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Performance of nine lines with two local bred wheat genotypes check, were evaluated during 2016-17 at 
two locations, Siwa Oasis and Ashmon in Menofeya, Governorate. The eleven bread wheat genotypes 
were examined for their grain yield under salinity stress (YS) and non-stress (Yb). Owing to the 
differences in the salinity levels at the two locations. In both areas, grain yield was documented at 
maturity. According to grain yield data, stress susceptibility index (SSI), stress tolerance index (STI), 
tolerance index (TOL), harmonic mean (HM), modified stress tolerance index (k1STI & k2STI), mean 
productivity (MP), geometric mean productivity (GMP), yield stability index (YSI) and stress susceptibility 
percentage index (SSPI) were calculated. The highest STI, TOL, HM, MSTIk1, MSTIk2, MP, GMP and 
SSPI values were calculated from genotype L2 followed by L4 and L6, proving that those genotypes had 
the highest salt sensitivity and grain yield  reduction under salt stress condition(YS), on the other hand, 
the lowest ones were found in L3, G171and L9. The association analysis of the 24 SSR marker data for 
YS, Yb, and the ten previous indices showed high determination coefficients (R2) between molecular 
markers and all of the indices. The molecular markers wmc504, wmc11, xgwm350 and xgwm205 were 
the best SSR markers for explaining the indices variability in wheat genotypes. 
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INTRODUCTION 

Bread wheat (Triticum aestivum L.) is the 
ultimate significant grain crop in the universe and 
covers the earth's surface more than any other 
food crop. Wheat is the main staple food in Egypt, 
and it inhabits a great level in the cropping 
configuration of the country. Therefore, a large 
deal of research work is conducted in the field of 
wheat breeding through genetic variability. 
However, any increase in population and climatic 
changes in the country necessitate further 
breakthroughs in wheat breeding. Reaching a 
development in the heritable traits and estimating 
genetic parameters is of paramount significance in 

any breeding program. Increasing wheat 
production to decrease the gap between 
production and consumption is the main issue of 
wheat breeders. Despite many efforts of wheat 
breeders, yield losses due to abiotic stresses 
(water stress, salinity or high temperature) and 
biotic stresses (diseases, insects, etc.) are still 
considered the main constraints to obtain a high 
grain yield. 

Selecting salinity stress tolerant genotypes 
based on the physiological traits only, might affect 
productivity (Zhu et al, 2016). Moreover, salinity 
stress can significantly reduce grain yield because 
plants assign a considerable amount of its 
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metabolic process and energy to adaptation, 
maintain growth and respond to stress, which 
often resulted in yield reduction (Stavridou et al., 
2017). Grain yield is the ultimate substantial 
parameter that might simply define breeders’ 
prosperity. Thus, most breeders focus on 
predicting or measuring the ability of genotypes to 
maintain yield under salinity stress conditions 
relative to controlled conditions as a measure of 
salinity stress tolerance (Negrão et al., 2017). 
Several stress tolerance indices (STI) have been 
developed to identify and to screen stress-tolerant 
genotypes (Mitra, 2001), which measure stress 
intensity based on yield decrease under stress 
conditions proportional to controlled conditions. 
Stress susceptibility index (SSI) (Fischer and 
Maurer, 1978) was used to measure the relative 
yield reduction across different environmental 
conditions as an indicator of stress tolerance 
(Thiry et al., 2016).  The use of Stress tolerance 
index (STI) was helpful to recognize landraces 
that leads great yield under both stressed and 
natural growth circumstances (Fernandez, 1993). 
Several other tolerance indexes were developed 
and used to select tolerant genotypes grown 
under abiotic stress conditions (Bouslama and 
Schapaugh, 1984; Negrão et al., 2017; Singh et 
al., 2015; Zarei et al., 2007). Even though, stress 
tolerance indexes found to be effected in the 
selection for abiotic stress tolerant genotypes, it is 
often difficult to directly select for quantitative 
traits such as salinity stress tolerance under the 
field conditions because of the difference among 
genotypes in number of days to flowering, the 
effect of the uncontrolled environmental factors 
such as perception and other climate factors 
which might affect the selection efficiency (Ashraf 
and Foolad, 2013). 

The evaluation of assumed results of different 
Physiological Indices for Salinity Stress Tolerance 
in Wheat studied by (Katerji et al., 2000; Singh, 
2004; Ashraf et al., 2006; Shahzad et al., 2012; 
Ahmad et al., 2013 and Barakat et al., 2016) and 
reported that, regarding the use of water stress 
day index in the classification of salt tolerance, 
maize, sunflower and potato were classified 
together in the same group as sugar beet and 
durum wheat (Katerji et al., 2000). plant height 
and dry matter stress tolerance indices (PHSTI, 
DMSTI), germination stress tolerance index 
(GSTI),  relative saturation deficits (RS cell 
membrane stability (% injury) and D) of the 
germinating seeds were valued in all compliances 
under 0 or 1.5 % Na cl level. 

As an observation by (RAPD) and (SSR) 

analyses, genetic relationships and variations 
among  a variety of wheat genotypes had different 
answers to salt strain (Moghaieb et al., 2011). 
Nine Egyptian wheat cultivars, namely, Sahel-1, 
Giza-168, Giza-160, Gemmiza-7, Gemmiza-10, 
Gemmiza-9, Sids-1, Sohag, and Beni-Suef were 
subjected to salt stress for two weeks. Out of the 
118 RAPD markers detected, 82 (69.5%) were 
polymorphic, and out of the 59 SSR alleles, 
42(71%) were polymorphic. Eighteen RAPD and 
thirteen SSR markers were genotype-specific. 
The cultivar Beni-Suef was distinguished by seven 
markers, Sohag by six markers, and Gemmiza 10 
by two markers. These markers were confirmed 
as genetic markers linked with salt tolerance in 
three wheat genotypes and were applied in 
marker-assisted selection breeding programs. The 
genotypic variation among the cultivated durum 
wheat cultivars has been assessed using gSSRs 
to determine the genotypic difference of 64 durum 
lines, lines, and the varieties (Eujayl et al. 2002). 
The goals of the present study were: (1) 
comparative evaluation of genetic diversity 
between agronomic traits and molecular markers 
by SSR under salinity stress in eleven wheat 
lines, and (2) effectiveness of molecular markers 
linked with salt tolerance in eleven wheat lines. 
 
