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ABSTRACT

The present study was carried-outat the Experimental Farm of Sakha Agricultural Research Station,
duringthe twogrowingseason2017/2018 and 2018/2019 seasons to evaluate sixteen bread wheat genotypes
including, 12 promising lines fromthe local breeding program in additionto four Egy ptian cultivars (Giza 171,
Sakha93, Sakha95 and Misr3) under normal and soil salinity conditions. The genotypes were arranged in a
randomized complete block design withfour replications in each condition. The results indicated significant
decrease for most studied characteristics by soil salinity. Results based on cluster analysis indicated that Sakha 95
and Gizal71 exhibitedthe highest grain yield under both conditions, moderate values for both yield reduction
ratio and stress susceptibility indexespecially for Sakha 95, moderate values of physiological characters and
proteincontent but they gave the lowest values of both wet and dry gluten contents. So, that Sakha 95 was
considered tobe moderate tolerant to soil salinity. Otherwise, Line 4, Line 10 and Misr 3 gave a moderate grain
yield at both condition. However, there was insignificant differencein grain yield between Misr 3, Sakha 95 and
Giza 171 undersoil salinity. Also, Line 4, Line 10 and Misr3 recorded lowest values for both yield reduction
ratio and stress susceptibility index, maximum values for physiological characters and moderate values for quality
characters. T hese genotypes considered as a tolerant genotypes to soil salinity and might be used as parents in
breeding programs to produce new genotypes with desirable characters related to soil salinity tolerance.
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INTRODUCTION leaves (Munns, 2005). However, bread wheat is considered

. . . . to be moderate tolerance crop (Colmer et al., 2005).
Wheat (TriticumaestivumL.) is the most important All fractions of photosynthetic pigments in the

grown cereal crop. TlheéjﬂourEofwheat;s _the staple fo?jdfof plants gradually decreased with the rise of salt level (Radi
many Ic?ur:jt_rles Irll/(l:'ludmg %ypgoi% ':S straw use h of et al., 2013). Leaf relative water content (RWC) reflects
animal feeding (Milad et al., )- Increasing wheat plant water status and it is used as a meaningful index for

production is a main target in Egypt to _minimize the gap dehydration tolerance salinity stress reduced RWC. (EL-
between wheat consumptionand production. The reduction Bassiouny and Bekheta, 2005 and Dehnavi et al., 2017)

in yield produ_ction of'fhegoils affected by salinity i§ about The common responses in plants exposed to saline
300/9 threa_ten_lr}g the I'VEI.'hO.OdS of the poorfarmlng and stressare an increase in osmotic adjustment components,
having a significant negative impact on food production of proline is the most important and efficient compatible
Egyptas Who!e, (EI-L‘_alkgny etal., 1_956)' Wheat genotypes solute among these components. In general, proline content
showed a wide variation for salinity stress tolerance. increased under saline soil compared to normal soil (

Therefore, the breeding programs forhigh and stable yield Verbruggen and Hermans., 2008; Goudarz and Pakniyat
potentialand tolerant tobiotic and abiotic stressesis a vital 2009 and Tang et al 2015)' '

goalfor the national plans of wheat development in Egypt.
Salt tolerance can be defined as the ability of the
plants to survive and maintain their growth and produce

Protein content is controlled by genetic,
environment and soil fertility. it is significantly affected by
. . ) . . . environmental factors and their interactions. Positive
relatively profitable yield undersaline conditions. Salinity correlations between environmental factors and wheat

affects the main physiological and biochemical processes grain protein content have been reported during grain
in the plant. It comprises changes in several metabolic and filling (Graybosch et al., 1996 and Huebner et al., 1997).
physiological routes, depending on sternness and extent of 10y ot 4] (2008) showed that salinity increased grain
the stress (Munns, 2005). It exerts a d_evastatlpg effect on protein and the wet and dry gluten content of salt tolerant
plants lnt_o two phases: One of_the rapid osmotic p_hase and wheat cultivars rather than that salt sensitive ones. Gluten
another is a slower ion toxicity phase. Osmotic phase 5546 proteins divided into two major classes: gliadins
SUppresses the plan_t/y(_)ung I_e:?\ves growth_ and development that confer extensibility and glutenins thatcause elasticity.
which followed by ionic toxicity due to high accurmulation Regarding to salt stress effect on proteins in wheat grains,

of salt in the leaves and speeds senescence of mature Shen et al., (2007) found that protein content increased
with increasing soil salt content.
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Stress tolerance indices (STI's) were widely used as
simple mathematical equations that quantify and compare
the grain yields under stressed and non-stressed conditions
to differentiate the tolerant/sensitive genotypes. There are
various stress tolerance indices such as stress susceptibility
index "SSI", (Fischer and Maurer, 1978), a larger
values of SSI representrelatively more sensitivity to stress,
thus a smaller values of SSI are favored.

Cluster analysis is a valuable biometrical tool
aimed to quantify the degree of genetic divergence among
the tested genotypes based on their performance and their
contributing characters. But, it was found that the run of
clusteranalysis depending on (STI's) parameter is useful to
differentiate wheat genotypes for salt tolerance, [Sing et al.
(2015) and Darwish et al. (2017)].

Our objectives were to (1) Evaluate the influence of
salinity soil stress onagronomic, physiologicaland quality
characters of 16 spring bread wheat genotypes. (2) identify
the soilsalinity tolerant wheat genotypes based on stress
tolerance indices (STI’s). (3) classify the tested wheat
genotypes using cluster analysis depending on the grain
yield, physiological, quality treats and stress tolerance
indices . The results may be helpful to plan appropriate

selection strategies for improving both of grain yield and
salt tolerance in wheat crop in Egypt.

MATERIALS AND METHODS

The field experiments were conducted during
2017/2018 and 2018/2019 wheat growing seasons on the
Bxperimental Farm of Sakha Agricultural Research
Station, Kafrelsheikh, Egypt. The tested wheat genotypes
contained 12 promising lines from the local breeding
program in addition to four wheat cultivars Giza 171,
Sakha 93, Sakha 95 and Misr 3. Names and pedigree of
these genotypes are shown in Table 1.

The experiments were conducted under two
conditions; normalsoil at 24 Nattaf Farmand salt affected
soil at EI-Hamrawy Farm. The soil analysis of the two
locations was carried out at the Laboratories of Soil
Research Department of Sakha Agricultural Research
Station, Agricultural Research Center, Kafrelsheikh, Egypt
(Table 2). The meteorological data were recorded for the
two winter growing seasons from Sakha Meteorological
Station as shown in Table 3.

