Optimizing growth dynamics and productivity through planting methods and weed management practices in kharif maize (Zea mays L.)
[bookmark: _GoBack]
ABSTRACT
A field experiment was conducted at the Students' Instructional Farm, Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, during the kharif seasons of 2023-24 and 2024-25. The study aims to evaluate the impact of different planting methods and weed management practices on maize growth indices, using a split-plot design with three replications. The main plots consisted of three planting methods, while the subplots comprised seven weed management practices, including a control treatment. The variety sown was DeKalb 900M Gold (Hybrid) and the spacing was kept at 50 x 20 cm2. The recommended dose of fertilizers was applied at the rate of 120: 60: 40 (N2O, P2O5, K2O) kg ha-1. Among the different planting methods, significant highest (pooled) leaf area of the plant (4214.40 cm2 at 90 DAS), dry matter accumulation (113.8 g at 60 DAS), CGR (8.1 g m-2 day-1 at 90 DAS - at harvest) and NAR (4.22 g m-2 day-1 at 60-90 DAS) was recorded in ridge and furrow planting methods across all the crop growth period, which also shows effects on increased grain yield of the crop over flatbed and broadcasting method. Among the weed management practices, the weed free resulted to be the superior treatment. Among herbicidal treatment, sequential application of herbicide Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha at 25 DAS as PoE, resulted in highest pooled, leaf area of plant (4416.2 cm2 at 90 DAS), dry matter accumulation (124.80 g at 60 DAS), CGR (9.23 g m-2 day-1 at 90 DAS-harvest), NAR (4.44 g m-2 day-1 at 60-90 DAS), which is closely followed by Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE, which perform better over weedy check and recorded higher grain yield. Based on the results, ridge and furrow planting method along with Pyroxasulfone and Topramezone or Tembotrione herbicides, consistently enhanced plant growth parameters throughout the crop period, making it the most effective methods in cultivation of hybrid maize.
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Introduction
Maize (Zea mays L.) is the third important cereal crop after rice and wheat. Maize, popularly called the “Queen of cereals,” is grown in diverse climatic conditions in India (Sachan et al. 2024; Singh et al. 2024). Maize plays a major role in Indian agriculture which serving as a necessary source of food, animal feed, fodder and contributing to various industries. Globally, maize cultivation covers about 203.47 million hectares (M ha), producing 1163.5 million tonnes with an average yield of 5.73 t/ha. In India, it is cultivated in an 11.24 M ha area, producing 37.67 million tonnes (E, S&E Division, DA&FW, 2023-24). The low productivity and yields of maize during the rainy season can be attributed to intense rainfall, elevated humidity levels, limited sunshine hours, and various biotic and abiotic challenges. Among the various factors affecting yield decline in the rainy season, weeds play a significant role, as they compete for water, nutrients, sunlight, and space. This condition leads to create a favourable environment, which results in increased weed growth. A severe weed presence can lead to a yield reduction of 60–83% (Mhlanga et al. 2016; Sachan et al. 2023). 
Leaf area, crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR), and dry matter accumulation are all important indices of maize's physiological performance and production. These characteristics indicate the efficiency of light interception, photosynthetic activity, assimilate partitioning, and total biomass production, which are all directly related to final grain yield (Chisanga et al. 2017). In maize, fast canopy expansion during the early growth phases is critical for weed suppression due to shade and resource competition. However, the presence of varied and vigorous weed flora frequently affects leaf area index and dry matter accumulation, resulting in decreased CGR, RGR, and NAR. Weeds not only compete with maize for nutrients, water, and light, but they also produce allelopathic substances, which further limit physiological development processes. Effective weed control is thus critical for sustaining crop vigour and growth dynamics. When applied properly, herbicides are a more efficient and timelier instrument for weed control than manual or mechanical approaches. Pre-emergence and post-emergence herbicides such as pyroxasulfone, tembotrione, and topramezone have been shown to significantly improve leaf area development, increase CGR and RGR, and promote higher dry matter accumulation in maize by reducing weed interference during critical stages of crop growth (Kumawat et al. 2021). As a result, incorporating suitable herbicide techniques into maize production systems improves crop competitiveness, increases resource efficiency, and maintains yield levels. Understanding the impact of herbicide-based weed control on these physiological growth parameters is critical for increasing maize yield under a variety of agro-ecological situations.
