bookmark: _Hlk168304639]Dry weight of Phalaris minor (g m-2)
	Dry weight of Chenopodium album (g m-2)
	Dry weight of Anagallis arvensis      (g m-2)
	Dry weight of Melilotus indica (g m-2)
	Dry weight of other weeds (g m-2)
	Weed control efficiency
	Weed index (%)

	
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	90 DAS
	

	T1
	4.7(21.3)
	2.2(3.7)
	2.2(4.0)
	2.5(5.2)
	2.4(4.9)
	2.1(3.6)
	86.6
	10.75

	T2
	5.5(29.3)
	2.6(5.9)
	2.6(5.6)
	2.7(6.3)
	2.7(6.5)
	2.5(5.1)
	81.6
	23.44

	T3
	5.3(26.7)
	2.5(5.3)
	2.4(4.9)
	2.6(5.9)
	2.6(5.7)
	2.4(4.8)
	83.2
	20.00

	T4
	3.9(14.2)
	1.9(2.7)
	2.0(3.0)
	2.0(3.0)
	2.0(2.9)
	1.9(2.8)
	91.1
	5.59

	T5
	4.4(18.4)
	2.1(3.6)
	2.2(3.9)
	2.1(3.3)
	2.3(4.2)
	2.1(3.5)
	88.4
	9.03

	T6
	5.2(25.5)
	2.4(4.7)
	2.4(4.8)
	2.6(5.9)
	2.5(5.4)
	2.4(4.8)
	84.0
	17.85

	T7
	4.8(22.3)
	2.3(4.2)
	2.4(4.7)
	2.2(3.9)
	2.5(5.0)
	2.4(4.6)
	86.0
	13.33

	T8
	4.3(17.8)
	2.1(3.4)
	2.2(3.9)
	2.0(3.1)
	2.3(4.1)
	2.1(3.2)
	88.8
	7.96

	T9
	3.6(12.3)
	1.8(2.3)
	1.9(2.7)
	1.9(2.5)
	1.9(2.5)
	1.8(2.4)
	92.3
	2.58

	T10
	4.2(16.8)
	2.1(3.3)
	2.1(3.3)
	2.0(3.0)
	2.2(4.0)
	2.0(3.2)
	89.4
	6.67

	T11
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	1.0(0.0)
	100.0
	0.00

	T12
	12.7(159.1)
	5.7(31.3)
	5.9(33.3)
	5.8(32.3)
	5.8(32.3)
	5.5(29.8)
	0.0
	40.86

	SEm(±)
	0.22
	0.10
	0.11
	0.10
	0.11
	0.10
	2.9
	0.65

	 C.D. (P=0.05)
	0.63
	0.29
	0.30
	0.30
	0.30
	0.29
	8.3
	1.87



Crop growth and yield
Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) produced the highest plant height, tillers m−1, and dry matter among herbicides, reflecting consistent suppression of both grassy and broadleaf weeds across stages.
Grain yield reached 46.5 q ha−1 in weed-free and 45.3 q ha−1 with Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE), with the latter showing a 64.7% grain yield increase over weedy check among herbicidal options; straw yield peaked at 61.5 q ha−1 for the same combination, with biological yield 106.8 q ha−1.

Table 5: Effect of weed management practices on plant height (cm) and number of tillers m-1 row length at different stages of wheat
	Symbol

	Plant height (cm)
	Tillers per meter row length
	Leaf area index)
	Dry matter accumulation (g m-2)
	Crop growth rate (g m-2 day-1)
	Relative growth rate
(g g-1day-1)

