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			Abstract | Pakistan is facing huge shortage of edible oils and its imports cost nearly 3 billion US dollars each year to feed 220 million people. This situation demands serious efforts to develop new lines/ hybrids with better yields. Rapeseed is the second largest contributor in domestic edible oil industry. Keeping in view the lower yield of rapeseed in Pakistan especially in Khyber Pakhtunkhwa this study was conducted to investigate genetic variability and heterosis in eight rapeseed genotypes for maturity, morphological and yield traits. The eight parental genotypes i.e., AUP-01, AUP-05, AUP-07, AUP-08, AUP-10, AUP-13, AUP-18 and AUP-21 were crossed in full diallel fashion to generate 56 F1 crosses. These parental genotypes and their F1 hybrids were evaluated during 2015/16 in the field at the University of Agriculture, Peshawar, Pakistan. Mean squares revealed significant genetic variability among parents and their F1 crosses for days to maturity, primary branches plant-1, pods main raceme-1, 1000-seed weight and seed yield plant-1, signifying the occurrence of considerable variability in the tested material. Mean performance identified parental genotype AUP-21 being the best for early maturity (167.0 days), pods main raceme-1 (65.3), 1000-seed weight (7.1 g) and seed yield (30.6 g). F1 cross combination AUP-10 × AUP-18 had high seed yield (36.5 g) and moderate days to maturity (177.0). Desirable significant negative best parent and commercial heterotic effects were observed in 17 and 13 hybrids for maturity, respectively. Desired significant positive best parent and commercial heterotic effects were observed in 18 and 21 hybrids for primary branches plant-1, 19 and 10 hybrids for pods main raceme-1, 11 and 05 hybrids for 1000-seed weight and 18 and 01 hybrid for seed yield plant-1, respectively. Top ranking F1 hybrids were, AUP-05 × AUP-01 for maturity and AUP-10 × AUP-18 for 1000-seed weight and seed yield plant-1. These early maturing and high yielding crosses may be exploited for developing superior hybrids through exploitation of hybrid vigor and segregation. The information generated from this study could be useful for breeders to develop hybrids with better seed yield and oil quality traits through heterosis breeding.
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			Introduction

			 

			Rapeseed (Brassica napus L.) belonging to family Brassicasae contains 44-46 percent oil and 25-30 percent protein contents in its seeds. In Pakistan rapeseed and mustard are the second largest contributor in the domestic edible oil production after cotton seed (Amjid, 2014). Pakistan has made great progress in agriculture in the last two decades. It has not only achieved self-sufficiency but has also become exporter of major crops like wheat, cotton, sugarcane, mango, dates, oranges and rice. On the other hand, for the edible oil requirements of its 210 million people it highly relies on imports which drain more than two billion US dollars each year (FBS, 2016-17). The demand of edible oils in the country is increasing 2-5% every year due to increase in population and per capita consumption (Khan et al., 2013). Average rapeseed yield in Pakistan and Khyber Pakhtunkhwa is 960 kg ha-1 and 462 kg ha-1 respectively, whereas in other countries its yield is 2000 kg ha-1 (PBS, 2016-17). Low yield per hectare of rapeseed in the country and especially in Khyber Pakhtunkhwa is partly due to non-availability of high yielding cultivars and poor management practices (Nassimi et al., 2006).

			 

			The shortage of edible oil in the country demands serious efforts to developed new high yielding oilseed crops. For conducting any breeding program, breeders need some basic information which includes genetic variability and heterosis which is important for the improvement of seed yield and other important traits. It provides an opportunity to the breeders to select desirable genotypes through direct or indirect selection of trait (Jatoi et al., 2012). To induce genetic variations and develop new varieties, inter and intra specific crosses have been used in brassica (Rameeh et al., 2012). Heterosis or hybrid vigor (the improvement of a cross over its parents) has been exploited in several crop plants and is considered effective in increasing seed yield and other parameters (Hablak, 2019; Girke et al., 2012). Three main hypotheses are used to explain the genetic basis of heterosis: the dominance, over dominance and epistasis hypotheses. The dominance hypothesis assumes that deleterious recessive alleles of one of the parents are complemented in the F1 hybrid by the dominant alleles of the other parent. As per over dominance, the heterozygous combination of alleles at a locus is higher to either of the two possible homozygous combinations. Whereas, epistasis assumes that epistatic interactions between different loci are the reason for heterosis (Goodnight and Pandy, 1999). It played a great role in improving different economical important crops including Brassica (Riaz et al., 2013). Keeping in view the current situation of seed yield and demand for edible oil in the country and role of rapeseed in the domestic production a research was conducted to determine genetic variability and heterosis for maturity, morphological and yield related traits.

			 

			Materials and Methods

			 

			The research was conducted during 2014/15 at the University of Agriculture Peshawar Pakistan. The experimental material comprising eight diverse rapeseed genotypes namely AUP-01, AUP-05, AUP-07, AUP-08, AUP-10, AUP-13, AUP-18 and AUP-21. These genotypes were crossed in a complete diallel fashion to produce 56 F1 hybrids (28 direct and 28 reciprocal). A set of 56 F1 hybrids and eight parental lines were evaluated in RCBD (randomized complete block design) with 3 replications during 2015/16. Each replication comprised of 64 sub plots (8 parents and 56 crosses) and each sub plot had three rows of each five meter long whereas, rows were kept 50 cm apart and plant to plant distance was maintained 30 cm. To reduce the environmental effects to maximum possible extent all recommended cultural practices were uniformly applied to all the entries. 

			 

			Data recording and statistical analysis

			Data related to days to maturity was noted on plot basis while, for remaining traits data was recorded on ten randomly selected plants in each entry at appropriate time during crop season. The recorded data were subjected to analysis of variance to test the null hypothesis of no differences among various parental lines and their F1 hybrids Steel et al. (1980). 

			 

			Estimation of heterosis

			The best parent (heterobeltiosis) and commercial heterosis were estimated as per formula given by Falconer and Mackay (1996) as follows.

			 

			[image: Figure%201.PNG] 

			 

			For commercial heterosis, commercial variety, NIFA-Gold was used as check cultivar. The hybrid performance was compared with that of the commercial variety (C.V.) expressed in percentage and was calculated as under:

			 

			[image: Eq2.PNG] 

			 

			Test of significance for heterosis 

			The significance of best-parent and commercial heterosis was evaluated by ‘t’ test as reported by Wynne et al. (1970).

			 

			‘t’ for best parent heterosis
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			‘t’ for commercial heterosis
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			Where;

			F1 = F1 cross mean; BP = value of best parent; C.V. = value of commercial variety; r = no of replication; EMS = error mean square.

