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Abstract

Heidari, Sh., Heidari, P., Azizinezhad, R., Etminan, A. & Khosroshahli, M. (2020). Assessment of genetic variabil-
ity, heritability and genetic advance for agro-morphological and some in-vitro related-traits in durum wheat. Bulg. 
J. Agric. Sci., 26(1) 120–127

Sixteen advanced durum wheat breeding lines were evaluated under rain-fed and supplementary irrigation conditions in a 
randomized complete block design (RCBD) with three replications on seventeen agro-morphological characters to examine 
genetic value of yield and yield-related traits. Most traits revealed the highest coefficients of variation (CV). Results showed 
that the maximum phenotypic variance (PCV) of traits were generally higher than genotypic coefficients of variance (GCV) 
under both conditions. Obtained heritability accompanied with high genetic advance for several traits indicates that most likely 
the heritability is due to additive gene effects and selection may be effective in early generations for these traits. These param-
eters were estimated for a number of traits in vitro cultures as well. Mean comparisons demonstrated that the lines G6 and G9 
achieved higher levels of callus size and relative water content under the both optimal and stress conditions, while maintaining 
this ability in stress condition compared to other lines. Moreover, the lines G4 and G16 had the minimum difference between 
fresh and dry weights in optimal and stress conditions. So, these lines had the higher genetic potential for response to drought 
stress in vitro environments.  
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Introduction

Durum wheat is one of the most consequential cereal 
crops that cultivated in diversified environmental condi-
tions such as the arid and semi-arid regions. Normal rain-
fall in these area in Iran is about < 300 mm which this is 
one third of average rainfall in the world. A total of 0.6 
million tons durum wheat was produced during the crop 
season 2014-15 in Iran (Heidari et al., 2017). Drought 
stress is the most prevalent adverse constraint environmen-
tal condition that can tremendously decrease crop produc-
tivity. One of the main purposes of breeding program is 

to produce high-yielding and better-quality genotypes for 
release as cultivars in any conditions. To acquisition these 
intentions, existence adequate amount of variability in the 
material for yield and its components, in which favorable 
genotypes have to be designated for more crop improve-
ment is, therefore, a prerequisite. Despite workload of im-
provement research in durum wheat the grain yield in the 
dry land and rain fed conditions is lower than that realizable 
in other conditions. To survive against to drought stress, 
plants have adopted considerable genetic variation for 
morphological, physiological, biochemical, and metabolic 
traits which contribute to grain yield and greatly affected 
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by many environmental conditions. Breeding programs 
depend on the understanding genetic systems controlling 
inheritance of these traits that influence their performance, 
so it is important to separate the total variation into her-
itable and non-heritable components. However, exploita-
tion of genetic resources variability and enhancement of 
high-yielding cultivars requires commensurate systematic 
evaluation (Belay et al., 1993). Genetic parameters have 
been used to assess the nature and magnitude of variation 
in durum wheat breeding material.

The magnitude of the components of variances has been 
obtained from analysis of variance to appraise the different 
genetic parameters as described by Singh and Chaudhary 
(1985) and Falconer (1989). Genetic variability, which is 
due to the genetic differences among individuals within a 
population, is the main aim of plant breeding programs, be-
cause proper management of diversity can produce perma-
nent gain in the performance of plant and can buffer against 
seasonal fluctuations (Sharma, 1998). Genetic variabili-
ty among traits is important for breeding and in selecting 
desirable types. As the breeders are interested in selection 
of superior lines based on phenotypic performance, the 
foremost function of heritability is its predictive role to 
represent the reliability of phenotypic performance as an 
indicator to breeding value and to provide information on 
transmission of character from the parent to progeny. Heri-
tability studies provide opportunities for breeders to predict 
about the interaction of genes in successive generations and 
are essential for effective breeding programs.

For effective genetic improvement of grain yield, it is 
important to understand how the proportion of genetic com-
ponent and genetic advance are affected by environments. 
It has been noted that, heritability alone is not enough to 
make sufficient improvement through selection generally 
in advance generations unless accompanied by substantial 
amount of genetic advance. The utility of heritability there-
fore increases when it is used to calculate genetic advance, 
which indicates the degree of gain in a trait obtained under 
a particular selection pressure. Thus, genetic advance is yet 
another important selection parameter that aids breeder in 
a selection program. Estimates of heritability and genetic 
advance will help in knowing the nature of gene action af-
fecting the concerned traits (Shukla et al., 2004). Previous 
studies have revealed considerable variation in wheat (Te-
wodros et al., 2014). Khan et al. (2015) reported that the 
high phenotypic and genotypic coefficients for the yield 
and yield components traits in wheat genotypes. Tambe et 
al. (2013) reported the high values of GCV and PCV for 
grain yield, number of effective tillers, spike length and 
1000 grain weight. Lone et al. (2017) reported the expected 

genetic advance in wheat were high for number of grains 
per ear head, ear head length, peduncle length, number of 
effective tiller and plant height. The high heritability com-
bined with high genetic advance was observed for grain 
yield indicated that selection may be effective for this 
character. In the study conducted by Wolde et  al. (2016), 
the high values of PCV and GCV we rerecorded for fer-
tile tillers, the number of grains per spike, thousand grains 
weight, grain yield and harvest index. The current study 
aimed to estimate the genetic variability, heritability and 
genetic advance for several agro-morphological and in-vi-
tro traits for selection of high yielding durum wheat lines 
under diverse conditions.

