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Abstract. The present study was carried out at the experimental site of the Agricultural Research Station of the Technical 
Institute for Field Crops (ITGC) in Setif province, where some plant traits indicators such as grain yield, above-ground 
biomass, canopy temperature, and chlorophyll content were evaluated in a later generation (F8) of durum wheat 
(Triticum durum Desf.). The results showed that some lines from the later generation (F8) outperformed the crossed 
parents in all measured traits, which reflects the breadth of the genetic base that members of the eighth generation 
integrate and illustrates the possibility of isolating some superior lines with high productivity and resistance to abiotic 
stresses. Among all experimented lines, both lines L10 and L46 outperformed in grain yield (GY), canopy temperature 
(CT) and above-ground biomass (BM). The study of phenotypic correlations revealed the presence of a significantly 
negative relationship between canopy temperature and grain yield (r = - 0.293), as well as for canopy temperature and 
above-ground biomass (r = - 0.376) confirming that lines grown at low temperature are more productive in grain yield 
and biomass. These correlations are very important in plant breeding programs for improving wheat production as they 
indicate that new superior lines can be discriminated and isolated more efficiently from the crossed parents in terms of 
resistance to abiotic stresses well present in the semi-arid regions.
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Introduction

Cereals cultivation is a major concern of the World 
Food Program, as the world’s growing population 
continues to prompt researchers to intensify their efforts in 
crops improvement (FAO, 2021). Bello and Mudrak (2013) 
explained that defining standardized indicator frameworks 
is an urgent task for crops management, and it is essential 
for achieving wheat selection goals, they also noted that 
functional trait measurements do not necessarily imply a 
priori knowledge of species identity and composition. In 
the same context, Schmidtlein et al. (2012) reported that 
functional traits, i.e. measurable characteristics of plants 
linked to their fitness, have a relatively long tradition as 
indicators in ecological studies. These indicators can be 
effective because they are relatively easy to estimate 
using rapid field assessments. According to Beche et al. 
(2014) yield increases over time were associated with 

improvements in plant physiological processes such as 
higher stomatal conductance leading to lower leaf canopy 
temperature and associated traits such as leaf chlorophyll 
content. These traits are of particular importance in arid 
and semi-arid regions, where higher temperatures effect 
drives a shorter plant life cycle and reduces the grain filling 
phase - a critical yield determinant period for cereal plants 
which negatively impacts biomass accumulation and 
development to reduce crop yield (Moore et al., 2021).

The cultivation of cereals in Algeria is conventionally 
limited to marginal areas localized in arid and semi-arid 
interior regions characterized by a semi-arid climate, with 
cold winter, fluctuating precipitations, late spring frosts 
and hot and dry winds in summer (Adjabi et al., 2014) 
and where Setif province covers a large area in the high-
eastern plateau of this region. 

In recent attempts to study the response of durum 
wheat to drought stress in semi-arid regions, Oulmi et al. 
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(2017) and Fellahi et al. (2020) indicated that grain yield 
can be increased by selection based on some important 
traits of wheat development such as flag leaf chlorophyll 
content and canopy temperature. Aissaoui and Fenni 
(2018), Kirouani et al. (2019) and Oulmi et al. (2020) 
well agreed that improving the productivity of cultivated 
varieties still remains one of the biggest challenges facing 
plant breeders and requires a serious pause and pleading 
to think about breeding, as well as the selection of new 
varieties adapted to environmental conditions and having 
desirable characteristics and specifications that increase 
grains production and improve its quality.

The present study aims to evaluate new outstanding 
lines of durum wheat crossed genotypes in terms of 
adaptability and resistance to the climate of semi-arid 
regions by performing some conventional measurements 
of growth including chlorophyll content and canopy 
temperature at two sensitive growth stages; heading and 
grain formation, as well as their effect and relationship 
with grain yield and biomass production in order to identify 
and isolate the most interesting superior lines from the 
crossed parents which are considered widespread fixed 
varieties in these areas.

Material and methods

The trials were carried out at the experimental site of 
the Agricultural Research Station of the Technical Institute 
for Field Crops (ITGC) (36° 10’N, 5°2’ E) located 3 km 
south-west of Setif city, during the 2016-2017 growing 
season. The soil texture of the experimental site was silty 
clay with light alkaline pH of 8.1 and 1.2% organic matter 
content (Aissaoui and Fenni, 2021). 

