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Wheat dynamics under long term nutrient management and weed management practices in wheat under semi-arid conditions

ABSTRACT
[bookmark: _GoBack]A field experiment was conducted at Research Farm of the Department of Soil Science, CCS Haryana Agricultural University, Hisar, Haryana, India, to evaluate the long-term effects of nutrient management and weed management practices on the population dynamics of major weed species in wheat. Experiment was laid out in a split-plot design, comprising seven nutrient management treatments viz. NP: Recommended doses of nitrogen (150 kg/ha) and phosphorus (60 kg/ha); FYM: Farmyard manure at 15 t/ha; FYM+NP: FYM at 15 t/ha combined with N (150 kg/ha) and P (30 kg/ha); PM: Poultry manure at 5 t/ha; PM+NP: Poultry manure at 5 t/ha with N (150 kg/ha) and P (30 kg/ha); PMUD: Press mud at 7.5 t/ha; and PMUD+NP: Press mud at 7.5 t/ha combined with N (150 kg/ha) and P (30 kg/ha) in the main plots and four weed control treatments viz. PRE: Pendimethalin at 1.5 kg/ha applied pre-emergence; PRM: Pendimethalin at 1.5 kg/ha PRE followed by clodinafop + metsulfuron-methyl at 64 g/ha as a post-emergence (RM) application; weedy check; weed-free check in the subplots, each replicated three times. Among nutrient treatments, FYM+NP consistently recorded the lowest densities of Anagallis arvensis (2.94–3.23 plants/m²) and Melilotus indica (3.11–3.40 plants/m²), while, PM treatment markedly reduced Coronopus didymus, Rumex dentatus and Phalaris minor with minimum densities ranging from 3.26-4.64, 2.52-3.49 and 1.962.66 plants/m2, respectively. Total weed dry matter remained comparatively higher under PMUD+NP, with values of 2.98, 6.21, 8.48 and 10.05 g/m² at 30, 60, 90 and 120 DAS, respectively. FYM+NP resulted in the highest nutrient uptake by weeds (0.21% N, 0.111% P and 1.45% K), indicating enhanced nutrient availability. Among weed management treatments, PRE and PRM significantly reduced the densities of all major weed species compared to the weedy check. At 30 DAS, minimum weed populations were recorded under PRE, whereas, PRM was more effective during later stages of crop growth in herbicides treatment. Weed dry matter was highest under PRM at 30 DAS, while, higher at 60–120 DAS under PRE. 
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INTRODUCTION
Wheat (Triticum aestivum L.) is one of the world’s major cereal crops and ranks as the second most important staple food after rice. It is cultivated across diverse environmental conditions, including varied temperature ranges, soil types, and moisture regimes. In India, during FY 2024–25, wheat was grown on 32.76 million hectares, producing 117.51 million tonnes with a productivity of 3,587 kg/ha. In Haryana, wheat occupied 2.37 million hectares during FY 2023–24, with total production of 11.19 million tonnes and a productivity of 4,723 kg/ha [1]. Wheat productivity is constrained by several biotic and abiotic stresses, among which weeds are one of the most significant biotic factors. Wheat fields are commonly infested with both grassy and broadleaf weeds. Predominant weed species include Phalaris minor, Avena fatua, Avena ludoviciana, Chenopodium album, Medicago denticulata, Melilotus alba, Melilotus indica, Convolvulus arvensis, Anagallis arvensis, Rumex dentatus, Cynodon dactylon, Vicia sativa, Vicia hirsuta, Fumaria parviflora, and Malva parviflora, among others. Weeds directly affect wheat productivity by competing for essential resources such as nutrients, light, water, and space, and through the release of allelochemicals into the rhizosphere. They also indirectly increase production costs by raising labor and management requirements while reducing grain yield and quality, consequently enhancing post-harvest processing expenses. If not effectively managed during critical stages of crop growth, weeds emerging alongside wheat can reduce yields by 10–40%, depending on the type and intensity of infestation [2]. Along with advanced agronomic and chemical weed management approaches, long-term fertilizer experiments are valuable for understanding weed flora dynamics, yield trends, and the influence of continuous fertilizer use on weed community structure [3]. 
Organic amendments such as farmyard manure (FYM) and poultry manure (PM) improve soil structure, microbial activity and nutrient cycling, which may enhance crop vigour and suppress nutrient-responsive weeds. Integrated nutrient management (INM), involving combined use of organic and inorganic fertilizers, promotes early canopy development, enhances nutrient-use efficiency and improves the crop’s competitive ability against weeds. Chemical weed control continues to be central to wheat production. Pre-emergence herbicides such as pendimethalin suppress early-emerging cohorts, while sequential applications of pendimethalin followed by clodinafop + metsulfuron-methyl offer broad-spectrum and season-long control. However, sole dependence on herbicides can lead to species shifts and resistance evolution, making integrated weed management approaches increasingly necessary. Combining herbicide sequences with balanced nutrient management is considered an ecologically robust strategy for minimizing weed density, biomass and seedbank replenishment over time. A deeper understanding of weed–crop interactions under organic and inorganic nutrient regimes is therefore crucial for developing efficient nutrient management strategies within integrated weed management programs.
MATERIAL AND METHODS
Description of experimental site 
In 1995, a long-term field experiment was initiated at the Research Farm of the Department of Soil Science, CCS Haryana Agricultural University, Hisar, Haryana, India, to evaluate the impact of various combinations of organic manures and chemical fertilizers on soil fertility and productivity within a pearl millet–wheat cropping system. The experimental site is situated in northwestern India at 29°16′ N latitude and 75°7′ E longitude. The soil at the site is coarse loamy, classified as Ustochrept.