Materials and Methods

This study was carried out under rain-fed and supple-
mentary Irrigation (two irrigations at flowering stage until 
each stage reach to 25 mm) conditions in a randomized com-
plete block design (RCBD) with three replications across 
two years (2011-2013). Sixteen advanced breeding lines of 
wheat including three control lines Saji, Zardak and Sardari 
along with 13 advanced lines were evaluated. The unit plot 
size was 1.2 m x 6 m, consisting of 6 rows with 20 cm space 
between rows. The plants in full maturity stage were used 
for analysis. The origin and pedigree of these materials are 
presented in Table 1. Data were measured from each plot on 
seventeen characters (Table 1). 

In callus culture, the sample seeds were disinfected with 
sodium hypochlorite 1.5% for 10minutes. Then, they were 
rinsed with distilled water. The MS medium (Murashige & 
Skoog, 1962) was prepared with 15 g sucrose, 7 g agar in 
pH = 5.8. The medium was then autoclaved. The sub-samples 
were maintained in a MS medium containing 2,4-D hormone 
concentrations and a medium under osmotic stress with man-
nitol 2% until callus induction. Measured traits in callus cul-
ture are presented in Table 2 and were evaluated in (RCBD) 
with three replications. Both morpho–physiological and In 
vitro traits under normal and stress conditions were subject-
ed to analysis of variances according to the formula suggest-
ed by Steel and Torrie (1960). The genotypic and phenotypic 
variances were estimated according to the formula suggested 
by Johnson et al. (2003). GCV and PCV were computed as 
percent the method suggested by Burton & Devane (1998). 
Heritability in broad sense (h2b.s) was computed using the 
formula adopted by Allard (1960). The expected genetic ad-
vance (GA) for different characters under selection was esti-
mated using the formula suggested by Johnson et al. (1955). 
Genetic advance over mean was estimated by using the fol-
lowing formula proposed by Comstock & Robinson (1952). 
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The Duncan’s method was employed to compare the mean 
values of durum wheat lines in relation to the tissue culture 
traits. The physiological traits were measured at the seedling 
stage of durum wheat lines. The abbreviated names along 
with measurement methods and units of measurement for 
traits and enzymes are given in Table 2.

To study of relationships among tested durum lines and 
measured traits factor analysis and hierarchical cluster anal-
ysis (HCA) were performed by NTYSYSsps 2.02 software 
(Rohlf, 2000). The mean values of durum wheat lines were 

compared through the Duncan’s method for measured physi-
ological traits under optimal and stress conditions. 

Results and Discussion

Evaluation of genetic variability for agro-morphological 
traits

Analysis of variance showed high significant differences 
(P < 0.05) for 17 quantitative characters studied (data not 
shown), indicating that there is variability among the studied 

Table 2. The abbreviated names along with measurement methods and units of measurement for callus culture traits 
and physiological traits
Trait Abbreviation names Measurement method Unit of measurement
Callus culture traits
Callus size CS – millimeter
Fresh weight FW – gram
Dry weight DW – gram
Relative water content RWC – gram
Physiological traits
Malondialdehayde MDA Stewart & Bewley (1980) uM/g FW
Superoxide dismutase SOD Moon & Terao (1998) unit /mg protein
Catalase CAT Chaoui(1987) mmol / g FW min
Ascorbate peroxidase APX Nakano & Asada (1987) mmol / g FW min
Peroxidase PRX Abeles & Biles (1991) OD470 /gFW min
Relative water content RWC Dispersed mg
Chlorophyll CHA، CHB، CHT Lichtenthaler & Wellurn (1983) mg/g-1FW
Fresh & Dry biomass SFW-SDW mg