Materials And Methods
Experimental Site: A field experiment was conducted at the Students’ Research Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India, during Kharif 2023 and 2024. The farm is part of the Indo-Gangetic Plain's alluvial tract, situated at 26.49° N latitude and 80.29° E longitude, with an elevation of 125.9 meters above sea level.
Edaphic condition: The soil of the experimental site was clay loam in texture having a near neutral pH of 7.4, medium organic carbon (0.34%), 197.45 kg/ha available nitrogen, 13.75 kg/ha available phosphorus and 156.2 kg/ha available potassium. During the experimentation period (July to October), total rainfall was received 512.40 mm and 917.40 mm in year 2023 and 2024 respectively, with average maximum and minimum temperatures of 33.61 0C and 24.24 0C in 2023 and 34.09 0C and 25.39 0C in year 2024, relative humidity recorded as 81.98% - 62.06% and 85.41 – 68.06 in year 2023 and 2024, respectively. The graph of rainfall (mm) and temperature (Max. and Min. in 0C) is depicted in figure-1.
[bookmark: _Hlk209895717][bookmark: _Hlk209895784]Treatment Details: The experiment was conducted in split-plot design with three replications. The main plot consists of three planting methods comprising- P1 (Broadcasting method), P2 (Conventional flat-bed planting) and P3 (Ridge and furrow method) and subplots consisted of seven weed management practices: W1(Pyroxasulfone 85% WG @ 127.5g /ha as pre-emergence (PE)), W2 (Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)), W3 (Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)), W4 (Pyroxasulfone 85% @ 127.5g /ha as PE b Tembotrione 42% SC @    120g/ha 25 DAS as PoE), W5 (Pyroxasulfone 85% @ 127.5g /ha as PE b Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE), W6 (Weedy check (Control)), W7 (Weed free). 
Herbicides application: The herbicide doses were calculated as per the treatments and applied as aqueous spray. Pre-emergence application of herbicides pyroxasulfone @127.5 g /ha was applied in W1, W4, and W5 using knapsack sprayer (flat fan nozzle with triple boom) with 500 litre/ha wate within two days after sowing (DAS) whereas post-emergence application of herbicide was applied in W2, W3, W4 and W5 was done using knapsack sprayer (flat fan nozzle) with 500 litre/ha water at 25 DAS. To maintain treatment weed free (W7) weeding was done at 15, 30 and 50 DAS with the use of sickle (khurpi).
Crop management: The hybrid maize variety DeKalb 900M Gold was sown 5 cm depth having seed rate at 25 kg/ha at 50 cm × 20 cm spacing. The gross plot size 24 m2 and net plot size is 15 m2 and separated by a 1.0 m gap from the adjacent plots. In plot P1 seed sowing was done by manually broadcasting method, P2 plot by manual seed drill method and for P3 the ridge and furrow were made was done using tractor drawn bed maker. After sowing of seed, irrigation was given as required for uniform germination and growth, subsequently, two irrigation was applied in 2022-23 and one irrigations were applied in 2023-2024. The recommended dose of nutrients was 120 kg N, 60 kg P2O5, 40 kg K2O and 25 kg Zinc sulphate per hectare through Urea, Di-ammonium phosphate, Muriate of potash and Heptahydrate zinc sulphate was applied at the time of sowing of crop, respectively. One third dose of nitrogen, entire amount of phosphorus, potassium and zinc sulphate were applied at the time of sowing. Remaining nitrogen was applied in two equal splits at knee height and tasseling stage. For pest management, Tetraniliprole 18.18 % w/w @ 300 ml/ha was sprayed for controlling related insects. 
Dry weight: For recording of dry weight of plant, plant samples were taken at 30 and 60 DAS five plants in each plot were selected and removed from ground level. These samples were dried in sun for few days and then in electric oven for constant drying at 65 ⁰C temperature for 24-48 hours. After drying weight of this sample was done on physical balance and figures obtained were used for computing dry weight per plant. All data were recorded in gram in each observation.
Leaf Area:  Five plants were selected randomly at 30, 60 & 90 DAS and the leaves were detached and categorized into small, medium and large size group. Representative leaves from each size group were taken and their area was measure separately by automatic leaf area meter. The total leaf area of the sample was calculated by multiplying the mean leaf area value by total number of leaves in each category and summing them up.
Leaf area = K × length of leaf × width of leaf
Where, K= Constant factor (0.75)

