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			Abstract | Wheat is one of the important staple crops of the world. Its grain yield is affected by various factors including genotype and planting time. An experiment was conducted to study the yield performance of 10 different wheat advanced genotypes (PR-133, PR-135, PR-136, PR-137, PR-138, PR-139, PR-140, Khaista-17, Gulzar-19 and Pirsabak-19) at different sowing times of 15-days interval. A pooled analysis across the same environment revealed a significant difference (P ≥ 0.01) for all the parameters i.e., days to heading, days interval, plant height, flag leaf area, tillers m-2, spike length, spikelet spike-1, grain spike-1, thousand grain weight, grain yield and biological yield across three planting dates i.e., early, normal, and late respectively. Differences between wheat genotypes and genotype-environment interaction were also highly significant (P≥ 0.01) for studied traits, indicating that genotypes performed differently in three sowing times. Under early, normal and late planting, genotypes PR-138, PR-140 and Gulzar-19 had the highest grain yield respectively. PR-138 performed outstandingly across three sowing times for seed yield. Hence, it is concluded from the present study that delayed sowing progressively decreases the yield performance of the studied genotypes and the most suitable sowing time is from 15th October to 15th November.
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			Introduction

			Wheat (Triticum aestivum L.) is one of the major cereal crops and a staple food in cuisines all over the world. It is one of the primary sources of protein, carbohydrates, and essential minerals. The population is predicted to increase to almost 9 billion people by 2050, posing a serious threat to the massive global wheat production. However, wheat production is severely hampered by abiotic and biotic stressors (Kumar et al., 2014; Ali et al., 2018).

			 

			One of the limiting variables that lower yield, is the late planting of the wheat crop. Therefore, growing wheat crops at the right time is crucial to increase productivity and avoiding climate consequences brought on by changes. Through the use of novel, high-yielding, disease-resistant cultivars and by choosing the right planting date, several approaches can be used to increase wheat production. Wheat needs a specific temperature and amount of light to grow, thus winter is the best season to sow it. Plants will grow poorly if the temperature is over the ideal threshold early in the planting process (Anwar et al., 2015). When seeds are sown at the ideal temperature, plants grow more quickly and are more efficient at absorbing nutrients. On the other hand, delay sowing results in decreased crop growth and yield. Early sowing of wheat is to improve germination per unit area, plant height, spikelets/spike, grain/spike, and weight of 1000 grains compared to late sowing (Shah et al., 2006).

			Wheat is a temperate crop that can be damaged by extreme heat. Its various growth stages require various temperatures and under high temperatures, biochemical, physiological performance and yield are significantly impacted. Heat stress occurs when temperatures rise above 24 ℃ and get close to 30 ℃. Under crop’s exposure to heat during the anthesis and grain filling stages, resulting in a variety of structural and physiological changes in the crop plant, such as a decrease in the plant’s height, spike length, number of grains, and overall grain production (Dwivedi et al., 2017). New crop varieties developed by plant breeders/agronomists are usually tested for their yield performance and adaptability across environments to identify germplasm for target environments. Interaction due to genotype and environment refers to the differential ranking of the same set of genotypes across environments which complicates the selection process and recommendation of suitable genotypes for target environments. In the above circumstances, the present study was envisaged to evaluate the yield potential of different advanced wheat genotypes at various sowing timings and select the best genotypes for the late sowing season.

			Materials and Methods

			The field experiment was conducted on 6 sowing dates such as early: 15-30 Oct, normal: 1-20 Nov, and late: 21-10 Dec with 15 days of intervals. Ten advanced wheat genotypes were evaluated as independent in a randomized complete block design (RCBD) with three replicates. The experimental plot for every tested genotype was 2 meters long and comprised of four rows with row-row spacing of 30 cm and recommended doses of fertilizer of nitrogen phosphorus and potassium (NPK) was applied at the ratio of 120: 90: 60 Kg ha-1. All the agronomic practices were carried out uniformly during the growing season. All the data were recorded at appropriate times and procedures on days to heading, flag leaf (cm2), days to maturity, plant height (cm), fertile tillers per m2, ­­­­­spike length (cm), spikelets spike-1, grain spike-1, thousands of grains weight (g), biological yield (Kg ha-1), grain yield (Kg ha-1) and Harvest Index (HI). 

