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Heritability of Soue lmportant Quantitative
Characters in Wheat (Triticum aestiviam 1..)

by
D. 5 VIRK!, 5 C. AMAND? and A.S, KHEIIRA®

One of the most important propertics of a metric character is the
heritability, It is expressed as the proportion of total variance that is aturibut-
able 10 1be average cffect of genes and it determines the degree of rescmblance
between relatives. But the most important function of the heritability in the
genetic studies of quantitative characters is its predictive role. 1t expresses the
reliability of the phenotypic value as a guide to the breeding value. We can
only measure phenotypic values of the individuals and the performance in the
following gemeration will be determined by the breeding value. The possible
advance through sclection based on phenolypic values can, therefore, be
predicted only from kmowledge of the degree of corrcspondence between
phenotypic value and breeding values. " This degree of correspondence is
measured by the heritability estimates. The heritability estimates enter into
almost every formula connected with breeding methods and many practical
decisions about the techniques to be followed depend on its magnitude,

Materials and Methods : The materials consisted of cleven geographically
_diverse wheat varietics viz, NP 825 and NP 847 from Delhi, C 306, C 303
and C 273 from Puvnjab and § 227, S 210, S 354, § 355, S 409 and Mayo-64
from Mexico, and their nine Fy bybrid populations, Punjab and Delbi wheats
arc tall growing while all the Mexican wheats, except S 409 which is triple
dwarf, arc double dwarf, The F, cross combinations studied were,
C273 x S354, C273 % 5355, C306 % S 409, C303 x 210, C 303 x Mayo
64, C303 x §227, C303 % S409, NP 825 % C 306, NP 847 % C 303,

All the twenty populations were grown in a randomised block design
with six replications at Punjab Agricultural University, Ludhiana during rabi
1965—066. Each population was provided two 3.45 metres long rows in cach
replication, The row to row and plant to plant spacings were 22,5 and 15 cm,
respectively, The data were recorded on ten randomly selected plants from
2-row plots of each parent variety and on twenty similarly selected plants of
cach Fy cross. Individual plant observations were recorded for nine characters
1,¢. days to flowering, plant height, spike length, number of spikelets per
plant, number of grains per spike, 100-grain weight and grain yield,
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TJJ-: mean progeny values were used in the statistical anmalyses. The

gtnnt}'plc and phenotypic cocfficients of variation were estimated by the
fa!lnwmg_furmulac

1)

2)

where MP =Mid-parent (Parent, + Parenty)

Phenotypic cocflicient of variation = /icnul:,rpm variance » 100
X

Gnuntypic cocficient of varialion = /Gnnmypic variance % 100

. =

where, ¥ = mcan of the character )

The genotypic variance was estimated by the formula :

Genotypic variance =(Mean squares for progenies-Mean squares for error)
number of replications

The phenotypic variance was calculated by adding genotypic and error
variances.

Heritability for different characters was determined by the following
two methods ;-

Heritability from variance components (Hanson ef al. 1956) -

a
H, = :’i % 100 where, S#g =genotypic variance and 52P = phenotypic
variance

Heritability by parent-offspring correlation method :-

Parent-offspring correlations were worked out by using the formula :

*MP/OFF = Covariance MP/OFF
J' /(Variance MP)x (Variance OFF)

2 and

 OFF=0Ofspring i.c. F; hybrid

The degree of determination was worked oul by squaring Lhe correlation

coefficient, which gives the estimate of true heritability (H;) of 3 character,
It was converted into percentage but multiplying with hundred.

Results :  The heritability cstimates determined by two different methods

and the phenotypic and pgenotypic variances are given in Table 1. The
heritability estimates worked out by variance component method (1) i. e,
heritability in broad scose werc high for plant height, days to flowering,
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number of spikelets per spike, number of grains per spike and ]DD-'graii}T#éig&'t.
It was moderate for spike length and comparatively low for spikes per plant
and grain yicld. The heritability estimates (Hy) by the parént_—jpﬁ;ﬁfihg
correlation method (heritability in narrow sense) were high for plant height,
grains per spike and spikelets per spike ; moderate for spikes ‘per plant,. spike
length and days to flowering; and very low for grain yield,  The. cbqﬁicienz
of phenotypic variation was highest for grain yield followed by number of
spikes per plant and number of grains per spike but as regards -genotypic
co-efficient of variation, grain yield was regulated to the fourth position, Error
variance was comparatively higher [or grain yield and spikes per plant..