Crop growth rate (CGR)
Crop growth rate indicates the rate at which the plants are growing. The value obtained from dry matter accumulation per plant were finally converted into dry matter accumulation per square meter to calculate the crop growth rate. It can be calculated with the following formula.
CGR (g m2 day-1) =  × 
Where, W1 and W2 are dry weight g m-2 at first and second taken at times   t1 and t2 respectively. 
Relative growth rate (RGR)
It expresses the total plant dry weight increase in the interval in relation to the initial dry matter increment per unit biomass. It can be calculated with the following formula. 
RGR (g g-1 day-1) 
Where, W1 and W2 are dry weight (g m-2) at times t1 and t2 respectively.
Net assimilation rate (NAR)
Net assimilation rate is defined as dry matter increment per unit leaf area per unit time. It is calculated by following formula.
NAR (g m2 day-1) 
Where, W1 and W2 are dry weight (g m-2) at time t1 and t2 respectively.
             L1 and L2 are leaf area at time t1 and t2 respectively.
Results And Discussions
Maize crop is highly affected by weather conditions such as drought and flooded condition. In first year, maize crop receives less amount of rainfall and distribution was also unequal, which affects the growth of plant and in next cropping season the distribution of rainfall was better compared to the previous year and received higher rainfall. This rainfall helps in maintaining optimum soil moisture during crop growth which helps plant to perform better than previous year. 