Table 1. Names and pedigree of the studied wheat genotypes

Ser Genotype Pedigree and selection history

1 Linel Gizal71/2/ GIZA164/SAKHA 61 S.2012-170-020S-010S-04S-0S

2 Line2 Giza 171/ Vorobey S.2012-171-030S-015S-01S-0S

3 Line3 Giza 171/ Vorobey S.2012-171-030S-015S-03S-0S

4 Line 4 Giza 171/6/ GIZA 158 /5/ CFN /CNO "S" /Il RON /3/ BB / NOR 67 /4/ TL /3/ FN / TH //2*NAR 59
S.2012-172-010S-020S-05S-0S

5 Line5 Sids 12/Sids 13 S.2012-173-020S-010S-02S-0S

6 Line6 Sids 12/Sids 13 S.2012-173-020S-010S-06S-0S

7 Line 7 GIZA164/SAKHA61/6/ GIZA 158/5/CFN /CNO "S"//RON /3/ BB / NOR 67 /4/ TL /3/ FN / TH //2*NAR 59
S.2012-174-010S-07S-01S-0S

8 Line 8 GIZA164/SAKHA®B61/6/ GIZA 158/5/ CFN /CNO "S"//RON /3/ BB /NOR 67 /4/ TL /3/ FN / TH //2*NAR 59
S.2012-174-010S-07S-02S-0S

9 Line 9 GIZA 158 /5/ CFN /CNO "S" // RON /3/ BB / NOR 67 /4 TL /3/ FN / TH /[2*NAR 59
S10232-3S-25-4S-0S

10 Line10 GIZA164/SAKHA 61 S.9242-1BR-2BR-5BR-2BR-0BR

11 Line 11 CHEN/AEGILOPS SQUARROSA(TAUS)/ IBCN/3/2* KAUZ/4/GEN*2 //BUC/ FLK /3/ BUCHIN.
S.16280-020S-015S-4S-0S.

12 Line12 VOROBEY CM SS96Y02555S-040Y-020M -050SY-020SY-6M -0Y

13 Gizal7l SAKHA 93/GEMMEIZA 9 S.6-1GZ-4GZ-1GZ-2GZ-0S

14 Sakha 93 SAKHA92/TR810328 S.8871-1S-2S-1S-0S

15 Sakha 95 PASTOR/SITE/MO/3/CHEN/AEGILOPS SQUARROSA(TAUS)//BCN /4/\WBLL1
CMAO01Y00158S-040POY-040M-030ZTM -040SY26M -0Y-0SY-0S.

16 Misr 3 ATTILA*2/PBW65*2/KACHU

CM SS06Y00582T-099T OPM-099Y-099ZTM -099Y-099M -10WGY-0B-0EGY

Table 2. Soil analysis for normal soil (2" Nattaf Farm) and salt-affected soil (Elhamrawy Farm) during 2017/2018

and 2018/2019 seasons.

Soil depth  Sail

Soluble cations MeqL* Soluble anions MeqL*

Location Season (cm)  Structure Ec dsm! Ca”* Mg# Na* K* HCO3 CI’ SO%,
2017-2018 0-30 Clayey 2.05 554  3.89 1054  0.27 311 8.17 8.96

ond Nattaf 30-60 Clayey 1.48 341 243 8.64 0.34 2.61 4.82 7.39
2018-2019 0-30 Clayey 2.01 5.52 3.95 10.98 0.31 3.24 9.11 8.41

30-60 Clayey 1.53 398 234 8.97 0.29 2.82 5.01 7.75

2017-2018 0-30 Clayey 8.62 2541 1752 46.05 0.51 412 37.01 48.36

ElHamrawy 30-60 Clayey 6.51 10.73 10.73 4174  0.39 321  28.02 3434
20182019 0-30 Clayey 8.46 2448 16.86 47.98  0.63 401 3896 46.98

30-60 Clayey 6.57 1425 1125 41.58 0.52 3.46 3156 32.58
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Table 3. Monthly mean of air temperature (AT ©C), relative humidity (RH %) and rainfall (mm/month) in winter
seasons 2017/2018 and 2018/2019 at Sakha location.

Month AT ©C 2017/18 AT ©C 2018/19 RH% Rainfall (mm)
Max.* Min. ** Max.* Min ** 2017/18 2018/19 2017/18 2018/19

December 21.50 15.40 20.22 14.31 65.12 75.63 32.94 21.70
January 18.85 14.03 19.63 12.69 60.00 67.68 9.60 14.90
February 21.53 14.50 19.58 14.95 62.21 70.69 25.20 15.30
March 25.51 16.59 22.05 18.21 67.50 72.21 0.00 17.30
April 27.80 19.94 25.80 20.64 66.32 68.78 10.60 3.90
May 37.00 28.00 33.00 26.29 55.25 57.09 0.00 0.00

* Max = maximum temperature, ** Min = minimum temperature.

The genotypes were arranged in a randomize
complete block design (RCBD) with four replications
under each environment. The area of the experimental
unite was 4.2 m2. All recommended agricultural practices;
irrigation, fertilization, weed control and fungicides; were
applied at the proper time.

The studied characteristics

Physiological characteristics: At heading stage, flag
leaves samples were randomly taken from each plot to
estimate photosynthetic pigments of chlorophyll a,
chlorophyll b and total chlorophyll according to (Moran,
1982), proline contentwere determined according to Bates
et al. (1973) and relative water content (RWC) was
estimated according to Ritchie and Nguyen, (1990)

Agronomic characteristics : Days to heading , days to
maturity, plant height (cm), number of spikes nm2, number
of kernels spike, 1000-kernel weight (g), straw yield (Kg
plot-1) and grain yield (Kg plot?) were measured.

Stress Tolerance Indices:

For each genotype, two stress tolerance indices
were calculated based on average grain yield under both
normal (Yn) and soil salinity condition (Ys) over the two
seasons. The lowvalues ofthese indices indicated salinity
stress tolerance. The names, equations and references of
the stress tolerance indices are shown in Table (4).

Table 4.The name, equation and reference of some stress tolerance indices

No. Index name Formula Reference
1 Yield reduction ratio (YR) 1-(Ys/Yn) (Golestani and Assad, 1998)
2 Stress Susceptibility index (SSI) [l-(Ys/Yn)]/[l-(? JY N (Fisher and Maurer, 1978)

- Ynand Ysindicate average grain yield of each genotype under normal and stress conditions.

- Y nand Y sindicate average grain yield overall genotypes under normal and stress conditions

Quality characteristics:

A- Standard germination test: Germination percentage
was expressed in the laboratory by the percentage of
normal seedling at the end of testing period according
to International Seed Testing Association (I.S.T.A,
1993).

B- Viability: Electrical conductivity test (EC): Three
replicates of 50 weighed seed from each treatment
incubated for 24 hr in 250 ml flask containing 200 ml
of distal water at 20°C., after that period the
conductivity of solution immediately measured with
conductivity meter CMD 830 WPA and expressed as
pmohs per centimeter per gram of seed (Matthews and
Powell, 1981).

