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ABSTRACT  
This study was conducted with the objective to assess the morpho-physiological variability in three F6 populations of durum wheat (Triticum 
durum Desf.) evaluated under semi-arid conditions. The results indicated that early selection practice in F2 generation based on canopy 
temperature could improve the tillering capacity and the grains number per unit area, as well as the economic yield. Ofanto/Mrb5 
populations recorded the highest yield performance, followed by Ofanto/Waha in the second position and Ofanto/MBB at the end. These 
results suggested that grain yield is largely dependant of the physiological traits such as canopy temperature, relative water content, cell 
injury and chlorophyll content. Selection for improvement of such trait will be rewarding. 
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INTRODUCTION 
 

Cereals are the dominant crops of Algerian agriculture. They cover nearly six million hectares with a 
biennial fallow system [1]. Most of the cultivated areas are located on the high plateaus, characterized by their 
high altitude, cold winter, insufficient and irregular rainfall regime, frequent spring frost and the appearance of 
sirocco at the end of the cycle [2]. Cereal production in the dry areas remains low, irregular and insufficient for 
day by day growing population. Selection for better adaptation to the environmental variability is becoming a 
necessity to increase yield porformance and stability [3, 4]. The variation in grain yield is mainly caused by the 
sensitivity of new cultivars to different abiotic stresses that characterize the environment of wheat production 
[5]. Water deficit is a severe environmental stress and the major constraint on wheat productivity with an 
evident effect on wheat growth [6]. It depends on both severity and duration of the stress [7, 8]. The use of plant 
material with a better toleance to this constraint is the best way that can maximize production under such 
climatic conditions [9, 10]. Improvement of grain yield is traditionally achieved through direct selection [11]. 
However, this kind of selection seems to be inefficient due to the low heritability of this trait and the presence of 
genotype x environment interactions [12, 13, 14]. The selection of resistant and productive cultivars must 
therefore be based on a multitude of traits [15] that must be linked to productivity [16]. In this context, several 
researchers (Reynolds et al. [17], Farshadfar et al. [18], Salmi et al. [19]) suggested to use the physiological 
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approaches in the targeted environment. Various physiological traits, strongly correlated with grain yield, have 
been identified and recommended as indirect selection criteria to enhance wheat tolerance and yield potential 
[20]. Chlorophyll content, canopy temperature, relative water content and membrane thermostability are acualy 
uzed in wheat breeding programs to discriminate between tolerant and sensitive segregating/fixed lines for 
drought and heat stresses [21, 22]. The objective of this study is to assess the morpho-physiological variability 
in a set of divergent durum wheat (Triticum durum Desf.) varieties along with their F6 populations evaluated 
under semi-arid conditions.       

 
MATERIALS AND METHODS 

 
Field Experiment and Plant Material: 

The experiment was conducted at the experimental site of the agricultural research station of the Field Crop 
Institute of Setif (36°9’N, 5°21' E, 1081m a.s.l.) (East of Algeria) during the 2011/2012 cropping season. Three 
sets of 20 F6 durum wheat lines derived from Ofanto/MBB, Ofanto/Waha and Ofanto/Mrb5 cross combinations, 
along with their respective parents, were evaluated. The parental lines show a good adaptation to the Setif region 
conditions as they have been selected in the same experimental station. Mrb5 derived from the cross between 
Joric069 and Haurani (Joric069/Hau). It is a mid-early line, with a plant hight intermediate between Mohammed 
ben bachir and Waha. It has a good productivity under favorable conditions. Ofanto is an Italian cultivar, 
generated from the cross between Appulo and Valnova varieties [23]. Waha is a ITGC selection (Setif station). 
It is derived from the cross between Pelicano, Ruffino, Gavota and Rolette (Plc/Ruff//Gta's':Rol). It is relatively 
a short variety, whith a short sowing-heading phase and a long grain filling period ; and earlier than the variety 
Mohammed Ben Bachir [24]. This makes Waha susceptible to the occurrence of late frost. Waha has a high 
tillering capacity and good tolerant to thermal water stress. Mohammed Ben Bachir is a selection from a local 
land race in the region of Ain Roua (North of Setif, Algeria). This variety is half-winter growth type, with more 
vernalization and photoperiod requirements. Compared to Waha, Mohammed Ben Bachir is higher (+20cm) and 
later (+10 days) [25]. The F6 lines and their parents were grown in the field at the Agricultural Experimental 
Station of Setif (Algeria) in the 2011/2012 growing season. Each parent/line was seeded in November 11th, 
2011, in 2 rows, 3 m long with 0.2 m row spacing. The F6 lines were derived from pedigree selection made in F2 
on the basis of canopy temperature (CT), drought susceptibility index (DIS) and above-ground biomass (AGB). 
The parents were repeated every 20 entries with plant density 200 grains m-2. The cultivation techniques adopted 
are those recommended by the ITGC station of Setif. The previous crop is a fallow ploughed in September by 
using a reversible plowshare and two spring cultivations with an 8/16 offset disc harrow. Sowing was done in 
November after seed bed preparation by using a spike tooth harrow and application of 100 kg ha-1 of super 
triphosphate 46%. The experiment was fertilized with 100 kg ha-1 of urea 35% at tillering stage. Weeds were 
controlled chemically with GranStar [Methyl Tribenuron] at 12 g ha-1 rate.  
 
