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			Abstract | Seed rate is one of the most pivotal factors that significantly impact grain quality and yield in wheat. In wheat-based crop production system, it can be easily managed. An indiscrimination in seeding rate can lead to higher production cost but will also result in decline of crop yield and quality. Hence, the present experiment was designed to establish the optimal seeding density of three different wheat genotypes (Fatehjang-2016, Dharabi-11 and 16FJ17) of the Barani Areas to attain maximum economic yield. The research experiment was managed in split amidst the cropping season of Rabi 2019-20; one at the laboratory by growing three diverse genotypes of wheat at four different levels of seeding densities in pots and the other at field area of Barani Agricultural Research Station, Fateh Jang at four discrete levels of seeding density of 80, 100, 120 and 140 kg ha-1, respectively. The experiment was laid down using a RCBD with three replication and four treatments. Different seed rates and genotypes significantly affected all plant traits except days to 50% heading, plant height and germination percentage. Contrarily, the interactive effect of genotype and seeding rate on all growth and yield attributes was found non-significant. Whereas, seeding density of 120 kg ha-1 exhibited more germination percentage (85 %), shoot length (11.57 cm), coleoptile length (3.97 cm), days to 50% heading (130), plant height (110 cm), nodes per stem (5.0), 1000 grain weight (49.53 g), grain per spike (41.0), days to maturity (172.67) and grain yield (3755 kg ha-1) in Fatehjang-2016. Whereas Dharabi-11 showed maximum root length (17.64 cm) and tiller count (405.67 m-2) at same level of seeding density. In contrast, 16FJ17 stood second in all parameters except root length and number of tillers m-2. The value for grain per spike (40.0) and shoot length (10.55 cm) is at par with Fatehjang-2016 and Dharabi-11, respectively at 120 kg ha-1 of seeding level. It is evident from the results that wheat variety Fatehjang-2016 can effectively be planted at an optimum seed rate of 120 kg ha-1 for general cultivation and better economic returns in Barani Areas of Pakistan, provided all the agronomic and crop management practices must be kept optimum.
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			Introduction 

			Wheat (Triticum aestivum) is a prime member of the family Poaceae  and major staple food in Pakistan (Ahmad et al., 2018). It also plays a pivotal role in the advancement of civilization and is also known as the first domesticated crop around 12,000 to 10,000 years ago (Ulaş et al., 2018). Being the king of cereals, it is one of the most extensively grown and widely adaptable crop around the world (Venske et al., 2019). Nearly 35% of the global population consume wheat as staple food (Grote et al., 2021). It is speculated that the worldwide population will grow from 7 billion to 9 billion by 2050 necessitating crop production to double to successfully meet global food demand in future (FAO, 2020). 

			Following the international wheat production statistics, Pakistan ranks eighth as the largest producer of wheat crop globally and it is grown almost in every part of the country (Agriculture Statistics of Pakistan, 2020-21). Its contribution to GDP and value-added is 1.8 and 9.2 percent, respectively. In Pakistan, wheat was cultivated on an area of 9177.6 thousand hectares with an impeccable production of 27.2934 million tonnes (Economic Survey of Pakistan, 2020-21).

			The crop yields are inconsistent significantly among different areas and cropping seasons in the similar area. These major factors of variation are soil, date of sowing, seeding density, type and volume of available nutrients, cropping season and other differences in cultural practices. To date, several varieties of bread and durum wheat have been worked on and developed in order to meet the growing production demands (Abboye et al., 2020). 

			The environment, selected genotypes/ varieties and planting density greatly influence the number of productive tillers. Whereas, sufficient moisture availability, extensive light interception and optimum availability of nitrogen through vegetative phase can assist in increased tillering capacity; however, all of these factors significantly depend upon varieties (Jemal et al., 2015). Seed rate is a very pivotal agronomic factor that require great attention for attaining enhanced yield in various crops. Increased seeding rate influences the resources availability amongst crops, like it heightens the contestation for mutual resources such as water, availability of nutrients and interception of sunlight ultimately resulting in poor yield and quality. Considering this, it is necessary to enhance the production and productivity of the crop by identifying and improving the most cost-effective varieties and profitable plant population rates with low cost of production inputs (Abboye et al., 2020). However, 125 kg ha-1 is the most common seed rate applied all over the country and is applicable on all the wheat varieties. Similarly, in the area under study it has been personally observed that farmers are more inclined towards this trend of using higher seed rates (plant population m-2) for both of small and large sized bread wheat varieties (own observation). Seed rates should be in sync with the favorable or unfavorable environmental conditions that will ultimately reduce the degree of contestation among tillers specifically around tiller initiation. This clearly reflects that the adjustment of seeding density can be effectively managed by in depth knowledge and good understanding of genotypic response of tillering to environmental and agricultural management practices thus resulting in higher economic yield (Ozturk et al., 2006).

			Particularly, in developing countries most of the farmer practice greater seed rate than the suggested regime, as it is a general perception among farming community that this could be the remedy and counter measure to control weed infestation and give better crop production (Abboye and Teto, 2020). The practice of higher planting density should be discouraged as it has adverse effects upon the quality of seed especially on weight and size of seed. Rather farmer should pay closer attention towards the instructions about recommended seed production practices (Tigabu and Asfaw, 2016). Furthermore, row spacing is another key factor influencing the optimal growth, development and productivity of wheat when manage at its optimum level; additionally, it provides space for the plants to efficiently utilize nutrients and sun radiations (Woldekiros, 2020).

			In the light of that, it is crucial to discern the ideal plant population for different seed sized varieties of bread wheat aimed at improving and attaining the production and productivity of the crop by pinpointing the most cost-effective varieties and profitable plant population rates with low cost of production inputs (Abboye et al., 2020).

			Objectives

			The prime aims and objectives of this research experiment were:

			
					To optimize the seed rates of given genotypes for wheat growers of Barani Areas.

					To conclude how different seeding densities can modify economic yield. 

					To understand the interactive influence of seeding densities and genotypes on various growth and yield related attributes with the aim to provide farmers with enhanced and alternate management practices encountering lower grain yields. 

			

			Materials and Methods

			Experimental material, site and design

			Pakistan has two major cropping seasons i.e., Kharif and Rabi. Kharif being the primary sowing season commences from the month of April to June and is harvested during October to December. However, Rabi being the secondary sowing season begins from the month of October to December and harvesting is commenced from April to May. Agricultural productivity of Pakistan is mainly reliant on timely availability of water Economic Survey of Pakistan, 2020-21.

			The field experimental trials were executed through the Rabi season of 2019-20 at the field area of Barani Agricultural Research Station Fateh Jang located at 33.54998 North and 72.57929 East 504m above sea level. The climate was sub humid with rain-fed agriculture. The soil texture was sandy loam with pH 7.81 and deficient in Phosphorus and Potassium. Three different wheat genotypes (Fatehjang-2016, Dharabi-11 and 16FJ17) were sown at varying seeding rates of S1 80, S2 100, S3 120 and S4 140 kg ha-1, respectively. The experiment was carried out in split; the first half was executed in laboratory conditions with three genotypes grown at varying seed densities in pots with growing media. However, the second half was grown in the field with three genotypes at four varying seed densities of 36 g/plot, 48 g/plot, 60 g/plot and 72 g/plot, respectively, in triplicate using Randomized Complete Block Design in Factorial arrangement following the procedure of Gomez and Gomez (1984). The row to row distance was maintained at 30cm with 4 rows per treatment of 4m length whereas, the total plot size was 4.8m2. All other agronomical procedures were sustained homogenously for all the treatments. Sowing was performed with a single seed coulter hand drill on 5 November 2019 during Rabi season. Seasonal weather data regarding precipitation and mean temperature during the experiment was collected from the field observatory as elucidated in Figure 1. Nutrients were readily applied at 90-60-30 NPK kg ha-1 in the form of DAP (di-ammonium phosphate), urea and sulphate of potash respectively. All N, P and K were applied during final land preparation at the time of sowing. Weeding and hoeing were completed manually once before the canopy closure thereby alleviating the chances of weed-crop competition. The trial was harvested during the last week of April 2020 dated 25-04-2020.
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			Figure 1: Seasonal weather of Barani Agricultural Research Station, Fatehjang during 2019-20.