C- Grain quality parameters:

Crude protein content: A known weight of the fine
powdered seeds (0.1 g) was digested using a micro-
kjeldahl apparatus. The crude protein was calculated by
multiplying the total nitrogen by 5.75 (A.O.A.C, 1990).

Wet and dry gluten percentage: were measured in
hand washing 25 g flour, according to standard method
(AACC, 10-38, Anonymous, 1983).

Statistical analysis

The data were subjected to individual and
combined analysis of variance of randomized complete
block design over the two experiments (normal and soil
salt conditions) for each season, according to Steel et al.,
1997. As a routine statistical step, Levene test was run
prior to the combined analysis to confirmthe homogeneity

of individualerrorterms, (Levene, 1960). Least significant
difference (LSD) test was used to detect the significant
differences among the proper items at the probability level
of 0.05 according to Wallerand Duncan (1969). In orderto
assort genotypesaccording to theirgrain yield and salinity
stresstolerance, agglomerate hierarchical cluster analysis
was worked out using the average grain yield,
physiological characters, quality characters and the two
stress tolerance indices. A dendrogramwas constructed
based on “Euclidean distance" procedure. Genotypes were
clustered by un-weighted pair group method using
arithmetic average as outlined by Kovach (1995)

RESULTS AND DISCUSSION

The weather conditions

Minimum and maximum temperatures (°C),
relative humidity (RH%) and rain fall (mm) during each
month in the two growing seasons are given in Table (3).
The 2017/ 2018 season was characterized by highest
average temperature during the period from Feb. to May.
compared with 2018/2019 season. Also, the first season
was the lowest in relative humidity compared with the
second season. So that, the first season (2017-2018) was
considered dry due to high temperatures and lowest
relative humidity overallthe season which could affect on
all agronomic traits in the first season.

The results of Levene test (1960) proved the
homogeneity of separate error variances for all studied
traits that permits to apply combined analysis

169



Abd El-Hamid, E.A. M. etal.

Physiological and biochemical characteristics:

Resultsin Table (5) showedthat soil salinity stress
decreased the concentration of photosynthetic pigments
(chlorophyll a, chlorophyll b and total chlorophyll) in the
leaves. Theconcentrations of chlorophyll a was 10.66 mg L
Land 7.59mg L1 in the first seasonand 12.0mg L! and 7.8
mg L1 in the second one under normal and soil salinity,
respectively. Meanwhile, chlorophyll b concentration was
2.99 mg L'l and 2.41 mg Lt in the first season and 3.89 mg
L'1and 2.69 mg L1 in the second one under normal and soil
salinity, respectively. The same trend was observed for total
chlorophyll, where soil salinity decreased the total
chlorophyll from 13.66 mg L! to 10.0 mg L1 in the first
seasonandfrom15.89mg L1t0 10.79 mg L! in the second
one for normal and soil salinity, respectively.

These results are in agreementwith Radiet al. (2013)
and disagree with Ouhaddach et al. (2018), who reported
that the chlorophyll content increased under salt stress
conditions. The decrease in chlorophyll under salinity
conditionmay be dueto the changes in number and size of
chloroplast and disorganization of grana and thylakoids
(Motos et al., 2017). Results also showed a significant
differencesamonggenotypes under normal soil where the
highest values of chlorophyll a, chlorophyll b and total
chlorophyllwere recorded in thegenotypes Sakha 95, Misr
3, Giza 171and Line 10 in the two seasons with insignificant
differences among them for chlorophyll b in the second
season. While, under soil salinity the highest values of
chlorophylla, b and total were obtained fromMisr 3, Line 6,
Line 9, Line 10 and Line 12 in both seasons.

Table 5. Mean values of chlorophyll A, chlorophyll B and total chlorophyll for 16 wheat genotypes evaluated under
normal and soil salinity conditions in the two wheat growing seasons 2017 / 2018 and 2018 /2019.

Character Chlorophyll a(mgl?Y) Chlorophyll b (mg 1) Total chlorophyll (mg 1)
Season 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean N S Mean N S Mean
Line 1 10.94 8.04 9.49 11.34 751 9.42 280 246 2.63 353 257 3.05 13.7410.5012.12 14.86 10.07 12.47
Line 2 994 6.88 8.41 11.40 756 9.48 2.72 240 256 3.63 2.47 3.05 12.67 9.28 10.97 15.03 10.03 12.53
Line 3 10.12 6.37 8.24 11.40 7.09 9.24 291 235 263 3.67 2.44 3.05 13.04 8.71 10.88 15.06 9.53 12.30
Line 4 10.25 8.30 9.27 12,50 8.05 10.28 3.25 2.63 294 4.32 356 3.94 13.5010.9312.2116.83 11.61 14.22
Line 5 10.67 7.62 9.14 12.04 8.02 10.03 2.89 2.22 256 3.93 3.76 3.84 13.55 9.85 11.70 15.97 11.78 13.87
Line 6 10.65 8.41 9.53 11.88 8.06 9.97 298 252 275 350 3.13 3.31 13.6310.9312.28 15.37 11.19 13.28
Line 7 10.51 7.66 9.08 11.62 8.55 10.09 2.80 2.21 251 395 3.14 3.55 13.31 9.88 11.59 15.58 11.69 13.64
Line 8 10.79 7.93 9.36 11.68 6.78 9.23 298 242 270 388 242 3.15 13.7810.3412.06 15.56 9.20 12.38
Line 9 10.34 7.91 9.13 11.37 8.45 9.91 292 258 275 381 3.07 3.44 13.2710.4911.88 15.18 11.51 13.35
Line 10 11.04 8.15 9.59 12.45 8.15 10.30 3.28 2.61 295 3.95 3.13 3.54 14.3210.76 12.54 16.40 11.28 13.84
Line 11 10.22 6.78 8.50 11.40 7.53 9.46 293 226 259 3.64 296 3.30 13.15 9.04 11.1015.04 10.49 12.76
Line 12 955 7.27 841 11.32 814 9.73 255 220 237 3.71 3.30 3.50 12.10 9.47 10.78 15.03 11.44 13.23
Gizal7l 11.01 7.20 9.11 1212 7.19 9.65 3.18 244 281 4.03 2.83 3.43 14.19 9.64 11.92 16.14 10.01 13.08
Sakha 93 1042 6.87 8.64 1252 7.36 9.94 3.15 226 2.70 3.93 258 3.25 13.56 9.13 11.3516.45 9.94 13.19
Sakha 95 12.36 7.44 9.90 13.54 7.60 10.57 3.22 2.38 2.80 4.38 2.77 3.58 15.59 9.82 12.70 17.93 10.37 14.15
Misr 3 11.80 8.53 10.17 13.43 8.45 10.94 3.32 2.70 3.01 4.32 3.23 3.77 15.1211.2313.1817.7511.68 14.71
Mean 10.66 7.59 9.12 12.00 7.78 9.89 299 241 270 3.89 296 3.42 13.6610.0011.83 15.8910.74 13.31
Salinity F test wx wx * wx *x *x

Geno LSD 5% 0.76 0.64 0.33 0.40 0.90 0.72

SXG LD 5% 1.07 0.90 0.47 0.57 n.s 1.02

N: Normal condition S: Soil salinity condition Geno : genotype n.s.: not significantly different.

