Egypt. J. Plant Breed. 12(2): 225-235 (2008)

VARIABILITY AND HERITABILITY OF SOME WHEAT
TRAITS UNDER IRRIGATION AND WATER STRESS
CONDITIONS

M. A. Abd El-Shafi and M. E. Masri

Agronomy Department, Faculty of Agriculture, Cairo University, Egypt

ABSTRACT

The experiments reported herein were carried out af the Agricultural Experiment and
Research Station, Faculty of Agriculture, Cairo University, during the fwo successive
seasons 200672007 and 2007/2008. Twenty two bread wheat genotypes (Triticumn aestivam
L.} were evaluated under irrigation and water stress conditions, The combined analysis of
variance revealed that mean squares due fo years, genotypes and genotype x years were
significant (P < 0.01} for the studied traits across irrigation and water stress conditions.
However, years were significant (P < 0.05) for No. of spikes/ n’ across the two irrigation
regimes. On the other hand, years were insignificant for spike length under water siress
conditions. Alse genotypes x years were insignificant for no, of spikes / n?’ under irrigation
conditions. The contribution of variance due to genotypes (67, ) to the total variance was
weak, except for plant height under non-irrigation conditions (0" ;= 19.77%) and spike length
under irrigation conditions (a’g= 17.29%). Highest estimates of broad sense heritability (i, )
exhibited by plant height under non-irrigation conditions indicated that selection for this
trait could be highly effective. However, i°, was low for No. of spikes/m’, grain weight/spike
and grain yield under the two irrigation regimes. The estimates of phenotypic (PCV) and
genotypic (GCV) coefficients of variation were higher for grain yield, grains weight/spike
and plant height than the other studied traits under both irrigation regimes. However,
spikelets/spike exhibited the lowest value for PCV and GCV under both irrigation regimes.

Key words: Triticum aestivum, Heritability in broad sense, Phenotypic and genotypic
coefficient of variability, Yield and its components.

INTRODUCRTION

Wheat is the world's most important and most widely grown cereal crop. Its
importance is derived from many properties and uses of its grains, which
makes it staple food for more than one third of world's population (Poehlman
1987).

One of the most important genetic parameters of metric traits is the
heritability, since it almost enters into every formula connected with breeding
methods and so it contributes in making many applications concerning the
techniques used in the genetic improvement of the plants.

Several investigations conducted at the Oklahoma Agrcultural
Experiment station dealing with heritability estimates in wheat were
summarized by Smith (1976). Hertabilities for yield components were
usually higher than for grain yield, with heritabilities for kernel weight
usually the highest. Heritability estimates for yield and its components
reported by Chowdhry et al (1976), Weibel (1956), Kronstad and Foote



(1964) and Johnson er al (1966) were in general agreement with those
reported by Smith (1976).

High heritability values were also reported by Johnson et al (1966) for
plant height, maturity and grain weight in winter wheat. It is noteworthy that
the heritability estimates in their study tended to be high for those characters
exhibiting wide differences between the studied genotypes. Also, Hassan
(2002) reported that under saline soil, broad-sense heritability for plant height
ranged from 53.15 to 84.84%, while the range for number of tillers/plant was
from 51.71, to 67.1%. Similar results were found by Hassan and Afiah (2002)
and they mentioned that all characters had high values of broad-sense
heritability. Slight differences were noticed between phenotypic (P.C.V.) and
genotypic (G.C.V.) coefficients of variability suggesting a small effect of
environmental factors on these characters.

May and Van Sanford (1992) in two populations of soft red winter wheat
reported that heritability of heading date was 67.0 % in population I and 81.0
% in population 2; their results were intermediate in magnitude as compared
to those reported previously (Johnson et al 1966).

However, moderate heritability estimates were obtained under water
stress by Subhani and Chowdhry (2000) and Subhani er al. (2000) for days to
heading, El-Borhamy (2000) for days to maturity and plant height and Riaz
and Chowdhry (2003) for 1000-grain weight. Meanwhile, Hassani er al.
(2003) obtained a moderate heritability under normal conditions for days to
heading, days to maturity, plant height, 1000-grain weight and grain vield.

Mahdy (1988) reported that high genotypic coefficient of variability was
observed for no. of grains/spike (27.2%), grain yield/plant (26.3%), spike
weight (25.7%) and no. of spikes/plant (20.2%). The magnitude of the genetic
variability have a considerable effect on early selection generations. Greater
response to selection can be expected from populations, having greater
phenotypic and genotypic variances.