MATERIALS AND METHODS 

Eleven wheat genotypes were used in current 
study, i.e., two recently released cultivars 
(“Giza171” and “Sids12”) and nine elite lines 
potentially tolerant to salinity stress, i.e., “L1

” to 
“L9”, information about seed sources, selection 
history and pedigrees are presented in the 
supporting information Table 2. The studied 
materials were planted in two locations; the 
Experimental Farm of the Desert Research Center 
located in Siwa Oasis (29°12′′N, 26°3′′ E) and a 
Grower farm located in Ashmon (30° 18′16′′ N, 31° 
2′ 5′′ E) during the last week of November during 
2016/2017 growing season.  Siwa is an urban 
oasis in Egypt between the Qattara Depression 
and the Great Sand Sea in the Western Desert, 
nearly 50 km east of the Libyan border, and 
560 km from Cairo (Northwest of the western 
desert). While, Ashmon located in the middle 
delta, 42 km from Cairo (Northern Egypt). Soil 
samples (0–30 cm depth) were collected during 
November directly before planting and analyzed 
according to (Klute et al., 1994). The main soil 
physical and chemical properties are presented in 
Table 1a and 1b (supporting information).For each 
location, three replicates in a randomized 
complete block design were used, in which the 
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eleven genotypes were assign randomly to each 
plot within each replicate and location. The 
experimental units (plots) were 3.5 meters long 
and 15 rows wide with 20 cm between rows. 
Standard agronomic practices, for each location, 
including recommended fertilization and irrigation 
schedules were followed.  

Phenotypic Measurements and Tolerance 
Indices:  

All plants in each plot were cut at 5 cm above 
soil service and left to dry in the middle of the 
plots. After three days, plants from each plot were 
threshed separately using locally made single plot 
thresher, in which seeds and straw were 
collected, paged, numbered then dried and 
weighted. Finally, grain yield measurements were 
used to estimate the following stress tolerance 
indices: 

Stress Susceptibility Index (SSI): 

 𝑆𝑆𝐼 = ([1 − (
𝑌𝑝

𝑌𝑠
)]  [1 − (

�̅�𝑝

�̅�𝑠
)])⁄  (Fischer and 

Maurer, 1978) 

Stress Tolerance Index (STI):  

𝑆𝑇𝐼 =
(𝑌𝑠)(𝑌𝑝)

(�̅�𝑝)2 (Fernandez, 1992) 

Tolerance Index (TOL): 

 𝑇𝑂𝐿 =  𝑌𝑝 –  𝑌𝑠(Rosielle and Hamblin, 1981) 

Harmonic Mean (HM): 
 𝐻𝑀 =  2(𝑌𝑝 × 𝑌𝑠)]/(𝑌𝑝 +  𝑌𝑠)(Schneider et al., 
1997) 

Modified stress tolerance index; K1 MSTI, = 
Y2p/Ȳ2p and K2 = Y2s/Ȳ2s (Farshadfar and 
Sutka, 2002), where ki is the correction 
coefficient. 

Mean productivity; MP = (Ys + Yp)/2 (Rosielle 
and Hamblin, 1981) the genotypes with high MP 
values are more desirable. 

Geometric mean productivity; GMP = 

(Ys)  (YP) (Fernandez, 1992); the genotypes 
with high GMP values, will be more desirable. 

Stress susceptibility percentage index; SSPI= 
[Yp−Ys/2(Ȳp)] × 100. (Moosavi et al., 2008). 

Yield stability index; YSI =Ys/Yp (Bouslama 
and Schapaugh, 1984); the genotypes with high 
YSI values are regarded as stable genotypes 
under stress and non-stress conditions. 

Where, Ys and Yp are the average grain yield 
for each genotype within stressed and non-
stressed environmental conditions, respectively. 
While, Ȳs and Ȳp are the grain yield means 
across all genotypes within stressed and non-
stressed environmental conditions, respectively. 

DNA Extraction: 
DNA was extracted from all wheat genotypes 

using the Wizard Genomic DNA purification Kit 
(Promega Corporation Biotechnology, Madison, 
Wisconsin, USA). Then the extracted DNA was 
treated with RNase and reserved in a −20 °C 
refrigerator. The quality of DNA was assessed 
using 0.8% agarose gel and Epoch Multi-Volume 
Spectrophotometer (Biotek, Winooski, VT, USA).  
Before conducting the SSR analysis, DNA was 
diluted to 25 ng/µL concentration. 

 
Table 1a: Soil physical analysis of the two experimental sites at Ashmon - Menofya, and Siwa 

Oasis during 2016/2017growing season. 

Location 
Physical Analysis (%) 

Texture 
Course sand Fine sand Silt Clay 

Ashmon 6.35 12.8 16.4 64.5 Clay 

Siwa Oasis 9.8 12.4 60.82 16.98 Sandy loam 

 
Table 1b: Chemical analysis of soil saturation extract and irrigation water during 2016/2017 

growing seasons. 