Measured Variables: 

Heading date was noted when 50% of the heads in a plot had extended above the flag leaf collar. Heading 
dates were recorded in calendar days from January 1st for statistical purposes. Plant height was measured in cm 
at physiological maturity from the soil surface to the top of the head, awns excluded. Above-ground biomass, 
spike number and spike weight and number of grain per spike were measured, at maturity, from vegetative 
samples harvested from one row 1 m long. Thousand–kernel weight was also determined at maturity based on 
count of 250 seeds. The number of kernels per spike and per square meter were derived from grain yield, 
thousand- kernel weight and spike number mean values. The economic yield was estimated according to 
Annicchiarico et al. [26]. In addition to the agronomic traits, other physiological parameters were measured 
including flag leaf area, relative water content, canopy temperature, chlorophyll content and cell injury 
percentage. Flag leaf area (SF) was determined in cm², based on manual measurement on five random leaves, 
according to the following formula [27]: 
 
SF(cm²) = [(Lxl) 0.607] 

Where L = Leaf length, l = Leaf width, 0.607 = constant.  
Relative water content (TRE) was determined, at heading, according to the procedure described by Serieys 

[28]. Five flag leaves, sample from each entry, were weighed to get the fresh weight (FW). Leaves were placed 
in plastic tubes containing 10 ml of distilled water and stored in a refrigerator. After four hours, leaves were 
removed from the tubes, cleaned with a dry cloth and weighted to get the saturated fresh weight (TW). The leaf 
samples were oven dried at 85°C for 24 hours, to determine the leaves dry weight (DW). Relative water content 
(RWC) was then determined by :  
 
RWC (%)=100 (FW-DW)/(TW-DW) 
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Canopy temperature (CT) was measured three times after heading stage, 7, 15, and 21 days after May 1st. 
CT was determined using a portable infrared thermometer; model AG-42 Teletemp Corp., Fullerton, CA. 
Chlorophyll content (CCI) was measured using Chlorophyll Content Meter, model CCM-200 plus. Cell injury 
test (IC) was performed on the last two fully expanded leaves. Two leaves were randomly selected per genotype 
and per treatment and were then washed by water and cut into 1cm length pieces. A sample of 10 pieces per 
genotype was placed into a test tube and washed by distilled water to remove adherent dust. Three tubes were 
used per genotype and per treatment. 10 ml of distilled and demineralized water were added to each tube. The 
tubes were placed at the ambient temperature of the laboratory; and were periodically and manually agitated. A 
first reading of conductivity was done after 24 hours (EC1) using a laboratory conductivimeter. The tubes were 
then placed in a water bath at 100 °C during 60 minutes. A second reading of conductivity was made after 24 
hours (EC2) and the percentage of cell injury caused heat stress was determined, as described by Baji et al. [29], 
as follows: 
IC (%) = 100 (EC1/EC2) 
 
Data analysis : 

Data recorded were subjected to descriptive statistics, to get the means, minimum and maximum values; 
and the phenotypic variances. Traits relationship was scrutinized through phenotypic correlation coefficients and 
regression analyses. Statistical analyzes were performed with OpenStat software [30]. The least significant 
difference (LSD), at 5% probability level, was derived from the analysis of variance of the traits measured on 
the parental lines, which are repeated four times, according to Quinn and Keough [31]: Lsd5% = t5% √σ²e. 
Correlation studies provide better insight in understanding yield components, which help in choosing 
proper selection criteria. Stepwise regression was used in order to determine the most important variable 
significantly contributed to total yield variability [32]. 