Experimental details 
The field experiment was conducted during the rabi season of 2021–22. It was laid out in a split-plot design, comprising seven nutrient management treatments in the main plots and four weed control treatments in the subplots, each replicated three times. The nutrient management treatments viz. NP: Recommended doses of nitrogen (150 kg/ha) and phosphorus (60 kg/ha); FYM: Farmyard manure at 15 t/ha; FYM+NP: FYM at 15 t/ha combined with N (150 kg/ha) and P (30 kg/ha); PM: Poultry manure at 5 t/ha; PM+NP: Poultry manure at 5 t/ha with N (150 kg/ha) and P (30 kg/ha); PMUD: Press mud at 7.5 t/ha; and PMUD+NP: Press mud at 7.5 t/ha combined with N (150 kg/ha) and P (30 kg/ha). The weed management treatments viz. PRE: Pendimethalin at 1.5 kg/ha applied pre-emergence; PRM: Pendimethalin at 1.5 kg/ha PRE followed by clodinafop + metsulfuron-methyl at 64 g/ha as a post-emergence (RM) application; weedy check; weed-free check. Weed density was estimated using the quadrate technique (Misra and Puri, 1954). The quadrate (0.5 m x 0.5 m) was randomly thrown at two locations in each plot at 30, 60, 90 and 120 DAS. Individual weed species were counted inside the quadrate and the average of two quadrates was expressed to numbers per meter square area. Weeds were collected with quadrate (0.25 m2) from two random locations in each plot for dry matter accumulation at different observation stages. These samples were initially sun-dried and then kept in oven at 65 °C until they reached a consistent weight. The total dry weight of individual weed species was expressed as g/m2 after the dried samples were weighed. At harvest, the NPK content of weeds were analysed. Each plot's oven dried weeds plant material was grinded separately with a grinder for NPK analysis. The sample was evaluated for nitrogen [4], phosphorus [5] and potassium [6].
RESULTS
Weed studies
Anagallis arvensis
	A. arvensis periodical plant density measured at 30, 60, 90 and 120 DAS (Table 1). The density of A. arvensis increased with crop age, reached at peak at 90 DAS and further decreased. Density of A. arvensis (2.94, 3.19, 3.23 and 3.05 plants/m2 at 30, 60, 90 and 120 DAS, respectively) was found significantly lower with the application of FYM+NP as compared to other nutrient management treatments. 
Among the weed management treatments, density of A. arvensis was significantly lower under all treatments as compared to weedy check at all stages of observation. Among the herbicide combination, minimum density of A. arvensis (2.26 plants/m2) was recorded in PRE treatment at 30 DAS and at later observation lowest weed density was observed under PRM treatment.
Table 1: Effect of different weed management and long term nutrient management practices on weed density of A. arvensis
	Treatment 
	A. arvensis (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	3.08 (13.53)
	3.34 (20.03)
	3.38 (19.22)
	3.20 (16.82)