Table 1. The names of evaluated wheat lines along with their origins; studied traits and measuring units with the 
abbreviation of names
Lines Name/Pedigree Trait Measuring units Abbreviation
G1(C = Control) Saji* 1 Plant height cm PH
G2 (C) Zardak 2 Spike length cm SL
G3 (C) Sardari 3 Peduncle length cm PL
G4 19E-TOPDY 4 Peduncle extrusion cm PE
G5 19E-RASCON 5 Flag length mm FL
G6 19E-M84859 6 Thousand kernels weight g TKW
G7 19E-M141979 7 Grain yield g/m2 GY
G8 19E-M141982 8 Biological yield g/m2 BY
G9 19E-M141994 9 Harvest index % HI
G10 19E-M141995 10 Number of grain/spike  m2 NSPS
G11 18E-M142005 11 total number of stem m2 NTS
G12 19E-M142017 12 total number of fertile stem m2 NFS
G13 19E-M142025 13 Straw yield g/m2 SY
G14 19E-M142038 14 Days to physiological maturity day DM
G15 19E-M142045 15 Days to heading day DH
G16 19E-M142069 16 Canopy temp. centigrade (ₒC) CT

17 Stomatal conductance m-2s-1mmol SC
*The origin of all lines was dry land agricultural research institute of Sararood (DARI)
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lines and would respond positively to selection. The coeffi-
cients of variation and standard error (SE) were high except 
for CT,  DH, DM and SL in all conditions. The best mean 
performance of lines was in irrigation condition 2012-13 for 
most of characters. The result of mean comparison of grain 
yield and its related traits showed the highest values for all 
characters in the optimal condition than rainfed environ-
ment. Grain yield ranged from 84.6 and 2010 gm-2. ADWL-
12, ADWL-10, and (ADWL-1 as control) were identified as 
the high-yielding lines(result not shown).To examine genetic 
value of yield and it’s components, several genetic param-
eters like phenotypic variance (σ2 

p), genotypic variance 
(σ2g), phenotypic coefficient of variation (PCV), genotypic 
coefficient of variation (GCV), heritability (h2) and genetic 
advance (GAM) were estimated. A wide range of genotypic 
and phenotypic variances was observed for these traits in the 
both rainfed and irrigated conditions. Maximum genotypic 
and phenotypic variances in both conditions 2011-12 was 
exhibited for GY, NTS, NFS, BY, SC and SY. Maximum of 
these amounts in rainfed condition 2012-13 was exhibited 
for GY, NTS, NFS and maximum of these amounts in irrigat-
ed  condition 2012-13 was exhibited by GY, NTS, NFS,BY 
and SY. Rohani and Marker (2016) reported maximum geno-
typic and phenotypic variances for plant height followed by 
harvest index (186.54 and 145.25, respectively).

In the present study, at the first year, the contribution of 
genotypic variance was larger than the total contribution 
of non-heritable components for PL, PE, DH, FL, DM,PH 
and NSPS in the rainfed condition and also for CT, DH, 
FL, DM, NTS, NSPS and HI in the optimal condition, 
Similarly, at the second year, CT and DH in the rainfed 
condition and CT, DH, NFS and SL in the optimal condi-
tion showed the highest GCV. These results indicated that 
phenotypical variation was not influenced by the environ-
mental component, indicated a few effects of environment 
on the genotypical effect. Selection in the breeding pro-
grams is based on measurements of phenotypic character 
and genotypic variability is measured through analysis 
of variance (Singh, 1990). In the present study, assessing 
magnitude of these traits variation is important to suc-
cess in crop improvement program. It is very important to 
select the desirable line which could transmit high yield 
and other desirable traits. In the first year, the maximum 
GCV and PCV in the rainfed condition 2011-12 were 
observed for GY (25.87 and 36.88), NFS(16.12,29.88), 
PL(34.85,43.87), SC(21.54,30.52) and NSPS(18.29,22.71). 
Maximum GCV and PCV in irrigated condition 2011-12 
were observed for GY(22.30,34.01), NTS(17.66,26.63), 
NFS(17.97,26.96), BY(17.46,30.53), SC(20.91,35.17) and 
NSPS(17.45,24.52). Maximum of these amounts for rain-

fed condition 2012-13 were obtained for GY(21.64,40.85), 
NTS(21.10,34.03), NFS(21.65,34.98), PE(18.54,42.88) and 
HI(16.08,35.87) and maximum of these amounts for irrigat-
ed condition 2012-13 were obtained for NTS(19.88,24.66), 
NFS(20.04,24.94), PE(17.39,32.28) and SC(27.03,60.50). 

