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Abstract 

 

In order to locate QTLs controlling agro-physiological indicators of drought tolerance and estimation of genetic parameters, disomic 

chromosome addition lines of Agropyron elongatum (donor) into the genetic background of Chinese Spring (recipient) were tested in 

the field under rainfed condition. Analysis of variance exhibited significant differences for seed per plant (SPP), seed per spike 

(SPS), seed weight (SW), earliness (ERL), grain filling period (GFP), relative water content (RWC) and leaf water potential (LWP) 

indicating the presence of genetic variability and possible chromosomal localization of QTLs monitoring agro-physiological criteria 

of drought tolerance in Agropyron. Comparison of means showed that the disomic addition lines 3E, 5E, 5E, 6E, 7E, 7E and 3E  had 

the highest grain yield (GY), SPP, SPS, SW, HI, RWC and LWP respectively, while chromosomes 3E, 4E and 2E revealed the 

lowest amount of ERL, GFP and RWL, therefore QTLs controlling agro-physiological indicators of drought tolerance in Agropyron 

are distributed on chromosomes 2E, 3E, 4E, 5E, 6E and 7E among which chromosomes 3E, 5E and 7E are outstanding. High broad 

sense heritability was observed for all characters except SPP and LWP expressing low genetic potentials, high effect of environment 

and absence of additive gene action in the inheritance of SPP and LWP. High co-heritability was observed between SPS and RWC 

(2.953), GFP and RWL (1.925), SPS and GFP (1.813) and SPS, harvest index (HI), ERL and RWC with GY exhibiting that selection 

of either of the characters would simultaneously affect the others positively.      

 

Key words: Agropyron; genetic parameters; disomic addition lines; gene location, drought stress. 

Abbreviations: CS_ Chinese Spring, DW_dried weight, EAC_efficiency of added chromosome, ECV_environmental coefficient of 

variation, ERL_earliness, FW_fresh weight, GC_ genotypic coefficient of variation, GCOV_genotypic covariation,  GG_ genetic 

gain, GY_ grain yield, HI_ harvest index, LWP_ leaf water potential, MSE_error mean square, PCO _ phenotypic covariation, PCV_ 

phenotypic coefficient of variation, RWC_relative water content, RWL_relative water loss, SI_selection index, SPP_number of seed 

per plant, SPS_ number of seed per spike, SW_seed weight, TW_turgor weight, Ve _environmental variation, Vg_genotypic 

variation, Vp_phenotypic variation. 

 

Introduction 

 

Drought is a major constraint in wheat production and the 

most important contributor to yield reduction in semiarid 

regions (Ehdaie and Waines,1993; Kristin et al., 1997; 

Andrew et al., 2000). Breeding drought-resistant cultivars is, 

therefore, a major objective in plant breeding programmes for 

rainfed agriculture in these regions (Ehdaie et al., 1991; 

Ehdaie and Waines, 1993). The evaluation of grain yield 

performance in areas exposed to frequent stress remains the 

most widely applied criterion for characterizing cultivar 

adaptation to stressful conditions. Breeding for drought 

tolerance by selecting solely for grain yield is difficult 

because the heritability of yield under drought conditions is 

low, due to small genotypic variance or to the large genotype 

– environment interaction variances (Blum, 1988; Ludlow 

and Muchow, 1990; Kőszegi et al., 1996). Therefore 

evaluation of some of the physiological traits involved in 

stress tolerance was proposed (Blum, 1988). The 

incorporation of such attributes into a potentially high-

yielding genotype may improve its adaptability and thus its 

response to environmental variability (Jaradat, 1991; Steven 

et al., 1990). Species related to wheat, including both 

distantly related and progenitor species, represent a large 

reservoir of useful variability that can be exploited in wheat 

improvement (Jiang et al., 1994; Friebe et al., 1996). They 

contain indispensable genes required for wheat improvement 

especially under an unfavourable environment. They 

generally have tolerance to biotic and abiotic stresses and 

survive under low input conditions. Most of the wide 

hybridization studies reported have been performed to 

transfer major genes for resistance to biotic stresses like 

disease (Sharma and Gill, 1984; Gale and Miller, 1987; 

Knott, 1987; Islam and Shepherd, 1991; Jiang et al., 1994). 

Not much work has been done on the transfer of quantitative 

traits such as drought, cold and salinity tolerance. This is 

mainly because of the fact that these traits are mainly 

governed by minor genes with small effects (QTLs). Because 

of the complex nature of drought tolerance, little information 

is available on the chromosomal location of the genes 

conditioning drought tolerance and related physiological 

traits affecting drought tolerance (Farshadfar, 1995). Disomic 
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alien addition lines (DAALs), in which single pairs of 

homologous chromosomes from a related species are added 

to the wheat complement, are worthwhile material to identify 

alien chromosomes carrying useful genes and form the 

starting point for the cytogenetic transfer of alien genetic 

material to wheat (Gale and Miller, 1987). Genetic materials 

such as alien additions are valuable genetic resources for both 

plant breeding and basic research (Szakács and Molnár-Láng, 

2010). Alien chromosome addition lines have been developed 

for a variety of plant species and have been used for many 

purposes such as introducing valuable traits to the recipient 

species, mapping genes and  markers on introgressed alien 

chromosomes, examining alien gene regulation, 

understanding meiotic pairing behavior and chromosome 

structure and isolating individual chromosomes and genes of 

interest (Islam and Shepherd, 1990; Ananiev et al., 1997; 