Leaf area of plant
The data for leaf area of plant is represented in Table-1. The leaf area increases continuously, but rate of increasing area is greater in 30-60 DAS than 60-90 DAS. At 30 DAS, leaf area does not influence by different planting methods and found statistically non-significant in both the years. However, at 60 DAS significant variation was observed, and Ridge and furrow planting method (P3) recorded the highest leaf area of plant (3866.7 cm2) followed by conventional flatbed method (P2, 3789.0 cm2) and lowest leaf area was obtained in Broadcasting method (P1, 3742.6 cm2). At 90 DAS, similar trend was recorded, but the variation is not significantly different.  Ridge and furrow planting method recorded higher leaf area due to more sunlight interception, better photosynthesis and better growth than other methods. Zhang et al. (2022) also reported the same results.
Among weed management practices, no significant differences were recorded at 30 DAS. The treatment became effective and show significant result on leaf area as the crop grow. The weed free condition (W7) recorded the maximum leaf area at both 60 DAS (3993.9 cm²) and 90 DAS (4482.6 cm²), which was significantly higher than all other treatments. Among herbicidal treatments, W5 maintained superiority, producing 3975.8 and 4416.2 cm² leaf area at 60 and 90 DAS, respectively, followed by W4 (3914.8 and 4349.2 cm²) and W3 (3823.1 and 4169.0 cm²). W2 recorded slightly lower values, while the minimum leaf area was observed in W1 (3759.5 and 4019.3 cm²). The lowest values overall were recorded in the weedy check (W6) (3352.9 and 3477.0 cm² at 60 and 90 DAS, respectively), clearly showing the detrimental effect of weed competition on crop canopy expansion. These observations corroborate the reports of Begum et al. (2024) and Singh et al. (2023), who found that weed-free conditions and sequential herbicide applications enhanced plant growth factors in maize compared to weedy check. The interaction effect (P × W) was found to be statistically non-significant at all growth stages.
Dry weight of plant
The dry weight of plants (g) was recorded at 30 and 60days after sowing (DAS), during 2023 and 2024, with pooled mean values presented across different planting methods (main plot) and weed management practices (sub-plot) as given in Table-2. Plant dry matter accumulation increases with the crop growth across all treatments at different stages.  At 30 DAS, plant dry weight was statistically non-significant across planting methods, ranging between 11.34 g (Broadcasting) and 11.86 g (Ridge and furrow planting) in pooled data. As crop grows further, at 60 DAS, Ridge and furrow planting (P3) recorded the highest pooled dry weight (113.76 g), followed by flatbed planting (P2, 108.41 g) and broadcasting (P1, 104.15 g). Similar result also reported by Zhang et al. (2022) that ridge and furrow planting in maize improved plant height, dry matter accumulation, and LAI owing to superior root environment and efficient moisture utilization.
Weed management practices had significant influence on dry matter accumulation in maize plant, with significant differences recorded at all growth stages. At 30 DAS, highest dry matter was observed in W7 (12.5 g), followed by W5 (12.4 g) and W4 (12.0 g), which was at par, while the lowest dry weight was recorded in W6 (10.9 g). From 60 DAS, differences widened considerably. The weed free treatment (W7) produced the maximum dry weight (129.9 and 267.2 g) which was significantly superior to all other treatments. Among herbicidal treatments, W5 recorded higher dry matter accumulation (124.4 g), followed by W4 (119.3 g) and W3 (109.4g) which is at par with W2, while the lowest dry matter was observed in W1 (95.1 g) at 60 and 90 DAS respectively. The weedy check (W6) consistently recorded the minimum dry matter at all stages (79.3 g). These results highlight that weedy check plot have high weed presence which severely supress biomass production of plant, while sequential application of pre- and post-emergence herbicides (W5, W4) application is the effective to weed-free condition. 
The statistical results indicated significance for planting methods from 60 DAS onwards, while weed management practices showed significant differences at all growth stages. Interaction effects remained non-significant throughout the cropping seasons. Similar type of results was also reported by Begum et al. (2025); Singh (2024); Nurse et al. (2011).
Crop Growth Rate (CGR)
The data pertaining to the Crop growth rate (CGR) at 30-60, 60-90, 90- at harvest stage are summarised and depicted in Table 3. Among different planting methods, significant differences were recorded at all stages. The ridge and furrow planting method (P3) consistently produced the highest CGR values (27.5, 32.7 and 8.0 g m⁻² day⁻¹ at 30–60 DAS, 60–90 DAS and 90 DAS–harvest, respectively, on pooled basis), which were significantly superior to the conventional flatbed method (P2) (26.1, 31.2 and 7.6 g m⁻² day⁻¹) and the broadcasting method (P1) (25.0, 28.9 and 6.7 g m⁻² day⁻¹). Broadcasting method of maize sowing shows consistently lowest CGR across all growth stages, emphasizing the benefit of ridge and furrow planting in sustaining crop growth. Kaur et al. (2022) findings also aligned with this result in better plant stand better crop growth rate.
