Alex. J. Agric. Res. 50 (3) 131-139, 2005 15

COMPARATIVE PERFORMANCE OF SOME WHEAT (TRITICUM AESTIVUM L.)
GENOTYPES IN TRACE ELEMENTS COMPOSITION
UNDER SALINITY STRESS, -

F. K. Sherif

Received on: 18/7/2005 Accepted on: 18/10/2005

ABSTRACT.

Salinity is one of the major factors reducing plant growth and productivity. The cultivation of salt tolerant cultivars is
an aliemanve approach for effective utilization of salt affected soils. The objective of this study was to examine the
performance of five different wheat genotypes (Sakha93, Sidsl, Gizal 68, Gimiza7, and Gimiza$) under salinity stress with
special reference to micronutrients concentration in plants as a criterion for phytosiderophores production. Genotypes were
exposed to five different salinity levels (0, 100, 200, 300, and 400 mM NaCl) in irrigation water. At vegetative growth,
increasing salinity decreased chlorophyll content and fresh weight leaf”, except for 100 mM NaCl. The results also showed a
highly significant variation among genotypes. Under saline conditions maxipum accumulation of Na content was observed in
Sakha 93 and Sids 1. On centrary, Salinity decreased K concentration in flag leaves. Also, the concentration of Fe and Zn in
flag leaves decreased significantly. Sids | and Giza 168 recorded the highest concentration of Fe at 100 mM NaCl. While,
under higher salinity levels, Gimiza 9 showed an increasing in Zn concentration. According to the cluster analysis, Gimiza 9
was ranked as the most tolerant genotypes. While, Sakha 93 and Sids 1, as sensitive and Giza 168 and Gimiza 7 as moderate
genolypes.

INTRODUCTION

alinity is one of the major factors reducing plant

growth and productivity worldwide, and affects
about 7% of the world's total land area (Flowers
et al., 1997). The percentage of cultivated land affected
by salt is even greater, with 23% of the cultivated land
being saline and 20% of the irrigated land suffering
from secondary salinization. Egypt is one of the
countries that suffer from severe salinity problems. For
example, 33% of the cultivated land, which comprises
only 3% of toial land area in Egypt, is already salinized
duc to low precipitation (25mm anmual rainfall) and
irmigation with saline water (Ghassemi et al, 1995).
Wheat is the most important and widely adapled food
cereal in Egypt. However, Egypt supplies only 40% of
its domestic demand for wheat {Salam, 2002).
Thercfore, it is necessary to increase wheat production
in Egypt by raising the wheat grain yield Obviously,
one of the most efficient way to increase wheat vield is
o improve the salt tolerance of wheat genotypes
(Pervaiz et al., 2002). Saline agriculture fechnology is an
alternative approach for effective utilization of salt
affected soils, which involves the cultivation of salt-
tolerant cultivars.

Zinc and Fe deficiencies are common
micronutrient deficiencics in calcareous soils in which
the solubility is exiremely low, owing to the high pH,
and adversely affect crop production (White and
Zasoski, 1999). Zn and Fe deficiency is a particular
micronutrient deficiency problem in cercal-growing
areas causing large decreases in grain yield and quality,
in Australia (Graham et al, 1992), Twkey (Cakmak
et al., 1996a, 1999) and India (Takkar et al., 1989).

“There is subsiantial variation in tolerance to
Zn or Fe deficiency within and among cereal species.
Possibly, the release of phytosiderophores (PS) (non-
protein amino acids) from roots in response to Fe or
Zn deficiencies is an important factor affecting