In these traits, estimates of PCV were generally higher 
than GCV. Singh et al.(2013) reported high magnitude of 
PCV and GCV for grain yield, number of effective tillers 
per plant and number of grain per spike. In the present study, 
maximum heritability estimates were also shown for GY, 
NFS, NTS, NSPS, PE, SC, DH, HI, DM, PH and SL in both 
irrigated and rainfed conditions. Similar to the result of this 
study, many researchers reported maximum heritability for 
numbers of tillers per plant, number of grain per spike and 
harvest index in wheat (Rohani & Marker, 2016; Rahman 
et al., 2016; Jan & Kashyap, 2016), while grain yields had 
lowest heritability estimate which their findings were not 
in accordance with present study. Sharma et al.(1995) ob-
tained high heritability for thousand grain weight, biolog-
ical yield/plant, harvest index, plant height and number of 
grains/spike. The heritability estimates help the breeders in 
selection based on the phenotypic performance and shift in 
gene frequency towards superior side under selection pres-
sure is termed as genetic advance. Johnson et al. (1955) 
suggested that estimates of heritability and genetic advance 
should be considered together for more reliable conclu-
sions. Estimates revealed that characters having maximum 
PCV and GCV, exhibited approximately moderate to high 
heritability and GAM viz.,GY(49.23,37.43 heritability and 
GAM respectively), NFS(29.10,17.93), PL(63.10, 57.09), 
SC(49.80,31.36) and NSPS(64.89,30.36) for rainfed con-
dition 2011-12. GY(43.01, 30.17), NTS(43.98,24.12), 
NFS(44.46,24.69), BY(32.71,20.60), SC(35.36,25.61) 
and NSPS(50.66,25.59) for irrigated condition 2011-12. 
GY(28.07,23.59), NTS(38.47,26.95), NFS(38.30,27.64) 
for rainfed condition 2012-13 and NTS(65.01,33.07), 
NFS(64.53,33.19) and PE(29.03,19.31) for irrigated condi-
tion 2012-13. The high heritability accompanied with high 
genetic advance in case of these traits indicates that most 
likely the heritability is due to additive gene effects and 
selection may be effective in early generations for these 
traits. Similar findings have been reported by Lone et al. 
(2017) that the high PCV and GCV values with a high her-
itability were recorded for the total phenols trait. Genetic 
advance as was also high for this trait suggesting further 
improvement of lines for the character for further selec-
tion and subsequent use in breeding program. Rohani & 
Marker (2016) recorded high heritability combined with 
high genetic advance for grain weight per spike followed 
by harvest index.
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Evaluation of genetic variability in some of in-vitro traits
Analysis of variance revealed significant differences 

among lines for callus size, fresh and dry weight and RWC 
traits in callus culture (Table 3) indicating the presence of 
genetic variability for these traits and it shows the line and 
stress significantly affected callus induction and character-
istics. Ozgen et  al. (1996) in a study on embryonic callus 
induction of wheat varieties, found that callus water content, 
callus induction percentage and callus dry and fresh weights 
were influenced by line. 

The stress effect was significant for all traits except the 
callus relative water content. This indicates that applying the 
stress could change properly the environmental conditions. 
The line×stress interaction was significant for callus size 
and callus fresh weight. This indicated that both environ-
mental and genotypic factors do not function independently 
for these two traits and their effects pertain together. In fact, 
some lines indicated better situation in one environment than 
theothers. Similar results have been reported on drought tol-
erance of sugar beet monogerm hybrids in vitro (Ghafari et 
al., 2014). Cheghakabodi et al. (2012) showed the analysis 
of variance for the studied traits in callus culture of canola 
lines revealed that the lines were significantly different for 
all traits and there was a significant difference between stress 
levels in all traits. Furthermore, they showed the line×stress 
interaction was significant for these traits. It reflected the de-
pendence of the two factors on the measured traits in-vitro 

culture (Cheghakabodi et  al., 2012). The results showed a 
high level of variation among lines. The highest and lowest 
values as well as average are given in Table 4.

Genetic diversity helps in the selection of lines with 
higher performance. Values of genotypic (s2g) and pheno-
typic variance (s2p) for all traits in normal and stress condi-
tions are given in Table 4. High levels of these parameters 
indicated that sufficient diversity can be useful in the selec-
tion process. Mahto et al. (2002) and Vashistha et al. (2013) 
reported similar results on corn for agro-morphological 
traits. The evaluation of GCV indicated the total value of 
genotypic variance which transmitted from parents, to off-
spring and reflected by heritability. According to Deshmukh 
et al. (1986), amount of PCV and GCV nearly over 20% 
were considered as high amount. Whereas, amount of less 
than 10% were considered as a low amount, and amount 
of between 10% and 20% counted as a moderate. There-
fore, the GCV was high for callus size under stress condi-
tions(22.62), (40.54 and 47.58) for fresh weight in both nor-
mal and stress conditions, (45.30 and 56.77) for dry weight 
in both conditions, and was moderate for callus size in nor-
mal conditions(18.26). The values were low (2.94 and 8.56) 
for relative water content in both normal and stress condi-
tions (Table 4). Yuce et al. (2008) and Wolie et al. (2013) re-
ported similar results on millet. In the present study, general 
heritability ranged from 11.81% for relative water content 
in normal conditions to 66.61% for callus size, and from 

Table 3. Analysis of variance for several measured traits of durum wheat lines under in-vitro condition 
Mean squares

Characters stress line line× stress Error
Df 1 16 16 68
Callus size 217.482** 5.022** 0.573* 0.312
Fresh weight 0.042** 0.004** 0.001* 0.001
Dry weight 0.001** 0.0001** 1.613E-5 ns 1.721E-5