			Statistical analysis

			Data were recorded for all parameters on examined advanced wheat genotypes (8 PR lines and 2 checks), across three dates of sowing (Table 1), and were analyzed using SAS (Statistical Analysis System Software to get the effect of Genotype × Environment (G×E) interaction (Gomez and Gomez, 1984). Since G×E interaction was significant for important yield components, the data were independently analyzed for each sowing environment. The least significant test (LSD) was also estimated for the mean comparison of genotypes, environment and Genotype × Environment interaction.

			Results and Discussion

			Statistical analysis revealed that genotypes were significantly affected across three sowing times for the studied attributes (Table 2). Similarly, genotypes and genotype-environment interactions were also highly significant (P≥ 0.01), indicating that genotypes performed differently on different sowing dates (Table 2). The mean values ranged from 101.6 to 111. 5 for days to heading, 183.5 to 190.6 for maturity, 109.0 to 112.7cm for plant height, 117.2 to 136.3 for tillers m-2, 31.5 to 47.8 cm2 for flag leaf area, 18.9 to 23.3 for spikelets spike-1 (Table 3), 13.1 to 15.2 cm for spike length, 82.4 to 95.8 for grain spike-1, 45.8 to 52.8 g for thousand-grain weight (Table 4), 21.58 to 26.6 Kg hectare-1 for biological yield, 6827.54 to 

			Table 1: List of 10 wheat genotypes evaluated at Cereal Crop Research Institute, Pirsabak, Nowshera, during 2020-2021.

			
				
					
					
					
				
				
					
							
							S.No

						
							
							Genotype

						
							
							Parentage

						
					

					
							
							1

						
							
							PR-133

						
							
							C80.1/3*BATAVIA//2*WBLL1/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA (213)// PGO/4/ HUITES*2/6/TRCH/SRTU//KACHU

						
					

					
							
							2

						
							
							PR-135

						
							
							CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2/5/TRCH/SRTU//KACHU

						
					

					
							
							3

						
							
							PR-136 (Late) 

						
							
							PREMIO//PARUS/PASTOR

						
					

					
							
							4

						
							
							PR-137

						
							
							MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/5/GK ARON/AG SECO 7846// 2180/4/2*MILAN/KAUZ//PRINIA/3/BAV92

						
					

					
							
							5

						
							
							PR-138

						
							
							UP2338*2/SHAMA/3/MILAN/KAUZ//CHIL/CHUM18/4/UP2338*2/SHAMA*2/5/PBW343*2/KUKUNA*2//FRTL/PIFED

						
					

					
							
							6

						
							
							PR-139

						
							
							KACHU/SAUAL*2/5/SERI.1B//KAUZ/HEVO/3/AMAD*2/4/KIRITATI

						
					

					
							
							7

						
							
							PR-140 (Early)

						
							
							KFA/2*KACHU*2//WAXBI

						
					

					
							
							8

						
							
							Khaista-17

						
							
							KAUZ//ALTAR 84/AOS/3/MILAN/KAUZ/4/HUITES/7/ CAL/NH//H567.71/3/SERI/4/CAL/ NH//H567.71 /5/2*KAUZ/6/PASTOR

						
					

					
							
							9

						
							
							Gulzar-19

						
							
							VORB/3/T.DICOCCON PI94625/AE.SQUARROSA (372)//3*PASTOR

						
					

					
							
							10

						
							
							Pirsabak-19

						
							
							NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/6/KACHU

						
					

				
			

			Table 2: Mean squares for days to headings, day’s interval, plant height, flag leaf area, tillers m2, spike length of ten wheat genotypes across six planting dates at CCRI, Nowshera.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							(SOV)

						
							
							D F

						
							
							DH

						
							
							DM

						
							
							PH

						
							
							FLA

						
							
							SL

						
							
							TL (m2)

						
							
							SPS

						
							
							GPS

						
							
							TGW

						
							
							GY

						
							