genotypic variation in the tolerance to Zn and Fe
deficiencies. Phytosiderophores arc highly effective
in solubilization and mobilization of Zn and Fe in
calcarcous soils (Trecby et al., 1989) and are
involved in the uptake of these nutrients by roots
{Romheld and Marschner, 1990; Von Wiren et al,
1996). The existence of large differences in tolerance
to Fe deficiency between various cereal species
correlated well with the release rate of PS from roots
{Marschner et al., 1986; Kawai et al., 1988; Rémheld
and Marschner, 1990), Similarly, differences in
tolerance to Zn deficiency between sorghum, wheat
and corn corrclate well with the amounts of PS
released from roots (Hopkins et al, 1998). Wild
grasses, adapted to severcly Zn-deficient calcareous
soils, released high amounts of PS when grown under
Zn deficiency (Cakmak et al., 1996b). Bread wheat
cultivars show greater tolerance to Zn deficiency than
durum wheat cultivars, and this difference in
tolerance correlated with differences in the release
rate of phytosiderophores (Cakmak et al., 1994,
Walter et al., 1994; Rengel et al., 1998),

In saline envirpnment, when salts are present in

_higher concentrations plant growth is affected

negatively in various ways 1.¢. osmotic effects, spegific
ion effect and nutritional imbalance (Flowers et al,
1991). A secondary effect of high conceniration of Na
and Cl in the root mediym is the suppression of nutrient
uptake of essential nutrients. On the other hand, sait
tolerant cultivars can compartmemntalize the toxic
concentrations of the saits in their tissues and cells
(Gotham and Wyn Joncs, 1993).

Little information is available about the effect of
salinity on PS produced by different wheat genotypes.
Therefore, the present study aims to compare the
performance of wheat genotypes under salinity stress
with special reference to micronutrienis conceniration in
plants as a criterion for phytosideropbores production.
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MATERIALS AND METHODS
1-Plant materials
Five varicties of winter wheat (Triticum aestivum
L.) were used in this study; Sakha93, Sidsl, Gizal68,
Gemmeza7, and Gemmeza 9. Seeds were obtained
from the Agricultural Research Center in Giza,
Egypt.
2- Growth conditions
This study was carried out in a greenhouse from
the middle of November 2004 io the middle of March
2005. The air temperature ranged from 23 to 26°C
during the day. A calcarcous surface soil sample (0-
15 cm) was collected from Burg El-Arab region. The
soil was air dried, ground, passcd through a 5 mm
chemical characteristics of the studied soils were
determined according to the standard methods
outlined by Page (1982) and are listed in Table (1).

Table (1). Main chemical characteristics of the

studied soil.
Parameters Parameters
EC dSm[ 1017 C1 5.1
meqL’
pH (soil paste} | 8.04 | CaCO, gkg | 205
Na meqL [ 42 [ DTPA-Fe mgkg'| 222
K meqL[ 5.6 | DTPA-Zn mgkg’| 0.16
Ca meqL | 1.8 | DTPA-Cu mgkg| 0.18
Mg meqL"[ 4.6 | DTPA-Mn mgkg’[ 1.08

A bulk soil sample (about 3.0 kg) was placed in a
plastic pot (20 cm® diameter, 30 cm height). Before
planting, uniformn rates of NPK fertilizers were added
atthcmteoflSOkgfed"asmperphosphateandSO
kg fed’ potmumsulfate Nitrogen was added at the
rate of 300 kg fed™ in three doses (initially, 25, and
50days) of cuitivation date. Wheat seeds were sown,
and thinned to two seedlings per pot after ten days.

Five salt levels (0, 100, 200, 300, and 400 mM
NaCl) were used in irrigated water. The salinity
levels were equivalent to an electncal conductivity of
0.55, 8.2, 17.5, 22.5, and 34 dSm™, respectively. To
avoid an osmotic shock for seedhng emergence, the
salinized water was used after 45 days of sowing
(Gorham and Wyn Jones, 1993).

During the experiment, plants wese watered to
achieve the field capacity. All treatmenis were
replicated three times.

