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Assessment of Weed and Long-Term Nutrient Management Practices on Growth of Wheat under Semi-Arid Conditions of India

ABSTRACT 

	An ongoing long-term experiment started since 1995 was selected during rabi season of 2021 22 at Research Farm of Department of Soil Science, CCS Haryana Agricultural University, Hisar, Haryana (India) to study the effect of weed management practices in wheat under long term nutrient management practices. Experiment was laid out in Split Plot Design; consisted of 7 nutrient management treatments in main plot and 4 weed control treatments in subplot replicated thrice. Nutrient management treatments viz. N150+P60: Recommended N (150 kg/ha) & P (60 kg/ha), FYM15: FYM @ 15 tonnes/ha, FYM15+N150+P30: FYM @ 15 tonnes/ha + N (150 kg/ha) & P (30 kg/ha), PM5: Poultry manure @ 5 tonnes/ha, PM5+N150+P30: Poultry manure @ 5 tonnes/ha + N (150 kg/ha) & P (30 kg/ha), PMUD7.5: Press mud @ 7.5 tonnes/ha and PMUD7.5+N150+P30: Press mud @ 7.5 tonnes/ha + N (150 kg/ha) & P (30 kg/ha) were evaluated along with weed control treatments viz. pendimethalin @ 1.5 kg/ha (PRE), pendimethalin @ 1.5 kg/ha (PRE) fb clodinafop + metsulfuron methyl (RM) 64 g/ha, weedy and weed free. Under nutrient management, FYM15+N150+P30 recorded the highest plant height (22.5, 54.2, 94.4, 101.0 cm), dry matter and LAI (65.3, 427.8, 838.8, 1300 g/m² and 0.65, 4.11, 6.43, 4.27) at 30, 60, 90, 120 DAS, respectively and tillers (578, 541, 507 m⁻² at 60, 90, 120 DAS, respectively), followed by PMUD7.5+N150+P30 and PM5+N150+P30, while PMUD7.5 remained lowest. Under weed management, weed-free plots showed maximum plant height (21.3, 52.3, 91.0, 101.7 cm), dry matter (61.8, 363.1, 712.0, 1112 g/m²), LAI (0.62, 3.49, 5.45, 3.62), respectively, and tillers (493, 462, 433 m⁻²), respectively, whereas weedy check recorded the minimum values. Application of FYM15+N150+P30 combined with pendimethalin @ 1.5 kg/ha (PRE) fb clodinafop + metsulfuron methyl (RM) 64 g/ha recorded highest crop growth.
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1. INTRODUCTION 

“Wheat (Triticum aestivum L.) is the world's second most important staple food crop next to rice and it plays a significant role in the global economy. It feeds about one third of the world's population and plays a critical role in India's and the world's food and nutritional security. Wheat occupies nearly 17% of world’s cropped area but contributes 35% of the total food grain production; therefore playing a vital role in global food security” [1]. There is hardly scope of area expansion under this crop and scope of genetic gain in productivity is also very limited. However, there is still enough scope of productivity gain through location specific integrated crop management and weed management strategy wherein the balanced and targeted crop nutrition is the core issue. 
Long-term fertilizers application studies can be used to determine weed flora of crops, yield trends, analyse changes in yield and estimate nutrient dynamics. Organic manures and mineral fertilizers applied together have an essential role in optimising soil nutrients pool (macronutrients and micronutrients), boosting crop yield and improving water use efficiency [2]. At lower chemical fertilizer application rates, farm yard manure and press mud are excellent sources of plant nutrients [3, 4]. Because of the varying competitiveness of weeds and their responsiveness to nitrogen supply, the quantity of manure fertilization presumably has an influence on the combination of weeds. A strong crop plant cover and minimal weed density are the results of adequate manuring. There is no competition, if all the growing plants on the field have enough plant growth factors. The various treatments of chemical fertilizer application in conjunction with different organic sources to substitute 25 to 50% N [5]. Several studies have shown that long term organic manures and application of the balanced chemical fertilizers improves soil health, crop management and weed management more than they supplied alone.
Greater understanding of effects of organic manures and inorganic fertilizers on weeds and crops grown in competitive combinations may assist in the creation of fertilization techniques as components of more complete integrated weed control programmes, as well as a better understanding of discrepancies across research. Because there is little information available on the effects of organic manures and chemical fertilizers on weeds, the current study entitled “Assessment of Weed and Long-Term Nutrient Management Practices on Growth of Wheat under Semi-Arid Conditions of India”.