RWC 0.367 ns 202.325** 31.753 ns 26.010
**: Significant at the 1% probability level

Table 4. Mean, ranges, genotypic and phenotypic of variances, genotypic (GCV) and phenotypic (PCV) coefficient of 
variations, heritability and genetic advance as percent of mean (GAM) of callus measured traits in durum wheat lines
Range Mean Min Max s2g s2p GCV PCV h2(%) GAM

Characters
Callus size N 5.95 3.62 10.5 1.18 1.77 18.26 22.37 66.61 30.67

S 3.03 2.10 5.10 0.47 0.50 22.62 23.33 94 44.73
Fresh weight N 0.078 0.02 0.29 0.001 2E-3 40.54 57.33 50 52.82

S 0.038 0.011 0.070 3.27E-4 3.43E-4 47.58 48.73 95.33 92.89
Dry weight N 0.010 0.0018 0.0353 2.22E-5 5.53E-5 45.30 71.50 40.14 58.65

S 0.004 0.0020 0.019 7.74E-6 9.02E-6 56.77 61.29 85.80 108.16
RWC N 85.92 56.75 98.5 6.41 54.25 2.94 8.57 11.81 2.08

S 86.04 60.9 92.85 54.27 58.45 8.56 8.88 92.84 16.98
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85.80% for dry weight to 95.33% for fresh weight under 
stress conditions (Table 4). High general heritability indi-
cated the low effect of environment on the studied traits.

According to Singh (2001), if heritability of one trait be 
high, it will be selected easily and achieve good efficiency. 
The heritability of callus size (94), fresh weight (95.33) and 
dry weight (85.80) were high under stress conditions, where-
as heritability of callus size (66.61) and fresh weight (50) 
were moderate under normal conditions. In low-heritability 
traits, the selection may have considerably poor efficiency. 
General heritability indicated both additive and non-additive 
genetic effects. Genetic advance (GA) under selection refers 
to improvement of traits in genotypic values for new popula-
tion compared to the base population under a selection cycle 
in certain selection intensity (Singh, 2001). The maximum 
amount of genetic advance as percent of the mean (GAM) 
at selection intensity of 5% was estimated to be (108.16%) 
for callus dry weight and (92.89%) for callus fresh weight in 
stress condition.

Heritability evaluated along with genetic advance will 
be more effective in prediction of efficiency under selection. 
Therefore, genetic advance is another important parameter, 
assisting the plant breeders in the selection program (Johnson 
et al., 1955). Similarly, this study demonstrated that accurate 
selection can be effective for callus fresh and dry weights, 
and relatively for callus size (Table 4). Dyulgerova & Val-
cheva (2014) examined 23 barley doubled haploid lines for 
diversity, heritability and genetic advance for 6 traits. The 
PCV and GCV values were high for a number of traits. High 
heritability with high genetic advance in these traits reflected 
the importance of traits in improvement of barley lines. In an 
experiment conducted by Sabiel et al. (2014), 12 millet geno-
types were evaluated for genotypic and phenotypic variance, 
heritability and genetic advance. These parameters were esti-
mated for a number of traits. The results of comparing mean 
values for durum wheat lines demonstrated that G6 and G9 
achieved higher levels of callus size and RWC under both 
normal and stress conditions while maintaining this ability in 
stress conditions compared to other lines. Moreover, G4 and 
G16 had minimum difference between fresh and dry weights 
in normal and stress conditions so, these lines had higher 
genetic potential for response to drought stress in vitro.

Estimation of seedling physiological traits under 
drought and normal conditions

The principal coordinate analysis was conducted on ge-
netic diversity of durum wheat lines for eleven physiologi-
cal traits measured in seedling stage under normal and stress 
conditions. The first four components explained 68.61% and 
73.87% of total data variance in normal and stress condition 

respectively, based on which cluster analysis was conducted 
to categorize the lines. The dendrogram obtained from clus-
ter analysis for durum wheat lines has not been illustrated. 
Cut of dendrogram in 2.74, clustered lines into 4 groups in 
normal condition and cut of dendrogram in 2.70, clustered 
lines into3 groups in stress condition. The mean comparison 
values for durum wheat lines for eleven physiological mea-
sured traits were analyzed (results not shown). The physio-
logical traits of the plant, including the increase in activity 
of antioxidant enzymes, stomata closure, variation in the 
pattern of growth regulators and accumulation of metabo-
lites indicate the adaptation to stress conditions. Hence, the 
effects of drought stress can be examined based on amount 
of enzymes to more quickly identify the resistant rootstocks 
of a plant. That is because there is a strong correlation be-
tween tolerance to environmental stresses and variations in 
the concentration of antioxidant enzymes in photosynthetic 
plants. Since the synthesis of every substance in cells are 
controlled by genes, the drought resistant rootstocks can be 
more quickly produced by identifying the genes responsible 
for synthesis of substances and their transfer to other plants 
(Khavari et al., 2017). 