Weed management practices significantly influenced CGR as maximum CGR was recorded in weed free treatment across all the growth stages. At pooled analysis, among the herbicidal treatments, at 30-60 DAS the highest CGR value of 30.3 g m-2 day-1 was recorded in the W5 which was at par with W4 having value (28.9). Similar trend was also followed in 60-90 DAS and 90 DAS-at harvest recording values (35.0 and 9.2 g m-2 day-1 for W5 and for W4, 34.3 and 8.7 g m-2 day-1 respectively) The lowest CGR was reported in weedy check treatments across all the growth stages indicating severe suppression of growth due to high competition. The interactions were found to non-significant across all the crop growth period. Similar type of results was also reported by Kumawat et al. (2021).
Relative Growth Rate (RGR)
The data of relative growth rate (g g-1 day-1) presented in Table- 4. There is of different planting methods and different weed management practices on RGR at 30-60 DAS, but as growt
Different planting had significant influence on RGR at 30-60 DAS but does not show significant variation at later growth stages of maize. At 30-60 DAS maximum RGR of 0.075 g g-1 day-1 was recorded under treatment P3 which is ridge and furrow planting method at pooled and followed by flatbed planting and broadcasting method. 
Among weed management practices, RGR recorded significant variation only during 30–60 DAS. The weed free plot (W7) recorded the highest RGR (0.078 g g⁻¹ day⁻¹), which was statistically on par with W5, but significantly superior to other herbicidal treatments. Among the herbicide options W4 (0.076 g g⁻¹ day⁻¹) and W3 (0.075 g g⁻¹ day⁻¹) were next in order, while the lowest values were recorded in W1 (0.071 g g⁻¹ day⁻¹). The weedy check (W6) consistently observed the minimum RGR (0.066 g g⁻¹ day⁻¹), reflecting severe competition stress. At later stages (60–90 DAS and 90 DAS–harvest), differences among weed management treatments were not statistically significant. These observations corroborate the reports of Begum et al. (2024). The interactions were found to non-significant across all the crop growth period.
Net Assimilation Rate (NAR)
The detailed data on effect of planting methods and weed management practices on net assimilation rate (NAR) at different crop growth stages in maize during 2023, 2024, and pooled means is presented in the table-5.
NAR generally reduces as crop ages; it is being higher during 30–60 DAS and reduces sharply at later growth stages (60–90 DAS). Different plating methods showed significant variation across all growth stages and the maximum NAR was recorded under treatment P3 which is ridge and furrow planting method across all the growth stages of the crop. At pooled, among planting methods, at 30-60 and 60-90 DAS the maximum NAR of 6.66 and 4.22 g m-2 day-1, respectively was recorded in P3 treatment followed by the conventional flatbed method. And lowest in broadcasting method. Among weed management practices, the weed-free plot (W7​) recorded the highest NAR (7.47 g m-2 day-1 and 4.58 g m-2 day-1) at 30–60 DAS and 60-90 DAS respectively, which was statistically highest among all other treatments. When herbicides applied, the treatment W5​ (7.19 g m-2 day-1) and W4​ (6.95 g m-2 day-1) were found superior among all herbicidal treatment and both were on par with each other. All herbicide treatments were significantly superior over weedy check (W6​, 4.98 g m-2 day-1), which recorded the minimum NAR among treatment due highest weed population. These trends and significant differences were also observed during the 60–90 DAS stage as W5 recorded the highest NAR (4.44 g m-2 day-1) which was on par with W4 (4.34 g m-2 day-1and followed by significantly lower NAR in W3 and W2. The treatment W1 has recorded the lowest value (3.64 g m-2 day-1) among all treatments. Begum et al. (2024) and Singh et al. (2023) found similar result. The interaction between planting methods and weed management practices was found to be non-significant at all stages, showing that the influence of this treatment on NAR was independent.
Grain yield
Grain yield significantly affected by the different planting methods and weed management practices. Figure-2 illustrates the pooled grain yield of kharif maize for the years 2023 and 2024. Significantly highest grain yield was recorded by the ridge and furrow (P3) planting method followed flatbed method and lowest yield was recorded in the broadcasting method. Among different weed management practices, highest grain yield was recorded in weed free treatment and lowest yield in weedy check plot. Among herbicidal treatment, sequential application of herbicide W5 recorded highest grain yield which is closely followed by W4. The improvement in the yield of maize is due to a significant reduction in weed dry matter and density, which increases crop growth and consequent reduction in crop-weed competition.
Conclusion
The present study concluded that, among different planting method adopting ridge and furrow planting method consistently enhanced plant growth parameters throughout the crop period making yield highest, this makes it most effective planting method in both the years of experiment. Among weed management practices, maintaining a weed-free field gave the best results over uncontrolled weedy check plot, but it does not economical feasible as it requires high labour. Among herbicidal treatment, sequential application of herbicide Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE and Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE had showed greater crop growth and yield among all treatment which also perform better than alone application of pre and post emergence herbicide. It was concluded that adopting ridge and furrow planting method and Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS amongst weed management practices were better in terms of crop growth in hybrid maize cultivation.
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Fig 1. Figure of weekly rainfall and temperature (max. and min.)  of year 2022-23 and 2023-24.