2. material and methods 

1. MATERIAL AND METHODS 
2.1 Experimental site 
In 1995, a long-term field experiment was started at the Research Farm of the Department of Soil Science, CCS Haryana Agricultural University, Hisar, Haryana (India) to investigate the effect of different combinations of organic manures and chemical fertilizers on soil productivity and fertility under the pearl millet-wheat cropping sequence. The experimental site is located in North-Western India at 29°16'N latitude and 75°7'E longitude. The soil was coarse loamy, Ustochrept type.
2.2 Soil studies
Soil samples were taken from 0-15 cm depth in the experimental field before sowing of the crop. From each treatment three soil samples were taken, which were thoroughly mixed to form a composite sample. Composite sample were evaluated for physico-chemical properties of the soil. The value of analysed soil samples are given in Table 1.
Table 1: Physico-chemical properties of soil before sowing of wheat in 2021-22
	Treatments
	Doses
	N 
(kg/ha)
	P
(kg/ha)
	K
(kg/ha)
	OC 
(%)
	EC
	pH

	T1
	N150P60
	126.3
	24.4
	328.5
	0.48
	0.35
	8.09

	T2
	FYM15
	163.8
	61.2
	692.8
	1.08
	0.57
	8.12

	T3
	FYM15N150P30
	168.4
	64.9
	758.3
	1.12
	0.64
	8.09

	T4
	PM5
	151.3
	53.3
	456.1
	0.88
	0.51
	7.97

	T5
	PM5N150P30
	154.5
	74.7
	461.9
	0.84
	0.65
	7.93

	T6
	PMUD7.5
	140.9
	70.4
	441.3
	0.75
	0.63
	8.03

	T7
	PMUD7.5N150P30
	162.1
	58.9
	473.4
	1.02
	0.66
	8.00



2.3 Experimental details 
The field experiment was carried out during rabi season of 2021-22. Experiment was laid out in Split Plot Design; consisted of 7 nutrient management treatments in main plot and 4 weed control treatments in subplot replicated thrice. Nutrient management treatments viz. N150+P60: Recommended N (150 kg/ha) & P (60 kg/ha), FYM15: FYM @ 15 tonnes/ha, FYM15+N150+P30: FYM @ 15 tonnes/ha + N (150 kg/ha) & P (30 kg/ha), PM5: Poultry manure @ 5 tonnes/ha, PM5+N150+P30: Poultry manure @ 5 tonnes/ha + N (150 kg/ha) & P (30 kg/ha), PMUD7.5: Press mud @ 7.5 tonnes/ha and PMUD7.5+N150+P30: Press mud @ 7.5 tonnes/ha + N (150 kg/ha) & P (30 kg/ha) were evaluated along with weed control treatments viz. pendimethalin @ 1.5 kg/ha (PRE), pendimethalin @ 1.5 kg/ha (PRE) fb clodinafop + metsulfuron methyl (RM) 64 g/ha, weedy and weed free. All organic amendments were incorporated into the soil one month prior to wheat sowing. At planting, half of the nitrogen and the full dose of phosphorus were supplied through urea and DAP, while the remaining nitrogen was top-dressed at the first irrigation (21 DAS). Wheat variety WH 1105 was planted on 15 November using a seed drill at a depth of 5–6 cm, with a seed rate of 100 kg/ha and a row spacing of 20 cm. A pre-emergence herbicide was applied immediately after sowing with a knapsack sprayer fitted with a flat-fan nozzle, using 625 L/ha of water. The post-emergence herbicide was sprayed at 32 DAS using the same sprayer with 375 L/ha of water. Manual weeding was performed consistently in the weed-free plots throughout the crop growth period.
2.4 Plant height
	Plant height was measured by selecting five plants at random from each net plot and recorded their height at 30, 60, 90 and 120 DAS. Before heading, the height was measured from the ground surface to the top of the fully opened leaf and after heading, it was measured from the ground surface to the tip of the main shoot's ear head. The mean plant height in centimeters was calculated taking the average of these five plants.
2.5 Leaf area index (LAI)
	From each net plot, fresh plant samples of 0.25 m row length were taken. After that, leaves were separated from the lamina's base and then leaf area was measured with the help of leaf area meter (LI 3000 Area meter LICOR ltd. Nebraska, USA) at 30, 60, 90 and 120 DAS. The leaf area index was calculated using the following formula:
					Leaf area (cm2)
		   Leaf area index =   –––––––––––––––
					Land area (cm2)

2.6 Dry matter accumulation (g/m2)
	From each net plot, fresh plant samples of 0.25 m row length were taken for dry matter accumulation which were taken for LAI at 30, 60, 90 and 120 DAS. After cutting, samples were sun dried and then dried in oven at 60°C to a constant weight after that dry matter was measured. Then, multiplying dry matter per metre (g) by 5, the dry matter accumulation per square meter was determined.
2.7 Number of tillers 
	Total number of tillers in a one-meter row length was counted from each net plot at 60, 90 and 120 DAS and multiplied that by 5 to get the number of tillers per square meter.
2.8 Statistical analysis of data 
The experimental data for several growth, yield attributing characters, yield and nutrient uptake were statistically examined using Panse and Sukhatme's analysis of variance (ANOVA) method [6].