			 

			Results and Discussion

			 

			Days to maturity 

			In Pakistan, rapeseed is generally harvested from early April to early May. Delayed maturity and harvesting exposes crop to forthcoming heat stress which resulting in heavy losses both in quantity and quality. Therefore, early maturity has prime importance in rapeseed breeding programs. Mean squares showed significant (P≤0.01) differences for days to maturity among this set of rapeseed genotypes (Table 1). Among parents, maturity ranged from 167 to 182 days with an average of 175 days where parental genotype AUP-21 matured earlier while AUP-01 and AUP-07 took maximum days to mature. Among F1 hybrids, maturity ranged from 162 to 184 days with an average of 174 days (Table 2). Cross AUP-05 × AUP-01 matured earliest while AUP-18 × AUP-10 took maximum days to mature. The current study revealed that rapeseed genotypes (parents and crosses) matured in wide span of time signifying the presence of sufficient genetic variability for maturity. Therefore, selection will be effective criterion to selecting early maturing genotype for further improvement. Our findings are supported by the results of Gul et al. (2018a, b), Naheed et al. (2017) and Ishaq and Raziuddin (2016) who found significant genetic variability for maturity in rapeseed genotypes. Similar results were recorded by Chaurasiya et al. (2018), Bibi et al. (2016), Synrem et al. (2015) and Arifullah et al. (2012) for days to maturity in Indian mustard.

			 

			In rapeseed, delayed maturity exposes crop to heat stress which damages seed and oil quality resultantly produces lower yields. Therefore, early maturing genotypes with negative heterotic effects are preferred. Current results revealed significant negative heterosis over best-parent for 17 crosses where values ranged from -4.66 to -11.14. Significant and higher negative best parent heterosis was recorded for cross AUP-05 × AUP-01. Concerning commercial heterosis, 13 out of 56 crosses revealed significant negative effects where values ranged from -4.79 to -8.73. The desirable maximum negative commercial heterosis was recorded for cross AUP-05 × AUP-01 (Table 4). Hybrids attaining significant negative heterosis for maturity may have potential for producing high-yielding single-cross hybrids of rapeseed. These results are in line with the findings of Gul et al. (2018a) and Rameeh (2017) who found desirable best parent heterosis for days to maturity in rapeseed. Meena et al. (2014) and Turi et al. (2006) also found similar results for maturity in Indian mustards L. Synrem et al. (2015) identified some F1 crosses with signiﬁcant commercial heterosis in Indian mustard. 

			 

			Table 1: Mean squares of morphological, yield and yield related traits in 8 × 8 F1 diallel crosses of rapeseed.

			 

			
				
					
					
					
					
					
				
				
					
							 
							Mean Squares
					

					
							Trait
							
							Genotype

							(df=63)

						
							
							Replication

							(df=2)

						
							
							Error

							(df=126)

						
							CV (%)
					

					
							
							Days to maturity 

						
							
							73.62**

						
							
							54.396

						
							
							38.105

						
							
							3.545

						
					

					
							
							Primary branches plant-1

						
							
							7.26**

						
							
							0.646

						
							
							0.297

						
							
							9.969

						
					

					
							
							Pods main raceme-1

						
							
							379.01**

						
							
							6.750

						
							
							23.279

						
							
							8.876

						
					

					
							
							1000-seed weight 

						
							
							1.82**

						
							
							0.538

						
							
							0.325

						
							
							9.545

						
					

					
							
							Seed yield plant-1

						
							
							36.13**

						
							
							4.501

						
							
							3.796

						
							
							7.173

						
					

				
			

			

			** Significant at P≤0.01; df= degree of freedom.

			 

			Primary branches plant-1

			 Highly significant (P≤0.01) differences were observed for primary branches plant-1 in this set of rapeseed genotypes (Table 1). Among parents, branches plant-1 varied from 3.0 to 6.7 with an average of 4.8 branches where AUP-18 produced maximum while AUP-05 produced minimum branches. Among F1 crosses, primary branches plant-1 ranged from 3.3 to 9.0 with an average of 5.6 branches where, AUP-21 × AUP-08 and AUP-10 × AUP-07 produced minimum and maximum branches, respectively (Table 2). Branches plant-1 indirectly plays a positive role in biological and seed yield therefore, it is considered as an important parameter in rapeseed breeding programs. Current results revealed considerable variability among tested rapeseed genotypes for branches plant-1 indicating the potential for further improvement through selection. These results are in agreement to the results of Gul et al. (2018 a, b), Ishaq and Raziuddin (2016) and Ali et al. (2015) who also found highly significant variability for branches plant-1 in rapeseed genotypes. Similarly, significant variability was also reported for primary 

			Table 2: Mean performance of the parents, their F1 hybrids and commercial variety for days to maturity, primary branches plant-1 and pods main raceme in 8 × 8 diallel crosses of rapeseed.

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Parent/cross
							Days to maturity
							
							Primary branches Plant-1

						
							
							Pods main raceme-1

						
							Crosses
							Days to maturity
							
							Primary branches Plant-1

						
							
							Pods main raceme-1

						
					

					
							
							AUP-01

						
							
							182

						
							
							5.0

						
							
							61.0

						
							
							 AUP-08 × AUP-18

						
							
							171

						
							
							7.3

						
							
							44.7

						
					

					
							
							AUP-05

						
							
							171

						
							
							3.0

						
							
							53.7

						
							
							AUP-08 × AUP-21

						
							
							168

						
							
							3.3

						
							
							44.0

						
					

					
							
							AUP-07

						
							
							182

						
							
							5.7

						
							
							40.3

						
							
							AUP-10 × AUP-01

						
							
							180

						
							
							7.3

						
							
							47.7

						
					

					
							
							AUP-08

						
							
							174

						
							
							4.0

						
							
							37.7

						
							
							AUP-10 × AUP-05

						
							
							177

						
							
							6.0

						
							
							47.3

						
					

					
							
							AUP-10

						
							
							175

						
							
							3.3

						
							
							45.7

						
							
							AUP-10 × AUP-07

						
							
							168

						
							
							9.0

						
							
							43.3

						
					

					
							
							AUP-13

						
							
							171

						
							
							4.3

						
							
							35.3

						
							
							AUP-10 × AUP-08

						
							
							176

						
							
							7.7

						
							
							52.3

						
					

					
							
							AUP-18

						
							
							179

						
							
							6.7

						
							
							58.7

						
							
							AUP-10 × AUP-13

						
							
							174

						
							
							8.0

						
							
							66.0

						
					

					
							
							AUP-21

						
							
							167

						
							
							6.3

						
							
							65.3

						
							
							AUP-10 × AUP-18

						
							
							177

						
							
							7.7

						
							
							53.3

						
					

					
							
							AUP-01 × AUP-05

						
							
							171

						
							
							5.0

						
							
							55.0

						
							
							AUP-10 × AUP-21

						
							
							168

						
							
							6.7

						
							
							30.7

						
					

					
							
							AUP-01 × AUP-07

						
							
							181

						
							
							6.3

						
							
							45.7

						
							
							AUP-13 × AUP-01

						
							
							169

						
							
							4.7

						
							
							46.3

						
					

					
							
							AUP-01 × AUP-08

						
							
							177

						
							
							3.7

						
							
							41.7

						
							
							AUP-13 × AUP-05

						
							
							176

						
							
							7.7

						
							
							44.7

						
					

					
							
							AUP-01 × AUP-10

						
							
							180

						
							
							6.0

						
							
							52.0

						
							
							AUP-13 × AUP-07

						
							
							174

						
							
							8.3

						
							
							60.3

						
					

					
							
							AUP-01 × AUP-13

						
							
							173

						
							
							4.3

						
							
							72.0

						
							
							AUP-13 × AUP-08

						
							
							175

						
							
							4.7

						
							
							53.7

						
					

					
							
							AUP-01 × AUP-18

						
							
							171

						
							
							5.7

						
							
							75.7

						
							
							AUP-13 × AUP-10

						
							