Tolba (2000) found that the highest P.C.V. values were observed for grain
vield/plant, followed by grain weight/spike and no. of spikes/plant. Also,
G.C.V. exhibited the same trend. This variability could be due to the genetic
make-up and environmental effects. These results were in agreement with
those obtained by Ehdaie and Waines (1989) and Hanna et a/ (1996) who
reported that G.C.V. values ranged from 2.29 to 6.57 % as compared to
P.C.V. which ranged from 11.78 to 29.67 % for grain yield/plant.

Several investigators suggested that the knowledge of genetic variability
is helpful in selecting a suitable plant (Fischer and Maurer 1978, Winter et al
1988, Abd El-Moneim 1993, Hassan 1996 and Afiah et al 1999).

The present investigation was designed to study the genetic variability,
heritability and phenotypic and genotypic coefficients of variability in twenty
two bread wheat genotypes for grain yield and its components under water-
stress and non-stress conditions.

£
[
[l



MATERIALS AND METHODS

Genetic materials and its cultural practices

The present work was performed at the Agricultural Experiment and
Research Station, Faculty of Agriculture, Cairo University, Giza during two
successive seasons 2006/2007 and 2007/2008. Twenty two bread wheat
genotypes were chosen for this study based on their differences in yield
performance under irrigated and water stressed environments. The pedigree
and origin of the studied genotypes are listed in Table (1). All genotypes were
planted in a randomized complete block design with four replications and
grown under irrigated and water stressed environments. Irrigated plots were
watered at planting, tillering, jointing, flowering and grain filling stages. Non-
irrigated plots received water only at planting. Sowing was done in the third
week of November in all experiments of the two seasons. Plots consisted of
four rows (3 m long and 20 cm apart).

Ten plants were randomly chosen from each plot to measure the plant
height, spike length, spikelets/spike and grain weight/spike. The grain yield
was measured from all plants of the two central rows of each plot at crop
maturity.

Biometrical procedures

Normality distributions in each trait were checked out by the Wilk
Shapiro test (Neter et al 1996). A combined analysis of variance was
conducted for the two seasons according to Gomez and Gomez (1984).
Homogeneity test of variances were performed according to procedures
reported by Gomez and Gomez (1984). Data were statistically analyzed using
ANOVA and LSD value was employed for the mean comparisons in the
MSTAT-C software package (Freed et al 1989).
Heritability in broad sense (h%y)
Heritability in broad sense (h’,) was estimated using the components of
variation according to the formulae outlined by Weber and Moorthy (1952} as
follows:

h*, = (¢/c%pn ) X 100

Where: Of,h and 0; are the phenotypic and genotypic variances, respectively.

Phenotypic (PCV) and genotypic (GCV) coefficients of variability

Phenotypic (PCV) and genotypic (GCV) coefficients of varnation for
the studied characters were calculated as described by Burton (1952) using
the following formulae:

a
PCV = ~2-.100 eV = 22 100
X

X

Where: X is the general mean, oy, and o are the phenotypic and genotypic
standard deviations, respectively.
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Table 1. Names, pedigrees and origins of the studied wheat genotypes.

No. Genotypes  Pedigree Origin*
; Line 35 KUZ*2/SOW/KAUZ GRG 905-13Y-016M-0Y-OHTY Egypt
3 Line 37 FOW-2/5P8036 Sudan
4 Line 38 ’ MNCH 3*BCN CMBW 90 YS 756-0T0PM-14Y-010M-010M-010Y-5M Egypt
5 Linedl 228AWSN.-77 Sudan
g lLlnedd TEVEE"S"/TDINA Sudan
7 Giza 168 Mrl/ Buc // Seri CM 93046 -8 M - OY - OM-ZY- OB-OGZ Egypt
8 Line 46 KAUZ//KAUZ/STAR Sudan
9 Line 47 BARBETTI Sudan
1o Lineds KUZ*2/BOW/KAUZ Sudan
11 Line 49 PC970/G 155//Bow"'s" Sudan
12 Line 54 22SAWSN-27 Sudan
13 Liness - 1YSN Yemen
14 Line 56 2 TSN Yemen
15 Line 59 SYSN Yemen
16 Line65 12 YSN Yemen
17 Line 68 ISYSN Yemen
18 Line New Vally Not Available Yemen
19 V(92/17) Not Available Yemen
20 V(99/17) Not Available Yemen
7; Gemmizal  Inia/RL 4220/7C/3/YRCM 15430-25-55-05 Egypt
;2 Sakhas G. 155/7C//Iniar3/Nielain Egypt