Location 
OM 
 (%) 

CaCO3  
(%) 

PH 
EC 

 (dSm-1) 

Anions (meq/L) Cations (meq/L) 

Cl- HCO3
- SO4

2- Na+ K+ Ca2+ Mg2+ 

Soil analysis (0-30cm) 

Ashmon 1.7 1.6 7.5 1.8 9.8 1.15 7.1 8.7 0.35 5.7 3.2 

Siwa 
Oasis 

0.53 17.5 7.9 12.3 83.6 2.3 36.2 68.9 1.60 34.5 17.4 

Irrigation water analysis 

Ashmon - - 7.6 1.35 1.87 3.56 6.92 12.3 0.32 1.15 1.18 

Siwa 
Oasis 

- - 7.3 3.96 18.6 10.8 7.48 22.1 0.45 8.3 8.7 
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Table 2: Name, origin, and pedigree and/or selection history of eleven bread wheat genotypes 
tested.  

Name Origin Pedigree and/or selection history 

L1 (I-3) ICARDA† CM59456-3AP-1AP-2AP-1AP-0AP 

L2 (L-606††) Egypt RCB-61// (Atlas 66 / Nap Hall) /2* RCB-61Su606-13Su-2Su-5Su-0Su-18Su 

L3 (A 305) ACSAD‡ Bb / Nar 67//Kal 1227 A / Bb /3/ JBE4-Toluca 73 

L4 (S8/17††) Egypt R8 tissue culture-regenerated double-haploid plant 

L5 (Gomam) CIMMYT§ SWM 11619-2 AP-4 AP-1 AP-2 AP-0AP 

L6 (I-6) ICARDA† Dove ”S”   / Buc “S” CM58808-6AP-2AP-1AP-1AP-0AP 

L7 (Nesser) CIMMYT§/ICARDA† ICW85-0024-06AP-300AP-300L-1AP-0AP 

L8 (L-263††) Egypt Sids 1 // CM 33204 7Su-26SW-3SW-1SW-0SW 

L9 (Siwa5) Egypt Newly bred line selected under Siwa Oasis conditions 

Sids12 Egypt 
BUS//7C//ALD/5/MAYA74/ON//1160.147/3/BB/GLL/4/CHAT"S"/6/MAYA/VUL// 

CMH74A.630/4*SX.- SD720096-4SD-1SD-1SD-0SD 

GIZA 171 Egypt SAKHA 93/GEMMEIZA 9 - S.6-1GZ-4GZ-1GZ-2GZ-0S 

†ICARDA: International Center for Agricultural Research in the Dry Areas. 
‡ACSAD: The Arab Center for the Studies for Arid zones and Dry lands. 
§CIMMYT: Centro International de Mejoramiento de Maize Y Trigo (Mexico) = International Maize and Wheat Improvement Center. 
†† Newly bred lines released through the Desert Research Center wheat breeding program. 

Thirty four different specific SSR markers linked to 
salinity tolerance in wheat were used (Table 4). 
These microsatellite primers were developed by 
several investigators (Lindsay et al., 2004; Byrt et 
al., 2007; Shahzad, 2007; Byrt, 2008; Huang et 
al., 2008; Lindsay et al., 2008; Ahmad, 2011; 
James et al., 2011)). A polymerase chain reaction 
(PCR) mixture consisted of 20 to 50 ng of 
genomic DNA, 1X PCR buffer, 1.5 mM MgCl2, 0.1 
mM each dNTP, 0.5 μM each of forward and 
reverse primers, and 1 U Taq polymerase in a 
volume of 0.025 cm3. The PCR program for the 
SSR analyses included an initial denaturation at 
94 °C for 3 min, followed by 35 cycles of 
denaturation at 94 °C for 1 min, annealing at 50, 
52, 55, 60 and 61 °C (depending on the individual 
SSR primers) for 1 min, and extension at 72 °C for 
2 min, followed by a final extension at 72 °C for 10 
min. The amplified PCR products were applied to 
3% (m/v) agarose gel containing 0.1μg cm-3 
ethidium in TBE buffer. After electrophoresis a 
photograph of the gel was taken by on a UV trans-
illuminator. The EST-SSR and SSR data were 
scored on the bases of presence (1) or absence 
(0) of a given marker, after excluding 
irreproducible bands. 

Statistical Analysis: 

Phenotypic Data:  
Analysis of variance was carried out using 

SAS 9.2 (SAS v9.2; SAS Institute Inc., Cary, NC, 
USA), by fitting the following linear model 
(Federer et al., 2007):  

Yijm=µ+ Ei + EB(i)j + Gm +EGim + ԑijm 
Where Yijm is the response measured on the 

ijm plot, µ is the overall mean, Ei is the effect of ith 
Environment (two locations), EB (i)jis jth block 
nested within ith environment, Gm is the effect of 

mth  genotype,  EGim is the interaction effect 
among ith environment, and Gth genotype, and ԑijm 

is the experimental error. 
Means were compared using the new LSD 

test (at P-value < 0.05), according to Gomez and 
Gomez (1984). Homogeneity of the variance 
across environments was tested following 
Bartlett’s Test   (Steel and Torrie, 1980). 

Molecular Marker Data and Genetic Variability: 
A similarity matrix (SM) was estimated 

according to Nei and Li (1979) using molecular 
marker data as following:  
𝑆𝑀 =  2𝑁𝑖𝑗/(𝑁𝑖 + 𝑁𝑗) (Nei and Li, 1979) 

where, Nij is the number of bands present in 
both ith and jth genotypes, Ni is the number of 
bands present in ith genotype, and Nj is the 
number of bands present in the jth genotype.  