3-Chlorgphyll and trace elements determination

At the third leaf stage, after 30 days of salinity
treatments, the second leaf were sampled, collected,
washed with tap water, then with distilled water,
Total, a, and b chiorophyll content were determined
according to ( Mackinney, 1941),

At the same stage, flag leaves were collected,
washed with distilled water, oven dried at 65°C, then
homogenized and wet digesied using concentrated
sulfuric acid and hydrogen peroxide (FAO, 1980) and
analyzed for extractable Fe, Zn, Cu and Mn,

3-Yield characteristics

After plamt matirity, the above ground plant
parts were harvested and the fresh and dry weights of
straw and grains were recorded. Plant height, Number
of spikes and grains were also recorded.
4-Ranking of for salt tole

Following Zeng et al., (2002) all the data were
converied to salt tolerance indices before cluster
anatysis to allow comparisons among genotypes for
salt tolerance. A salt tolerance index was defined as
the observation at salinity divided by the average of
the control. Cluster group rankings were obtained
based on Single-link cluster anatysis of the means of
the salt tolerance indices for fresh and dry weight per
plant, chlorophyll content, and micronutrient content,
(SAS Institute, 2000).
S-Statistical analysis of data

Statistical analysis for the effect of salinity
levels and genotypes on different growth parameters
and elemental composition were carried out using
CoStat computer program (1986). Completely
randomized block design (CRBD) was used for
analysis. L.S.Dos; was used to compare salinity
levels and genotypes means.

RESULTS AND DISCUSION

1-Vegetative growth characteristicy

Vegetative growth of wheat plants s
characterized by chlorophyll determination and fresh
weight leaf!. Generally, the values of chlorophyll
{total, a, and b) decreased with increasing salinity
(Fig.1). The low salinity level (100 mM NaCl)
reduced the three forms of chlorophyll to a lesser
degree than the other treatments. The results also
show a wide variation among genotypes, for instance,
at 100 mM NaCl the total chiorophyll was reduced by
28, 26, 8, 0.6, and 5% for Sakha 93, Sids 1, Gizal68,
Gimiza 7 and Gimiza9, respectively (Figl). Yamane
et al., (2003) reported that, prominent swelling of
thylakoﬁs,lsmduoedatthewrlyslageoflhe
damage when plants are affected by salt stress. Also,
data presented in (Fig. 1) illustrated that fresh weight
leaf! decreased significantly with increasing salinity.
However, four genotypes showed an increasing in
fresh weight leaf'at (100 mM NaCl) about 49, 9, 31,
and 26% for Sidsl, Giza 168, Gimiza 7, and Gimiza
9, respectively relative to control, This increasing in
fresh weight may be due to increasing in root
absorbing area due to osmotic stresses under saline
conditions (Rozeman and Visser, 1981). Whereas, at
higher salinity levels fresh weight leaf’ was
decreased significantly, This indicate that the
reduction in fresh weight was closely related to
salinity effect, this reduction was probably due to the
extra energy utilization for osmotic accumulation,
which is much more ATP consuming for osmotic
adjustment (Wyn Jones and Gorham,1993). Indeed,
this reduction may be due to the effect of Na which
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causes a range of osmotic and metabolic problems for
plants (Tester and Davenport, 2003).
N; ion

Data in Table (2) showed that root zone salinity
increased Na concentration in flag leaf. Genotypes
differed significantly for sadium accumulation both
under control and saline conditions. Under saline
conditions maximum accumulation was observed in
Sakha 93 and Sids 1(the most sensitive genotypes),
this may be due to high Na concentration in the root
membrane (Nawaz et al., 1998) and lack of osmotic
adjustment, which resulting in inhibition of water
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1992), In agreement with this trend Makus, (2003)
found that increasing soil salinity increased Na and
Cl leaf blade of vegetable amaranth. On contrary,
sodium could not be detected in Gimiza 9 up to 100
mM NaCl. This indicates that this genotype could
exclude or restrict the accumulation of Na in their
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As shown in Table (2), K concentration in plant
decreased with salinity increasing. The obscrved data
showed that the decrease in K concentration was
about 18, 10, 7, 12 and 6% for Sakha93, Sidsi,
Gizal68, Gimiza7 and Gimiza9 respectively, relative
to control. This decreasing may be dug to metabolic
toxicity of Na®, which has the ability to compete with
K for binding sites essential for cellular function.
Also, high Na concentration in plants displaces Ca*
from the plasmalemma resulting in loss of membrane
integrity and efflux of cytosolic K* (Cramer et al.,
1985). Bhandal and Malik, (1988) reported that more
than 50 enzymes are activated by K and Na cannol
substitute in this role,

