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INTRODUCTION

Wheat is one of the most important and widely cultivated
staple food crops among the cereals and is contributing about
30% to the food basket of the country. It is agronomically and
nutritionally most important cereal essential for the food
security, poverty alleviation and improved livelihoods. To feed
the growing population, the country’s wheat requirement by
2030 has been estimated at 100 million metric tons. To achieve
this target, the wheat production has to be increased at the
rate of <1mmt per annum (Sharma et al., 2011) and one way
to achieve this is through heterosis breeding, which is one of
the strongest tool to take a quantum jump in production and
productivity under various agro- climatic conditions.

Heterosis or hybrid vigour concept was started with the studies
reported by Shull (1908). The exploitation of heterosis requires
intensive evaluation of germplasm to find out diverse donors
with high nicking of genes  crossing elite genotypes and further
identification of highly heterotic F1s so that subsequently
desirable segregants may be obtained from various
combinations.  Selection of potent parents represent the major
step in the development of new high-yielding cultivars, and
the efficient identification of superior hybrid combinations is
a fundamental issue in wheat breeding programs (Gowda et
al., 2010). Moreover, the study of heterosis helps the breeders
in eliminating less productive crosses in F1 generation itself.
The rejection of crosses, which shows no heterosis, would
enable the breeder to concentrate the attention to few, but
possibly more productive crosses. The studies of heterosis in
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wheat have also been reported by Borghi and Perenzin (1994),
Budak and Yildrim (1996), Saini et al. (2006), Ribadia et al.
(2007), Dagustu (2008), Ashutosh et al. (2011), Amarah et al.
(2013) and Beche et al. (2013).

In views of the above facts, the present study was, therefore,
undertaken to estimate the magnitude of genetic variability
and heterosis for yield and its component traits by crossing
12 lines and 3 testers using line x tester mating design. These
studies would be helpful for selecting suitable parents for
hybrid development and to select potent transgressive
segregants which can be further evaluated for enhanced yield
potential.

MATERIALS AND METHOD

Thirty six F1s were obtained by crossing twelve lines viz. LFN/
II 58.57// PRL/3, MILAN/ KAUZ// PASTOR/3/ PASTOR, MILAN/
KAUZ//PRINIA/3/BABAX, WBLL*2/KKTS, PBW65/2*PASTOR,
STAR//PVN/STAR /3/WH542/4/MILAN/ KAUZ, HW 2019 , HD
2834, UP 2596, PBW343*2/ KAKUN, UP 2774, UP 2762
(female parent) with three testers i.e., UP 2572, DBW 17, UP
2338 (male parents). The fifteen parents (male and female)
and their resultant 36 F1s were grown in a randomized block
design with three replications during rabi 2010-11 at Norman
E. Borlaug Crop Research Centre of Govind Ballabh Pant
University of Agriculture and Technology, Pantnagar.  Each
replication consisted of 53 treatments consisting of 12 lines, 3
testers, 36 crosses and 2 commercial check varieties (UP 2554
and PBW 343). Each treatment was planted in a two rowed
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plot of  two meter long with inter- row and inter- plant distances
of 23 and 10 cm, respectively. Observations were recorded
for eight characters viz., days to 75% heading, plant height,
spike length, number of spikelets per spike, days to maturity,
number of grains per spike, 1000 grain weight and grain yield
per plant. The mean values of parents and hybrids were used
for estimating heterosis over their respective better parents,
mid parent and standard checks for above characters.

Estimation of heterosis

Heterosis, expressed as per cent increase or decrease in the
performance of F1 hybrid over the mid-parent (average or
relative heterosis), better parent (heterobeltiosis) and check
parent (standard heterosis) was computed for each character
using the following formula:

100
MP

MPF
heterosisRelative

1

100
BP

BPF
iosisHeterobelt 1 ×

−
=

100
CP

CPF
heterosis Standard 1 ×

−
=

Where,

1F = Mean performance of F1 hybrid

1P = Mean performance of parent one

2P = Mean performance of parent two

BP = Mean performance of better parent

CP = Mean performance of check parent

MP = Mean mid-parental value i.e. (P1+P2)/2

The differences in the magnitudes of relative heterosis,
heterosis over male and female parents were tested as per the
method proposed by Panse and Sukhatme (1961).