Table 6. Mean values of relative water content (RWC) and proline content for 16 wheat genotypes evaluated under
normal and soil salinity conditions in the two wheat growing seasons 2017 / 2018 and 2018 /2019.

Character Relative water content (%) Proline content (mg g FW?)

Season 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean
Line 1 8212 7829 80.20 84.64 7658 80.61 0.29 0.35 0.32 0.22 0.31 0.27
Line 2 79.43 7541 7742 8403 7807 8105 0.26 0.29 0.28 0.22 0.30 0.26
Line 3 80.72 76.14 7843 8512 79.69 8240 0.21 0.31 0.26 0.25 0.33 0.29
Line 4 78.94 7591 7743 86.85 83.80 8533 0.28 0.35 0.32 0.28 0.46 0.37
Line 5 80.59 76,55 7857 8533 7943 8238 0.24 0.33 0.28 0.26 0.40 0.33
Line 6 80.83 77.86 79.35 84.62 80.06 8234 0.29 0.38 0.33 0.25 0.40 0.33
Line 7 80.66 76.26 78.46 84.06 80.11 8209 0.21 0.32 0.27 0.26 0.36 0.31
Line 8 79.60 7471 77.15 8489 79.00 8195 0.29 0.37 0.33 0.26 0.37 0.31
Line 9 7952 7466 77.09 84.45 8040 8243 0.25 0.37 0.31 0.23 0.39 0.31
Line 10 80.38 7892 79.65 86.46 7759 8202 0.28 0.39 0.33 0.26 0.37 0.31
Line 11 80.27 7554 7791 8487 7776 8132 0.21 0.31 0.26 0.24 0.35 0.30
Line 12 77.66 7217 7492 85.07 7839 8173 0.27 0.29 0.28 0.23 0.38 0.30
Gizal71 8260 7699 79.79 8512 79.21 8216 0.23 0.34 0.29 0.25 0.36 0.31
Sakha 93 79.57 7391 76.74 8441 7718 80.80 0.22 0.30 0.26 0.26 0.39 0.32
Sakha 95 81.23 7297 77.10 86.27 80.26 8326 0.24 0.30 0.27 0.24 0.34 0.29
Misr3 84.04 79.67 8186 86.33 8238 8435 024 0.36 030 0.29 0.45 0.37
Mean 80.51 76.00 7825 8516 79.37 8226 0.25 0.33 0.29 0.25 0.37 0.31
Salinity F test *x *x *x *x

Geno LSD 5% 2.24 1.69 0.03 0.03
SXGLSD 5% n.s n.s n.s 0.04

N: Normal condition  S: Soil salinity condition Geno : genotype n.s.: not significantly different.
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The results of relative water content (RWC) showed
that soil salinity stress reduced RWC compared to normal
soilfrom 80.51 %to 76.0 % in the first seasonand from85.0
% to 79.0 % in the second one. Which agrees with a
previous findings of EL-Bassiounyand Bekheta (2005) and
Dehnavietal. (2017). The reduced of RWC may be due to
the decreasedavailability of water fromthe soil solution asa
result of lowered osmotic potential triggered by the toxic
effects of the sodium and chloride ions ( Munns 2005).
Accordingly, an increase in resistance to water flow from
soil to plant under salinity has been observed in many
species (Navarro etal., 2007 and Alvarezet al., 2012). Misr
3, Giza 171, Line 1 and Sakha 95 recorded the highest
percentage of RWC under normal condition in the first
season, while in the second one Misr 3, Sakha 95, Line 4 and
Giza 171 gave the highest values. Under soil salinity
condition, the highest percentage were obtained fromMisr 3,
Line 10 and Line 1 in the first season, and Line 4, Line 9,
Misr 3 and Sakha 95 in the second one (Table 6). Proline
contentincreased under soil salinity comparedto that under
normal soil from 0.25 to 0.33 in the first season and from
0.25 t0 0.37 in the second one (Table 6).

In general, the common responses in plants exposed
to soilsalinity stress are an increase in osmotic adjustment
such as, proline which is the most important and efficient
compatible solute (Tang et al., 2015). Also it has been
reported thatit have antioxidant properties, and can act asa
molecular chaperoneto protect the structure of biological
macromolecules during salinity and drought stress, thus
conferring planttolerance (Ashraf and Fooland, 2007 and
Tang et al., 2015). Line 10, Line 6, Line 8, Line 9 and
Misr3 gave the highestproline content under soil salinity
condition in the first season, while in the second one Line 4
, Misr 3, Line 5 and Line 6 recorded the highest values.
Under normal condition , Line 1, Line 4, Line 6, Line 8
and Line 10 ranked the first, while in the second one Line

4, Misr 3, Line 5 and Line 6 gave the highest proline
content in the leaves. Interaction between salinity and
genotypes was significant for photosynthetic pigments
(chlorophyll a, b and total) in both seasons and proline
only in the second season, where Misr 3, Sakha 95, Line 4,
Line 5 and Line 10 gave the highest values of chlorophyll
a, chlorophyll b and total chlorophyll. Regarding the results
in Table (6) revealed that Misr 3, Line 4, Line 5and Line
6 recorded the highest proline content in the leaves in the
second season.

Agronomic characters :

The results in Table (7) indicated that salinity
caused early heading compared with that under normal
condition and varied from 87 to 81 days and from 102 to
90 days in both seasons, respectively. Also, the same trend
was achieved for number of days to maturity under soil
salinity compared with normal conation from 133 to 119
days in the first season and from 150 to 132 days in the
seasonone. Plant height decreased from 98 cmto 84 cmin
the first season and from 119 cmto 107 cmin the second
seasonundersalinity stress compared with the normal one.
In the meantime, Table (8) showed that soil salinity stress
led to decreasein number of spikes m2 from 400 to 332 in
the first season and from 409 to 345 in the second one.
Also, salinity caused decrease in number of kernels spike-
from 50 to 40 and from 54 to 45 in both seasons,
respectively. 1000-kernel weight decreased under salinity
stress from42.68 g to 39.27 g in the first season and from
45.78 gto41.45 g in the secondone. Grain yield results in
Table (9) showed that soil salinity stress reduced grain
yield compared to normal soil from 2.33 kg plot™ to 1.45
kg plot! and from 3.29 kg plot! to 1.72 kg plot at both
seasons, respectively. Also, salinity decreased straw yield
from 6.40 kg plot! to 3.40 kg plot! and from 6.90 kg to
3.77 kg plot at both seasons, respectively.