In this study higher levels of ascorbate peroxidase (APX-
),catalase, peroxidase, malondialdehyde enzymes were pro-
duced in lines under stress conditions. Intensified drought 
can increase the antioxidant enzymes. There are numerous 
reports in this regard. For instance, high temperatures during 
drought can escalate the activity of SOD, APX, and CAT in 
compatible wheat genotypes (Sairam et al., 2001). Previous 
studies showed that higher antioxidant enzymes activity sub-
stantially enhanced the tolerance for stress through dampen-
ing the effects of peroxide under various stresses in wheat, 
oats, soybeans and peas (Kafi et al., 2000; Ghorbanli et al., 
2004). With respect to superoxide dismutase, the production 
of this enzyme was reduced under stress conditions. In pres-
ent study, under stress, values for all chlorophylls (a, b and 
T) decreased. Chlorophyll stability recognized as an indica-
tor of drought stress, high chlorophyll stability implies that 
the effect of stress on the plant is low, providing the plant 
with better access to light. The total amount of chlorophyll 
varies due to drought.

Ahmadi et al. (2013), showed the chlorophyll content 
of bean leaf decreased under drought stress, which in turn 
was linked directly to biomass production. The variations in 
the concentration of chlorophylls a and b were adopted as 
a short-term response to stress and a measure of ability to 
maintain the source power in drought stress conditions. In 
present study, lines that produced greater amounts of chlo-
rophylls in comparison to other lines under stress condition 
were identified. Relative water content was reduced under 
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stress condition and line that achieved to maximum rela-
tive water content was identified. Line G8(19E-M141982), 
maintained RWC capacity under stress. Capable of retain-
ing water in their tissues (i.e. higher relative water content), 
lines tended to be more drought resistant and perform more 
efficiently.

For fresh and dry biomass in both normal and stress con-
ditions, the lowest difference between fresh biomass under 
normal and stress conditions were observed in several lines. 
In terms of this trait, the lines responded more desirably to 
stress by losing less water. The germplasm evaluation based 
on physiological traits showed different levels of variation 
among lines for some antioxidant enzyme activities and bio-
mass of wheat lines under both normal and stress conditions. 
The results revealed high genetic diversity among the lines 
under experiment, which can be applied in dry durum wheat 
breeding programs.

Conclusions

In the present investigation, most of measured traits re-
vealed the highest coefficients of variation and PCV values 
of traits were generally higher than GCV. Obtained heritabil-
ity accompanied with high genetic advance for several traits 
indicates that most likely the heritability is due to additive 
gene effects and selection may be effective in early genera-
tions for these traits. According to mean comparison results 
for some traits In vitro culture, the lines G6 and G9 achieved 
higher levels of callus size and relative water content un-
der the both optimal and stress conditions. The lines G4 and 
G16 had the higher genetic potential for response to drought 
stress In vitro environments.

Acknowledgements
The authors are thankful to Dr. Reza Mohammadi for his 

kind support in this work.

References

Abeles, F. B. & Biles, Ch. L. (1991). Characterization of peroxi-
dases in lignifying Peach Fruit Endocarp. Plant Physiol., 95(1), 
269-273.

Ahmadi, S. R., Parsa, M., Nezami, A. & Ganjali, A. (2013). 
Drought stress effects in different phenology stages on chickpea 
growth index (Cicer arietinum L.) in greenhouse conditions. 
Iranian Legum Researches, 1(2), 69-84.

llard, R. W. (1960). Principles of plant breeding. John Willey and 
Sons, New York. 485.

Belay, G., Tesemma, T., Becker, H. C. & Merker, A. (1993).Vari-
ation and interrelationships of agronomic traits in Ethiopian tet-
raploid wheat landraces. Euphytica, 71, 181-188.

Burton, G. W. & de vane, E. H. (1953). Estimating heritability in 
Tall Fescue (Festuca arundinacea) from replicated clonal ma-
terial. Agron. J., 45, 481-487.

Chaoui, L. (1988). Studied the influence of potentisedarsenite after 
arsenite intoxication of rats. Plant Physiol, 7, 165-189.

Cheghakabodi, Z., Zebarjadi, A. R. & Kahrizi, D. (2012). Evali-
ation of rapeseed genotyes response to drought stress via callus 
culture. Agricultural Biotechnology, 10(2), 49-58.

Comstock, R. E. & Robinsion, H. F. (1952). Genetic Parameters, 
Their Estimation and Significance. Proc. 6th. International 
Grassland Conference, 1, 284-291.

Deshmukh, S. N., Basu, M. S. & Reddy, P. S. (1986). Genetic 
variability, cha-racter association and path coefficient analysis 
of quantitative traits in Virginia bunch varieties of groundnut. 
Indian J. Agric. Sci., 56, 816-821.