Fifty-one lines representing the late F8 generation 
hybrids from three crosses of durum wheat genotypes: 
Ofanto/Mohamed Ben Bachir (Ofa/MBB), Ofanto/Waha 
(Ofa/Waha), Ofanto/Oum Al Rabie (Ofa/Mrb5) were grown 
and evaluated. Respecting a 50 seeds/lm sowing density 
(equivalent of 250 seeds/m2), these tested lines were grown 
in elementary plots including six rows 5 m long, 15 cm inter-
row apart and 10 cm distance between seeds.

With the same disposition, the fathers; Waha, Ofanto 
(Ofa), Oum al-Rabi’a (Mrb5) and Mohammed ben bachir 
(MBB) were sown in addition to the local best commercial 
variety, i.e. Bousselem, included in the experiment as control 
(Table 1). The experiment was laid out in a randomized 
complete block design (RCBD) with three replications.

Table 1. Pedigree and source of plant material

Genotype Pedigree Source of material
Waha Plc/Ruff//Gta’s/3/Rolette CM 17904 CIMMYT (Mexico)
 Ofa Appulo/Adamello Italy
MBB Local selection INRA (Algeria)
Mrb5 Jori C69/Haurani ICARDA (Syria)
Bousselam Heider/Martes/Huevos de Oro. ICD-414 CIMMYT-ICARDA

Legend: Ofa- Ofanto, MBB- Mohammed ben bachir, Mrb5-Oum al-Rabi'a.

Measurements were made on both the late F8 
generation and parental lines during two sensitive growth 
stages; heading and grain formation. Canopy temperature 
(CT) was measured using an infra-red thermometer 
(Model AG-42, Teletemp Corporation, Fullerton, CA) 
as recommended by Pradhana et al. (2014). Canopy 
temperature measurements were made in open-air 
conditions without any physical contact with plants at 
midday when the meteorological conditions were more 
demanding and plants reached the maximum capacity in 
terms of photosynthesis. Two measurement treatments 
were taken; a first canopy temperature treatment (CT1) at 
the heading stage and a second treatment (CT2) at two 
stages; heading and grain formation.

As approved by Oulmi et al. (2017), two measurements 
of the flag leaf chlorophyll content (CC1) and (CC2) were 
also performed in the same two previous stages of plant 
growth, by means of a chlorophyll-meter device: CCM-
200 plus Chlorophyll Content Meter from Opti-Sciences 
brand. The obtained readings were in Chlorophyll Content 
Index (CCI) unit.

At maturity, plant bundles were harvested from 1m 
long of two middle rows from each elementary plot to 
obtain the production-related variables; above-ground 
biomass (BM) and grain yield (GY). The measured 
variables per unit of length were analyzed by covariance 
analysis, regression coefficient analysis and correlations 
between variables according to the method used by 
Shaherly and Khoury (2012). Using Crop Stat 7.2.3 
software package (2009), means of measured variables 
were compared to the least difference significance (LSD) 
at the 5% probability level.

Results and discussion

The analysis of variance presented in Table 2 
showed the presence of significant differences among the 
parents variable for most measured traits, which confirms 
the presence of high genetic diversity within the members 
of the three selected hybrids. It is agreed that breeding 
programs depend on obtaining accurate information 
about the performance of the parents implicated in the 



116

crossbreeding program, the selection of genetic material, 
as well as the procedures aimed at producing promising 
varieties with high yields. The selection of appropriate 

plant clans or populations is the most important aspect 
of plant breeding, as it is an important source of genetic 
material (Fellahi, 2017; Oulmi et al., 2017).

Table 2. Analysis of variance for the measured traits

Source Df GY BM CT1 CT2 CC1 CC2

Rep 1 56.00 52.71 1.21 1.36 265.35 210.58
Parents 4 3697.99** 6738.39** 11.65** 6.68ns 80.56** 57.13**
Error 4 159.52 4622.43 2.47 1.64 53.19 43.17

Legend: GY: Grain yield (g/lm), BM: Biomass (g/lm), CT1/2: Canopy temperature for first and second treatment readings (°C), 
CC1/2: Chlorophyll content for first and second treatment readings (CCI), ns no significant effect and ** indicate the significance 

Regarding parent performances, Bousselem cultivar 
outperformed in grain yield with 206.6 g/lm, while MBB 
gave the highest score in biomass production with 674.79 
g/lm.