Bass et al., 2000; Muehlbauer et al., 2000; Jin et al., 2004; 

Szakács and Molnár-Láng, 2010). By growing the disomic 

addition lines under stress and non-stress growing conditions 

it is possible to find genes useful for making wheat adaptable 

to unpredictable conditions (Reddy et al., 2004; Zhao et al., 

2008). As grain yield and various morphological and 

physiological characters contributing to grain yield under 

drought are greatly influenced by various environmental 

conditions, therefore it is necessary to separate the total 

variation into heritable and non-heritable components with 

the help of genetic parameters such as: genotypic and 

phenotypic coefficients of variation, heritability, 

coheritability and genetic gain (Ali et al., 2009; Kahrizi et al., 

2010). The present investigation was carried out (i) to locate 

QTLs controlling agro-physiological predictors of drought 

tolerance (ii) to estimate genetic parameters and genetic 

diversity of the characters studied and (iii) to study 

association between the traits and yield under raifed 

conditions.  

  

Results and discussion 

 

Descriptive statistics and variability  

 

Analysis of variance exhibited significant differences for 

SPP, SPS, SW, ERL, GFP, RWC and LWP (Table 1) 

indicating the presence of genetic variability and possible 

chromosomal localization of QTLs monitoring agro-

physiological criteria of drought tolerance in Agropyron. No 

significant difference was found between the addition lines 

for GY, HI and RWC, but as F-test in the analysis of variance 

can only detect large differences between the genotypes, 

therefore non-significancy in the table of analysis of variance 

does not mean no significant difference between addition 

lines for the characters GY, HI and RWC, that is why mean 

comparisons classified these traits in different groups 

(Bassiri, 1990). Several researchers reported phenotypic 

divergence and extensive variation for RWC in wheat (del 

Moral et al., 2003; Kashif and Khaliq, 2004), in barley 

(Martin et al.,1989) and in wild relatives of wheat (Farooq et 

al., 2002).  Comparison of means (Table 2) showed that the 

disomic addition lines 3E, 5E, 5E, 6E, 7E, 7E and 3E  had the 

highest GY, SPP, SPS, SW, HI, RWC and LWP respectively, 

while chromosomes 3E, 4E and 2E revealed the lowest 

amount of ERL, GFP and RWL, therefore QTLs controlling 

agro-physiological indicators of drought tolerance in 

Agropyron are distributed on chromosomes 2E, 3E, 4E, 5E, 

6E and 7E among which chromosomes 3E, 5E and 7E are 

outstanding. Farshadfar et al. (2002) showed that most of the 

QTLs controlling drought tolerance criteria in Agropyron are 

located on chromosomes 3E, 5E and 7E, which collectively 

constitute 84.3% of the additive genetic variance. Farshadfar 

(2011) also reported that QTLs monitoring genotype × 

environment interactions in Agropyron are located located on 

chromosome 7E. The importance of chromosomes 3E 

(Dvorak, 1993) and 5E (Mahmood and Quarrie, 1993) were 

also investigated for salt tolerance. 

 

Efficiency of added chromosomes (EAC) 
 

Efficiency of added chromosomes ( Table 3) showed that 

maximum EAC for the characters GY, SW, HI, ERL, GFP, 

RWC, RWL and LWP belonged to chromosomes 3E, 6E, 7E, 

4E, 3E, 7E, (1E and 7E) and 3E. The efficiency of added 

chromosomes in wheat-barley disomic addition lines under 

drought condition was attributed to  chromosomes 4H and 5H 

(Vaisi and Farshadfar, 2011) and in wheat-rye disomic 

addition lines was related to chromosomes 3R and 7R 

(Farshadfar et al., 2003) with positive effect and 

enhancement of drought tolerance  

 

Genetic variability 

 

Genetic parameters are presented in Table 4. PCV and GCV 

were low for Earliness, GFP and RWC. On the other hand, 

GG had the highest amount for SPS. High broad sense 

heritability estimate was observed for all characters except 

SPP and LWP indicating low genetic potentials, high effect 

of environment and absence of additive gene action in the 

inheritance of SPP and LWP. High broad sense heritability 

(h2
bs>0.5) (Stanfield, 2005) in the genetic of other criteria is a 

suitable basis for reliable selection of the characters 

investigated (Kandasamy et al., 1989; Thiyagarajan, 1990). 

Heritability estimates along with genetic gain are very useful 

in predicting expected gain under selection instead of  

heritability alone. High heritability estimates with high GG in 

SPS, SW, RWC, Earl and GFP indicates that due to additive 

gene effects direct selection may be effective in the 

inheritance of these traits (Manju and Sreelathakumary, 2002; 

Soomro et al., 2010).  HI and RWL showed very low level of 

GG exhibiting high influence of environmental conditions for 

their expression under irrigated condition. Comstock and 

Moll (1963) reported that more diverse the environmental 

population the smaller the estimates of genetic variance 

which supports the present results of low estimates of GG for 

HI and RWL. Low heritability estimates also explained the 

presence of non-allelic interaction in the inheritance of SPP 

and LWP. Considering the broadsense heritability estimates, 

all the traits except SPP and LWP were ranked as high 

heritable suggesting that the parents used to develop addition 

lines in early generations were desirable. The high 

heritability estimates also revealed that the additive and 

additive × additive effects were more effective than 

dominance and dominance × dominance effects in the genetic 

of all characters except SPP and LWP. High heritable 

characters were least affected by environmental fluctuations, 

hence simple selection method would be effective for 

improvement of these traits under water shortage condition. 