Dyulgerova, B. & Valcheva, D. (2014). Heritability, variance com-
ponents and genetic advance of yield and some yield related 
traits in barley doubled haploid lines. Turkish Journal of Agri-
cultural and Natural Sciences, 1, 614-617. 

Falconer, D. S. (1989). Introduction to qualitative genetics. 2nd 
ed., Longman, London, 340.

Farshadfar, E., Romena, H. & Sarari, H. (2013). Evaluation of 
variability and genetic parameters in agro-physiological traits 
of wheat under rain-fed condition. Int. J. Agri. Crop Sci., 5(9), 
1015-1021.  

Ghafari, E., Rajabi, A., Ezadidarbandi, A., Roozbeh, F. & Ami-
ri, R. (2014). Study of drought tolerance for sugare beet mono-
germ hybrid viain vitro condition using PEG6000. Improve-
ment of Agronomic and Horticulture Plants, 2(1), 91-104.

Ghorbanli, M., Ebrahimzadeh, H. & Sharifi, M. (2004). Effects 
of NaCl and mycorrhizal fungi on antioxidative enzymes in 
soybean. Biologia Plantarum, 48, 575-581.

Heidari, Sh., Azizinezhad, R. & Haghparast, R. (2017). Deter-
mination of yield stability in durum wheat genotypes under 
rainfed and supplementary irrigation conditions. J. Agr. Sci. 
Tech., 19, 1355-1368.

Jan, N. & Kashyap, S. (2016). Studies on genetic variability in 
wheat (TriticumaestivumL. EmThell) under temperate con-
ditions of Kashmir. International Journal of Science and Re-
search, 5(8), 1442-1445.

Johnson, H. W., Robinson, H. F. & Comstock, R. E. (1955). Es-
timates of genetic and environmental variability in soybean. 
Agron. J., 47, 314-318.

Johnson, H. W., Robinson, H. F. & Comstock, R. E. (2003). 
Estimation of genetic environmental variability in soyabean. 
Agronomy Journal, 47, 314-318.

Kafi, M. & Damghani, A. (2000). Mechanisms of Drought Re-
sistance in Plants. Ferdosi University Publication of Mashhad, 
123.

Khan, I., Mohammad, F. & Khan, F. U. (2015). Estimation of 
genetic parameters of yield and yield traits in wheat genotypes 
under rainfed conditions. International Journal Environmental, 
4(2), 193-205.

Khavari, R. (2017). Plant physiology. Tehran Publication, Tarbi-
atmoalem.

Lichtenthaler, H. K. & Wellburn, A. R. (1955). Biochemical So-
ciety. 603rd, 591-592.



127Assessment of genetic variability, heritability and genetic advance for agro-morphological...

Lone, R. A., Dey, T., Sharma, B. Ch., Rai, G. K., Wani, Sh. H. & 
Lone, J. A. (2017). Genetic variability and correlation studies 
in winter wheat (Triricum aestivum L.) germplasm for morpho-
logical and biochemical characters. Int. J. Pure App. Biosci, 
5(1), 82-91. 

Mahto, R. N., Ganguli, D. K. & Yadava, M. S. (2002). Evaluation 
of inbred lines and their F1 crosses of maize. J. Res., Birsa Ag-
ric. Univ, 14 (1), 45-49.

Moon,J. H. & Terao, J. (1998). Antioxidant  activity of caffeic 
acid and dihydrocaffeic acid in Lard and human low-density 
lipoprotein. Journal of Agricultural and Food Chemistry, 51, 
1070-1076.

Murashige, T. & Skoog, F. (1962). A revised medium for rapid 
growth and bio assays eith tobacco tissue cultures. Physiologi-
cal Plantarum, 15, 473-497.

Nakano, Y. & Asada, K. (1987).Purification of ascorbate peroxi-
dase in spinach chloroplast in inactivationin ascorbate-depleted 
medium and reactivation by monodehydroascorbate radical. 
Plant Cell Phsiology, 28, 131-133.

Ozgen, M., Turet, M., Ozcan, S. & Sancak, C. (1996). Callus 
induction and plant regeneration from immature and mature 
embryo of winter durum wheat genotypes. Plant Breed, 115(6), 
455-458.

Rad, M. R. N., Kadir, M. A., Rafii, M. Y., Jaafar, H. Z. E. & 
Danaee, M. (2013). Gene action for physiological parame-
ters and use of relative water content (RWC) for selection of 
tolerant and high yield genotypes in F2 population of wheat. 
Aus. J. Crop Sci., 7(3), 407-413.

Rahman, A., Mahboob, A., Khalid, U., Razaq, A., Hammad, 
Gh. & Haider, Z. (2016). Heritability of yield and yield 
components in hexaploid wheat. Academia Journal of Agri-
cultural Research, 4(5), 277-280.