	FYM
	3.41 (16.88)
	3.71 (24.98)
	3.75 (23.98)
	3.55 (20.98)

	FYM+NP
	2.94 (12.29)
	3.19 (18.18)
	3.23 (17.45)
	3.05 (15.27)

	PM
	3.37 (16.42)
	3.66 (24.30)
	3.70 (23.33)
	3.50 (20.41)

	PM+NP
	3.03 (13.07)
	3.28 (19.34)
	3.32 (18.56)
	3.14 (16.24)

	PMUD
	3.44 (17.18)
	3.74 (25.43)
	3.79 (24.42)
	3.58 (21.36)

	PMUD+NP
	3.01 (12.87)
	3.26 (19.05)
	3.30 (18.29)
	3.12 (16.00)

	SE(m)±
	0.09
	0.10
	0.09
	0.09

	CD (P=0.05)
	0.27
	0.31
	0.29
	0.28

	Weed management
	
	
	
	

	PRE
	2.26 (4.10)
	2.91 (7.47)
	2.83 (6.99)
	2.65 (6.03)

	PRM
	2.32 (4.40)
	1.00 (0.00)
	1.41 (1.00)
	1.41 (1.00)

	Weedy check
	7.13 (49.88)
	8.95 (79.03)
	8.72 (74.98)
	8.17 (65.68)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.41
	0.46
	0.44
	0.42

	CD (P=0.05)
	1.21
	1.41
	1.34
	1.27


Original data given in parenthesis was subjected to square root transformation ().

Melilotus indica
	M. indica periodical plant density measured at 30, 60, 90 and 120 DAS (Table 2). The density of M. indica increased with crop age, reached at peak at 90 DAS and decreased at 120 DAS. The density of M. indica (3.11, 3.37, 3.4 and 3.23 plants/m2 at 30, 60, 90 and 120 DAS, respectively) was found significantly lower with the application of FYM+NP as compared to other nutrient management treatments. Maximum weed density was observed under PMUD treatment. 
Among the weed management treatments, density of M. indica was significantly lower under all treatments as compared to weedy check at all stages of observation. Among the herbicide combination, minimum density of M. indica (2.39 plants/m2) was recorded in PRE treatment at 30 DAS and at later stages its lowest weed density was observed under PRM treatment.

Table 2: Effect of different weed management and long term nutrient management practices on weed density of M. indica
	Treatment 
	M. indica (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	3.26 (15.56)
	3.53 (23.03)
	3.56 (22.11)
	3.38 (19.34)

	FYM
	3.61 (19.41)
	3.93 (28.73)
	3.96 (27.58)
	3.76 (24.13)

	FYM+NP
	3.11 (14.13)
	3.37 (20.91)
	3.4 (20.07)
	3.23 (17.56)

	PM
	3.57 (18.88)
	3.87 (27.95)
	3.9 (26.83)
	3.71 (23.48)

	PM+NP
	3.2 (15.02)
	3.47 (22.24)
	3.5 (21.35)
	3.33 (18.68)

	PMUD
	3.65 (19.76)
	3.96 (29.25)
	3.99 (28.08)
	3.79 (24.57)

	PMUD+NP
	3.18 (14.8)
	3.45 (21.9)
	3.47 (21.03)
	3.3 (18.4)

	SE(m)±
	0.1
	0.08
	0.11
	0.11

	CD (P=0.05)
	0.3
	0.23
	0.32
	0.31

	Weed management
	
	
	
	

	PRE
	2.39 (4.72)
	3.1 (8.59)
	3.01 (8.04)
	2.82 (6.93)

	PRM
	2.46 (5.06)
	1.00 (0.00)
	1.47 (1.15)
	1.47 (1.15)

	Weedy check
	7.64 (57.36)
	9.59 (90.88)
	9.34 (86.23)
	8.75 (75.53)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.44
	0.49
	0.47
	0.45

	CD (P=0.05)
	1.29
	1.51
	1.43
	1.36


Original data given in parenthesis was subjected to square root transformation ().
Coronopus didymus
	C. didymus periodical plant density was measured at 30, 60, 90 and 120 DAS (Table 3). The density of C. didymus increased with crop age, reached at peak at 90 DAS and then decreased at 120 DAS. At 30 DAS, density of C. didymus (3.26 plants/m2) was found significantly lower with the application of PM alone as compared to other nutrient management treatments. Maximum weed density (3.84 plants/m2) was observed under PMUD+NP treatment. Similar trend was found upto 120 DAS. 
Among the weed management treatments, density of C. didymus was significantly lower under all treatments as compared to weedy check at all stages of observation. Among the herbicide combination, minimum density of C. didymus (2.52 plants/m2) was recorded in PRE treatment at 30 DAS and later lowest weed density was observed under at PRM treatment.