			Treatments

			This experiment was comprised on twelve treatments in total. The treatment combinations were three diverse wheat genotypes and four different plant densities. The selected bread wheat genotypes (Fatehjang-2016, Dharabi-11 and 16FJ17) were classified as medium with respect to seed size. The three different bread wheat genotypes were assigned the main plot treatment however; the four seed rates were allocated as sub plot treatments. 

			The seed rate for all treatments was computed with help of equation/ formula mentioned below derived by (Herwaarden et al., 2003; Habte, 2017; Abboye et al., 2020).
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			For instance, if a genotype has a seed weight of 46.4 mg (TGW of 46.4g), and an expected establishment percentage of 90%, the seeding density of 140 kg ha-1 then the plant population m-2 can be computed by the following equation/formula:
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			Table 1: Plant population computed for different wheat genotypes planted at varying seed rates.

			
				
					
					
					
					
					
					
				
				
					
							
							Treatment No.

						
							
							Genotype

						
							
							Seed rate 

							(kg ha-1)

						
							
							Treatment combinations

						
							
							Plant population 

							per m2

						
							
							Plant population per ft2

						
					

					
							
							1

						
							
							Fatehjang-2016

						
							
							80 kg ha-1

						
							
							V1S1

						
							
							155 seeds m-2

						
							
							14 seeds ft2

						
					

					
							
							2

						
							
							Fatehjang-2016

						
							
							100 kg ha-1

						
							
							V1S2

						
							
							194 seeds m-2

						
							
							18 seeds ft2

						
					

					
							
							3

						
							
							Fatehjang-2016

						
							
							120 kg ha-1

						
							
							V1S3

						
							
							233 seeds m-2

						
							
							21 seeds ft2

						
					

					
							
							4

						
							
							Fatehjang-2016

						
							
							140 kg ha-1

						
							
							V1S4

						
							
							272 seeds m-2

						
							
							25 seeds ft2

						
					

					
							
							5

						
							
							Dharabi-11

						
							
							80 kg ha-1

						
							
							V2S1

						
							
							181 seeds m-2

						
							
							17 seeds ft2

						
					

					
							
							6

						
							
							Dharabi-11

						
							
							100 kg ha-1

						
							
							V2S2

						
							
							227 seeds m-2

						
							
							21 seeds ft2

						
					

					
							
							7

						
							
							Dharabi-11

						
							
							120 kg ha-1

						
							
							V2S3

						
							
							272 seeds m-2

						
							
							25 seeds ft2

						
					

					
							
							8

						
							
							Dharabi-11

						
							
							140 kg ha-1

						
							
							V2S4

						
							
							317 seeds m-2

						
							
							29 seeds ft2

						
					

					
							
							9

						
							
							16FJ17

						
							
							80 kg ha-1

						
							
							V3S1

						
							
							162 seeds m-2

						
							
							15 seeds ft2

						
					

					
							
							10

						
							
							16FJ17

						
							
							100 kg ha-1

						
							
							V3S2

						
							
							203 seeds m-2

						
							
							19 seeds ft2

						
					

					
							
							11

						
							
							16FJ17

						
							
							120 kg ha-1

						
							
							V3S3

						
							
							243 seeds m-2

						
							
							22 seeds ft2

						
					

					
							
							12

						
							
							16FJ17

						
							
							140 kg ha-1

						
							
							V3S4

						
							
							284 seeds m-2

						
							
							26 seeds ft2

						
					

				
			

			Note: G is for genotype and S is for varying seed rates; kg ha-1is for kilogram per hectare.

			Target plants m-2 = (140 kg ha-1 x 90 %) / 46.4mg = 272.5 seeds m-2

			Similar calculations for each variety with varied thousand grain weight (g) and similar likely establishment % (germination) were computed for all the treatments elucidated in the Table 1. The computations were made with likely establishment of 90% but it may differ with the diverse results of the germination percentage (Abboye et al., 2020).

			 

			Experimental design 

			Both factors i.e., wheat genotypes and seed rates were evaluated in RCBD, factorial arrangement. The experimental data was collected and subjected to Analysis of Variance (ANOVA) test using Statistix 8.1 computer Analytical Software (2005), the treatment means were differentiated using Least Significance (LSD) test at P<0.05 (Gomez and Gomez, 1984). The interaction plots were compiled using Minitab 17 Statistical Software Minitab (2010).

			Observation and sampling

			As the experiment was carried out in split; data collection for the following twelve parameters was also bifurcated into two parts. Initially, ten plants were randomly selected from each pot and data for germination percentage, coleoptile length, root and shoot length was calculated. In the similar way ten plants from each plot were randomly selected in the field and data for other parameters was calculated and means were computed. 

			All the traits studied in this experiment are elucidated in Table 2 along with abbreviations and units, respectively. 

			Table 2: Observations/ Traits studies in this research experiment with their abbreviations and units.

			
				
					
					
					
				
				
					
							
							Observation/ Traits

						
							
							Abbreviation

						
							
							Unit

						
					

					
							
							Germination percentage

						
							
							G.P %

						
							
							%

						
					

					
							
							Root length (cm)

						
							
							R.L

						
							
							cm

						
					

					
							
							Shoot length (cm)

						
							
							S.L

						
							
							cm

						
					

					
							
							Coleoptile length (cm)

						
							
							C.L

						
							
							cm

						
					

					
							
							Days to 50% heading

						
							
							D.O.H 50%

						
							
							Days

						
					

					
							
							No. of tillers/ m2

						
							
							NoT

						
							
							m-2

						
					

					
							
							Plant height

						
							
							P.H

						
							
							cm

						
					

					
							
							Nodes per stem

						
							
							NPS

						
							
							No.

						
					

					
							
							Thousand grain weight

						
							
							1000 G.W

						
							
							g

						
					

					
							
							Grain per spike

						
							
							GPS

						
							
							No.

						
					

					
							
							Days to maturity

						
							
							D.O.M

						
							
							Days

						
					

					
							
							Grain yield

						
							
							G.Y

						
							
							Kg ha-1

						
					

				
			

			Germination percentage

			Counting was made after first seedling emergence, and computed by the equation/ formula given below, derived by Smith and Millet (1964).
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			Root length (cm)

			Root length was measured after 2 weeks of seed germination with a ruler and average was computed for statistical analysis.

			Shoot length (cm)

			Shoot length was measured after 2 weeks of seed germination by using a scale and the mean was worked out.

			Coleoptile length (cm)

			Coleoptile length was noted after attaining the maximum length as indicated by the emergence of primary leaf from the coleoptile. Coleoptile length was measured by the scale and mean was computed. 

			Days to 50% heading

			Days to 50% Heading (A stage when panicle appeared subsequently the unfolding of the flag leaf) were documented from the sowing date to the date of 50% heading (Muller, 1991).

			No. of tillers m-2

			Number of tillers were counted from the m2 area at the time of maturity.

			Plant height (cm)

			The plant height was measured from ground level to the top of the spike termination node at harvest through measuring tape in centimeters.

			Nodes per stem

			Number of nodes were counted prior to maturity.

			1000 grain weight (g)

			The thousand grain weight was measured by separately harvesting threshing each plot. The grains were counted by using an electronic seed counter and weight of 1000 seeds sampled from each plot was measured using a sensitive weighing balance of precision 0.001 g. The 1000 grain weight was recorded after the grain moisture content was adjusted to 12.5%.

