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Abstract

A study was conducted for the assessment of heterosis and 
inbreeding depression for grain yield and its contributing 
traits in bread wheat using a 13 × 13 diallel fashion excluding 
reciprocals. The analyses of heterosis over mid parent (MP), 
better parent (BP) as well as the standard check (SC; NW 
1014) were carried out in 78 F1 and F2 crosses and inbreeding 
depression in F2 crosses. Biological yield exhibited maximum 
degree of SC, BP and MP heterosis (46.96%, 39.98% and 31.78%), 
followed by grain yield (35.27%, 27.58% and 20.52%), respectively. 
The crosses viz., PBW 343 × HI 1563 for plant hight (PH), 
effective tillers (ET), 1000 grain weight (TGW), biological yield 
(BY); PBW 343 × K 8962 (PH, ET, spikelets per spike (SPS), 
grain number per spike (GNPS), TGW, BY); RAJ 3765 × UP 2490 
(PH, spike lenght (SL), SPS, GNPS, TGW, BY); UP 2490 × CBW 
38 (SL, ET, SPS, GNPS, TGW, BY) and NW 2036 × UP 2490 
(SPS, GNPS, TGW, BY) expressed significant standard heterosis 
(>50%) for grain yield and some other yield components. All 
these crosses had significant performance in both generations 
(F1 and F2) hence, can be exploited for the development of 
high yielding lines and/or isolation of desirable transgressive 
segregants. Thus these crosses combinations may be used for 
developing superior genotypes. The crosses viz., PBW 343 × RAJ 
3765 (-26.17), RAJ 3765 × HP 1744 (-20.66), NW 1014 × CBW 38 
(-19.95), RAJ 3765 × CBW 38 (-10.31), HP 1744 × CBW 38 (-9.71) 
and UP 2425 × CBW 38 (-5.87) express negative significant 
inbreeding depression for grain yield and also exhibited >15% 
heterosis over three parents, indicating non-additive type of 
gene action in the inheritance of these characters and therefore 
these crosses could be used for further improvement of grain 
yield in bread wheat. 

Keywords: Bread wheat, diallel analysis, grain yield, heterosis, 
inbreeding depression   

1. Introduction

Wheat is one of the most important staple food of 
about 36% of the world populations (Arya et al., 2018). 
Therefore, the yield of wheat needs to be increased 
up to 70-110% globally by 2050 (Tilman et al., 2011). 
The food security is one of prime importance 
for any country and is often defined in terms of 
food production/availability, food access and food 

utilization. To meet this future food demand, we 
should have solutions for rigid challenges such as 
climate change with increased population in the world 
including India. Further, the success of any breeding 
strategy depends on the presence of genetic variability 
in the breeding materials, proper selection of parents, 
mating system employed and the breeder’s keen 
judgment in selecting superior genotypes within the 
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segregating populations. The simultaneous studies of 
heterosis and inbreeding depression estimates give an 
idea about gene action involved in the expression of 
various quantitative traits and help in devising breeding 
methodology for further improvement (Deshpandey 
and Nayeem, 1999). Knowledge on the expression 
levels of heterosis and inbreeding depression are useful 
to help breeders to choose the best hybrid combinations 
which will serve as the basis for the selection of superior 
genotypes. The estimates of heterosis in crop species 
can be determined in terms of increases in growth 
rate, total biomass, stress resistances, seed yield, 
and population fitness (Kalloo et al., 2006). Wheat is 
an important cereal crop and expresses 10-25 % of 
heterosis (Hoisington et al., 1999). The estimates of 
heterosis over standard check for grain yield ranged 
from 6 per cent (Borghi et al., 1986) to as high as 41 
per cent (Yadav and Murty, 1976). Self-pollination of 
hybrids over several generations leads to a gradual 
reduction in heterozygosity as well as vigour is known 
as inbreeding depression. Therefore, both heterosis 
and inbreeding depression are two different aspect of 
crop improvement (Zirkle, 1952). The magnitude of 
heterosis helps in determining genetic diversity and 
serves as a guide in the selection of desirable parents. 
The superiority of hybrids particularly over high parent 
is more useful for commercial exploitation of heterosis 
and also parental combinations capable of producing 
the highest level of transgressive segregants (Singh et al., 
2004). Whereas inbreeding is essential for providing 
the base material for selection because it produced 
better segregants in wheat (Gaur, 2014). Therefore, the 
present study was carried out to assess the magnitude of 
heterosis and inbreeding depression in bread wheat and 
to identify superior crosses which would be gainfully 
utilize in future wheat improvement programmes.