							171

						
							
							4.0

						
							
							52.7

						
					

					
							
							AUP-01 × AUP-21

						
							
							174

						
							
							3.7

						
							
							44.7

						
							
							AUP-13 × AUP-18

						
							
							173

						
							
							5.0

						
							
							64.3

						
					

					
							
							AUP-05 × AUP-01

						
							
							162

						
							
							7.7

						
							
							52.3

						
							
							AUP-13 × AUP-21

						
							
							177

						
							
							5.0

						
							
							47.0

						
					

					
							
							AUP-05 × AUP-07

						
							
							181

						
							
							6.3

						
							
							72.0

						
							
							AUP-18 × AUP-01

						
							
							167

						
							
							3.7

						
							
							44.0

						
					

					
							
							AUP-05 × AUP-08

						
							
							171

						
							
							6.0

						
							
							66.7

						
							
							AUP-18 × AUP-05

						
							
							179

						
							
							7.0

						
							
							66.0

						
					

					
							
							AUP-05 × AUP-10

						
							
							166

						
							
							5.7

						
							
							76.0

						
							
							AUP-18 × AUP-07

						
							
							172

						
							
							5.0

						
							
							68.7

						
					

					
							
							AUP-05 × AUP-13

						
							
							178

						
							
							6.7

						
							
							74.7

						
							
							AUP-18 × AUP-08

						
							
							169

						
							
							6.3

						
							
							44.3

						
					

					
							
							AUP-05 × AUP-18

						
							
							177

						
							
							5.0

						
							
							54.0

						
							
							AUP-18 × AUP-10

						
							
							184

						
							
							8.3

						
							
							64.7

						
					

					
							
							AUP-05 × AUP-21

						
							
							177

						
							
							4.3

						
							
							49.3

						
							
							AUP-18 × AUP-13

						
							
							167

						
							
							6.3

						
							
							71.0

						
					

					
							
							AUP-07 × AUP-01

						
							
							166

						
							
							5.3

						
							
							59.0

						
							
							AUP-18 × AUP-21

						
							
							175

						
							
							6.7

						
							
							71.0

						
					

					
							
							AUP-07 × AUP-05

						
							
							173

						
							
							6.7

						
							
							49.7

						
							
							AUP-21 × AUP-01

						
							
							166

						
							
							3.7

						
							
							56.7

						
					

					
							
							AUP-07 × AUP-08

						
							
							176

						
							
							3.3

						
							
							50.0

						
							
							AUP-21 × AUP-05

						
							
							175

						
							
							5.3

						
							
							43.3

						
					

					
							
							AUP-07 × AUP-10

						
							
							178

						
							
							3.3

						
							
							46.3

						
							
							AUP-21 × AUP-07

						
							
							178

						
							
							5.0

						
							
							64.0

						
					

					
							
							AUP-07 × AUP-13

						
							
							172

						
							
							3.3

						
							
							49.0

						
							
							AUP-21 × AUP-08

						
							
							167

						
							
							3.3

						
							
							46.0

						
					

					
							
							AUP-07 × AUP-18

						
							
							176

						
							
							6.0

						
							
							52.7

						
							
							AUP-21 × AUP-10

						
							
							179

						
							
							5.0

						
							
							47.7

						
					

					
							
							AUP-07 × AUP-21

						
							
							176

						
							
							3.7

						
							
							68.3

						
							
							AUP-21 × AUP-13

						
							
							176

						
							
							4.0

						
							
							58.0

						
					

					
							
							AUP-08 × AUP-01

						
							
							175

						
							
							7.7

						
							
							78.3

						
							
							AUP-21 × AUP-18

						
							
							181

						
							
							3.7

						
							
							56.3

						
					

					
							
							AUP-08 × AUP-05

						
							
							176

						
							
							5.7

						
							
							45.0

						
							
							Commercial variety

						
							
							177

						
							
							5.5

						
							
							61.2

						
					

					
							
							AUP-08 × AUP-07

						
							
							167

						
							
							4.0

						
							
							41.7

						
							
							Parental mean

						
							
							175.1

						
							
							4.8

						
							
							49.7

						
					

					
							
							AUP-08 × AUP-10

						
							
							180

						
							
							4.0

						
							
							64.3

						
							
							F1 mean

						
							
							174.0

						
							
							5.6

						
							
							55.0

						
					

					
							
							AUP-08 × AUP-13

						
							
							181

						
							
							6.3

						
							
							45.3

						
							
							LSD(0.05)

						
							
							171

						
							
							0.9

						
							
							7.8

						
					

				
			

			

			 

			branches plant-1 in Indian mustard (Chaurasiya et al., 2018; Dawar et al., 2018; Bibi et al., 2016) in turnip rape (Iqbal et al., 2014; Nasim et al., 2014) and Ethiopian mustard (Nausheen et al., 2015; Ali et al., 2013).

			 

			For increased seed yield, robust plants having greater number of primary branches are desired in rapeseed thus, positive heterotic effects are preferred. Analysis of best parent heterosis presented desired significant positive effects for 18 crosses where effect ranged from 14.43 to 91.70%. Significant and higher heterotic effect over best parent was recorded for cross AUP-10 × AUP-08. Significant positive commercial heterosis was recorded for 21 crosses where values ranged from 15.15 to 63.64%. Among these crosses, AUP-10 × AUP-07 had the highest heterotic effects (Table 4). Earlier, Gupta and Lal (2011) and Nassimi et al. (2006) also

			Table 3: Mean performance of the parents, their F1 hybrids and commercial variety for 1000-seed weight (g) and seed yield plant-1 (g) in 8 × 8 diallel crosses of rapeseed.

			 

			
				
					
					
					
					
					
					
				
				
					
							Parent/cross
							1000-seed weight
							
							Seed yield plant-1

						
							Crosses
							1000-seed weight
							
							Seed yield plant-1

						
					

					
							
							AUP-01

						
							
							6.5

						
							
							27.8

						
							
							 AUP-08 × AUP-18

						
							
							6.0

						
							
							32.0

						
					

					
							
							AUP-05

						
							
							6.1

						
							
							24.1

						
							
							AUP-08 × AUP-21

						
							
							5.8

						
							
							22.4

						
					

					
							
							AUP-07

						
							
							4.9

						
							
							23.3

						
							
							AUP-10 × AUP-01

						
							
							6.2

						
							
							26.9

						
					

					
							
							AUP-08

						
							
							4.5

						
							
							22.3

						
							
							AUP-10 × AUP-05

						
							
							5.7

						
							
							26.1

						
					

					
							
							AUP-10

						
							
							5.1

						
							
							25.9

						
							
							AUP-10 × AUP-07

						
							
							5.5

						
							
							27.1

						
					

					
							
							AUP-13

						
							
							4.9

						
							
							20.6

						
							
							AUP-10 × AUP-08

						
							
							5.4

						
							
							24.4

						
					

					
							
							AUP-18

						
							
							6.1

						
							
							25.2

						
							
							AUP-10 × AUP-13

						
							
							6.3

						
							
							29.0

						
					

					
							
							AUP-21

						
							
							7.1

						
							
							30.6

						
							
							AUP-10 × AUP-18

						
							
							8.5

						
							
							36.5

						
					

					
							
							AUP-01 × AUP-05

						
							
							6.9

						
							
							28.8

						
							