Fig 2. Effect of different planting methods and weed management practices on grain yield (pooled) in kharif maize


	



Table 1. Effect of different planting methods and weed management practices on Leaf area in kharif maize. 
	
Treatments
	Leaf area of plant (cm2)

	
	30 DAS
	60 DAS
	90 DAS

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	 Different Planting Methods (Main plot)

	 P1- Broadcasting 
	1216.9
	1236.8
	1226.8
	3689.5
	3795.7
	3742.6
	4027.0
	4140.3
	4083.6

	 P2 -Conventional flat bed 
	1224.0
	1240.9
	1232.4
	3736.4
	3841.7
	3789.0
	4072.2
	4186.5
	4129.4

	 P3- Ridge and Furrow planting
	1232.2
	1245.6
	1238.9
	3809.1
	3924.2
	3866.7
	4155.9
	4272.9
	4214.4

	SE(m) ±
	20.2
	17.5
	17.7
	20.9
	23.4
	21.0
	38.6
	27.3
	21.8

	C.D at 5%
	NS
	NS
	NS
	80.7
	94.2
	84.5
	NS
	NS
	NS

	Weed Management Practices (Sub plot)

	W1 - Pyroxasulfone 85% WG @ 127.5g /ha as pre-     emergence (PE)
	1227.7
	1253.6
	1240.6
	3691.7
	3827.4
	3759.5
	3950.1
	4088.4
	4019.3

	W2 - Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)
	1213.0
	1238.7
	1225.8
	3714.5
	3837.6
	3776.1
	4011.6
	4156.5
	4084.1

	W3 - Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)
	1220.8
	1249.9
	1235.3
	3754.0
	3892.1
	3823.1
	4091.8
	4246.2
	4169.0

	W4 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE
	1233.4
	1259.2
	1246.3
	3846.4
	3983.1
	3914.8
	4269.5
	4428.8
	4349.2

	W5 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE
	1237.6
	1266.4
	1252.0
	3909.9
	4041.8
	3975.8
	4341.2
	4491.1
	4416.2

	W6 - Weedy check (Control)
	1202.8
	1143.6
	1173.2
	3320.3
	3385.4
	3352.9
	3486.4
	3467.7
	3477.0

	W7 - Weed free
	1235.1
	1276.3
	1255.7
	3978.3
	4009.4
	3993.9
	4444.6
	4520.6
	4482.6

	SE(m) ±
	24.2
	23.5
	31.4
	51.6
	48.5
	36.3
	40.5
	45.2
	42.1

	C.D at 5%
	NS
	NS
	NS
	148.6
	139.6
	104.4
	116.8
	130.1
	121.2

	Interaction

	P × W

	SE(m) ±
	53.48
	46.25
	46.68
	51.39
	61.84
	55.42
	102.10
	72.32
	57.59

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




Table 2. Effect of different planting methods and weed management practices on dry matter accumulation (g) in kharif maize. 
	
Treatments
	Dry matter accumulation (g)

	
	30 DAS
	60 DAS

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Different Planting Methods (Main plot)

	 P1- Broadcasting 
	11.3
	11.6
	11.3
	102.9
	105.4
	104.2

	 P2 -Conventional flat bed 
	11.6
	12.0
	11.6
	107.0
	109.8
	108.4

	 P3- Ridge and Furrow planting
	11.9
	11.9
	11.9
	112.3
	115.2
	113.8

	SE(m) ±
	0.14
	0.11
	0.13
	1.16
	1.31
	1.21

	C.D at 5%
	NS
	NS
	NS
	4.46
	5.29
	4.89

	Weed Management Practices (Sub plot)

	W1 - Pyroxasulfone 85% WG @ 127.5g /ha as pre-     emergence (PE)
	11.1
	11.2
	11.1
	93.9
	96.3
	95.1

	W2 - Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)
	11.3
	11.7
	11.5
	102.7
	105.3
	104.0

	W3 - Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)
	11.4
	11.8
	11.6
	107.9
	110.8
	109.4

	W4 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE
	12.0
	12.3
	12.2
	117.8
	120.9
	119.3

	W5 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE
	12.2
	12.4
	12.3
	123.1
	125.8
	124.4

	W6 - Weedy check (Control)
	10.8
	11.0
	10.9
	78.4
	80.2
	79.3

	W7 - Weed free
	12.2
	12.5
	12.4
	128.1
	131.6
	129.9

	SE(m) ±
	0.13
	0.11
	0.13
	2.20
	2.25
	2.00

	C.D at 5%
	0.36
	0.15
	0.36
	6.35
	6.50
	5.75

	Interaction

	P × W

	SE(m) ±
	0.22
	0.37
	0.36
	2.27
	3.47
	3.21

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS



Table 3. Effect of different planting methods and weed management practices on Crop growth rate (g m-2 day-1) in kharif maize.  
	
Treatments
	Crop growth rate (g m-2 day-1)

	
	30 - 60 DAS
	60 - 90 DAS
	90 DAS - at harvest

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Different Planting Methods (Main plot)

	 P1- Broadcasting 
	24.8
	25.3
	25.0
	28.7
	29.1
	28.9
	6.0
	7.5
	6.7

	 P2 -Conventional flat bed 
	25.7
	26.4
	26.1
	31.0
	31.4
	31.2
	7.2
	8.1
	7.6

	 P3- Ridge and Furrow planting
	27.1
	27.9
	27.5
	32.4
	32.9
	32.7
	7.5
	8.6
	8.1

	SE(m) ±
	0.22
	0.20
	0.19
	0.33
	0.40
	0.27
	0.12
	0.08
	0.08

	C.D at 5%
	0.89
	0.81
	0.78
	1.32
	1.61
	1.15
	0.46
	0.31
	0.33

	Weed Management Practices (Sub plot)