Likewise, Mrb5 parent was significantly superior in 
chlorophyll content for the two treatment measurements 
CC1 and CC2 with 54.40 and 40.25 CCI, respectively, as 
presented in Table 3. 

Table 3. Mean values and contrast of measured traits in parents

Genotypes GY BM CT1 CT2 CC1 CC2

MBB 154.33 674.79 22.21 25.40 25.15 35.17
Ofanto 204.43 517.76 25.00 27.79 35.24 36.34
Mrb5 147.07 487.65 22.31 27.91 54.40 40.25
Bousselem 206.60 540.77 20.40 27.90 40.26 33.35
Waha 171.58 616.21 22.95 29.40 46.55 39.64
Ave Par 176.80 567.44 22.57 27.68 40.32 36.95
Ave Xss 161.93 491.61 22.78 26.93 40.22 40.45
D Par-Xss +14.87 +115.44 -00.21 +00.75 +00.10 -3.70
LSD5% 071.25 186.50 05.11 05.56 14.65 13.20

Legend: GY: Grain yield (g/m linear), BM: Biomass (g/m linear), CT1/2: Canopy temperature for first and second treatment 
readings (°C), CC1/2: Chlorophyll content for first and second treatment readings (CCI), AvePar: Average Parent; AveXss: Average 
Xss; D Par/Xss: Difference Parent-Xss; LSD5% : Least significant difference at 5% probability level.

According to Bouzerzour and Benmahammed 
(2009), lower temperatures are best suited to increase 
the grain yield in wheat. Analyzing canopy temperature 
for the two treatment readings CT1 and CT2 indicates that 
Bousselem parent surpassed in the first treatment by 
scoring the lowest mean value of 20.4°C which justifies 
its highest score for GY (206.6g/lm), while MBB excelled 
in the second measurement treatment by 25.4°C, and 
thus these two parents were the most resistant to heat 
stress among the experimented parents as shown in 
Table 3. In fact, MBB variety is characterized by its delay 
in spawning (Laala, 2018), which helped the leaves - from 
a physiological point of view - to stay green for longer, 
while Bousselem variety is characterized by relatively 
early seasoning (Oulmi, 2015). All these characteristics 
affected the physiological functions of the leaves by 
gradually losing their high activity for photosynthesis and 
respiration processes, which are substantial in reducing 
the canopy temperature.

Generally, the results showed that each one of the 
experimented fathers has dominated a specific trait, 
and this indicates that there are significant differences 

between the offspring resulting from these cross-fathers. 
It has also showed that the parents which excelled in 
producing grain yield and biomass (productivity traits) were 
not the outperforming varieties in canopy temperature 
and chlorophyll content (resistance characters). This 
indicates that the genes responsible for productivity are not 
associated with those responsible for resistance to stress. 
This relationship can be further explained through studying 
phenotypic correlations, which has been previously 
pointed out by Oulmi (2015) and Fellahi (2017) on both 
bread and durum wheat in semi-arid regions, where they 
found that there was no continuous significant correlation 
across different seasons between traits of resistance and 
productivity.

Grain yield in wheat is the ultimate goal focused by 
plant breeders as it is the main trait that should be improved 
in order to increase crops yield through selection on the 
basis of high grain yield (Kirouani et al., 2019; Oulmi et al., 
2020). Studying this trait among members of the eighth 
generation (F8) showed the presence of 12 lines (among 51 
lines) that outperformed the average score of the parents, 
which are lines: L46, L37, L34, L31, L41, L12, L10, L29, 
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L19, L38, L7 and L14, while the rest of the lines did not 
achieve satisfactory grain yield (Figure 1). It should be noted 
that among these high-yielding lines, the breeding line L46 
representing Ofa/Mrb5 hybrid was the best one with an 

increase that exceeded the parent’s mean by 45.73 g/lm 
and the clan mean by 60.6 g/lm, in addition to surpassing 
the best parent Bousselem variety, concomitantly with both 
lines L37 and L34 (Table 3, Figure 1).