Table 7. Mean values of days to heading , days to maturity and plant height for 16 wheat genotypes evaluated
under normal and soil salinity conditions in the two wheat growing seasons 2017 / 2018 and 2018 /2019.

Character Days to heading (day) Days to maturity (day) Plant height (cm)
Season 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean N S Mean N S Mean
Line 1 84 79 81 107 89 98 131 117 124 153 132 142 101 83 94 119 113 116
Line 2 92 8 89 108 94 101 136 122 129 153 135 144 103 85 94 133 116 124
Line 3 87 82 85 102 8 95 131 120 126 150 133 141 105 91 98 124 114 119
Line 4 92 84 88 107 87 97 135 122 129 152 129 141 98 84 91 118 115 116
Line 5 85 81 83 97 88 92 132 117 124 146 129 138 81 73 77 108 95 101
Line 6 86 81 83 95 88 92 131 120 126 149 130 139 91 80 86 114 101 108
Line 7 86 80 83 99 89 94 130 118 124 149 131 140 118 90 104 133 121 127
Line 8 86 80 83 96 87 91 130 117 123 147 130 138 99 83 91 116 114 115
Line 9 88 80 84 100 90 95 135 120 128 150 132 141 94 79 86 124 110 117
Line 10 80 75 77 95 87 91 129 114 121 147 130 138 96 81 89 115 103 109
Line 11 88 80 84 104 93 99 132 117 124 149 130 140 97 84 90 114 103 108
Line 12 93 84 88 110 96 103 136 122 129 154 135 144 105 93 99 129 110 119
Gizal71 88 81 84 105 93 99 137 119 128 154 132 143 103 98 100 126 109 118
Sakha 93 88 82 85 101 92 97 136 120 128 152 135 143 79 73 76 103 89 96
Sakha 95 88 81 84 104 93 99 132 118 125 149 132 140 101 85 93 121 104 113
Misr3 88 80 84 104 92 98 133 119 126 151 133 142 93 86 89 118 99 108
Mean 87 81 84 102 90 96 133 119 126 150 132 141 98 84 91 119 107/ 113
Sallnlty F test ** ** ** ** ** **

Geno LSD 5% 2.24 1.73 2.45 1.59 6.49 4.25
SXGLSD 5% n.s 2.45 n.s 2.24 n.s 6.01

N: Normal condition S: Soil salinity condition

Geno : genotype

n.s.: not significantly different.
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Table 8. Mean values of number of spikes m2 , number of kernels spike'! and 1000-kernel weight for 16 wheat

genotypes evaluated under normal and soil salini

ty conditions in the two wheat growing seasons 2017 /

2018 and 2018 /2019.
Character Number of spikes m= Number of kernel spike! 1000-kernel weight (g)
Season 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean N S Mean N S Mean
Line 1 389 330 359 418 338 378 4439 42 52 44 48 40.27 34.70 37.49 47.17 39.61 43.39
Line 2 418 319 368 385 345 365 5241 46 5343 48 4594 33.39 39.66 46.00 40.08 43.04
Line 3 391 310 350 407 335 371 3936 38 4941 45 4426 36.81 40.53 34.09 31.35 32.72
Line 4 405 358 382 415 345 380 5447 50 5847 52 4549 4523 4536 46.38 41.71 44.04
Line 5 416 329 372 401 365 383 4838 43 4744 45 4472 4046 4259 41.14 41.10 41.12
Line 6 420 298 359 416 348 382 4235 39 5745 51 36.08 33.33 34.71 47.98 45.75 46.86
Line 7 375 287 331 373 302 338 4938 43 4742 45 40.11 3854 39.33 4151 40.80 41.15
Line 8 373 322 347 385 348 367 4538 41 5045 48 3785 3491 36.38 39.86 43.18 4152
Line 9 370 341 355 428 341 384 5140 46 5946 52 34.68 4219 38.43 5156 40.96 46.26
Line 10 323 342 332 389 305 347 4441 42 44 43 43  39.31 4552 4241 4527 36.80 41.03
Line 11 422 336 379 422 308 365 5536 45 5843 50 49.25 38.68 43.96 47.05 37.83 42.44
Line 12 398 358 378 418 386 402 49 36 43 5947 53 41.34 39.38 40.36 46.38 47.39 46.89
Gizal7l 440 341 391 433 360 396 6051 55 6756 61 46.68 43.89 4529 53.08 46.16 49.62
Sakha 93 395 320 357 384 336 360 49 34 42 44 43 44 3425 31.62 3293 46.09 40.35 43.22
Sakha 95 433 382 407 440 375 408 56 43 50 66 49 58 5291 50.27 5159 50.76 46.50 48.63
Misr 3 428 345 386 433 390 411 5641 49 5945 52 49.83 3945 44.64 48.22 43.68 45.95
Mean 400 332 366 409 345 377 5040 45 5445 50 42.68 39.27 40.98 45.78 41.45 43.62
Sallnlty F test ** ** **k ** ** **
Geno LSD 5% 4251 41.57 4.30 4.69 2.72 3.98
S X GLSD 5% n.s n.s 6.08 6.64 3.85 5.62

N: Normal condition S: Soil salinity condition

Geno : genotype

n.s.: not significantly different.

Table 9. Mean values of grain yield plot and Straw yield plot? for 16 wheat genotypes evaluated under normal
and soil salinity conditions in two wheat growing seasons 2017 / 2018 and 2018 /2019.

Character Grain yield plot? (Kg) Straw yield plot? (Kg)

Season 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean
Line 1 191 144 1.67 321 149 2.35 564 3.35 4.49 758 3.61 5.59
Line 2 254 133 1.94 316 157 2.36 7.37 3.38 5.38 7.69 3.82 5.75
Line 3 221 133 1.77 272 140 2.06 7.44  3.39 5.41 723 3.85 5.54
Line 4 243 1.83 2.13 332 1.69 2.51 6.82 4.08 5.45 6.84 3.94 5.39
Line 5 233 151 1.92 290 1.68 2.29 6.79 2.95 4.87 7.44 358 5.51
Line 6 182 112 1.47 328 1.83 2.55 566 2.82 4.24 6.78 3.72 5.25
Line 7 210 1.04 1.57 238 142 1.90 6.69 3.42 5.06 515 3.88 452
Line 8 207 114 1.60 3.01 1.75 2.38 574 2.80 4.27 6.72 3.49 5.11
Line 9 196 1.62 1.79 3.74 161 2.67 6.18 3.69 4.94 6.48 3.66 5.07
Line 10 191 177 1.84 284 155 2.19 577 3.48 4.63 6.73 3.50 5.12
Line 11 288 1.22 2.05 330 1.38 234 6.55 3.28 491 6.45 2.75 4.60
Line 12 252 1.38 1.95 3.27 1.88 2.57 7.45 4.07 5.76 7.66 4.62 6.14
Gizal71 338 1.80 2.59 414 211 3.12 790 3.10 5.50 6.75 4.37 5.56
Sakha 93 207 091 1.49 3.02 153 2.28 554 2.38 3.96 599 346 4.72
Sakha 95 2.88 1.88 2.38 438 245 3.41 528 457 4.92 749 411 5.80
Misr 3 232 184 2.08 406 22 3.14 5.65 3.62 4.63 7.38  3.99 5.68
Mean 233 145 1.89 329 172 251 6.40 3.40 4.90 6.90 3.77 5.33
Salinity F test *x *x *x **

Geno LSD 5% 0.35 0.31 n.s 0.87

S X G LSD 5% 0.50 0.44 n.s n.s

N: Normal condition  S: Soil salinity condition Geno : genotype n.s.: not significantly different.