 
RESULTS AND DISCUSSION 

 
1. Behavior analysis of the control varieties: 

The controls used are the local genotype Mohamed Ben Bachir (MBB), which is widely adopted by farmers 
in the region; and new cultivars, which are supposed to replace this old variety, including the recently selected 
variety Boussalem (Bous) [10, 33]. These controls serve as reference for the grain yield performance, although 
wheat breeders are also interested to make a good genetic gain for yield with more adaptation and tolerance to 
biotic and abiotic stress. Analysis of variance showed significant differences between the controls for almost all 
the traits under study excluding RWC, LA, CT, AGB and SW (Table 1). These results are in accordance with 
the results obtained by Fellahi [22] and Hannachi [34].  
 
Table 1: Mean square of variance analysis of the variables mesured in controls. 

Source   Df Prec   RWC   LA   CI   CT CCI    
Repetition 2 0.24 5.3 1.9 3.8 12 1.5 
Control 4   20.6* 13ns 17.2* 135* 0.16ns 85* 
Error 8 0.16 7.6 1.3 7.6 0.44 2.2 
Source Df           PHT                 AGB               NE                SW              GY              TKW   
Repetition 2 1.8 996 195 141 124 12 
Control  4 548* 195ns 942* 146ns 705* 40* 
Error 8 2.6 507 87.8 78.9 68.2 2.5 
Source Ddl          NGE        NGM²           EY       
Repetition 2 7.7  97491  422        
Control 4 30.7*  330110*  786*        
Error 8 4.4  40648  100.9        

Df= Degrees of freedom; Prec= Heading date (days to 50% flowering); RWC= Relative Water Content (%); LA= Flag Leaf Area (cm²); CI= 
Cell Injury (%); CT= Canopy Temperature (°C); CCI= Chlorophyll Content Index (CCI); PHT= Plant Height (cm); AGB = Above-ground 
Biomass (g); NE= Number of spikes; SW= Spikes Weight (g); GY= Grain Yield (g); TKW= Thousand Kernel Weight (g); NGS= Number 
of grains per spike; NGM²= Number of grains/m²x103; EY= Economic Yield (g); L.s.d. 5%= Least significant difference at 5% level of 
probability.  

 
Mean values of the measured variables indicate that MBB is the latest cultivar with 136.3 days whereas 

Ofanto is the earliest variety with 129.6 days (Table 2). Compared to the local variety MBB, the newly selected 
controls are earlier and have a reduction in their development cycles ranging from -3.9 to -4.9% (Figure 1). 
Boussalem has the biggest flag leaf area with an average of 18.6 cm², however, Waha with a value of 13.9 cm² 
recorded the smallest leaf. MBB has a flag leaf with an area of 16.1 cm² (Table 2). Similar results were earlier 
noted by Belkherchouche et al. [35] for the same cultivars. In comparison to MBB cultivar, Boussalem and 
Ofanto exhibit an increase in the flag leaf area ranging from 10.6 to 15.5%. Nevertheless, Waha and Mbr5 
exhibit a reduction varying from -10.6 to -13.7% (Figure 1). MBB is considered as the most heat stress tolerant 
compared to the other assessed controls. Indeed the percentage of cell damage (cell injury) is around 25.6% for 
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this local variety, followed by Boussalem with a mean value of 31.7%. The controls Waha and Ofanto are 
relatively sensitive to the thermal stress displaying a percentage of cellular damage of 39.3% to 42.9%, 
respectively (Table 3). The last two controls have differences varying from 23.8 for Boussalem to 67.6% for 
Ofanto compared to MBB (Figure 1). 
 
Table 2. Mean values of the mesured variables in controls.  