							AUP-10 × AUP-21

						
							
							5.4

						
							
							28.7

						
					

					
							
							AUP-01 × AUP-07

						
							
							5.6

						
							
							34.2

						
							
							AUP-13 × AUP-01

						
							
							5.5

						
							
							23.4

						
					

					
							
							AUP-01 × AUP-08

						
							
							5.1

						
							
							22.1

						
							
							AUP-13 × AUP-05

						
							
							5.3

						
							
							27.4

						
					

					
							
							AUP-01 × AUP-10

						
							
							6.4

						
							
							23.7

						
							
							AUP-13 × AUP-07

						
							
							4.8

						
							
							21.9

						
					

					
							
							AUP-01 × AUP-13

						
							
							6.1

						
							
							29.0

						
							
							AUP-13 × AUP-08

						
							
							5.2

						
							
							25.3

						
					

					
							
							AUP-01 × AUP-18

						
							
							5.1

						
							
							31.7

						
							
							AUP-13 × AUP-10

						
							
							5.3

						
							
							24.8

						
					

					
							
							AUP-01 × AUP-21

						
							
							5.4

						
							
							29.3

						
							
							AUP-13 × AUP-18

						
							
							5.5

						
							
							28.8

						
					

					
							
							AUP-05 × AUP-01

						
							
							6.8

						
							
							25.8

						
							
							AUP-13 × AUP-21

						
							
							6.4

						
							
							23.6

						
					

					
							
							AUP-05 × AUP-07

						
							
							7.3

						
							
							32.4

						
							
							AUP-18 × AUP-01

						
							
							5.8

						
							
							25.0

						
					

					
							
							AUP-05 × AUP-08

						
							
							6.1

						
							
							26.4

						
							
							AUP-18 × AUP-05

						
							
							7.3

						
							
							35.0

						
					

					
							
							AUP-05 × AUP-10

						
							
							5.4

						
							
							28.6

						
							
							AUP-18 × AUP-07

						
							
							6.5

						
							
							33.3

						
					

					
							
							AUP-05 × AUP-13

						
							
							7.7

						
							
							31.9

						
							
							AUP-18 × AUP-08

						
							
							5.9

						
							
							25.5

						
					

					
							
							AUP-05 × AUP-18

						
							
							7.0

						
							
							29.6

						
							
							AUP-18 × AUP-10

						
							
							6.3

						
							
							28.8

						
					

					
							
							AUP-05 × AUP-21

						
							
							5.4

						
							
							25.5

						
							
							AUP-18 × AUP-13

						
							
							6.0

						
							
							31.4

						
					

					
							
							AUP-07 × AUP-01

						
							
							5.9

						
							
							23.9

						
							
							AUP-18 × AUP-21

						
							
							6.3

						
							
							30.1

						
					

					
							
							AUP-07 × AUP-05

						
							
							5.9

						
							
							24.3

						
							
							AUP-21 × AUP-01

						
							
							5.4

						
							
							27.7

						
					

					
							
							AUP-07 × AUP-08

						
							
							5.6

						
							
							25.3

						
							
							AUP-21 × AUP-05

						
							
							6.3

						
							
							28.9

						
					

					
							
							AUP-07 × AUP-10

						
							
							6.3

						
							
							25.2

						
							
							AUP-21 × AUP-07

						
							
							5.5

						
							
							25.5

						
					

					
							
							AUP-07 × AUP-13

						
							
							6.6

						
							
							26.9

						
							
							AUP-21 × AUP-08

						
							
							5.2

						
							
							25.5

						
					

					
							
							AUP-07 × AUP-18

						
							
							5.6

						
							
							26.3

						
							
							AUP-21 × AUP-10

						
							
							5.4

						
							
							27.0

						
					

					
							
							AUP-07 × AUP-21

						
							
							6.1

						
							
							28.9

						
							
							AUP-21 × AUP-13

						
							
							6.7

						
							
							30.2

						
					

					
							
							AUP-08 × AUP-01

						
							
							7.8

						
							
							33.0

						
							
							AUP-21 × AUP-18

						
							
							5.8

						
							
							25.1

						
					

					
							
							AUP-08 × AUP-05

						
							
							5.1

						
							
							24.6

						
							
							Commercial variety

						
							
							6.4

						
							
							34.5

						
					

					
							
							AUP-08 × AUP-07

						
							
							6.9

						
							
							23.8

						
							
							Parental mean

						
							
							5.6

						
							
							25.0

						
					

					
							
							AUP-08 × AUP-10

						
							
							5.5

						
							
							26.3

						
							
							F1 mean

						
							
							6.0

						
							
							27.5

						
					

					
							
							AUP-08 × AUP-13

						
							
							6.4

						
							
							23.8

						
							
							LSD(0.05)

						
							
							0.9

						
							
							3.1

						
					

				
			

			

			 

			identified several crosses with significant positive mid and best parent heterosis in rapeseed for branches plant-1. Signiﬁcant positive commercial heterosis for primary branches has also been recorded in Indian mustard genotypes (Synrem et al., 2015) and in Eruca sativa (Mundiyara and Jakhar, 2017). Desired mid and high parent heterosis for branches plant-1 have been reported in turnip rape (Dar et al., 2011) and Indian mustard (Turi et al., 2006). However, non-significant positive heterotic effects over mid and best parent have been reported in some rapeseed genotypes (Gupta et al., 2006).

			 

			Pods main raceme-1

			In rapeseed, the final yield is highly influenced by number of pods main raceme-1 therefore, having more pods main raceme-1 result in greater seed yield. In current experiment, genotypes revealed highly significant (P≤0.01) differences for pods main raceme-1 demonstrating the presence of adequate genetic 

			Table 4: Best parent heterosis (BP %) and commercial heterosis (CH %) for days to maturity, primary branches plant-1and pods main receme-1 in 8 × 8 F1 diallel crosses of rapeseed.

			
				
					
					
					
					
					
					
					
				
				
					
							 
							Days to maturity
							
							Primary branches plant-1

						
							
							Pods main raceme-1

						
					

					
							Hybrids
							BP
							CH
							BP
							CH
							BP
							CH
					

					
							
							AUP-01 × AUP-05

						
							
							-6.20*

						
							
							-3.66

						
							
							0.00

						
							
							-9.09

						
							
							-9.84

						
							
							-10.13*

						
					

					
							
							AUP-01 × AUP-07

						
							
							-0.90

						
							
							1.78

						
							
							11.11

						
							
							15.15*

						
							
							-25.14**

						
							
							-25.38**

						
					

					
							
							AUP-01 × AUP-08

						
							
							-2.72

						
							
							-0.09

						
							
							-26.67**

						
							
							-33.33**

						
							
							-31.69**

						
							
							-31.92**

						
					

					
							
							AUP-01 × AUP-10

						
							
							-1.26

						
							
							1.41

						
							
							20.00*

						
							
							9.09

						
							
							-14.75*

						
							
							-15.03**

						
					

					
							
							AUP-01 × AUP-13

						
							
							-5.28*

						
							
							-2.72

						
							
							-13.33

						
							
							-21.21**

						
							
							18.03**

						
							
							17.65**

						
					

					
							
							AUP-01 × AUP-18

						
							
							-6.38*

						
							
							-3.85

						
							
							-15.42**

						
							
							3.03

						
							
							24.04**

						
							
