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Abstract
A field experiment entitled “Growth and Yield Attributes of Wheat (Triticum aestivum L.) as Influenced by Different Sowing Methods in Dhampur Condition” was conducted during the rabi season 2024–25 at the Agronomic Research Farm, R.S.M. (P.G.) College, Dhampur, Bijnor (U.P.), to evaluate the impact of sowing techniques on wheat growth and yield attributes. The study included seven treatments: broadcasting [T₁], line sowing (20 cm spacing) [T₂], square method (20 cm × 20 cm) (3 seed/hill) [T₃], sowing on ridge (45 cm) [T₄], sowing in furrow (45 cm) [T₅], sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T₆], and sowing on bed (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T₇], arranged in a randomized block design with three replications. The results revealed that maximum plant height, number of leaves, fresh weight and dry weight of plant were observed in square method (20 cm × 20 cm) (3 seed/hill) [T₃] at 60 and 90 DAS. The yield attributes i.e. spike length, awn length and filled grain maximum found in square method (20 cm × 20 cm) (3 seed/hill) [T₃], but maximum unfilled grain found  in sowing on bed (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T₇].  These findings suggest that adopting the square method (20 cm × 20 cm, 3 seeds/hill) can be a more efficient and sustainable practice for achieving higher growth and yield attributes.
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1.  Introduction
Wheat (Triticum aestivum L.) is one of the most important staple food crops of the world and is rightly known as the “King of Cereals” due to its wide adaptability under diverse agro-climatic and soil conditions, its vast acreage, and its vital role in global food security (Kumar et al., 2023). It belongs to the family Poaceae and has historically been regarded as a symbol of the Green Revolution, contributing significantly to self-sufficiency in food production (Alam, 2013).  Nutritionally, wheat is rich in carbohydrates (78%) and provides proteins (14%), fats (2%), minerals (2.5%), along with essential vitamins such as thiamine, and minerals including zinc, iron, selenium, and magnesium, making it an indispensable part of human diet (Iqbal et al., 2022). Globally, wheat production during 2024-25 is estimated at record 799.9 Million metric tons (USDA, 2025). In India, Wheat production during 2023-24 is estimated at record 1132.92 LMT (lakh metric ton). It is higher by 27.38 LMT than previous years wheat production of 1105.54 LMT (MoA&FW, 2024). India ranks second among wheat-producing nations, accounting for about 13% of the global wheat production in 2022 (FAO, 2023). Within India, Uttar Pradesh is the leading wheat-growing state with about 35.34 Million ton production of wheat (GOI, 2024). Wheat  is  the  major  food  crop  in  India  after  rice and  it  is  highly  sensitive  to  various  biotic  and abiotic  stresses  like  weather  and  inter-seasonal climatic   variability   (in   terms   of   changes   in temperature,  rainfall,  sunshine  hours,  etc.),  soil conditions,  and  agricultural  inputs  like  irrigation and   fertilizer (Bhayal et al., 2022).
In the Dhampur region of Uttar Pradesh, wheat is traditionally sown by the broadcasting method. However, this practice is associated with several limitations such as higher seed requirement, poor seed placement (too deep or left on the soil surface), low germination percentage due to predation by birds or unfavorable depth, and uneven distribution of plants in the field. These factors lead to poor crop stand, increased incidence of weeds and diseases, and limited scope for intercultural operations. Consequently, wheat productivity and soil fertility are adversely affected under the broadcasting method. The executed a field experiment having three methods of sowing i.e. Broadcasting, Line sowing, SWI (20 cm × 20 cm). Results revealed that the maximum number of tillers (10.53/plant), dry weight (18.00 g/plant), effective tillers (10.43/plant) were found significantly higher with SWI as compared to other sowing methods (Prakash et al., 2022). Similarly conducted a field experiment to determine the effect of different sowing methods on wheat during the rabi season 2021 with various methods of sowing. Record the highest number of effective tillers/hill (9.47), length of the spike (12.13 cm), maximum number of grains/spike (55.94) and test weight (44.37g) under SWI (20 cm × 20 cm) (Santhosh & Mehera, 2022).
Despite these advancements, awareness and adoption of improved sowing methods among farmers of Dhampur remain limited. Broadcasting continues to dominate, leading to yield gaps and inefficiencies in input use. Hence, there is a need to scientifically evaluate different sowing methods under Dhampur conditions to identify the most efficient practice for maximizing wheat growth, yield, and resource use efficiency. Keeping in view the above facts a field study on “growth and yield of wheat as influenced by different sowing methods in Dhampur condition” was conducted at Agronomic Research Farm, Ranjeet Singh Memorial (P.G) College, Dhampur, Bijnor (U.P), during rabi season 2024-25 with the objectives to study the effect of different sowing methods on growth and yield attributes of wheat.
2. Method and Material
	The current study was conducted as a field experiment during the rabi season, spanning from December 2024 to April 2025. The trial took place in Agronomic Research Farm located, R.S.M. College Research farm in Dhampur (Bijnor). This farm is positioned approximately 1 kilometer east of Dhampur town, situated along the Dhampur - Moradabad road. The farm stands at an elevation of 286 meters above mean sea level (MSL) and is situated at coordinates 29.021°N latitude and 78.508°E longitude. The location benefits from a range of amenities and resources. Throughout the crop duration, notable climatic indicators such as maximum and minimum temperatures, rainfall distribution, relative humidity, and sunshine hours were monitored. In December the lowest temperature observed was 2.6°C, while the highest temperature of 38.4°C was documented in April. The month of February saw the highest average relative humidity at 92%. These data provide insights into the varying weather conditions experienced during the crucial crop cultivation period.
Plant growth observations were systematically recorded to assess the effect of different treatments on wheat. For plant height, five plants were randomly tagged in each net plot at 60 and 90 DAS. The average height of the five tagged plants was computed in centimeters using a meter scale and utilized for statistical analysis. The number of leaves was determined by counting all leaves on these five tagged plants at the same growth intervals. Fresh weight of plants was estimated through destructive sampling, in which samples from one-meter row length were cut at the same growth intervals. These samples were immediately weighed using an electronic balance and expressed in grams. The same samples were further used for dry weight estimation. After sun drying, they were oven-dried at 68 ± 2 °C until constant weight was achieved. The oven-dried samples were then weighed, and average dry matter accumulation per meter row length was recorded for further analysis.
	The spike length and awn length was measured in centimeters using a scale, and the average spike and awn length was calculated. For filled and unfilled grains counted from each spike within the net plots, and their mean values were used for statistical evaluation. The data obtained from growth and yield attribute were subjected to analysis of variance (ANOVA) using Statistical Tool for Agricultural Research (STAR) software (version STAR 2.0.1, IRRI, Los Baños, Philippines), while the significance of differences between treatment mean values was determined using the Least significant difference (LSD) test at 5% level.
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	Image 1 View of experiment