			 

			Number of grains per spike

			It was counted ten times from randomly selected spikes of ten arbitrarily selected plants per net plot at the time of harvesting and was averaged to per spike basis. Subsequently, spikes had been totaled from each plot and threshed to obtain the number of grains per spike. The mean average value from ten plants was computed as number of grains per spike.

			Days to maturity

			Days to physiological maturity were jotted down as from when the crop was sown to the date of maturity (when about 90% of the wheat crop turned yellow).

			Grain yield

			Wheat bundles were harvested and threshed from each sub plot separately. Also, the average grain yield from each plot was recorded separately and then converted into kg per hectare after 12.5 percent grain moisture content was adjusted. 

			Results and Discussion

			The main attributes of wheat growth and yield studied in this experimental study were germination percentage, root length, shoot length, coleoptile length, days to 50 % heading, number of tillers, plant height, nodes per stem, thousand grain weight, grain per spike, days to maturity and grain yield of three diverse genotypes. Samples of these yield traits were studied at four different level of seed rates. The results were computed for all treatments that exhibited significant and, in some cases, non-significant differences clearly representing wide range of expression for all the characters under study. To attain maximum yield returns and amenable quality in spring wheat varietal selection, seed rate and fertilizer management are main choices. Moreover, an interaction can occur among management aspects and new varieties that have varied morphological characters. Thus, selection of cultivar/ variety plays a pivotal role in influencing the economic yield and quality of wheat. All the genotypes in this experiment vary greatly in terms of grain yield and other agronomic traits. Our results affirm the findings of Otteson et al. (2008); who stated that the response of specific genotypes was affected by the varying seeding rates. The trait wise discussion is explained below:

			Germination percentage (%)

			The analysis of variance (Table 3) revealed that genotypes had non-significant (>0.05) effect on germination percentage contrarily, different seed rates had a significant effect on germination percentage (<0.05). It is evident from these results that plant population per plot remain statistically non-significant with respect to different genotypes under different treatments except seed rate. This clearly reflects that sowing of wheat was done under appropriately and uniformly in each treatment using viable and good grade seed to maintain better seed germination and crop stand. Whereas, the interactive influence of seeding rates and genotypes was found non-significant as shown in interaction plot (Figure 2). 

			Table 3: Growth and Yield related traits of different wheat genotypes averaged across seed rates evaluated at Barani Agricultural Research Station, Fatehjang during 2019-20.

			
				
					
					
					
					
					
				
				
					
							
							Plant traits

						
							
							Genotypes

						
							
							LSD value

						
					

					
							
							Fatehjang-2016

						
							
							Dharabi-11

						
							
							16FJ17

						
					

					
							
							G.P %

						
							
							77.500a

						
							
							72.917a

						
							
							75.417a

						
							
							6.1618ns

						
					

					
							
							R.L

						
							
							11.982b

						
							
							12.183b

						
							
							14.101a

						
							
							0.7493**

						
					

					
							
							S.L

						
							
							9.6667a

						
							
							8.6417b

						
							
							9.8092a

						
							
							0.6743**

						
					

					
							
							C.L

						
							
							3.3275a

						
							
							2.7742c

						
							
							3.1008b

						
							
							0.2093**

						
					

					
							
							D.O.H 50%

						
							
							1280.00a

						
							
							117.33b

						
							
							120.83b

						
							
							3.5492**

						
					

					
							
							NoT

						
							
							157.83c

						
							
							374.33a

						
							
							275.17b

						
							
							7.7970**

						
					

					
							
							P.H

						
							
							102.58a

						
							
							68.92c

						
							
							81.08b

						
							
							5.2408**

						
					

					
							
							NPS

						
							
							4.1667a

						
							
							3.0833b

						
							
							3.5000b

						
							
							0.6424**

						
					

					
							
							1000 G.W

						
							
							46.450a

						
							
							39.792c

						
							
							44.408b

						
							
							0.9417**

						
					

					
							
							GPS

						
							
							38.167a

						
							
							35.583b

						
							
							37.833a

						
							
							1.1920**

						
					

					
							
							D.O.M

						
							
							172.08a

						
							
							149.83c

						
							
							159.33b

						
							
							3.8637**

						
					

					
							
							G.Y

						
							
							3501.6a

						
							
							2836.3c

						
							
							3050.1b

						
							
							103.19**

						
					

				
			

			Note: * and ** are significant and highly significant at 0.05 and 0.01 probability level, respectively; NS = Non-significant.
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			Figure 2: Interactive effects of seed rate and genotypes on germination percentage.

			Although, it was non-significant still the genotype Fatehjang-2016 revealed maximum germination percentage at optimum seeding density of 120kg ha-1 (85 %), followed by 16FJ17 (80%) at same level of seeding density (Table 6). Conversely, Dharabi-11 showed lowest germination percentage (75%) proving that varying seed rates had a prominent effect on germination percentage (Table 4). The analyzed data clearly represents that germination percentage decreased with an increment in seeding density of 80, 100, 120 and 140 kg ha-1 as elucidated by (Geleta, 2017). He also found the highest mean value for germination percentage at the seeding density of 125 kg ha-1 whilst lowest mean value was observed at a higher seed rate of 200 kg ha-1. The findings of Yadav and Dhanai (2017) revealed that maximum germination percentage was obtained at a seeding level of 100 kg ha-1 in contrast to our findings we have observed a greater germination percentage at 120 kg ha-1 in all three genotypes of wheat under study. Our results are conformity with findings of Satyanarayana (2015) who also observed an increase in germination percentage with an increment in seed rate and nitrogen levels applied. He also revealed that germination percentage was greatly affected by the varied seed rates applied. Our results corroborate with the findings of (Abboye et al., 2020) who also found a highly significant effect of plant population on seed germination percentage. Our findings are marginally similar with the results of (Rai et al., 2018) who also stated that a higher germination percentage with an increase in seed rate. But our study reveals best germination percentage at 120 kg ha-1 however they reported highest germination percentage at 150 kg ha-1. The trend is quite similar but an increment in seeding density up to an optimum level shows maximum germination percentage whereas, at 140 kg ha-1 planting density the germination percentage is at par with that of 120 kg ha-1 Table 5. This divulges that farmer should practice an optimum seeding density for wheat plantation rather than high seed rates that will ultimately increase the net cost. Farmers while using poor grade seed of low viability can practice more seed rates to enhance plant population m-2.

			Table 4: Growth and Yield related traits of wheat as affected by various seed rated averaged across genotypes evaluated at Barani Agricultural Research Station, Fatehjang during 2019-20.

			
				
					
					
					
					
					
					
				
				
					
							
							Plant traits

						
							
							Seed rates (kg ha-1)

						
							
							LSD value

						
					

					
							
							80 kg ha-1

						
							
							100 kg ha-1

						
							
							120 kg ha-1

						
							
							140 kg ha-1

						
					

					
							
							G.P %

						
							
							70.556 c

						
							
							77.778ab

						
							
							80.00 a

						
							
							72.778bc

						
							
							7.1151*

						
					

					
							
							R.L

						
							
							11.520a

						
							
							12.457b

						
							
							15.640a

						
							
							11.404c

						
							
							0.8652**

						
					

					
							
							S.L

						
							
							7.886 d

						
							
							9.890b

						
							
							10.900 a

						
							
							8.814 c

						
							
							0.7786**

						
					

					
							
							C.L

						
							
							2.9444bc

						
							
							3.0633 b

						
							
							3.4878 a

						
							
							2.7744 c

						
							
							0.2417**

						
					

					
							
							D.O.H 50%

						
							
							120.44a

						
							
							120.22a

						
							
							123.33a

						
							
							124.22a

						
							
							4.0983ns

						
					

					
							
							NoT

						
							
							237.22c

						
							
							273.56b

						
							