The similarity matrix was then subjected to the 
unweighted pair group method with arithmetic 
average (UPGMA) clustering algorithm. Principal 
coordinate analysis (PCoA) was used as an 
alternative to hierarchical clustering in that the 
similarity matrix was used to obtain the 
coordinates. These coordinates were then used to 
create scatter plots that represent the 
relationships among genotypes. Both UPGMA 
and PCoA were conducted using PAST software 
version 1.62 (Hammer et al., 2001).  Furthermore, 
to evaluate the reliability of the generated 
dendrogram, 1000 simulations were performed 
using the PAUP software version 4.0b10 
(Swofford, 2001). Polymorphic information content 
(PIC) was calculated as following:  𝑃𝐼𝐶 =  1 −
∑ 𝑝𝑖

2𝑛
𝑖=1 (Smith et al., 1997) 

Where, pi is the frequency of the ith allele 
across genotypes. The discrimination power was 
calculated by dividing the number of polymorphic 
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alleles amplified for each primer by the total 
number of polymorphic alleles obtained 
(Khierallah et al. 2011). 

To identify the informative markers, and study 
the correlation between genetic diversity and 
Stress Tolerance Index, the association analysis 
between molecular data of the SSR markers was 
carried out using Map Manager QTX software 
(Manly et al., 2001). 
 
RESULTS AND DISCUSSION 

Comparison of genotypes based on salinity 
tolerance indices: 

Regarding the data, the average yield of 
bread wheat genotypes under stress environment   
was from1.94 to 4.32 gm plant-1, but was from 
2.23 to 5.23 gm plant-1 in genotypes under non-
stressed environment. In (Table 3), L2, L4 and L6 
genotypes were of highest results in grain yield at 
salt stressed and non-stressed conditions, and of 
high significant differences for all the salt 
tolerance indices.  Also, the values of salt 
tolerance screening methods and the genotypes 
adaptations to various locations are presented in 
table 3. The largest STI, TOL, HM, MSTIk1, 
MSTIk2, MP, GMP and SSPI, values were 
recoded for L2, followed by L4 and L6, proving 
that the genotypes had greatest grain yield (YS) 
reduction under salt stress condition and highest 
salt sensitivity, while, the lowest STI, TOL, HM, 
MSTIk1, MSTIk2, MP, GMP and SSPI, values 
were found in L3, G171 and L9 respectively, 
proving that, those genotypes had a lowest grain 
yield reduction in stress condition. According to 
YSI, the genotype G171, followed Sd12, L1, L3 
and L9 had the highest values, indicating that 
these genotypes had a lower grain yield (YS) 
reduction under salt stress condition and higher 
salt sensitivity while, genotype L5, followed by L6, 
L4 and L2 were of the lowest values. For SSI 
values the genotype L5, followed L4, L6 and L2 
were of highest values while, genotype G171, 
followed by Sd12, L1 and L3 had the lowest 
values. Based on the ranking of STI, TOL, HM, 
MSTIk1, MSTIk2, MP and GMP, genotypes L2, L4 
and L6 had the highest values, (1, 2 and 3 
respectively,) the similar ranks of the genotypes 
for STI, TOL, HM, MSTIk1, MSTIk2, MP and GMP 
parameters, whereas the rest of genotypes  had 
the lowest values. Similar ranks of the genotypes 
for STI, TOL, HM, MSTIk1, MSTIk2, MP and GMP 
parameters assume that those three indices are 
equivalent for choosing genotypes. Several 
studies (e.g., Zeynali et al., 2004; Talebi et al., 

2009; Sanjari and Yazdansepas, 2008; Nouri et 
al., 2011 and Mohammad et al., 2010) indicated 
that the most suitable parameters for screening 
stress-tolerance in plants were their tolerance 
indices and high-yielding potentiality. 

Correlation Analysis: 
In comparison to the non-stressed 

environment, the mean yield of the eleven 
genotypes in the stressed environment was 
reduced by 31(%), so the genotypes experienced 
a moderate/tolerant salt stress. 
The correlation coefficient between YP, Ys and 
quantitative indices of stress tolerance were 
calculated (Table 6).  The yield under salt-
stressed conditions (Ys) had a very highest 
association with the yield under non-stressed 
conditions (YP), suggesting that the crop could be 
significantly improved under saline condition. For 
example, the genotypes L2, L4 and L6, produced 
the highest yield under non-stressed and stress 
conditions. There were significant and correlations 
among YP, YS and all salt stress indices, (SSI, 
STI, TOL, HM, MSTIk1, MSTIki, MP, GMP and 
SSPI). The correlation values among YS, and 
(SSI, STI, TOL, HM, MSTIk1, MSTIki, MP, GMP 
and SSPI), indices were positively correlated and 
significantly (r = 0.707, r = 0.968, r = 0.847, r = 
0.997, r = 0.981, r = 0.864, r = 0.996, r = 0.988 
and r = 0.832, respectively) and was negatively 
correlated with YSI (r = -0.513) (P ≤ 0.01) under 
salinity stress (Table 6). Assessments of multiple 
tolerance indices of salinity stress in bread wheat 
(Triticum aestivum L.) were reported by (Singh et 
al., 2015, Zhu et al., 2016 and Thriy et al., 2016). 
The Ys and YP viewed great significance and 
positive associations with GMP, MP and STI 
among the studied indices. As a result, these 
indices were better forecasters of Ys and YP than 
TOL, SSI and YSI, in bread wheat (Singh et al., 
2015).  Generally, almost all of the bread wheats 
presented better Na+ exclusion that was related 
with higher relative yield (Zhu et al., 2015). This 
stress indices SSI, STI, MP, GMP, and TOI, could 
help breeders and researchers by defining clear 
and strong criteria to identify genotypes with high 
resilience and high productivity and provide a 
clear visualization of contrasts in terms of grain 
yield production under stress (Thriy et al., 2016). 
Hosseini et al., (2012) found that five salt 
tolerance indices comprising: (TOL), (MP), (GMP), 
(STI) and (SSI), were used. As a conclusion, the 
potential of these genotypes tolerating salt stress 
was found to high MP, STI and low SSI for both 
shoot length and root dry weight. 
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Table 3: Salt tolerance indices of eleven bread wheat genotypes based on grain yield per plant for stress and adequate conditions. 
Gen. YS(gm/p) YP(gm/p) SSI STI TOL HM MSTI K1 MSTI K2 MP GMP SSPI YSI 