GY, HI and RWL showed high heritability estimates with 

low GG, while LWP exhibited low heritability but higher 

GG. Higher broad-sense heritability estimates do not 

necessarily provide high values of genetic gain, therefore 

heritability alone provides no indication of genetic progress 

for the trait under selection (Ansari et al., 2002; Hussain et 

al., 1999; Larik et al., 1997). High heritability associated with 

low GG for GY, HI and RWL was probably due to non-

additive gene action (dominance and epistasis) (Sharma and 

Tyagi, 1990, 1991) and the presence of genotype × environment 
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Table 1. Analysis of variance for agro- physiological characteristics of disomic addition lines.  

  

Mean Squares 

SOV df GY SPP SPS SW HI ERL GFP RWC RWL LWP 

 Rep. 2 0.887 8.375 43.565 8.417 0.002 10.500 10.500 1.396 0.002 9.042** 

 Gen. 7 1.948ns 9.714** 355.790** 102.082** 0.011ns 22.613** 29.899** 58.607** 0.016 ns 51.137** 

 Error 14 0.200 2.946 38.825 10.356 0.001 2.310 2.310 4.633 0.001 17.280 

 CV% 

 

22.63 22.89 22.93 20.66 23.36 2.65 2.50 3.05 20.10 13.95 

  **Significant at 1% level of probability, *Significant at 5% level of probability,  

(GY: grain yield;  SPP: spike per plot;  SPS: seed per spike;  SW: 1000 seed weight;  HI: harvest index;  ERL: earliness   

GFP: grain filling period;  RWC: relative water content ;  RWL: relative water leaf;  LWP: leaf water potential 

 

      Table 2. Mean comparisons of agro-physiological characteristics of dsomic addition lines.  

Gen GY SPP SPS SW HI ERL GFP RWC RWL LWP 

1 1.67bc 5.67b 23.63c 13.17bc 0.14cd 58.00bc 60.00bc 69.23cd 0.19bc 34.67a 

2 2.02abc 5.67b 24.73c 15.07bc 0.15bcd 58.00bc 60.00bc 66.93cd 0.12d 32.00ab 

3 2.84a 9.00a 29.77bc 16.04b 0.20ab 53.00d 66.00a 65.57d 0.17cd 35.00a 

4 1.26cd 9.00a 26.50c 9.53c 0.10de 61.00a 57.00d 69.80c 0.16cd 29.00abc 

5 2.19ab 9.33a 38.43ab 9.60c 0.15bcd 56.67c 61.33b 69.05cd 0.24b 26.33bc 

6 0.50d 5.67b 5.72d 25.17a 0.05e 60.00ab 58.00cd 70.90bc 0.15cd 31.00abc 

7 2.73a 6.33ab 26.67c 23.30a 0.25a 54.00d 65.00a 79.53a 0.34a 23.33c 

8 2.60a 9.33a 41.92a 12.73bc 0.18bc 58.33abc 59.67bcd 74.23b 0.15cd 27.00abc 

LSD 5% 0.783 3.006 10.91 5.636 0.055 2.662 2.662 3.769 0.055 7.280 

Min 0.50 5.67 5.72 9.53 0.05 53.00 57.00 65.57 0.12 23.33 

Max 2.84 9.33 41.92 25.17 0.25 61.00 66.00 79.53 0.34 35.00 

           
 GY: grain yield; SPP: spike per plant; SPS: seed per spike; SW: seed weight; HI: harvest index; ERL: earliness; GFP: grain filling period; RWC: relative water content;  

RWL: relative water loss; LWP: leaf water potential. 

 

Table 3. Efficiency of added chromosomes for the characters investigated. 

EACLWP EACRWL EACRWC EACGFP EACERL EACHI EACSW EACSPS EACSPP EACgy Genotypes 

0.2212 0.2666 -0.0673 0.0055 -0.0056 -0.2222 0.0345 -0.4363 -0.3922 -0.3576 1E 

0.1851 -0.2 -0.0983 0.0055 -0.0056 -0.1666 0.1838 -0.4100 -0.3922 -0.2230 2E 

0.2962 0.1333 -0.1166 0.1060 -0.0913 0.1111 0.2600 -0.2898 -0.0353 0.0923 3E 

0.0740 0.0666 -0.0596 -0.0447 0.0457 -0.4444 -0.2513 -0.3678 -0.0353 -0.5153 4E 

-0.0248 0.6 -0.0697 0.0278 -0.0284 -0.1666 -0.2458 -0.0832 0 -0.1576 5E 

0.1481 0 -0.0448 -0.0279 0.0286 -0.7222 0.9772 -0.8635 -0.3922 -0.8076 6E 

-0.1359 0.2666 0.0713 0.0893 -0.0742 0.3888 0.8303 -0.3637 -0.3215 0.05 7E 
GY: grain yield; SPP: spike per plant; SPS: seed per spike; SW: seed weight; HI: harvest index; ERL: earliness; GFP: grain filling period; RWC: relative water content; 

RWL: relative water loss; LWP: leaf water potential. 