3. Result and Discussion
3.1 Growth parameters 
	Data pertaining to the effect of sowing methods on growth parameters at 60 and 90 DAS are summarized in Table 1 and graphically illustrated in Figure 1 and 2.
3.1.1 Plant height
At 60 DAS, maximum plant height recorded under square method (20 cm × 20 cm) (3 seed/hill) [T3], which was significantly equal to line sowing (row spacing - 20cm) [T2], sowing on ridge (45 cm) [T4], sowing in furrow (45 cm) [T5] and sowing on bed (3 rows) (row spacing – 20 cm, bed width – 60 cm) [T6], but found significantly better to leftover treatments. At 90 DAS, the tallest plant noted into the treatment having square method (20 cm × 20 cm) (3 seed/hill) [T3] which was at par with sowing on bed (3 rows) (row spacing – 20 cm, bed width – 60 cm) [T6] but found significantly superior over remaining treatments. The superior performance of T₃ may be attributed to optimum plant spacing that reduced intra-plant competition for essential growth resources like light, nutrients, moisture, and space. This optimum environment facilitated higher leaf area index, better light interception, efficient root distribution, and nutrient availability, ultimately contributing to increased plant height. These findings are in line with (Santhosh & Mehera, 2022), who observed maximum plant height under square method (20 cm × 20 cm) (3 seed/hill) [T₃] sowing geometry due to less competition and better root activity.
3.1.2 Number of leaves
At 60 DAS, the more number of leaves noted in treatment having square method (20 cm × 20 cm) (3 seed/hill) [T3], which was at par with sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6] but found significantly better to leftover treatments. At 90 DAS, the maximum number of leaves noted in treatment having square method (20 cm × 20 cm) (3 seed/hill) [T3] which was at par with sowing on bed (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T7] but found significantly higher to leftover treatments. Square planting ensured optimum plant population and reduced overcrowding, which allowed each plant to exploit sunlight and soil nutrients more effectively, leading to greater photosynthetic activity and enhanced leaf production. Similar responses were noted by (Kakade et al., 2025), who reported higher numbers of leaves under dibbling at 20 cm × 20 cm compared to drilling due to wider space available for individual plant growth.
3.1.3 Plant fresh weight
At 60 DAS, the maximum fresh weight recorded in square method (20 cm × 20 cm) (3 seed/hill) [T3],which was at par with line sowing (row spacing - 20 cm) [T2], sowing on ridge (45 cm) [T4], sowing in furrow (45 cm) [T5] and sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6], but found out performed to other treatments. At 90 DAS, the more fresh weight noticed in sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6], which was at par with line sowing (row spacing - 20 cm) [T2], square method (20 cm × 20 cm) (3 seed/hill) [T3], and sowing in furrow (45 cm) [T5], but found statistically surpassed the leftover treatments. Fresh weight accumulation was highest under the square method (20 cm × 20 cm, 3 seeds/hill) [T₃], as wider spacing allowed plants to grow vigorously with minimal competition. Increased leaf area under this treatment enhanced photosynthetic activity, ultimately contributing to higher fresh biomass. These results are supported by (Santhosh & Mehera, 2022), who reported greater fresh weight under 20 cm × 20 cm sowing geometry due to higher assimilate production.
3.1.4 Plant dry matter
	At 60 and 90 DAS, the maximum dry weight per meter row length was recorded in square method (20 cm × 20 cm) (3 seed/hill) [T3], which was at par with line sowing (row spacing - 20 cm) [T2], sowing in furrow (45 cm) [T5], sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6], but found statistically higher to other treatments. Dry matter accumulation was also maximum under square method (20 cm × 20 cm, 3 seeds/hill) [T₃] across all growth stages. Wider spacing and optimum plant stand facilitated greater light interception, efficient canopy photosynthesis, and higher assimilate partitioning into vegetative biomass. These findings align with (Santhosh & Mehera, 2022), who reported maximum dry matter production under SWI sowing method.
Table 1 Effect of different sowing methods on plant growth parameters
	Treatment
	Plant height (cm)
	No. of leaves/plant
	Plant fresh weight (g per m row length)
	Plant dry weight (g per m row length)