	
	At harvest
	At harvest
	90 DAS
	At harvest
	90- At harvest
	90- At harvest

	T1
	83.2
	74.5
	3.70
	1014.6
	6.44
	0.1065

	T2
	81.2
	67.5
	3.58
	905.3
	5.47
	0.0954

	T3
	82.0
	69.5
	3.61
	942.5
	6.00
	0.1029

	T4
	85.2
	80.0
	3.84
	1109.5
	6.61
	0.1041

	T5
	84.0
	75.1
	3.73
	1030.8
	6.27
	0.1026

	T6
	82.3
	70.9
	3.64
	970.2
	5.99
	0.1011

	T7
	82.7
	72.3
	3.67
	988.6
	5.95
	0.0993

	T8
	84.5
	75.5
	3.77
	1058.4
	6.53
	0.1055

	T9
	86.6
	83.0
	3.86
	1156.3
	7.53
	0.1167

	T10
	84.7
	77.0
	3.81
	1082.5
	6.51
	0.1038

	T11
	87.2
	86.0
	3.89
	1175.3
	7.32
	0.1242

	T12
	56.2
	38.5
	3.38
	845.2
	6.76
	0.1123

	SEm(±)
	2.8
	2.5
	0.12
	36.6
	0.23
	0.0038

	C.D. (P=0.05)
	8.2
	7.3
	0.34
	105.0
	0.67
	0.0110





Table 6: Effect of weed management practices on effective tillers (m-1 row length) length of spike (cm), spikelet’s spike-1, number of grain spike-1 and test weight (g) of wheat.
	Symbol
	Yield attributes
	1000 grians weight (g)
	Yield (q ha-1)
	Harvest Index (%)

	
	Effective tillers
(per meter row length)
	Spike length
(cm)
	Number of spikelets
/spike
	Number of grains
/spike
	
	Grain
	Straw
	Biological
	

	T1
	70.8
	9.5
	15.0
	35.1
	37.9
	41.5
	59.3
	100.8
	41.2

	T2
	64.1
	8.5
	13.8
	34.1
	37.1
	35.6
	52.8
	88.4
	40.3

	T3
	66.0
	8.9
	14.1
	34.4
	37.2
	37.2
	54.6
	91.8
	40.5

	T4
	76.0
	10.6
	16.8
	40.1
	38.6
	43.9
	60.5
	104.4
	42.0

	T5
	71.3
	9.6
	15.6
	35.8
	38.1
	42.3
	59.6
	101.9
	41.5

	T6
	67.4
	9.2
	14.2
	34.8
	37.5
	38.2
	55.3
	93.5
	40.9

	T7
	68.7
	9.4
	14.3
	34.9
	37.6
	40.3
	57.6
	97.9
	41.2

	T8
	71.7
	9.9
	16.5
	39.4
	38.4
	42.8
	60.0
	102.8
	41.6

	T9
	78.9
	11.1
	17.1
	41.8
	39.0
	45.3
	61.5
	106.8
	42.4

	T10
	73.2
	10.0
	16.0
	38.6
	38.2
	43.4
	60.2
	103.6
	41.9

	T11
	81.7
	11.7
	17.8
	43.7
	40.0
	46.5
	62.9
	109.4
	42.5

	T12
	36.6
	7.3
	7.6
	27.5
	33.2
	27.5
	44.7
	72.2
	38.1

	SEm(±)
	2.4
	0.3
	0.5
	1.3
	1.3
	0.9
	1.7
	3.5
	1.4

	C.D. (P=0.05)
	6.9
	0.9
	1.5
	3.7
	NS
	2.8
	5.1
	10.0
	NS



Nutrient dynamics and soil fertility
Weedy check had the highest N, P, K content and uptake by weeds at 90 DAS, whereas weed-free minimized nutrient removal by weeds; among herbicides, Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) minimized weed nutrient removal and maximized crop NPK uptake.
Post-harvest soil available N, P, K and organic carbon were highest in weed-free, followed by Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE), reflecting lower nutrient export via weed biomass and improved crop nutrient utilization.

Table 7: Effect of weed management practices on protein content (%) and protein yield (kg ha-1) NPK content (%) of weed in grain and total nitrogen, phosphorus and potassium uptake (kg ha-1) of wheat
	Symbol
	Protein content (%)
	Protein yield 
(kg ha-1)
	Total  
Nitrogen 
uptake
(kg ha-1)
	Total Phosphorus 
uptake
(kg ha-1)
	Total Potassium uptake 
(kg ha-1)
	Available nutrients (kg ha-1)
	Organic carbon (%)

	
	
	
	
	
	