 

interaction. In such cases simple selection may not be 

rewarding (Kumar et al., 2002) and breeders can select 

desirable transgressive segregants. A successful breeding 

method will be the one exploiting the non- additive gene 

effects. The methods which mop-up the non-additive effects 

are restricted recurrent selection by the way of intermating 

the most desirable segregants followed by selection (Joshi, 

1979) and a diallel selective mating (Jensen, 1978). The 

knowledge of the genotypic and phenotypic variances for 

each parameter is necessary to construct a definite selection 

index (Sprague, 1966). Considering the value of SI (Table 4) 

maximum SI was attributed to SPS and SW and minimum to 

RWL and HI, respectively.  

 

P and G - matrices 

 

The most common way to represent the pattern and 

magnitude of the genetic basis of a series of traits is the 

genetic variance – covariance matrix, also known as the G-

matrix. G-matrix is extremely useful for predicting the 

response to selection and improvement of the efficiency of 

selection over a short period. As G-matrix includes genetic 

covariance as well, it can also help to predict the indirect 

response to selection of one character from selection on 

another trait. If the genetic covariance between two traits is 

different from zero, selection on one trait will affect response 

to selection on the other (Guillaume and Whitlock, 2007; 

Kearsey and Pooni, 2004). Genetic covariances between 

traits can occure because of linkage/linkage disequilibrium 

and pleiotropy (Kearsey and Pooni, 2004).  According to the 

results (Table 5), the highest genetic covariance observed 

between SPS and SW, ERL, GFP, LWP and between SW and 

RWC and between RWC and LWP, respectively. Also these 

results showed that (Table 5), the highest phenotypic 

covariance observed between SPS, SPP and GY; between 

SW, SPP and SPS and between LWP, SPS and RWC 

respectively. High values of genetic and/or phenotypic 

covariance between two traits may represent a high level of 

variation (genetic, phenotypic or both) between two traits. 

Also the results suggested that selection for low quantity of  

ERL, SW and LWP and high value of SPS and GFP will 

increase GY indirectly (correlated response). Much of the 

covariation in small populations is due to correlated gene 

frequencies and loose linkages which are transient. They can 

normally be removed by random mating and keeping the 

population siza large. Tight linkages and certain types of 

pleiotropy, on the other hand are difficult to manipulate 

(Kearsey and Pooni, 2004).   

 

Co - heritability 

 

Coheritability deals with simultaneous inheritance of two 

characters. It takes both genotypic as well as phenotypic 

covariances into account and helps in understanding changes 

taking place in pairs of polygenic characters. The high values 

of coheritability estimate suggest that increase in one  
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Table 4. Estimates of genetic parameters for the investigated traits. 

Traits Mean σ2
G σ2

p covp(GY,i) covG(GY,i) h2
bs c-h2

bs PCV GCV GG SI 

GY 1.98 0.583 0.783 ----- ----- 0.74 ----- 44.79 38.65 1.36 1.60 

SPP 7.50 2.2565 5.202 0.665 0.537 0.43 0.807 30.41 20.03 2.04 10.70 

SPS 27.17 105.653 144.478 7.253 6.344 0.73 0.875 44.19 37.79 18.11 297.6 

SW 15.58 30.574 40.931 -0.566 -0.981 0.75 1.733 41.01 35.45 9.84 84.30 

HI 0.15 0.0033 0.0046 0.050 0.044 0.77 0.877 43.89 38.49 0.10 0.0094 

Earli 57.38 6.768 9.077 -1.664 -1.857 0.75 1.116 5.25 4.53 4.63 18.70 

GFP 60.88 9.196 11.506 1.896 2.090 0.80 1.103 5.75 4.98 5.58 23.70 

RWC 70.66 17.979 22.624 0.875 0.569 0.80 0.651 6.73 6.00 7.79 46.60 

RWL 0.19 0.0047 .0061 0.021 0.023 0.83 1.093 40.77 37.22 0.13 0.013 

LWP 29.79 11.282 28.565 -0.800 -0.758 0.39 0.978 17.84 11.11 4.27 58.80 
σ2

G: genotypic variance; σ
2
p: phenotypic variance ;  covp(GY,i): phenotypic covariance; covG(GY,i): genotypic covariance; h

2
bs: broadsense heritability; h

2
bs: broadsense co- 

heritability ; PCV: phenotypic coefficient of variation; GCV: genotypic coefficient of variation; GG: genetic gain; SI: selection index. 

 

Table 5. Phenotypic (Lower off-diagonal matrix) and Genotypic (Upper off-diagonal matrix) covariance matrix. 

