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Abstract: Six wheat genotypes were evaluated following a 6x6 diallel. cross to determine the heritability and
variation for some physio-morphic traits under drought condition. Parental genotypes and their hybrids differed
significantly for all the characters studied including leaf venation, stomatal frequency, stomata size, epidermal

cell size, flag leaf area, grains per spike, 1000-kernel weight and grain yield per plant. High estimates of both

broad and narrow sense heritability estimates indicated that leaf venation, stomata size, epidermal cell size,

grains per spike, 1000-grain weight and grain yield per plant were highly heritable m the breeding material used
in this study. A fairly high amount of genetic variation for these traits was transmitted to the offsprings and

almost whole of that variation was additive in nature. Thus, single plant selection for these traits can be

practiced during early generations of offsprings with high efficiency.

Key words: Leaf venation, stomatal frequency, stomata size, epidermal cell size, broad sense and narrow sense

heritability, variation

Introduction

Drought 1s an environmental stress of sufficient duration
to produce a plant water deficit or stress which in turn
causes disturbance of physiological processes. As a
result crop growth rate 1s reduced and yield 1s lowered. In
spite of great difficulties in breeding for high yield under
drought stress genetic improvement for yield is possible
and has been accomplished in many drought prone areas
of the world (Smith, 1987). However, it still need further
mnprovement. Thus, 1t is desirable to screen the
genotypes under stress conditions to identify better
adaptive ones to utilize them in future breeding
programines.

Sufficient genetic information regarding mmportant
economic characters of wheat under drought stress is not
available without which the breeding strategies for
drought prone areas may not prove fruitful. From breeding
point of view usefulness of a character is related to its
onward transmission from parents to the progeny i.e.,
heritability. Heritability in broad sense estimates the ratio
of total genetic variance, including additive, dommance,
epistatic variance, to the phenotypic variance whle
heritability in narrow sense estimates only the additive
portion of the total phenotypic variance. Thus, narrow
sense heritability 1s more useful because it measures the
relative importance of additive portion of genetic variance,
that can be transmitted to the offsprings. Characters with
high heritability are easy to select during earlier
segregating populations. However, most of the economic
characters like gram yield and drought resistance are

748

polygemc in nature and often are influenced by the
environment and thus have low heritability. Selection for
such polygenic traits becomes more difficult and requires
to be delayed FEarlier studies pertaining to heritability
have yielded sufficient knowledge abut the inheritance of
many polygemic traits. Alexander ef al. (1984) reported low
heritability values (0.13 to 0.34%) for number of tillers per
plant and number of grains per spike (0.335 to 0.23%) and
intermediate heritability estimates (0.35 to 0.85%) for grain
yield per plant.

Abid (1987) observed high heritability estimates for leaf
venation and epidermal cell size. Sunilarly, Shalnd (1987)
also found medium to high heritability estimates for flag
leaf venation, epidermal cell size and stomatal frequency
while studying heritability of drought related morpho-
physiological characters in wheat. Ahmad (1990) reported
high heritability estimates for flag leaf area (72.04 to 86.5
7%, 1000-grain weight (75.10 to 94.47%) and grain yield
per plant (87.11 to 97.04%), whereas moderate to high
heritability estimates were found for number of grains per
spike (39.57 to 80.84%).

He also observed lugh heritability estimates for epidermal
cell size and stomatal frequency. Nayeem and Garskin
(1990) reported high heritability estimates for stomatal
frequency. Subliani (1997) found high narrow sense
heritability for flag leaf area and 1000-kemel weight. He
observed moderate estimates for stomatal frequency, leaf
venation and grain yield per plant and low for grains per
spike. Mahmood and Chowdhry (1999) reported high
estimates of narrow sense heritability for grain and grain
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vield per plant. Khaliq (2000) recorded low heritability for
grains per spike plant and moderate for 1000-kernel
welght. Mahmood and Chowdhry (2000) reported high
estimates of narrow sense heritability for grains per spike.
The present studies were thus designed to study the
variation for some morpho-physiological traits of wheat
and to determine their heritability pattern under drought
condition.