Razzaq, A., Ali, Q., Qayyum, A., Mahmood, I., Ahmad, M. & 
Rasheed, M. (2013). Physiological responses and drought 
resistance index of nine wheat (Triticum aestivum L.) cul-
tivars under different moisture conditions. Pak. J. Bot, 45, 
151-155.

Rohani, Sh. & Marker, Sh. (2016).Evaluation of genetic vari-
ability for some quantitative traits in wheat (Triticum aes-
tivum L.). International Journal of Multidisciplinary Re-
search and Development, 3(7), 12-14.   

Rohlf, J. (2000). On the use of shape spaces to compare mor-
phometric method. Hystrix, Italian J. Mamology, 11, 8-24.

Sabiel, S. A., Ismail, M. I., Abdalla, E., Osman, Kh. A. & 
Adam, M. (2014). Genetic variation among Pearl millet 
genotypes for yield and its components in semi-arid zone 
Sudan. International Journal of Agriculture and Crop Sci-
ences, 11, 822- 826.

Sairam, R. K., Chandrasekhar, V. & Srivastava, G. C. (2001). 
Comparison of hexaploid and tetraploid wheat cultivars in 
their response to water stress. Biologia Plantarum, 44, 89-94.

Sharma, J. R. (1998). Statistical and biometrical techniques in 

plant breeding. New Age International (P) limited, publish-
ers, New Delhi, 432.

Sharma, S. N., Sharma, R. K., Bhatnagar, S. M. & Bhat-
nagar, V. K. (1995). Genetic architecture of grain yield 
in durum wheat under different environments. Cereal Res. 
Commun, 23, 257-261. 

Shukla, S., Bhargava, A., Chatterjee, A. & Singh, S. P. (2004). 
Estimates of genetic parameters to determine variability for 
foliage yield and its different quantitative and qualitative 
traits in vegetable amaranth (A. tricolor). Journal of Genet-
ics and Breeding, 58, 169-176.

Singh, A. K. (1990). Genetic divergence in rain fed wheat. An-
nals of Agricultural Research, 13, 102-104.

Singh, B. D. (2001). Plant breeding: Principles and methods. 
Kalyani Publishers, New Delhi. 896.

Singh, B. & Upadhyay, P. K. (2013). Genetic variability, cor-
relation and path analysis in wheat (Triticum aestivum L.). 
Indian Res. J. Genet.& Biotechnol., 5(3), 197-202.

Singh, R. K. & Chaudhary, B. D. (1985). Triple Test Cross. Bio-
metrical Methods in Quantitative Genetic Analysis, 93-101.

Sravan, T., Rangare, N. R., Suresh, B. G. & Ramesh Kumar, 
S. (2012). Genetic variability and character association in 
rainfed upland rice (Oryza sativa L). Department of Genet-
ics and Plant Breeding, Allahabad School of Agriculture. 
Sam Higginbottom Institute of Agriculture, Technology and 
Sciences. Journal of Rice Research, 5, 1-2.

Steel, R. G. D. & Tories, J. H. (1960). Principles and proce-
dures of statistics. McGraw Hill Book, New York, 107-109.

Stewart, R. C. & Bewley, J. D. (1980). Lipid peroxidation as-
sociated with accelerated aging of soybean axes. Plant Phys-
io.l, 65, 245-248.

Tambe, A., Mehta, D. R., Chovatia, V. P. & Bhatiya, V. J. 
(2013). Genetic variability, character association and path 
coefficient analysis in durum wheat (Triticum durum Desf.). 
Electronic Journal of Plant Breeding, 4(4), 1303-1308.

Tewodros, T., Genet, T. & Desalegn, T. (2014). Genetic variabil-
ity, heritability and genetic diversity of bread wheat (Triticum 
aestivum L.) genotype in Western Amhara region Ethiopia. 
Wudpecker Journal of Agricultural Research, 3(1), 026-034.

Wolde, T., Eticha, F., Alamerew, S., Assefaand, E. & Duta-
mo, D. (2016). Genetic variability, heritability and genetic 
advance for yield and yield related traits in Durum wheat 
(Triticum durum L.) accessions. Sky Journal of Agricultural 
Research, 5(3), 042-047.

Wolie, A., Dessalegn, T. & Belete, K. (2013). Heritability, vari-
ance components and genetic advance of some yield and 
yield related traits in Ethiopian collections of finger millet 
(Eleusine coracana (L.) Gaertn.) genotypes. African Journal 
of Biotechnology, 12(36), 5529-5534.

Yuce, D. O., Anlarsal, A. E. & Yucel, C. (2006). Genetic vari-
ability, correlation and path analysis of yield and yield com-
ponents in chickpea. Turk. J. Agric., 30, 183-188.

Received: February, 18, 2019; Accepted: August, 22, 2019; Published: February, 29, 2020