2. Materials and methods

The primary breeding material comprised of 13 
released varieties (NW 1014, NW 2036, PBW 502, 
PBW 343, K 8962, HI 1563, DBW 14, RAJ 3765, 
RAJ 4120, HP 1744, UP 2490, UP 2425 and CBW 
38) of bread wheat. All the 13 released varieties used 
as parents were planted at main experiment station 
of Narendra Deva University of Agriculture and 
Technology, Kumarganj, Faizabad (U.P.) during rabi 
2012-2013 for attempting the crosses in a 13 × 13 diallel 
mating design excluding reciprocals. During off-season 
in the year of 2013, F1 seed of 78 crosses were raised 
at IARI Regional Research Station, Wellington, Tamil 
Nadu for generation advancement. In the successive 
crop season during rabi 2013-2014, the experimental 
materials comprised of 13 parents along with their 78 
F1s and 78 F2s were evaluated in a randomized block 
design (RBD) with three replications. Each genotype 

was planted in a single row plot of 3m length with a 
spacing of 23cm and 10cm between rows and between 
plants respectively with advocated agronomic practices 
to raise a good crop. The observations were recorded 
on five (05) randomly selected plants in parents, 10 
plants in F1 generation and 20 plants in F2 generation 
for days to 50% flowering, days to maturity, plant height 
(cm), spike length (cm), number of effective tillers per 
plant, number of spikelets per spike, number of grains 
per spike, 1000-grain weight (g), biological yield per 
plant (g) and grain yield per plant (g). The diallel cross 
analysis was carried out by the method as described by 
Mather and Jinks (1982). The estimates of heterosis and 
inbreeding depression were computed as per standard 
procedures (Fonseca and Patterson, 1968). In the 
present study we calculated three type of heterosis. 1). 
Mid-parent heterosis (%)  = (F1-MP)/MP×100 , where 
F1= Mean performance of F1 hybrid; MP = Mean 
performance of mid-parent. 2). Better parent heterosis 
(%) = (F1-BP)/BP×100 , where F1= Mean performance 
of F1 hybrid; BP = Mean performance of better parent. 
3). Standard check heterosis (%) = (F1-SC)/SC×100 , 
where F1= Mean performance of F1 hybrid; SC = Mean 
performance of standard check. A widely adopted and 
released variety (NW 1014) was considered as standard 
check for the estimation of standard heterosis in F1 
generation for various yield components studied. In the 
present study, the estimation of heterosis was measured 
as the superiority of F1 cross combination over their 
respective standard, better as well as mid-parent 
values for the estimation of standard, better and mid-
parent heterosis respectively, for grain yield and yield 
components. Inbreeding depression was calculated 
when both F1 and F2 population of the same cross were 
available and measure as inbreeding depression (%) = 
(F1-F2)/F1×100  , where F1= Mean performance of F1 
hybrid; F2 = Mean performance of F2 hybrid.

3. Results and discussion

The heterosis is desirable for wheat crop in respect to 
various yield traits either in the negative or positive 
direction. There are some cross combinations which 
showed desirable heterosis for more than one trait, 
and some crosses showed desirable heterosis for only 
one trait. A wide variation of heterosis range, heterosis 
means and numbers of desirable hybrids were found 
for most of the traits over three parents (standard, 
better and mid-parents) under study (Table 1). In the 
present study, standard, better and mid parent heterosis 
ranged from -16.59 to 90.26, -29.15 to 77.94 and -24.85 
to 60.53 with a mean value of 35.27, 27.58 and 20.52, 
respectively for grain yield per plant. The estimates 
of heterosis indicating, that biological yield per plant 
exhibited the highest degree of standard heterosis, 
better parent heterosis and average heterosis (46.96%, 
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39.98% and 31.78%), followed by grain yield per plant 
(35.27%, 27.58% and 20.52%) respectively. However, 
the magnitude and direction of heterosis varied for 
cross to cross and trait to trait in 78 cross combinations. 
Some other yield contributing traits which showed 
significant and desirable heterosis over all three parents 
were 1000-grain weight (2.80%, 1.41% and 5.61%), 
number of grains per spike (3.83%, 0.74% and 2.05%), 
number of spikelets per spike (5.29%, 1.33% and 
13.28%) and plant height (-2.53%, -8.19% and -4.86%). 