							BY

						
							
							HI

						
					

					
							
							Envir

						
							
							5

						
							
							837.86**

						
							
							11862.41**

						
							
							1535.72**

						
							
							4501.66*

						
							
							93.76

						
							
							53573.93

						
							
							231.8

						
							
							6592.2

						
							
							51.8

						
							
							177374379.9

						
							
							1521279773.1

						
							
							0.02

						
					

					
							
							Reps. w/n Envir

						
							
							12

						
							
							11.85

						
							
							3.70

						
							
							69.17

						
							
							6.86

						
							
							0.59

						
							
							1537.73

						
							
							1.1

						
							
							114.3

						
							
							9.7

						
							
							7520794.2

						
							
							49379332.0

						
							
							0.0005

						
					

					
							
							Geno

						
							
							9

						
							
							66.40**

						
							
							53.82**

						
							
							18.33**

						
							
							86.91**

						
							
							2.81**

						
							
							389.11**

						
							
							24.1**

						
							
							275.9**

						
							
							145.7**

						
							
							1625594.1**

						
							
							12099348.8**

						
							
							0.0018**

						
					

					
							
							Geno×Envir

						
							
							45

						
							
							174.87**

						
							
							1319.83**

						
							
							159.23**

						
							
							529.50**

						
							
							10.95**

						
							
							5772.81**

						
							
							26.8**

						
							
							770.6**

						
							
							20.1**

						
							
							19276243.9**

						
							
							160584491.1**

						
							
							0.0034**

						
					

					
							
							Error

						
							
							108

						
							
							12.90

						
							
							2.54

						
							
							4.3

						
							
							10.90

						
							
							0.36

						
							
							211.41

						
							
							1.0

						
							
							46.1

						
							
							16.0

						
							
							493565.7

						
							
							3613211.1

						
							
							0.0005

						
					

					
							
							CV (%)

						
							
							-

						
							
							3.31

						
							
							0.96

						
							
							1.98

						
							
							13.6

						
							
							4.73

						
							
							14.24

						
							
							4.8

						
							
							8.7

						
							
							8.3

						
							
							10.1

						
							
							10.1

						
							
							5.7

						
					

				
			

			SOV, Source of Variables; DF, degree of freedom; DH, days to heading; DM, days to maturity; PH, plant height; FLA, Flag leaf area; SL, Spike length; TL (m2) -number of tillers m-2; GPS, grains per spike; SPS, Spikelets, Grain per spike; TGW, thousand grain weight; GY, Grain yield; BY, biological yield; Harvest index-HI; SL, spike length; spike-1; *, **, Significant at 5 and 1% probability level, respectively.

			Table 3: Means of days t0 heading and days to maturity and plant height of 10 wheat genotypes across six planting dates at CCRI Pirsabak.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Genotype

						
							
							Days to heading (no)

						
							
							Genotype

							mean

						
							
							 Days to maturity (no)

						
							
							Genotype mean

						
							
							Plant height (cm)

						
							
							Genotype

							Mean

						
					

					
							
							Early

						
							
							Normal

						
							
							Late

						
							
							Early

						
							
							Normal

						
							
							Late

						
							
							 Early

						
							
							Normal

						
							
							Late

						
					

					
							
							PR-133

						
							
							106.6

						
							
							103.0

						
							
							116.5

						
							
							 108.7

						
							
							184.6

						
							
							169.0

						
							
							142.8

						
							
							 165.5 

						
							
							 109.4 

						
							
							106.9

						
							
							97.3

						
							
							104.5

						
					

					
							
							PR-135

						
							
							111.5

						
							
							102.6

						
							
							115.0

						
							
							 109.7

						
							
							186.8

						
							
							170.5

						
							
							142.5

						
							
							 166.6

						
							
							 112.1 

						
							
							102.6

						
							
							98.5

						
							
							104.4

						
					

					
							
							PR-136

						
							
							107.5

						
							
							106.3

						
							
							119.3

						
							
							 111.0

						
							
							190.6

						
							
							175.0

						
							
							146.0

						
							
							 170.5

						
							
							 111.3 

						
							