(L1) 2.77 (5) 3.03(6) 0.09(9) 0.751(9) 0.26 (8) 2.894 (5) 0.822 (6) 0.931(9) 2.9(6) 4.20(5) 3.89(9) 0.914(3) 

(L2) 4.32 (1) 5.23 (1) 0.17(4) 3.146(1) 0.91 (1) 4.732 (1) 2.448 (1) 3.623(1) 4.78(1) 11.3(1) 19.09(1) 0.826(8) 

(L3) 1.94(10) 2.2 (11) 0.12(8) 0.594(11) 0.26 (9) 2.062 (11) 0.433 (11) 0.457(11) 2.07(11) 2.13(11) 5.45(8) 0.882(4) 

(L4) 3.88 (2) 4.74(2) 0.18(2) 2.561(2) 0.86 (2) 4.267 (2) 2.011 (2) 1.827(2) 4.31(2) 9.20(2) 18.04(2) 0.819(9) 

(L5) 2.6 (7) 3.22(5) 0.19(1) 1.166(5) 0.62 (4) 2.877 (6) 0.928 (5) 1.312(5) 2.91(5) 4.19(6) 13.01(4) 0.807(11) 

(L6) 3.52(3) 4.3(3) 0.18(3) 2.107(3) 0.78(3) 3.871(3) 1.655 (3) 1.503(3) 3.91(3) 7.57(3) 16.36(3) 0.819(10) 

(L7) 2.48(9) 2.86(7) 0.13(7) 0.988(7) 0.38(6) 2.656(8) 0.732 (7) 1.194(7) 2.67(8) 3.55(8) 7.97(6) 0.867(6) 

(L8) 2.96(4) 3.47(4) 0.15(5) 1.430(4) 0.51(5) 3.195(4) 1.078 (4) 1.063(8) 3.22(4) 5.14(4) 10.70(5) 0.853(7) 

(L9) 1.94(11) 2.23(10) 0.13(6) 0.602(10) 0.29(7) 2.075(10) 0.445 (10) 0.731(10) 2.09(10) 2.16(10) 6.08(7) 0.870(5) 

Sids12 2.56(6) 2.7(8) 0.06(10) 1.014(6) 0.18(10) 2.697(7) 0.697 (8) 1.323(4) 2.7(7) 3.64(7) 3.78(10) 0.935(2) 

Giza171 2.61(8) 2.79(9) 0.05(11) 0.962(8) 0.14(11) 2.628(9) 0.652 (9) 1.272(6) 2.63(9) 3.46(9) 2.94(11) 0.948(1) 

Mean 2.87 3.34 0.13 1.39 0.47 3.09 1.08 1.39 3.11 5.14 9.76 0.87 
SSI: Stress Susceptibility Index, SSTI: Stress Tolerance Index, TOL: Tolerance Index, HM: Harmonic Mean; MSTI: modified stress tolerance index; MP: mean productivity; GMP: 

geometric mean productivity; SSPI: stress susceptibility p 
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Huge differences among genotypes were noticed 
for grain yield. Grain yield under irrigated 
environment (YP) was definitely and significantly 
associated with MP, HM, GMP, STI and k1STI. 
In the same way, positive and significant 
association has also been noticed between grain 
yields under stress condition (Ys) and MP, HM, 
GMP, STI, YI and k2STI. According to Fernandez 
model; genotypes No. 2, 4, 6, 7, 9 and 13 have 
identical dominance under both conditions (stress 
and irrigated). Genotypes No. 1, 11, 15, 16, 17, 18 
and 19 were chosen for irrigated conditions. 
Genotypes No. 3 and 5 were suitable for stress 
conditions (Anwar et al., 2011).The choice of 
stress tolerance indices for the selection of 
tolerant inbred lines and their hybrids under 
normal and water-stress conditions examined by 
Papathanassiou (et al., 2015). 
They concluded that, the inbred lines and the 
hybrids were examined using grain yield and for 
each genotype, B value and nine other stress 
indices based on their yield under typical and 
water stress conditions were calculated, including 
(SSI, MRP, TOL, MP, relative efficiency index 
(REI), STI, GMP, YI, HM. It was found a strong 
and positive correlation (P<0.001) of B values with 
all indices, except SSI, for all locations. As a 
result, the B value matches the ability of the other 
stress indices to identify drought sensitive and 
tolerant genotypes.  

SSR analysis:  

Genetic diversity of molecular markers: 
Out of the 34 different SSR primer pairs used in 
this study, only 24 generated polymorphisms 
among the eleven wheat genotypes. A cluster 
analysis was performed on the basis of similarity 
coefficients generated from the SSR data. The 
cluster analysis using the SSR data, grouped the 
eleven wheat genotypes into two main clusters 
with similarity coefficients ranging from 0.086 to 
0.88. The highest genetic similarity was observed 
between genotypes L1 and L5 (0.88) and the 
lowest one (0.086) was between L3 (salt-sensitive 
genotype) and L6 (salt-tolerant genotype) (Table 4 
and Fig. 1). The first cluster supported by a 
bootstrap value of 75(%) contained seven 
genotypes, (L7, L9, Sd12, L3, L5, L1 and L8), 
which were salt-sensitive genotypes, and 
consisted of four subgroups. The first subgroup 
supported by a bootstrap value of 45(%) included 
one genotype L7. The second subgroup 
supported by a bootstrap value of 58(%) included 
three wheat genotypes (L9, Sd12 and G171). The 