							23.64**

						
					

					
							
							AUP-01 × AUP-21

						
							
							-4.37

						
							
							-1.78

						
							
							-41.80**

						
							
							-33.33**

						
							
							-31.60**

						
							
							-27.02**

						
					

					
							
							AUP-05 × AUP-01

						
							
							-11.14*

						
							
							-8.73**

						
							
							53.33**

						
							
							39.39**

						
							
							-14.21*

						
							
							-14.49**

						
					

					
							
							AUP-05 × AUP-07

						
							
							-0.37

						
							
							2.16

						
							
							11.11

						
							
							15.15*

						
							
							34.08**

						
							
							17.65**

						
					

					
							
							AUP-05 × AUP-08

						
							
							-1.55

						
							
							-3.66

						
							
							50.00**

						
							
							9.09

						
							
							24.15**

						
							
							8.93

						
					

					
							
							AUP-05 × AUP-10

						
							
							-4.98*

						
							
							-6.48**

						
							
							71.72**

						
							
							3.03

						
							
							41.53**

						
							
							24.18**

						
					

					
							
							AUP-05 × AUP-13

						
							
							3.91

						
							
							0.28

						
							
							55.04**

						
							
							21.21**

						
							
							39.04**

						
							
							22.00**

						
					

					
							
							AUP-05 × AUP-18

						
							
							-1.30

						
							
							-0.47

						
							
							-25.37**

						
							
							-9.09

						
							
							-8.01

						
							
							-11.76*

						
					

					
							
							AUP-05 × AUP-21

						
							
							3.52

						
							
							-0.09

						
							
							-31.22**

						
							
							-21.21**

						
							
							-24.45**

						
							
							-19.39**

						
					

					
							
							AUP-07 × AUP-01

						
							
							-9.12**

						
							
							-6.67**

						
							
							-6.43

						
							
							-3.03

						
							
							-3.28

						
							
							-3.59

						
					

					
							
							AUP-07 × AUP-05

						
							
							-4.92*

						
							
							-2.35

						
							
							16.96*

						
							
							21.21**

						
							
							-7.51

						
							
							-18.85**

						
					

					
							
							AUP-07 × AUP-08

						
							
							-3.48

						
							
							-1.03

						
							
							-41.52**

						
							
							-39.39**

						
							
							24.07**

						
							
							-18.30**

						
					

					
							
							AUP-07 × AUP-10

						
							
							-2.01

						
							
							0.47

						
							
							-41.52**

						
							
							-39.39**

						
							
							1.39

						
							
							-24.29**

						
					

					
							
							AUP-07 × AUP-13

						
							
							-5.31*

						
							
							-2.91

						
							
							-41.52**

						
							
							-39.39**

						
							
							21.59*

						
							
							-19.93**

						
					

					
							
							AUP-07 × AUP-18

						
							
							-3.30

						
							
							-0.85

						
							
							-10.45

						
							
							9.09

						
							
							-10.28

						
							
							-13.94**

						
					

					
							
							AUP-07 × AUP-21

						
							
							-3.11

						
							
							-0.66

						
							
							-41.80**

						
							
							-33.33**

						
							
							4.65

						
							
							11.66*

						
					

					
							
							AUP-08 × AUP-01

						
							
							-4.00

						
							
							-1.41

						
							
							53.33**

						
							
							39.39**

						
							
							28.42**

						
							
							28.00**

						
					

					
							
							AUP-08 × AUP-05

						
							
							1.32

						
							
							-0.85

						
							
							41.67**

						
							
							3.03

						
							
							-16.20*

						
							
							-26.47**

						
					

					
							
							AUP-08 × AUP-07

						
							
							-8.42**

						
							
							-6.10**

						
							
							-29.82**

						
							
							-27.27**

						
							
							3.39

						
							
							-31.92**

						
					

					
							
							AUP-08 × AUP-10

						
							
							2.84

						
							
							1.22

						
							
							0.00

						
							
							-27.27**

						
							
							40.77**

						
							
							5.12

						
					

					
							
							AUP-08 × AUP-13

						
							
							4.01

						
							
							1.78

						
							
							47.29**

						
							
							15.15*

						
							
							21.54*

						
							
							-25.93**

						
					

					
							
							AUP-08 × AUP-18

						
							
							-4.66*

						
							
							-3.85

						
							
							9.45

						
							
							33.33**

						
							
							-23.91**

						
							
							-27.02**

						
					

					
							
							AUP-08 × AUP-21

						
							
							-3.47

						
							
							-5.54*

						
							
							-47.09**

						
							
							-39.39**

						
							
							-32.62**

						
							
							-28.10**

						
					

					
							
							AUP-10 × AUP-01

						
							
							-1.26

						
							
							1.41

						
							
							46.67**

						
							
							33.33**

						
							
							-21.86**

						
							
							-22.11**

						
					

					
							
							AUP-10 × AUP-05

						
							
							1.13

						
							
							-0.47

						
							
							81.82**

						
							
							9.09

						
							
							-11.86

						
							
							-22.66**

						
					

					
							
							AUP-10 × AUP-07

						
							
							-7.51**

						
							
							-5.16*

						
							
							57.89**

						
							
							63.64**

						
							
							-5.18

						
							
							-29.19**

						
					

					
							
							AUP-10 × AUP-08

						
							
							0.93

						
							
							-0.66

						
							
							91.67**

						
							
							39.39**

						
							
							14.51*

						
							
							-14.49**

						
					

					
							
							AUP-10 × AUP-13

						
							
							-0.21

						
							
							-1.78

						
							
							86.05**

						
							
							45.45**

						
							
							44.42**

						
							
							7.84

						
					

					
							
							AUP-10 × AUP-18

						
							
							-1.30

						
							
							-0.47

						
							
							14.43*

						
							
							39.39**

						
							
							-9.14

						
							
							-12.85*

						
					

					
							
							AUP-10 × AUP-21

						
							
							-3.64

						
							
							-5.16*

						
							
							5.82

						
							
							21.21**

						
							
							-53.04**

						
							
							-49.89**

						
					

					
							
							AUP-13 × AUP-01

						
							
							-7.30**

						
							
							-4.79*

						
							
							-6.67

						
							
							-15.15*

						
							
							-24.04**

						
							
							-24.29**

						
					

					
							
							AUP-13 × AUP-05

						
							
							2.94

						
							
							-0.66

						
							
							78.29**

						
							
							39.39**

						
							
							-16.82*

						
							
							-27.02**

						
					

					
							
							AUP-13 × AUP-07

						
							
							-4.21

						
							
							-1.78

						
							
							46.20**

						
							
							51.52**

						
							
							49.71**

						
							
							-1.42

						
					

					
							
							AUP-13 × AUP-08

						
							
							0.75

						
							
							-1.41

						
							
							8.53

						
							
							-15.15*

						
							
							42.35**

						
							
							-12.31*

						
					

					
							
							AUP-13 × AUP-10

						
							
							-1.93

						
							
							-3.47

						
							
							-6.98

						
							
							-27.27**

						
							
							15.24*

						
							
							-13.94**

						
					

					
							
							AUP-13 × AUP-18

						
							
							-3.54

						
							
							-2.72

						
							
							-25.37**

						
							
							-9.09

						
							
							9.60

						
							
							5.12

						
					

					
							