Controls Prec RWC LA CI CT CCI 
Bous 131.0 76.3 18.6a 31.7 26.1 36.3 
MBB 136.3a 74.8 16.1 25.6 26.2 31.8 
Mrb5 131.0 74.2 14.4 34.1 26.3 37.0 
Ofanto 129.6 71.9 17.8 42.9a 26.6 42.6 
Waha 131.0 71.1 13.9 39.3 26.6 45.1a 
L.s.d.5% 0.8 5.1 2.1 5.1 1.2 2.8 
Controls  PHT AGB NE SW GY TKW 
Bous  72.8 236.4 128.0 134.1 114.3a 42.2a 
MBB      97.3a 248.7 105.3 119.9 102.2 37.6 
Mrb5     64.8 227.4 140.6a 124.3 82.9 34.4 
Ofanto  64.6 241.4 95.0 133.1 76.7 39.8 
Waha     70.2 233.4 116.0 136.0 87.4 33.4 
L.s.d.5%     3.0 42.4 17.0 16.7 15.5 2.9 
Controls  NGE NGM²  EY       
Bous  24.1 2713  185.3a        
MBB      25.9a 2716a  176.8        
Mrb5     17.2 2410  151.2        
Ofanto  20.2 1926  149.1        
Waha     22.6 2615  157.4        
L.s.d.5%       3.9 379  18.9        

Prec= Heading date (Days to 50% flowering); RWC= Relative Water Content (%); LA= Flag Leaf Area (cm²); CI= Cell Injury (%); CT= 
Canopy Temperature (°C); CCI= Chlorophyll Content Index (CCI); PHT= Plant Height (cm); AGB = Above-ground Biomass (g); NE= 
Number of spikes; SW= Spikes Weight (g); GY= Grain Yield (g); TKW= Thousand Kernel Weight (g); NGS= Number of grains per spike; 
NGM²= Number of grains/m²x103; EY= Economic Yield (g); L.s.d. 5%= Least significant difference at 5% level of probability. 

 

Fig. 1: Average performances, expressed as % of the values of the check cultivar MBB, of the other controls for 
the measured variables. 

 
For chlorophyll content trait, Waha with 45.1 units and Ofanto with 42.6 units, exhibit the highest values. 

However, MBB presents the lowest average (31.8 units) (Table 2). In relative values, the new selections, exhibit 
relative differences varying from 14.2 to 41.8% in comparison to MBB (Figure 1). Regarding plant height, the 
variety MBB is the tallest with a mean of 97.3 cm, followed by Boussalem with 72.8 cm. Waha, Ofanto and 
Mrb5 have substantially equal vegetation heights, ranging from 64.8 to 70.2 cm. Compared to MBB, the relative 
differences of the other controls vary from -25.2 to -33.6% (Figure 1). 

Controls differ also in the number of spikes produced per unit area. Mrb5 variety has the highest number of 
spikes, with a mean value of 140.6 spikes, whereas Ofanto records the lowest average, with a mean of 95.0 
spikes. Boussalem and Waha produce more spikes (128 and 116 spikes, respectively) while,  MBB produces 
less number (105.3 spikes/ml) (Table 2). As a percentage of mean, the deviations of controls in comparison with 
MBB cultivar, range from -9.8% to + 33.5% (Figure1). Regarding grain yield, the averages taken by this trait 



165                                                                   Abdelmalek Oulmi et al, 2016 
Advances in Environmental Biology, 10(3) March 2016, Pages: 161-170 

 

 

vary from 82.9 g/ml to 114.3 g/ml. Boussalem has a significantly higher yield than MBB, whereas the other 
controls have lower yields (Table 3 ). Differences, in percentage of MBB value, vary from -25.0 to + 11.8% 
(Figure 1). The values taken by the yield components follow the same tendency as grain yield (Table 2 and 
Figure 1). 

The results obtained from the controls behavior suggest that the newly selected varieties are earlier (short 
vegetative cycle) and shorter (medium plant height). They are also relatively more sensitive to thermal stress 
and have a higher chlorophyll content than MBB variety. For the rest of variables including grain yield, they 
don’t show any more advantage. These results suggest that the concept of performance is closely linked to the 
climatic conditions that vary from year to year. They could be favorable for certain genotypes but not for others. 
Thus, climatic conditions of this cropping season have been more favorable to the expression of grain yield of 
Boussalem and MBB and somewhat unfavorable for Ofanto, Waha and Mrb5. Therefore, a high yield under the 
conditions of the eastern high plateaus is dependent on the genotype and climatic conditions interaction during 
the crop cycle as mentionned by Adjabi et al. [10], Kadi et al. [13] and Oulmi [36]. 
 
