
 

https://revistas.unal.edu.co/index.php/refameResearch article

Assessing the phenotypic variation, heritability and 
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The genetic improvement of any breeding population largely depends upon the magnitude of genetic 
variability present. This study was carried out to estimate parameters of the genetic variation among 
13 quantitative traits of bread wheat evaluated at INRAA-Setif institute (Algeria) during the 2020–2021 
crop season in a rainfed environment. 34 genotypes including four control checks were planted in a 
randomized complete block design with three replications. Genotypes showed significant variations 
for almost all the studied traits. Proline content, spikes weight, and grain yield exhibited a high 
genotypic coefficient of variation along with moderate to high heritability coupled with a high genetic 
gain, suggesting the implication of additive gene action. The number of spikes, spikes weight, and 
thousand kernel weight were significantly and positively correlated with grain yield at both phenotypic 
and genotypic levels. Path analysis results showed that spikes weight is an important route through 
which most of the measured traits influenced indirectly grain yield. Lines L1, L20, L28, L16, and L18 
exhibited a sizeable grain yield advantage, which suggests they are potential candidates for future 
release and could be incorporated into the wheat breeding programs as parents to improve yield in 
the rainfed environments of Algeria.

La mejora genética de cualquier población reproductora depende en gran medida de la magnitud 
de la variabilidad genética presente. Este estudio se llevó a cabo para estimar parámetros de la 
variación genética entre 13 caracteres cuantitativos de trigo harinero evaluados en el instituto INRAA-
Setif (Argelia) durante la temporada de cultivo 2020-2021 en ambiente de secano. 34 genotipos, 
incluidos cuatro testigos de control, se sembraron en un diseño de bloques completos al azar con tres 
repeticiones. Los genotipos mostraron variaciones significativas para casi todas las características 
estudiadas. El contenido de prolina, el peso de las espigas y el rendimiento de grano exhibieron 
un alto coeficiente de variación genotípico junto con una heredabilidad de moderada a alta junto 
con una alta ganancia genética, lo que sugiere la implicación de una acción génica aditiva. El 
número de espigas, el peso de las espigas y el peso de mil granos se correlacionaron significativa y 
positivamente con el rendimiento de grano tanto a nivel fenotípico como genotípico. Los resultados 
del análisis de ruta mostraron que el peso de las espigas resultó ser una ruta importante a través de 
la cual la mayoría de los rasgos medidos influyeron indirectamente en el rendimiento del grano. Las 
líneas L1, L20, L28, L16 y L18 exhibieron una ventaja considerable en el rendimiento de grano, lo 
que sugiere que son candidatas potenciales para lanzamientos futuros y podrían incorporarse en el 
programa de mejoramiento de trigo como progenitores para mejorar el rendimiento en ambientes de 
secano de Argelia.
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A
mong cereal small grains that dominate 
the global cultivated area in Algeria, wheat 
(Triticum sp) is the backbone that forms the 
diet of the local population (Fellahi, 2017). 

According to the Food and Agriculture Organization 
(FAOSTAT, 2021), this genus is annually grown in 
∼2 million hectares with a total production quantity of 
∼3.9 million t. Even though the county has made great 
progress in terms of grain production during the last 
decades, particularly in durum wheat (Triticum durum 
Desf.) species, the national production of bread wheat 
(Triticum aestivum L.) is still far to satisfy the demands of 
an overgrowing population. In such circumstances, the 
government still resorts to importing large quantities of 
wheat with substantial purchases. 

Bread wheat is basically grown under rainfed conditions 
in arid and semi-arid regions of Algeria where drought 
stress represents the most growth-limiting factor of field 
crops. This is in addition to subsidiary factors that may 
restrict its productivity such as the other abiotic (frost, 
heat, salinity) and biotic stresses (diseases and pests), 
and technical difficulties related to crop management 
(irrigation and machinery) (Fellahi, 2017). Drought is 
a polygenic complex trait that occurs when water loss 
from the plant surpasses the ability of the plant’s roots 
to absorb water (Mwadzingeni et al., 2016). This stress 
ranks first when compared to other stresses referring 
to the damages that can occur. Drought affects almost 
all parts of the plant, which causes serious changes at 
morphological, physiological, biochemical, and molecular 
levels (Salehi-Lisar and Bakhshayeshan-Agdam, 2016). 
These modifications depend both on the severity and the 
duration of the stress as well as the growth stage of the 
plant (Araus et al., 2002). During the early growth stages, 
water stress limits the germinability of wheat grain and 
reduces seedling vigor (Boudiar et al., 2019). Likewise, 
during the flowering and grain filling periods, drought 
decreases the number of fertile tillers, spikes fertility, grain 
weight, above-ground biomass, and therefore, grain yield 
(Pour-Aboughadareh et al., 2020). 

Improving wheat yield under water stress conditions is 
a big challenge faced by wheat breeders who are being 
asked to select potential varieties to satisfy the present 
and future demands of farmers and consumers. Various 
traits have been used in wheat breeding programs as 

indirect selection criteria to improve drought tolerance in 
a combination with high yield (Chowdhury et al., 2021). It 
was found by Awan et al. (2015) that relative water content 
might be an important trait in screening wheat genotypes 
for water stress tolerance. Under stressful conditions, 
water use efficiency demonstrates a negative correlation 
with transpiration rate and positive associations with 
photosynthetic rate, relative water content, and stomatal 
conductance (Sallam et al., 2019). An increase of proline 
content in the leaves may lessen water loss and protect 
wheat plants against water deficit (Mwadzingeni et al., 
2016). According to Awan et al. (2015), the most tolerant 
genotypes possess the capacity to maintain membrane 
integrity under drought. Selection based on these traits 
of interest can improve genetic gains for yield and its 
components as well as drought tolerance enhancement. 
Understanding the magnitude of genetic variation for 
desirable secondary traits is important for a successful 
plant breeding program which enables a breeder to know 
to what extent the environment affects grain yield (Ene 
et al., 2016). Such good variation for wheat-assessed 
traits will allow a choice of suitable selection criteria and 
identification of promising genotypes for breeding and 
product development purposes (Ngwepe et al., 2021). 
In light of the above background, this study aimed to 
investigate the amount of genetic variability, heritability, 
genetic advance, and the association among yield and 
yield-related traits in advanced wheat (Triticum aestivum L.) 
breeding lines evaluated under semi-arid growth conditions.

MATERIALS AND METHODS
Site, plant materials, and experimental design
The experiment was carried out at the experimental field 
of the National Agronomic Research Institute of Algeria 
(INRAA), a research unit of Setif (36°09′ N; 05°22′ E; 981 
masl) under rainfed conditions during the 2020–2021 crop 
season. The plant material consisted of 34 bread wheat 
genotypes including 30 biparental advanced breeding lines 
and four control checks named Mawna, Hidhab, Rmada, 
and Acsad1135 (Table 1). The first three control checks 
are released varieties that are widely cultivated in Algeria 
(Fellahi, 2017). The experiment was set up on December 
22, 2020, in a randomized complete block design (RCBD) 
with three replications using an experimental seeder type 
Hege 80. The wheat crop cycle extended from December 
22, 2020 to June 30, 2021. All genotypes were headed 
during the first third of May.
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Table 1. Code, name/pedigree, and origin of investigated bread wheat genotypes.