							AUP-13 × AUP-21

						
							
							3.50

						
							
							-0.47

						
							
							-20.63**

						
							
							-9.09

						
							
							-28.02**

						
							
							-23.20**

						
					

					
							
							AUP-18 × AUP-01

						
							
							-8.39**

						
							
							-5.92**

						
							
							-45.27**

						
							
							-33.33**

						
							
							-27.87**

						
							
							-28.10**

						
					

					
							
							AUP-18 × AUP-05

						
							
							-0.19

						
							
							0.66

						
							
							4.48

						
							
							27.27**

						
							
							12.44*

						
							
							7.84

						
					

					
							
							AUP-18 × AUP-07

						
							
							-5.49*

						
							
							-3.10

						
							
							-25.37**

						
							
							-9.09

						
							
							16.98**

						
							
							12.20*

						
					

					
							
							AUP-18 × AUP-08

						
							
							-5.59*

						
							
							-4.79*

						
							
							-5.47

						
							
							15.15*

						
							
							-24.47**

						
							
							-27.56**

						
					

					
							
							AUP-18 × AUP-10

						
							
							2.79

						
							
							3.66

						
							
							24.38**

						
							
							51.52**

						
							
							10.16

						
							
							5.66

						
					

					
							
							AUP-18 × AUP-13

						
							
							-6.52*

						
							
							-5.73*

						
							
							-5.47

						
							
							15.15*

						
							
							20.95**

						
							
							16.01**

						
					

					
							
							AUP-18 × AUP-21

						
							
							-2.23

						
							
							-1.41

						
							
							-0.50

						
							
							21.21**

						
							
							8.73

						
							
							16.01**

						
					

					
							
							AUP-21 × AUP-01

						
							
							-8.76**

						
							
							-6.29**

						
							
							-41.80**

						
							
							-33.33**

						
							
							-13.22*

						
							
							-7.41

						
					

					
							
							AUP-21 × AUP-05

						
							
							1.97

						
							
							-1.60

						
							
							-15.34*

						
							
							-3.03

						
							
							-33.64**

						
							
							-29.19**

						
					

					
							
							AUP-21 × AUP-07

						
							
							-2.20

						
							
							0.28

						
							
							-20.63**

						
							
							-9.09

						
							
							-1.99

						
							
							4.58

						
					

					
							
							AUP-21 × AUP-08

						
							
							-4.05

						
							
							-6.10**

						
							
							-47.09**

						
							
							-39.39**

						
							
							-29.56**

						
							
							-24.84**

						
					

					
							
							AUP-21 × AUP-10

						
							
							2.27

						
							
							0.66

						
							
							-20.63**

						
							
							-9.09

						
							
							-27.00**

						
							
							-22.11**

						
					

					
							
							AUP-21 × AUP-13

						
							
							3.10

						
							
							-0.85

						
							
							-36.51**

						
							
							-27.27**

						
							
							-11.18*

						
							
							-5.23

						
					

					
							
							AUP-21 × AUP-18

						
							
							0.93

						
							
							1.78

						
							
							-45.27**

						
							
							-33.33**

						
							
							-13.73*

						
							
							-7.95

						
					

				
			

			

			**, *: Significant at 1% and 5% level of probability, respectively.

			 

			Table 5: Best parent heterosis (BP %) and commercial heterosis (CH %) for 1000-seed weight and seed yield plant-1 in 8 × 8 F1 diallel crosses of rapeseed. 

			 

			
				
					
					
					
					
					
				
				
					
							Hybrids 
							1000-seed weight
							
							Seed yield plant-1

						
					

					
							BP
							CH
							BP
							CH
					

					
							
							AUP-01 × AUP-05

						
							
							6.15

						
							
							1.56

						
							
							3.47

						
							
							-16.52**

						
					

					
							
							AUP-01 × AUP-07

						
							
							-13.85*

						
							
							-4.69

						
							
							23.13**

						
							
							-0.87

						
					

					
							
							AUP-01 × AUP-08

						
							
							-22.05**

						
							
							-23.44**

						
							
							-20.50**

						
							
							-35.94**

						
					

					
							
							AUP-01 × AUP-10

						
							
							-1.54

						
							
							-29.69**

						
							
							-14.92**

						
							
							-31.30**

						
					

					
							
							AUP-01 × AUP-13

						
							
							-6.67

						
							
							-20.31**

						
							
							4.18

						
							
							-15.94**

						
					

					
							
							AUP-01 × AUP-18

						
							
							-22.05**

						
							
							-23.44**

						
							
							14.03**

						
							
							-8.12*

						
					

					
							
							AUP-01 × AUP-21

						
							
							-23.94**

						
							
							-4.69

						
							
							-4.14

						
							
							-15.07**

						
					

					
							
							AUP-05 × AUP-01

						
							
							4.62

						
							
							10.94

						
							
							-7.21

						
							
							-25.22**

						
					

					
							
							AUP-05 × AUP-07

						
							
							19.71**

						
							
							7.81

						
							
							34.63**

						
							
							-6.09*

						
					

					
							
							AUP-05 × AUP-08

						
							
							-0.05

						
							
							-12.50*

						
							
							9.68

						
							
							-23.48**

						
					

					
							
							AUP-05 × AUP-10

						
							
							-10.49

						
							
							-20.31**

						
							
							10.42*

						
							
							-17.10**

						
					

					
							
							AUP-05 × AUP-13

						
							
							26.30**

						
							
							0.00

						
							
							32.37**

						
							
							-7.54*

						
					

					
							
							AUP-05 × AUP-18

						
							
							15.30*

						
							
							-4.69

						
							
							17.59**

						
							
							-14.20**

						
					

					
							
							AUP-05 × AUP-21

						
							
							-24.41**

						
							
							-20.31**

						
							
							-16.63**

						
							
							-26.09**

						
					

					
							
							AUP-07 × AUP-01

						
							
							-8.72

						
							
							-15.63*

						
							
							-13.90**

						
							
							-30.72**

						
					

					
							
							AUP-07 × AUP-05

						
							
							-3.35

						
							
							6.25

						
							
							0.62

						
							
							-29.57**

						
					

					
							
							AUP-07 × AUP-08

						
							
							13.61

						
							
							14.06*

						
							
							8.57

						
							
							-26.67**

						
					

					
							
							AUP-07 × AUP-10

						
							
							23.53**

						
							
							-4.69

						
							
							-2.59

						
							
							-26.96**

						
					

					
							
							AUP-07 × AUP-13

						
							
							36.21**

						
							
							-15.63*

						
							
							15.48*

						
							
							-22.03**

						
					

					
							
							AUP-07 × AUP-18

						
							
							-7.65

						
							
							20.31**

						
							
							4.22

						
							
							-23.77**

						
					

					
							
							AUP-07 × AUP-21

						
							
							-14.55*

						
							
							9.37

						
							
							-5.50

						
							
							-16.23**

						
					

					
							
							AUP-08 × AUP-01

						
							
							19.49**

						
							
							-15.63*

						
							
							18.73**

						
							
							-4.35

						
					

					
							
							AUP-08 × AUP-05

						
							
							-15.43*

						
							
							-7.81

						
							
							2.06

						
							
							-28.70**

						
					

					
							
							AUP-08 × AUP-07

						
							
							40.82**

						
							
							-7.81

						
							
							1.96

						
							