Sahel 1 CAZO/KAUZ/KAUZ Egypt

*Source: Plant Genetic Resources Research Department (Bahteem Gene Bank), FCRI, ARC-Egypt

RESULTS AND DISCUSSION

Analysis of variance and variance components

The combined analysis of variance (ANOVA) across seasons is shown in
Table (2). The main effects due to years, genotypes and genotypes x years were
highly significant (P < 0.01) for ail studied traits under both enviroments.
However, years was significant (P < 0.05) for no. of spikes / m* under water-
stress and non-stress conditions (Table 2). On the other hand, variance due to
years was insignificant for spike length under non-irrigated conditions. Also,
genotvpes x vears were insignificant for no. of spikes/m® under irrigation
conditions. Same resuits for grain yicld were obtained by Menshawy (2007).

Estimates of variance components due to genotypes and their interactions
with years for the studied traits under water-stress and non-stress are presented
in Table (3). Results indicates that o? component accounted for 70.90% of the
total variation for plant height, followed by grain welght/splke which accounted
for 48.12% of the total variation. While, for grain yield the 0’2 accounted for
47.53%. However, the high value of o®, which was obtamed under each
irrigation regime indicated the strong mﬂuence of years on yield performance of
wheat genotypes. The small contribution for ¢ gy was high for spike length, grain
weight /spike and grain yield under both environments, indicated that the
genotypes were more consistent over years. The contribution of variance due to
genotypes (: l;) to the total variance was weak except for plant height under
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Table 2. Combined ANOVA table for the studied traits of the 22 wheat
genotypes tested across two seasons under irrigated and water-
stressed environments.

S.0.V. dfr Piant Spike  Spikelets Ne. of Grains Grain Yield
Height Length fspike spikzes/ weight/spitke  ardab/
{cm.) (cm.) m (g) fed.
Waler-stress
Years (Y) 1 16208.64 ** 6.25 48.09 ** 35461932 * 63.35 ** 3451.07 *+
Reps/year 6 39.38 2.74 1.97 57841.30  1.98 117.02
Genotypes (G) 21 44727 **  8.60 ** 7.91 **  20397.27** 2.60 ** 139.78 **
GxY 21 37321 ** 537 *» 7.29 ** 2034920 ** 2,14 ** 122,43 **
Error 126  19.80 0.77 1.63 3860.33 0.21 11.98
Non-stress )
Years (Y) 1 2420589 % 35.01 ** 7778 ** 129023.74* 148.40 ** 8395.04 **
Reps/year 6 83.65 3.26 6.90 17338.26 146 130.53
Genotypes (G} 21 371.14 **  21.28 ** 13.60 ** 20708.15 ** 5.05 ** 2183.02 **
GxY 21 212.35**  9.68 ** 6.30 **  13625.264 4.04** 226.49 **
Error 126  28.93 1.45 1.68 9279.27 0.50 28.04

water stress conditions (02g= 19.77%) and spike length under non-stress
conditions (27.68%). The results of low cszg indicated that these traits have a
large environmental influence, so they need to be tested over more locations
and years (Hohls 1995).

Mean performance

Means of different studied traits of 22 wheat genotypes under irrigation
and water-stress conditions are presented in Table 4. Water stress caused a
reduction in all studied traits. The highest reduction was exhibited by grain
yield (50.17%) followed by spike length (17.04%), while the lowest reduction
was shown by spikelets/spike (9.84%). Reduction due to water stress was also
reported by previous investigators (El-Ganbeehy 2001, Farhat 2005 and Al-
Naggar et al 2007). Data in Table (4) indicated that the shortest lines were
L.R. 38 (70.50 cm.) and L.R. 65 under water-stress and non-stress conditions,
respectively. However the lowest and highest spike length were exhibited by
L.R. 48 and L.R. 35 under both enviroments. On the other hand, Giza 168
produced the lowest grain yield under the two irrigation systems, while the
highest grain yield under stress was V-92/17 (4.96 t /ha) followed by L.R. 65
(4.93 t /ha), V-99/17 (4.93 t /ha), LR.59 (4.80 t /ha), L.R.54 (4.79 t /ha) and
L.R. 49 (4.44 t /ha).