In general, the mean of all genotypes decreased
significantly under soil salinity for all characters at both
seasons. This may be due to that salinity affect the plant by
one or more of decreasing water availability, nutrients
imbalance and specific ion effect. These results agrees with
those obtained by Kumar et al. (2012) who reported that
increasing salinity levels caused a significant decreases in
grain yield, biological yield and 1000-kernel weight.
Darwish et al. (2017) reported a significantdecrease under
salinity soil condition forall characters they studied, except
1000-kernel weight in one season. Also, Gadallah et al.
(2017) reported that all studied agronomical traits were
decreased with increasing of salinity levels.

Theresults in Tables (7, 8 and 9) showed that, the
studied genotypes significantly differenced in all studied
agronomic characters. The earliest genotype was Line 10 at
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heading at both seasons and maturity in the first season.
While, Line 5 was the earliest maturity in the second
season. Line 7 was the tallest genotype and Sakha 93was
the shortest one. However, Misr 3 and Sakha 95 gave the
highest number of spikes m2. Giza 171 in both seasons ,
Line 4 in the first season and Sakha 95 in the second
seasons recorded the largest number of kernels spike1.

The heaviest 1000- kernel weight was achieved by
Sakha 95 in the first season and Giza 171 in the second
one. Highest grain and straw yields recorded by Giza 171
and Sakha 95 in the both growing seasons. These results
are in harmony with those reported by Darwish et al.
(2017) and Al-Naggar et al. (2015 a, b) who found a
significant differencesamong thetested wheat genotypes
for all studied characters.
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The interaction between salinity and wheat
genotypes significantly differed for days to heading and
maturity and plant height in the second season, number of
kernels spike, 1000-kernel weight and grain yield over
both seasons. The results also showed that Line 4, Line 5,
Line 6, Line 8 and Line 10 showed early heading and
maturity under salinity condition in the second season,
The tallest plants were produced from Line 2, Line 7,
Linel2 and Giza 171 under normal condition. While,
Sakha 93 was the shortestone under soil salinity condition
in the second season.

Concerning the interaction effect between salinity
and genotypes, the results indicated that Line 4, Line 11
,Sakha 95 and Muisr 3 recorded the highest number of
kernels spike! values under normal condition in the first
season, however Giza 171 and Sakha 95 gave the highest
values undernormal condition in the second season. The
two cultivars Misr 3 and Sakha 95 produced the heaviest
1000-kernel weight under normal condition in both
seasons, Line 11 undernormal condition in the first season
and Line 9 and Giza 171in the second season. The two
cultivars Giza 171 and Sakha 95 produced the highest
grain yield under normal condition in both growing
seasons, in addition to Line 11 in the first season and Misr
3 in the second one. These results are in harmony with
those reported by Nasab et al. (2014) who found
insignificant interactions for number of spikes m? and
1000-kernel weight. Meanwhile, Darwish et al. (2017) and
Hagras et al. (2018) reported a significant interactions
between genotypes and soil salinity for days to heading,
days to maturity , plant height, number of spikes m-2,
number of kernels spike! and grain yield.

Stress tolerance indices :

The stress susceptibility index (SSI) and yield
reduction ratio (YR) estimates based on mean of grain
yield overtwo years to determine the relative tolerance of
bread wheat genotypes to soil salinity stress. Hamamand
Negim (2014) reported that, the mean SSI over two years
appeared to be a suitable selectionindexto distinguish the
resistantgenotypes for salinity. The genotype which had
low values of these indices would be more tolerant to soil
salinity stress. Selection based on YR and SSI favors
genotypeswith lowyield potential under normal condition
and high yield under stress condition.

Resultsin Table 10 showed that, the highest grain
yielding genotypes under normal condition were Giza
171(3.76 Kg plot1) and Sakha 95(3.64 Kg plot!), whereas
Line 7 had the leastvalue (2.24 Kg plot1). However, Sakha
95 (2.16 Kg plot?) and Giza 171 (1.95 Kg plot™?) had the
highest grain yield under soil salinity condition. Meanwhile,
Sakha 93 gave the least value being (1.22 Kg plot-1).

Results indicated that Line 10 and Misr 3 had the
lowest values for SSI (0.68, 0.72) and YR (0.30, 0.31),
respectively. This indicatethat these two genotypes were
tolerant to soil salinity. Whereas, Line 11 and Sakha 93
had the highest values for both SSI (1.32, 1.18) and YR
(0.58, 0.52),respectively. Which indicated that these two
genotypes were sensitive to soil salinity condition. These
results agrees with that obtained by Darwish et al., (2017)
who found that Giza 171 was moderately tolerant to soil
salinity , also Hagras et al., (2018) reported that Sakha 95
and Giza 171 were moderate soil salinity tolerance.

Table 10 . Estimates of stress tolerance indices ( YR
and SSI) of 16 bread wheat genotypes based
on grain yield under normal andsoil salinity
conditions across the two seasons.

Grainyield (Kg plot-)Stress tolerance indices

Genotypes Yn Ys R SSI
Linel 2.56 1.47 0.43 0.97
Line 2 2.85 1.45 0.49 1.11
Line 3 2.47 1.37 0.45 1.01
Line 4 2.88 1.76 0.39 0.88
Line 5 2.61 1.59 0.39 0.89
Line 6 2.55 1.47 0.42 0.96
Line 7 2.24 1.23 0.45 1.02
Line 8 2.54 1.44 0.43 0.98
Line 9 2.85 1.61 0.43 0.99
Line 10 2.37 1.66 0.30 0.68
Line 11 3.09 1.30 0.58 1.32
Line 12 2.90 1.63 0.44 0.99
Gizal71 3.76 1.95 0.48 1.09
Sakha 93 2.54 1.22 0.52 1.18
Sakha 95 3.64 2.16 0.40 0.92
Misr3 3.19 2.02 0.31 0.72
Quality traits:

The soil salinity caused decrease in germination
percentage and viability (by increase E.C value) compared
with normal condition as shown in Table (11).
Germination % decreased under salinity stress compared
with that under normal from 97% to 88% in the first
season and from 93 % to 83 % in the second season.
Salinity stress increased electrical conductivity compared
with that under normal condition, from 13.10 to 17.55 p-
mhos in the first season and from 14.26 to 17.94 p-mhos
in the secondseason. Abd El-Kareemand El-Saidy (2011)
reported thatwater stress reduced germination percentage.
Table (12) illustrated that soil salinity stress caused an
increase in protein content compared to normal condition
from 12.89% to 13.70% in the first season and from 13.02
9% to 13.83 % in the secondseason. Wet gluten contentwas
increased under salinity soil from 25.72% to 31.80 % in the
first season and from 23.84% to 30.62 % in the second
season compared to normal soil. Salinity increased dry
gluten content compared to normal condition from 9.44%
t0 11.91% in the first season and from 8.88% to 11.33% in
the secondseason. Kahriziand Sedghi (2013) showed that
gluten content changed very little with salinity and
Houshmand et al., (2014) reported that salt and drought
stress caused significantincrement in grain protein content,
wet and dry gluten contents.