							296.89 a

						
							
							268.78 b

						
							
							9.0032**

						
					

					
							
							P.H

						
							
							81.778b

						
							
							84.889ab

						
							
							89.889a

						
							
							80.222b

						
							
							6.0515ns

						
					

					
							
							NPS

						
							
							3.1111b

						
							
							3.6667 b

						
							
							4.4444 a0

						
							
							3.1111b

						
							
							0.7418**

						
					

					
							
							1000 G.W

						
							
							41.822c

						
							
							44.378b

						
							
							46.467a

						
							
							41.533c

						
							
							1.0874**

						
					

					
							
							GPS

						
							
							34.778c

						
							
							36.778b

						
							
							39.667a

						
							
							37.556b

						
							
							1.3765**

						
					

					
							
							D.O.M

						
							
							158.56b

						
							
							160.22b

						
							
							157.78b

						
							
							165.11a

						
							
							4.4615**

						
					

					
							
							G.Y

						
							
							2936.9c

						
							
							3133.4b

						
							
							3280.0a

						
							
							3166.9ab

						
							
							119.16**

						
					

				
			

			Values of LSD within a row are shown in parentheses for each trait is significant/ highly significant at (P≤0.05).

			Table 5: Interactive effect of seed rate and genotypes on growth and yield related traits evaluated at Barani Agricultural Research Station, Fatehjang during 2019-20.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Plant traits

						
							
							Wheat genotypes

						
							
							LSD value

						
					

					
							
							FJ-16

						
							
							Dharabi-11

						
							
							16FJ17

						
							
							FJ-16

						
							
							Dharabi-11

						
							
							16FJ17

						
							
							FJ-16

						
							
							Dharabi-11

						
							
							16FJ17

						
							
							FJ-16

						
							
							Dharabi-11

						
							
							16FJ17

						
					

					
							
							Seed rates

						
					

					
							
							80 kg ha-1

						
							
							100 kg ha-1

						
							
							120 kg ha-1

						
							
							140 kg ha-1

						
					

					
							
							G.P %

						
							
							71.667b

						
							
							71.667b

						
							
							71.667b

						
							
							78.33ab

						
							
							78.33ab

						
							
							76.667ab

						
							
							85.00a

						
							
							75.00ab

						
							
							80.00ab

						
							
							75.00ab

						
							
							70.00b

						
							
							73.33ab

						
							
							(12.324)

						
					

					
							
							R.L

						
							
							11.160cd

						
							
							12.413c

						
							
							10.987cd

						
							
							11.543cd

						
							
							14.487b

						
							
							11.340cd

						
							
							14.350b

						
							
							17.640a

						
							
							14.930b

						
							
							10.873d

						
							
							11.863cd

						
							
							11.477cd

						
							
							(1.4985)

						
					

					
							
							S.L

						
							
							7.683de

						
							
							7.270e

						
							
							8.703cd

						
							
							10.710ab

						
							
							8.520cde

						
							
							10.440ab

						
							
							11.570a

						
							
							10.573ab

						
							
							10.557ab

						
							
							8.703cd

						
							
							8.203cde

						
							
							9.537bc

						
							
							(1.3485)

						
					

					
							
							C.L

						
							
							3.0267cd

						
							
							2.6733de

						
							
							3.133bc

						
							
							3.18bc

						
							
							2.826cde

						
							
							3.18bc

						
							
							3.9767a

						
							
							2.976cde

						
							
							3.510b

						
							
							3.1267bc

						
							
							2.620de

						
							
							2.5767e

						
							
							(0.4186)

						
					

					
							
							D.O.H 50%

						
							
							124.67bc

						
							
							116.00d

						
							
							120.67cd

						
							
							124.67bc

						
							
							117.00d

						
							
							119.00cd

						
							
							130.33ab

						
							
							118.00cd

						
							
							121.67cd

						
							
							132.33a

						
							
							118.33cd

						
							
							122.00cd

						
							
							(7.0984)

						
					

					
							
							NoT

						
							
							151.33i

						
							
							334.33c

						
							
							226.00g

						
							
							156.33hi

						
							
							374.33b

						
							
							290.00e

						
							
							168.00h

						
							
							405.67a

						
							
							317.00d

						
							
							155.67hi

						
							
							383.00b

						
							
							267.67f

						
							
							(15.594)

						
					

					
							
							P.H

						
							
							102.33ab

						
							
							65.00f

						
							
							78.00de

						
							
							101.33ab

						
							
							71.67ef

						
							
							81.67de

						
							
							110.0 a

						
							
							73.33ef

						
							
							86.33cd

						
							
							96.67bc

						
							
							65.67f

						
							
							78.33de

						
							
							(10.482)

						
					

					
							
							NPS

						
							
							3.66bc

						
							
							2.33d

						
							
							3.33bcd

						
							
							4.00ab

						
							
							3.33bcd

						
							
							3.66bc

						
							
							5.00a

						
							
							4.00ab

						
							
							4.33ab

						
							
							4.00ab

						
							
							2.66cd

						
							
							2.66cd

						
							
							(1.2849)

						
					

					
							
							1000 G.W

						
							
							45.33c

						
							
							37.50f

						
							
							42.63d

						
							
							47.36b

						
							
							40.50e

						
							
							45.26c

						
							
							49.533a

						
							
							42.56d

						
							
							47.30b

						
							
							43.56cd

						
							
							38.60f

						
							
							42.50d

						
							
							(1.8835)

						
					

					
							
							GPS

						
							
							35.00d

						
							
							33.66d

						
							
							35.66cd

						
							
							38.00bc

						
							
							34.66d

						
							
							37.66bc

						
							
							41.00a

						
							
							38.00bc

						
							
							40.00ab

						
							
							38.66ab

						
							
							36.00cd

						
							
							38.00bc

						
							
							(2.3841)

						
					

					
							
							D.O.M

						
							
							168.00bc

						
							
							146.00f

						
							
							161.67cd

						
							
							170.33ab

						
							
							149.00ef

						
							
							161.33cd

						
							
							172.67ab

						
							
							147.67f

						
							
							153.00ef

						
							
							177.33a

						
							
							156.67de

						
							
							161.33cd

						
							
							(7.7275)

						
					

					
							
							G.Y

						
							
							3250.3cd

						
							
							2751.7f

						
							
							2802.7f

						
							
							3443.0bc

						
							
							2848.7f

						
							
							3108.7de

						
							
							3755.7a

						
							
							2931.7ef

						
							
							3152.7d

						
							
							3557.3ab

						
							
							2813.0f

						
							
							3130.3de

						
							
							(206.38)

						
					

				
			

			Values of LSD within a row are shown in parentheses for each trait is not significant at (P≤0.05).