2. Behavior analysis of the F6 lines: 
2.1. Family mean effect: 

Considering grain yield as discriminating criterion, Ofanto/Mrb5 is the population which presents the best 
performance under semi-arid conditions with a grain yield value of 89.80 g/ml. Ofanto/Waha cross ranks second 
while Ofanto/MBB ranks in the last position with 74.7 and 60.3 g/m, respectively (Table 3). These results are in 
accordance with the findings of Laala [21] and Oulmi et al. [4] revealing that Ofanto/Mrb5 cross combination 
had the best yields compared to the other crosses. 

This order is associated with a better performance on above-ground biomass, number of spikes produced, 
spikes weight, number of grains produced per m² and per spike, economic yield and 1000 kernels weight. Few 
differences appear between the studied families for the relative water content, chlorophyll content, flag leaf area, 
heading date and plant height (Table 3). 

The relative differences recorded by Ofanto/Mrb5 and Ofanto/Waha crosses comparatively to the values 
taken by the same characters in Ofanto/MBB cross for variables associated with the grain yield are shown in 
Figure 2. Thus, the above-ground biomass increases by 8,10% in Ofanto/Mrb5. Grain yield increases by 18.9% 
among Ofanto/Mrb5 and 23.9% in Ofanto/Waha (Figure 2). 

 
Table 3:  Mean values of the traits mesured variables in the three F6 families. 

Families AGB NE SW GY TKW RWC LA CI 
Of/MBB 243,9 111,9 114,4 60,3 34,4 70,6 17,1 48,0 
OF/Mrb5 263,6 103,1 151,5 89,8 40,4 70,3 16,4 45,7 
OF/Waha 241,8 118,5 139,7 74,7 36,2 74,6 19,5 36,3 
L.s.d.5% 42.4  17.0  16.7  15.5  2.9  5.1  2.1  5.1  
Families CT CCI Prec PHT EY NGM2 NGE   
Of/MBB 26,9 43,1 131,5 91,5 133,4 1757,5 16,1   
OF/Mrb5 25,5 44,1 130,7 82,6 168,8 2241,4 22,0   
OF/Waha 25,1 48,8 130,3 68,5 147,2 2077,7 17,9   
L.s.d.5% 1.2  2.8  0.8  3.0  18.9  379  3.9    

Prec= Heading date (Days to 50% flowering); RWC= Relative Water Content (%); LA= Flag Leaf Area (cm²); CI= Cell Injury (%); CT= 
Canopy Temperature (°C); CCI= Chlorophyll Content Index (CCI); PHT= Plant Height (cm); AGB = Above-ground Biomass (g); NE= 
Number of spikes; SW= Spikes Weight (g); GY= Grain Yield (g); TKW= Thousand Kernel Weight (g); NGS= Number of grains per spike; 
NGM²= Number of grains/m²x103; EY= Economic Yield (g); L.s.d. 5%= Least significant difference at 5% level of probability.  
 

 
Fig. 2: Average performances Ofanto/MBB and Ofanto/Mrb5 crosses, expressed as % of the values of 

Ofanto/Waha cross combination for the measured variables. 
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Significant increases are noted for thousand-kernels weight, number of grains per spike and in Ofanto/Mrb5 
compared to values taken by the this trait in the cross Ofanto/MBB. The three populations under study differ 
little for biomass and spikes number. The highest grain yield seems due to the ability of this population to 
achieve a high spikes fertility. Thus, despite the Ofanto/Mrb5 population has a high 1000 kernels weight; this 
population has also the possibility to achieve a high number of grains per spike, avoiding the phenomenon of 
compensation often common under semi-arid conditions. In these regions, it is, somewhat, difficult to achieve 
simultaneously high grain number per plant with high thousand kernel weight in a single genotype, due to 
compensating effects [24, 37]. These results suggest that under the weather conditions of this cropping season, a 
large grain and good spike fertility are favorable for grain yield improvement. 

 
Mean effect of selection criterion: 

The selection criteria used in F2 generation has a significant effect on the spikes number, spikes weight, 
plant height, economic yield and the number of grains produced per unit area. This effect indicates that the 
canopy temperature is more efficient than the other selection criteria such as above-ground biomass and water 
stress susceptibility (Table 4). These results suggest that early selection in F2 generation based on the canopy 
temperature has generated a promissing F6 lines in point of view tillering capacity, spikes fertility and economic 
yield. 
 