The results also indicated that the traits, viz., plant 
height (negative heterosis), more number of grains per 
spike, more number of spikelets per spike, 1000-grain 
weight, high biological yield per plant and high grain 
yield per plant (positive heterosis) had all three types of 
heterosis. The manifestation of significant and desirable 
heterosis for grain yield, 1000-grain weight, biological 
yield, plant height and number of grains per spike was 
also reported by Singh et al. (2013) and Kumar et al. 
(2015). Similarly, significant and desirable heterosis for 

Table 1. Estimation of heterosis (standard, better and mid-parent), and inbreeding depression in diallel crosses of 
bread wheat for grain yield and yield components

Trait Type of heterosis Heterosis range Heterosis mean No. of desirable crosses (F1)

Days to 50% flowering

Mid parent (-5.00)  – (8.07) 1.10 13

Better parent (-8.12) – (4.17) -0.73 17

Standard check (-3.70)  – (12.50) 2.40 3

Inbreeding depression (-4.74) – (4.51) 0.06 7

Days to maturity

Mid parent (-2.75) – (3.03) -0.32 21

Better parent (-4.08) – (1.93) -0.91 34

Standard check (-1.67) – (4.18) 1.05 2

Inbreeding depression (-1.11) – (2.19) 0.19 -

Plant height

Mid parent (-20.90) – (17.76) -2.53 34

Better parent (-33.87) – (5.13) -8.19 43

Standard check (-22.75) – (22.01) -4.86 37

Inbreeding depression (-3.08) – (2.74) 0.32 2

Spike length

Mid parent (18.99)  – (13.11) -0.18 74

Better parent (-30.35)  – (7.55) -5.42 7

Standard check (-16.32) – (25.00) -2.56 14

Inbreeding depression (-3.86) – (5.88) 0.57 3

Number of effective tiller 
per plant

Mid parent (-22.22) – (36.81) 7.45 42

Better parent (29.41) – (22.41) 0.05 26

Standard check (-30.46)– (25.86) -7.52 14

Inbreeding depression (-66.23) – (27.75) -1.56 7

Number of spikelets per 
spike

Mid parent (-15.60) – (19.27) 5.29 8

Better parent (-23.33 – 14.58) 1.33 8

Standard check (-8.51) – (38.30) 13.28 46

Inbreeding depression (-7.41) – (15.69) 1.48 -

Number of grains per spike

Mid parent (-24.46) – (35.18) 3.83 14

Better parent (-33.10) – (31.54) 0.74 31

Standard check (-29.10) – (28.36) 2.05 36

Inbreeding depression (-29.52) – (15.97) -3.46 31

1000-grain weight

Mid parent (-17.67)  – (15.84) 2.80 43

Better parent (-20.48)  – (15.19) 1.48 33

Standard check (-15.05) – (18.23) 5.61 35

Inbreeding depression (-17.31) – (18.39) 0.45 15

Biological yield per plant

Mid parent (-7.89)  – (93.72) 46.66 71

Better parent (-17.59) – (119.71) 39.98 62

Standard check (-16.63) – (73.92) 31.78 62

Inbreeding depression (-45.28) – (40.99) 4.24 12

Grain yield per plant

Mid parent (-16.59)  – (90.26) 35.27 63

Better parent (-29.15) – (77.94) 27.58 60

Standard check (-24.85) – (60.53) 20.52 55

Inbreeding depression (-26.17) – (29.85) 0.48 9
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over standard, better as well as mid-parent. The results 
also indicated that that the degree and direction of 
heterosis varied not only from character to character 
but also among cross combinations. Heterosis may be 
high or low depending upon the mean value of the 
respective parent. Obviously, there may be a possibility 
of getting a cross with high mean performance but 
with low heterosis, in case the parental performance is 
also high. In contrast, there may be a cross with poor 
mean performance but high heterosis. It means that 
the choice of the best cross combination on the basis 
of high heterosis would not necessarily be one which 
would give the high mean performance. The mean 
performance being the realized value, and the heterotic 
response being an estimate, the formers would be given 
preference with high percentage of heterosis while 
making selection of cross combination.

More desirable crosses showed negative and significant 
inbreeding depression for various yield components 
(Table 3). The direction and magnitude of inbreeding 
depression varied from cross to cross for all the yield 
component traits. Out of 78 crosses, top nine crosses 
were selected which showed the highest negative and 
significant inbreeding depression for grain yield per 
plant as well as for other component traits. The range 
of inbreeding depression for grain yield was (-26.17 – 
29.85), days to 50 % flowering (-4.74) – (4.51), days to 
maturity (-1.11) – (2.19), plant height (-3.08) – (2.74) 
and spike length (-3.86) – (5.88). Similarly, the range of 
inbreeding depression for number of effective tillers per 
plant, number of spikelets per spike, number of grains 
per spike, 1000-grain weight and biological yield per 
plant is given in Table 1.

number of grains per spike, number of spikelets per 
spike, 1000-grain weight, biological yield per plant and 
grain yield per plant by Kumar et al. (2017) in wheat. 
The presence of high heterosis for grain yield and its 
contributing traits is not only for developing hybrids 
but also helps to produce transgressive segregants for 
developing of superior homozygous lines. 