	W1 - Pyroxasulfone 85% WG @ 127.5g /ha as pre-     emergence (PE)
	22.2
	23.0
	22.6
	26.7
	27.2
	27.0
	5.4
	6.2
	5.8

	W2 - Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)
	24.7
	25.3
	25.0
	29.1
	29.5
	29.3
	6.0
	7.4
	6.7

	W3 - Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)
	26.1
	26.7
	26.4
	30.6
	31.0
	30.8
	6.5
	8.0
	7.2

	W4 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE
	28.6
	29.3
	28.9
	34.0
	34.6
	34.3
	8.0
	9.5
	8.7

	W5 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE
	30.0
	30.6
	30.3
	34.3
	35.8
	35.0
	8.7
	9.8
	9.2

	W6 - Weedy check (Control)
	18.2
	18.7
	18.5
	22.5
	22.8
	22.7
	4.6
	5.3
	5.0

	W7 - Weed free
	31.3
	32.2
	31.7
	35.8
	37.3
	36.6
	9.1
	10.3
	9.7

	SE(m) ±
	0.35
	0.37
	0.31
	0.60
	0.67
	0.48
	0.20
	0.19
	0.20

	C.D at 5%
	1.02
	1.08
	0.89
	1.77
	1.93
	1.39
	0.56
	0.54
	0.58

	Interaction

	P × W

	SE(m) ±
	0.59
	0.53
	0.52
	0.89
	1.06
	0.73
	0.31
	0.20
	0.21

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Table 4. Effect of different planting methods and weed management practices on Relative growth rate (g g-1 day-1) in kharif maize.  
	
Treatments
	Relative growth rate (g g-1 day-1)

	
	30 - 60 DAS
	60 - 90 DAS
	90 DAS – at harvest stage

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Different Planting Methods (Main plot)

	 P1- Broadcasting 
	0.073
	0.073
	0.073
	0.024
	0.024
	0.024
	0.003
	0.004
	0.004

	 P2 -Conventional flat bed 
	0.073
	0.074
	0.073
	0.024
	0.024
	0.024
	0.004
	0.004
	0.004

	 P3- Ridge and Furrow planting
	0.075
	0.075
	0.075
	0.024
	0.024
	0.024
	0.004
	0.004
	0.004

	SE(m) ±
	0.001
	0.001
	0.001
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	C.D at 5%
	0.002
	0.001
	0.001
	NS
	NS
	NS
	NS
	NS
	NS

	Weed Management Practices (Sub plot)

	W1 - Pyroxasulfone 85% WG @ 127.5g /ha as pre-     emergence (PE)
	0.070
	0.072
	0.071
	0.024
	0.024
	0.024
	0.003
	0.004
	0.004

	W2 - Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)
	0.074
	0.073
	0.074
	0.024
	0.024
	0.024
	0.003
	0.004
	0.004

	W3 - Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)
	0.075
	0.075
	0.075
	0.024
	0.024
	0.024
	0.003
	0.004
	0.004

	W4 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE
	0.076
	0.076
	0.076
	0.024
	0.024
	0.024
	0.004
	0.004
	0.004

	W5 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE
	0.077
	0.077
	0.077
	0.024
	0.024
	0.024
	0.004
	0.004
	0.004

	W6 - Weedy check (Control)
	0.066
	0.066
	0.066
	0.024
	0.024
	0.024
	0.003
	0.004
	0.004

	W7 - Weed free
	0.078
	0.079
	0.078
	0.024
	0.024
	0.024
	0.004
	0.004
	0.004

	SE(m) ±
	0.001
	0.000
	0.001
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	C.D at 5%
	0.003
	0.003
	0.003
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction

	P × W

	SE(m) ±
	0.0010
	0.0011
	0.0010
	0.0004
	0.0004
	0.0004
	0.0003
	0.0001
	0.0000

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Table 5. Effect of different planting methods and weed management practices on Net assimilation rate (g m-2 day-1) in kharif maize.  
	