Materials and Methods

The studies were conducted m the Department of Plant
Breeding and Genetics, Umversity of Agriculture,
Faisalabad, during 1997-99. The experimental material
consisted of 6 diverse wheat genotypes viz., 90-R-34, 96-
R-37, Rawal 87, Rohtas 90, Chakwal 86 (Chak.86) and
Kohsar 95 (Koh. 95) collected from the gene pool
maintained in the department. These wheat genotypes
were crossed in a 6x6 full diallel fashion during 1997-98. F,
seed along with theiwr parents was space planted m the
field using a triplicated Randomized Complete Block
Design during 1998-99. Tnter-row and inter-plant spacings
were kept 30 and 15 cm, respectively. Seeds were sown in
holes (made with the help of a dibble) at the rate of 2
seeds p!r site which were later thunned to single healthy
seedling after germination. Hach treatment in each
replication was a single row of 5 m length comprising of
approximately 30 plants. After planting the experiment, no
surface wurigation was applied to maintain drought
condition. All the other cultural operations including
hoeing, weeding, fertilizers, etc. were carried out uniformly
to reduce experimental error. Data for various physio-
morphic plant traits viz., leaf venation, stomatal frequency,
stomata size, epidermal cell size., flag leaf area, grains per
spike, 1000-kermnel weight and gramn yield per plant were
collected from randomly selected competitive plants. The
data collected were subjected to analysis of variance
according to Steel and Torrie (1984) to sort out significant
differences among genotype for whole the data collected.
Broad sense heritability was calculated using the variance
components derived from analysis of varance table.
Heritability in narrow sense was estimated by using
parent-offspring regression method according to the
procedures of Reeve and Robertson (1953).

Results and Discussion

A. variation

Leaf venation: The number of veins per microscopic field
(10 x magnification) m the flag leat blades of all the
genotypes showed a highly significant difference (Table
1) with a moderate coefficient of variability (5.11%).
Maximum mumber of veins (8.67) per microscopic field
were recorded 1n Koh. 9 5 among the parental genotypes
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(Table 2) which differed significantly from the other five
parental genotypes. Two genotypes, Roh.90 and Chak.86
produced the lowest number of veins and were
statistically similar to each other.

In case of hybrids, it was observed that crosses between
genotypes with higher number of veins also produced
hybrids with greater leaf vems. Similarly, the number of,
leaf veins also mecreased when a genotype with low
number of veins was crossed with a genotype with higher
number of veins. Therefore, maximum number of veins per
microscopic field was recorded in direct and reciprocal
crosses of 96-R-37 and Koh95 (833 and 8.40,
respectively). Both of these genotypes had highest leaf
venation among parents.

Similarly, crosses showing lowest number of veins per
microscopic field (viz., Roh.90 x Chak .86, Rawal.87 x
Roh.90, Chak.86 x Roh.90, 96-R-37 x Rohtas 90 and Rohtas
90 x 90-R-34 involved either one or both of the parents
with lower leafl venation. These results mdicated the
prevalence of additive genetic effects for the inheritance
of leaf venation. Overall results indicated that Koh 95 and
96-R-337 were the potential genotypes to increase the leaf
venation in the hybrids. Subham (1997) also indicated
Roh. 90 as a potential parent to be used in breeding for
inereased leal venation in wheat.

Stomatal frequency: Stomatal frequency (mumber of
stomata per microscopic field at 10 x magnifications)
differed lughly sigmficantly among genotypes (Table 1)
with a moderate (5.99%) coefficient of vanability.
Comparison of genotypic means for stomatal frequency
(Table 2) indicated that it ranged form 10,7 to 13.0. Among
the parental genotypes, Rohtas 90 had the lowest (11.0)
frequency of stomata and 1t differed sigmificantly from the
other 5 parental genotypes whose stomatal frequency was
higher and were statistically similar to each other. Highest
frequency of stomata (12.8) was recorded in Rawal 87
followed by Chalk.86 (12.8) and 90-R-34 (12.7).

In case of hybrnids it became evident that hybrds
involving Rohtas 90 showed lower stomatal frequency as
compared to all other hybrids. Stomatal frequency was
seemed to be under additive control which was, however,
greater in some crosses and less in others. All crosses
showmg lowest stomatal frequency mclude Rohtas 90
viz., Rawal 87 x Rohtas 90 (10.7), Rohtas 90 x 96-R-37
(10.9), Koh-95 x Rohtas 90 (11.2), 90-R-34 x Rohtas 90
(11.3) and Rohtas 90 x Chak.86 (11.3). These crosses
differed significantly from all the other crosses which
showed higher stomatal frequency. Highest stomatal
frequency (13.0) was recorded m Koh-95 x Rawal 87
hybrid. Low frequency of stomata in Roh.90 was also
highlighted by Subhan (1997) and was shown to be
controlled by additive gene action.
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Table 1: Analysis of variance for some drought and yield related traits of wheat sown under drought conditions

Mean squares’

Traits Replication Genotypes Error CV.(%)
Leaf venation 0.343 2,920%% 0.112 5.11
Stomatal frequency 0.242 1,000 % 0.526 5.99
Stomata size 5131.147 223385.035%* 8045.765 2.44
Epidermal cell size 860.862 286346.846** 2970.165 2.32
Flag leaf area 1.406* 26.412%* 0.374 2.26
Grains per spike 1.236 8.A442%# 0.445 1.09
1000-kemel weight 0.459 7.880%#* 0.413 1.52
Grain yield per plant 0.032 5.853%* 0.606 348