			Table 6: Analysis of variance for the wheat growth and yield traits as affected by seed rate, genotype and their interactions for the field experiments conducted in 2019-20.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Source of variation

							(SoV)

						
							
							D.F

						
							
							G.P

						
							
							R.L

						
							
							S.L

						
							
							C.L

						
							
							D.O.H 50 %

						
							
							NoT

						
							
							P.H

						
							
							NPS

						
							
							1000 G.W

						
							
							GPS

						
							
							D.O.M

						
							
							G.Y

						
					

					
							
							Mean square

						
					

					
							
							Rep

						
							
							2

						
							
							0.694ns

						
							
							4.076ns

						
							
							0.7927ns

						
							
							0.0189ns

						
							
							9.028ns

						
							
							176ns

						
							
							15.53ns

						
							
							0.333ns

						
							
							1.158ns

						
							
							1.861ns

						
							
							10.58ns

						
							
							20133ns

						
					

					
							
							Genotypes

						
							
							2

						
							
							63.194ns

						
							
							16.416**

						
							
							4.868**

						
							
							0.9285**

						
							
							354.778**

						
							
							14094**

						
							
							3487.44**

						
							
							3.5833**

						
							
							48.733**

						
							
							23.694**

						
							
							1495.75**

						
							
							1384491**

						
					

					
							
							Seed Rate

						
							
							3

						
							
							171.296*

						
							
							35.284**

						
							
							15.370**

						
							
							0.8330**

						
							
							36.852ns

						
							
							5425**

						
							
							163.58**

						
							
							3.5833**

						
							
							139.631**

						
							
							36.768**

						
							
							97.51**

						
							
							183488**

						
					

					
							
							Seed rate × Genotype interaction

						
							
							6

						
							
							15.046ns

						
							
							1.567ns

						
							
							1.1380ns

						
							
							0.1343ns

						
							
							9.185ns

						
							
							914**

						
							
							13.00ns

						
							
							0.2500ns

						
							
							1.099ns

						
							
							0.768ns

						
							
							35.23ns

						
							
							23184ns

						
					

					
							
							Error

						
							
							22

						
							
							52.967

						
							
							0.783

						
							
							0.634

						
							
							0.06112

						
							
							17.573

						
							
							85

						
							
							38.32

						
							
							0.5757

						
							
							1.237

						
							
							1.982

						
							
							20.83

						
							
							14855

						
					

					
							
							C.V

						
							
							35

						
							
							9.67

						
							
							6.94

						
							
							8.50

						
							
							8.06

						
							
							3.43

						
							
							3.42

						
							
							7.35

						
							
							9.18

						
							
							2.55

						
							
							3.79

						
							
							2.84

						
							
							3.89

						
					

				
			

			Note: * and ** are significant and highly significant at 0.05 and 0.01 probability level, respectively; NS = Non-significant.

			Present study also revealed that germination percentage has a direct relation to the plant population and ground cover, so it proves to be a crucial factor with significant impact on growth and economic yield of wheat. It is recommended to use viable seeds with excellent grade and size for each variety to enhance the germination percentage (Nik et al., 2011). For genotypes with low viability and poor grade seed, a higher than normal seed rate is usually recommended to compensate the plant population m-2 thereby promising a good economic return. It is commonly observed around the study area that farmers are now more inclined to purchase seed of novel varieties that are more adaptable to the Barani environment and have enhanced seed viability and quality (own observation). This practice has visibly improved the yield potential of wheat growers of Barani tract as well as rest of the country. Present year wheat crop recorded a high production of 27.293 million tonnes exhibiting an upsurge of 8.1 percent over last year production of 25.248 million tonnes. This was fundamentally due to a shift of agricultural policies providing farmers with an increase in minimum support price and a surge in area under cultivation (Economic Survey of Pakistan, 2020-21).

			Root length

			Interactive effect of seeding rates and genotypes was non-significant on root length (Table 6) however, the individual effect of seed rate on root length of various genotypes was highly significant (Figure 3). The data clearly reflects that Dharabi-11 exceeds in root length (17.64 cm) at 120kg ha-1 of seeding density. However, the root length of Fatehjang-2016 and 16FJ17 were 14.350 cm and 14.93 cm, respectively at the same seeding rate (Table 4). However, lower planting density of 100 kg ha-1 (11.543cm, 14.48 cm 11.340 cm) exhibited more root length in all three genotypes than greater seeding density of 140 kg ha-1 (10.873 cm, 11.863 cm, 11.477 cm). This clearly reflects that an optimum seeding density of 100 to 120 kg ha-1 can result in more root length than higher seed rates (Table 5). An optimal seeding level of 100 kg ha-1 will result in an ideal level of plant population m-2 that will limit the intra-plant competition for nutrients uptake. Our findings corroborate with the results of (Nik et al., 2011) who also found an enhanced root length of good grade seed at 120 kg ha-1 planting density. He also reported that seed with good size had more vigor and produced more shoot, root and coleoptile length with excellent utilization of seed reserves. Similar results were reported by (Geleta, 2017) who also reported maximum seedling root length at seeding density of 125 kg ha-1 whereas the shortest root length was observed at 200 kg ha-1 planting density. These findings show a similar trend that an optimal increase in seed rate results in enhanced root length however, an excessive planting density can negatively affect root length.
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			Figure 3: Interactive effects of seed rate and genotypes on root length.

			Shoot length

			Shoot length of three different wheat genotypes was studied at four different regimes of sowing density. i.e., 80, 100, 120 and 140 kg ha-1 as shown in Table 6 which clearly reflects a highly significant difference in the mean values. Fatehjang-2016 revealed maximum shoot length (11.57 cm) at 125 kg ha-1 seeding density. The shoot length of Dharabi-11 (10.573 cm) was at par with 16FJ17 (10.557 cm) at the same seeding level (Table 4). It is shown that the shoot length decline with the increasing seeding density as revealed by analysis of variance. Contrarily, planting density of 100 kg ha-1 (8.70 cm, 10.71 cm, 8.52 cm) revealed more shoot length than higher planting density of 140 kg ha-1 (8.70 cm, 8.20 cm, 9.53 cm) although lesser than 120 kg ha-1 altogether (Table 5). Parallel conclusions were found by (Geleta, 2017) who also reported greater shoot length at an optimum seed rate of 125 kg ha-1 while the minimum shoot length was revealed at higher seeding density of 200 kg ha-1. This disparity among shoot length may be due to lesser plant population at lower seed rate with minimum competition for nutrients, space, and sunlight. However, Yadav and Dhanai (2017) reported different results finding maximum shoot length at greater seeding density of 150 kg ha-1 but found a significantly higher shoot length in 125 kg ha-1 than 100 kg ha-1. This might be owing to the change in agronomic practices and fertilizer level used, clearly reflecting that shoot length is significantly affected by the factors like genotype, seed rate, agronomic practices and fertilizer level. The interaction of seed rate and genotype on shoot length was non-significant as elucidated in interaction plot (Figure 4).
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			Figure 4: Interactive effects of seed rate and genotypes on shoot length.

			Coleoptile length

			A clear difference was observed in coleoptile length at planting density of 125 kg ha-1 among all genotypes in study (Table 5). Among all, Fatehjang-2016 excelled in coleoptile length standing at 3.97 cm. However, 16FJ17 had more coleoptile length than Dharabi-11. It is evident from the results stated in Table 4 that Seed rate and genotype had a substantial impact on coleoptile length, but the interaction between the two parameters was not significant (Table 6). Parallel findings were stated by (Nik et al., 2011) in wheat who concluded that coleoptile length was influenced by genotype and seed size. Likewise, Shahryari et al. (2008) also found that there were substantial variations in coleoptile length between wheat genotypes. The interaction of genotype and seed rate for coleoptile length are elucidated in the interaction plot (Figure 5).
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			Figure 5: Interactive effects of seed rate and genotypes on coleoptile length.

			Days to 50% heading

			Crop phenological events such as days to 50 % heading were substantially influenced by the genotype studied however seed rate affect was non-significant (Table 3). At seeding density of 120 kg ha-1, Fatehjang-2016 had the highest number of days to 50% heading (130 days), compared to Dharabi-11 (118 days) and 16FJ17 (121 days). Whereas, lower planting density of 100 kg ha-1 revealed an early 50% anthesis data in all three genotypes (124, 117 and 119 days) respectively (Table 6). In contrast, days to 50 % anthesis were increased in wheat grown at higher planting density of 150 kg ha-1 (Table 5). It is desired to have an early anthesis (130 days) as it will ultimately lead to an early maturity; also, a desired factor while considering the climate of Barani areas. As clearly reflected from the rainfall and average temperature graph Figure 1 that winter monsoon happens during the first few months of the year. This precipitation can eventually assist in plant growth at anthesis stage which is a critical growth stage as mentioned by (Basavaraddi et al., 2021). Our findings corroborate to those of (Abboye et al., 2020) they also stated that the seeding rate had no influence on days to 50% heading. But diverse genotypes respond differently to various seeding densities. This significant response might be attributed to the genetic variation among various genotypes (Table 4).
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			Figure 6: Interactive effects of seed rate and genotypes on Days to 50% heading.

