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ABSTRACT 

 
A study was conducted at Wheat Research Institute, AARI, Faisalabad, 
Pakistan during 2006-08 to estimate the level of heterosis and heterobeltiosis 
among F1 hybrids developed from four lines and three testers in bread wheat. 
Genotypic mean squares for all traits studied were highly significant genetic 
depicting significant variability for these traits. Heterosis and heterobeltiosis 
were estimated for grain yield per plant, number of tillers per plant, spike 
length, number of spikelets per spike, 1000-grain weight and plant height in 
cross combinations of four lines (HI666 / PVN’S’, HUBARA’S’, Faisalabad 85 
and Faisalabad 83) and three testers (PBW65/ROER/3/PB6 // MIRLOW / BUC, 
Faisalabad 2008 and PBW502) of bread wheat. The results exhibited significant 
differences among genotypes and their crosses for all traits studied. The cross 
“Faisalabad 83 x PBW65 / ROER / 3 / PB6 // MIRLOW / BUC depicted significant 
and maximum heterosis and heterobeltiosis for grain yield and most of the 
other traits followed by “Faisalabad 85 x PBW65 / ROER / 3 / PB6 // MIRLOW / 
BUC”. These crosses will be considered for finding transgressive segregants 
in late segregating generations to develop a wheat variety with higher grain 
yield potential.  
 
KEYWORDS: Triticum aestivum; genotypes; crossbreeding; hybrid vigour; 

agronomic characters; Pakistan. 

 
INTRODUCTION 

 
Pakistan is one of the wheat producing countries of the world. The area 
under wheat cultivation in Pakistan was 9046 thousand hectares with a 
production of 24032.9 thousand tons and average yield of 2657 kg per 
hectare (3). To feed increasing population in Pakistan is a big challenge for 
agricultural scientists. There is a dire need to develop genotypes having 
better yield potential per unit area. This could be achieved only by exploring 
maximum genetic potential from available germplasm of wheat. Bread wheat 

                                                 
*Assistant Botanists, **Director, ***Assistant Research Officer, Wheat Research 
Institute, AARI, Faisalabad, Pakistan.  

 



M. Akbar et al.  

J. Agric. Res., 2010, 48(1) 

16 

is one of the principal sources of food energy for man and animals. The 
rapidly increasing population of the world necessitates studying heterotic 
effects on wheat for increasing grain yield potential. One of the aspects of 
heterosis study is development of wheat hybrids, which might play a big role 
in this respect because hybrid crops are more uniform in maturity and 
vigorous in most of the cases. Doubled haploid production technique has 
opened up new vistas for hybrid vigour utilization without going into intricate 
seed production process repeated every year. 
 
Because of self-pollinating nature of wheat plant, limited investigation on 

hybrid seed has so far been devoted to wheat. Exploitation of heterotic effect 

for grain yield increase was largely attributed to cross-pollinated crops. The 

possibility of commercial use of F1 hybrids in wheat, received a little attention. 

Briggle (5) and Sajnani (14) suggested the possibility of heterotic effects in 

wheat. Khan and Khan (11) reported that maximum heterosis was obtained 

for tillers per plant (31.91%) followed by grain yield per plant (19.41%), 1000-

grain weight (17.32%), number of grains per spike (11.37%) and plant height 

(5.23%). Chowdhry et al. (7) observed heterosis for plant height, tillers per 

plant, 1000-grain weight and grain yield per plant. Akhter et al. (2) studied 

heterosis for traits like plant height and grain yield per plant. Hussain et al. 

(10) found significantly positive heterosis (1.43 to 52.01 %) in four crosses 

and positively significant heterobeltiosis (5.0 to 48.19%) in three crosses out 

of 15 crosses for grain yield per plant. They also reported a range of 

heterosis from 2.33 to 21.22 percent and heterobeltiosis from 1.53 to 5.71 

percent for tillers per plant, 1.62 to 20.90 percent heterosis and 4.65 to 15.33 

percent heterobeltiosis for 1000-grain weight, 1.61 to 13.12 percent heterosis 

and 1.48 to 6.86 percent heterobeltiosis for grains per spike. Khan et al. (12) 

studied 20 F1 hybrids of five wheat varieties and observed highly significant 

heterosis for spike density over mid and better parents. Mehla et al. (13) 

reported higher magnitude of heterosis and low inbreeding depression for 

traits like spikelets per spike and spike length in two spring wheat crosses.  
 

Breeders always try to improve yield potential of wheat. Maximum yield 
potential can be exploited through hybrid vigour. It has been reported that 
24.69 percent heterosis was expressed in wheat hybrid for grain yield (9). As 
wheat is a self-pollinated crop, hybrid seed production may be somewhat 
difficult. However, heterosis may be fixed by using double haploid formation 
or using apomixes technique. 
 