As regards to varietals accumaulation, significant
differences in K concentration were observed among
genotypes. Data in Table (2) showed that salinity
increased K concentration in flag leaves in Gimiza9
under higher salinity (300 and 400 mM NaCl)
treatment than lower one (200 mM Na(Cl).
Meanwhile, Gimiza% accumulate low Na
conceniration, hence the K concentration was high
relative (o other pgenotypes. This was unusually
correlated with low Na' concentration in the leaves.
This was explained by efficient K absorption and
selective inclugion of Na by oortical cells
(Schachtman and Munns, 1992). The high
concentration of K in Gimiza9 under salinity siress
declare the importance of K in shoot (o activate the
enzymes for stomatal functioning which is shown to
be related to salinity tolerance. Empirically, for a
wide range of species, it is found that plants that are
more able to tolerate saline environment,
have a greater ability 1o exclude Na from the shoot or
at least blades, and concurrently maintain high levels
of K* (Munns et al., 2000, Zhu et al., 2001),

3- Trace ¢lements conceniration

The data given in Table (1) showed that the soils
are deficient in available (Fe, Zn, Cu, Mn), and the
concentration of DTPA-exiractable clements were
under the normal range, (Alloway, 1995). Therefore,
the significant differences in Fe congentration in flag
leaves among genotypes showed in Table (3) referred
to the performance of each genotype to chelate Fe.
However, this ability was affected by salinity levels.
The data in Table (3) illustrated that Fe concentration
decreased  significantly with increasing NaCl
concentration. Also, it is obvious that Sids]l and
(izal68 recorded higher concentration of Fe at 100
mM NaCl relative to control but this value decreased
with increasing NaCl concentration. This may be duc
to the effect of Na(Cl which has some effects on soil
chemistry, that is, the added Na* competes with other
cations for sorption sites. Moreover, the added CI
may complex certain cations.

The same trend was observed with Zn
concentration in flag leaves. In agreement with these
data, Khoshgofiar et al., (2004) found that high
salinity decreased Zn concentration in the wheat
shoot. Data in table (3) illustvated that Zn
concentration in Gimiza 9 and Giza 168 increased by
31 and 50% respectively, relative to control at 100
mM NaCl. However, the four genotypes (Sakha93,
Sidsl, Giza 168, and Gimiza7) showed a significant
decreasing in Zn concentsation at higher salinity
levels, Zn concentration in Gimiza 9 increased by
43% at 400 mM NaCl relative to control; this may be
duetotheabnlnyofthesemypestorelmseme
phytosiderophore under Fe and Zn deficiency
(Cakmak et al., 2001). This could be considered
another stratcgy of adaptation mechanism for ihis
genotype in salinity tolerance.

Table (2) Effect of different salinity levels on K and Na concentration (mgkg™) in flag leaves

at vegetative stage for different wheat genotypes.

Parameters | NaCl Sakha 93| Sidsl Gizal68 | Gimiza 7| Gimiza9 { Mcan
mML"

Na 0 108.4 67 6.9 64 00 50.14 ¢
100 208 81.1 26.6 46.8 0.0 72.66 d
200 380 97.1 57.9 52.7 589 129.00 ¢
300 430 220 64 771 63 17100 b
400 450 3973 90 81 71.1 219.00 a

Mean 31565 2} 1727 b 16143 ¢ (5279 d | 3989 ¢

K 0 268.5 187.7 137.2 167.5 1473 181.48 a
100 218 167.5 127.1 1473 137.2 15934 b
200 76.6 117 113.1 117 16 81.18 ¢
300 16 96.8 96.8 96.5 36.2 6813 d
400 66.5 47.3 52.4 66.5 36.2 5377 ¢