Significant at P < 0.05 Significant at P<0.01

*df for Replication, Genotypes and Error Mean Squares is 2, 35, and 70, respectively

Table 2: Mean values of parental genotypes, their crosses, and statistical significance for leaf venation, stomatal frequency, stomata size and epidermal cell

size

Genotypes Leaf venation (lox) Stomatal frequency at 10X Stomata size at 40X (um?) Epidermnal cell size at 40X ()
90-R-34 6.130hi 12.73abed 3294m 2120n
96-R-37 7.570cdet 12.13abcdefg 4132a 2561def
Rawal 87 6.070hij 12.83a 3211m 2294klm
Rohtas 90 5.130m 11.00fgh 3528hij 3011a
Chakwal 86 5.530ijklm 12.80abc 4016abc 1698r
Kohsar 95 8.670a 12.47abcde 3892cdef 2705¢
90-R-314 x 96-R-37 7.000fg 12.47abcde 3733y 2217m
90-R-34 x Rawal 87 6.000hijj 12.53abcde 3242m 2275Im
90-R-34 x Roh.90 5.670hijklm 11.27defgh 3364Kklm 2505efg
90-R-34 x Chak. 86 6.130hi 12.53abcde 3964abed 1847q
90-R-34 x Koh. 95 7.330drfg 12.20abcdefg 3544hi 2381hijk
96-R-37 x 90-R-34 7.070efg 12.50abcde 3791 efe 2287klm
96-R-37 x Rawal 87 6.230h 12.27abcdefg 3878cdef 2461fghi
96-R-37x Roh. 20 5.470iklm 11.50abcdefgh 3346lm 2591de
96-R-37 x Chak. 86 6.000hij 12.47abcde 3857cdef 9680p
96-R-37 % Koh. 95 8.330ab 12.10abcdefg 4005abe 2719¢c
Rawal 87 x 90-R-34 6.100hij 12.47abcde 3266m 2233m
Rawal 87 x 96-R-37 7.000fg 12.47abcde 39635acd 2537def
Rawal 87 x Roh. 90 5.330klm 10.67h 3372jklm 2463fghi
Rawal 87 x Chak. 86 5.930hijk 12.77abc 3539hi 19760p
Rawal 87 x Koh. 95 7.670cde 12.33abcdefg 3564hi 2396hij
Roh. 90 x 90-R-34 5.530ijklm 11.57abcdefgh 3223m 2286klm
Roh. 90 x 96-R-37 7.000fz 10.93gh 3808defg 2476feh
Roh. 20 x Rawal 87 5.800hijkl 11.80abcdefgh 3680gh 2479teh
Roh. 90 x Chak. 86 5.270Im 11.33cdefgh 3555hi 2040n0
Roh. 90 x Koh. 95 8.000bc 11.47bcdefgh 3639ghi 2891b
Chak. 86x 90-R-34 5.800hijkl 12.27abcdefg 3677gh 1910pq
Chak. 86 x 96-R-37 6.900g 12.43abcdef 401 6abc 2103n
Chak. 86 x Rawal 87 6.000hij 12.50abede 3677¢h 19870p
Chak. 86 x Roh. 20 5.330klm 11.50abcdefgh 3855cdef 2432ghi
Chak. 86 x Koh. 95 7.730cd 12.27abcdefg 3927bcde 2310jklm
Koh. 95 x 90-R-34 7.670cde 12.40abedef 3508hijk 2592de
Koh. 95 x 96-R-37 8.400a 11.73abcdefgh 4068a 2628cd
Koh. 95 x Rawal 87 7.000fg 12.97a 3475ijkl 23730kl
Koh. 95 x Roh. 90 6.800g 11.23efgh 3660gh 2931ab
Koh. 95 x Chak.86 6.170hi 12.47abcde 4008abc 2037no
S.E 0.193 0419 51.79 3147

Means sharing common letters do not differ using DMR test at 5% P

Stomata size: Analysis of vaniance for stomata size
indicated highly significant differences among genotypes
with a smaller (2.44%) coefficient of variability (Table 1).
Statistical comparison of genotypic means (Table 2)
indicated that the parental genotypes 96-R-37 and Chak .86
had the maximum stomata size and differed significantly
from the other four parental genotypes. These two
genotypes were, however, statistically similar to each
other. The lowest stomata size (3211 and 3294 pm’,

respectively) was recorded m Rawal 87 and 90-R-34 which
were statistically similar to each other but different from
their parental genotypes.