The present study was conducted to estimate the level of heterosis and 
heterobeltiosis among F1 hybrids of four lines and three testers in bread 
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wheat. These studies would be helpful for selecting suitable parents for 
hybrid development and looking for transgressive segregants. 
  

MATERIALS AND METHODS 
 
This study was conducted at Wheat Research Institute, AARI, Faisalabad 

Pakistan during 2006-08. Heterotic effect was studied in cross combination 

using four lines viz. HI666/PVN ‘S’,  HUBARA‘S’, Faisalabad 85 and 

Faisalabad 83 and three testers viz. PBW65/ROER/3/PB6// MIRLOW/BUC, 

Faisalabad 2008 and PBW viz. 502. The breeding material was planted in 

November 19, 2007 in plot size of 2.5 meter single rows in triplicate 

randomized complete block design. Spacing between plants and rows were 

kept as 15 and 30 cm, respectively. At maturity ten guarded plants were 

randomly selected from each plot and data were collected for grain yield per 

plant, number of tillers  per plant, spike length, number of spikelets per spike, 

1000-grain weight and plant height. The data were statistically analyzed for 

all traits studied using method of Steel and Torrie (15). Heterosis in F1 for all 

these traits were calculated in percentage over mid and better parent values 

and t -test was employed by given formulae to determine whether F1 hybrid 

means were statistically significant from mid and better parental values 

compared to t-tab values at 0.05 and 0.01 levels as discussed by Fonseca 

and Patterson (9) and Wynne et al. (16).  

  
RESULTS AND DISCUSSION 

 
Mean values for parents depicted that Faisalabad 2008 and PBW502 were 
good grain yielding parents (Table 1). The genotypic mean squares indicated 
at least significant differences (P<0.05) among parental lines and their 
hybrids depicting significant genetic variability for traits studied. Detail about 
heterosis and heterobeltiosis for traits studied is as under:- 
 

Grain yield per plant 
 

Heterosis over mid and better parent has the key importance in bread wheat 
as it is a most important cereal in the world. The data (Table 2) showed that 
the best cross was Faisalabad 83 x PBW65 / ROER / 3 / PB6 // MIRLOW / 
BUC (4 x 5) which exhibited maximum positive and highly significant 
heterosis for grain yield, tillers per plant, 1000-grain weight, spike length and 
plant height. It was followed by Faisalabad 85 x PBW65 / ROER /3/ PB6 // 
MIRLOW / BUC (3 x 5) which showed heterosis for grain yield, 1000-grain 
weight and spike length.  Another  cross  HI666 / PVN ‘S’  x  PBW65 / ROER  
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MIRLOW / BUC (1 x 5) presented significant heterosis for grain yield per 
plant, tillers per plant, spikelets per spike and 1000-grain weight. The cross 
Faisalabad83 x PBW502 (4 x 7) depicted significantly positive heterosis for 
grain yield per plant and plant height. These results supported earlier findings 
for heterotic effects in grain yield (1, 5). Other crosses showed either 
significantly negative or non-significantly positive heterosis for grain yield per 
plant. Such crosses were not important for hybrid vigour in grain yield.  
 
The cross Faisalabad 83 x PBW65 / ROER/3 / PB6 // MIRLOW / BUC (4 X 5) 
showed heterobeltiosis for grain yield per plant, 1000-grain weight and plant 
height followed by Faisalabad 85 x PBW65 / ROER /3/ PB6 // MIRLOW / 
BUC (3 x 5) which showed heterobeltiosis for grain yield per plant alongwith 
1000-grain weight.  
 

Tillers per plant 
 
The data (Table 2) further showed that five crosses viz. Faisalabad 85 x 
Faisalabad 2008 (3 x 6), Faisalabad 83 x PBW-65 / ROER /3/ PB6 // 
MIRLOW / BUC (4 x 5), HUBARA “S’ x Faisalabad 2008 (2 x 6), H1666/PVN 
“S” x PBW65 / ROER /3 / PB6 / MIRLOW / BUC (1 x 5), Faisalabad 85 x 
PBW502 (3 x 7) had positive and significant heterosis for this trait but none of 
the crosses showed significant positive heterobeltiosis for this trait. Tillers per 
plant is considered important yield component. The cross Faisalabad 83 x 
PBW65/ROER/3/MIRLOW/BUC (3 x 5) exhibited positive and highly 
significant heterosis for tillers per plant as well as for grain yield per plant but 
Chakraborty and Tiwari (6) reported negative heterosis and heterobeltiosis 
for tillers per plant. 