   No   Code Genotype# Origin   No Code Genotype# Origin

1 L1 Acsad1135 × Rmada INRAA 18 L15 Ain Abid × Hidhab INRAA
2 C1 Mawna ACSAD 19 L16 Mawna × Rmada INRAA
3 L2 Djanet × Hidhab INRAA 20 L17 Ain Abid × Rmada INRAA
4 L3 Acsad1069 × Hidhab INRAA 21 L18 Acsad1069 × Hidhab INRAA
5 C2 Hidhab CIMMYT 22 L19 Acsad1069 × Hidhab INRAA
6 L4 Acsad1069 × EL-Wifak INRAA 23 L20 Acsad1135 × Mahon-Demias INRAA
7 L5 Djanet × Rmada INRAA 24 L21 Mawna × Mahon-Demias INRAA
8 L6 Djanet × Hidhab INRAA 25 L22 Ain Abid × Hidhab INRAA
9 L7 Djanet × EL-Wifak INRAA 26 L23 Djanet × Rmada INRAA

10 L8 Djanet × EL-Wifak INRAA 27 L24 Acsad1069 × EL-Wifak INRAA
11 L9 Acsad1069 × EL-Wifak INRAA 28 L25 Djanet × Rmada INRAA
12 L10 Ain Abid × EL-Wifak INRAA 29 L26 Ain Abid × Rmada INRAA
13 L11 Acsad1069 × EL-Wifak INRAA 30 L27 Acsad1135 × Rmada INRAA
14 L12 Acsad1069 × Rmada INRAA 31 L28 Acsad1069 × Hidhab INRAA
15 L13 Acsad1069 × Mahon-Demias INRAA 32 L29 Acsad1069 × Hidhab INRAA
16 C3 Rmada ACSAD 33 L30 Acsad1135 × Rmada INRAA
17 L14 Djanet × Rmada INRAA 34 C4 Acsad1135 ACSAD

# Genotypes with similar pedigrees are sister lines, control checks are indicated with bold letters, INRAA: National Agronomic Research 
Institute of Algeria, ACSAD: Arab Center for the Study Arid Zones and Dry Lands, CIMMYT: International Maize and Wheat Improvement 
Center.

The plot dimension was 6 m2, which included 6 rows, 
each 5 m long, spaced 0.2 m apart. The soil is calcareous 
(Calcisol), with a silty clay texture (44% clay, 44% silt, 12% 
sand) and organic matter content of 1.05% (Internal soil 
analysis report). The experimental plots were fertilized 
with 100 kg ha–1 of mono-ammonium phosphate (52% 
P2O5 + 12% N) before sowing and 80 kg ha-1 Urea (46% 

N) at the tillering stage. Weeds were controlled chemically 
and manually when necessary. Recorded monthly rainfall 
distribution, temperature (max, min, and mean), and relative 
humidity during this crop season are displayed in Table 
2. The amount of monthly rainfall recorded during the 
2020–2021 crop season, from September 1 to June 30, 
reached 320.24 mm, which is below the long-term average. 

Table 2. Mean monthly rainfall, temperature, and relative humidity during the 2020-2021 crop season (Tutiempo Network, 2021).

Month Rainfall (mm) 
Temperature (°C)

Relative humidity (%)
Min Max Mean

September 25.14 13.80 26.30 19.80 55.10
October   7.12   7.30 21.20 14.20 49.70
November 66.00   6.20 16.70 8.60 66.00
December 55.10   2.00 10.20 6.00 80.90
January 16.00   1.00 11.00 6.10 67.00
February   8.13   3.30 15.70 9.50 52.10
March 44.95   3.40 14.40 9.00 59.70
April   9.91   7.10 19.50 13.30 53.10
May 81.54 11.60 25.50 18.70 48.20

 June   6.35 17.80 32.60 25.40 31.10
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Data recorded
A total of 13 phenological, physiological, and agronomic 
traits were evaluated in this experiment. Days to 50% 
heading (DH, days) were recorded as the number of 
days from January 1 until 50% of the heads in a plot. 
The traits relative water content (RWC, %), electrolyte 
leakage from injured cells (Inj, %), canopy temperature 
(CT, °C), proline content (PC, μg g–1), leaf chlorophyll 
content (CC, SPAD), flag leaf area (FLA, cm2) and 
specific leaf weight (SLW, mg cm–2) were taken on the 
flag leaves. The RWC was determined at the heading 
according to the procedure described by Pask et al. 
(2012). Five flag leaves were collected and weighed to 
get the fresh weight (FW). The leaves were placed into 
test tubes containing 10 mL of distilled water and kept 
in dark for 24 h before being weighed to get the turgid 
weight (TW). The leaf samples were oven dried at 80 °C
for 48 h to record the dry weight (DW). RWC was 
calculated as: RWC (%) = [(FW – DW)/(TW – DW)] × 
100. The electrolyte leakage from injured cells (Inj) was 
performed on the fully expanded flag leaves according to 
Bajji et al. (2001). Two leaves were randomly collected 
for each genotype, washed with tap water then, distilled 
water to remove adherent dust, and cut into 1 cm length 
segments. Ten leaf pieces were placed in test tubes 
containing 10 mL of double-distilled water. The test 
tubes were placed at the ambient temperature of the 
laboratory, and periodically and manually agitated.The 
first reading of their electrical conductivity was recorded 
after 24 h (EC1) using a laboratory conductivity meter 
(HI 2300 EC/TDS/NaCl Meter, Hanna Instruments). The 
tubes were then placed in a boiling water bath at 100 
°C for 1 h and their conductivity was recorded (EC2). 
The Inj was calculated as follows: Inj (%) = (EC1/EC2) 
× 100. The CT measurements were taken between 
12:00 and 14:00 hours on a sunny day using a portable 
infrared thermometer (Fluke Corporation, Everett, 
WA, USA). Three measurements were taken per plot 
at approximately 0.5 m distance from the plot edge. 
The PC was determined according to the procedure 
described by Monneveux and Nemmar (1986). The CC 
was determined for three random flag leaves in each plot 
with a SPAD-502 chlorophyll meter (Minolta Co. Ltd., 
Tokyo, Japan). The FLA was determined from a 5-leaf 
sample. Leaf length (L) and wide (l) were measured and 
the area was determined according to Spagnoletti-Zeuli 
and Qualset (1990) using the following formulae: FLA 

(cm²) = 0.607 (L × l). The specific leaf weight (SLW) was 
obtained after drying the leaf samples as SLW (mg cm–2) 
= DW/FLA (Amanullah, 2015), wherein DW is the fresh 
weight and FLA is the flag leaf area of the sample. Plant 
height (PH, cm) was recorded just before harvest, from 
the ground to the tip of the main spike, awns excluded. 
Grain yield (GY, g m–2), spikes weight (SW), and the 
number of spikes (NS) were determined according to 
one linear meter for each genotype and then converted 
to square meter. Thousand kernel weight (TKW, g) was 
obtained after threshing of the spikes from the mass of 
250-grains sample per plot.