A study of hybrid performance revealed that crosses
between parents with higher stomata size showed larger
stomata while crosses of genotypes with shorter stomata
produced relatively
genotypes having higher stomata size with genotypes
having stomata produced hybrids  with

shorter stomata. Crosses of

smaller
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Table 3: Mean values of parental genotypes, their crosses and statistical significance for flag leaf area, grains per spike, 1000-kernel weight and grain yield
per plant
Genotypes Flag leaf area (cw) Grains per spike 1000-kernel weight () Grain vield per plant (g)
90-R-34 27.93ef 64.33a 43.33bcdef 23.93 abed
96-R-37 31.75b 61.27ghijk 39.131 20.37klmno
Rawal 87 26,9017 57.57s 43.53bcde 192.97 mno
Rohtas 90 26.41hijk 59.67mnopqr 39.53kI 22.50 defghij
Chakwal 86 24.86Im 63.07bcd 42.27 fgh 20.03 mno
Kolisar 95 27.08fghij 60.07klmnop 39.33 kI 22.30 efghij
90-R-34 x 96-R-37 30.18c 63.23abc 42.27 fgh 24.17 abc
90-R-34 x Rawal 87 23.19n 60.23ijklmno 44.13 abe 23.13abcdefg
90-R-34 x Roh.20 29.71cd 61.83defgh 43, 10 cdefg 24.27 ab
90-R-64 x Chak. 86 28.92de 63.07bed 43.90 abed 21.73 ghijkl
90-R-34 x Koh. 95 26.99fchij 62.93bcde 43.43 bedef 23.57 abede
96-R-37 x 90-R-34 24.53in 62.77bcde 41.93 ghi 23.30 abedef
96-R-37 x Rawal 87 31.96A 61.23ghijk 40.90 ij 21.13 jklmn
96-R-37 x Roh. 90 29.18cd 61.47fghi 41.00 ij 22.80 bedefgh
96-R-37 % Chak .86 27.78fg 62.30cdefg 41.97 ghi 19.500
96-R-37 x Koh. 95 22.92no 60.97hijkl 40.37 jk 23.03 abcdefg
Rawal 87 x 90-R-34 21.91p 60.13jklmnop 44.83 a 23.70 abede
Rawal 87 x 96-R-37 29.49¢d 59.90lmnopq 42.80 defgh 22.93 abcdefg
Rawal 87 x Roh. 90 29.96cd 58.93pgr 43.53 bede 22.87 bedefgh
Rawal 87 x Chak. 86 27.82fg 60.13jklmnop 44.57 ab 21.83 fehijk
Rawal 87 x Koh. 95 26.12ijk 59.330pqr 43.70 abed 21.23 ijklmn
Roh. 90 x 90-R-34 24.50m 62.33cdefg 43.93 abed 2447 a
Roh. 90 x 96-R-37 32.32ab 60.80hijklmn 40.33 jk 2243 defghij
Roh. 90 x Rawal 87 29.13¢d 58.73qr 43.73 abed 22.80 bedefgh
Roh. 20 x Chak. 86 26.88fij 62.00%cdefgh 43.27 cdef 23.13 abedefg
Roh. 90 x Koh. 95 24.94Im 59.83Imnopq 40.43 jk 22.67 cdefghi
Chak. 86 x 90-R-34 21.04p 63.70ab 43.57 bede 23.83 abede
Chak. 86 x 96-R-37 25,74kl 63.23abc 43.33 bedef 21.40 hijklm
Chak. 86 x Rawal 87 32.95a 59.60nopqr 43.57 bede 20.73 klmno
Chak. 86 x Roh. 90 27.51fegh 60.93hijklm 42.40 efgh 23, 10abcdefg
Chak. 86 x Koh. 95 26.73ghijk 62.63bcdef 41.73 hi 20.30 Imno
Koh. 95 x 90-R-34 21.900p 62.27cdefg 42.23 fgh 23,73 abede
Koh. 95 x 96-R-37 24.58m 61.37fghij 39.67 kI 21.77 fehijkl
Koh. 95 x RaNval 87 26.00ik 58.43rs 40.50 jk 23.17 abcdefg
Koh. 95 x Roh. 90 27.25fchi 58.77qr 40.50 jk 23.30 abedef
Koh. 95 x Chak.86 27.17fehi 61.77efgh 43.33 bedef 19.80no
S.E 0.353 0.385 0.371 0.449

