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Effect of Different Tillage and Weed Management Practices on Growth Indices of Wheat (Triticum aestivum L.) in Central Plains of UP


Abstract
The Experiment was conducted during two consecutive Rabi (winter) seasons of 2022-23 and 2023-24 at Students Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.). The experiment was laid out in a split-plot design with three tillage practices in the main plots, viz., Zero tillage (T1), Reduced tillage (T2), and Conventional tillage (T3). The sub-plots comprised six weed management practices, namely: Pyroxasulfone @ 120 g/ha as pre-emergence followed by Clodinafop-propargyl @ 60 g/ha as post-emergence at 35 DAS (W1), Pendimethalin @ 1000 g/ha + Metribuzin @ 210 g/ha as pre-emergence (W2), Clodinafop-propargyl @ 60 g/ha + Metsulfuron-methyl @ 4 g/ha as post-emergence at 35 DAS (W3), Pinoxaden @ 50 g/ha + Carfentrazone-ethyl @ 20 g/ha as post-emergence at 35 DAS (W4),Weed free (W5), and Weedy check (Control) (W6). A field experiment was conducted to assess the influence of different tillage and weed management practices on growth indices of wheat (Triticum aestivum L.). An experiment was done to evaluate the impact of tillage and weed management conditions on growth indices of wheat growth, such as plant height, leaf area index (LAI), crop growth rate (CGR), relative growth rate (RGR), and net assimilation rate (NAR). Tillage had a significant effect on plant height and CGR at all the growth stages. Peak plant height was measured under zero tillage (21.84, 55.93, 73.83 and 79.18 under 30, 60, 90 DAS and harvest respectively) and was closely followed by reduced tillage and conventional tillage returned the lowest values. Plant height, LAI, CGR and NAR were also greatly influenced by weed management. Weed-free plots (22.27, 57.93, 74.93, 79.87 cm; LAI 1.43, 5.21, 5.20) and clodinafop + metsulfuron and pinoxaden + carfentrazone had the highest LAI. CGR was maximum in low and no tillage and in weed-free plot or clodinafop + metsulfuron but there was no significant difference in RGR between the tillage or weed management treatments. NAR was optimal in less tillage and clodinafop + metsulfuron. The interaction effect of tillage and weed control on all the growth indices were not significant. The findings demonstrate the advantage of conservation tillage with good herbicidal management of weeds in streamlining wheat growth and the efficiency of resource utilization.
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1. Introduction
Wheat (Triticum aestivum L.) is a major staple crop that is crucial to food security worldwide. The fact that it leads all other crops in terms of area and output, is one way to gauge its significance. It is also one of the main food commodities traded on international food markets and a staple in poor nations.  [1]. The second most important cereal crop in India, after rice [2], is wheat, which is grown on an area of about 31.83 million hectares and produced 113.29 million tonnes in 2024 [3], the second-largest amount in the world. There is 3.5 t/ha of productivity in the nation. India produced 111.32 million tonnes of wheat in 2021–2022, 7.44 million tons more than usual (PIB).The stagnant or waning yields in wheat in India are being posed by inappropriate tillage, uneven fertilizer application, water shortages, and extreme cases of weed infestations.