Statistical analysis
Data recorded for measured traits were subjected to 
a one-way analysis of variance (ANOVA) to test the 
differences among genotypes at a 5% probability level. 
The phenotypic coefficient of variation (PCV), genotypic 
coefficient of variation (GCV), broad-sense heritability 
(h²bs), genetic advance (GA), and genetic advance as a 
percentage of the mean (GAM) were calculated for each 
trait based on the mean square values obtained from the 
ANOVA according to the equations given by Johnson et 
al. (1955) and Acquaah (2012) as follow:

Where,       is the phenotypic variance,       is the genotypic 
variance, 𝜇 is the grand mean of the trait and k is the 
efficacy of selection, which is 2.06 at 5% selection 
intensity.

Phenotypic and genotypic correlation coefficients for 
each pair of traits were computed as described by 
Mansouri et al. (2018). Path analysis based on genotypic 
correlation coefficients was also done to calculate the 
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direct and indirect path coefficients according to Dewey 
and Lu (1959). GY was considered a response variable, 
while other traits as causal/independent variables. All 
statistical analyses were performed using OPSTAT 
software.

RESULTS AND DISCUSSION
Analysis of variance, means, phenotypic and 
genotypic variability
In crop breeding programs aimed at producing new 
varieties with improved yield potential, the efficiency of 
selection mainly depends upon the amount of genetic 
variability present in the plant population. The results 

of ANOVA revealed highly significant differences 
among the studied genotypes (except for plant height), 
suggesting the presence of a considerable amount 
of variability among the plant material investigated 
(Table 3). Bendjama and Ramdani (2022) reported the 
existence of genetic variation among wheat genotypes. 
The same findings were shown for other crops from 
the same family such as durum wheat (Triticum durum 
Desf.) (Mansouri et al., 2018), barley (Hordeum vulgare 
L.) (Dinsa et al., 2018), and rice (Oryza sativa L.) (Tiwari 
et al., 2019) regarding various traits including CC, PC, 
days to heading, days to maturity, PH, spike length, NS, 
number of grains per spike, GY, TKW, and harvest index. 

Table 3. Analysis of variance (ANOVA) for measured traits in evaluated bread wheat genotypes.

Traits

Source of variation

Replication
(df=2)

Genotype
(df=33)

Error
(df=96)

Date to heading    2.72     7.40**   0.72
Relative water content   22.63  18.60* 10.20
Cell injury    0.24   27.49**   4.58
Canopy temperature   16.68     3.88**   1.53
Proline content    4.69     4.57**   1.16
Chlorophyll content    7.98    17.18**   6.49

Flag leaf area    3.86     5.80**   1.35
Specific leaf weight    0.07     0.60**   0.15
Plant height 107.60   31.02ns 23.93
Number of spikes m–2    2.93     5.80**   2.63
Spikes weight 663.97     5.34**   1.03
Thousand kernel weight   85.54  44.68* 25.19

Grain yield 329.23                939.05**            331.88

ns, * and **: non-significant and significant effects at 5% and 1% probability levels, respectively. df= degree of freedom.

Estimates of means and ranges of average values 
observed for wheat traits evaluated are presented in 
Table 4. Mean values for days to heading varied from 
123.00 (L7, L11, L24, L26, L27) to 129.16 (L16) with 
an overall mean of 124.42 days. For RWC, these 
figures were 67.19 (L27) and 76.72% (L10). The min, 
max, and average values of cell injury, were 85.00 
(L22), 97.13 (L8), and 92.22%, respectively; of CT were 
25.87 (L18), 30.23 (L1), and 27.82 °C; of PC were 5.52 
(L12), 178.91 (L3), and 62.43 μg g–1; and CC varied 
from 41.53 (L6) to 49.83 (C4) with an overall mean 

of 45.65 SPAD. The mean values for FLA were 9.76 
(L25) to 15.30 (L17) and 11.93 cm2. For specific leaf 
weight, minimum, maximum, and average values were 
5.12 (L28), 6.81 (L8,) and 5.88 g cm–2, respectively. 
Similarly, PH mean values were 38.67 (L30), 52.67 
(L10), and 44.73 cm. These values were 123.33 (C4), 
371.67 (L1), and 179.04 spikes for the number of spikes 
m–2; 53.33 (L7), 308.33 (L1), and 96.47 g m–2 for SW; 
20.00 (L5, L15, L22, C2), 33.33 (L1, L21) and 26.96 g 
for TKW; mean values characterizing GY values were 
25.00 (L7), 120.00 (L1) and 47.72 g m–2 (Table 4). 
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Table 4. Estimation of means, ranges, phenotypic coefficient of variation, genotypic coefficient of variation, broad-sense heritability, genetic 
advance, and genetic advance as percent of mean of measured traits in bread wheat genotypes.

Traits Mean Range     PCV (%)     GCV (%)   h2
bs (%) GA GAM

DH    124.42  123.00–129.33   1.37   1.20 75.69 2.68   2.15
RWC 72.99  67.19–76.72   4.94   2.29 21.54 1.60   2.19
Inj 92.22 85.00–97.13   3.79   2.99 62.49 4.50   4.88
CT 27.82 25.87–30.23   5.47   3.18 33.93 1.06   3.82
PC 62.43     5.52–178.91 76.74 54.01 49.54      48.88 78.30
CC 45.65  41.53–49.83   6.94   4.14 35.45 2.32   5.07
FLA 11.93    9.76–15.30 14.11 10.21 52.35 1.82 15.22
SLW   5.88  5.12–6.81   9.30   6.54 49.49 0.56   9.48
PH 44.73  38.67–52.67 11.47   3.44   8.99 0.95   2.12
NS    179.04    123.3–371.67 33.91 18.17 28.72      35.92 20.06
SW 96.47    53.33–308.33 51.45 39.29 58.31      59.62 61.79
TKW 26.96   20.00–33.33 20.88   9.46 20.51 2.38   8.82
GY 47.72     25.00–120.00 48.44 29.81 37.88       18.04 37.79

DH: Days to heading (days), RWC: Relative water content (%), Inj: Injured cells (%), CT: Canopy temperature (°C), PC: Proline content (μg g–1), 
CC: Chlorophyll content (SPAD), FLA: Flag leaf area (cm2) SLW: specific leaf weight (mg cm–2), PH: Plant height (cm), NS: Number of spikes 
m–2 (Spikes m–2), SW: Spikes weight (g), TKW: Thousand kernel weight (g), GY: Grain yield (g m–2), PCV: Phenotypic coefficient of variation, 
GCV: genotypic coefficient of variation, h2

bs: Broad-sense heritability, GA: Genetic advance, GAM: Genetic advance as percentage of the mean.