Table 4: Mean values of the traits measured by selection criterion used in F2.  

Criterion AGB NE SW GY TKW RWC LA CI 
CT 271,1 124,6 149,0 83,1 36,0 70,2 17,4 45,0 
AGB 236,0 101,5 124,9 68,8 37,6 73,2 17,0 41,0 
DSI 228,2 100,4 124,5 68,3 38,2 73,3 19,4 43,1 
L.s.d.5% 42.4  17.0  16.7  15.5  2.9  5.1  2.1  5.1  
Criterion CT CCI Prec PHT EY NGM2 NGE   
CT 26,0 46,6 130,4 78,2 164,4 2291,4 19,0   
AGB 25,8 44,3 131,5 83,4 139,6 1839,2 18,9   
DSI 25,4 44,7 130,7 80,9 136,8 1797,3 17,8   
L.s.d.5% 1.2  2.8  0.8  3.0  18.9  379  3.9    

Df= Degrees of freedom; Prec= Heading date (days to 50% flowering); RWC= Relative Water Content (%); LA= Flag Leaf Area (cm²); CI= 
Cell Injury (%); CT= Canopy Temperature (°C); CCI= Chlorophyll Content Index (CCI); PHT= Plant Height (cm); AGB = Above-ground 
Biomass (g); NE= Number of spikes; SW= Spikes Weight (g); GY= Grain Yield (g); TKW= Thousand Kernel Weight (g); NGS= Number 
of grains per spike; NGM²= Number of grains/m²x103; EY= Economic Yield (g); DSI= Drought Stress Index; L.s.d. 5%= Least significant 
difference at 5% level of probability. 

 
Grain yield, biomass, thousand-kernel weight and number of grains per spike did not differ significantly 

from selection criterion to another, though numerically there is a tendency for F6 lines improvement from the 
selection based on the temperature of the canopy (Table 4). The differences between selection criteria effects are 
not significant for the physiological traits such as relative water content, cell injury, chlorophyll content, canopy 
temperature and flag leaf area (Table 4). According to Oulmi [36], Meziani et al. [38] and Fellahi et al. [39], 
early selection based on grain yield, yield components and above-ground biomass is less effective. This is 
mainly due to the genotype x environment interaction and some other causes. 
 
3. Criterion Effect x family : 

Behavior analysis of the 10% best and bad F6 lines, belonging to the three populations under study 
indicates large differences in grain yield and its components including the above-ground biomass. Few 
differences appear for other traits measured between the F6 population in both positive and negative directions 
(Table 5). The best F6 lines display a grain yield at least equal to or above the mean of the five controls (Table 
5). The lines of bad performance values of yield are well below the mean yield of controls. These results suggest 
that climatic conditions in the stage of semi-arid areas have been discriminating between the lines and studies 
controls. This is also mentioned by Oulmi [36] and Fellah [40]. 

Regarding grain yield, among the five best F6 lines, four lines are derived from early selection in F2 based 
on the canopy temperature and one line from selection based on the above-ground biomass (Table 5). Three F6 
lines belong to Ofanto/Mrb5 cross combination and two lines from Ofanto/Waha and Ofanto/MBB populations 
(Table 5). These results confirm the relative efficacy of the canopy temperature as a selection criterion in early 
generations and approve the clear advantage of yield potential of the Ofanto/Mrb5 population. This result was 
earlier reported by Bouzerzour and Benmahammed [15] and Salmi [41] during an experiment on durum 
populations. 
 
Table 5. Mean values of measured variables of 10%  of  F6 lines with a high  and low  grain yield (HGY and LGY). 

 Family Criterion        N°F6 GY AGB NE SW        TKW      RWC LA CI 
 OFA/Mrb5 (Tair- CT) 52 136.0 353.6 160.0 228.3 34.9 68.3 17.1 57.1 
10% OFA/Mrb5 (Tair- CT) 55 121.6 303.9 106.0 183.8 36.0 71.5 12.4 50.8 
HY OFA/ WAHA (Tair- CT) 26 113.2 407.6 244.0 217.4 33.2 72.3 19.8 32.0 



167                                                                   Abdelmalek Oulmi et al, 2016 
Advances in Environmental Biology, 10(3) March 2016, Pages: 161-170 

 

 