	
	60 DAS
	90 DAS
	60 DAS
	90 DAS
	60 DAS
	90 DAS
	60 DAS
	90 DAS

	T₁
	42.80bc
	79.67cd
	15.20c
	13.73cd
	262.00bc
	780.00cd
	80.33c
	342.00cd

	T₂
	48.43ab
	80.13cd
	18.00c
	16.80bc
	292.00ab
	931.33abc
	104.00abc
	377.33ab

	T₃
	50.67a
	84.27a
	28.53a
	21.33a
	342.00a
	976.00a
	117.33a
	396.67a

	T₄
	44.30ab
	79.80cd
	19.90bc
	15.03bc
	285.33ab
	795.00bcd
	85.33bc
	349.33bcd

	T₅
	46.87abc
	81.40bc
	18.67bc
	15.67bc
	291.00ab
	925.00abc
	98.67ac
	358.00abcd

	T₆
	50.40a
	82.47ab
	24.33ab
	10.27d
	336.67c
	942.67ab
	108.67ab
	389.33ab

	T₇
	40.20c
	78.60d
	18.07c
	18.27ab
	198.00c
	767.33d
	80.00c
	335.33d




Figure 1 Plant height and No. of leaves as influenced by different sowing methods


Figure 2 Plant fresh and dry weight as influenced by different sowing methods
3.2 Yield parameters
An analysis of yield attributes showed in Table 2 and Figure 3.  
3.2.1 Spike length 
The maximum spike length noticed under square method (20 cm × 20 cm) (3 seed/hill) [T3], which was at par with line sowing (row spacing - 20 cm) [T2], sowing on ridge (45 cm) [T4], sowing in furrow (45 cm) [T5] and sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6]. The smallest spike length was found in Sowing on ridge (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T7]. The maximum spike length was also recorded in T₃, likely because of better root anchorage, higher photosynthate accumulation, and reduced intra-specific competition under optimum plant geometry. These results are in line with (Santhosh & Mehera, 2022) and (Prakash et al., 2022), who both reported significantly longer spike length under SWI (20 cm × 20 cm) sowing. Thus, optimum spacing or structured sowing geometry favors elongated spike growth.
3.2.2 Awn length
The longest awn length reported in square method (20 cm × 20 cm) (3 seed/hill) [T3], which was at par with the rest of treatment expect sowing on ridge (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T7]. Longer awns generally indicate better spike photosynthetic contribution and improved assimilate supply during grain filling. These results are supported by (Prakash et al., 2022) and (Santhosh & Mehera, 2022), who found that wider spacing under SWI provided more assimilates for spike and awn development. (Bakhsh et al., 2020) also noted significantly higher awn length under drilling compared to broadcasting, owing to proper stand establishment.
3.2.3 Number of filled grain
The maximum number of filled grain achieved in square method (20 cm × 20 cm) (3 seed/hill) [T3], which was at par with the line sowing (row spacing - 20 cm) [T2],  sowing on ridge (45 cm) [T4], sowing in furrow (45 cm) [T5] and sowing on bed (3 rows) (row spacing - 20 cm, bed width - 60 cm) [T6], but found statistically superior to leftover treatments. The number of filled grains was also superior under T₃, due to optimum plant stand and better assimilate translocation towards reproductive parts, which favored complete grain filling. Similar trends were reported by (Santhosh & Mehera, 2022), who recorded maximum grains per spike (55.94) under SWI. Likewise, (Bakhsh et al., 2020) and (Bhatii et al., 2022) reported significantly higher grains per spike in drilling method than broadcasting, attributing it to uniform distribution of plants and efficient use of growth resources. 
3.2.4 Number of Unfilled
The maximum number of unfilled grain noticed in sowing on ridge (5 rows) (row spacing - 20 cm, bed width - 100 cm) [T7], which was at par with sowing on ridge (45 cm) [T4], but found statistically maximum to other treatments. The maximum number of unfilled grains was observed under T₇, which may be due to excessive intra-row competition, reduced light penetration, and poor assimilate partitioning, particularly in the middle rows, leading to spikelet sterility. (Benfreha et al., 2014) also observed that close planting geometries (15 cm spacing) or broadcasting reduced grain filling compared to optimum spacing (20 cm), due to competition for resources. Similarly, (Chauhdary et al., 2016) reported that broadcasting and dense planting reduced filled grain percentage because of limited resource availability. 
Table 2 Effect of different sowing methods on plant yield attributes
	Treatment
	Spike length (cm)
	Awn length (cm)
	No. of filled grain / spike
	No. of unfilled grain/spike