According to the presented results, it was observed 
that among all the material studied, line L1, showed 
elevated values for all the agronomic traits such as the 
NS, SW, TKW, and GY that give opportunities for wheat 
breeders to exploit its potential for breeding purposes. 
Lines L20 and L28, and to a lesser extent L16 and L18 
also appeared as desirable entries as they exhibited 

better yield performances when compared to other 
wheat genotypes including control checks (Figure 1). 
These five promising lines also surpassed the rest 
of the lines and check varieties for other desirable 
traits such as NS, SW, and TKW; and proved better 
than control checks for stress tolerance-related traits 
including RWC, Inj, and CT. 
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Figure 1. Mean values for grain yield (g m–²) of bread wheat genotypes.
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Studying heritable and non-heritable factors in the total 
variability facilitates the breeding procedure, giving 
meaningful and specific details about the population 
under evaluation. The estimates of the phenotypic 
coefficient of variation (PCV), genotypic coefficient of 
variation (GCV), broad-sense heritability (h2

bs), genetic 
advance (GA), and genetic advance as percentage of 
mean (GAM) for 13 assessed traits are given in Table 
4. The PCV ranged from 1.37 to 76.74%, whereas, 
the GCV ranged from 1.20 to 54.01%. PCV and GCV 
estimates were categorized as low (0–10%), moderate 
(10–20%), and high (>20%) values as indicated by 
Sivasubramanian and Menon (1973). The highest PCV 
was observed in PC (76.74%), followed by SW (51.45%), 
GY (48.44%), number of spikes (33.91%), and TKW 
(20.88%). Moderate values of PCV were obtained in 
FLA (14.11%) and PH (11.47%), and low PCVs were 
found in the remaining recorded traits. The estimates of 
GCV were high for PC (54.01%), SW (39.29%), and GY 
(29.81%); moderate for the number of spikes per unit 
area (18.17%) and FLA (10.21%); and low for the rest 
of the attributes suggesting small exploitable genetic 
variability and less potential for favorable advance in 
selection. These results agree with the conclusions of 
Mekaoussi et al. (2021) who reported a relatively low 
genotypic variability among physiological traits such 
as RWC, flag leaf CC, CT, and membrane stability 
index assessed in a set of 25 durum wheat genotypes 
under south Mediterranean conditions. These authors 
demonstrated high environmental coefficients of 
variation (CVe) and explained their results by the lack 
of precision and/or the environmental effects on the 
expression of recorded traits. Among the yield attributing 
traits, the PCV values were, in general, greater than the 
GCV, which reflects the influence of the environment 
in the expression of these evaluated characteristics. 
These findings were in agreement with those of Din et 
al. (2018) and Regmi et al. (2021).

According to Regmi et al. (2021), PCV and GCV only 
indicate the amount of total variability available in an 
assessed trait and do not split it into heritable (genotypic 
variance) and non-heritable (environmental variance) 
fractions. Thus, the heritability parameter is largely used 
to separate genetic and environmental components of 
this phenotypic variation. Under this context, breeders 
try to minimize the influence of the environment as much 

as possible to identify the genes of interest for their 
efficient performance on agronomic traits. Moreover, 
estimates of heritability have a role to play in determining 
the effectiveness of selection for a such trait. They were 
previously classified as low (0–30%), moderate (30–
60%), and high (>60%) values as indicated by Robinson 
et al. (1949). The highest heritability (h2

bs) estimated 
was exhibited by days to heading (75.69%) followed by 
cell injury (62.49%), indicating a higher contribution of 
the genotype in the expression of the phenotype rather 
than the environment. These results are consistent 
with the finding reported by Farooq et al. (2011) who 
also revealed high heritability for days to heading and 
relative cell injury percentage in wheat under both 
normal and heat stress conditions, suggesting that 
selection for these traits is highly desirable. Moderate 
heritability estimates were observed for CT (33.93%), 
PC (49.54%), CC (35.45%), FLA (52.35%), SLW 
(49.49%), SW (58.31%) and GY (37.88%). The lowest 
heritability values were found in RWC, PH, NS m-2, and 
TKW with estimates below 30%. Low heritability can be 
explained by the high environmental influence over the 
expression of these traits and therefore, selection will 
not be worthwhile (Acquaah, 2012).

Genetic advance as percentage of mean (GAM) indicates 
the predicted genetic gain for a particular trait under 
selection cycles and measures the extent of its stability 
under selection intensity. This parameter depends upon 
the genetic coefficient of variation and heritability and 
selection differential. Johnson et al. (1955) categorized 
the GAM into low (0–10%), moderate (10–20%), and 
high (>20%). The greatest GAM of 78.30 was observed 
in PC followed by 61.79 in SW, 37.79 in GY, and 20.06 
in NS m-2. GAM was found just intermediate in the FLA 
(15.22) and low in the remaining traits. The obtained 
results are consistent with those of Seyoum and Sisay 
(2021) for PH, Hossain et al. (2021) for CT, Fellahi et al. 
(2019) for heading date and FLA, Din et al. (2018) for 
TKW, and Regmi et al. (2021) for the number of fertile 
tillers and GY.

Heritability in conjunction with genetic advances was 
reported to be more useful than heritability value alone 
in selecting individuals with desired characteristics 
(Johnson et al., 1955). Accordingly, high heritability 
(75.69 and 62.49%) coupled with low GAM (2.15 
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and 4.88) were recorded in the days to heading and 
cell injury, respectively. As a result, it appears that 
these characteristics were primarily influenced by the 
interaction of genetic and environmental factors. Thus, 
it is not feasible to select wheat individuals based on 
the genotypic values of these two recorded traits. 
Similar findings have been reported in wheat by Fellahi 
et al. (2013) and Hossain et al. (2021). PC, SW, and 
GY showed moderate heritability (49.54, 58.31, and 
37.88%) coupled with high GAM (78.30, 61.79, and 
37.79), respectively. This reflects the additive gene 
action in the expression of these traits and selection 
could bring desirable changes over the population 
mean. These findings corroborate earlier results stated 
by Regmi et al. (2021) for yield attributing traits including 
grain weight per spike, thousand-grain weight, GY, 
and harvest index. In the FLA moderate heritability 
(52.35%) coupled with moderate GAM (15.22) but with 
low genetic advance (GA) of 1.82% were observed. 
This finding implies that FLA-based selection would not 
be successful. Fellahi et al. (2019) also found similar 
results for this morphological trait in F2 bread wheat 
progenies. Moderate heritability (33.93, 35.45, and 
49.49%) accompanied by low GAM (3.82, 5.07, and 
9.48) was explored by CT, CC, and SLW, respectively. A 
low heritability estimate (28.72%) joined with high GAM 
(20.06) was observed for NS m–2 and low heritability and 
its simultaneous GAM were recorded in RWC (21.54% 
and 2.19), PH (8.99% and 2.12), and TKW (20.51% and 
8.82) reflect the occurrence of non-additive gene effect 
and high influence of the environment in the expression 
of these traits. Thus, selection based on these traits 
would not be desirable. This finding agrees with the 
report of Salmi et al. (2019) who found that expected 
responses to selection were low for RWC and just 
moderate for PH and TKW.