[4]. Traditional tillage tends to encourage growth of the weeds by providing good germination conditions. Meanwhile, zero-tillage, systems that minimize soil disturbance, will also increase yield and save some critical resources such as water. [5].Tillage does not only affect the physical properties of the soil but also the chemical and biological properties, which are crucial in maintaining the soil fertility and stimulating plant growth. . [6].Crop growth rate (CGR) and relative growth rate (RGR) are commonly-used indicators to measure the performance of field crops. [7]. Other parameters such as leaf area index (LAI) and net assimilation rate (NAR) are also useful parameters of growth efficiency. These growth parameters are affected by a number of factors, but tillage techniques and the usage of weeds are crucial. Wheat production losses can be substantial, and the main causes of these losses are inadequate crop establishment and improper irrigation timing. Proper crop establishment is necessary for the greatest production of wheat and the effective use of plant growth resources. It is also commonly known that strong yields are mostly a result of effective weed control.[8-10]. The aim of farmers is to attain greater yields, and this is determined by how well crops are managed, and how well they can utilize resources. Various tillage methods affect wheat production, such as zero and conventional systems with or without residue, the use of pre-mixed herbicide combinations that are all essential to crop growth. In light of this, the current study was conducted to assess the growth indices of wheat in the different tillage practices and weed management practices.
2. Materials and Methods
The Experiment was conducted during two consecutive Rabi (winter) seasons of 2022-23 and 2023-24 at Students Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.).Geographically, Kanpur is situated in subtropical region. It is situated at an elevation of 125.9 meter above mean sea level 26º20" 35" North latitude and 80º18'35" East longitude. It is situated in the alluvial belt of Indo-Gangetic Plain in the Central part of Uttar Pradesh. The experimental soil plot was sandy loam having 0.45% organic carbon, 172.2(kg ha-1) available N, 12.80(kg ha-1) available P, 156.4(kg ha-1) available K, 0.547(mg kg-1) available Zn, 15.67(kg ha-1) available Sulphar. In both years, to assess the most suitable wheat variety for evaluation of different tillage and weed management practices on growth indices of Wheat.The experiment was laid out in a split-plot design with three tillage practices in the main plots, viz., Zero tillage (T1), Reduced tillage (T2), and Conventional tillage (T3). The sub-plots comprised six weed management practices, namely: Pyroxasulfone @ 120 g/ha as pre-emergence followed by Clodinafop-propargyl @ 60 g/ha as post-emergence at 35 DAS (W1), Pendimethalin @ 1000 g/ha + Metribuzin @ 210 g/ha as pre-emergence (W2), Clodinafop-propargyl @ 60 g/ha + Metsulfuron-methyl @ 4 g/ha as post-emergence at 35 DAS (W3), Pinoxaden @ 50 g/ha + Carfentrazone-ethyl @ 20 g/ha as post-emergence at 35 DAS (W4),Weed free (W5), and Weedy check (Control) (W6).To calculate LAI (Leaf area index), CGR (Crop growth rate), RGR (Relative growth rate) and NAR (Net assimilation rate) following formula were used:
2.1 Plant height (cm)
	Three plants were selected randomly in each plot and tagged for measuring height at different intervals. Height was measured at 30, 60, 90 days after sowing and at harvest stage with the help of meter scale from ground surface to the tip of the topmost leaf before heading and up to the base of the ear head after heading.
2.2Leaf area index (LAI)
Leaf area index (LAI), indicating canopy coverage per unit soil surface area was measured with the help of PAR/LAI Ceptometer (AccuPAR model LP-80). The instrument calculates LAI based on the above canopy measurement along with other variables. The leaf area index was measured at 30, 60 and 90 days after sowing stage of the crop.
Leaf Area index = 
2.3 Crop Growth Rate (g m-2 day-1) 
The rate of dry matter production per unit land area per unit time or crop growth rate (CGR) was worked out by using the formula and expressed as g/m2/day.
CGR = 
Where,
W1 and W2 are dry matter of crop (g) at time T1 and T2, respectively.
P= Ground area covered by crop (m-2)