Table 3: Effect of different weed management and long term nutrient management practices on weed density of C. didymus
	Treatment 
	C. didymus (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	3.79 (22.03)
	5.3 (58.03)
	5.42 (55.71)
	5.08 (48.75)

	FYM
	3.41 (17.66)
	4.76 (46.52)
	4.87 (44.66)
	4.56 (39.08)

	FYM+NP
	3.74 (21.43)
	5.23 (56.45)
	5.35 (54.2)
	5.01 (47.42)

	PM
	3.26 (16.03)
	4.54 (42.24)
	4.64 (40.55)
	4.35 (35.48)

	PM+NP
	3.82 (22.43)
	5.35 (59.08)
	5.47 (56.72)
	5.12 (49.63)

	PMUD
	3.36 (17.05)
	4.68 (44.92)
	4.78 (43.12)
	4.48 (37.73)

	PMUD+NP
	3.84 (22.65)
	5.37 (59.67)
	5.5 (57.28)
	5.15 (50.12)

	SE(m)±
	0.11
	0.17
	0.16
	0.15

	CD (P=0.05)
	0.32
	0.51
	0.48
	0.46

	Weed management
	
	
	
	

	PRE
	2.52 (5.35)
	4.28 (17.35)
	4.15 (16.23)
	3.87 (14.01)

	PRM
	2.6 (5.74)
	1.00 (0.00)
	1.82 (2.32)
	1.82 (2.32)

	Weedy check
	8.34 (68.51)
	13.9 (192.33)
	13.55 (182.68)
	12.68 (159.87)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.41
	0.57
	0.52
	0.49

	CD (P=0.05)
	1.21
	1.72
	1.59
	1.51


Original data given in parenthesis was subjected to square root transformation ().
	
Rumex dentatus
	R. dentatus periodical plant density (2.52, 3.47, 3.49 and 3.45 plants/m2) measured at 30, 60, 90 and 120 DAS, respectively was found significantly lower with the application of PM alone as compared to other nutrient management treatments (Table 4). Maximum weed density (2.94, 4.09, 4.13 and 4.07 plants/m2, respectively) was observed under PMUD+NP treatment. 
Among the weed management treatments, density of R. dentatus was significantly lower under all treatments as compared to weedy check at all stages of observation. Among the herbicide combination, minimum density of R. dentatus was recorded in PRE treatment at 30 DAS and later on lowest weed density was observed under PRM treatment. 
Table 4: Effect of different weed management and long term nutrient management practices on weed density of R. dentatus
	Treatment 
	R. dentatus (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	2.91 (11.57)
	4.04 (30.47)
	4.07 (29.25)
	4.02 (28.52)

	FYM
	2.63 (9.27)
	3.63 (24.42)
	3.66 (23.45)
	3.61 (22.86)

	FYM+NP
	2.87 (11.25)
	3.99 (29.64)
	4.02 (28.45)
	3.97 (27.74)

	PM
	2.52 (8.42)
	3.47 (22.17)
	3.49 (21.29)
	3.45 (20.75)

	PM+NP
	2.93 (11.78)
	4.07 (31.02)
	4.11 (29.78)
	4.06 (29.03)

	PMUD
	2.59 (8.95)
	3.57 (23.58)
	3.6 (22.64)
	3.55 (22.07)

	PMUD+NP
	2.94 (11.89)
	4.09 (31.33)
	4.13 (30.07)
	4.07 (29.32)

	SE(m)±
	0.04
	0.04
	0.03
	0.03

	CD (P=0.05)
	0.12
	0.14
	0.10
	0.09

	Weed management
	
	
	
	

	PRE
	1.95 (2.81)
	3.18 (9.11)
	3.09 (8.52)
	3.05 (8.31)

	PRM
	2.00 (3.02)
	1.00 (0.00)
	1.49 (1.22)
	1.48 (1.19)

	Weedy check
	6.08 (35.97)
	10.1 (100.97)
	9.84 (95.91)
	9.72 (93.51)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.11
	0.11
	0.08
	0.08

	CD (P=0.05)
	0.33
	0.39
	0.28
	0.25


Original data given in parenthesis was subjected to square root transformation ().
	