Phenotypic and genotypic correlations among 
assessed traits
As a result of the substantial and positive correlation 
between the traits, selection for one feature would 
have a direct impact on the expression of another trait, 
facilitating selection and advancement in the breeding 
program. The degree and direction of the relationships 
between assessed traits are measured by correlation 
coefficient analysis. Phenotypic (rp) and genotypic (rg) 
correlation coefficients among wheat recorded traits 

in this study are given in Table 5. Days to heading 
possessed a negative and significant correlation with 
SLW and TKW at phenotypic (rp=–0.272* and rp=–0.215*) 
and genotypic (rg=–0.382* and rg=–0.660*) levels. DH 
also showed significant genotypic associations, negative 
with GY (rg=-0.208*), and positive with CT (rg=0.310*), 
PC (rg=0.201*) and PH (rg=0.247*). The correlation 
of RWC with NS m–2 (rp=0.283* and rg=0.726*) was 
found positive and significant at both levels. However, 
RWC had highly significant genetic correlations with 
CT (rg=–0.259*), PC (rg=0.466*), CC (rg=–0.300*), FLA 
(rg=–0.687*), PH (rg=–0.658*), SW (rg=0.441*) and GY 
(rg=0.315*). On the contrary, it revealed a non-significant 
phenotypic correlation with these traits as presented in 
Table 5.

Correlation of cell injury with FLA (rg=–0.302*) and 
PH (rg=–0.375*) at the genotypic level was found 
significant and negative. However, their respective 
phenotypic correlations were observed negative but 
non-significant. Similarly, CT revealed significant and 
positive phenotypic (rp=0.262*) and genotypic correlation 
(rg=0.424*) with FLA. Besides this, relation of this trait 
with PC (rg=0.243*), SLW (rg=–0.268*), PH (rg=–0.236*), 
NS (rg=0.451*), SW (rg=432*), TKW (rg=266*) and GY 
(rg=0.439*) at genotypic level was found significant with 
different directions. PC demonstrated positive genotypic 
relationship with NS (rg=0.429*) and SW (rg=0.220*); 
whereas CC exhibited positive phenotypic association 
with TKW (rp=0.215*) and significant correlations at 
genotypic level, negative with FLA (rg=–0.389*) and 
positive with PH (rg=0.322*). There was a significant and 
positive correlation between FLA and SLW (rp=0.259* 
and rg=0.432*). However, only genotypic correlation 
was observed as significant and negative with TKW 
(rg=–0.302*). The genotypic correlation between SLW 
and PH was negative and significant (rg=–0.758*). 
This last trait also presented significant genotypic 
relations, negative with TKW (rg=–0.266*) and positive 
with GY (rg=0.522*). In addition to its significant 
negative relationship with days to heading and positive 
associations with RWC, CT, and PH, GY demonstrated 
positive and highly significant correlations with NS, 
SW, and TKW at phenotypic (rp=0.692*, rp=0.849* 
and rp=0.257*) and genotypic (rg=0.972*, rg=1.000* 
and rg=0.457*) levels, respectively. NS also exhibited 
positive and significant phenotypic and genotypic 
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correlations with SW (rp=0.874* and rg=0.994*) and TKW 
(rp=0.219* and rg=0.332*). Besides, these last two traits 
registered a strong positive association with each other 
in both phenotypic (rp=0.265*) and genotypic (rg=0.298*) 
levels. These results are consistent with the previous 
findings by Fellahi et al. (2013) who reported that GY 
showed positive and significant correlations, positive 
with CC, PH, spike length NS plant-1, TKW, and harvest 
index, and negative with days to heading and number of 
grain per spike at both phenotypic and genotypic levels. 
Simultaneous improvement of all these yield component 
traits is therefore feasible. The highly significant and 
negative correlation observed between days to heading 

and GY indicated that selection of earliness would be 
a very crucial key for the enhancement of yield under 
rainfed conditions among the plant material under 
selection. Mansouri et al. (2018) also encouraged this 
selection approach since early genotypes selected 
showed above-average spikes in number, grain, and 
biological yields and greatly avoided terminal heat stress. 
Improvements in RWC and PH will lead to an increase 
in the GY. The above statement is fully supported by 
the findings of Al-Ashkar et al. (2021) describing the 
situation that selection based on RWC along with CT, 
green leaves area, and leaf area index might improve 
genetic gain for GY in stressful environments. 

Table 5. Phenotypic (lower triangle) and genotypic (upper triangle) correlation coefficients among measured traits in evaluated bread wheat 
genotypes. 

Traits DH   RWC   Inj   CT   PC   CC  FLA SLW  PH  NS SW  TKW  GY

DH  0.176 0.159 0.310 0.201 –0.127 0.103 –0.382 0.247 –0.056 –0.106 –0.660 –0.208

RWC 0.014  0.064 –0.259 0.466 –0.300 –0.687 0.178 –0.658 0.726 0.441 –0.184 0.315

Inj 0.106 0.091  0.093 –0.109 –0.175 –0.302 0.151 –0.375 –0.140 –0.013 –0.086 0.059

CT 0.069 –0.058 –0.050  0.243 –0.094 0.424 –0.268 –0.236 0.451 0.432 0.266 0.439

PC 0.110 0.026 –0.012 0.025  0.098 –0.070 –0.170 0.039 0.429 0.220 0.128 0.042

CC –0.077 0.048 –0.163 0.031 0.160  –0.389 0.011 0.322 0.156 0.110 0.106 0.057

FLA –0.010 –0.002 –0.126 0.262 –0.073 –0.029  0.432 –0.024 –0.108 –0.006 –0.302 –0.060

SLW –0.272 0.114 0.149 –0.070 –0.018 0.074 0.259  –0.758 0.032 0.052 –0.083 –0.149

PH 0.058 –0.013 –0.144 –0.163 –0.091 –0.039 –0.030 –0.142  –0.063 0.186 –0.266 0.522

NS –0.052 0.283 0.052 0.115 0.188 0.017 –0.024 0.015 –0.018  0.994 0.332 0.972

SW –0.077 0.190 0.057 0.180 0.138 0.086 0.052 0.043 –0.048 0.874  0.298 1.000

TKW –0.215 –0.089 –0.040 0.009 0.121 0.215 –0.060 –0.006 –0.126 0.219 0.265  0.457

GY –0.100 0.026 0.100 0.106 0.043 0.140 –0.079 –0.021 –0.027 0.692 0.849 0.257  

DH: Days to heading (days), RWC: Relative water content (%), Inj: Injured cells (%), CT: Canopy temperature (°C), PC: Proline content (μg g–1), CC: Chlorophyll 
content (SPAD), FLA: Flag leaf area (cm2) SLW: specific leaf weight (mg cm–2), PH: Plant height (cm), NS: Number of spikes m–2 (Spikes m–2), SW: Spikes 
weight (g), TKW: Thousand kernel weight (g), GY: Grain yield (g m–2), Significant correlation coefficients at 5% probability level are indicated with bold numbers.

Path analysis 
Path coefficient analysis subdivides the correlation 
coefficient into direct and indirect effects, which allows 
determining which attribute influences substantially 
the dependent variable. The direct and indirect effects 
of evaluated phenotypic traits on GY as a response 
variable are presented in Table 6. TKW (0.130) had 
the highest positive direct effects on GY. On the other 
hand, the strongest negative direct effect was exhibited 
by NS m–2 (–0.538) followed by RWC (–0.167), CC 

(–0.159), SLW (–0.156), CT (–0.135) and FLA (–0.135). 
Conversely, the causal variables days to heading, cell 
injury, and PH showed negligible direct effects on yield.