 
Spikelets per spike 
 

Only two crosses HI666 / PVN ‘S’ x PBW65 / ROER / 3 / PB6 // MIRLOW / 
BUC (1 x 5) and “HUBARA”S”xPBW502 (2 x 7) showed positive and highly 
significant heterosis and significant heterobeltiosis, respectively. Former had 
significant heterosis at 0.05 level but latter gave negative heterosis for grain 
yield per plant. All other crosses exhibited negative heterosis either 
significant or non-significant that is why these are worthless for yield 
improvement. The cross HUBARA ‘S’ x PBW ‘502’ (2 x 7) expressed 
significantly positive heterobeltiosis only for spikelets per spike. 
 

1000-grain weight  
 

All crosses except HUBARA ”S”x PBW502, Faisalabad 85 x PBW502 and 
Faisalabad 83 x PBW502 (4 x 7) exhibited negative heterosis. However, 
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cross Faisalabad 83 x PBW65 / ROER / 3 / PB6 // MIRLOW / BUC (4 x 5) 
exhibited positive and highly significant heterosis followed by “Faisalabad 85 
x PBW65 / ROER / 3 / PB6 // MIRLOW / BUC (3 x 5) and HI666 / PVN ‘S’ x 
PBW65 / ROER /3/ PB6 // MIRLOW / BUC (1 x 5).  Cross Faisalabad 83 x 
PBW65 / ROER /3/ PB6 // MIRLOW / BUC (4 x 5) followed by Faisalabad 85 
x PBW65 / ROER / 3 / PB6 // MIRLOW / BUC (3 x 5) also gave heterosis 
over better parent for this trait including grain yield per plant. Almost similar 
results were reported in earlier findings (9). 

 
Table 2. Heterosis in different cross combinations of bread wheat genotypes during 

2007-08. 

 
Cross 

No. 

Grain 
yield/ 

plant 

Tillers/ 

plant 

Spikelets/ 

spike 

1000 

grain 

weight 

Spike 

length 

Days to 
50% 

heading 

Days to 
50% 

maturity 

Plant 

Height 

1×5 4.61* 9.40* 5.98** 6.31** 1.18
 NS

 -4.25** -0.22
 NS

 0.53
 NS

 
1×6 -28.09** 12.95

NS
 -3.09

NS
 6.35** -0.13

 NS
 -4.62** 0.33

 NS
 -2.45

 NS
 

1×7 -20.38** 9.43
NS

 -15.28** 8.56** -4.19
 NS

 -1.08* 0.11
 NS

 -1.93
 NS

 
2×5 -13.27** 9.60

NS
 -2.62

 NS
 8.32** 11.89** 0.32

 NS
 -1.41* 6.23** 

2×6 -24.59** 12.95* 2.62
 NS

 6.34** 2.75
 NS

 -2.93** -2.16** -0.18
 NS

 
2×7 -32.70** 9.60

NS
 11.35** -12.83** 5.00* -2.16** -1.95** 2.55* 

3×5 10.43** 11.17
NS

 -0.22
 NS

 18.61** 4.81* -0.16
 NS

 -0.22
 NS

 -2.37* 
3×6 -27.00** 12.95** -1.51

 NS
 2.41* 10.35** -2.16** 0.11

 NS
 -0.17

 NS
 

3×7 -0.03
NS

 11.17* 1.00
 NS

 -2.71** -2.13
 NS

 0.77
 NS

 0.76
 NS

 -6.74** 
4×5 29.70** 10.13** 1.00

 NS
 26.17** 7.03** 0.00

 NS
 -0.21

 NS
 4.61** 

4×6 -38.74** 12.95
NS

 -0.29
 NS

 10.18** 7.92** -3.29** -0.33
 NS

 1.58
 NS

 
4×7 3.94* 2.25

NS
 -7.14* -5.59** -2.20

 NS
 -2.83** -0.54

 NS
 15.14** 

 
Table 3. Heterobeltiosis in different cross combinations of bread wheat genotypes 

during 2007-2008. 
 

Cross 
No. 

 