 
GY SPP SPS SW HI ERL GFP RWC RWL LWP 

GY 

 

0.537 6.344 -0.981 0.044 -1.857 2.090 0.570 0.023 -0.758 

SPP 0.665 

 

11.880 -5.269 0.033 -0.470 0.518 -0.353 -0.002 -3.343 

SPS 7.253 19.710 

 

-40.567 0.398 -10.026 10.319 4.439 0.158 -18.066 

SW -0.566 -9.078 -49.047 

 

-0.017 -3.997 5.159 9.774 0.103 0.991 

HI 0.050 -0.008 0.343 0.089 

 

-0.149 0.170 0.094 0.003 -0.051 

Earli -1.664 -0.702 -8.227 -2.780 -0.131 

 

-7.875 -1.044 -0.106 0.627 

GFP 1.896 0.750 8.521 3.967 0.152 -10.185 

 

1.575 0.125 -0.813 

RWC 0.875 -2.153 2.449 14.053 0.142 -1.697 2.238 

 

0.207 -12.320 

RWL 0.021 -0.017 0.054 0.147 0.003 -0.114 0.133 0.234 

 

-0.178 

LWP -0.800 1.327 -11.598 -8.569 -0.156 0.244 -0.423 -19.29 -0.217 

 GY: grain yield; SPP: spike per plant; SPS: seed per spike; SW: seed weight; HI: harvest index; ERL: earliness; GFP: grain filling period; RWC: relative water 

content; RWL: relative water loss; LWP: leaf water potential. 

 

polygenic trait will lead to simultaneous increase in another 

coheritable character. Thus coheritability may form a more 

meaningful index for achieving the breeding objectives 

(Singh and Narayanan, 1993). The lower diagonal of table 6 

has the co-heritability values for pairs of characters. The 

range of co-heritability was from -4.125 (between SPP and 

1000SW) to 2.953 (between SPS and RWC). The negative 

co-heritability between SPS and GY declared that selection 

based on lower value of SPS will increase grain yield 

indirectly. High co-heritability was observed between SPS 

and RWC (2.953), GFP and RWL (1.925), SPS and GFP 

(1.813) and SPS, HI, ERL and RWC with GY indicating that 

selection of either of the characters would simultaneously 

affect the others positively. Romena and Najaphy (2012) 

suggested that improving grain yield is related to the balance 

of SC and RWC in wheat under rain-fed condition. Many 

researchers reported that low Co2 uptake is consequence of 

decreasing in relative water content of leaves and stomatal 

conductance (Chaves et al., 2002; Cornic and Massacci, 

1996; Fischer, 2007; Krause and Weis, 1991; Lawlor, 1995; 

Lawlor and Cornic, 2002). 

 

Materials and methods 

 

Plant genetic materials  

 

To locate QTLs controlling agro-physiological predictors of 

drought tolerance and estimation of genetic parameters in 

Agropyron, a set of 8 disomic chromosome addition lines (1E 

to 7E) of Agropyron elongatum (2n=2x=14) (Donor) into the 

genetic background of Chinese Spring (CS) wheat 

(2n=6x=42) (Recipient) were tested in the field (Table 7). 

The genetic materials were evaluated under rainfed condition 

for one year at Research field of Campus of Agriculture and 

Natural Resources of Razi University, Kermanshah, Iran, 

during 2009-2010 growing season. The experimental design 

was a completely randomized block design with three 

replications. The plots consisted of 2m and at 15×25 cm 

inter-plant and inter-row distances, respectively. Each plot 

consisted of 100 seeds (each row 50 seeds). At the time of 

harvesting 5 single plants were selected randomly and grain 

yield was determined. The following agro-physiological 

characters were also measured: 

 

Agronomic characters 

 

Grain yield per unit area (GY), biomass (total above-ground 

dry matter), harvest index (HI=GY/biomass), yield 

components (number of seed per spike = SPS, number of 

spike per plant = SPP and 1000- seed weight = SW), days 

from sowing to heading (earliness = ERL) and grain filling 

period (GFP = maturity date – heading date) for each 

treatment at each replicate were measured. 

 

Water relations 

 

Relative water content (RWC) 

 

Five flag leaves (0.5 g) were taken and weighed for fresh 

weight (FW). Then, segments were placed in distilled water 

for 24 h and reweighed to obtain turgor weight (TW). 

Thereafter the leaf 

segments were oven dried for 48 h in 72°C and weighed 

(dried weight, DW). RWC was calculated using the following 

formula (Eric et al., 2005): 

 

       [
     

     
]      

 

Relative water loss (RWL) 

 

A sample of five flag leaves were taken from each genotype 

and fresh weight was measured (FW). The leaves were then 

wilted at 35°C for 5 h and reweighed (W5H). Then the 

samples were oven dried for 70°C and weighed again (DW).  
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                   Table 6. Co-heritability estimates between  traits. 

 

GY SPP SPS SW HI ERL GFP RWC RWL 

GY 0.807 

        SPP 0.875 0.603 

       SPS 1.733 0.580 0.827 

      SW 0.877 -4.125 1.158 -0.191 

     HI 1.116 0.669 1.219 1.429 1.143 

    ERL 1.103 0.690 1.211 1.301 1.121 0.773 

   GFP 0.651 0.164 1.813 0.695 0.662 0.615 0.704 

  RWC 1.093 0.118 2.953 0.701 0.881 0.934 0.943 0.885 

 RWL 0.948 -2.518 1.558 -0.116 0.326 2.570 1.925 0.639 0.822 

           

  Table 7. Disomic addition lines and Chinese Spring (CS). 

 

Codes Genome 

 

Chromosomes 

1 1E 44 

2 2E 44 

3 3E 44 

4 4E 44 

5 5E 44 

6 6E 44 

7 7E 44 

8 CS 42 

 

RWL was calculated by the following formula (Farshadfar et 

al., 2000): 

    
      

     
     

 

Leaf water potential (LWP) 

 

LWP was measured on flag leaves of each replication using a 

pressure chamber (Model PMS Instrument Co.). 