RWC (0.743) followed by CT (0.729), TKW (0.503), PC 
(0.372), PH (0.314) and CC (0.185) showed important 
and positive indirect effects on GY through SW. The 
indirect effect of days to heading on yield through SW 
was negative (–0.179). In addition, SW (–0.535), PC 
(–0.231), and TKW (–0.178) had consequent negative 
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indirect effects on GY by total NS m-2. FLA and PH had 
high significant indirect positive effects of 0.115 and 
0.110 on GY, respectively, through RWC, whereas 
NS m–2 acted on yield negatively (–0.121) through it. 
PH depicted a high indirect positive effect of 0.118 on 

GY through SLW. The residual effect appeared to be 
non-negligible (–0.138), indicating that other possible 
independent/causal variables (secondary traits) which 
were not included in the study could significantly 
influence the dependent variable (main trait or yield). 

Table 6. Direct (diagonal) and indirect (off-diagonal) genotypic effects of yield contributing traits on grain yield of wheat genotypes evaluated.

Traits    DH   RWC    Inj CT   PC   CC  FLA   SLW PH NS  SW   TKW rg

DH 0.050 –0.029 –0.004 –0.042 –0.008 0.020 –0.014 0.059 –0.006 0.030 –0.179 –0.086 –0.208

RWC 0.009 –0.167 –0.002 0.035 –0.018 0.048 0.093 –0.028 0.015 –0.390 0.743 –0.024 0.315

Inj 0.008 –0.011 –0.025 –0.013 0.004 0.028 0.041 –0.023 0.009 0.075 –0.023 –0.011 0.059

CT 0.016 0.043 –0.002 –0.135 –0.009 0.015 –0.057 0.042 0.006 –0.242 0.729 0.035 0.439

PC 0.010 –0.078 0.003 –0.033 –0.038 –0.016 0.010 0.026 –0.001 –0.231 0.372 0.017 0.042

CC –0.006 0.050 0.004 0.013 –0.004 –0.159 0.053 –0.002 –0.008 –0.084 0.185 0.014 0.057

FLA 0.005 0.115 0.008 –0.057 0.003 0.062 –0.135 –0.067 0.001 0.058 –0.011 –0.039 –0.060

SLW –0.019 –0.030 –0.004 0.036 0.006 –0.002 –0.059 –0.156 0.018 –0.017 0.087 –0.011 –0.149

PH 0.012 0.110 0.009 0.032 –0.002 –0.051 0.003 0.118 –0.024 0.034 0.314 –0.035 0.522

NS –0.003 –0.121 0.004 –0.061 –0.016 –0.025 0.015 –0.005 0.001 –0.538 # 0.043 0.972

SW –0.005 –0.073 0.000 –0.058 –0.008 –0.017 0.001 –0.008 –0.004 –0.535 # 0.039 1.000

TKW –0.033 0.031 0.002 –0.036 –0.005 –0.017 0.041 0.013 0.006 –0.178 0.503 0.130 0.457

DH: Days to heading (days), RWC: Relative water content (%), Inj: Injured cells (%), CT: Canopy temperature (°C), PC: Proline content (μg g–1), CC: Chlorophyll 
content (SPAD), FLA: Flag leaf area (cm2) SLW: specific leaf weight (mg cm–2), PH: Plant height (cm), NS: Number of spikes m–2 (Spikes m–2), SW: Spikes 
weight (g), TKW: Thousand kernel weight (g), GY: Grain yield (g m–2), rg: genotypic correlation coefficient of grain yield with other assessed traits, Residual 
effect = –0.138, # denote the value of direct/indirect path coefficient over 1.

Path analysis procedure was largely used by 
researchers in wheat breeding under various growth 
conditions. According to Mohammadi et al. (2012), PH, 
days to maturity, agronomic score, and TKW exerted the 
highest positive direct effect on GY and could be reliable 
selection criteria for selection under drought tolerance 
conditions. Shamsi et al. (2011) revealed that TKW was 
the most important yield component, which agrees with 
the results of the present study. Breeding to enhance the 
potential yield of wheat genotypes through this trait has 
been reported as a promising approach both in dryland 
and irrigated conditions (Mohammadi et al., 2012). In 
their studies, Rabti et al. (2020) and Mekaoussi et al. 
(2021) showed that the GY of durum wheat depended 
on biomass, NS, TKW, number of kernels per spike, and 
harvest index under rainfed environments. Their results 
also pointed out that physiological traits had negligible 
direct effects and small indirect effects on GY by biomass, 
NS, and harvest index. But the morpho-agronomic traits 
measured did not express any notable indirect effects on 

GY through physiological traits which are in agreement 
with the findings of the present investigation.

CONCLUSIONS
Mean squares for all measured agronomic traits, PH 
excluded, showed significant differences among all 
bread wheat genotypes evaluated. The estimated 
PCV values were high for PC, SW, NS, TKW, and GY. 
The remaining traits recorded moderate to low PCV 
estimates. Similarly, GCV values were high for PC, 
SW, and GY; and moderate to low for the rest of the 
measured variables. The PCV values were higher than 
GCV estimates for all traits studied. It was found that PC, 
SW, and GY had moderate to high heritability along with 
high genetic advance as a percent of mean together with 
wide genetic variation and lower environmental influence 
indicating the involvement of additive genetic effects in 
the inheritance of these traits which might be effective 
for the selection under stressful environment. Under 
these growth conditions, positive and highly significant 
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correlations were found both in phenotypic and genotypic 
levels between GY and NS, SW, and TKW. Moreover, 
a high positive direct effect at the genotypic level was 
exhibited by the characters SW and TKW. The highest 
positive indirect effects were demonstrated by RWC, 
CT, TKW, PC, PH, and CC through SW. The results of 
mean performance showed that there might be some 
promising breeding lines such as L1, L20, L28, L16, and 
L18 which were adapted to semi-arid conditions of the 
Eastern High plateaus of Algeria and had the ability to 
perform better even under water stress.

ACKNOWLEDGMENTS
The authors would like to express their gratitude to the 
INRAA, Setif research unit, for providing the genetic 
materials required for the research and helping in trials 
management and data collection.

REFERENCES
Acquaah G. 2012. Principles of plant genetics and breeding. 