There were significantly differences among
genotypeson germination% and viability (Table 11). Line
8, Sakha 93 and Misr 3 recorded the highest germination
percentage in the first season. Meanwhile, Line 9, Line 10,
Sakha 93 and Misr 3 recorded the highestgermination% in
the second season. Line 2, Line 5 and Giza 171 recorded
the highest viability (by decreased E.C value) in the first
season, while Line 5, Line 9, Sakha 93 and Misr 3 showed
the highest viability in the second season. On the other
hand, Line 6 recorded the lowest viability (by increasing
E.C value) in both seasons. Meanwhile, the resultsin Table
(12) revealed that, Line 2 recorded the highest protein
content in both seasons. However, Sakha 93 cultivar
recorded the lowestproteincontent in both seasons. Line 9
recorded the highest wet gluten content in the first season
and Sakha 93 in the second season. Regarding dry gluten
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content, Table (12) showed that the highest values were
obtained by Line 7 in the first season and Sakha 93 in the
second season. In the meantime, Line 3 recorded the

Table 11. Mean values of germination percentage and

lowest dry gluten content in both seasons. These results
agreed with those reported by Zheng et al., (2009) and
Kahrizi and Sedghi (2013).

electrical condactivity (uhoms) for 16 wheat genotypes

evaluated under normal and soil salinity conditions in the two wheat growing seasons 2017 / 2018 and

2018 /2019.
Character Germination percentage % Electrical condactivity (Lhoms)
Season 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean
Line 1 96 91 93 92 83 87 1012 16.17 13.15 1299 19.64 16.32
Line 2 100 84 92 9% 80 88 9.98 1337 1167 1149 1560 1354
Line 3 96 87 91 89 79 84 1755 2437 2096 19.02 29.44 24.23
Line 4 96 87 91 91 83 87 1379 1814 1596 1556 1586 15.71
Line 5 100 88 94 9% 84 90 7.93 1557 1175  9.86 16.52  13.19
Line 6 92 76 84 88 72 80 2117 2992 2555 2341 3150 27.46
Line 7 95 85 90 91 84 87 1733 2129 1931 16,72 1946  18.09
Line 8 99 95 97 87 85 86 12.75 1354 1315 1422 1567 1494
Line 9 95 92 94 96 92 94 1242 1255 1248 1143 1436 12.89
Line 10 99 92 95 9% 88 92 13.34 1511 1422 1140 1567 1353
Line 11 97 88 93 92 84 88 13.75 1724 1549 16.08 1847 17.27
Line 12 92 85 89 88 83 85 16.19 17.04 16.62 1542 16.66 16.04
Gizal71 100 85 93 96 79 87 10.05 1425 1215 11.32 1595 13.63
Sakha 93 100 92 96 9% 88 92 10.13 2372 1693 1134 1545 13.39
Sakha 95 100 85 93 96 73 85 9.46 1725 1335 1135 1736 14.36
Misr3 100 92 96 96 88 92 10.71 1432 1251 1123 1479 13.01
Mean 97 88 93 93 83 88 1292 1774 1533 1393 1828 16.10
Salinity F test ** faled ** faled
Geno LSD 5% 1.77 3.14 0.50 0.64
SXGLSD 5% 2.51 4.44 0.71 0.90

N: Normal condition S: Soil salinity condition

Interaction between salinity and genotypes was
significant for all quality studied characters. Table (11)
reveled that, the highest germination percentage was
observedin Line 2, Line 5, Line 8, Line 10, Giza 171, Sakha
93, Sakha 95 and Misr 3in the first season, and Line 2, Line
5, Line 9, Line 10, Giza 171, Sakha 93, Sakha 95 and Misr 3
in the second season under normal condition. Regarding
viability (E.C), the highest viability by decreasing E.C value
was observed in Line 8 and Line 5 under the normal
conditionin bothseasons. In themeantime, Line 6 recorded
the lowest viability (by increase E.C value) under soil

Geno : genotype

n.s.: not significantly different.

salinity condition in both seasons. The highest protein
contentwas detected in Line 2 undersoil salinity condition
in the first season and Line 2, Line 4, Line 5and Line 12 in
the second season (Table 12). Turki et al., (2012) showed
that salt accumulation increased protein content in five
varieties and one accession of durumwheat. This variation
may be related totherelatively stable nitrogen metabolism
under salt stress, which might contribute to the higher
protein concentration. Zhenget al., (2009) reported that the
protein content of cultivars under study increased as salt
concentration increase.

Table 12. Mean values of crude protein % , wet gluten % and dry gluten % for 16 wheat genotypes evaluated
under normal and soil salinity conditions in the two wheat growing seasons 2017 / 2018 and 2018 /2019.