Phalaris minor
	The density of P. minor (1.96, 2.64, 2.66 and 2.64 plants/m2 at 30, 60, 90 and 120 DAS, respectively) was found significantly lower with the application of PM as compared to other nutrient management treatments (Table 5). Maximum weed density (2.27, 3.1, 3.13 and 3.1 plants/m2, respectively) was observed under PMUD+NP treatment.
Among the weed management treatments, density of P. minor was significantly lower under all treatments in comparison to weedy check at all stages of observation. Among the herbicide combination minimum density of P. minor was recorded in PRE treatment at 30 DAS and at later stages, lowest weed density was observed under PRM treatment. 
Table 5: Effect of different weed management and long term nutrient management practices on weed density of P. minor
	Treatment 
	P. minor (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	2.24 (5.96)
	3.06 (15.69)
	3.09 (15.06)
	3.06 (14.84)

	FYM
	2.04 (4.78)
	2.76 (12.58)
	2.78 (12.07)
	2.76 (11.89)

	FYM+NP
	2.22 (5.79)
	3.02 (15.26)
	3.05 (14.65)
	3.02 (14.43)

	PM
	1.96 (4.34)
	2.64 (11.42)
	2.66 (10.96)
	2.64 (10.8)

	PM+NP
	2.26 (6.06)
	3.09 (15.97)
	3.11 (15.33)
	3.09 (15.1)

	PMUD
	2.01 (4.61)
	2.72 (12.14)
	2.74 (11.66)
	2.72 (11.48)

	PMUD+NP
	2.27 (6.13)
	3.1 (16.13)
	3.13 (15.49)
	3.1 (15.26)

	SE(m)±
	0.02
	0.03
	0.03
	0.03

	CD (P=0.05)
	0.07
	0.09
	0.10
	0.09

	Weed management
	
	
	
	

	PRE
	1.56 (1.45)
	2.39 (4.69)
	2.32 (4.39)
	2.31 (4.32)

	PRM
	1.6 (1.55)
	1.00 (0.00)
	1.28 (0.63)
	1.27 (0.62)

	Weedy check
	4.42 (18.52)
	7.28 (52)
	7.1 (49.39)
	7.05 (48.65)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.06
	0.08
	0.09
	0.08

	CD (P=0.05)
	0.19
	0.25
	0.28
	0.25


Original data given in parenthesis was subjected to square root transformation ().

Miscellaneous weeds
	Periodical plant density of miscellaneous weeds (Chenopodium album, Chenopodium murale, Avena ludoviciana and Convolvulus arvensis) recorded at 30, 60, 90 and 120 DAS. At 30 DAS, density of miscellaneous weeds (2.42 plants/m2) was found significantly lower with the application of PMUD as compared to other nutrient management treatments. Maximum weed density (2.61 plants/m2) was observed under FYM+NP treatment. Similar trend was found upto 120 DAS. 
Among the weed management treatments, density of miscellaneous weeds was significantly lower under all treatments in comparison to weedy check at all stages of observation. Among the herbicide combination, minimum density of miscellaneous weeds was recorded in PRE treatment at 30 DAS and at later observation lowest weed density was observed under PRM treatment. 
Table 6: Effect of different weed management and long term nutrient management practices on weed density of miscellaneous weeds
	Treatment 
	Miscellaneous weeds (No./m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	2.52 (8.25)
	3.24 (18.17)
	3.22 (16.93)
	2.84 (12.22)

	FYM
	2.49 (7.97)
	3.19 (17.54)
	3.17 (16.34)
	2.79 (11.8)

	FYM+NP
	2.61 (8.92)
	3.36 (19.64)
	3.34 (18.29)
	2.94 (13.21)

	PM
	2.47 (7.85)
	3.16 (17.28)
	3.14 (16.1)
	2.77 (11.63)

	PM+NP
	2.56 (8.52)
	3.29 (18.76)
	3.27 (17.48)
	2.88 (12.63)

	PMUD
	2.42 (7.49)
	3.1 (16.49)
	3.07 (15.37)
	2.71 (11.1)