Means sharing common letters do not differ using DMR test at 5% P

Tablc 4: FEstimates ofcomponents ofvariation and heritability (h2) in broad sense (BS) and in narrow sense (N8) for some drought and yield related traits in

wheat under drought

Trait &g 5 p GCV (20 PCV (90) h® 55 (%0) h? . (%0)
Leaf venation 0.94 0.97 14.77 15.07 96.16+23.26 98.48+10.16
Stomatal frequency 0.19 0.37 3.60 4.99 51.96+24.59 99.06+£12.27
Stomata size 71779.8 74461.7 7.29 7.43 96.40+23.26 86.66+13.01
Epidermal cell size 94458.9 95448.9 13.06 13.13 97.96+23,25 91.26+8.78
Flag Tcaf area 8.68 8.80 10-89 10.96 98.58+23.25 10.77+43.05
Grains per spike 2.67 2.81 2.67 2.74 94.72423.27 97.19+8.46
1000-k-ernel weight 2.49 2.63 3.73 3.83 94.75+23.27 98.04+12.84
Grain vield per plant 1.75 1.95 5.92 6.25 89.65423.31 94.844+18.59

(&g genoty phenotypic variance, §*p = genotypic coefficient of variability,

GCV = Genotypie coefficient of variability, PGV= phenotypic coefficient of variability

intermediate stomata size or they showed an increase in
stomata size towards the better parent. Highest stomata
size (4068 um*) was recorded in Kch-95 x 96-R-37 hybrid
closely followed by Chalk.86 x 96-R-37 (4016 um?), Koh-95
x Chak 86 (4008 pm®) and 96R-37 x Koh-95 (4005 um®).
These crosses, however, were statistically sumilar to each
other but differed sigmficantly from the crosses having
smallest stomata size viz., Rohtas 90 x 90-R-34 (3223 um?),
90-R-34 x Rawal 87 (3242 pm®) and Rawal 87 x 90-R-34
(3266 um®) which were statistically similar to each other.
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Epidermal cell size: Analysis of the data regarding
epidermal cell size (Table 1) also revealed hghly
significant difference among genotypes with a lower
percentage of variation (2.32%).

Statistical comparison of means (table) revealed that
among the parental genotypes Rohtas 90 had'the
maximum (3011 pm”) epidermal cell size which was
significantly different from the other 5 parental genotypes.
Similarly, lowest epidermal cell size (1698 pum® ) was
recorded in Chak. 86.
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Hybrids showing higher epidermal cell size involved one
or.both parents with larger epidermal cell size, while
hybrids between parents having smaller epidermal cell size
were also having smaller epidermal cell size. Therefore, the
maximum epidermal cell size (2931 pm®) was recorded in
Koh-95 x Rolitas 90 hybrid followed by its direct cross i.e.,
Rohtas 90 x Koh-95 (2891 pm®). Both Rolitas 90 and Koh-
95 were the parents having large epidermal cell size.
Similarly, crosses between Chak 86 and 90-R-34 (parents
with shorter epidermal cell size) produced hybrids with the
shortest epidermal cell size viz., 90-R-34 x Chak 86 (1847
um®) and Chak.86 x 90-R-34 (1910 pm™).

Flag leaf area: Comparison of genotype means after
obtaming highly sigmificant differences among them
(Table 3) indicated that maximum flag leaf area among
parental genotypes was recorded in 96-R-33 7 (31.75 cm?)
which was significantly higher from all other parental
genotypes. Similarly, the lowest flag leaf area. (24.9 cm?)
was recorded m Chak 86,

Comparison of the hybrids for flag leaf area indicated the
invelvement of both additive and non-additive genetic
effects. Flag leaf area of some hybrids showed mcrease
towards the better parent and mn some hybnids it
decreased towards the lower parent and showed
intermediate values in some cases. The maximum flag leaf
area (3 2.9 cm”) was recorded in Chak. 86 x Rawal 87 hybrid
where both parental genotypes had smaller flag leaf area
but their hybrid displayed an increase over the better
parent. Similar was the case in Rohtas 90 x 96-R-37, 96-R-
37 x Rawal 87, 90-R34 x Rohtas 90, 90-R-34 x Chak.86,
Rawal 87 x Rehtas 90, Rawal 87 x Chak 86 and Rohtas 90
x Rawal &7 hybrids. The lowest flag leaf area (21.0 cm?)
was recorded in the Chak 86 x 90-R-34 hybrid which
showed over dommance towards its lower parent. This
type of behaviour was found in crosses like 90-R-34 x
Rawal 87, 90-R-34 x Koh-95,96-R37 x 90-R-34,90-R-34 x
Koh-95, Chak 86 x 90R-34, Koh-95 x 90-R-34, Koh-95 x 96-
R-37 etc. Crosses like 96-R-37 x Rohtas 90, 96-R-37 x Chak.
8 6 showed flag leaf area which was near to mid-parent
value.