third subgroup supported by a bootstrap value of 
65(%) included three wheat genotypes (L3, L5 
and L1). The fourth subgroup supported by a 
bootstrap value of 75(%) included one wheat 
genotype (L8) (Fig. 1). The second cluster 
supported by a bootstrap value of 81(%) 
contained three wheat genotypes (L4, L6 and L2) 
which, were salt-tolerant (Fig. 1). These results 
suggested that cluster analysis could be used to 
isolate the salt-tolerant genotypes apart from the 
sensitive genotypes. 
The findings of Prasad et al. (2000) reported that, 
the cluster prepared on the foundation of similarity 
matrix, using the UPGMA algorithm, delineated 
the above genotypes into two main gropes (I and 
II), each with two sub-clusters (Ia, Ib and IIa, IIb) 
in 55 wheat genotypes with twenty SSR primers. 
Plaschke et al. (1995) reported that the cluster 
analysis using 23 (wmc) SSR primers in forty 
wheat cultivars and lines grouped data into one 
main cluster, which consisted of three subgroups 
related by pedigrees. Al-Doss et al. (2011) 
reported that the UPGMA dendrogram separated 
the six durum wheat genotypes into three clusters 
with nineteen (SRAP) primers. Kumar et al. (2016) 
supported that, the cluster analysis in general 
grouped fifty four genotypes into four groups 
represented as A, B, C, and D. Among these four 
clusters, cluster D included the maximum number 
of genotypes (43), which were further divided into 
seven sub-clusters using 39 SSR markers. In 
general, the diversity measurements were higher 
in the genotypes, suggesting that such a high 
level of genetic similarity might be used for 
selecting materials in the breeding programs; 
wherein the genotypes with high genetic distance  
could be used. 

Levels of genetic information generated by 
SSR primers: 

Twenty-two SSR primers were used to 
investigate their (DP) by calculating the (PIC) of 
their loci. A total of 33 alleles, were amplified 
among eleven wheat genotypes, using 24 SSR 
primers. The number of amplified alleles per 
primer varied from one allele, as for barc273 
primer, to two alleles, as for Nax2 primer, with an 
average value of 1.2768 alleles (Table 4). The 
sizes of the amplified alleles ranged from 90 to 
620bp. The standard of polymorphism among the 
eleven lines was estimated by calculating the PIC 
values for each of the twenty four SSR loci. The 
PIC values varied greatly for all SSR loci tested. 
Sixteen SSR primers detected a single allele, and 
their PIC values were zero.  



ELshafei   et al.,                              Validation of molecular markers linked with salinity tolerance in wheat 

 

                                                    Bioscience Research, 2019 volume 16(2): 963-978                                       970 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Un-weighted pair group method with arithmetic average (UPGMA) dendrogram for eleven 
wheat genotypes based on the allelic data of 24 SSRs. 

Table 4: Characterization of 24 genomic-SSR makers in wheat. 

Primers Reference Size (bp) TA 
Polymorphic 

allele 

PIC Dp 

barc12 (Shahzad 2012) 100-90 51 2 0.18 0.061 

barc124 (Shahzad 2007; Ahmad 2011) 260-230 52 2 0.345679 0.061 

barc182 (Shahzad 2012) 620-100 58 2 0.554017 0.061 

barc273 (Munir et al., 2013) 230 52 1 0 0.030 

cfd60 (Munir et al., 2013) 220 60 1 0 0.030 

cfd66 (Shahzad 2012: Munir et al 2013) 270 60 1 0 0.030 

cfd18 (Ahmad 2011) 95 60 1 0 0.030 

Nax2 (Huang et al., 2008; James et al., 2011) 280 58 3 0.576 0.090 

xgwm148 (Munir et al., 2013) 190-105 60 2 0.444444 0.061 

xgwm205 (Ahmad 2011) 150 60 1 0 0.030 

xgwm291 
(Lindsay et al., 2004, Byrt et al., 2007; Byrt 

2008, Shahzad 2012) 
190 60 1 0 0.030 

xgwm299 Genc et al., 2010 95 55 1 0 0.030 

xgwm335 (Shahzad 2012) 170 55 1 0 0.030 
xgwm340 Mardi et al., 2011 150 60 1 0 0.030 

xgwm350 (Shahzad 2012) 130 55 1 0 0.030 

wmc11 (Ahmad 2011) 150 61 1 0 0.030 

wmc17 (Ahmad 2011) 190 51 1 0 0.030 

wmc18 (Ahmad 2011) 140 61 1 0 0.030 

wmc96 (Ahmad 2011) 230 61 1 0 0.030 

wmc154 (Ahmad 2011) 240 61 1 0 0.030 

wmc432 (Ahmad 2011) 100 51 2 0.44451 0.061 

wmc503 (Ahmad 2011) 300-160 51 2 0.444444 0.061 

wmc504 (Ahmad 2011) 220 51 1 0 0.030 

wmc661 (Ahmad 2011) 250-110 61 2 0.35503 0.061 

Total ̶ ̶  33 2.7681 

 

1.00 

Mean ̶ ̶  1.25 0.1393 0.042 
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Figure 2: Principal coordinate analysis (PCoA) of the eleven wheat genotyped with 24 polymorphic 
SSRs. 

 
The PIC values of the remaining seven 

primers ranged from 0.18 (barc12) to 0.576 
(Nax2) (Table5). 