At the time of plant selection, grain yield received 
maximum attention of plant breeder in any plant 
breeding programme. Therefore, highest positive and 
significant heterosis for grain yield is desirable. The 
top 10 crosses were selected out of 78 crosses, which 
expressed highest significant positive heterosis over 
all three parents (standard, better and mid-parent) for 
grain yield along with its contributing traits (Table 2). 
The cross combination PBW 343 × HI 1563 expressed 
heterosis for four traits (biological yield per plant, 
1000-grain weight, number of effective tillers per plant 
and plant height). Similarly the crosses, PBW 343 × K 
8962, RAJ 3765 × UP 2490, UP 2490 × CBW 38, NW 
2036 × UP 2490, NW 1014 × UP 2490, DBW 14 × UP 
2490, DBW 14 × RAJ 4120, DBW 14 × CBW 38 and 
NW 1014 × RAJ 4120 exhibited heterosis for different 
yield contributing traits (Table 3). The significant and 
desirable heterosis was also reported by (Singh et al. 
2013) for grain yield; (Kumar et al. 2015) for grain 
yield, 1000-grain weight, biological yield, plant height 
and number of grains per spike. Similarly, for number 
of grains per spike, number of spikelets per spike, 
1000-grain weight, biological yield per plant and grain 
yield per plant by Kumar et al. (2017) in wheat. 

In the present investigation, none of the crosses showed 
significant heterosis for all the yield components studied 

Table 2. Estimation of standard heterosis for grain yield and yield components based on promising top10 single 
crosses of bread wheat in F1 and F2 generation

Crosses Standard check Better parent Mid-parent Significant standard heterosis
for other yield components

F1 F2 F1 F2 F1 F2

PBW 343 × HI 1563 60.53** 54.09** 75.96** 68.91** 80.30** 73.07** PH, ET, TGW, BY 

PBW 343 × K 8962 59.94** 46.49** 75.32** 60.58** 90.26** 74.26** PH, ET, SPS, GNPS, TGW, BY 

RAJ 3765 × UP 2490 58.77** 47.66** 61.13** 49.85** 62.09** 50.75** PH, SL, SPS, GNPS, TGW, BY

UP 2490 × CBW 38 55.85** 50.29** 58.16** 52.52** 80.68** 74.24** SL, ET, SPS, GNPS, TGW, BY

NW 2036 × UP 2490 52.63** 21.93** 54.90** 23.74** 71.99** 37.40** SPS, GNPS, TGW, BY

NW 1014 × UP 2490 49.42** 32.16** 49.42** 32.16** 50.52** 33.14** ET, SPS, GNPS, TGW, BY

DBW 14 × UP 2490 49.12** 48.25** 51.34** 50.45** 53.38** 52.48** PH, SPS, GNPS, TGW, BY

DBW 14 × RAJ 4120 48.83** 39.47** 55.18** 45.43** 61.33** 51.19** DTF, PH, SPS, GNPS, TGW, BY

DBW 14 × CBW 38 46.49** 47.08** 52.74** 53.35** 72.46** 73.15** PH, SPS, TGW, BY

NW 1014 × RAJ 4120 46.20** 44.15** 46.20** 44.15** 55.04** 52.87** SL, ET, SPS, TGW, BY

* Significant at 5% level, ** significant at 1% level, Days to 50 % flowering (DTF), Days to maturity (DTM), Plant height (PH), Spike length (SL), Number of 
effective tillers per plant (ET), Number of spikelets per spike (SPS), Grains number per spike (GNPS), 1000-grain weight (TGW), Biological yield per plant 
(BY), and Grain yield per plant (GY) 
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A wide range of inbreeding depression for grain yield 
per plant, days to 50 % flowering, plant height, number 
of effective tillers per plant, 1000-grain weight, number 
of spikelets per spike, number of grains per spike and 
biological yield per plant was also reported ( Jaiswal et 
al. 2018). Similarly, Kumar et al. (2017) reported a wide 
range of inbreeding depression for number of effective 
tillers per plant, 1000-grain weight, number of spikelets 
per spike, number of grains per spike, spike length and 
grain yield per plant in wheat. 