Figure 1. Variations in average values and contrast of grain yield (n(Xss) F8 = 51 lines)

The capacity of plants to produce a large 
vegetative mass defined as biomass represents one 
of the indicators of their ability to adapt and give 
high yield (Fellahi et al., 2020; Oulmi et al., 2020). 
Besides its contribution to increase the grain yield, it 

is also important from the economic aspect, as it is 
used as food for livestock. Analysis of this trait across 
generations showed the presence of 5 lines that 
dominated biomass production, which are lines L10, 
L2, L37, L39, L51 (Figure 2).

Figure 2. Variations in mean values and contrast of biomass production (n(Xss) F8 = 51 lines)

It is important to note that both L10 and L2 
representing Ofa/MBB hybrid surpassed residual lines 
in biomass production with 645.10 g/lm and 641.01 g/lm, 
respectively, as well as the mean score of the parents by 
153.49g/lm and 149.4 g/lm, respectively, too. Referring to 
the parents, MBB was the best for this trait, which explains 
the superiority of this genotype in lines L10 and L2 in 
comparison to the rest of the lines. These results agreed 
with the findings of Oulmi (2015) who found in a study on 

the same varieties of durum wheat that MBB variety and 
its offspring were superior in producing biomass.

Canopy temperature is recognized as a sound 
plant water status indicator and is affected by the 
prevailing environmental conditions (Romero-Trigueros 
et al., 2019). Canopy temperature contributes to the 
process of plant growth and development due to the 
sensitivity of some phases and stages of the life cycle 
to variations in temperature (Hatfield and Prueger, 
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2015). It has been found that varieties grown under low 
canopy temperature are more productive than those 
grown under high canopy temperature (Amani et al., 
1996; Oulmi, 2015). 

Determination of average scores and variance showed 
that both L46 and L10 lines which excelled in grain yield 
and biomass production, respectively, have grown under 
canopy temperature of the first reading treatment lower 

than the average value recorded for the parents as well as 
for the F8 generation. As it was mentioned, line L46, which 
excelled grain yield production, recorded temperature 
equal to 19.7°C. Likewise, line L10, which outperformed in 
biomass production, recorded temperature of 21.0°C, and 
both values were below the average for parents and the 
offspring, which were 22.57°C and 22.78°C, respectively 
(Table 3, Figure 3).

Figure 3. Variations in average values and contrast of canopy temperature (first measurement treatment CT1 at heading phase) 
with n(Xss) F8 = 51 lines

Obviously, analysis of the average canopy 
temperature for the first reading treatment showed the 
presence of 18 lines as well as 32 lines for the second 

reading treatment which were less than the average 
value of canopy temperature for parental lines (Figures 
3 and 4).

Figure 4. Variations in average values and contrast for canopy temperature (second measurement treatment CT2 at grain 
formation phase) with n(Xss) F8 = 51 lines
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Figure 5. Variations in the average values and contrast of the chlorophyll content (second measurement treatment CC2 at 
grain formation phase) with n(Xss) F8 = 51 lines

This shows how difficult it is to study this trait in terms 
of its contribution in increasing both grain productivity and 
abiotic stress resistance, which also appeared at the first 
reading treatment (CC1) performed at heading stage, 
where among the 22 lines that excelled in chlorophyll 
content, only three lines surpassed in producing grain yield 

and biomass (Figure 6). These results are consistent with 
the results obtained by Kirouani et al. (2019) and Fellahi 
et al. (2020) when they found it difficult to determine the 
amplitude of the chlorophyll content characteristic effect 
on grain yield and also the extent of its contribution in 
improving resistance against abiotic stress.

This indicates the existence of numerous thermal stress-
tolerant lines that can be isolated in the future to improve 
durum wheat genotypes resistance against abiotic stress in 
semi-arid regions. These results agreed with the findings of 
Oulmi et al. (2017) on durum wheat populations where they 
found that superior genotypes in both grain yield and biomass 
production have grown at low canopy temperature.