 

 Biometrical genetic analysis 

 

The recorded data were subjected to analysis of variance 

using SAS V9.1 software to ascertain existence of variability 

among the genotypes. 

The phenotypic and genotypic coefficient of variation (PCV 

and GCV), broad sense heritability (h2
bs), genetic gain and 

co-heritability were estimated according to (Farshadfar, 

2010)  from the components of variance and covariance as 

follows: 

VE = MSe 

VG = (MSg – MSe)/r

 

VP = VG + VE 

       √  
  ̅⁄  

       √  
  ̅⁄  

       √  
  ̅⁄  

  
     

   
 ⁄  

        
 √  

       ̅⁄  

E (MSPV) = σ e1e2 + r σg1g2 

E (MSPe) = σ e1e2 

σg1g2 = (MSPv – MSPe) /r 

σp1p2 = σg1g2 + σe1e2 

Coheritability = (Gcov X1X2/PcovX1X2) × 100 

SI= K × (Vp)0.5 

Where, Ve = environmental variation, MSE = error mean 

square, Vg = genotypic variation, r = number of replication, 

Vp = phenotypic variation  ̅  is the mean, σ2
g is genetic 

variance, σ2
p is phenotypic variance, PCV = phenotypic 

coefficient of variation, GCV = genotypic coefficient of 

variation, ECV = environmental coefficient of variation, h2
bs 

= broadsense heritability, GG = genetec gain,  the standard 

selection differential (i) for 5% selection intensity was 2.06, 

σ2
g(1,2) =  genetic covariance of characters 1 and 2,  σ2

p(1,2) is 

phenotypic covariance for characters 1 and 2, σe1e2= 

environment covariance of character 1 and 2, SI = value of 

selection index for each character and K = 2.06 at 5% 

selection intensity (Kang et al., 1983).  

 

Efficiency of the added chromosome (EAC) 

 

The EAC for each line was calculated (Farshadfar et al., 

2003) as:  

EAC = [(Character of addition line – Character of 

CS)/Character of CS]×10 

 

Conclusion 

 

High genetic variability was found between Wheat-

Agropyron disomic addition lines. Most of the QTLs 

controlling agro-physiological indicators of drought tolerance 

are located on chromosomes 3E, 5E and 7E, hence they can 

be used for improvement of drought tolerance in wheat 

through chromosome engineering. The maximum efficiency 

of added chromosomes for improvement of the characters 

GY, SW, HI, ERL, GFP, RWC, RWL and LWP belonged to 

chromosomes 3E, 6E, 7E, 4E, 3E, 7E, (1E and 7E) and 3E. 

High co-heritability estimate indicated that selection of SPS, 

HI, ERL and RWC will simultaneously increase grain yield 

under rainfed condition. Maximum SI was attributed to SPS 

and SW and minimum to RWL and HI, respectively. High 

heritability associated with low GG for GY, HI and RWL 

was due to non-additive gene action (dominance and 

epistasis) effects  and presence of G×E interaction. Simple 

selection may not be rewarding and in such cases breeders 

can go for selecting desirable transgressive segregants.The 

methods which mop-up the non-additive effects are restricted 

recurrent selection by the way of intermating the most 

desirable segregants followed the selection and diallel 

selective mating. 

 

 



138 
 

References 

 

Ananiev EV, Riera-Lizarazu O, Rines HW, PhillIps RL 

(1997) Chromosome-specific molecular organization of 

maize (Zea mays L.) centromeric regions. Proc Natl Acad 

Sci. USA. 94: 3524-3529 

Andrew KB, Hammer GL, Henzell RG (2000) Does 

maintaining green leaf area in sorghum improve yield 

under drought? II. Dry matter production and yield. Crop 

Sci 40: 1037–1048 

Bassiri A (1990) Statistical design in agricultural sciences. 

Shiraz University press. (2nd edt.) pp:87-106 (in Farsi). 

Bass HW, Riera-Lizarazu O, Ananiev EV, Bordoli SJ, Rines 

HW, Phillips RL, Sedat JW, Agard DA, Cande WZ (2000) 

Evidence the coincident initiation of homolog pairing and 

synapsis during telomere-clustering (bouquet) stage of 

meiotic prophase. J Cell Sci 113: 1033-1042 

Kristin AS, Brothers ME, Kelly ID (1997) Marker-assisted 

selection to improve drought resistance in common bean. 

Crop Sci 37: 51–60 

Ehdaie B, Hall AE, Farquhar GD, Nguyen HT, Waines JG 

(1991) Water use efficiency and carbon isotope 

discrimination in wheat. Crop Sci 31: 1282–1288 

Ehdaie B, Waines JG (1993) Variation in water-use 

efficiency and its components in wheat. I. Well-watered pot 

experiment. Crop Sci 33: 294–299 

Eskridge KM, Shah MM, Baenziger PS, Travnicek DA 

(2000) Correcting for classification errors when estimating 

the number of genes using recombinant inbred 

chromosome lines. Crop Sci 40: 398–403 

Jin W, Melo JR, Nagaki K, Talbert PB, Henikoff S, Dawe 

RK, Jiang J (2004) Maize centromeres: Organization and 

functional adaptation in the genetic background of oat. 