The heterotic expression normally declines in F2 
generation as the dominance effect dissipates in F2 
generation due to reduced heterozygosity, thereby 
resulting into inbreeding depression. The negative 
and significant inbreeding depression was observed for 
various yield traits studied but in the present study nine 
crosses exhibited negative and significant inbreeding 
depression for grain yield. Out of these nine crosses, six 
showed negative and significant inbreeding depression 
along with positive and significant heterosis over all 
three parents for grain yield. The cross PBW 343 × 
RAJ 3765 (-26.17) expressed negative and significant 
inbreeding depression for grain yield along with 
number of grains per spike. Similarly, the crosses RAJ 
3765 × HP 1744, NW 1014 × CBW 38, RAJ 3765 × 
CBW 38, HP 1744 × CBW 38, and UP 2425 × CBW 
38 expressed negative and significant inbreeding 
depression for grain yield and these crosses also have 
>15% heterosis over all three parents. Therefore, the 
above-selected cross combinations may be utilized for 
improving grain yield as well as for the identification/ 
selection of transgressive segregants. Kumar et al. 
(2017) observed that F2 progenies performance for 
inbreeding depression might be a good indicator of 
predicting heterosis performance in F1 hybrid of wheat. 
The negative and significant inbreeding depression 
indicating that the concerned trait controlled by 

additive gene action and could be improving though 
subsequent selection scheme of plant breeding. The 
crosses which showed high heterosis followed by 
inbreeding depression indicate the presence of non-
additive type of gene action and vice-versa. The above 
selected crosses exhibited negative and significant 
inbreeding depression for grain yield and other yield 
components which can be used to maintain the specific 
gene pool for further utilization in wheat improvement.

In light of the above findings, it may be concluded 
that all the crosses exhibited heterosis in one or more 
traits. But in general, biological yield exhibited highest 
amount of standard, better and mid-parent heterosis 
(46.96%, 39.98% and 31.78%), followed by grain yield 
(35.27%, 27.58% and 20.52%) respectively. The top five 
selected crosses (PBW 343 × HI 1563, PBW 343 × K 
8962, RAJ 3765 × UP 2490, UP 2490 × CBW 38 and 
NW 2036 × UP 2490) expressed highest significant and 
positive heterosis over standard check (>50%) for grain 
yield along with some other yield contributing traits, 
which can be used to select transgressive segregants. 
The cross PBW 343 × RAJ 3765, RAJ 3765 × HP 1744, 
NW 1014 × CBW 38, RAJ 3765 × CBW 38, HP 1744 × 
CBW 38 and UP 2425 × CBW 38 expressed negative 
and significant inbreeding depression for grain yield 
and these crosses also have >15% heterosis over all 
three parents, therefore these crosses could be used for 
improvement in bread wheat. Inbreeding depression 
based on genetic variability indicated the positive 
and negative expression of genes in the population 
which could not be fixed for heterosis breeding. The 
positive and negative expressions indicated the role 
of dominant and recessive genes in the inheritance of 
the characters. The cross combinations which showed 
high heterosis followed by inbreeding depression 
indicating the presence of non-additive type of gene 
action and vice-versa. Therefore, in the present study, 

Table 3. Estimation of inbreeding depression and heterosis (standard, better and mid-parent) for grain yield and 
yield components based on promising crosses of bread wheat in F2 generation

Crosses Inbreeding 
depression

Standard 
check

Better 
parent

Mid 
parent

Significant inbreeding depression for other 
yield components

PBW 343 × RAJ 3765 -26.17** 59.94** 75.32** 90.26** Grains number per spike 

RAJ 3765 × HP 1744 -20.66** 16.08** 19.22** 31.24** Grains number per spike, 1000-grain weight 

K 8962 × RAJ 4120 -21.68** -9.65* 1.98 9.19* Grains number per spike 

NW 1014 × CBW 38 -19.95** 21.64** 21.64** 39.83** Days to 50 % flowering, 1000-grain weight 

HI 1563 × UP 2425 -12.27* -21.35** -22.70** -16.59** Grains number per spike 

RAJ 3765 × CBW 38 -10.31* 21.93** 25.23** 42.32** 1000-grain weight 

PBW 343 ×DBW 14 -11.71** -7.89* -6.53 -2.93 Grains number per spike 

HP 1744 × CBW 38 -9.71* 41.52** 77.94** 84.38** 1000-grain weight 

UP 2425 × CBW 38 -5.87* 55.85** 70.76* 24.79** -

* Significant at 5% level, ** significant at 1% level 
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it is suggested that the selected crosses should be used 
for further improvement in the wheat crop through the 
traits of interest to the breeder.
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