							106.3

						
							
							95.9

						
							
							104.5

						
					

					
							
							PR-137

						
							
							106.0

						
							
							98.3

						
							
							112.1

						
							
							 105.5

						
							
							185.1

						
							
							168.1

						
							
							144.0

						
							
							 165.7

						
							
							 110.6 

						
							
							98.3

						
							
							97.0

						
							
							101.9

						
					

					
							
							PR-138

						
							
							108.5

						
							
							101.3

						
							
							114.6

						
							
							 108.1

						
							
							185.0

						
							
							168.1

						
							
							143.6

						
							
							 165.5

						
							
							 110.6 

						
							
							101.3

						
							
							96.1

						
							
							102.6

						
					

					
							
							PR-139

						
							
							105.0

						
							
							101.8

						
							
							111.6

						
							
							 106.1

						
							
							186.8

						
							
							169.6

						
							
							144.0

						
							
							 166.8

						
							
							 110.8 

						
							
							101.8

						
							
							98.4

						
							
							103.6

						
					

					
							
							PR-140

						
							
							101.6

						
							
							109.8

						
							
							111.3

						
							
							 107.6

						
							
							186.0

						
							
							167.5

						
							
							143.6

						
							
							 165.7

						
							
							 109.0 

						
							
							109.8

						
							
							95.3

						
							
							104.7

						
					

					
							
							Khaista-17

						
							
							112.6

						
							
							101.3

						
							
							114.5

						
							
							 109.5

						
							
							188.1

						
							
							171.1

						
							
							144.5

						
							
							 167.9

						
							
							 112.7 

						
							
							101.3

						
							
							97.5

						
							
							103.8

						
					

					
							
							Gulzar-19

						
							
							110.6

						
							
							110.3

						
							
							111.6

						
							
							 110.8

						
							
							183.5

						
							
							167.6

						
							
							143.1

						
							
							 164.7

						
							
							 109.0 

						
							
							110.3

						
							
							94.3

						
							
							104.5

						
					

					
							
							Pirsabak-19

						
							
							105.1

						
							
							103.8

						
							
							114.0

						
							
							 107.6

						
							
							185.0

						
							
							169.6

						
							
							144.0

						
							
							 166.2

						
							
							 110.8 

						
							
							103.8

						
							
							96.7

						
							
							103.7

						
					

					
							
							Envir Mean

						
							
							107.4

						
							
							103.8

						
							
							114.3

						
							
							
							186.1

						
							
							169.6

						
							
							144.0

						
							
							
							 110.5 

						
							
							107.7

						
							
							96.7

						
							
					

					
							
							LSD0.05%

						
							
							Envirement

						
							
							1.83

						
							
							
							
							
							0.81

						
							
							
							
							
							1.06

						
					

					
							
							Genotype

						
							
							2.37

						
							
							
							
							
							1.05

						
							
							
							
							
							1.37

						
					

					
							
							Envirement × Genotype

						
							
							5.81

						
							
							
							
							
							2.58

						
							
							
							
							
							3.36

						
					

				
			

			Table 4: Means of flag leaf area cm2, tillers m2 and spike length of ten wheat genotypes across six planting dates at CCRI Pirsabak.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Genotype

							 

						
							
							Flag leaf area (cm2)

						
							
							Genotype

							mean

						
							
							Tillers m2 (no)

						
							
							Genotype

							 mean

						
							
							Spike length  (cm) 

						
							
							Genotype

							Mean

						
					

					
							
							Early

						
							
							Normal

						
							
							Late

						
							
							Early

						
							
							Normal

						
							
							Late

						
							
							Early

						
							
							Normal

						
							
							Late

						
					

					
							
							PR-133

						
							
							41.3

						
							
							25.1

						
							
							13.8

						
							
							 26.7

						
							
							127.7

						
							
							130.9

						
							
							56.0

						
							
							 104.9

						
							
							14.7

						
							
							12.6

						
							
							10.4

						
							
							 12.6

						
					

					
							
							PR-135

						
							
							35.2

						
							
							21.2

						
							
							12.6

						
							
							 23.0

						
							