Heritability and coefficients of variation

The estimates of broad-sense heritability, phenotypic (PCV) and
genotypic (GCV) coefficients of variation are presented in Table (5).
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Table 3. Estimates of variance components duc to years, genotypes and their interactions for the studied traits under
irrigated and water-stressed enviroments,

Plant Spike Spikelets No. of Grains Grain Yield
Estimate _ Height (cm.) Length (em.) /spike spikeslm2 weight/spike (g.) ardab/fed.

Estimate var(%)* Estimate var(%) Estimate var(%) Estimate var(%) Estimate var{%) Estimate Var (%)
Water-stress

oy 183.77 7090  0.01 049 046 1292 379852 3223 070 4812 3783 4753
o, 5124 1977 0.40 1729 008  2.16 601 005 006 396 217 273
o’gy 438 169 115 4912 141 3941 412222 3497 048 3340 27.61 34.69
o’ 1980 764 077 3310 163 4551 386033 3275 021 1453 1199  16.08
Non-stress
o’y 27264 7423 029 549 0.1 17.81 131138 1044 164 5211 9282  52.28
o’ 1985 540 145 27.68 091 2001 88536 705 0.3 401 707 398
o’y 4586 1248 206 3926 1.46 2533 1086.50 865 0.89 2815 4962 27.95
o’ 2893  7.88 145 27.57  1.68 _ 36.86 927927  73.86  0.50 1572 28.04  16.79

Contribution te total variation (%)
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Table 4. Mean performance of studied traits for whe:tt genotypes under water-stress (N) and non-stress (1) conditions, and their
reductions (Red %) (data across combined across rwo seasons).

Plant height Spike leagth Grains weight/ Grain yield
Genotypes  {cm.) {cm.) Spikelets/spike Spikeslm2 spike (g) ardab/fed
N I Red. % N 1 Red. 7% N | Red. % N | Red. % N 1 Red. % N 1 Red. %

L.R.35 89.50 97.38 809 11.31 1488 2395 2000 2300 1304 d469.60 57039 767 3.03 335 9.64 4.07 1928  40.89
L.R.37 7750 8450 828 1063 1431 2577 18235 2238 1844 46443 49898 692 272 295 7.9 3.25 1631 4421
L.R.38 70.50 86.25 1826 9.75 1138 1429 1950 21.50 930 43225 539.13 1982 254 262 3.05 278 1385 43.79
L.R. 41 86.88 98.50 11.80 9.50 13.00 2692 ?1.56 2288 6.01 40555 521.23 2219 239 2.66 1001 238 1413  52.83
L.R.44 8100 €738 1682 850 1038 18.07 2138 2588 1739 37900 49744 2381 252 3.5 1997 273 1780 5705
Giza 168 73.00 84.25 1335 900 1044 1378 20.13 22,1} 9.04 33563 SI8.12 3522 1.87 202 7.67 097 934 70.92
L.R. 46 8238 96.88 1497 1044 1413 26.10 2200 2438 974  387.09% 48903} 20.84 2.15 239 996 1.74 12,11 59.78
L.R, 47 86.00 9743 1145 1131 1388 1846 2100 2288 820 36494 52491 3047 2.03 2.61 2238 14y X7 TL32
L.R48 90.00 102.63 1230 781 938 1666 20,13 2388 (571 35782 47425 2455 185 3.06 3971 1.30 1603 7730
L.R.49 77.50 88.00 (193 1100 (188 737 1950 2163 983 44962 542.78 1716 347 354 198 4.44 2020 3847
L.R. 54 8213 90.00 875 913 10.63 14.12 19.63 2113 T.10 48094 52084 766 300 330 9.09 479 1670 19.71
LR.55 7275 81.88 11.15 838 944 1126 2025 2125 4.71 38448 526465 27.00 2.1} 297 2805 1.70 1642 71.02
L.R.56 80.00 21,00 1209 %94 1094 914 2000 2138 643 37722 51304 2647 2,10 220 4.55 1.59 10.68 5833
L.R.59 77.00 8588 1033 994  13.00 2355 2150 2288 6.0t 48134 48985 174 330 355 1S 4.80 1522 1L70
L.R.65 7138 81.50 506 844 1081 21.96 1950 21.50 930 41100 43200 486 372 416 1055 493 1802 2340
L.R.68 8538 93.50 869 950 [1.50 17.39 2075 23.75 12,63 41568 454.78 860 266 333 2029 309 19.14 5480
N Vally 8§6.00 9513 959 850 1025 17.07 1838 2075 1145 42687 470.05 921 310 445 3035 426 1830 3482
V(92/17) 83.25 91.75 %26 1019 1056 3.55 1975 2225 11.24 45761 49025 6.66 336 443 24105 496 1617 14.12
Y(99/17) 83.75 90.88 7.84 10.00 1219 1795 1950 21.25 824  421.51 46517 939 335 33 -L1S 493 1620 1479
Gem 1 103.88 10450 0.59 794 10,00 2062 1975 22.13 1473 359.71 38855 741 306 4.26 28.08 416 1486 2159
Sakha 8 91.88 103.88 1155 8.88 1075 1744 1988 12125 6.47 42407 53092 2013 264 3.06 138% 3.02 171 50.62
Sahel]l 82.88 9288 10.77 950  10.50 9.52 19.50 20.63 545 46391 52296 11.29 3.05 422 27.7% 412 1735 33.50