The PIC values were positively correlated (r = 
0.95) with the number of amplified alleles per 
primer. Prasad et al., (2000) reported one to 
thirteen alleles per locus in 55 wheat genotypes 
with twenty SSR markers, with a PIC value 
ranging from 0.21 to 0.90 and an average of 0.68. 
The coefficient of similarity matrix ranged from 
0.05 to 0.88, with an average of 0.23. Mardi et al., 
(2011) reported two to ten alleles per locus in 122 
durum wheat genotypes, with nineteen SSR 
markers. Al-Murish et al., (2013) reported an 
average of 2.31 amplified alleles per primer 
among seventeen coffee accessions using sixteen 
SSR primers and an average PIC value of 0.43. 

The observed DP calculated for each primer 
ranged from 0.033 to 0.067, with an average of 
0.042(Table 4).The highest DP (0.067) was 
observed in seven primers, such as primer 
barc124. The lowest DP (0.022%) was observed 

in 22 SSR primers, such as primer cfd60 (Table 
4). Khierallah et al., (2011) reported a DP ranges 
from 0.31 to 0.06 among eleven date palms, using 
six (AFLP) combination primers. Ammar et al., 
(2015) reported a DP ranges from 0.29 to 0.05, 
using six SRAP combination primers, and 0.13 to 
0.42, using the four AFLP combination primers 
among forty faba beans. 

The principal coordinate analysis (PCoA) plot 
for the first Three coordinates, explaining 
84.659(%) of variance among genotypes, is 
shown in Fig. 2. Genotypes were divided into two 
main clusters presenting salt tolerant genotypes 
and salt sensitive genotypes. PCoA display 
identical results as for dendrogram, thus 
supported, the results of UPGMA clustering. 
Supported the results by Hassanein and AL-
Soqear (2018), Genotypes were divided into two 
main clusters presenting Mo genotypes and Mp 
genotypes. The (PCoA) plot for the first two 
coordinates, explaining 51.68% of variance 
among genotypes. 
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Table .5 associations of SSR markers with YS, YP and ten salt tolerance indices of wheat genotypes.  

Characteristic 
Informative  

Marker 
Coefficient of 

Determination R2 (%) 
Significance 

 level 
Characteristic 

Informative  
Marker 

Coefficient of 
Determination R2 (%) 

Significance 
 level 

YS 

Wmc504 82 0.00001 

MP 
 

Wmc504 84 0.00001 

Wmc11 82 0.00001 Wmc11 84 0.00001 

Xgwm350 82 0.00001 Xgwm350 84 0.00001 

Xgwm205 82 0.00001 Xgwm205 40 0.01770 

Nax2 46 0.00885 Nax2 48 0.00691 

Cfd60 67 0.00044 Wmc96 70    0.00029 

Barc299 68 0.0004o Wmc18 70 0.00029 

Wmc96 67 0.00044 Xgwm335 70 0.00029 

Wmc18 67 0.00044 Cfd60 70 0.00029 

Xgwm335 67 0.00044 Barc299 69 0.00032 

YP 

Wmc504 85 0.00000 

GMP 

Wmc504 89 0.00000 

Wmc11 85 0.00000 Wmc11 89 0.00000 

Xgwm350 85 0.00000 Xgwm350 89 0.00000 

Xgwm205 85 0.00000 Xgwm205 89 0.00000 

Nax2 50 0.00597 Nac2  51 0.00540 

Wmc18 71 0.00024 Wmc96 69 0.00036 

Xgwm335 71 0.00024 Wmc18 69 0.00036 

Cfd60 71 0.00024 Xgwm335 69 0.00036 

SSI 

Wmc504 47 0.00871 Cfd60 69 0.00069 

Wmc11 47 0.00871 Barc299 73 0.00015 

Xgwm350 47 0.00871 Barc124-1 31 0.04427 

Xgwm205 47 0.00871 

YSI 

Wmc96 34 0.03338 

STI 

Wmc504 47 0.00871 Wmc18 34 0.03338 

Wmc11 47 0.00871 Xgwm335 34 0.03338 

Xgwm350 47 0.00871 Cfd60 34 0.03338 

Xgwm205 47 0.00871 Wmc661-2 30 0.04660 

HM 

Wmc504 40 0.01726 Wmc504 36 0.02562 

Wmc11 40 0.01726 Wmc503-1 35 0.02899 

Xgwm350 40 0.01726 Wmc11 35 0.02946 

Xgwm205 40 0.01726 Xgwm350 35 0.02946 

MSTIk1 
 

Wmc504 46 0.00889 Xgwm205 35 0.02946 

Wmc11 46 0.00889 

SSPI 

Wmc504 74 0.00011 

Xgwm350 46 0.00889 Wmc11 74 0.00011 

Xgwm205 46 0.02562 Xgwm350 74 0.00011 

SMTIk2 

Wmc504 80 0.00002 Xgwm205 74 0.00011 

Wmc11 80 0.00002 Nac2  48 0.00729 

Xgwm350 80 0.00002 Barc182-3 30 0.04637 

Xgwm340 37 0.02359 Wmc96 63 0.00089 

Xgwm205 80 0.00002 Wmc18 63 0.00089 

Nax2 37 0.02359 Xgwm335 63 0.00089 
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Table 6: The correlations among relative grain yields under salt stress (YS), non-stress (YP) and different tolerant salt indices.  
 YS YP SSI STI TOL HM MSTIk1 MSTIk2 MP GMP SSPI YSI 