							117.2

						
							
							120.5

						
							
							45.9

						
							
							 94.5

						
							
							15.2

						
							
							13.1

						
							
							10.9

						
							
							 13.1

						
					

					
							
							PR-136

						
							
							32.1

						
							
							23.2

						
							
							13.2

						
							
							 22.8

						
							
							135.9

						
							
							130.6

						
							
							52.2

						
							
							 106.2

						
							
							13.7

						
							
							12.8

						
							
							10.7

						
							
							 12.4

						
					

					
							
							PR-137

						
							
							32.2

						
							
							22.4

						
							
							13.5

						
							
							 22.7

						
							
							123.9

						
							
							124.6

						
							
							49.2

						
							
							 99.2

						
							
							14.1

						
							
							13.9

						
							
							 10.9

						
							
							 13.0

						
					

					
							
							PR-138

						
							
							47.8

						
							
							24.8

						
							
							12.8

						
							
							 28.4

						
							
							127.8

						
							
							124.1

						
							
							49.1

						
							
							 100.3

						
							
							15.2

						
							
							13.8

						
							
							11.0

						
							
							 13.4

						
					

					
							
							PR-139

						
							
							33.7

						
							
							23.1

						
							
							16.1

						
							
							 24.3

						
							
							118.6

						
							
							126.2

						
							
							42.5

						
							
							 95.8

						
							
							14.2

						
							
							13.5

						
							
							10.6

						
							
							 12.8

						
					

					
							
							PR-140

						
							
							32.5

						
							
							21.3

						
							
							14.2

						
							
							 22.7

						
							
							127.6

						
							
							132.3

						
							
							50.3

						
							
							 103.4

						
							
							13.8

						
							
							13.5

						
							
							10.9

						
							
							 12.7

						
					

					
							
							Khaista-17

						
							
							31.5

						
							
							20.9

						
							
							13.3

						
							
							 21.9

						
							
							130.0

						
							
							141.1

						
							
							55.4

						
							
							 108.8

						
							
							14.4

						
							
							13.5

						
							
							11.0

						
							
							 13.0

						
					

					
							
							Gulzar-19

						
							
							36.6

						
							
							24.4

						
							
							14.3

						
							
							 25.1

						
							
							121.1

						
							
							138.3

						
							
							47.4

						
							
							 102.3

						
							
							13.1

						
							
							12.3

						
							
							10.3

						
							
							 11.9

						
					

					
							
							Pirsabak-19

						
							
							35.7

						
							
							22.9

						
							
							13.8

						
							
							 24.1

						
							
							136.3

						
							
							129.8

						
							
							49.8

						
							
							 105.3

						
							
							14.1

						
							
							3.2

						
							
							110.7

						
							
							 12.7

						
					

					
							
							Envir Mean

						
							
							35.9

						
							
							22.9

						
							
							13.8

						
							
							
							126.6

						
							
							129.8

						
							
							49.8

						
							
							
							14.3

						
							
							13.2

						
							
							10.7

						
							
					

					
							
							LSD0.05%

						
							
							Envir

						
							
							1.68

						
							
							
							
							
							3.7

						
							
							
							
							
							1.06

						
					

					
							
							Geno

						
							
							2.18

						
							
							
							
							
							4.8

						
							
							
							
							
							1.37

						
					

					
							
							Envir× Geno

						
							
							5.34

						
							
							
							
							
							11.8

						
							
							
							
							
							3.36

						
					

				
			

			Table 5: Means of spikelets per spike, grain/spike and thousand grain weight 0f 10 wheat gen0types across six planting dates at CCRI Pirsabak. 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Genotype

						
							
							 Spikelets per spike (no)

						
							
							Genotype

							mean

						
							
							Grain per spike

							 (no)

						
							
							Genotype

							 mean

						
							
							Thousand grain 

							weight  (g) 

						
							
							Genotype

							mean

						
					

					
							
							 

						
							
							Early

						
							
							Normal

						
							
							Late

						
							
							Early

						
							
							Normal

						
							
							Late

						
							
							Early

						
							
							Normal

						
							
							Late 

						
					