Character Crude protein % Wet gluten % Dry gluten %

Season 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Genotypes N S Mean N S Mean N S Mean N S Mean N S Mean N S Mean
Line 1 1424 1445 1435 1427 1459 1443 2664 2779 2721 2540 2711 2625 1028 1035 1031 983 99 989
Line 2 1444 1454 1449 1457 1467 1462 2933 3176 3055 2519 3007 2763 1045 1160 1103 907 1083 995
Line 3 1421 1434 1427 1434 1447 1441 2047 2648 2347 1879 2488 2183 695 915 805 660 875 767
Line 4 1286 1450 1368 1299 1463 1381 2944 3096 3020 2891 3036 2963 1088 1201 1145 1060 1124 1092
Line 5 1267 1450 1358 1280 1463 1372 2492 3259 2875 2212 3016 2614 948 1160 1054 852 1092 972
Line 6 1119 1277 1198 1132 1290 1211 2065 2468 2267 1884 2423 2153 760 928 844 720 909 815
Line 7 1126 1277 1201 1139 1290 1215 2364 3712 3038 2219 3607 2913 895 1608 1251 840 1527 1183
Line 8 1415 1428 1421 1428 1441 1435 2560 3408 2084 2320 3192 2756 883 1404 1143 828 1236 1032
Line 9 1277 1429 1353 1290 1442 1366 2688 3975 3331 2563 3853 3208 940 1453 1197 901 1364 1133
Line 10 1257 1269 1263 1270 1283 1277 2913 3325 3119 2780 3244 3012 1071 1285 1178 1052 1220 11.36
Line 11 1095 1277 1186 1108 1290 1199 2169 2580 2375 1957 2556 2257 828 936 882 680 907 793
Line 12 1427 1446 1436 1440 1459 1450 2736 3271 3003 2563 3084 2823 972 1192 1082 979 1151 1065
Gizal7l 1273 1432 1352 1286 1445 1366 2689 3127 2008 2304 2896 2600 1033 1100 1067 912 1036 974
Sakha 93 1107 1132 1119 1120 1145 1133 3248 3344 3296 3240 3324 3282 1188 1281 1235 1160 1228 1194
Sakha 95 1273 1289 1281 1286 1302 1294 2009 2805 2407 1748 2777 2263 763 992 877 743 977 860
Misr 3 1420 1428 1424 1433 1441 1437 2631 39007 3269 2528 3771 3149 972 1409 1191 933 1400 1167
Mean 1289 1370 1329 1302 1383 1342 2572 3180 2876 2384 3062 2723 944 1191 1068 888 1133 10.10
Sallnlty F test ** ** ** ** ** **

Geno LSD 5% 0.03 0.05 0.46 0.50 0.25 0.20
SXGLSD 5% 0.04 0.08 0.65 0.71 0.36 0.28

N: Normal condition S: Soil salinity condition Geno : genotype n.s.: not significantly different.
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The Table (12) recorded the maximum increase in
wet gluten content produced from the Line 9 under soil
salinity stressin the two seasons. While, the lowest values
observedin Line 6 and Sakha 95 under normal condition in
the first season. While, Sakha 95 recorded the lowest
percentage in the second season. In the meantime, Table
(12) showed that the highest percent of dry gluten under
soilsalinity condition observed in Line 7 in both seasons.
While, the lowest values were obtained by Line 3 under
normal condition in the both seasons. These results agree
with those reported by Kahrizi and Sedghi (2013).
Cluster analysis

Clusteranalysis is an effective tool for classifying
objects into groups. The cluster analysis was used as an
efficient procedure to emerge the structural relationships
among tested genotypes and provides a hierarchical
classification of them. In the present work, based on
Euclidean distance, the tested genotypes were classified
according to grain yield, stress tolerance indices,
physiologicaland quality characters were discriminated as
shown in dendrogramgraph (Fig. 1). Mean values of grain
yield, stress tolerance indices, physiological and quality
charactersunder each studied cluster, are present in Table
(13). Accordingly, the features of each cluster were
describe and discussed below.

It could be seen, from Table (13) and dendrogram
(Fig. 1), that the cluster analysis discriminated the aimed
genotypes into two major clusters namely; A and B.
However, the first main cluster divided into three sub
clusters which could be named, 1,2 and 3. The sub cluster
number one consisted of five genotypes (Line 1, Line 8,
Line 5, Line 9 and Line 6). The genotypes in this cluster in
general had moderate values for most studied characters
i.e.grain yield, tolerance indices, physiological and quality
characters. The 2" sub cluster include two genotypes (Line
7 and Sakha 93) that had low values of grain yield at both
conditions and high values of stress tolerance indices.
These genotypes recorded moderatevalues fortotal, a, and
b chlorophyll contents, proline content, while they gave
highest values for both wet and dry gluten contents.

Considering the 3" sub cluster, it comprised of four
genotypes namley Line 2, Line 12, Line 3 and Line 11.

These genotypes had moderate grain yield at both
conditions and high values of stress tolerance indices.
They reflected a minimum values for physiological
charactersand both wet and dry gluten contents, but they
had the highest protein content.

Dendrogram

-34.564

1029 ]
) (B)
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55.154 5
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Fig. 1. Dendrogram showing the distance among 16
wheat genotypes based on the mean values of
grain yield, physiological characters, quality
characters and stress tolerance indices, as
combined data over both seasons 2017/2018 and
2018/2019.

The 2" main clusterconsisted of two sub clusters
(4 and 5). Cluster number 4 represented by three genotypes
namely; Line 4, Misr 3 and Line 10 which gave moderate
grain yield at both conditions and lowest values of stress
tolerance indices. They had maximum values of
physiological characters and moderate values for quality
characters. cluster number 5 included two genotypes i.e.
Giza 171 and Sakha 95 which gave the highest grain yield
at both conditions and moderate values ofstress tolerance
indices especially for Sakha 95. Also, they recorded a
moderate values of physiological characters and protein
content, but they gave the lowest values of both wet and
dry gluten contents.

Table 13. Summary of hierarchical cluster analysis represents the classification of tested wheat genotypes based on
the mean values of grain yield, physiological characters, quality characters and stress tolerance indices,
as combined data over both seasons 2017/2018 and2018/2019.

Grain Stresstolerance

Physiological characters Quality characters

Cluster Included yield indices Chlorophyll _
genotypes N S YR SSI Total a p RWC Proline, o in Wet  Dry
gluten gluten
1 Lines1,8,5,9,6 262 152 042 096 1254 9.52 3.02 80.21 0.31 1359 2754 10.21
2 Line 7 and Sakha93 2.39 1.23 0.49 1.1 1244 9.44 3 7952 029 1167 3132 1216
3 Lines2,12,3and 11 2.83 144 0.49 1.11 11.82 8.94 2.88 794 0.28 13.81 26.01 9.37
4 Line 4, Misr3andline 102.81 1.87 0.33 0.76 13.45 10.09 3.36 81.77 0.33 1358 30.89 1151
5 Gizal7land Sakha95 3.7 2.06 0.44 1.01 1296 9.81 3.15 8058 0.29 13.23 25.44 9.45

Finally, in the present work and based on cluster
analysis which indicatethat the two cultivar Sakha 95 and
Giza 171 exhibited the highest grain yield under both
conditions, moderate value for both yield reduction ratio
and stress susceptibility index, moderate values of
physiological characters and proteincontent but they gave
the lowest values forboth wet and dry gluten contents. So,
Sakha 95 and Giza 171 moderately tolerant for soil

salinity. On the other hand, Line 4, Misr 3 and Line 10
were considereda highly tolerantforsoil salinity sincethey
gave the moderate grain yield at both conditions , lowest
values for both vyield reduction ratio and stress
susceptibility index, maximum values for physiological
charactersand moderate values for quality characters. So,
these genotypes high tolerant for soil salinity. Therefore,
these genotypes were highly tolerant for soil salinity and
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might be used as parents in breeding programs to produce
new genotypes with desirable characters related to soil
salinity tolerance.
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