YS 1.00            

YP 0.988** 1.000           

SSI 0.707** 0.784** 1.000          

STI 0.968** 0.981** 0.765** 1.000         

TOL 0.847** 0.917** 0.900** 0.904** 1.000        

HM 0.997** 0.997** 0.748** 0.978** 0.885** 1.000       

MSTIk1 0.981** 0.994** 0.800** 0.991** 0.914** 0.990** 1.000      

MSTIk2 0.864** 0.848** 0.705** 0.887** 0.709** 0.858** 0.874** 1.000     

MP 0.996** 0.998** 0.754** 0.979** 0.890** 1.000** 0.991** 0.858** 1.000    

GMP 0.988** 0.993** 0.776** 0.989** 0.891** 0.993** 0.998** 0.884** 0.994** 1.000   

SSPI 0.832** 0.905** 0.885** 0.904** 0.997** 0.871** 0.904** 0.708** 0.876** 0.879** 1.000  

YSI -0.513 -0.634* -0.860** -0.617 -0.887** -0.576* -0.628* -0.397 -0.584 -0.585 -0.892** 1.000 

*: significant at 95(%) level, **: significant at 99(%) level  
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The correlation between SSR marker data and 
nine indices: 
The association analysis of the 24 SSR marker 
data YS, YP, and the nine indices (SSI, STI, HM, 
MSTIk1, MSTIk2, MP, GMP, YSI and SSPI) 
showed high determination coefficients (R2) 
between molecular markers and all indices (Table 
5). Eighteen correlations of determination 
coefficients were found between fifteen different 
molecular loci and nine indices and ranged from 
37 to 85(%) at a significance level 0.05. The most 
informative markers were wmc504, wmc11, 
xgwm350 and xgwm205. These four SSR 
markers were also cooperative and capable of 
explaining the variability of the YS, YP, SSI, STI, 
HM, MSTIk1, MSTIk2, MP, GMP, YSI and SSPI 
indices. The SSR markers, wmc504, wmc11, 
xgwm350 and xgwm205 were correlated with all 
indices,(SSI, STI, HM, MSTIk1, MSTIk2, MP, 
GMP, YSI and SSPI). Regarding the other 
markers, one locus of cslinkNax2SSR markers 
were correlated with YS, YP and four indices 
(SMTIk2, MP, GMP and SSPI). And, wmc18 and 
cfd60were correlated with YS, YP and three 
indices (MP, GMP and YSI) and, wmc18, was 
correlated with SSPI, also, and, barc299, was 
correlated with YS, and two indices (MP and 
GMP).  These results indicated that the molecular 
markers were significantly associated with indices 
and that wmc504, wmc11, xgwm350 and 
xgwm205 were the best SSR markers for 
explaining the indices variability in wheat 
genotypes. Identical conclusion were reported for 
rice, where perfect, correlation was found 
between molecular markers and phenotypic traits 
concerning to salt tolerance (Kordrostami et al. 
2016). Barakat et al. (2012) xgwm456, wmc25, 
wmc44, wmc94, wmc161, wmc273, wmc327 and 
xgwm566 were related to GFR under heat stress. 
Displayed that regression analysis for the 
relationship among the 12 SSR markers and the 
agronomic traits, were highly significant. 
And R2 ranged from 8 to 64(%). The regression 
analysis for the relationship between the five SSR 

markers (barc32, barc52, barc76, barc80 and 
barc156 and, the four physiological traits under 
drought stress of wheat was highly significant. 
And R2 ranged from 15 to 39(%) reported by 
Barakact et al. (2015). In addition, Thiry et al. 
(2016) reported that, the determination 
coefficients (R2) were found between yield score 
stress index (YSSI) and yield under stress (YS) 
and ranged from 91 to 99(%). In addition, 
Moghaieb et al. (2011) reported that the Egyptian 
wheat cultivars, Beni-Suef, Sohag, and 
Gemmiza10 were distinguished by SSR primers. 
Barakat et al. (2016) found that ten SSR markers 
(barc242, barc228, barc286, barc149, barc232, 
barc109, barc57, barc77, wmc82 and wmc89) 
detected specific alleles only in the drought-
tolerant genotypes and the determination 
coefficients (R2) were found 16, 56, 35, 16, 32, 
44, 16, 23, 23 and 34 respectively, between 
spectral reflectance indices and ten markers. 
Results in the present investigation revealed that 
the cslinkNax2 marker gave the specific band at 
280bp with the tolerant wheat genotypes (L2, L4 
and L6), while it was absent in sensitive 
genotypes (Fig. 3 and Table 5). Appearing in the 
tolerant genotypes but not in sensitive genotypes, 
those fragments were found to be positive 
markers for salt tolerance. Two major genes for 
Na+ exclusion in wheat, gwm312 marker (Nax1) 
and cslinkNax2 marker (Nax2)., for the choice of 
Nax2 lines in segregating populations, 
development and evaluation of co-dominant 
marker, cslinkNax2 was used . The Nax2 has 
lowered the Na+ concentration in bread wheat 
amazingly because this gene is analogue to the 
TaHKT1; 5-D Na+ transporter actually found  in 
bread wheat, putatively at the Kna1 locus (James 
et al., 2011). In a conclusion, if a cheerful marker 
band for salt tolerance in salt-sensitive genotypes, 
it can be discussed on the base that bands with 
same molecular sizes could signify amplified DNA 
fragments with different sequences. These 
fragments can be considered as a linked marker 
to salt tolerance.
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Figure 3: Agarose gel (3%) showing PCR products, cslinkNax2 primer from DNA of eleven wheat 

genotypes. 
 
 
CONCLUSION 
Conferring to results, salinity yield of some 
genotypes were tolerant to salt stress, 
demonstrating that enough genetic variability was 
current for salinity tolerance among the studied 
genotypes. Founded on correlation, we can say 
that HM, MP, GMP, MSTIk1 and STI indices were 
the greatest pointers of yield under stressed 
environment due to their significant correlations 
with Ys. Using HM, MP, and GMP, MSTIk1 and 
STI indices, genotypes can be chosen suitably 
under stressed environments. Datum on the 
markers providing tools for breeders to make use 
of these genes is obtainable to all concerned. 
These genotypes are being evaluated on saline 
sites. 
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