Second edition. John Wiley and Sons, Ltd, Chichester. UK. 740 p.
Al-Ashkar, Al-Suhaibani N, Abdella K, Sallam M, Alotaibi M 

and Seleiman MF. 2021. Combining genetic and multidimensional 
analyses to identify interpretive traits related to water shortage 
tolerance as an indirect selection tool for detecting genotypes of 
drought tolerance in wheat breeding. Plants 10(5): 931. https://doi.
org/10.3390/plants10050931 

Amanullah. 2015. Specific leaf area and specific leaf weight 
in small grain crops wheat, rye, barley, and oats differ at various 
growth stages and NPK source. Journal of Plant Nutrition 38(11): 
1694–1708. https://doi.org/10.1080/01904167.2015.1017051 

Araus JL, Slafer GA, Reynolds MP and Royo C. 2002. 
Plant breeding and drought in C3 cereals: what should we breed 
for?. Annals of Botany 89(7): 925–940. https://doi.org/10.1093/aob/
mcf049 

Awan SI, Ahmad SD, Ali MA, Ahmed MS and Rao A. 2015. Use 
of multivariate analysis in determining characteristics for grain yield 
selection in wheat. Sarhad Journal of Agriculture 31(2): 139–150. 
https://doi.org/10.17582/journal.sja/2015/31.2.139.150 

Bajji M, Lutts S and Kinet JM. 2001. Water deficit effects on 
solute contribution to osmotic adjustment as a function of leaf ageing 
in three durum wheat (Triticum durum Desf.) cultivars performing 
differently in arid conditions. Plant Science 160(4): 669–681. https://
doi.org/10.1016/s0168-9452(00)00443-x 

Bendjama A and Ramdani S. 2022. Genetic variability of some 
agronomic traits in a collection of wheat (Triticum turgidum L. 
sp.pl.) genotypes under South Mediterranean growth conditions. 
Italian Journal of Agronomy 17(1): 1976. https://doi.org/10.4081/
ija.2021.1976 

Boudiar R, Mekhlouf A, Bachir A, Rouabhi A and Igartua, E. 
2019. Assessment of early drought tolerance of algerian durum wheat 
reveals superiority of landraces. Egyptian Journal of Agronomy 41(3): 
275–292. https://doi.org/10.21608/agro.2019.17341.1182 

Chowdhury MK, Hasan MA, Bahadur MM, Islam M, Hakim M, 
Iqbal MA and Islam MS. 2021. Evaluation of drought tolerance of 
some wheat (Triticum aestivum L.) genotypes through phenology, 
growth, and physiological indices. Agronomy 11(9): 1792. https://doi.
org/10.3390/agronomy11091792 

Dewey DR and Lu KH. 1959. A correlation and path coefficient 
analysis of components of crested wheatgrass seed production. 
Agronomy Journal 51(9): 515–518. https://doi.org/10.2134/agronj19
59.00021962005100090002x 

Din I, Munsif F, Shah IA, Khan H, Khan FU, Ibrarullah and 
Islam T. 2018. Genetic variability and heritability for yield and yield 
associated traits of wheat genotypes in Nowshera Valley, Pakistan. 
Pakistan Journal of Agricultural Research 31(3): 216–222. https://
doi.org/10.17582/journal.pjar/2018/31.3.216.222 

Dinsa T, Mekbib F and Letta T. 2018. Genetic variability, 
heritability and genetic advance of yield and yield related traits of 
food barley (Hordeum vulgare L.) genotypes in Mid Rift Valley of 
Ethiopia. Advances in Crop Science and Technology 6(5): 401. 
https://doi.org/10.4172/2329-8863.1000401 

Ene CO, Ogbonn PE, Agbo CU and Chukwudi UP. 2016. 
Studies of phenotypic and genotypic variation in sixteen cucumber 
genotypes. Chilean Journal of Agricultural Research 76(3): 307–313. 
https://doi.org/10.4067/s0718-58392016000300007 

Farooq J, Khaliq I, Kashif M, Ali Q and Mahpara S. 2011. Genetic 
analysis of relative cell injury percentage and some yield contributing 
traits in wheat under normal and heat stress conditions. Chilean 
Journal of Agricultural Research 71(4): 511–520. https://doi.
org/10.4067/s0718-58392011000400003 

FAOSTAT. 2021. FAO soils portal. In: FAOSTAT https://www.
fao.org/faostat/en/ accessed: October 2021.

Fellahi ZEA, Hannachi A, Guendouz A, Bouzerzour H and 
Boutekrabt A. 2013. Genetic variability, heritability and association 
studies in bread wheat (Triticum aestivum L.) genotypes. Electronic 
Journal of Plant Breeding 4(2): 1161–1166. https://ejplantbreeding.
org/index.php/EJPB/article/view/377 

Fellahi ZEA. 2017. Analyse génétique d’un croisement line 
x tester, réponse à la sélection et tolérance des stress du blé 
tendre (Triticum aestivum L.) sous condition semi arides (Doctoral 
dissertation). University of Ferhat Abbas Setif 1, Setif. Algeria. 230 p.

Fellahi ZEA, Hannachi A, Guendouz A, Rabti A and Bouzerzour 
H. 2019. Héritabilité, corrélations et gain de sélection précoce 
en F2 de blé tendre (Triticum aestivum L.) sous conditions semi-
arides. Journal Algérien des Régions Arides 13(2): 37–49. https://
www.asjp.cerist.dz/en/article/104032 

Hossain MM, Azad MAK, Alam MS, and Eaton TEJ. 2021. 
Estimation of variability, heritability and genetic advance for 
phenological, physiological and yield contributing attributes in wheat 
genotypes under heat stress condition. American Journal of Plant 
Sciences 12(04): 586–602. https://doi.org/10.4236/ajps.2021.124039 

Johnson HW, Robinson HF and Comstock RE. 1955. Estimates 
of genetic and environmental variability in soybeans 1. Agronomy 
Journal 47(7): 314–318. https://doi.org/10.2134/agronj1955.000219
62004700070009x 

Mansouri A, Oudjehih B, Benbelkacem A, Fellahi ZEA and 
Bouzerzour H. 2018. Variation and relationships among agronomic 
traits in durum wheat [Triticum turgidum (L.) Thell. ssp. Turgidum 
conv. durum (Desf.) Mackey] under south Mediterranean growth 

https://doi.org/10.3390/plants10050931
https://doi.org/10.3390/plants10050931
https://doi.org/10.1080/01904167.2015.1017051
https://doi.org/10.1093/aob/mcf049
https://doi.org/10.1093/aob/mcf049
https://doi.org/10.17582/journal.sja/2015/31.2.139.150
https://doi.org/10.1016/s0168-9452(00)00443-x
https://doi.org/10.1016/s0168-9452(00)00443-x
https://doi.org/10.4081/ija.2021.1976
https://doi.org/10.4081/ija.2021.1976
https://doi.org/10.21608/agro.2019.17341.1182
https://doi.org/10.3390/agronomy11091792
https://doi.org/10.3390/agronomy11091792
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.17582/journal.pjar/2018/31.3.216.222
https://doi.org/10.17582/journal.pjar/2018/31.3.216.222
https://doi.org/10.4172/2329-8863.1000401
https://doi.org/10.4067/s0718-58392016000300007
https://doi.org/10.4067/s0718-58392011000400003
https://doi.org/10.4067/s0718-58392011000400003
https://www.fao.org/faostat/en/
https://www.fao.org/faostat/en/
https://ejplantbreeding.org/index.php/EJPB/article/view/377
https://ejplantbreeding.org/index.php/EJPB/article/view/377
https://www.asjp.cerist.dz/en/article/104032
https://www.asjp.cerist.dz/en/article/104032
https://doi.org/10.4236/ajps.2021.124039
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.2134/agronj1955.00021962004700070009x


10118

Rev. Fac. Nac. Agron. Medellín 75(3): 10107-10118. 2022

Lamara A, Fellahi Z, Hannachi A, Benniou R

conditions: Stepwise and path analyses. International Journal of 
Agronomy 2018: 11. https://doi.org/10.1155/2018/8191749 