Tanie. Estimates of heritability, variances and cocfficients of variability

—

Heritability

Variances Vol poE i
585 ©82  (percent)
Character Range 88 <ug .
Pheno-  Geno- Error ;%’ Y E§& v
typic 1ypic - 2 ] z 5‘ 3': H H
. By 5 .o

Days to flowering . 97-111 23.34 19.52 3az 473 432, 8364 2331
Plant heiglit (cm) 67-143 33520 31297 22123 1582 1535 - 9336 9185
Spike length (em)  9.8-12.0 0.37 0.20 0.16 515 401 5531 - 2644
Spikelets per spike  19.1-25.1 245 202 044 745 681 8221 - 6111
Grains per spike  44.4-75.9 87.26 76.36 10.70 16.96 1589 - B773 = 8526
100-grain weight (g) 2.52-4.79 0.43 0.38 0,05 1622 1506  87.50 - 1578
Spikes per plant B6-152 4.34 1.26 272 1808 1104 3743 . 4545
Grain yield (g) ~ 158-287 2574 1121 1453 2172 1431 4355 429

Discussion : The heritability cstimates varied largely for the different
quantitztive characters studied. It may, however, be mentioned: that herit-
ability is a property, not only of a character but also thé population under
study and the environmental conditions to which it is subjected. The herit-
ability depcnds upon the magnitude of all the components of variance and a
change in any one of these will affect it. The populations selected for this
study are quite representative of the wheat breeding material being handled
thesc days by the wheat brecders for the development of short statured
superior varieties, :

The magnitude of heritability cstimates worked out by following first
method (H,) will depend largely on variability between ‘the populations and
the extent to which a particular character is influenced by the environments,
The low herirability observed for grain yield and number of spikes per plant
15 largely because of greater influence of the environment which reduces the
degree of correspondence between phenotypic and the breeding values, Weibel:
(1956) and Sikka and Jain (1958) also reported low heritability for grain yield
while Gandbi ef al, (1964) observed moderate value.
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The heritability estimate by the parent-offspring correlation method also
varied greatly for different characters. The differences are largely due to
differential gene interaction for the various characters in the T populations
- under study, These are estimates of narrow sense heritability and give better
picture of the true breeding values. The comparison betwcen the two herit-
ability estimates revealed lower values for the grain yield, 100-grain weight,
days to flowering and spike length in the parent-offspring correlation method.
This might be because of dominance and epistatic gene actions involved in
these characters. Whitehouse ef al. (1958), ,Tandon {1961} and Singh (1968)
have reported that gene interaction js important in manifestation of grain
yield, Partial to full dominance for grain weight had been observed by Weibel
(1956), Johnson and Aksel (1959) and Singh (1967). Dominance eflects had
also been reported for spike lepgth and heading date (Selim, 1960 and
Nandpuri, 1959),

The estimation of heritability alone is not sufficient to predict gepetic
advance in a population. Besides heritability it will depend upon phenotvpic
variability in the population and intensity of selection. However, the berit-
ability estimates clearly guide in the procedures to be adopted. The results of
the present study reveal that the grains per spike and the spikelets per spilze are
the two important yield components which should be locked into while
selecting the parents for hybridisation as these are greatly transmitted to the
nﬂ"s;-rings and are less influenced by the environments, Grain weight is also
less influenced by environment but because of gene interactions involved, the
selections in carly generations may be little less effective. Spikes per plang,
an important yield component, largely depend on the parental choice, but
because of greater environmental infiuences, more precise techniques are
required to discern the heritable differences. The grain yield does not seem to
depend much on the parental choice and is also highly influenced by the
environments, The selection directly for grain yield may be more effective in
the advanced generations tested in replicated trials and if possible repeated
over different environments. The masking effect of the gene interactions will
also pet considerably reduced in the advanced generations. In the early
gencrations like Fy, selection for yield components may be more rewarding.

Summary: Heritability estimates were worked out by variance component
method and parent-offspring correlation method from F; cross combinations
and their parents, Out of 11 parent varieties, 5 are tall growing. 5 arc 2-gene
dwarfl and one is 3-gene dwarl. The estimates by variance component method
(heritability in broad sense) revealed high heritability for plant height, days
to flowering, number of spikelets per spike and 100-grain weight ; moderate
for spike length aud comparatively low for spikes per plant and grain yield.
The narrow sgense estimawgs of heritability (parent-offspring corrclation
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method) were lower than the estimates in broad sense for grain yield,
100-grain weight, days to flowering and spike length which ‘indicate, the
influence of dominance andjor epistasis in genetic control of these characters.
The implications of heritability estimates in the breeding programmes have.
been discussed.
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