The genotypes differed significantly for flag leaf area but
with small genotypic and phenotypic variances (Table 4,
7). These differences arose due to only the genetic
differences among the genotypes as indicated by nearly
equal values of genotypic and phenotypic coefficients of
variability (10.89 and 10.96%, respectively). Importance of
genetic variance was also highlighted by a high and
significant broad sense heritability estimate for flag leaf
area (98.6%) which indicated that almost all of the genetic
variance was transmitted to the offsprings for this trait.
However, low heritability estimates in narrow sense
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pointed out that out of that genetic portion additive part
was too small while a large portion included non-additive
genetic variation. This suggested that selection for this
trait may not be effective during early generations and
must be delayed till later generations. Low heritability for
flag leaf area was also observed by Borojevic (1983) while
Ahmad (1990) and Subhani (1997) reported high
heritability for flag leaf area.

Grains per spike: Significant differences prevailed for
number of gramns per spike among the 36 genotypes
compared (Table 1). However, its coefficient of variation
was smaller (1.09%). Statistical comparison of genotype
means (Table 3) revealed that maximum number of grains
per spike (64.3) was recorded in 90-R-34 followed by Chak.
86 (63.1). The lowest number (57.6) was recorded in Rawal
87.

Comparison of hybrids indicated that hybrids between 90-
R-34 and 96-R-37 and other hybrids involving these
genotypes produced relatively more number of grains per
spike as compared to hybrids synthesizes from other
parental genotypes with a few exceptions. Thus, maximum
number of grains per spike was recorded m Chak 86 x 90-
R-34(63.7), 90-R-34 x 96-R-37 (63.2), Chak.86 x 96-R-37
(63.2), 90-R-34 x Chak .86 (63.1), 90-R-34 x Koh-95 (62.9)
hybrids. Most of the hybrids synthesized with the
genotype Rawal 87 (lowest parent) were having lower
number of grains per spike.

1000-kernel weight: Comparison among genotype
(Table 3) revealed that maximum 1000-kernel weight (43.5
and 4-3.3 g) was produced by Rawal 87 and 90-R-34,
respectively. These two genotypes differed significantly
from the other four parents but not from each other. The
genotypes Rohtas 90, Koh-9 5 and 96-R-37 produced
1000-kernel weight of 39.5, 39.3 and 31.2 g, respectively
and were statistically similar to each other.

Comparison of hybrids indicated that maximum 1000-
kernel weight (44.8 g) was recorded in Rawal 87 x 90-R-34
hybrid. Tt was also noted that all hybrids involving Rawal
87 or 90-R-34 produced higher 1000-kernel weight.
Similarly, all hybrids of 96-R-37 produced lower 1000-
kernel weight and the lowest figure (3 9.7 g) was recorded
i Koh-95 x 96-R3 7 hybrid.

Grain yield per plant: Statistical analysis of the data
regarding grain yield per plant revealed significant
differences among genotype Table 1 with 3.48%
coefficient of variation. It was further revealed (Table 3)
that the genotype 90-R-34 produced the highest (23.9 g)
grain yield per plant while Rawal 87, Chak.86 and 96-R-37
produced the lowest gramnyield per plant (20.0, 20.0 and
20.4 g, respectively).
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In case of hybrids maximum grain yield per plant (24.5 g)
was obtained in the cross Rolitas 90 x 90-R-34 followed by
90-R-34 x Rohtas 90 (24.3 g), 90-R-34 x 96-R-37 (24.2 g),
Chal 86 x 90-R-3-14 (23.8 g), Koh-95 x 90-R-34 (23.7 g)and
Rawal 87 x 90-R-34 (23.7 g). It was noted that all crosses
producing high grain yield per plant involved 90-R-34 as
one of the parents. This fact indicated the usefulness of
this genotype for synthesizing high yielding genotypes
under drought.

B. Heritability: It should be noted that heritabality 1s not
a constant value. The method of estimation and the
procedures used by the breeder may influence its
magnitude and genetic improvement obtained through
selection. Furthermore, enviromment may also mteract
with the genotypic constitution to influence heritability.
Therefore, the results discussed here pertains only to the
genotypes under study and the environmental conditions
prevailing at the experimental site. Heritability estimates
for all the characters studied are presented in Table 4.
Leaf venation: Both estimates of genotypic and
phenotypic variation for leaf venation were lower in
magnitude with almost equal GCV and PCV percentage
indicating that variation for leaf venation among
genotypes was of low magnitude. Heritability estimates in
broad sense and narrow sense were very ligh and
significant depicting that all the genetic variation for leaf
venation transmitted to the offsprings had a genetic base
with predominant role of additive genetic causes. Thus,
selection of genotypes for leaf venation can effectively be
made during early generations. These results are in
agreement with those of Shahid (1987) and Shahid (1993)
who also reported high heritability estimates for leaf
venation but are different from those of Subhani (1997)
who observed low to moderate estimate of heritability for
leaf venation.