Treatments
	Net assimilation rate (g m-2 day-1) 

	
	30-60 DAS
	60-90 DAS

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Different Planting Methods (Main plot)

	 P1- Broadcasting 
	6.18
	6.18
	6.18
	3.88
	3.84
	3.86

	 P2 -Conventional flat bed 
	6.35
	6.40
	6.38
	4.14
	4.09
	4.11

	 P3- Ridge and Furrow planting
	6.62
	6.66
	6.66
	4.25
	4.19
	4.22

	SE(m) ±
	0.05
	0.07
	0.04
	0.04
	0.06
	0.04

	C.D at 5%
	0.21
	0.30
	0.14
	0.15
	0.23
	0.16

	Weed Management Practices (Sub plot)

	W1 - Pyroxasulfone 85% WG @ 127.5g /ha as pre-     emergence (PE)
	5.55
	5.58
	5.56
	3.67
	3.60
	3.64

	W2 - Tembotrione 42% SC @ 120g/ha 25 DAS as post emergence (PoE)
	6.20
	6.15
	6.17
	3.95
	3.87
	3.91

	W3 - Topramezone 33.6 SC @ 30g /ha 25 DAS as post emergence (PoE)
	6.48
	6.44
	6.51
	4.09
	3.99
	4.04

	W4 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Tembotrione 42% SC @ 120g/ha 25DAS as PoE
	6.97
	6.93
	6.95
	4.39
	4.32
	4.34

	W5 - Pyroxasulfone 85% @ 127.5g /ha as PE fb Topramezone 33.6 SC @ 30g /ha 25 DAS as PoE
	7.21
	7.17
	7.19
	4.47
	4.41
	4.44

	W6 - Weedy check (Control)
	4.89
	5.07
	4.98
	3.48
	3.50
	3.49

	W7 - Weed free
	7.40
	7.54
	7.47
	4.58
	4.59
	4.58

	SE(m) ±
	0.10
	0.10
	0.07
	0.07
	0.08
	0.07

	C.D at 5%
	0.30
	0.30
	0.20
	0.21
	0.22
	0.20

	Interaction

	P × W

	SE(m) ±
	0.14
	0.20
	0.09
	0.10
	0.15
	0.11

	C.D at 5%
	NS
	NS
	NS
	NS
	NS
	NS



Weather data of year 2023 and 2024 
Rainfall (2023)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	40.6	47.4	65	8.1	38	0	16.399999999999999	128	0	25.6	79.2	45	0	15.7	0	3.4	0	Rainfall (2024)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	120.2	90.6	2.6	9.5	43.4	63.9	89.2	121	38.299999999999997	63.4	4	70.8	134.80000000000001	54.4	6.8	4.5	0	#REF!	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	1	Tmax (2023)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	33.299999999999997	33.9	34.9	35.6	33	33.4	33.5	32.200000000000003	35	33.5	32.9	33.6	34.299999999999997	33.700000000000003	35.4	31.7	31.4	Tmax (2024)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	32.700000000000003	31.7	35.6	37.700000000000003	35.700000000000003	34.4	33.9	35.299999999999997	33.299999999999997	34	34.6	32.799999999999997	33.200000000000003	31.4	35	33.4	34.799999999999997	Tmin (2023)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	26.5	26	27.2	28.9	26	26.6	26.4	25.6	25.9	24.8	25.5	24.6	23.7	22.1	20.5	17.3	14.5	Tmin (2024)	July 02-08	July 09-15	July 16-22	July 23-29	July 30-05	August 06-12	August 13-19	August 20-26	August 27-02	September 03-09	September 10-16	September 17-23	September 24-30	October 01-07	October 08-14	October 15-21	October 22-28	25.8	23.9	27.2	28.5	27.5	26.7	25.7	26.3	26.1	26	26.2	24.9	24.6	25.2	24.1	23.1	19.8	
Rainfall (mm)

Temperature (0C)



Grain Yield (kg ha-1)
Grain yield (kg/ha)	P1	P2 	P3	W1	W2 	W3 	W4 	W5	W6	W7	5715.6	5982.6	6345	5795.5	6140.2	6234.1	6620.8	6708.2	3653.4	6948.6	Column1	P1	P2 	P3	W1	W2 	W3 	W4 	W5	W6	W7	Column2	P1	P2 	P3	W1	W2 	W3 	W4 	W5	W6	W7	