Mekaoussi R, Rabti A B, Fellahi ZEA, Hannachi A, 
Benmahammed A and Bouzerzour H. 2021. Assessment of durum 
wheat (Triticum durum Desf.) genotypes based on their agro-
physiological characteristics and stress tolerance indices. Acta 
Agriculturae Slovenica 117(2): 1–16. https://doi.org/10.14720/
aas.2021.117.2.2021 

Mohammadi M, Sharifi P, Karimizadeh R and Shefazadeh M 
K. 2012. Relationships between grain yield and yield components 
in bread wheat under different water availability (dryland and 
supplemental irrigation conditions). Notulae Botanicae Horti 
Agrobotanici Cluj-Napoca 40(1): 195–200. https://doi.org/10.15835/
nbha4017350

Monneveux P and Nemmar M. 1986. Contribution à l’étude de 
la résistance à la sécheresse chez le blé tendre (Triticum aestivum 
L.) et chez le blé dur (Triticum durum Desf.): étude de l’accumulation 
de la proline au cours du cycle de développement. Agronomie 6(6): 
583–590. https://doi.org/10.1051/agro:19860611 

Mwadzingeni L, Shimelis H, Dube E, Laing MD and Tsilo 
TJ. 2016. Breeding wheat for drought tolerance: Progress and 
technologies. Journal of Integrative Agriculture 15(5): 935–943. 
https://doi.org/10.1016/s2095-3119(15)61102-9 

Ngwepe MR, Shimelis H and Mashilo J. 2021. Estimates of the 
variance components, heritability and genetic gains of phenotypic 
traits in citron watermelon (Citrullus lanatus var. citroides). Plant 
Breeding 140(5): 953–967. https://doi.org/10.1111/pbr.12958 

Pask AJD, Pietragalla J, Mullan DM, and Reynolds MP. 2012. 
Physiological breeding II: A field guide to wheat phenotyping. Mexico 
D. F. CIMMYT. Mexico. 132 p.

Pour-Aboughadareh A, Mohammadi R, Etminan A, Shooshtari 
L, Maleki-Tabrizi N and Poczai P. 2020. Effects of drought stress 
on some agronomic and morpho-physiological traits in durum wheat 
genotypes. Sustainability 12(14): 5610. https://doi.org/10.3390/
su12145610 

Rabti A, Mekaoussi R, Fellahi ZEA, Hannachi A, Benbelkacem A, 
Benmahammed A and Bouzerzour H. 2020. Characterization of old 
and recent durum wheat [Triticum turgidum (L.) Tell. convar. durum 
(Desf.) Mackey] varieties assessed under south Mediterranean 
conditions. Egyptian Journal of Agronomy 42(3): 307–320. https://
doi.org/10.21608/agro.2020.43329.1230 

Regmi S, Poudel B, Ojha BR, Kharel R, Joshi P, Khanal S and 
Kandel BP. 2021. Estimation of genetic parameters of different 

wheat genotype traits in Chitwan, Nepal. International Journal of 
Agronomy2021: 10. https://doi.org/10.1155/2021/6651325 

Robinson HF, Comstock RE and Harvey PH. 1949. Estimates of 
heritability and the degree of dominance in corn. Agronomy Journal 
41(8): 353–359. https://doi.org/10.2134/agronj1949.0002196200410
0080005x 

Sallam A, Alqudah AM, Dawood MF, Baenziger PS and Börner 
A. 2019. Drought stress tolerance in wheat and barley: advances 
in physiology, breeding and genetics research. International Journal 
of Molecular Sciences, 20(13): 3137. https://doi.org/10.3390/
ijms20133137 

Salehi-Lisar SY and Bakhshayeshan-Agdam H. 2016. Drought 
stress in plants: causes, consequences, and tolerance. In: Drought 
Stress Tolerance in Plants Proceeding. Springer, Berlin/Heidelberg, 
Germany. 16 p. https://doi.org/10.1007/978-3-319-28899-4_1 

Salmi M, Benmahammed A, Benderradji L, Fellahi ZEA, 
Bouzerzour H, Oulmi A and Benbelkacem A. 2019. Generation 
means analysis of physiological and agronomical targeted traits 
in durum wheat (Triticum durum Desf.) cross. Revista Facultad 
Nacional de Agronomía Medellín 72(3): 8971–8981. https://doi.
org/10.15446/rfnam.v72n3.77410 

Seyoum EG and Sisay A. 2021. Genetic variability, heritability 
and genetic advance study in bread wheat genotypes (Triticum 
aestivum L.). Advances in Bioscience and Bioengineering 9(3): 81–
86. https://doi.org/10.11648/j.abb.20210903.13 

Shamsi K, Petrosyan M, Noor-mohammadi G, Haghparast A, 
Kobraee S and Rasekhi B. 2011. Differential agronomic responses 
of bread wheat cultivars to drought stress in the west of Iran. African 
Journal of Biotechnology 10(14): 2708–2715. https://doi.org/10.5897/
ajb10.1133 

Sivasubramanian S and Menon M. 1973. Heterosis and 
inbreeding depression in rice. Madras Agricultural Journal 60(7): 
1139–1140.

Spagnoletti-Zeuli PL and Qualset CO. 1990. Flag leaf variation 
and the analysis of diversity in durum wheat. Plant Breeding 105(3): 
189–202. https://doi.org/10.1111/j.1439-0523.1990.tb01196.x 

Tiwari DN, Tripathi SR, Tripathi MP, Khatri N and Bastola 
BR. 2019. Genetic Variability and correlation coefficients 
of major traits in early maturing rice under rainfed lowland 
environments of Nepal. Advances in Agriculture 2019: 9. https://doi.
org/10.1155/2019/5975901

Tutiempo Network SL. 2021. In: Tutiempo https://fr.tutiempo.net/
climat/algerie.html. accessed: September 2021.

https://doi.org/10.1155/2018/8191749
https://doi.org/10.14720/aas.2021.117.2.2021
https://doi.org/10.14720/aas.2021.117.2.2021
https://doi.org/10.15835/nbha4017350
https://doi.org/10.15835/nbha4017350
https://doi.org/10.1051/agro:19860611
https://doi.org/10.1016/s2095-3119(15)61102-9
https://doi.org/10.1111/pbr.12958
https://doi.org/10.3390/su12145610
https://doi.org/10.3390/su12145610
https://doi.org/10.21608/agro.2020.43329.1230
https://doi.org/10.21608/agro.2020.43329.1230
https://doi.org/10.1155/2021/6651325
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.2134/agronj1949.00021962004100080005x
https://doi.org/10.3390/ijms20133137
https://doi.org/10.3390/ijms20133137
https://doi.org/10.15446/rfnam.v72n3.77410
https://doi.org/10.15446/rfnam.v72n3.77410
https://doi.org/10.11648/j.abb.20210903.13
https://doi.org/10.5897/ajb10.1133
https://doi.org/10.5897/ajb10.1133
https://doi.org/10.1111/j.1439-0523.1990.tb01196.x
https://doi.org/10.1155/2019/5975901
https://doi.org/10.1155/2019/5975901
https://fr.tutiempo.net/climat/algerie.html
https://fr.tutiempo.net/climat/algerie.html