Stomatal frequency: Phenotypic variance (0.37) for
stomatal frequency was higher than genotypic variance
(0.19) indicated the possible rtole of environmental
influences for the variation in stomatal frequency among
genotypes. Similarly genotypic coefficient of varability
(3.60%) was smaller than phenotypic coefficient of
variability (4.99%) for stomatal frequency. A moderate but
significant estimate of broad sense heritability (51.96%)
for this character also mdicated that about halfl of the
variation transmitted to the offsprings may be ascribed
due to genetic causes. However, a high and significant
narrow sense heritability estimate for the trait indicated
that although contribution of genetic factors towards
variation in stomatal frequency was less but those were all
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additive in nature. Thus, single plant selection may prove
useful for stomatal frequency during early generations.
These results are similar to those of Shahid (1-987),
Ahmad (1990), Nayeem and Garskin (1990) and Shalud
(1993) who also observed high heritability for stomatal
frequency. Subhani (1997), however, observed a moderate
narrow sense heritability estimate for stomatal frequency.

Stomata size: Genotypic variance for stomata size was
smaller than the phenotypic variance. However, nearly
equal values of genotypic and phenotypic coefficients of
variability (7.29 and 7.43% respectively) for stomata size
indicated that all of the variation for the trait was due to
genetic causes. High estimates of broad sense heritability
(Table 4) indicated that stomata size was a highly heritable
trait and more than 96% of the genetic variability for the
trait was transferred to the offsprings. Narrow sense
heritability was also high and significant suggesting the
predominant role of additive genetic variance for the
wnheritance of stomata size and indicating the
effectiveness of selection for the trait during earlier
generations. These findings are similar to those of Shahid
(1993) who also observed lugh heritability for stomata
size.

Epidermal cell size: Tt is evident from Table 4 hat
epidermal cell size was also lughly heritable trait among
the 6 wheat genotypes studied. Although genotypic
variance was smaller than phenotypic variance but almost
equal percentage of genotypic and phenotypic
coefficients of variability depicted that all of the variation
in the epidermal cell size occurred due to genotypic
differences. A significantly higher estimate of broad sense
heritability (Table 4) indicated the transmission of almost
all of the genetic variance to the next generation from the
parental genotypes. A fairly high narrow sense heritability
estimate also suggested the usefulness of additive
genetic variance which was transmitted in a high quantity.
Thus, the character can be easily fixed, through selection
in the early generations. These results are m accordance
with the findings of Abid (1987), Shahid (1987), Ahmad
(1990) and Shahid (1993) who also reported high
heritability for epidermal cell size i wheat.

Grains per spike: Genotypic variance (2.67) was smaller
than the phenotypic variance (2.81) for grains per spike
with low and similar coefficients of genotypic and
phenotypic varation (2.67 and 2.74%,respectively This
fact mdicated that mostly genetic factors were responsible
for differences in gramns per spike among genotypes while
envirommmental mfluences were small. Sumilarly, a very lugh
and significant estimate of broad sense heritability
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(Table 4) displayed that this trait was highly heritable
among the genotypes and more than 94% of the genetic
variability for the grains per spike was transmitted to the
offsprings. Similarly, narrow sense heritability estimates
also highlighted that more than 97% of the genetic
variation was of additive nature which suggest the
usefulness of selection for grains per plant during early
generations. High estimates of heritability for grains per
spike have also been reported by Riaz (1990), Lu et al
(1991) and Mahmood and Chowdhry (2000)

1000-kernel weight: Very small differences in genotypic
and phenotypic variances (2.49 and 2.63, respectively)
and genotypic and phenotypic coefficients of variability
(3.73 and 3.83%, respectively) were observed for 1000-
gram weight. Which indicated a pure genetic nature of the
trait. Broad sense heritability estimate was fairly high and
significant displaying that almost whole of the genetic
variability for the trait was transferred to the offsprings.
Similarly, significantly high narrow sense heritability
estimate indicated the additive nature of that genetic
variance which was transmitted from parents
offsprings. This suggested that 1000-kernel weight can
easily be fixed in the genotypes by selection in early
generations. These findings are in line with the results of
Ahmad (1990), Riaz (1990), Luet al. (1991), Shalud (1993)
and Subham (1997) who also observed high heritability
estimates for 1000-kemel weight.

to

Grain yield per plant: Although grain yield per plant 1s a
highly variable character and easily influenced by the
environmental factors but this character also showed very
small differences in genotypic and phenotypic variances
in the genotypes studied (Table 4). Phenotypoic
coefficient of variability (6.25%) was slightly higher than
the genotypic coefficient of variability (5.92%) displaying
a small influence of other than genetic factors on the grain
yield per plant. Broad sense heritability for grain yield per
plant was high and significant displaying the mheritance
of most of the genetic variation for the trait to the
offsprings. Similar, gh narrow semse heritability
mndicated the additive nature of most of the genetic
variation transmitted from the parents to the progeny.
Selection during early generations, for grain yield per
plant, may thus, be practiced on single plant basis with
high efficiency. High heritability for grain yield per plant
has also been reported by Ahmad (1990), Lu et al. (1991),
Shahid (1993) and Mahmood and Chowdhry (1999).