							-31.01**

						
					

					
							
							AUP-08 × AUP-10

						
							
							8.50

						
							
							-12.50*

						
							
							1.57

						
							
							-23.77**

						
					

					
							
							AUP-08 × AUP-13

						
							
							30.61**

						
							
							-1.56

						
							
							6.89

						
							
							-31.01**

						
					

					
							
							AUP-08 × AUP-18

						
							
							-1.64

						
							
							3.12

						
							
							26.94**

						
							
							-7.25*

						
					

					
							
							AUP-08 × AUP-21

						
							
							-18.78**

						
							
							-12.50*

						
							
							-26.86**

						
							
							-35.07**

						
					

					
							
							AUP-10 × AUP-01

						
							
							-4.62

						
							
							-4.69

						
							
							-3.42

						
							
							-22.03**

						
					

					
							
							AUP-10 × AUP-05

						
							
							-6.10

						
							
							21.88**

						
							
							0.72

						
							
							-24.35**

						
					

					
							
							AUP-10 × AUP-07

						
							
							7.19

						
							
							-20.31**

						
							
							4.54

						
							
							-21.45**

						
					

					
							
							AUP-10 × AUP-08

						
							
							5.88

						
							
							7.81

						
							
							-5.91

						
							
							-29.28**

						
					

					
							
							AUP-10 × AUP-13

						
							
							24.18**

						
							
							-14.06*

						
							
							11.84*

						
							
							-15.94**

						
					

					
							
							AUP-10 × AUP-18

						
							
							39.34**

						
							
							0.00

						
							
							40.93**

						
							
							5.80*

						
					

					
							
							AUP-10 × AUP-21

						
							
							-24.41**

						
							
							-6.25

						
							
							-6.21

						
							
							-16.81**

						
					

					
							
							AUP-13 × AUP-01

						
							
							-14.87*

						
							
							-9.38

						
							
							-15.89**

						
							
							-32.17**

						
					

					
							
							AUP-13 × AUP-05

						
							
							-12.14

						
							
							-3.13

						
							
							13.55*

						
							
							-20.58**

						
					

					
							
							AUP-13 × AUP-07

						
							
							-1.36

						
							
							-10.94

						
							
							-6.17

						
							
							-36.52**

						
					

					
							
							AUP-13 × AUP-08

						
							
							6.80

						
							
							-14.06*

						
							
							13.24*

						
							
							-26.67**

						
					

					
							
							AUP-13 × AUP-10

						
							
							3.27

						
							
							-15.63*

						
							
							-4.38

						
							
							-28.12**

						
					

					
							
							AUP-13 × AUP-18

						
							
							-9.29

						
							
							-1.56

						
							
							14.42*

						
							
							-16.52**

						
					

					
							
							AUP-13 × AUP-21

						
							
							-10.33

						
							
							32.81**

						
							
							-22.80**

						
							
							-31.59**

						
					

					
							
							AUP-18 × AUP-01

						
							
							-11.28

						
							
							-15.63*

						
							
							-9.96*

						
							
							-27.54**

						
					

					
							
							AUP-18 × AUP-05

						
							
							19.13**

						
							
							-14.06*

						
							
							39.03**

						
							
							1.45

						
					

					
							
							AUP-18 × AUP-07

						
							
							7.10

						
							
							-17.19**

						
							
							32.17**

						
							
							-3.48

						
					

					
							
							AUP-18 × AUP-08

						
							
							-3.28

						
							
							-25.00**

						
							
							1.20

						
							
							-26.09**

						
					

					
							
							AUP-18 × AUP-10

						
							
							2.73

						
							
							-18.75**

						
							
							11.24*

						
							
							-16.52**

						
					

					
							
							AUP-18 × AUP-13

						
							
							-1.09

						
							
							-17.19**

						
							
							24.48**

						
							
							-8.99*

						
					

					
							
							AUP-18 × AUP-21

						
							
							-11.74*

						
							
							-14.06*

						
							
							-1.53

						
							
							-12.75**

						
					

					
							
							AUP-21 × AUP-01

						
							
							-23.94**

						
							
							0.00

						
							
							-9.51*

						
							
							-19.71**

						
					

					
							
							AUP-21 × AUP-05

						
							
							-10.80*

						
							
							-9.38

						
							
							-5.47

						
							
							-16.23**

						
					

					
							
							AUP-21 × AUP-07

						
							
							-22.54**

						
							
							14.06*

						
							
							-16.51**

						
							
							-26.09**

						
					

					
							
							AUP-21 × AUP-08

						
							
							-27.23**

						
							
							1.56

						
							
							-16.66**

						
							
							-26.09**

						
					

					
							
							AUP-21 × AUP-10

						
							
							-24.41**

						
							
							-7.81

						
							
							-11.73*

						
							
							-21.74**

						
					

					
							
							AUP-21 × AUP-13

						
							
							-6.10

						
							
							-1.56

						
							
							-1.34

						
							
							-12.46**

						
					

					
							
							AUP-21 × AUP-18

						
							
							-18.31**

						
							
							-6.25

						
							
							-18.02**

						
							
							-27.25**

						
					

				
			

			

			**, *: Significant at 1% and 5% level of probability, respectively.

			 

			variability in this set of rapeseed genotypes (Table 1). Means values for pods main raceme-1 ranged from 35.3 to 65.3 for parental genotypes with an average value of 49.7 where maximum pods main raceme-1 were produced by AUP-21 while, minimum were recorded for genotype AUP-13. Among F1 crosses, data ranged from 30.7 to 78.3 with an average value of 55.0 pods main raceme-1 where, minimum and maximum values were noted for F1 crosses, AUP-10 × AUP-21 and AUP-08 × AUP-01, respectively (Table 2). These parental lines along with their F1 crosses yielding more pods main raceme-1 will be effective material for future rapeseed breeding program. Our findings are analogous to those of Gul et al. (2018 a, b), Naheed et al. (2017), Sincik et al. (2014) and Rameeh et al. (2003) who reported considerable variations for pods main raceme-1 in rapeseed genotypes. Similarly, Nasim et al. (2014) recorded significant variability for pods main raceme-1 in some turnip rape genotypes.

			 

			In rapeseed, positive heterosis effect is preferred for pods main raceme-1. Estimates of heterosis over best parent identified 19 crosses having significant positive effects where data ranged from 12.4 to 49.7%. Among these crosses, AUP-13 × AUP-07 showed highest heterosis over best parent. Among 56 crosses, 10 crosses revealed significant positive commercial heterosis ranging from 11.6 to 28.0% where highest heterosis was recorded for cross, AUP-08 × AUP-01 (Table 4). Our results are in line with the earlier findings of Ahsan et al. (2013) and Nassimi et al. (2006) who also reported significant mid and best parent heterotic effects for pods main raceme-1 in rapeseed. Signiﬁcant positive commercial heterosis for pods main raceme-1 have also been reported in Indian mustard (Synrem et al., 2015; Meena et al., 2014) and turnip rape (Dar et al., 2011). 