2.4 Relative growth rate (g/g /day)
The rate of increase in dry weight per unit dry weight of crop expressed in g g-1day-1 was calculated using the formula.
RGR = 
Where,
W1 and W2 are dry weight (g) of crop at time T1 and T2 respectively.

2.5 Net assimilation rate (g /m2/day)
It indirectly indicates the rate of net photosynthesis. It is expressed as g of dry matter produced per m2 of leaf area in a day. For calculating NAR, the total leaf area of crop has to be used but not the leaf area index. It was calculated at 30, 60 and 90 DAS intervals as per the formula and expressed in g /m2 /day.
NAR = 
Where,
W1 and W2 are the dry matter accumulation (g), LA1 and LA2 are leaf area (cm2) at time T1 and T2, respectively.
2.5Statistical Analysis
The statistical analysis of the data was carried out using OPSTAT software.
3. Results and Discussions
Plant height (cm)
The data pertaining to plant height presented in Table No.1. The pooled data revealed that tillage practices brought about significant variation in plant height. Maximum plant height was recorded under zero tillage (21.84, 55.93, 73.83 and 79.18 cm at 30, 60, 90 DAS and at harvest, respectively), which was statistically at par with reduced tillage (20.70, 55.27, 72.80 and 78.29 cm, respectively)and significantly superior toconventional tillage (18.36, 51.99, 69.13 and 72.30 cm, respectively)at all the stages of crop growth. Weed management practices had significant influence on plant height at different stages of crop growth. The highest plant height was recorded underweed free condition (22.27, 57.93, 74.93 and 79.87 cm, respectively), whichremained statistically at par withclodinafop + metsulfuron (21.50, 56.74, 74.11 and 79.11 cm, respectively)andpinoxaden + carfentrazone (20.65, 55.64, 73.28 and 78.28 cm, respectively)but significantly superior to other treatments. Among herbicidal treatments, clodinafop + metsulfuron proved most effective and remained at par with pinoxaden + carfentrazone in improving plant height, whereas all the weed management practices were significantly superior to the weedy check. The minimum plant height was consistently recorded inweedy check (17.15, 49.53, 65.85 and 70.02 cm, respectively). Interaction effect of tillage and weed management practices on plant height was found to be non-significant at all the stages of observation during both the years.Similar results were reported earlier, suggesting that reduced soil disturbance coupled with effective weed management enhances crop growth by minimizing competition and improving resource use efficiency.Kumariet al., Meenaet al.[11-12].
Leaf area index (LAI)
The data pertaining to plant height presented in Table No.2. The pooled data revealed that tillage practices did not exert any significant effect on leaf area index at any of the crop growth stages. The maximum LAI was recorded under zero tillage (1.29, 4.91 and 4.91 at 30, 60 and 90 DAS, respectively), which was closely followed by reduced tillage (1.26, 4.86 and 4.85, respectively). Conventional tillage recorded slightly lower LAI at 30 DAS (1.22) but comparatively higher values at 60 DAS (5.05) before declining to 4.78 at 90 DAS. However, these differences among the tillage practices were statistically non-significant at all the stages of crop growth.
Weed management practices significantly influenced the leaf area index at all stages of crop growth. The maximum LAI was consistently recorded under the weed-free condition (1.43, 5.21 and 5.20 at 30, 60 and 90 DAS, respectively), which was statistically at par with clodinafop + metsulfuron (1.27, 5.16 and 5.12, respectively) and pinoxaden + carfentrazone (1.25, 5.12 and 5.08, respectively). Among the herbicidal options, clodinafop + metsulfuron proved most effective and at par with pinoxaden + carfentrazone. The lowest LAI was observed in the weedy check (1.16, 4.33 and 3.85, respectively) across all stages. The interaction effect of tillage and weed management on LAI was found to be non-significant during both years.Similar results were found by Jat et al. [13], who reported that tillage practices had no significant effect on LAI, while Mohan& Krishnappa.[14]and Shuklaet al. [15]also observed higher LAI under effective weed management compared to the weedy check.