RESULTS AND DISCUSSION

The analysis of variance revealed significant variation due to
parents for all the characters studied indicating that parents
possess good amount of genetic variability (Table 1). The
variance due to hybrids was also significant for all the
characters studied except days to maturity suggesting the
generation of good amount of variability among the hybrids
and also the possibilities of identifying the superior hybrids
from the study. Comparison of means of hybrids with mean of
parents as a group was found to be significant for most of the
characters which suggested that the hybrids differ considerably
from the parents for most of the traits and also the existence of
substantial heterosis for most of the characters studied.
Moreover, the importance of non additive genetic effects in
determining these characters can also be revealed.

Almost all the characters had shown considerable amount of
heterosis over better parent, mid parent and standard checks
(Table 2). The degree of heterosis however differed for different

characters of thirty six crosses studied.

Heterobeltiosis for days to 75% heading ranged from -4.068%
(UP 2596 × UP 2572) to 2.867% (PBW 65/2* PASTOR × UP
2572). The cross UP 2596 × UP 2572 emerged as a better
cross than others with a negative heterosis of -4.068%, showing
significant earliness than the better parent. Negative heterosis
for days taken to heading is desirable if these have significant
correlation with grain yield per plant for selecting higher
yielding and short duration plants. Relative heterosis ranged
from -4.068% (UP 2596×UP 2572) to 1.056% (PBW 65/
2*PASTOR × UP 2572). Highest negative standard heterosis
was exhibited by HD 2834 × UP 2338 which showed
earliness over the standard check PBW 343. The importance
of negative heterosis for days to 75% heading has been
highlighted by Bedo et al. (1983), Palve et al. (1986), Gawande
and Dhumale (2002), Muhammad et al. (2010) and Ashutosh
et al. (2011).

Two crosses viz. STAR// PVN/ STAR/3 /WH542/ 4/ MILAN/
KAUZ × DBW 17 (-10.778%) and HD 2834 × UP 2572 (-
7.583%) showed significant negative heterobeltiosis for plant
height. The heterobeltiosis for this character ranged from -
10.778% (STAR// PVN/ STAR/3 /WH542/ 4/ MILAN/ KAUZ ×
DBW 17) to 26.738% (HW 2019 × UP 2572). The relative
heterosis ranged from -10.972% (UP 2596 × UP 2338) to
19.241% (HW 2019 × UP 2572). The highest negative
standard heterosis over both the standard checks viz., UP
2554 and PBW 343 was recorded in the cross HD 2834 X
DBW 17 for plant height. Negative heterosis for plant height
has also been reported by Yadav and Murty (1976), Palve et
al. (1986), Budak and Yildrim (1996), Gawande and Dhumale
(2002), Muhammad et al. (2010).

Spike length is one of the most important yield components,
which contributes towards productivity and should be taken
into consideration during selection. Thus, positive heterosis
for spike length is desirable. In the present study, the cross UP
2774 x UP 2572 showed the highest positive heterosis over
both the better parent and mid parent. For standard heterosis,
the best cross combination was MILAN/KAUZ//PRINIA/3/
BABAX × UP 2572 which exhibited the highly significant
positive heterosis over both the standard checks viz., UP 2554
and PBW 343. The results for spike length are in agreement
with Ribadia (2007), Dagustu (2008), Muhammad et al. (2010)
and Ashutosh et al. (2011).