	PMUD+NP
	2.59 (8.76)
	3.33 (19.29)
	3.31 (17.97)
	2.92 (12.98)

	SE(m)±
	0.04
	0.05
	0.05
	0.04

	CD (P=0.05)
	0.12
	0.16
	0.14
	0.13

	Weed management
	
	
	
	

	PRE
	1.87 (2.50)
	2.72 (6.41)
	2.64 (5.98)
	2.24 (4.00)

	PRM
	1.92 (2.68)
	1.00 (0.00)
	1.37 (0.88)
	1.41 (0.99)

	Weedy check
	5.36 (27.74)
	8.2 (66.25)
	7.86 (60.85)
	6.70 (43.9)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.11
	0.14
	0.14
	0.11

	CD (P=0.05)
	0.34
	0.46
	0.4
	0.37


Original data given in parenthesis was subjected to square root transformation ().
	
Dry matter accumulation (g/m2)
	Total dry weight of weeds was significantly lower (2.55, 5.23, 7.14 and 8.46 g/m2 at 30, 60, 90 and 120 DAS, respectively) in PM treatment over all other treatments (Table 7). Total dry matter accumulation by weeds was observed to be higher (2.98, 6.21, 8.48 and 10.05 g/m2 respectively) under PMUD+NP treatment. 
Among the weed management treatments, dry matter accumulation was significantly lower under all treatments in comparison to weedy check at all stages of observation. Among the herbicide combination, minimum dry matter accumulation (1.99 g/m2) by weeds was recorded in PRE treatment at 30 DAS and at later stages, lowest dry matter accumulation (1.00, 2.63 and 3.09 g/m2 at 60, 90 and 120 DAS, respectively) was observed under PRM treatment. 
Table 7: Effect of different weed management and long term nutrient management practices on total dry matter accumulation by weeds
	Treatment 
	Total dry matter accumulation by weeds (g/m2)

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	NP
	2.94 12.21)
	6.12 80.02)
	8.36 (141.59)
	9.91 (205.3)

	FYM
	2.66 (9.79)
	5.49 64.15)
	7.49 (113.5)
	8.88 (164.57)

	FYM+NP
	2.91 (11.88)
	6.04 (77.85)
	8.25 (137.74)
	9.78 (199.73)

	PM
	2.55 (8.89)
	5.23 (58.24)
	7.14 (103.05)
	8.46 (149.42)

	PM+NP
	2.97 (12.43)
	6.18 (81.47)
	8.43 (144.15)
	10 (209.02)

	PMUD
	2.62 (9.45)
	5.39 (61.94)
	7.36 (109.59)
	8.73 (158.91)

	PMUD+NP
	2.98 (12.56)
	6.21 (82.28)
	8.48 (145.59)
	10.05 (211.11)

	SE(m)±
	0.04
	0.07
	0.1
	0.12

	CD (P=0.05)
	0.12
	0.22
	0.31
	0.37

	Weed management
	
	
	
	

	PRE
	1.99 (2.97)
	4.99 (23.93)
	6.5 (41.25)
	7.8 (59.82)

	PRM
	2.05 (3.18)
	1.00 (0.00)
	2.63 (5.9)
	3.09 (8.56)

	Weedy check
	6.24 (37.97)
	16.32 (265.2)
	21.57 (464.28)
	25.97 (673.21)

	Weed free
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)
	1.00 (0.00)

	SE(m)±
	0.11
	0.2
	0.29
	0.34

	CD (P=0.05)
	0.34
	0.63
	0.88
	1.05


Original data given in parenthesis was subjected to square root transformation ().

Nutrient content in weeds 
	Application of various organic manures along with inorganic fertilizers increased N, P and K contents in weed dry matter significantly over application of organic manures and inorganic fertilizers alone (Table 8). Application of FYM+NP resulted in significantly higher N, P and K content (0.21, 0.111 and 1.45%, respectively) by weeds as compared to others nutrient management treatments. 
Among the weed management treatments, higher nutrient content were observed in weedy check treatment followed by PRE treatment.
Table 8: Effect of different weed management and long term nutrient management practices on NPK content in weeds at harvest
	Treatment 
	Content (%)