Grain 
yield/ 

plant 

Tillers/ 

plant 

Spikelets/ 

spike 

1000 

grain 
weight 

Spike 

length 

Days to 

50% 

heading 

Days to 

50% 

maturity 

Plant 

height 

1×5 -5.00* 5.64
 NS

 2.25
 NS

 -2.00
 NS

 -2.13
 NS

 -4.70** -1.52* 0.00NS 

1×6 -37.38** -18.92** -10.64** -0.26
 NS

 -5.75* -6.34** -0.87NS -3.80** 

1×7 -25.99** -3.82
 NS

 -21.62** -4.25** -12.60** -2.73** -1.08NS -3.11** 

2×5 -15.44** -8.02
 NS

 -4.05
 NS

 3.85** 7.41** 0.00NS -1.73* 1.76NS 

2×6 -35.51** -20.69** -0.67
 NS

 3.80** 1.15
 NS

 -4.83** -2.59** -5.17** 

2×7 -38.66** -9.38NS 8.15* -20.20** 2.84
 NS

 -3.94** -2.37** -2.42* 

3×5 10.43** -10.30* -2.93
 NS

 14.38** -2.70
 NS

 -0.32NS -0.22NS -5.58** 

3×6 -35.19** -17.61** -3.44
 NS

 -2.99* 4.97
 NS

 -4.22** 0.00NS -2.63* 

3×7 -5.09
 NS

 0.98
 NS

 -0.64
 NS

 -3.91** -3.53
 NS

 -1.21* 0.65NS -9.19** 

4×5 26.61** 4.34
 NS

 0.93
 NS

 24.80** 0.22
 NS

 -1.26* -0.43NS 3.51** 

4×6 -45.33** -16.83** -4.92
 NS

 9.34** -1.32
 NS

 -6.64** -0.65NS -0.35NS 

4×7 -0.76
 NS

 -1.28
 NS

 -11.15** -10.96** -13.46** -6.06** -0.86NS 13.15** 
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Spike length 
 
Six crosses HUBARA “S” x PBW65 / ROER /3/ PB6 / MIRLOW / BUC (2 x 5), 
Faisalabad 85 x Faisalabad 2008 (3 x 6), Faisalabad 83 � Faisalabad 2008 
(4 x 6), Faisalaabad 83 x PBW65 / ROER /3/ PB6 // MIRLOW / BUC (4 x 5), 
HUBARA “S” PBW502 (2 x 7) and Fiasalabad 85 x PBW65 / ROER /3/ PB6 // 
MIRLOW / BUC (3 x 5) express significantly positive heterosis for this trait. 
However, crosses 4 x 5 and 3 x 5 exhibited significantly positive heterosis for 
this trait including grain yield. All other traits depicted non-significant negative 
or non-significant positive heterosis for this trait. That is why these had least 
interest for the breeders. The cross HUBARA “S” x PBW65 / ROER / 3 / PB6 
// MIRLOW / BUC (2 x 5) showed only significantly positive heterobeltiosis for 
this trait.   
 
Days to heading and  maturity 
 
None of the crosses showed positive significant heterosis for days taken to 
heading. Most of the crosses showed negative heterosis. Days taken to 
heading mean days taken to complete vegetative growth and days taken to 
maturity mean days taken to complete physiological maturity. Negative 
heterosis for days taken to heading is desirable if these have significant 
correlation with grain yield per plant to chalk out the plan for selecting higher 
yielding and short duration plants. None of the crosses gave significant 
positive heterosis and heterobeltiosis for days taken to heading. With regards 
to days taken to maturity, none of the crosses showed significantly positive 
heterosis and heterobeltiosis. Most of the crosses showed significantly 
negative heterosis for days to physiological maturity. Therefore, earliness in 
heading and physiological maturity was observed in control of dominant 
genes. 
 
Plant height 
 
Tallness is not a desirable trait in wheat as lodging may occur during 
windstorm resulting into grain yield reduction. So for this trait negative 
heterosis is desirable. Four crosses Faisalabad 83 x PBW502 (4 x 7), 
HUBARA”S” x PBW65 / ROER /3/ PB6 // MIRLOW / BUC (2 x 5), Faisalabad 
85 x PBW65 / ROER /3/ PB6 // MIRLOW / BUC (4 x 5) and HUBARA”S”� 
PBW502 (2 x 7) exhibited significantly positive heterosis for plant height. 
These results agree to some earlier findings  (7, 8 to 10).  All remaining 
crosses showed negative or non-significantly positive heterosis for this trait. 
Two crosses Faisalabad 83 x PBW65 / ROER /3/ PB6 // MIRLOW / BUC (4 x 
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5) and Faisalabad 83 x PBW502 (4 x 7) also showed significantly positive 
heterobeltiosis for plant height. The cross Faisalabad 83 x PBW65/ ROER/3/ 
PB6 //MIRLOW/BUC (4 x 5) was the best cross which showed significantly 
positive heterosbeltiosis for grain yield per plant but positive heterosis for 
plant height was not desirable (Table 2 and 3). Faisalabad 85 x 
PBW65/ROER/3/PB6//MIRLOW/BUC (3 x 5) was the cross which depicted 
significantly positive heterosis for grain yield but significantly negative 
heterosis for plant height.  
 
It is concluded that crosses Faisalabad 83 x PBW65 / ROER /3/ PB6 // 

MIRLOW / BUC and Faisalabad 85 x PBW65 /ROER/3/ PB6//MIRLOW/BUC  

exhibited significant heterosis and heterobeltiosis for grain yield and some 

other traits studied. Earlier findings are in line with present results for grain 

yield (4). Emphasis may be given for exploitation of heterosis and 

heterobeltiosis for grain yield and its components. 
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