	T₁
	9.71c
	6.20ab
	43.17bc
	3.00b

	T₂
	10.62abc
	7.20a
	50.67ab
	3.40b

	T₃
	12.21a
	7.41a
	54.87a
	3.20b

	T₄
	9.81bc
	6.41ab
	46.15abc
	3.93ab

	T₅
	10.37abc
	6.84a
	48.29abc
	3.73b

	T₆
	11.28ab
	7.26a
	52.67a
	3.33b

	T₇
	8.88c
	5.42b
	41.14c
	4.87a




Figure 3 Yield attributes as influenced by different sowing methods
4. Conclusion
The present investigation revealed that the sowing methods exerted a significant influence on the growth and yield performance of wheat. Among the treatments, the square method (20 cm × 20 cm) (3 seed/hill) [T3] consistently recorded superior results for plant height, number of leaves, fresh and dry matter accumulation, spike length, awn length, and number of filled grains. This superiority can be attributed to optimum plant geometry, which minimized intra-specific competition, improved resource utilization, enhanced photosynthetic efficiency, and facilitated better assimilate translocation towards reproductive parts. These findings suggest that adopting the square method (20 cm × 20 cm, 3 seeds/hill) can be a more efficient and sustainable practice for achieving higher growth and yield attributes.
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Plant fresh weight (g per m row length) 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	262	292	342	285.33333333333331	291	336.66666666666669	198	Plant fresh weight (g per m row length) 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	780	931.33333333333337	976	795	925	942.66666666666663	767.33333333333337	Plant dry weight (g per m row length) 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	80.333333333333329	104	117.33333333333333	85.333333333333329	98.666666666666671	108.66666666666667	80	Plant dry weight (g per m row length) 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	342	377.33333333333331	396.66666666666669	349.33333333333331	358	389.33333333333331	335.33333333333331	


Spike length (cm)	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	9.706666666666667	10.62	12.206666666666665	9.81	10.366666666666667	11.276666666666666	8.8766666666666669	Awn length (cm)	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	6.2	7.2	7.413333333333334	6.413333333333334	6.84	7.2566666666666677	5.419999999999999	No. of filled grain / spike	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	43.166666666666664	50.666666666666664	54.866666666666667	46.153333333333336	48.286666666666669	52.666666666666664	41.143333333333338	No. of unfilled grain/spike	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	3	3.4	3.1999999999999997	3.9333333333333336	3.7333333333333329	3.3333333333333335	4.8666666666666663	Treatments

Yield attributes


Plant height (cm) 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	42.800000000000004	48.433333333333337	50.666666666666664	44.29999999999999	46.866666666666667	50.4	40.200000000000003	Plant height (cm) 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	79.666666666666671	80.133333333333326	84.266666666666666	79.8	81.400000000000006	82.466666666666654	78.599999999999994	No. of leaves/plant 60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	15.199999999999998	18	28.533333333333335	19.900000000000002	18.666666666666668	24.333333333333332	18.066666666666666	No. of leaves/plant 90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	13.733333333333334	16.8	21.333333333333332	15.033333333333333	15.666666666666666	10.266666666666667	18.266666666666666	Treatment

Plant Height/No. of leaves
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