					
							
							PR-133

						
							
							21.2

						
							
							22.1

						
							
							17.5

						
							
							 20.3

						
							
							82.8

						
							
							76.3

						
							
							58.5

						
							
							 72.5

						
							
							48.5

						
							
							49.2

						
							
							43.3 

						
							
							 47.0

						
					

					
							
							PR-135

						
							
							23.3

						
							
							24.1

						
							
							18.7

						
							
							 22.0

						
							
							94.8

						
							
							90.1

						
							
							60.5

						
							
							 81.8

						
							
							48.3

						
							
							46.5

						
							
							46.7

						
							
							 47.2

						
					

					
							
							PR-136

						
							
							21.2

						
							
							22.9

						
							
							16.6

						
							
							 20.3

						
							
							88.2

						
							
							85.2

						
							
							56.5

						
							
							 76.7

						
							
							46.8

						
							
							43.7

						
							
							44.5

						
							
							 45.0

						
					

					
							
							PR-137

						
							
							21.7

						
							
							23.7

						
							
							18.0

						
							
							 21.1

						
							
							84.0

						
							
							79.9

						
							
							53.6

						
							
							 72.5

						
							
							52.8

						
							
							55.5

						
							
							57.9

						
							
							 55.4

						
					

					
							
							PR-138

						
							
							22.3

						
							
							23.9

						
							
							18.7

						
							
							 21.6

						
							
							88.5

						
							
							83.1

						
							
							59.6

						
							
							 77.1

						
							
							46.8

						
							
							48.6

						
							
							43.3

						
							
							 46.2

						
					

					
							
							PR-139

						
							
							23.1

						
							
							24.0

						
							
							19.3

						
							
							 22.1

						
							
							93.6

						
							
							85.0

						
							
							63.2

						
							
							 80.6

						
							
							46.6

						
							
							49.7

						
							
							47.2

						
							
							 47.8

						
					

					
							
							PR-140

						
							
							20.8

						
							
							23.7

						
							
							18.8

						
							
							 22.1

						
							
							82.4

						
							
							81.5

						
							
							62.1

						
							
							 75.4

						
							
							47.9

						
							
							47.2

						
							
							45.2

						
							
							 46.8

						
					

					
							
							Khaista-17

						
							
							23.2

						
							
							24.4

						
							
							18.2

						
							
							 21.9

						
							
							95.8

						
							
							88.9

						
							
							59.8

						
							
							 81.5

						
							
							47.2

						
							
							49.5

						
							
							45.9

						
							
							 47.5

						
					

					
							
							Gulzar-19

						
							
							18.9

						
							
							19.7

						
							
							16.5

						
							
							 18.3

						
							
							90.8

						
							
							85.2

						
							
							62.5

						
							
							 79.5

						
							
							45.8

						
							
							45.9

						
							
							47.8

						
							
							 46.5

						
					

					
							
							Pirsabak-19

						
							
							21.1

						
							
							23.2

						
							
							18.0

						
							
							 20.8

						
							
							89.5

						
							
							83.9

						
							
							59.6

						
							
							 77.7

						
							
							47.5

						
							
							48.4

						
							
							46.9

						
							
							 47.6

						
					

					
							
							Envir Mean

						
							
							21.7

						
							
							23.2

						
							
							18.0

						
							
							
							89.1

						
							
							83.9

						
							
							59.6

						
							
							
							47.8

						
							
							48.4

						
							
							46.9

						
							
					

					
							
							LSD0.05%

						
							
							Envir

						
							
							7.4

						
							
							
							
							
							3.47

						
							
							
							
							
							2.0
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			10027.5 Kg hectare-1 for grain yield and 0.3 for harvest index (Table 5). The studied genotype PR-138 recorded the highest values for flag leaf area, spikelets spike-1, spike length, biological yield and grain yield. Similarly, genotypes PR-140, Gulzar-19, PR-133, PR-135, PR-137 and Pirsabak-19 showed the best performance for various important traits under early planting. Averaged over 10 genotypes, the harvest index was the same (0.3) under early, normal and late planting. Wheat heads were generally earlier under normal planting conditions than early and late planting conditions.