3. results and discussion

3 RESULTS 
3.1 Plant Height
The periodical data related to plant height of wheat are presented in Table 2. Wheat plant height was measured at 30, 60, 90 and 120 DAS. Plant height increased along with the development of crop growth upto 120 DAS. At several stages of crop development, the application of organic manures along with inorganic fertilizers significantly increased plant height as compared to the other nutrient treatments. At 30 DAS, the maximum plants height (22.5 cm) was measured with the application of FYM15 + N150 + P30, which was statistically at par with PMUD7.5 + N150 + P30 treatment. Similar trend continued upto 120 DAS. But at 120 DAS, FYM15+N150+P30 treatment was statistically at par with PMUD7.5+N150+P30 and PM5+N150+P30 treatment. Minimum plant height was observed under PMUD7.5 treatment.
	Among weed management treatments, significantly taller and shorter plants were observed in weed free and weedy check treatments, respectively. In case of herbicides treatments, maximum plant height was observed in pendimethalin application treatment at 30 DAS but at later stages of observation, maximum plant height was observed in pendimethalin fb clodinafop + metsulfuron methyl (RM) treatment which remained at par with weed free situations.

Table 2: Effect of different weed management and long term nutrient management practices on plant height of wheat
	Treatment 
	Plant height (cm)

	Nutrient management
	30 
DAS
	60 
DAS
	90 
DAS
	120 
DAS

	N150+P60 
	20.8
	50.2
	87.3
	97.1

	FYM15
	20.1
	48.4
	84.3
	94.4

	FYM15+N150+P30
	22.5
	54.2
	94.4
	101.0

	PM5
	19.8
	47.7
	83.0
	93.0

	PM5+N150+P30
	21.5
	51.8
	90.2
	99.2

	PMUD7.5
	18.9
	45.5
	79.3
	89.8

	PMUD7.5+N150+P30
	22.1
	53.3
	92.7
	100.1

	SE(m)±
	0.23
	0.55
	0.78
	0.87

	CD (P = .05)
	0.71
	1.71
	2.40
	2.69

	Weed management
	
	
	
	

	Pendimethalin
	21.0
	49.4
	86.0
	94.1

	Pendimethalin fb clodinafop + metsulfuron methyl (RM)
	20.9
	51.4
	89.4
	99.6

	Weedy check
	19.8
	47.7
	83.0
	90.2

	Weed free
	21.3
	52.3
	91.0
	101.7

	SE(m)±
	0.19
	0.46
	0.81
	0.91

	CD (P = .05)
	0.60
	1.45
	2.52
	2.82



3.2 Dry matter accumulation (g/m2)
	Wheat dry matter accumulation was measured at 30, 60, 90 and 120 DAS was influenced by various treatments is presented in Table 3. Wheat dry matter accumulation increased gradually with the crop age upto harvest, with maximum increase occurring between 60 DAS and 90 DAS. Application of FYM15+N150+P30 resulted in maximum dry matter (65.3 g/m2) at 30 DAS, which was significantly higher than all other treatments. Minimum dry matter accumulation was observed under PMUD7.5 treatment. Recommended dose of nitrogen and phosphorus application treatment produced higher dry matter accumulation than organic manures alone but lower than organic manures combine with inorganic fertilizers. Similar trend was measured upto 120 DAS.
	Among weed management treatments, significantly higher and lower dry matter accumulation was measured in weed free and weedy check treatments, respectively. Maximum dry matter accumulation was measured in weed free treatment, which was statistically at par with both herbicidal treatments at 30 DAS. But at further observations, weed free treatment was statistically at par with pendimethalin fb clodinafop + metsulfuron methyl (RM) treatment only and remained significantly superior to weedy check and pendimethalin treatment.
Table 3: Effect of different weed management and long term nutrient management practices on dry matter accumulation (g/m2) of wheat
	Treatment 
	Dry matter accumulation (g/m2)