  OFA/Mrb5 (Tair- CT) 48 108.3 302.2 134.0 174.4 41.6 69.2 15.1 34.5 
  OFA/MBB M.AGB 11 108.2 323.4 122.0 175.4 38.0 73.6 16.3 56.9 
 Mean Controls   93.0 237 117.0 129.0 37.0 73.6 16.2 34.7 
      L.s.d.5% 15.5 42.4 17.0 16.7 2.9 5.1 2.1 5.1 
 Families Criterion       N°F6  CT CCI Prec    PHT         EY NGM2 NGE  
 OFA/Mrb5 (Tair- CT) 52 25.6 37.1 130.0 62.5 242.1 3899.1 24.4  
10% OFA/Mrb5 (Tair- CT) 55 27.2 44.2 131.0 61.0 212.8 3382.1 31.9  
HY OFA/WAHA (Tair- CT) 26 26.0 69.4 130.0 75.0 235.5 3410.8 14.0  
  OFA/Mrb5 (Tair- CT) 48 24.6 46.5 130.0 85.0 199.0 2602.9 19.4  
  OFA/MBB M.AGB 11 26.3 40.9 131.0 100.0 205.2 2850.9 23.4  
 Mean controls   26.4 38.6 131.8 74.0 164.0 2476 22.0  
      L.s.d.5%  1.2  2.8  0.8  3.0  18.9  379.0 3.9   
 Families Criterion      N°F6   GY AGB   NE  WE        TKW     RWC   LA CI 
 OFA/Mrb5 DSI 61 47.2 165.2 76.0 84.4 37.2 70.5 20.1 56.7 
10% OFA/MBB (Tair-CT) 6 42.4 249.0 126.0 107.7 30.4 69.4 21.0 60.8 
LY OFA/MBB DSI 20 36.3 151.8 56.0 76.1 39.3 73.5 16.0 43.5 
  OFA/MBB M.AGB 3 32.8 167.8 52.0 75.1 40.0 73.8 19.5 30.9 
  OFA/WAHA (Tair-CT) 22 21.4 162.2 82.0 82.6 31.2 80.3 17.7 32.4 
 Mean controls   93.0 237 117.0 129.0 37.0 73.6 16.2 34.7 
      L.s.d .5% 15.5  42.4  17.0   16.7  2.9  5.1  2.1 5.1 
 Families Criterion       N°F6    CT   CCI Prec    PHT          EY     NGM2  NGE  
 OFA/Mrb5 DSI 61 24.3 44.6 130.0 92.5 96.8 1269.9 16.7  
10% OFA/MBB (Tair-CT) 6 27.6 39.0 131.0 82.5 117.1 1395.3 11.1  
LY OFA/MBB DSI 20 26.3 38.5 132.0 97.5 81.8 922.2 16.5  
  OFA/MBB M.AGB 3 27.9 37.3 132.0 92.5 83.1 819.2 15.8  
  OFA/WAHA (Tair-CT) 22 25.1 47.9 130.0 65.0 70.1 685.0 8.4  
 Mean controls   26.4 38.6 131.8 74.0 164.0 2476 22.0  
      L.s.d .5%  1.2  2.8  0.8  3.0  18.9  379 3.9  

HY= High Yield(g); (Tair–CT)= (Temperature air-Canopy Temperature); M.AGB= Mean of Above-Ground Biomass; DSI= Drought 
Susceptibility Index; GY= Grain yield (g); AGB= Above-ground biomass (g); NE= Number of spikes; SW= Spikes Weight (g); TKW= 
Thousand-Kernel Weight (g); RWC= Relative Water Content (%); LA= Flag Leaf Area (cm²); CI= Cell Injury; CT= Canopy Temperature 
(°C), CCI= Chlorophyll Content Index (CCI), Prec = Heading date (days to 50% flowering); PHT= Plant Height (cm); EY= Economic Yield 
(g); NGM²= Number of grains/m²x103, and NGE= Number of grains per spike; CT= Canopy Temperature (°C); L.s.d.5%= Least significant 
difference at 5% level of probability. 

Grain yield of the F6 lines was positively influenced by the number of spikes per unit area, grains per spike, 
grains per unit area, spikes weight and economic yield. The correlations between yield and these traits exceed 
the 0.630 value, which is widely significant at 1% level of probability (Table 6). These results are in accordance 
with the findings of Fellahi [22], Asli and Zanjan [42] and Mekliche et al. [43]. 
 