			Under normal sowing conditions, the mean values ranged from 98.3 to 110.3 for days to heading, 98.3 to 110.3 for maturity, 98.3 to 110.3 cm for plant height (Table 2), 120.5 to 141.1 for tillers m-2, 20.9 to 25.1 cm2 for flag leaf area, 19.7 to 24.4 for spikelets spike-1 (Table 3) 12.3 cm to 13.9 cm for spike length, 76.3 to 90.1 for grain spike-1, 45.9 g to 55.5 g for thousand-grain weight (Table 4), 18.4 to 20.6 Kg ha-1for biological yield and 7413.0 to 8410.1 Kg hectare-1 for grain yield (Table 5). The studied genotype PR-140 recorded minimum days to maturity and the highest grain yield, Gulzar-19 recorded maximum tillers, PR-135 had maximum grain spike-1, PR-137 had maximum thousand-grain weight and Khaista-17 exhibited the highest biological yield under normal planting. 

			For late sowing, different genotype’s mean values ranged from 101.6 to 111. 5 for days to heading, 142.8 to 146.0 for maturity, 94.3cm to 98.5 cm for plant height (Table 2), 42.5 to 56.0 for tillers m-2, 42.5 to 56.0 cm2 for flag leaf area, 16.5 to 19.3 for spikelets spike-1 (Table 3), 49.5 to 57.9 cm for spike length, 53.6 to 63.2 for grain spike-1, 43.3 g to 57.9 g for the thousand-grain weight (Table 4), 9.2 to 11.3 Kg ha-1 for biological yield and 3727.5 to 4424.6 Kg hectare-1 for grain yield (Table 5). Among studied wheat genotypes, Gulzar-19 had the highest grain yield and minimum days to maturity, heading in late sowing. Khaista-17 exhibited the highest biological yield followed by PR-138 and Khaista-17. PR-137 showed a maximum thousand-grain weight under late sowing. PR-133 had maximum tillers m-2.

			A pooled analysis across environments found a significant difference (P≥ 0.01) for all parameters across three planting dates (early, normal, and late). Differences between wheat genotypes and genotype-environment interaction were also highly significant (P≥ 0.01) for studied traits, indicating that genotypes performed differently in three dissimilar environments of sowing, while a 1.3% decline in grain yield been reported by delaying sowing per day (Gomez-Macpherson and Richards, 1995). It has been reported that late-sowing wheat utilized N efficiently compared to early and mid-sowing (Yin et al., 2018). For days to heading, averaged over 10 genotypes were 107.6, 103.8 and 114.3 intervals under early, normal and late planting, respectively. Because the genotypes were sown in December and did not receive favorable conditions, the projected improvement in heading initiation in late planting will be greater than in early and normal sowing. Under early, normal, and late planting, the average intervals to maturity were 186.1, 169.6, and 144.0, respectively, based on ten genotypes. These results indicated that projected improvement in maturity intervals with late planting will be lower than under early and standard planting. Plant height was 110.5 cm, 107.7 cm, and 96.7 cm on average across 10 genotypes under early, normal, and late planting, indicating a loss of 2.7 cm between early and normal planting and 13.7 cm between early and late planting due to late planting. The average over 10 genotypes, tillers m-2 was 129.8, 126.6 and 49.8 under, normal, early and late planting. There is a net drop due to late planting, with a reduction of roughly 3.2 between normal and early planting and 80 between normal and late planting as a 38% decline has been reported by late sowing on December 30 (Baloch et al., 2012).