			The data of seed rate and genotype interaction exhibited a non-significant response as explained in interaction plot (Figure 6). On contrary, Forward et al. (2019) found a significant interaction between seed rate and genotype pertaining to days to 50 % anthesis. They reported that days to 50% heading decreased with the increase in seeding density. Another research by Iqbal et al. (2010) revealed the results of heading affected by different seeding regimes. Wheat crop with early days to 50% heading have an increased risk of frost damage whereas crop that exhibits delayed heading have more risk of high temperature and water deficit. These factors can ultimately affect the grain formation and grain-filling stage of wheat (Forward et al., 2019).

			Number of tillers m-2

			In bread wheat tillering capacity is one of the most primary components that determines the yielding ability of any genotype. It is of significant agronomic importance because it has the capacity to compensate for differences in plant population across unoccupied spaces (Adhena, 2018). Highly significant results were found in terms of number of tillers among seed rate and genotypes (Table 3). Our results found a highly significant effect of planting density on tillering ability of all three genotypes. Highest number of tillers were found in Dharabi-11 (405 tillers/m-2) at 120 kg ha-1. However, Fatehjang-2016 produced lowest number of tillers (168 tillers m-2) at the same seeding density. 16FJ17 excelled in tillering ability from Fatehjang-2016 with 317 tillers m-2 at 120 kg ha-1 planting density (Table 6). This difference in tillering ability can be attributed to variation in genetic makeup of studied genotypes also the average spaces available per plant (Abboye et al., 2020). As indicated in the interaction plot, the interactive effect of seed rate and genotype on the number of tillers was non-significant (Figure 7). It is evident from the results that number of tillers improved with increased seed rates but upto an optimum level of 120 kg ha-1 as found by Tahir et al. (2019) (Table 5). Our findings are similar to the results of (Adhena, 2018), who also reported highest number of fertile tillers from 125 kg ha-1 planting density as compared to greater seeding density of 150 kg ha-1. Likewise, Harishankar et al. (2017), and Ayalew (2017) reported a higher number of fertile tillers at an optimum seeding density of 125 kg ha-1 in comparison to greater seeding densities of 150 and 175 kg ha-1. Naveed et al. (2016)  also found a similar rise in the number of tillers with an increase in seed rate, i.e., 287 tillers m-2 at 140 kg ha-1.
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			Figure 7: Interactive effects of seed rate and genotypes on number of tillers.

			Our findings contradict to those of (Chauhdary et al., 2015), who concluded that tillering capacity enhances with increased planting density in wheat. Similarly, Mekonnen (2017) also reported a higher number of tillers m-2 at 150 kg ha-1 seeding density. Tigabu and Asfaw (2016) found that lower seed densities of 75 and 100 kg ha-1 resulted in more fertile tillers, but higher seed rates of 125 and 150 kg ha-1 resulted in a smaller number of fertile tillers. These results clearly reflect that the number of tillers decreased with a higher seeding density. At increasing plant populations, this could be owing to increased intra-plant competition for nutrients, moisture, space, and light. Matsuyama and Ookawa (2020) also reported that with decreasing seed rate number of tillers also decreased. Likewise, Chauhdary et al. (2015) found a greater number of tillers (297.94 tillers m-2) at 160 kg ha-1 and lowest count for tillers (264.17 tillers m-2) were noticed at 100 kg ha-1. Our findings contradict the conclusions of (Al-Dahi and Al-Taweel, 2021), who said that a high seed rate of 300m-2 produced a greater number of tillers (396.06) however, lowest number of tillers (309.89 tillers m-2) were produced at seeding density of 20 m-2.

			Plant height

			Plant height is primarily influenced by the genotype’s genetic makeup and environmental conditions (Shahzad et al., 2007; Tigabu and Asfaw, 2016). According to the analysis of variance the main influence of genotype and seeding density was statistically (P < 0.05) different in response to plant height (Table 3). Fatehjang-2016 exhibited maximum plant height (110 cm) at planting density of 120 kg ha-1. Whilst 16FJ17 and Dharabi-11 revealed minimum plant height (86.33 and 73.33 cm) at same planting density (Table 6). On the other hand, in response to plant height the interaction effect of seed rate and genotype was non-significant (Figure 8). Stature of the wheat crop is primarily influenced by the genetic makeup of a genotype and environmental conditions (Forward et al., 2019). They also reported that plant height slightly increases with the seed rate but to up to an optimum level of seeding density. As with the higher seed rate plant population m-2 also increases thereby restricting plant food resources. Our findings are in agreement with those of (Basir et al., 2018), who also discovered a non-significant effect of seed rates on plant height. Rossini et al. (2020); also revealed the similar findings stating that genotype and environmental factors have a significant influence on plant height. His results were in contradiction with our findings revealing a high seeding density of 350 m-2 producing higher plants than lower seeding density of 250 m-2. Woldekiros (2020) revealed somewhat dissimilar results exhibiting an increase in plant height with higher seed rate. At a seed rate of 175 kg ha-1, maximum plant height was attained, while at a seed rate of 100 kg ha-1, shorter plant height was observed (Table 5). This might be due to more ground cover at higher plant population increasing an interspecific competition for sunlight absorption. On the contrary, our results disclose less impact of seed rate on genotype for plant height illustrating that genetic makeup of different genotypes determine their plant height in wheat. Likewise, Babu et al. (2017) also reported that maximum plant height was obtained at 150 kg ha-1 seeding density and minimum at 125 kg ha-1. Adhena (2018) revealed higher plant height at 200 kg ha-1 followed by 150 kg ha-1 seeding density. Also, Chauhdary et al. (2015) revealed non-significant difference of various sowing regimes (100, 130 and 160 kg ha-1) on wheat revealing similar plant height (91 cm). Contrarily, Twizerimana et al. (2020) found highly significant influence of seed rate on plant height. He also indicated that at a greater seed rate of 225 kg ha-1, maximum plant height was observed, while the lowest plant height was reported at 112.5 kg ha-1. This clearly illustrates the trend of higher plant height with higher seed rate in contestation with our findings where plant height was evidently influenced by genotype more than seeding density. Furthermore, Tigabu and Afaw (2016) reported diverse results revealing statistically significant impact of various seeding densities on plant height. They found maximum plant height (83.87 cm) at 75 kg ha-1 followed by 100 kg ha-1 with 79.72 cm plant height. Their findings reveal that an increment in seeding density decreased plant height.

			[image: Chart, line chartDescription automatically generated]

			Figure 8: Interactive effects of seed rate and genotypes on plant height.

			Nodes per stem

			According to the analysis of variance, seed rate and genotype both showed a highly significant (P < 0.01) effect on nodes per stem (Table 3). Highest number of nodes per stem (5 NPS) were found inn Fatehjang-2016 at seeding density of 120 kg ha-1. However, Dharabi and 16FJ17 had (4 and 4.33 NPS) at the same seeding level (Table 6). Data revealed that nodes per stem increased with the increment in seed rate up to an optimal level of 120 kg ha-1 but it declined at 140 kg ha-1 (Table 5) (Woldekiros, 2020) reported that higher seed rate result in taller plants with more nodes per stem and increased intermodal length with reduced stem thickness hence more prone to lodging. Taller plants with more nodes per stem and denser plant population heightened intra plant competition. Our results are comparable with the conclusion of (Leghari et al., 2011) who also established that 125 kg ha-1 panting density yielded a greater number of shorter nodes per stem (5.3) with enhanced plant height. However, he also reported similar number of nodes per stem (5.3) at 150 kg ha-1 which are slightly divergent from our findings.