	Nutrient management
	30 
DAS
	60 
DAS
	90 
DAS
	120 
DAS

	N150 + P60 
	60.4
	365.4
	716.5
	1111.0

	FYM15
	58.3
	215.3
	422.1
	654.0

	FYM15+N150+P30
	65.3
	427.8
	838.8
	1300.0

	PM 5
	57.4
	218.4
	428.3
	663.0

	PM5+N150+P30
	62.4
	388.0
	760.8
	1179.0

	PMUD7.5
	54.8
	195.2
	382.7
	592.0

	PMUD7.5+N150+P30
	64.1
	405.9
	795.9
	1232.0

	SE(m)±
	0.67
	3.00
	5.87
	11.22

	CD (P = .05)
	2.06
	9.03
	17.71
	33.84

	Weed management
	
	
	
	

	Pendimethalin
	60.9
	309.8
	607.4
	934.0

	Pendimethalin fb clodinafop + metsulfuron methyl (RM)
	60.6
	351.0
	688.2
	1072.0

	Weedy check
	57.4
	242.5
	475.4
	729.0

	Weed free
	61.8
	363.1
	712.0
	1112.0

	SE(m)±
	0.55
	4.44
	8.71
	16.2

	CD (P = .05)
	1.74
	13.56
	26.58
	49.45



3.3 Leaf area index
	At 30, 60, 90 and 120 DAS, the area of green (photosynthetically active) leaves was measured and the leaf area index (LAI) was subsequently computed. The LAI of various stages is presented in Table 4. The results revealed that the LAI increased with advancement of the successive stages of crop growth, reaching at peak value at 90 DAS and then it started to decline. The increase in LAI was particularly noticeable between 30 to 90 DAS. Maximum LAI (0.65) was measured under application of FYM15+N150+P30 treatment, which was statistically at par with PMUD7.5+N150+P30 treatment at 30 DAS and the minimum LAI was measured under the PMUD7.5 treatment. At all growth stages of wheat crop, LAI under the application of FYM15+N150+P30 was significantly higher than all other treatment.
	Among weed management treatments, significantly more and lesser leaf area was measured in weed free and weedy check treatments, respectively. At 30 DAS, maximum LAI (0.62) was measured in weed free treatment, which was statistically at par with both herbicidal treatments. But at further observations weed free treatment was statistically at par with pendimethalin fb clodinafop + metsulfuron methyl (RM) treatment only.
Table 4: Effect of different weed management and long term nutrient management practices on leaf area index of wheat
	Treatments
	Leaf area index

	Nutrient management
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	N150+P60 
	0.60
	3.51
	5.49
	3.64

	FYM15
	0.58
	2.07
	3.23
	2.15

	FYM15+N150+P30
	0.65
	4.11
	6.43
	4.27

	PM5
	0.57
	2.10
	3.28
	2.18

	PM5+N150+P30
	0.62
	3.72
	5.83
	3.87

	PMUD7.5 
	0.55
	1.87
	2.93
	1.95

	PMUD7.5+N150+P30
	0.64
	3.90
	6.10
	4.05

	SE(m)±
	0.01
	0.03
	0.04
	0.03

	CD (P = .05)
	0.02
	0.09
	0.14
	0.09

	Weed management
	
	
	
	

	Pendimethalin
	0.61
	2.97
	4.65
	3.09

	Pendimethalin fb clodinafop + metsulfuron methyl (RM)
	0.61
	3.37
	5.27
	3.50

	Weedy check
	0.57
	2.33
	3.64
	2.42

	Weed free
	0.62
	3.49
	5.45
	3.62

	SE(m)±
	0.01
	0.04
	0.07
	0.04

	CD (P = .05)
	0.02
	0.13
	0.20
	0.14



3.4 Number of tillers (No./m2)
	At various phases of wheat crop growth, the number of tillers per square meter area was measured and data are presented in Table 5. The highest numbers of tillers were recorded at 60 DAS and thereafter it declined. Application of FYM15+N150+P30 resulted in maximum numbers of tillers per square meter at 60 DAS, which was significantly higher than all other treatments. Minimum number of tillers per square meter was observed under PMUD7.5 treatment. Recommended dose of nitrogen and phosphorus application treatment produced higher numbers of tillers per square meter than organic manures alone but lower than organic manures combine with inorganic fertilizers. Similar trend was measured upto harvest.
	Among various weed management treatments, significantly higher and lower number of tillers per square meter was measured in weed free and weedy check treatments, respectively. Maximum number of tillers was measured in weed free treatment, which was statistically at par with pendimethalin fb clodinafop + metsulfuron methyl (RM) treatments at 60 DAS. Similar trend was followed upto harvest stage.
Table 5: Effect of different weed management and long term nutrient management practices on number of tillers/m2 of wheat
	Treatments
	No. of tillers/m2