	Nutrient management
	N
	P
	K

	NP
	0.16
	0.065
	1.08

	FYM
	0.13
	0.075
	1.16

	FYM+NP
	0.21
	0.111
	1.45

	PM
	0.13
	0.075
	1.17

	PM+NP
	0.19
	0.105
	1.41

	PMUD
	0.12
	0.058
	1.12

	PMUD+NP
	0.20
	0.105
	1.44

	SE(m)±
	0.004
	0.001
	0.010

	CD (P=0.05)
	0.012
	0.003
	0.030

	Weed management
	
	
	

	PRE
	0.21
	0.106
	1.686

	PRM
	0.19
	0.096
	1.644

	Weedy check
	0.25
	0.138
	1.711

	Weed free
	0.00
	0.00
	0.00

	SE(m)±
	0.002
	0.001
	0.008

	CD (P=0.05)
	0.007
	0.002
	0.022




DISCUSSION
Weed density 
The effects of the various nutrient treatments and weed management treatments on weed behaviour were examined in terms of weed population (No./m2) (Table 1-6). A. arvensis, M. indica, C. didymus, R. dentatus, P. minor and miscellaneous weeds (C. album, C. murale, A. ludoviciana and C. arvensis) were the dominated weed flora in the experimental field. Weed density of A. arvensis and M. indica were observed lower with application of FYM+NP and higher where PMUD (Table 1-2). Weed density of C. didymus, R. dentatus and P. minor weeds were observed higher with application of PMUD+NP compared to all other treatments (Table 3-5). This might be due to rich amount of micro and macro nutrients present in pressmud [7]. Weeds density of miscellaneous weeds was observed higher under FYM+NP treatment which might be due to cumulative effect of FYM on weed seed bank [8]. 
Among the weed management treatments, maximum weed density was observed under weedy check condition. In case of herbicide treatments, lower weed density was observed in PRE treatment at 30 DAS but at later stages of observations lower density was observed under PRM treatment. This might be due to the effective weed control by the post emergence application of clodinafop + metsulfuron methyl (RM). Weed density was decreased under sequential application of pendimethalin followed by clodinafop + metsulfuron methyl (RM) as compared to application of pendimethalin alone [9, 10]. 
Dry matter accumulation 
Total dry weight of weeds (g/m2) was significantly lower in PM treatment (Table 7) over all other treatments at all stages of crop growth. Poultry manures application can reduce the density of weed. It has been observed that poultry manure application can control weeds [11, 12]. Total dry matter accumulation by weeds was observed to be higher under PMUD+NP treatment. Pressmud enhances soil fertility and nutrient availability when combined with inorganic NP fertilizers. This nutrient boost favors fast-growing weeds, which compete effectively for resources, leading to increased weed biomass [13].
Among weed management treatments, maximum dry matter accumulation of weeds was observed under the weedy check treatment. In case of herbicidal treatments lowest weed dry matter accumulation was observed under PRE treatment at 30 DAS but at later stages, lower dry weight were observed under PRM treatment. This might be due to the less weed density or less growth of weeds. PRM treatments yield lower weed dry weight at later stages because post-emergence herbicides are applied to actively growing weeds, translocating systemically to roots and disrupting photosynthesis, growth, and reproduction more effectively on established plants [14]. Unlike PRE herbicides, whose residual soil activity may degrade over time due to microbial breakdown, leaching, or photodegradation. Similar finding was observed by Rani et. al. [10]. 
Nutrient content in weeds 
Application of various organic manures along with inorganic fertilizers increased N, P and K contents in weed dry matter significantly over application of organic manures and inorganic fertilizers alone (Table 8). Higher N, P and K contents were obtained under application of FYM+NP as compared to all others treatments. The combination of FYM and inorganic fertilizers increased the nutrient content because it synchronizes quick inorganic nutrient supply with sustained organic release, boosting overall nutrient concentration in weeds compared to sole treatments [15, 16]. 
Among the weed management treatments, higher nutrient content were observed in weedy check treatment followed by PRE treatment which might be due to lesser crop weed competition. PRE treatments (e.g., pendimethalin) suppress early weed emergence, minimizing competition and enabling crops to achieve higher nutrient contents through direct nutrient supply and improved nutrient use efficiency [17, 18].
CONCLUSION
             Overall, integrated nutrient management combined with sequential herbicide application proved most effective in minimizing density, biomass and nutrient content in weeds, highlighting their importance in sustainable wheat production systems.
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