Plant Cell 16: 571-581 

Muehlbauer GJ, Riera-Lizarazu O, Kynast RG, Martin D, 

Phillips RL, Rines HW (2000) A maize-chromosome 3 

addition line of oat exhibits expression of the maize 

homeobox gene liguleless3 and alterations of cell fate. 

Genome 43: 1055-1064 

Farooq S, Azam F (2002) The Co-existence of salt and 

drought tolerance in Triticaceae, Hereditas 135: 205-210 

Ali MA, Awan SI (2009) Inheritance pattern of seed and lint 

traits in cotton (Gossypium hirsutum). Int J Agric Biol 

11(1): 44-48 

Ansari BA, Khushik AM, Ansari KA (2002) Heritability and 

genetic advance of yield traits in the hybrids of spring 

wheat. Pak J Agri Agril Engg Vet Sci 18(1-2): 5-9 

Blum, A. (1988): Drought resistance. pp. 43–69. In: Blum, A. 

(ed.), Plant Breeding for Stress Environments. CRC, 

Florida. 

Chaves MM, Pereira JS, Maroco J, Rodrigues ML, Ricardo 

CPP, Osorio ML, Pinheiro C (2002) How plants cope with 

water stress in the field? Photosynthesis and growth. Ann 

Bot 89(7): 907-916 

Comstock Re, Moll RH (1963) Genotype-environment 

interactions. In: Genetic and Plant Breeding. National 

Acad. Sci. Washington D.C. p. 164-196 

Cornic G, Massacci A (1996) Leaf photosynthesis under 

drought stress. In: Baker, N.R. (Ed.), Advances in 

Photosynthesis: Photosynthesis and the Environment, vol. 

5. Kluwer Academic Publishers, Dordrecht. 347–366 

Dvorak J (1993) Enhancement of salt tolerance of wheat by 

alien germplasm. Abstract. VIII. In: Wheat Genet. Sympos. 

20–25 July. China. p. 19. 

del Moral LF, Rharrabti Y, Villegas D, Royo C (2003) 

Evaluation of grain yield and its components in durum 

wheat under Mediterranean conditions. Agron J  95(2): 

266-274 

Eric SO, Bloa ML, Clark CJA, Royal A, Jaggard KW, 

Pidgeon JD (2005) Evaluation of physiological traits as 

indirect selection for drought tolerance in sugar beet. Field 

Crops Res 91: 231-249 

Farshadfar E (1995) Genetic control of drought tolerance in 

wheat. Ph.D. Thesis. Hungarian Academy of Sciences, 

Budapest. 

Farshadfar E, Farshadfar M, Sutka J (2000) Combining 

ability analysis of drought tolerance in wheat over different 

water regimes. Acta Agron Hung 48(4): 353-361 

Farshadfar E, Mohammadi R, Sutka J (2002) Association 

between field and laboratory predictors of drought 

tolerance in wheat disomic addition lines. Acta Agron 

Hung 50(3): 377-381 

Farshadfar E, Mohammadi R, Aghaee M, Sutka J (2003) 

Identification of QTLs involved in physiological and 

agronomic indicators of drought tolerance in rye using a 

multiple selection index. Acta Agron Hung 51(4): 419-428 

Farshadfar E (2010) New discussions in biometrical genetics 

vol 1. Islamic Azad University of Kermanshah press (in 

Farsi). 

Farshadfar E (2011) Chromosomal localization of the genes 

controlling adaptation in agropyron elongatum using a new 

AMMI based simultaneous selection index of yield and 

yield stability. Int J Plant Breed 5(2): 80-83 

Fischer RA (2007) Understanding the physiological basis of 

yield potential in wheat. J Agri Sci 145(2): 99-113 

Friebe B, Hammer ED, Gill BS (1996) Standard karyo types 

of Aegilops uniaristata, Ae.mutica, Ae. comosa ssp. comosa 

and heldrechii. Pl Sys Evol 202: 199–210. 

Gale MD, Miller TE (1987) The introduction of alien genetic 

variation into wheat. pp. 173-210. In: Lupton, F. G. H. 

(ed.), Wheat Breeding, Its Scientific Basis. Chapman and 

Hall, UK. 

Guillaume F, Whitlock  MC (2007) Effects of migration on 

the genetic covariance matrix. Evolution 61(10): 2398-

2409 

Hussain B, Amin MA, Khan MA (1999) Quantitative 

inheritance in cotton. J Agric Res 37 (2-3): 109-116 

Jaradat AA (1991) Phenotypic divergence for morphological 

and yield-related traits among landrace genotypes of durum 

wheat from Jordan. Euphytica 52(3): 155-164 

Jensen NF (1978) Composite breeding methods and diallel 

selective mating system in cereals. Crop Sci. 9: 622- 626 

Jiang J, Friebe B, Gill BS (1994) Recent advances in alien 

gene transfer in wheat. Euphytica 73: 199 –212 

Islam AK, Shepherd KW (1991) Alien genetic variation in 

wheat improvement. pp. 291–312. In: Gupta PK, Tsachiya, 

(eds.), Chromosome Engineering in Plants, Part A. 

Elsevier. Amsterdam. 