			 

			1000-Seed weight 

			In rapeseed, 1000-seed weight is the main yield contributing trait and influence final yield therefore; most of the rapeseed breeders are interested in heavier seeds. Highly significant (P≤0.01) differences were revealed for 1000-seed weight (Table 1) indicating the broad baseness of the tested material. Among parental lines, mean values for 1000-seed weight varied from 4.5 (AUP-08) to 7.1 g (AUP-21) with an average value of 5.6 g. Data for F1 hybrids ranged from 4.8 to 8.5 g with an average value of 6.01 g where the lowest and highest values were recorded for crosses, AUP-13 × AUP-07 and AUP-10 × AUP-18, respectively (Table 3). The best performing parental genotypes with their F1 hybrids will be helpful in the selection of high yielding genotypes in upcoming breeding progrms. Recently, Sohail et al. (2018), Kang et al. (2014), Muhammad et al. (2014), Ahmad et al. (2013) and Sadat et al. (2010) also reported highly significant genetic variability for 1000-seed weight among rapeseed genotypes. Further, Chaurasiya et al. (2018), Dawar et al. (2018) and Bibi et al. (2016) reported considerable differences for the studied trait in Indian mustard genotypes. 

			 

			For 1000-seed weight, positive heterotic effect is desired. Estimates of heterosis over best parent identified 11 crosses with significant positive heterotic effects where data ranged from 15.30 to 40.82%. Among these crosses, hybrid combinations AUP-08 × AUP-07 and AUP-10 × AUP-18 (39.34%) had maximum effects. For commercial heterosis, 05 cross combinations showed significant positive heterotic effects for 1000-seed weight where data ranged from 14.06 to 32.81%. The highest commercial heterosis was expressed for cross, AUP-13 × AUP-21 (Table 5). These results were similar to earlier findings of Rameeh (2011, 2003) who reported both positive and negative best parent heterosis in rapeseed for 1000-seed weight. Similarly, Dar et al. (2011) and Singh (2005) also revealed significant positive best and mid parent heterosis for several crosses in turnip rape and Indian mustard, respectively. Further, Meena et al. (2014) revealed positive commercial heterosis while Gupta and Lal (2011) reported significant positive heterosis for mid and best parent in Indian mustard for 1000-seed weight.

			 

			Seed yield plant-1

			Rapeseed breeding programs mostly focus on increased seed yield as well as oil content. Mean square values presented highly significant (P≤0.01) differences for seed yield among studied rapeseed genotypes (Table 1). Among parental genotypes, seed yield varied from 20.6 (AUP-13) to 30.6 g (AUP-21) with an average of 25.0 g. Data for F1 hybrids ranged from 21.9 to 36.5 g with an average value of 27.5 g where minimum seed yield plant-1 was attained by cross, AUP-13 × AUP-07 while AUP-10 × AUP-18 attained the maximum seed yield plant-1 (Table 3). These results showed that the studied genotypes have considerable variability which could useful to produce high yielding lines. Similarly, significant differences among rapeseed for seed yield plant-1 have been reported by Gul et al. (2018 a, b), Sohail et al. (2018), Khalil and Raziuddin (2017) and Synrem et al. (2014). Further, Chaurasiya et al. (2018), Dawar et al. (2018) and Bibi et al. (2016) also recorded highly significant variability for seed yield in Indian mustard. 

			Greater seed yield is the main objective of majority of rapeseed breeding programs therefore; positive heterosis is desirable for seed yield plant-1. In current study, estimates of heterosis over best parent identified 18 crosses with significant positive heterotic effects for seed yield where values ranged from 10.42 to 40.93%. Maximum heterosis was expressed by hybrid, AUP-10 × AUP-18 followed by AUP-18 × AUP-05 (39.0%). For commercial heterosis, only AUP-10 × AUP-18 revealed significant positive heterotic effect (5.80%) (Table 5). Top ranking crosses could be an asset for breeding high yielding genotypes. Our results are supported by Gul et al. (2018a), Liton et al. (2017) and Verma et al. (2011) who also reported several crosses with significant positive heterosis for seed yield in rapeseed genotypes. Tanaka and Niikura (2006) reported best-parent heterotic effect for seed yield in rapeseed. Similarly, Gami and Chauhan (2014) identified several hybrids with significant positive heterobeltiosis for seed yield in Indian mustards whereas, Mundiyara and Jakhar (2017) found commercial heterosis for seed yield in Eruca sativa. 

			 

			Conclusions and Recommendations

			 

			The analysis of variance revealed highly significant differences signifying the prevalence of sufficient genetic variability for the studied traits in rapeseed genotypes. Mean performance identified AUP-21 as the best parent for most of the important traits. Whereas, among F1 crosses, AUP-05×AUP-01 and AUP-10×AUP-18, performed better and showed desirable heterotic effects for maturity and seed yield plant-1. Therefore, these Parental lines and crosses could be an asset for rapeseed breeding programs and could be exploited for developing superior lines.
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Abstract | Pakistan is facing huge shortage of edible oils and its imports cost nearly 3 billion US dollars each
year to feed 220 million people. This situation demands serious efforts to develop new lines/ hybrids with
better yields. Rapeseed is the second largest contributor in domestic edible oil industry. Keeping in view the
lower yield of rapeseed in Pakistan especially in Khyber Pakhtunkhwa this study was conducted to investigate
genetic variability and heterosis in eight rapeseed genotypes for maturity, morphological and yield traits.
The eight parental genotypes i.e., AUP-01, AUP-05, AUP-07, AUP-08, AUP-10, AUP-13, AUP-18 and
AUP-21 were crossed in full diallel fashion to generate 56 F, crosses. These parental genotypes and their F,
hybrids were evaluated during 2015/16 in the field at the University of Agriculture, Peshawar, Pakistan. Mean
squares revealed significant genetic variability among parents and their I, crosses for days to maturity, primary
branches plant™, pods main raceme™, 1000-seed weight and seed yield plant™, signifying the occurrence of
considerable variability in the tested material. Mean performance identified parental genotype AUP-21 being
the best for early maturity (167.0 days), pods main raceme™ (65.3), 1000-seed weight (7.1 g) and seed yield
(30.6 g). F, cross combination AUP-10 x AUP-18 had high seed yield (36.5 g) and moderate days to maturity
(177.0). Desirable significant negative best parent and commercial heterotic effects were observed in 17 and
13 hybrids for maturity, respectively. Desired significant positive best parent and commercial heterotic effects
were observed in 18 and 21 hybrids for primary branches plant™, 19 and 10 hybrids for pods main raceme™,
11 and 05 hybrids for 1000-seed weight and 18 and 01 hybrid for seed yield plant™, respectively. Top ranking
F, hybrids were, AUP-05 x AUP-01 for maturity and AUP-10 x AUP-18 for 1000-seed weight and seed
yield plant™. These early maturing and high yielding crosses may be exploited for developing superior hybrids
through exploitation of hybrid vigor and segregation. The information generated from this study could be
useful for breeders to develop hybrids with better seed yield and oil quality traits through heterosis breeding.
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Introduction cotton seed (Amjid, 2014). Pakistan has made great
progress in agriculture in the last two decades. It has
not only achieved self-sufficiency but has also become
exporter of major crops like wheat, cotton, sugarcane,

mango, dates, oranges and rice. On the other hand,

RaBpeseed (Brassica napus L.) belonging to family

rassicasae contains 44-46 percent oil and
25-30 percent protein contents in its seeds. In

Pakistan rapeseed and mustard are the second largest
contributor in the domestic edible oil production after

for the edible oil requirements of its 210 million
people it highly relies on imports which drain more
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