Crop growth rate (g/m2/day)
The data of crop growth rate is presented in Table No.3. The pooled data indicated that tillage practices exerted a significant influence on CGR at all stages of crop growth. During 30–60 DAS, the highest CGR was recorded under reduced tillage (12.56 g/m²/day), followed closely by zero tillage (12.52 g/m²/day), while conventional tillage showed the lowest value (10.34 g/m²/day). At 60–90 DAS, zero tillage recorded the highest CGR (11.99 g/m²/day), closely followed by reduced tillage (11.97 g/m²/day), both being significantly superior to conventional tillage (9.91 g/m²/day). During 90 DAS–harvest, maximum CGR was again observed under zero tillage (4.07 g/m²/day) and reduced tillage (4.04 g/m²/day), both significantly higher than conventional tillage (3.35 g/m²/day).
Weed management practices exhibited a significant influence on CGR at all growth stages. At 30–60 DAS, the highest CGR was recorded in the weed-free plot (13.07 g/m²/day), which was statistically at par with clodinafop + metsulfuron (13.00 g/m²/day). These were followed by pinoxaden + carfentrazone (12.60 g/m²/day). In contrast, the lowest CGR was recorded in the weedy check (8.54 g/m²/day). During 60–90 DAS, maximum CGR was observed with clodinafop + metsulfuron (12.48 g/m²/day), which was statistically comparable with the weed-free condition (12.47 g/m²/day) and significantly higher than all other treatments. The minimum value was obtained in the weedy check (8.21 g/m²/day). At 90 DAS–harvest, weed-free (4.20 g/m²/day) and clodinafop + metsulfuron (4.20 g/m²/day) recorded the highest and statistically similar CGR, followed by pinoxaden + carfentrazone (4.08 g/m²/day). The lowest value was again noted under the weedy check (2.79 g/m²/day).The higher CGR observed in reduced and zero tillage compared to conventional tillage can be attributed to better soil moisture and nutrient use efficiency of use as observed before (Jat et al., 2014).[16]. Similarly, CGR was also improved through the use of effective weed management (weed-free and clodinafop + metsulfuron) due to a reduced competition between crops and weeds, which was in line with Singh et al. (2022).[17].
Relative growth rate (g/m2/day)
The data of crop growth rate is presented in Table No.4. Tillage practices did not exert a significant effect on RGR at any growth stage. Numerically, during 30–60 DAS, the highest RGR was recorded under reduced tillage (25.87 g/g/day), followed by conventional tillage (25.75 g/g/day) and zero tillage (25.14 g/g/day). During 60–90 DAS, conventional tillage recorded the highest RGR (8.47 g/g/day), followed by reduced tillage (8.45 g/g/day) and zero tillage (8.42 g/g/day). At 90 DAS–harvest, RGR values were nearly similar under zero tillage (2.02 g/g/day), conventional tillage (2.02 g/g/day), and reduced tillage (2.01 g/g/day).
Weed management practices also did not show a statistically significant effect on RGR. Numerically, during 30–60 DAS, the highest RGR was observed under pendimethalin +metribuzin (25.78 g/g/day), followed by clodinafop + metsulfuron (25.61 g/g/day), pinoxaden + carfentrazone (25.60 g/g/day), and pyroxasulfone + clodinafop (25.47 g/g/day). The lowest RGR was recorded in weed-free plots (25.52 g/g/day). During 60–90 DAS, the maximum RGR was observed under pinoxaden + carfentrazone (8.48 g/g/day), closely followed by clodinafop + metsulfuron (8.47 g/g/day)and pendimethalin + metribuzin (8.46 g/g/day), all being statistically at par. The minimum RGR was recorded under pyroxasulfone + clodinafop (8.38 g/g/day). At 90 DAS–harvest, the maximum RGR was recorded under pendimethalin + metribuzin (2.03 g/g/day), closely followed by pyroxasulfone + clodinafop (2.02 g/g/day) and weedy check (2.02 g/g/day), all statistically at par. Treatments clodinafop + metsulfuron (2.01 g/g/day) and pinoxaden + carfentrazone (2.01 g/g/day) recorded slightly lower values, also statistically at par with each other and the higher group. The lowest RGR was observed under weed-free (2.00 g/g/day).Similar results were reported by Jat et al. (2014).[16] and Sridevi and Chellamuthu (2015)[18]

Net assimilation rate (g/m2/day)
	The data of crop growth rate is presented in Table No.5. Tillage practices had a significant effect on NAR. Among them, Reduced Tillage (RT) recorded the highest net assimilation rate at both 30–60 DAS (2.03 g/m²/day) and 60–90 DAS (1.06 g/m²/day), followed by Zero Tillage (ZT) with NAR values of 2.00 and 1.05 g/m²/day, respectively. In comparison, Conventional Tillage (CT) consistently exhibited the lowest NAR during both periods (1.66 and 0.87 g/m²/day).



Weed management practices significantly influenced NAR during 30–60 DAS. The highest NAR was recorded under clodinafop + metsulfuron (2.03 g/m²/day), followed by pinoxaden + carfentrazone (1.99 g/m²/day), weed-free plots (1.94 g/m²/day), and pyroxasulfone + clodinafop (1.93 g/m²/day). The lowest NAR was observed in the weedy check (1.55 g/m²/day). During 60–90 DAS, differences among weed management treatments were not statistically significant, although clodinafop + metsulfuron (1.05 g/m²/day) and weed-free plots (1.04 g/m²/day) comparatively higher values, with the weedy check continuing to record the lowest NAR (0.88 g/m²/day).The same findings were obtained whereby reduced tillage and effective weed control increased the net assimilation rate but conventional tillage and weedy environment reported significantly lower NAR Sridevi and Chellamuthu (2015).[18].