There are many physiological responses that plants 
exhibit to abiotic stresses; one of them is the maintenance of 
stable chlorophyll content (Sattar et al., 2020). It was observed 
that the average chlorophyll content varied according to 
the cultivar’s population. Study of  variance for chlorophyll 

content did not provide accurate results about the extent 
of its relationship and its contribution to the development of 
grain yield, as the results of this test showed the presence of 
34 lines in which chlorophyll content exceeded the average 
scores of both parents and clans upon the second reading 
treatment (CC2) taken in the stage of grain formation, and 
by linking these superior lines in the chlorophyll content with 
superior lines in the production of grain yield and biomass, 
we find that among these 34 lines, there were six lines that 
outperformed the grain yield out of 12 lines, and only one line 
was superior in producing biomass out of five lines (Figures 
1, 2 and 5).

Figure 6. Variations in average values and contrast of the chlorophyll content (first measurement treatment CC1 at heading 
phase) with n(Xss) F8 = 51 lines
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Study of the phenotypic correlations among 
measured variables showed that grain yield was positively 
and significantly correlated with biomass (r = 0.531) (Table 
4, Figure 8). 

This relationship has been proven in many researches 
on durum wheat (Aissaoui and Fenni, 2021), and it points 
out that the greater the plant’s biomass, the higher the 
grain yield.

The highest score in chlorophyll content was recorded 
during the heading phase measurement with 66.60 CCI at 
line L35, surpassing the clans average by 26.38 CCI and 
ranging within a variation of the minimum and maximum 

differences of 12.57 and 26.38 CCI, respectively, while 
during the grain formation phase the highest score was 
achieved at line L4 with 52.10 CCI exceeding the clan 
average by 11.65 CCI (Figures 5, 6 and 7).

Figure 7. Variations in chlorophyll content measurements for clans and generations (CC1 / CC2) with n(Xss) F8 = 51 lines

Table 4. Phenotypic correlations between measured traits at the F8 generation

Traits CT1 CT2 CC1 CC2 BM GY
CT1 1 r5%= 0.2712
CT2 0.287 1
CC1 0.208 0.148 1
CC2 0.259 -0.028 0.215 1
BM -0.376 -0.272 -0.231 -0.251 1
GY -0.293 -0.030 -0.054 -0.129 0.531 1

Legend: CT1/2: Canopy temperature for first and second treatment readings, CC1/2: Chlorophyll content for first and second 
treatment readings, BM: Biomass (g/m linear), GY: Grain yield (g/m linear), LSD5%: Least significant difference at 5% probability 
level.

In this regard, Salmi et al. (2019) showed 
that biomass trait is one of the most important 
components of yield as a result of its direct effect 

on productivity, which indicates the possibility of 
improving grain yield through selection on the basis 
of higher biomass.
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Figure 8. Correlation relationship of grain yield and biomass with n(Xss) F8 = 51 lines

Canopy temperature was significantly and negatively 
correlated with both grain yield (r = - 0,293), and biomass 
(r = - 0,376) (Table 4), which confirms that lines grown 
at low temperature are more productive in grain yield 
and biomass. These results are in agreement with those 
obtained by Cabrera-Bosquet et al. (2009) and Chipilsky 
and Georgiev (2014), who found in previous studies on 
durum wheat varieties and clans the same relationships 
between canopy temperature and both grain and 
economic yields. Certainly, this suggests that it is possible 
to select some lines from the late F8 generation that have 
high yield and better resistance to abiotic stresses.

Conclusion

Cultivation of durum wheat in the Algerian high-
eastern plateaus is unpredictable and unstable due to 
large variation of the agricultural environment mainly 
caused by the influence of climatic elements and abiotic 
stress in addition to the lack of rain and its fluctuation 
as well as nutrients deficiency which limits the expected 
production and makes it difficult to breed new varieties. 
The results showed that some members of the late 
F8 generation outperformed the hybrid parents for all 
measured traits, which explains the extent of the genetic 
base for this generation. Selection in terms of low canopy 
temperature showed that lines L46 and L10 which excelled 
in grain yield and biomass production, respectively, were 
less than the mean values for the parents as well as for 
the F8 generation members. Their canopy temperature 
values were lower. Selection based on chlorophyll content 

did not provide accurate results about its relationship to 
the development of grain and biomass productions. This 
shows how difficult it is to study this trait in terms of its 
contribution in increasing the grain productivity. The study 
of phenotypic correlations showed a positively significant 
correlation between GY and BM, as well as a negatively 
significant correlation relationship for canopy temperature 
with both grain yield and biomass production confirming 
that lower canopy temperatures are best suited to increase 
wheat production.
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