	Nutrient management
	60 DAS
	90 DAS
	120 DAS

	N150 + P60 
	492
	461
	432

	FYM15
	289
	270
	253

	FYM15+N150+P30
	578
	541
	507

	PM 5
	421
	394
	369

	PM5+N150+P30
	524
	491
	460

	PMUD7.5
	263
	246
	230

	PMUD7.5+N150+P30
	546
	512
	479

	SE(m)±
	7.2
	6.8
	6.3

	CD (P = .05)
	21.9
	20.5
	19.2

	Weed management
	
	
	

	Pendimethalin
	414
	388
	363

	Pendimethalin fb clodinafop + metsulfuron methyl (RM)
	475
	445
	417

	Weedy check
	397
	372
	349

	Weed free
	493
	462
	433

	SE(m)±
	6.1
	5.8
	5.4

	CD (P = .05)
	18.3
	17.2
	16.1



4 DISCUSSION
Highest plant height (Table 2) and dry matter accumulation (Table 3) was observed with application of FYM 15 t/ha along with 150 kg N/ha and 30 kg P/ha, which were significantly higher than all other treatments. The increase in plant height, number of tillers, and other variables contributed to an increase in total dry matter accumulation. LAI (Table 4) was reported maximum at 90 DAS, thereafter, slight decrease was reported. Number of tillers (Table 5) was reported highest at 60 DAS, after that, slight decrease was measured. The mortality of smaller and weaker tillers at later stages of growth may be the cause of the decrease in the number of tillers [7]. Highest number of tillers and LAI were observed with application of FYM 15 t/ha along with 150 kg N/ha and 30 kg P/ha, which were significantly higher than all other treatments. For a crop to grow and develop efficiently, a balanced supply of nutrients is necessary. Both macro- and micronutrients are supplied by organic manures, which also increase the availability of native nutrients [8]. Nearly all of the necessary and non-essential plant nutrients are stored in organic manures and continuous release of nutrients during the growth phase along with soil physico-chemical properties led to improved plant canopy, which in turn enhanced plant’s overall growth. The superiority of combined application of FYM with chemical fertilizers was also reported by [9, 10]. FYM supplies organic carbon and nutrients that stimulate microbial biomass, accelerating nutrient cycling, including nitrogen mineralization, which supports higher plant growth and biomass production when combined synergistically with inorganic N and P fertilizers. This combination extends nutrient availability beyond that of sole mineral fertilizers, leading to sustained growth and physiological development such as LAI and tiller production [11, 12].
	“Among the weed management treatments, when weedy check treatment was compared with the weed free treatment resulted in a considerable improvement in crop growth parameters (plant height, number of tillers, dry atter accumulation and LAI). Significantly higher crop growth parameters were obtained in weed free treatment followed by pendimethalin treatment (at 30 DAS) and sequential application of pendimethalin fb clodinafop+metsulfuron methyl (RM) at other stages and minimum values of these parameters observed in weedy check treatment. Pendimethalin functions as a pre-emergence herbicide with residual soil activity, controlling grassy and some broadleaf weeds at the early weed-crop competition stage, thus reducing weed density and biomass. Sequential application of pendimethalin followed by clodinafop-methyl plus metsulfuron-methyl further suppresses weed regrowth and escapes, maintaining a lower weed competition index and improving weed control efficiency. By minimizing weed interference, these herbicides allow wheat plants to develop higher root biomass, enhanced shoot vigor, and achieve early canopy closure and better light interception, which improves LAI and dry matter accumulation essential for growth and yield” [13, 14]. “Higher plant height and the number of tillers were produced in post-emergence application of clodinafop + metsulfuron (60 + 4 g/ha) reported by Shaktawat et al.” [15].
5 CONCLUSION
The findings of this long-term study show that combining organic manures with recommended fertilizers greatly improves wheat growth and overall crop performance under sustained nutrient management. The FYM15+N150+P30 treatment consistently delivered the highest values for plant height, dry matter production, leaf area index, and tiller count at all growth stages, proving its effectiveness in enhancing soil fertility and supporting crop vigor. Among weed management, the weed-free plots recorded the better crop growth, emphasizing the critical role of effective weed management in achieving the benefits of improved nutrient supply. In contrast, the weedy check resulted in the lowest growth due to intense weed competition. Overall, the experiment confirms that integrated nutrient management alongside efficient weed management is vital for achieving optimum wheat productivity in long-term cropping systems
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