			Table 6: Means of grain yield and biological yield 0f ten wheat genotypes across six planting dates at CCRI Pirsabak.
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			Spike length was 14.3, 13.2, and 10.7 cm on average across 10 genotypes under early, normal, and late planting, demonstrating a loss of 1.1 cm between normal and early planting and 2.5 cm between normal and late planting due to late planting. As a result, predicted spike length improvements were larger with early planting than with standard or late planting. Thousand-grain weight was 48.4, 47.8, and 46.9 g on average across 10 genotypes under normal, early, and late planting, demonstrating a loss of 0.6 g between early and normal planting and 1.5 g between normal and late planting due to late planting. Similarly, the biological yield was 24.1, 19.4, and 10.1 Kg ha-1 under early, normal, and late planting, respectively, demonstrating a 4.7 Kg ha-1 loss in biological yield between early and normal planting and a 9.3 Kg ha-1 reduction in biological yield between normal and late planting due to late planting. As a result, biological yield improvements were projected to be bigger under, early planting than under normal or late planting. Grain yields under early, normal, and late planting were 8669.6, 8018.3, and 4095.6 kg ha-1, respectively, demonstrating a loss of 651.3 Kg ha-1 between early and normal planting and 3922.7 Kg ha-1 between normal and late planting due to late planting. As a result, the predicted increase in grain yield was larger for early planting than for normal or late planting. Averaged over 10 genotypes, the harvest index was the same (0.3) under early, normal and late planting. Earlier, Raza et al. (2018) conducted an experiment under rainfed conditions and reported non-significant differences for days to heading. The projected improvement in maturity intervals with late planting will be lowered than early and standard planting as reported (Tsegaye et al., 2012). The predicted increase in plant height with early planting will be larger than regular and late planting. Plant height was significant among cultivars × sowing date interaction as has been previously reported (Khosravi et al., 2010). Said et al. (2007) in their experiment reported that genotype performance was significant for flag leaf area while non-significant results were obtained by Akmal et al. (2000). Similarly, for spike length significant differences were observed across two seasons (Bhutto et al., 2021). In another experiment, it has been reported that spikelets spike-1 varied significantly across sowing dates but the genotype difference was non-significant (Hussain et al., 2021). The date × genotype interaction was significant for thousand seed weight (Inamullah et al., 2007). In the same way, significant differences were found among the planting dates for biological yield (Said et al., 2012). Grain yield was also considerably variable amongst wheat genotypes and genotype-environment interactions. In our results, the predicted increase in spikelets spike-1 thousand-grain weight, grain yield and biological yield were larger for early planting than for normal or late planting. Marasini et al. (2016) in their research concluded that the grain yield was significantly higher on the 14th of November whereas the higher straw yield on the 29th of November sowing.

			Conclusions and Recommendations

			From the current study, it was concluded that the most suitable time for sowing in those late sowing areas is from 15th October to 15th November and genotype PR-140 was the best in grain yield in early (October) sowing. This study suggests that the PR-140 line can be used in the future for obtaining high yields in the late-sowing areas.
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Abstract | Wheat is one of the important staple crops of the world. Its grain yield is affected by various
factors including genotype and planting time. An experiment was conducted to study the yield performance
of 10 different wheat advanced genotypes (PR-133, PR-135, PR-136, PR-137, PR-138, PR-139, PR-140,
Khaista-17, Gulzar-19 and Pirsabak-19) at different sowing times of 15-days interval. A pooled analysis
across the same environment revealed a significant difference (P > 0.01) for all the parameters i.e., days
to heading, days interval, plant height, flag leaf area, tillers m, spike length, spikelet spike™, grain spike™,
thousand grain weight, grain yield and biological yield across three planting dates i.e., early, normal, and late
respectively. Differences between wheat genotypes and genotype-environment interaction were also highly
significant (P> 0.01) for studied traits, indicating that genotypes performed differently in three sowing times.
Under early, normal and late planting, genotypes PR-138, PR-140 and Gulzar-19 had the highest grain yield
respectively. PR-138 performed outstandingly across three sowing times for seed yield. Hence, it is concluded
from the present study that delayed sowing progressively decreases the yield performance of the studied
genotypes and the most suitable sowing time is from 15™ October to 15" November.
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Introduction over the world. It is one of the primary sources of
protein, carbohydrates, and essential minerals. The

W’heat (Triticum aestivum L.) is one of the major  population is predicted to increase to almost 9 billion
cereal crops and a staple food in cuisines all  people by 2050, posing a serious threat to the massive

June 2023 | Volume 29 | Issue 2 | Page 72 o Links
**@Researchers






OEBPS/image/BY_CC.png