Joshi AB (1979) Breeding methodology for autogamous 

crops. Ind J Genet 39: 567-578 

Kahrizi D, Maniee M, Mohammadi R, Cheghamirza K 

(2010) Estimation of genetic parameters related to morpho-

agronomic traits of Durum Wheat (Triticum turgidum var. 

durum). Biharean Biol 4(2):  93-97 

Kandasamy G, Kadambavansundram M, Rajasekaran S 

(1989) Variability in cowpea (Vigna unguiculata) under 

different environmental conditions. Madras Agric J 76: 

197-199 

Kang MS, Mille JD, Tai PYP (1983) Genetic and phenotypic 

path analysis and heritability in sugarcane. Crop Sci 23: 

643-647 



139 
 

Kashif M, Khaliq I (2004) Heritability correlation and path 

coefficient analysis for some metric traits in wheat. Int J 

Agric Biol 6(1): 138-142 

Kearsey MJ, Pooni HS (2004) The genetical analysis of 

quantitative traits. Chapman and Hall London, UK 

Knott DR (1987) Transferring alien genes to wheat. pp. 462–

471. In: Heyne, E. G. (ed.), Wheat and Wheat Improvement 

(2nd ed.). 

Kőszegi B, Farshadfar E, Vágújfalvi A, Sutka J (1996) 

Drought tolerance studies on wheat/rye disomic 

chromosome addition lines. Acta Agron Hung 44: 121–126 

Krause GH, Weis E (1991) Chlorophyll fluorescence and 

photosynthesis: the basics. Ann Rev of Plant Biol 42(1): 

313-349 

Kumar R, Singh M, Singh SD (2002) Genetic variability and 

heritability  studies in Cuphae pocumbans. Ind J Plant 

Genet Resou 15(1): 40-45 

Larik AS, Ansari SR, Kumbhar MB (1997) Heritability 

analysis of yield and quality components in Gossypium 

hirsutum L. Pak J Bot 29(1): 97-101 

Lawlor DW (1995) The effects of water deficit on 

photosynthesis. Environ Plant Metabolism. 129-160 

Lawlor DW, Cornic G (2002) Photosynthetic carbon 

assimilation and associated metabolism in relation to water 

deficits in higher plants. Plant Cell Environ 25(2): 275-294 

Ludlow M M, Muchow RC (1990) A critical evaluation of 

traits for improving crop yields in water-limited 

environments. Adv. Agron 43: 107–153 

Mahmood A, Quarrie SA (1993) Effects of salinity on 

growth, ionic relations and physiological traits of wheat 

disomic addition lines from Thinopyrum bessarabicum and 

two amphiploids. Plant Breed 110: 265–279 

Martin MA, Brown JH, Ferguson H (1989) Leaf water 

potential, relative water content and diffusive resistance as 

screening techniques for drought resistance in barley. 

Agron J 81: 100-105 

Manju RR, Sreelathakumary I (2002) Genetic variability, 

heritability and genetic advances in hot chilli (Capsicum 

chinense JACQ). J Trop Agri 40: 40-46 

Reddy AR, Chaitanya KV, Vivekananda M (2004) Drought 

induced responses of photosynthesis and antioxidant 

metabolism in higher plants. Plant Physiol 161: 1189-1202 

Romena MH, Najaphy A (2012) Physiological characteristics 

and grain yield of wheat under irrigated and rain-fed 

conditions. Ann Biol Res 3(7): 3178-3182 

Sharma, H. C., Gill, B. C. (1984): Current status of wide 

hybridization in wheat. Euphytica 32: 17– 31 

Singh P, Narayanan SS (1993) Biometrical techniques in 

plant breeding. 1st ed. Kalayani Publishers, New Delhi, 

Indi 

Sharma S, Tyagi B (1990) Heritability and coheritable 

variation in Japanese mint. J Genet Breed 44: 81-84 

Soomro ZA, Kumbhar MB, Larik AS, Imran M, Brohi SA 

(2010) Heritability and selection response in segregating 

generations of upland cotton. Pak J Agric Res 23(1-2): 25-

30 

Sprague GE (1966) Quantitative genetics in plant 

improvement. In: Kenneth J. Fray crosses of con. J Am Soc 

Agon 34: 923-952 

 Stansfield WD (2005) Genetics, Theory and Problems. 3rd 

ed. McGraw-Hill, New York, USA 

Steven WR, Henry T, Scott AH (1990) Leaf water content 

and gas-exchange parameters of two wheat genotypes 

differing in drought resistance. Crop Sci 30: 105–111 

Szakacs E, Molnar-Lang M (2010) Molecular cytogenetic 

evaluation of chromosome instability in Triticum aestivum 

– Secale cereale disomic addition lines. J Appl Genet 

51(2): 49-152 

Thiyagarajan K (1990) Genetic variability in cowpea. Agric 

Sci Digest 10: 8-10 

Vaisi Z, Farshadfar E (2011) Correlation between field and 

laboratory indicators of drought tolerance in wheat-barley 

disomic addition lines. Ann of Biol Res 2 (6): 546-553 

Wollenweber B, Porter JR, Lübberstedt T (2005) Need for 

multidisciplinary research towards a second green 

revolution. Current Opinion in Plant Bio 8(3): 337-341 

Zhao CX, Guo LY, Jaleel CA, Shao HB, Yang HB (2008) 

Prospects for dissecting plant-adaptive molecular 

mechanisms to improve wheat cultivars in drought 

environments. Comptes Rendus Bio 331: 579-586 

 

 