			Otteson et al. (2008) and Forward et al. (2019) also concluded that greater planting density and poor light penetration had a direct influence on plat height and intermodal length. Thereby affirming the fact that more plant height results in a greater number of nodes per stem. The interaction of seed rate and genotype on nodes per stem was found non-significant as elucidated by interaction plot (Figure 9).
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			Figure 9: Interactive effects of seed rate and genotypes on nodes per stem.

			1000 grain weight

			Thousand grain weight is a significant yield determining feature that is said to be impacted by genetic constitution of a plant therefore less affected by environmental factors (Geleta, 2017). Different seed rate had significantly affected thousand grain weight in all genotypes. Fathejang-2016 exceeded in thousand grain weight among all genotypes understudy revealing 49.533g at 120 kg ha-1 planting density (Table 6). At 120 kg ha-1 planting density, 16FJ17 generated a greater thousand grain weight (47.30 g), which is comparable to Fatehjang-2016. However, lowest thousand grain weight (42.56 g) was revealed by Dharabi-11 at the same seeding density (Table 4). A gradual increase in 1000 grain weight has been observed in all genotypes with the increment in seeding density but up to 120 kg ha-1. Higher seeding density of 140 kg ha-1 revealed lesser 1000 grain weight (43.56g, 38.60 g and 42.5 g) that is at par with the grain weight produced at 80 kg ha-1 (45.33g, 37.5 g and 42.63 g) in all three genotypes respectively (Table 5). 

			 

			Thousand kernel weight is an important quality parameter that determines grain yield and generally controlled by the genetic makeup of given genotype (Abboye et al., 2020). They also reported similar results with highly significant effect of genotypes on thousand kernel weight. However, he revealed that seed rate had no effect on the yield attribute. Our results contest with their findings stating that thousand kernel weight decreased by increasing seeding densities thus reducing plant population m-2 and interspecific competition with more photosynthesis available for grain filling ultimately enhancing thousand grain weight. Similarly, Woldekiros (2020) reported higher value for thousand kernel weight at lower seed rates. Likewise, Yadav and Dhanai (2017), reported same results with greater thousand seed weight (43 g) at 100 kg ha-1 and lowest (41 g) at 125 and 150 kg ha-1 respectively. Also Basir et al. (2018) reported that seed rate of 90 kg ha-1 revealed greater thousand grain weight in in comparison to 140 kg ha-1 that revealed lowest value for thousand grain weight in wheat. 

			However, our results corroborate with the conclusions of (Tahir et al., 2019) who also described greater thousand grain weight (35 g) at 100 and 125 kg ha-1 with statistically comparable results. However, lowest grain weight (33 g) was found at 175 kg ha-1 and 150 kg ha-1. Abboye and Teto (2020) also reported marginally similar results revealing high value for thousand kernel weight at 125 and 150 kg ha-1 in different genotypes. Although, wheat quality and higher kernel weight were not influenced by the higher seed rates. Twizerimana et al. (2020) reported somewhat similar results stating higher thousand kernel weight at 112.5 kg ha-1 while the lesser value was noticed in 187.5 kg ha-1. Al-Dahi and Al-Taweel (2021) reported a statistically significant effect of genotype and non-significant effect of seed rates on thousand kernel weight. Our findings are somewhat similar with the conclusions of (Chauhdary et al., 2015) who noticed heaviest thousand kernel weight at 100 kg ha-1 and lightest at 160 kg ha-1. The key is to find an optimum plant density with uniform distribution and efficient utilization of available resources. Higher plant population may produce fewer kernels per head and lower seed weight (Forward et al., 2019). Our conclusions affirm the results of (Babu et al., 2017) who revealed a higher thousand grain weight at 125 kg ha-1 seeding density that is substantially greater than grain weight produced at 150 and 100 kg ha-1. Interaction plot is elucidated in Figure 10 revealing non-significant interaction for 1000 grain weight among genotypes and seed rates. 
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			Figure 10: Interactive effects of seed rate and genotypes on 1000 grain weight.

			Number of grains per spike

			The number of grains per spike is an important factor in influencing wheat production in terms of yield. The analysis of variance reveals a highly significant influence of seed rate and genotype on number of grains per spike (Table 3). A greater value for grains number per spike (41) was observed in Fatehjang-2016 that is at par with 16FJ17 (40) at 120 kg ha-1 seeding density followed by Dharabi-11 with 38 grains per spike at same seeding level (Table 6). As indicated in the interaction plot, the interaction between seed rate and genotype was not significant (Figure 11). An increment in seed rates revealed higher number of grains per spike but up to an optimum level of 125 kg ha-1. The data reveals slightly similar response of varieties at 100 and 150 kg ha-1 seeding density revealing that higher seed rates negatively affect this trait (Table 5). Shah et al. (2016) also reported parallel results observing a significant impact of seed rates on grains per spike. They also reported that highest number of grains per spike were achieved at 120 kg ha-1 seeding level. However, lowest grain per spike was obtained at 60 kg ha-1. Our conclusions are in consonance with the results of (Yadav and Dhanai, 2017) who also reported a greater value for grains per spike at 100 and 125 kg ha-1 in contrast to 150 kg ha-1. Tahir at al. (2019) observed similar results, finding a higher number of grains per spike at 125 kg ha-1 seeding density, while the lowest number of grains per spike was reported at 175 kg ha-1, following the same trend as this study. Our conclusions are in full agreement with the results of (Basir et al., 2018) they also stated greater value for grains per spike at 120 kg ha-1 seeding rate when sown early (November 5). Marginally similar findings were described by (Akhter et al., 2017) who also observed an increase in grain number per spike as seed rate increased. They also revealed greater value of grains per spike at 140 kg ha-1, which is statistically comparable to the number of grains found at 120 kg ha-1. Twizerimana et al. (2020) observed slightly similar results, with the largest kernel per spike at 112.5 kg ha-1 seed rate and the lowest at 225 kg ha-1 seed rate. 
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			Figure 11: Interactive effects of seed rate and genotypes on grain per spike.
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			Figure 12: Interactive effects of seed rate and genotypes on days to maturity.

			Contrarily, highest number of grains per spike were reported by (Woldekiros, 2020) at 100 kg ha-1 seeding level whereas the lowest kernel number was recorded at 175 kg ha-1. Also, Abboye et al. (2020) revealed an increase in kernel per spike as seed rate increased may be due to more plant population per m-2 and a greater number of spikes and spikelet. But he also reported a decline in kernel number per spike with increasing seed size. Our study is in conflict with the findings of (Tigabu and Asfaw, 2016) who stated non-significant influence of seeding density on kernel per spike. Likewise, in terms of grain number per spikelet, (Matsuyama and Ookawa, 2020) found a substantial relationship between seed rate and cultivars. Where grain number achieved was 5% higher at seeding density of 60 seed m-2 contrary to 180 seeds m-2. Our results contest with the findings of (Al-Dahi and Al-Taweel, 2021) who as well stated that higher kernel number per spike was recorded at 200 seed m-2 level of seeding density however lowest was found at 250 seed m-2. According to Chauhdary et al. (2015) a larger number of seed per spike was observed when sowed at a seed rate of 100 kg ha-1, while the lowest was found at a seeding density of 160 kg ha-1.