	Nitrogen 
	Phosphorus  
	Potassium  
	

	T1
	10.0
	415.0
	90.7
	17.12
	65.82
	224.3
	13.7
	181.5
	0.46

	T2
	9.4
	334.6
	71.4
	13.66
	51.11
	216.1
	12.8
	175.3
	0.42

	T3
	9.5
	353.4
	76.2
	14.79
	54.00
	217.5
	13.1
	177.3
	0.43

	T4
	10.6
	465.3
	104.3
	20.49
	74.51
	236.2
	15.5
	189.8
	0.54

	T5
	10.3
	435.7
	96.0
	18.29
	68.48
	226.2
	13.9
	183.6
	0.49

	T6
	9.7
	370.5
	80.6
	15.74
	52.93
	219.5
	13.1
	178.2
	0.44

	T7
	9.8
	394.9
	85.8
	16.68
	57.76
	221.1
	13.3
	180.2
	0.45

	T8
	10.5
	449.4
	99.3
	18.48
	70.44
	228.5
	14.2
	185.1
	0.51

	T9
	10.7
	484.7
	108.7
	21.61
	77.42
	240.3
		15.9	
	190.2
	0.54

	T10
	10.6
	460.0
	102.1
	19.27
	72.43
	231.1
	14.7
	186.5
	0.52

	T11
	10.9
	506.9
	114.1
	24.49
	81.42
	242.7
	16.1
	191.5
	0.55

	T12
	8.2
	225.5
	48.4
	9.85
	39.16
	204.5
	11.9
	173.8
	0.41

	SEm(±)
	0.4
	14.6
	3.2
	0.63
	2.29
	8.0
	0.5
	6.5
	0.02

	C.D. (P=0.05)
	1.1
	42.2
	9.3
	1.80
	6.56
	22.9
	1.4
	18.6
	0.05



Economics
Cost of cultivation was highest in weed-free due to intensive labor (₹ 45,682 ha−1), whereas gross returns were also highest in weed-free (₹ 117,818 ha−1).
Among herbicides, Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) achieved gross returns at par with weed-free, while delivering the highest net return and B: C ratio among chemical treatments, indicating superior economic viability without the labor burden of season-long weed-free management.
Table 8: Effect of weed management practices on profitability of wheat
	Symbol
	Profitability of wheat (₹ ha-1)

	
	Cost of cultivation (₹ ha-1)
	Gross return 
(₹ ha-1)
	Net return 
(₹ ha-1)
	B: C ratio

	T1
	35958
	106573
	70615
	2.96

	T2
	36958
	92290
	55332
	2.50

	T3
	39958
	96180
	56222
	2.41

	T4
	38758
	111733
	72975
	2.88

	T5
	38508
	108248
	69740
	2.81

	T6
	35408
	98420
	63012
	2.78

	T7
	38408
	103498
	65090
	2.69

	T8
	35658
	109390
	73732
	3.07

	T9
	38558
	114878
	76320
	2.98

	T10
	35458
	110635
	75177
	3.12

	T11
	45682
	117818
	72136
	2.58

	T12
	33858
	73053
	39195
	2.16



The superior performance of Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) is attributable to effective early-season residual control from Pyroxasulfone complemented by broad-spectrum post-emergence activity on both grasses and broadleaf weeds, sustaining low weed densities through 90 DAS. Reduced crop-weed competition enhanced canopy development and source capacity, which translated into improved sink formation (spike traits and thousand kernel weight) and ultimately higher grain yield in line with the physiological linkage between early vigor, assimilate supply, and reproductive sink strength. By curbing weed biomass, the regime curtailed nutrient depletion by weeds and improved NPK uptake by wheat, with downstream benefits in post-harvest soil nutrient status consistent with lower off-take by non-crop biomass and greater allocation to grain and straw.
The economic advantage of Pyroxasulfone (PE) + Mesosulfuron + Iodosulfuron (PoE) reflects yield gains comparable to weed-free management without intensive hand-weeding costs, yielding the highest net return and B: C ratio among herbicides and offering a practical, resistance-conscious alternative for late-sown wheat systems. Notably, parity with weed-free in gross returns coupled with reduced costs strengthens its recommendation for operational scalability in regions with labor constraints and mixed-flora infestations dominated by Phalaris minor and Avena spp.

4. DISCUSSION
In recent years’ uncertainties in rainfall, the swings in the onset, continuity and withdrawal pattern of monsoon make crop production more risky (Singh, 2018). Since crop growth and yield are determined directly by the plant physiological processes and only indirectly by the soil water stresses (Blake et al., 1986), the assured irrigation practices must be based on plant water stress because plant water stress integrated the effect of soil water status, atmospheric evaporative demand and crop susceptibility. Thus, for efficient weed management practices is necessary to characterize the plant growth behavior.