High estimates of both broad and narrow sense
heritability estumates indicated that traits like leaf
venation, stomata size, epidermal cell size, grains per spike
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1000-grain weight and grain yield per plant were highly
heritable m the breeding material used m this study. A
fairly high amount of genetic variation for these traits was
transmitted to the offsprings and almost whole of that
variation was additive in nature. Thus, single plant
selection for these traits can be practiced during early
generations of offsprings with high efficiency.

References

Abid, M., 1987. Genetic analysis of drought related
characters 1 wheat (Triticum aestivum L.).
M.Sc.(Hons)Agri. Thesis, Deptt. Pl. Br. and Genet.,
Univ. Agri., Faisalabad, Pakistan

Abhmad, MN., 1990. Heritabity estimates of drought
related morph. -physiological character m wheat
(Triticum aestiviin 1..) M. Sc. Thesis, Deptt. P1. Br and
Genet., Univ. Agric, Faisalabad, Pakistan.

Alexander, W.L., E.L. Smith and C. Dhanasobhari, 1984. A
comparison of yield and yield components selection
in Nvinterwheat. Euphytica, 33: 953-961.

Borojevie, K., 1983. Significance of experimental
heritability estimates in wheat breeding. Proc.10th
Cong. European Assoc. Res. Pl Bro., EUCARPIA,
Wageninegen, Netherlands, pp: 19-24.

Khalig, T., 2000. Genetic mechanisms of some plant traits
in spring wheat under two fertilizer levels. Ph.D.
Thesis, Dept. Pl. Br. and Genet, Univ. Agric.
Faisalabad, Pakistan.

Lu, P, HL. Huang, Q.Y. Liu and M.Z. Gu., 1991.
Heritability and usefulness of traits of Tibetan Wheat
varieties. Crop Genet. Resour., 1:11-13.

Mahmood, N. and M.A. Chowdhry, 1999. Inheritance of
some growth parameters in bread wheat. Pak. J. Biol.
Sci., 2: 781-790.

Mahmood, N. and MA. Chowdhry, 2000. Genetic
performance of bread wheat genotypes for spike
parameters under normal and late planting. Pak. T.
Biol. Sci., 3: 440-447.

Naveem, K.A. and S.K. Garskin, 1990. Genetic variability,
frequency i wheat. triticale and barley. Ind. J. Genet.
and PL Br., 50:179-184.

Reeve, ECR. and F'W. Robertsor, 1953, Studies in
quantitative mheritance. II. Analysis of a stram of
Drosophila melanogastor selected for long wings. J.
Genet., 51: 276-316.

Riaz, M., 1990. A study of broad sense heritability for
some morphological characters in spring wheat.
M.Sc.Thesis, Deptt. Pl Br. Genet, Umniv, Agric
Faisalabad, Pakistan.

Shahid, M., 1987. Hertability estimates of drought related
morpho-physiological characters in wheat (Triticum
aestivum L.). M.Sc.(Hons) Agric. Thesis, Deptt. PL.
Br. and Genet., Univ. Agric. Faisalabad, Pakistan.



Asian J. Plant Sci., 2 (10): 748-755, 2003

Shahid, M. A 1993. Heritability variation for some morph- Steel, R.G.D. and TH. Torrie, 1984. Principles and

genetic characters in F, population of spring wheat. Procedures of Statistics. A Biometnical Approach.

M.S3c. Thesis, Dept. P1. Br and Genet. Umv. Agric. McGraw Hill Book Co., New York.

Faisalabad, Pakistan. Subham, G.M., 1997. Genetic architecture of some
Smith, E.L., 1987. A review of plant breeding strategies for morpho-physiole traits 'in hexaploid wheat under

rainfed areas. ITn "Drought Tolerance in Winter stress and normal conditions. Ph.D thesis, Deptt. P1.

Cereals”, Eds. J.P. Srivastava, E. Porceddu, E. Br and Genet. Umiv. Agric. Faisalabad, Pakistan.

Acevedo and S. Verma. Wiley Intersci. New Y ork, pp:

79-87.

755



	AJPS.pdf
	Page 1