			Days to maturity

			With respect to days to maturity, analysis of variance exhibited a highly significant effect of seed rate and genotype (Table 3). However, interactive effect of seed rate and genotype was non-significant as shown in interaction plot (Figure 12). Highest value for days to maturity (172.67 days) was found in Fatehjang-2016 when sown at 120 kg ha-1 seeding density. However, lowest value for days to maturity (147.67 days) was found in Dharabi-11 at same seeding level (Table 4). 16FJ17 was stood at (153 days) at 120 kg ha-1 planting density. The data shown in Table 6 reveals that days to maturity increased with increasing seed rate which may be due to genetic makeup of the variety as well with the high plant density the intra plant competition increases for available resources. It is evident that an optimal raise in seed rate results in high days to maturity. Keeping in view the climate and weather conditions of the study area it can be seen that best crop harvesting time is after winter monsoon (April-May). Fatehjang-2016 took nearly 170 to 175 days to mature which is best time for harvesting and threshing. Abboye and Teto (2020), confirmed similar results, finding a highly significant influence of seed rate and genotype on days to maturity. Our results are in partial agreement with those of (Abboye et al., 2020) who also found a highly significant influence of genotype on days to maturity however seed rate affect was non-significant. Laghari et al. (2011) also reported that maximum number of days to maturity were revealed when sown at 125 kg ha-1 seeding level. He also found that with increasing seed rate the days to maturity increased.

			Grain yield 

			In wheat higher grain yield is an ultimate goal towards which all efforts are focused. Data of analysis of variance exhibit a highly significant influence of seed rate and genotype on grain yield (Table 3). At a seeding density of 120 kg ha-1, all genotypes produced better grain yields. However, maximum grain yield (3755.7 kg ha-1) was obtained in genotype Fatehjang-2016 when grown at 120 kg ha-1. Dharabi-11 (2931.7 kg ha-1) had the lowest grain yield at 120 kg ha-1, while 16FJ17 had 3152 kg ha-1 grain yield at the same planting density (Table 6). The interaction among genotype and seed rate was non-significant in terms of grain yield (Figure 13). Comparable results were reported by (Babu et al., 2017) who obtained highest grain yield at 125 kg ha-1 seeding density. Also, similar trend was observed by (Ayalew, 2017) stating decline in grain yield with increasing seed rate. He also concluded that 125 kg ha-1 seeding density produced higher grain yield while lowest at 175 kg ha-1. Our findings are in consonance with the results of (Al-Dahi and Al-Taweel, 2021) who also stated that highest grain yield was observed at seeding level of 250 seeds m-2 in all genotypes understudy. Abboye and Teto (2020) reported slightly similar results finding a significant influence of genotype on grain yield. Therefore, they recommended a variety specific seed rate owing seed size. For medium 125 kg ha-1 is an optimum seed rate. However, seeds with smaller size should be planted at a higher seeding density of 150 and 175 kg ha-1. Our findings are consistent with those of (Shah et al., 2016), who showed that the maximum grain yield (3460 kg ha-1) was obtained at 120 kg ha-1 seed rate, while the minimum grain yield was observed at 60 kg ha-1 seed rate. Our results affirm the findings of (Akhter et al., 2017) who also reported a maximum grain yield at 140 kg ha-1 while 120 kg ha-1 seeding density produced statistically comparable grain yield. Our arguments are further confirmed by (Basir et al., 2018) also stated that greater bio-yield and grain yields were highest at 120 kg ha-1 seed rate, and lowest at 140 kg ha-1 seeding density. The reason for statistically higher yields at 120 kgha-1 is due to maintenance of an optimum plant population therefore improving effective utilization of available nutrients, solar radiation and proper translocation of photosynthates to the sink. Quite similar findings were revealed by (Harishankar et al., 2017) who also obtained higher grain yield at 150 kg ha-1 which was statistically comparable with seed rate of 125 kg ha-1. Tahir et al. (2019) also found the best grain production at 125 kg ha-1 sowing level. Seed rate plays a fundamental role in wheat grain yield and quality. 

			[image: Chart, line chartDescription automatically generated]

			Figure 13: Interactive effects of seed rate and genotypes on grain yield.

			The present findings contrast from those of (Forward et al., 2019), who found that the major influence of seed rate on grain production was non-significant. They achieved higher grain yield at 32 g/plot i.e., less than 80 kg ha-1. Our findings contradict with those of (Adhena, 2018), who stated that the best grain yields were observed at 150 and 175 kg ha-1, whereas the lowest yields were observed at 125 kg ha-1. They found a 16% increase in yield when grown at 150 kg ha-1 over 125 kg ha-1. Our findings contradict with those of (Mekonnen, 2017), who reported the maximum grain output at 150 kg ha-1 and the lowest at 100 kg ha-1. Similarly, Chauhdary et al. (2015) found that seeding density of 160 kg ha-1 produced better grain production than seeding density of 100 kg ha-1. Abboye et al. (2020) found maximum grain yield at high seeding level of 300-400 seeds m-2 in different varieties. Our findings differ from those of (Woldekiros, 2020), who reported a maximum grain production of 150 kg ha-1, possibly due to increased plant density. Planting density greatly affects the yield associated traits in wheat (Zecevic et al., 2014). Our findings are in contrast with the study of (El-Hendawy, 2016) who reported that seed rate of 250-350 germinating seeds m-2 is recommended for maintaining a sufficient number of good and healthy spikes accompanied with ample yield and quality structure.

			Conclusions and Recommendations

			The findings of this research clearly reflect that the plantation of wheat (spring) in Barani Areas of Punjab Province with an optimum seed rate of 120 kg ha-1 results in higher yield index and quality, thereby enhancing the economic returns to the farmer with less expenditure on inputs. 

			In the light of research results the genotype Fatehjang-2016 performed best at seeding density of 120 kg/ha. It excelled in several growth and yield related attributes including germination percentage (85%), shoot length (11.57 cm), coleoptile length (3.97 cm), days to 50% heading (130 days), plant height (110 cm), nodes per stem (5.0), 1000 grain weight (49.53 g), grain per spike (41.0), days to maturity (172.67 days) and grain yield (3755 kg ha-1) from other genotypes. Therefore, an optimum seed rate of 120 kg/ha is highly recommended for obtaining enhanced yield in wheat genotype Fatehjang-2016 for Barani Areas.
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Abstract | Seed rate is one of the most pivotal factors that significantly impact grain quality and yield in wheat.
In wheat-based crop production system, it can be easily managed. An indiscrimination in seeding rate can lead
to higher production cost but will also result in decline of crop yield and quality. Hence, the present experiment
was designed to establish the optimal seeding density of three different wheat genotypes (Fatehjang-2016,
Dharabi-11 and 16F]J17) of the Barani Areas to attain maximum economic yield. The research experiment
was managed in split amidst the cropping season of Rabi 2019-20; one at the laboratory by growing three
diverse genotypes of wheat at four difterent levels of seeding densities in pots and the other at field area of
Barani Agricultural Research Station, Fateh Jang at four discrete levels of seeding density of 80, 100, 120
and 140 kg ha™; respectively. The experiment was laid down using a RCBD with three replication and four
treatments. Different seed rates and genotypes significantly aftected all plant traits except days to 50% heading,
plant height and germination percentage. Contrarily, the interactive effect of genotype and seeding rate on all
growth and yield attributes was found non-significant. Whereas, seeding density of 120 kg ha™ exhibited more
germination percentage (85 %), shoot length (11.57 c¢m), coleoptile length (3.97 ¢cm), days to 50% heading
(130), plant height (110 cm), nodes per stem (5.0), 1000 grain weight (49.53 g), grain per spike (41.0), days to
maturity (172.67) and grain yield (3755 kg ha™) in Fatehjang-2016. Whereas Dharabi-11 showed maximum
root length (17.64 cm) and tiller count (405.67 m™) at same level of seeding density. In contrast, 16FJ17 stood
second in all parameters except root length and number of tillers m™. The value for grain per spike (40.0) and
shoot length (10.55 c¢m) is at par with Fatehjang-2016 and Dharabi-11, respectively at 120 kg ha of seeding
level. It is evident from the results that wheat variety Fatehjang-2016 can eftectively be planted at an optimum
seed rate of 120 kg ha™ for general cultivation and better economic returns in Barani Areas of Pakistan,
provided all the agronomic and crop management practices must be kept optimum.
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