4.1 Effect of soil, weather and crop performance
The meteorological data revealed that the weather parameters, in general, were favorable for the crop, although the amount of total rainfall received during crop season was 543.4 mm. It is evident that during the crop growth period the mean weekly maximum and minimum temperatures range from 36.2ºC and 5.0ºC respectively. The temperature limits were by and large favorable for growth and development.

4.2 Effect of weed management practices on the crop growth
among herbicides treatment Pyroxasulfone @127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE was recorded the maximum plant height. This may be due to lower dry weight of weed in Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE applied plots followed by Pyroxasulfone @127 g a.i. ha-1 PE fb sulfosulfuron+metsulfuron (RM) @ 32 g a.i. ha-1 PoE, which resulted in less crop-weed competition The possible reason of the maximum plant height in these treatments might be due to congenial and longer weed free environment during crop growth period provided better opportunity for overall growth and development of wheat plants lead to maximum plant height. (Sharma et al. 2018) noted that application of Pyroxasulfone was as effective as weed free treatment to produce plant height. This is in accordance with finding of (Dev et al. 2013); (Hussain et al. 2020)

4.3 Effect of weed management practices yield attributes and yield of wheat
Treatment Pyrazosulfuron fb Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE was found superior as compared to all other weed management plots except Pyroxasulfone @ 127 g a.i. ha-1 PE fb sulfosulfuron+metsulfuron (RM) @ 32 g a.i. ha-1 PoE Rest of the treatments of weed management also proved to be significantly effective in producing higher number of tillers as compared to un-weeded control under which the minimum tiller m-1 row length was recorded. Sharma et al. (2018) also confirmed the same.

4.4 Effect on weed density, dry matter accumulation of weeds and weed control efficiency
Among the herbicides Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE found the best was at par with Pyroxasulfone @ 127 g a.i. ha-1 PE fb sulfosulfuron + metsulfuron (RM) @ 32 g a.i. ha-1 PoE to control weed. This was due to the fact that at later stage most of the weed growth ceased because of leaf senescence, and there by resulted in reduction in dry matter accumulation of weeds. Higher infestation of weeds under unweeded check were also reported by (Laxman et al. 2007)
4.5 NPK content and uptake by weeds.
Among the herbicides lower nitrogen, phosphorus and potassium content in weed at harvest stages was found with the application of Pyroxasulfone @127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE was at par with Pyroxasulfone @127 g a.i. ha-1 PE fb sulfosulfuron + metsulfuron (RM) @ 32 g a.i. ha-1 PoE and Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 gram a.i. ha-1 PoE due to lowest depletion of nutrients was observed with Pyroxasulfone @127 g a.i. ha-1 as PE + Mesosulfuron-methyl +Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE, due to minimum weed dry matter production in the treatment and higher depletion of N, P and K by weeds under weedy check condition. (Sharma et al. 2018) also reported similar results.

4.6 Economics
The highest gross return (117818 Rs ha-1 ) was recorded in weed free treatment followed by Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuronmethyl sodium @ 30+6 g a.i. ha-1 PoE. The lowest gross return observed in weedy check, (Singh et al. 2015) also reported similar results

5. Conclusion
Effective control on associated weed with wheat crop is essential for realizing the higher crop yield through herbicides differs in respect of their efficacy in controlling the weeds. In the present study among the different tested herbicide, application of Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE was found most effective in controlling different type of weeds and recorded higher weed control efficiency, growth parameters, yield attributes and yield of wheat was also higher in this treatment. Net profit also increased with this practice of weed management. On the basis of these observation noticed during year of experimentation it can be concluded that Pyroxasulfone @ 127 g a.i. ha-1 as PE + Mesosulfuron-methyl + Iodosulfuron-methyl sodium @ 30+6 g a.i. ha-1 PoE was the best combination of herbicide for effective control of weeds in wheat crop. However, for more conformity of this result, repetition of this study is necessary.
6. PRACTICAL RECOMMENDATION
· Apply pyroxasulfone 127 g a.i. ha−1 pre-emergence, followed by mesosulfuron-methyl + iodosulfuron-methyl sodium 30+6 g a.i. ha−1 post-emergence at the labeled timing for late-sown wheat to achieve high wce through 90 das and maximize net returns.
· Where broadleaf escape pressure remains, the sequence with sulfosulfuron + metsulfuron (rm) as post-emergence is a statistically competitive alternative for weed load and wce endpoints under similar conditions.
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