Mean 8275 9253 1059 953 1155 1704 2008 2230 9.84 41592 499.15 3632 274 3.26 1534 3325 1586 43.86

LSD,5% 4.45 5.38 e 088 120 —— 128 130 — 62.17 9638 - 046 070 — 1.2 529  ——
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Table 5. Estimates of broad sense heritability (112|J )}, phenotypic (P.C.V.)
and genotypic (G.C.V.) coefficients of variation for the stodied
traits under water-stress and non-stress conditions (data across
combined across two seasons).

Plant Spike Spikelets Spikes/  Grains Grain Yield

2

Estimate
SUMAES beight Length /spike m’  weight/spike ardab/ fed

Water-stress

h?, 67.94 1738 248 0.08 7.63 5.19
GCV% 865 6.67 1.39 059 8.72 16.18
PCV% 1050 16.01 8.80 21.49 31.55 71.02
Non-stress

k%, 2097 2929 2434 7.87 8.37 8.34
GCV% 482 1043 428 596 10.90 14.88
PCV% 1052 19.25 8.68 2125 37.66 51.52

The highest estimates of broad-sense heritability (h%,) were exhibited by
plant height and spike length under water-stress conditions, while the highest
values of h’y under irrigation conditions were obtained by plant height. spike
length and spikelets/spike, indicating that selection for these traits could be
highly effective. However, h’% was low for no. of spikes/m’, grain
weight/spike and grain vield under the two irrigated systems. These low
values of heritability suggested that selection for high yield must be
performed on yield components not on yield per se. In the context, Johnson et
al (1955) suggested that heritability along with genetic gain are usually more
useful than the heritability value alone in predicting the resultant effect for
selecting the best individuals. The present results are in harmony with those
obtained by Al-Naggar et al (2007). Salem et al (1983) reported that
magnitude of heritability percentage appeared to be affected by four relevant
factors: (1) methods of estimation, (2) cross and generation, (3) nature of
measured trait and (4) the magnitude of environmental variation. Also, Weber
and¢ Moorthy (1952) found that heritability for grain yield in the wheat
crosses was very erratic and in average near zero. Such results indicate the
need for better control of environmental variance and/or genotypic-
environmental interaction.

Estimates of phenotypic (P.C.V.) and genotypic (G.C.V.) coefficient of
variability are presented in Table (5). The x P.C.V. and x G.C.V. may serve
as a reference point for breeders when they try to detect genotypic differences
with respect to plant traits and also make the selection of forms with valuable
genotypes much more effective. The estimates of P.C.V. and G.C.V.in this
study appeared to be higher for grain yield, grains weight/spike and plant
height than the other traits under both irrigation and water-stress conditions.
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However, spikelets/spike exhibited low value for P.C.V. and G.C.V. under
both irrigation regimes, revealing that environmental effects were of great
importance for this trait. Both P.C.V. and GCV estimates were generally
higher under water stress than under irrigation conditions for plant height and
grain yield. These results are in agreement with those obtained by Dawla
(1984), Ehdaie and Waines (1989) and Tolba (2000). The later found that
P.C.V. and G.C.V. for plant height were 8.60 and 8.22%, respectively. Also,
Mahdy (1988) found low values of P.C.V. (8.90%) and G.C.V. (8.50%) for
plant height.
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