Table 1 Effect of tillage and weed management practices on plant height (cm)
	
Tillage Practices
	Plant height (cm)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	Zero Tillage (ZT)
	20.70
	22.98
	21.84
	54.48
	57.38
	55.93
	72.74
	74.92
	73.83
	78.01
	80.36
	79.18

	T2
	Reduced Tillage (RT)
	19.62
	21.78
	20.70
	53.83
	56.70
	55.27
	71.73
	73.87
	72.80
	77.12
	79.45
	78.29

	T3
	Conventional Tillage (CT)
	17.40
	19.32
	18.36
	50.63
	53.34
	51.99
	68.11
	70.15
	69.13
	71.23
	73.37
	72.30

	SE.m ±
	0.153
	0.190
	0.152
	0.416
	0.468
	0.550
	0.622
	0.380
	0.688
	0.452
	0.599
	0.597

	CD at 5%
	0.618
	0.765
	0.614
	1.678
	1.886
	2.219
	2.507
	1.532
	2.774
	1.824
	2.417
	2.407

	Weed managements

	W1
	Pyroxasulfone (85%WG) @ 120g/ha as PE fb Clodinafop- Propargyl (15% WP) @ 60g/ha as PE 35 DAS
	19.32
	21.45
	20.38
	52.34
	55.14
	53.74
	71.21
	73.35
	72.28
	75.40
	77.70
	72.28

	W2
	Pendimethalin (30% EC) @ 1000 g/ha + Metribuzin (75% WP) @ 210 g/ha (RM) as PE
	18.81
	20.88
	19.85
	51.41
	54.15
	52.78
	70.02
	72.11
	71.06
	74.56
	76.84
	71.06

	W3
	Clodinafop- Propargyl (15% WP) @ 60 g/ha + Metasulfuron methyl (20% WP) @ 4 g/ha (RM) as PoE at 35 DAS
	20.37
	22.62
	21.50
	55.26
	58.21
	56.74
	73.02
	75.21
	74.11
	77.95
	80.28
	74.11

	W4
	Pinoxaden (5.1%EC) @50 g/ha+ Carfentrazone ethyle (40%DF) @ 20g/ha as PoE at 35 DAS
	19.57
	21.72
	20.65
	54.20
	57.08
	55.64
	72.20
	74.37
	73.28
	77.10
	79.45
	73.28

	W5
	Weed free
	21.11
	23.43
	22.27
	56.43
	59.44
	57.93
	73.82
	76.04
	74.93
	78.70
	81.05
	74.93

	W6
	Weedy check (Control)
	16.26
	18.04
	17.15
	48.24
	50.82
	49.53
	64.87
	66.82
	65.85
	68.99
	71.04
	65.85

	SE.m ±
	0.452
	0.450
	0.207
	0.981
	0.989
	0.914
	1.296
	1.295
	1.177
	1.209
	1.182
	1.143

	CD at 5%
	1.311
	1.305
	0.600
	2.847
	2.870
	2.651
	3.761
	3.759
	3.415
	3.508
	3.430
	3.317



Table 2 Effect of tillage and weed management practices on leaf area index
	
Tillage Practices
	Leaf Area Index

	
	30 DAS
	60 DAS
	90 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	Zero Tillage (ZT)
	1.28
	1.31
	1.29
	4.90
	4.93
	4.91
	4.88
	4.94
	4.91

	T2
	Reduced Tillage (RT)
	1.25
	1.27
	1.26
	4.86
	4.88
	4.86
	4.83
	4.87
	4.85

	T3
	Conventional Tillage (CT)
	1.21
	1.24
	1.22
	5.04
	5.06
	5.05
	4.75
	4.82
	4.78

	SE.m ±
	0.02
	0.02
	0.01
	0.11
	0.08
	0.08
	0.05
	0.09
	0.06

	CD at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Weed managements

	W1
	Pyroxasulfone (85%WG) @ 120g/ha as PE fb Clodinafop- Propargyl (15% WP) @ 60g/ha as PE 35 DAS
	1.22
	1.24
	1.23
	4.93
	4.95
	4.94
	4.91
	4.98
	4.94

	W2
	Pendimethalin (30% EC) @ 1000 g/ha + Metribuzin (75% WP) @ 210 g/ha (RM) as PE
	1.20
	1.22
	1.21
	4.89
	4.92
	4.91
	4.87
	4.92
	4.89

	W3
	Clodinafop- Propargyl (15% WP) @ 60 g/ha + Metasulfuron methyl (20% WP) @ 4 g/ha (RM) as PoE at 35 DAS
	1.25
	1.28
	1.27
	5.15
	5.17
	5.16
	5.10
	5.15
	5.12

	W4
	Pinoxaden (5.1%EC) @50 g/ha+ Carfentrazone ethyle (40%DF) @ 20g/ha as PoE at 35 DAS
	1.24
	1.26
	1.25
	5.11
	5.13
	5.12
	5.06
	5.10
	5.08