Table 6: Coefficients of phenotypic correlations between the measured variables in F6 populations. 

  GY AGB NE SW TKW RWC LA CI CT° CCI Prec PHT EY NGM2 NGE 
GY 1.00               
AGB 0.79 1.00              
NE 0.46 0.79 1.00    R.5% =  0.288        
WE 0.94 0.87 0.65 1.00   R.1% =  0.371        
TKW 0.29 -0.08 -0.45 0.14 1.00           
RWC -0.29 -0.38 -0.16 -0.22 -0.15 1.00          
LA 0.01 0.10 0.13 0.11 0.07 0.07 1.00         
CI 0.14 0.23 0.10 0.10 -0.12 -0.36 -0.20 1.00        
CT° -0.25 0.03 0.09 -0.22 -0.48 -0.21 -0.39 0.22 1.00       
CCI 0.09 0.21 0.39 0.17 -0.13 -0.01 0.05 -0.02 -0.04 1.00      
Prec -0.18 -0.02 -0.19 -0.22 -0.19 0.11 -0.24 0.16 0.39 -0.26 1.00     
PHT -0.20 0.05 -0.15 -0.28 0.12 -0.46 -0.16 0.26 0.28 -0.12 0.37 1.00    
EY 0.97 0.93 0.63 0.96 0.14 -0.34 0.04 0.18 -0.15 0.15 -0.12 -0.10 1.00   
NGM2 0.94 0.86 0.64 0.94 -0.03 -0.23 0.00 0.15 -0.09 0.15 -0.11 -0.25 0.96 1.00  
NGE 0.63 0.22 -0.30 0.43 0.46 -0.18 -0.16 0.06 -0.14 -0.16 0.14 -0.06 0.49 0.50 1.0 

GY= Grain yield (g); AGB= Above-Ground Biomass (g); NE= Number of spikes; SW= Spike Weight (g); TKW= Thousand Kernel Weight 
(g); RWC= Relative Water Content; LA= Leaf Area (cm²); CI= Cell Integrity; CT°= Canopy Temperature (°C); CCI= Chlorophyll Content 
Index; Prec = Heading date (Days to 50% flowering); PHT= Plant Height (cm); EY= Economic Yield (g); NGM² = Number of 
grains/m²x103, and NGE= Number of grains per spike.  

 
Indeed the gradual regression using data from all lines F6 (n= 49) belonging to the three crosses indicates 

generally that grain yield is dependent on the above-ground biomass, represented by biomass, spikes weight and 
economic yield as follow: 

YLD (g/ml) = 1.002 EcoYLD - 0,300Bio - 0,002WNE - 0.19 (R²= 0.999) (Table 6). 
The grain yield can be predicted by the weight of ears (spikes) that can, in this case, used to assess the yield 

potential of selections under lines (Figure 3). However, this character is dependent on two variables which are 
the number and size of the ears. The dimensions are related to fertility or the number of grains by ear. These 
results suggest that the grain yield is largely dependent of physiological traits such as relative water content, 
cellular injury and chlorophyll content. Thereby the selection for wheat adaptation seems to be difficult under 
the eastern high plateaus conditions. 
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Fig. 3: Relationship between grain yield (GY) and spikes weight (SW) among F6 lines derived from three 
populations: Ofanto/Mrb5, Ofanto/Waha and Ofanto/MBB. 

 
Conclusion : 

The results suggest that early selection in F2 generation based on the canopy temperature would be efficient 
to improve the tillering capacity (spikes number), grains number per unit area and the economic yield. 
Ofanto/Mrb5 population recorded the highest grain yield (89.80 g/ml). Ofanto/Waha and Ofanto/MBB cross 
combinations ranked in the second cross and the last positions, respectively with the values of 74.7 and 60.3 
g/ml. Behavior analysis of 10% of the best and poor F6 lines, belonging to these three populations, indicates 
large differences for the yield and its components. Few differences appeared for other characters measured 
between F6 populations in the best and bad directions for grain yield. The grain yield of F6 lines is positively 
influenced by the number of spikes, grains per spike, grains per unit area, spikes weight and economic yield. In 
addition, the results suggest that grain yield remains largely dependent of the physiological traits such as relative 
water content, cell injury and chlorophyll content. 
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