In the present study, the highest magnitude of positive heterotic
response for number of spikelets per spike in terms of
heterobeltiosis and relative heterosis was recorded in the cross
PBW 65/2* PASTOR × DBW 17. However, none of the

Table 1 : Analysis of variance for different characters
Characters Mean squaresSource of variation
d.f Replication 2 Treatment 50 Error 100

Days to 75% heading 66.79 6.38** 3.29
Plant height ( cm) 83.87 78.84** 19.14
Spike length ( cm) 0.28 3.28** 0.45
No. of spikelets per spike 3.75 1.71** 0.52
Days to maturity 4.88 4.79* 3.07
Total no. of grains per spike 3.65 175.30** 1.36
1000 grain weight ( g) 8.59 69.72** 0.78
Grain yield per plant 2.00 45.88** 3.35

* and ** Significant at 5% and 1% level, respectively
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crosses showed significant positive standard
heterosis. Positive heterosis for this character
has been highlighted by Prasad et al. (1998),
Ribadia (2007), Dagustu (2008) and
Muhammad et al. (2010).

The promising cross MILAN/KAUZ//
PASTOR/3/PASTOR X DBW 17 was recorded
to have the highest negative estimates of
better parent heterosis and standard
heterosis over check PBW 343 for days to
maturity, while highest negative estimate of
relative heterosis was exhibited by the
crosses HD 2834×UP 2338, but none of
the crosses exhibited significant negative
heterosis over check UP 2554. These
crosses could be utilized to generate early
maturing transgressive segregants in the later
generations. These results are in agreement
with Bedo et al. (1983), Gawande and
Dhumale (2002) and Muhammad et al.
(2010) who reported negative estimates of
heterosis.

The cross HW 2019 × UP 2338 showed
superiority over better parent, mid parent
and over both the checks for number of
grains per spike. Thus, this particular cross
can be exploited for improvement in yield.
Reports on significant positive heterosis for
number of grains per spike have presented
by Palve et al. (1986), Chakraborty and
Tewari (1995), Prasad et al. (1998),
Gawande and Dhumale (2002), Dagustu
(2008), Muhammad et al. (2010) and
Amarah et al. (2013).

Positive heterosis is favoured in case of 1000-
grain weight, as it has a direct bearing on
yield. In the present study, the cross PBW
65/2*PASTOR × UP 2338 exhibited the
highest magnitude of positive heterosis over
both the better parent and the mid parent,
while the cross STAR//PVN/STAR/3/WH542/
4/MILAN/KAUZ × UP 2338 exhibited
highest positive standard heterosis over both
the standard checks. Positive heterosis for
1000-grain weight was earlier reported by
Palve et al. (1986), Chakraborty and Tewari
(1995), Prasad et al. (1998), Muhammad et
al. (2010) and Ashutosh et al. (2011).

In case of grain yield per plant, the cross UP
2774 × UP 2338 showed the highest
significant positive heterosis over both better
parent and mid parent, while the cross UP
2596 × DBW 17 exhibited the highest
significant positive standard heterosis over
both the checks. The results reporting
positive heterosis for grain yield per plant
are in complete agreement with Borghi and
Perenzin (1994), Budak and Yildrim (1996),
Saini et al. (2006), Ribadia et al. (2007),
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Dagustu (2008), Muhammad et al. (2010), Ashutosh et al.
(2011) and Amarah et al. (2013).

The present study reveals ample variability among the parents
and high scope for the exploitation of heterosis for
advancement of grain yield in wheat. The cross UP 2596 X
DBW 17 was recognized as the best heterotic cross for grain
yield and it exhibited highly significant positive heterosis over
both the standard checks UP 2554 and PBW 343 (Table 3).
Therefore, this cross can be further evaluated and used in
hybrid breeding programme to boost up the grain yield.
Moreover, the cross HW 2019 x UP 2338 exhibited highest
and significant positive heterosis over better parent, mid parent
and over both the standard checks for number of grains per
spike which poses a possibility of getting higher yield in future
through their exploitation in breeding programme.
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