	W5
	Weed free
	1.42
	1.45
	1.43
	5.20
	5.22
	5.21
	5.17
	5.22
	5.20

	W6
	Weedy check (Control)
	1.15
	1.18
	1.16
	4.32
	4.34
	4.33
	3.82
	3.88
	3.85

	SE.m ±
	0.028
	0.027
	0.020
	0.093
	0.074
	0.056
	0.111
	0.112
	0.078

	CD at 5%
	0.080
	0.078
	0.057
	0.269
	0.216
	0.163
	0.321
	0.324
	0.228



Table 3 Effect of tillage and weed management practices on crop growth rate (g/m2/day)
	Tillage Practices
	CGR 30-60 DAS
	CGR 60-90 DAS
	CGR 90-Harvest

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	Zero Tillage (ZT)
	12.44
	12.60
	12.52
	11.94
	12.05
	11.99
	4.04
	4.10
	4.07

	T2
	Reduced Tillage (RT)
	12.48
	12.65
	12.56
	11.91
	12.02
	11.97
	4.02
	4.07
	4.04

	T3
	Conventional Tillage (CT)
	10.28
	10.41
	10.34
	9.86
	9.96
	9.91
	3.33
	3.37
	3.35

	SE.m ±
	0.130
	0.131
	0.123
	0.062
	0.098
	0.029
	0.054
	0.032
	0.015

	CD at 5%
	0.525
	0.528
	0.496
	0.250
	0.393
	0.119
	0.218
	0.131
	0.061

	Weed managements

	W1
	Pyroxasulfone (85%WG) @ 120g/ha as PE fb Clodinafop- Propargyl (15% WP) @ 60g/ha as PE 35 DAS
	11.77
	11.92
	11.85
	11.16
	11.27
	11.22
	3.81
	3.86
	3.84

	W2
	Pendimethalin (30% EC) @ 1000 g/ha + Metribuzin (75% WP) @ 210 g/ha (RM) as PE
	11.72
	11.87
	11.80
	11.20
	11.31
	11.26
	3.80
	3.86
	3.83

	W3
	Clodinafop- Propargyl (15% WP) @ 60 g/ha + Metasulfuron methyl (20% WP) @ 4 g/ha (RM) as PoE at 35 DAS
	12.91
	13.08
	13.00
	12.42
	12.53
	12.48
	4.18
	4.23
	4.20

	W4
	Pinoxaden (5.1%EC) @50 g/ha+ Carfentrazone ethyle (40%DF) @ 20g/ha as PoE at 35 DAS
	12.52
	12.68
	12.60
	12.05
	12.16
	12.10
	4.06
	4.11
	4.08

	W5
	Weed free
	12.99
	13.16
	13.07
	12.42
	12.53
	12.47
	4.17
	4.22
	4.20

	W6
	Weedy check (Control)
	8.48
	8.60
	8.54
	8.18
	8.25
	8.21
	2.77
	2.80
	2.79

	SE.m ±
	0.176
	0.180
	0.186
	0.174
	0.181
	0.183
	0.064
	0.080
	0.088

	CD at 5%
	0.511
	0.522
	0.540
	0.505
	0.524
	0.531
	0.186
	0.232
	0.257



Table 4 Effect of tillage and weed management practices on relative growth rate (g/g/day) × 10-3
	Tillage Practices
	RGR 30-60 DAS
	RGR 60-90 DAS
	RGR 90-Harvest

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	Zero Tillage (ZT)
	25.26
	25.02
	25.14
	8.44
	8.40
	8.42
	2.02
	2.02
	2.02

	T2
	Reduced Tillage (RT)
	25.99
	25.75
	25.87
	8.48
	8.43
	8.45
	2.01
	2.01
	2.01

	T3
	Conventional Tillage (CT)
	25.86
	25.63
	25.75
	8.50
	8.45
	8.47
	2.02
	2.02
	2.02

	SE.m ±
	0.214
	0.226
	0.320
	0.019
	0.073
	0.088
	0.028
	0.025
	0.010

	CD at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Weed managements

	W1
	Pyroxasulfone (85%WG) @ 120g/ha as PE fb Clodinafop- Propargyl (15% WP) @ 60g/ha as PE 35 DAS
	25.59
	25.35
	25.47
	8.40
	8.36
	8.38
	2.02
	2.02
	2.02

	W2
	Pendimethalin (30% EC) @ 1000 g/ha + Metribuzin (75% WP) @ 210 g/ha (RM) as PE
	25.90
	25.67
	25.78
	8.48
	8.44
	8.46
	2.03
	2.03
	2.03

	W3
	Clodinafop- Propargyl (15% WP) @ 60 g/ha + Metasulfuron methyl (20% WP) @ 4 g/ha (RM) as PoE at 35 DAS
	25.73
	25.49
	25.61
	8.50
	8.45
	8.47
	2.01
	2.01
	2.01

	W4
	Pinoxaden (5.1%EC) @50 g/ha+ Carfentrazone ethyle (40%DF) @ 20g/ha as PoE at 35 DAS
	25.72
	25.48
	25.60
	8.50
	8.45
	8.48
	2.01
	2.01
	2.01

	W5
	Weed free
	25.63
	25.40
	25.52
	8.45
	8.40
	8.43
	2.00
	2.00
	2.00

	W6
	Weedy check (Control)
	25.65
	25.42
	25.53
	8.50
	8.45
	8.48
	2.02
	2.02
	2.02

	SE.m ±
	0.575
	0.579
	0.533
	0.167
	0.157
	0.149
	0.033
	0.036
	0.035

	CD at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Table 5 Effect of tillage and weed management practices on net assimilation rate (g/m2/day)× 10-3
	Tillage Practices
	NAR 30-60 DAS
	NAR 60-90 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	Zero Tillage (ZT)
	2.00
	1.99
	2.00
	1.05
	1.06
	1.05

	T2
	Reduced Tillage (RT)
	2.03
	2.04
	2.03
	1.06
	1.06
	1.06

	T3
	Conventional Tillage (CT)
	1.66
	1.66
	1.66
	0.87
	0.87
	0.87

	SE.m ±
	0.040
	0.040
	0.030
	0.010
	0.020
	0.010

	CD at 5%
	0.170
	0.160
	0.130
	0.050
	0.070
	0.030

	Weed managements

	W1
	Pyroxasulfone (85%WG) @ 120g/ha as PE fb Clodinafop- Propargyl (15% WP) @ 60g/ha as PE 35 DAS
	1.93
	1.93
	1.93
	0.98
	0.98
	0.98

	W2
	Pendimethalin (30% EC) @ 1000 g/ha + Metribuzin (75% WP) @ 210 g/ha (RM) as PE
	1.94
	1.94
	1.94
	0.99
	1.00
	0.99

	W3
	Clodinafop- Propargyl (15% WP) @ 60 g/ha + Metasulfuron methyl (20% WP) @ 4 g/ha (RM) as PoE at 35 DAS
	2.03
	2.03
	2.03
	1.05
	1.05
	1.05

	W4
	Pinoxaden (5.1%EC) @50 g/ha+ Carfentrazone ethyle (40%DF) @ 20g/ha as PoE at 35 DAS
	1.99
	1.99
	1.99
	1.03
	1.03
	1.03

	W5
	Weed free
	1.94
	1.94
	1.94
	1.03
	1.04
	1.04

	W6
	Weedy check (Control)
	1.55
	1.55
	1.55
	0.88
	0.88
	0.88

	SE.m ±
	0.04
	0.04
	0.04
	0.05
	0.05
	0.05

	CD at 5%
	0.13
	0.12
	0.12
	NS
	NS
	NS






 (
Fig. 1:
 Effect of tillage and weed manage
ment practices on plant height (cm)
   
)


 (
Fig.2: 
Effect of tillage
 and weed management practices on leaf area index
)

	

 (
Fig.3: 
Effect
 of tillage and weed managem
ent practices on crop growth rate (g/m
2
/day)
)

 (
Fig 4:
 
Effect of tillage and w
eed management practices on relative growth rate (g/g
/day)
)


4. Conclusion
Keeping in view the objectives to undertake the study and the results obtained after conducting the experiment for two years, it was concluded that different tillage and weed management practices significantly influenced the growth indices of wheat. Zero and reduced tillage enhanced plant height, crop growth rate, and net assimilation rate, while weed-free conditions and herbicidal treatments, particularly clodinafop + metsulfuron, effectively improved growth indices, thereby promoting better crop growth.
Future Scope 
The combined effects of tillage and weed control techniques on soil health, resource efficiency, and system productivity require further long-term study. Crops grown in various agroclimatic conditions may become more productive and environmentally sustainable if conservation tillage is combined with accurate and sustainable weed control strategies.
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