Mean 129.1 a| 123.08 a} 11867 a|l 98.51 b| 74.53 ¢

LSD( 0.05) for Na= 1.81

Concerning Cu concentration in flag leaves. Data
in Table (3) showed significant differences among

LSD( 0.05) for K =878

different genotypes. Under non-saline condition
Sakha 93 recorded the highest comtent of Cu.
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Increasing salinity levels decreased Cu content in ali
wheat genotypes except for Gimiza 9 which
increased Cu coatent by 105 and 94% at 100 and 400
mM NaCl respectively, refative to control. This frend
confirmed the previously data observed for Zn which
indicste that the phytosiderophores released by
Gimiza 9 had the ability to chelate Cu also, and this
ability was enhanced by increasing salinity levels. It

is clear from Table (3) that Cu concentration, at the
highest salinity levels (400 mM NaCl), increased
relative to the lower salinity levels (200, and 300 mM
NaCl), and this increasing differed among genotypes.
These variations may be referred to differcaces in
antioxidant activity in response {0 salinity stress in
tolerant and sensitive wheat genotypes (Sarian et al.,
2003).

Table (3) Effect of different salinity levels on microsutrients conceniration (mgkg?) in flag

leaves at vepetative stage for different wheat genotypes,

Elementq NaCll Sakha 93| Sidsl Gizal68 | Gimiza 7| Gimiza9 | Mean
mML

Fe 0 259.2 170.2 936 292 1878 2003 a
100 82.4 180.6 184.4 105 147 13968 b
200 78 92.4 63.6 66 24 6822 ¢
300 140 80.2 105 171.4 78.8 1148 d
400 104 113.6 157.6 118.2 92.2 1168 ¢

Mean 1324 b[{ 127 c | 12073 d| 150.4 a] 10928 d

Zn 0 84.56 19 88 4242 50.96 33.16 5018 a
100 40,2 35.46 63.98 263 43.48 4173 b
200 20,52 46.46 37.82 314 227 31.67 di
300 30.12 46.68 4328 32.88 3928 3503 ¢
400 33.64 29.74 25.96 20.5 4748 3484 ¢

Mean 4176 b 3962 c| 4268 a 32.44 36.94

Cu 0 6.4 42 32 4.4 34 434 a
160 26 3 1.8 2.4 1.0 335 b
200 1.8 1.4 0.4 0.1 1.0 098 &
300 1.2 3.8 0.2 0.9 02 126 d
400 2 18 L6 0.4 6.6 246 ¢

Mean 284 b{281 bl143 d 168 ¢/ 364 a

Mn 0 36.2 416 304 62.6 16.8 38.59 a
100 22.6 348 22.6 25.4 16.4 2088 ¢
200 17.2 28.2 24.6 216 146 1666 ¢
300 11.8 228 19.4 19.4 128 2592 b
400 10.4 21.0 158 18.6 90 1842 d

Mean 202 d}3678 al2257 c¢]2906 b} 11.85 d |

LSD( 0.05) forFe=120
L.S.D( 0.05) for Cu=0.09

On contrary, Mn concentration in flag leaves
decreased significanily with increasing salinity levels
in all genotypes. However, Giza 168 recorded the
lowest comcentration at control; Sakha recorded the
lowest concentration at 400 mM WNaCl These
variations in Mn Concentration in flag lcaves among
different genotypes may be due to the performance of
each genotype to release phytosyderophoes and
chelate Mn, but this performance was affected by
salinity levels,

ield cha
The evaluation of final yields was deicrmined by
plant height, fresh and dry weight of straw, fresh and
dry weight of grain, number of spikes, and number of
when compared to control in almost all genotypes
(Table 4). This reduction could be attributed to toxic
effects of Na* and CI in the physiologically active
parts of tissues, and to inefficient compartmentation

LSD( o_os)fOl' Zn =032
L.S.D( oo for Mn = 0.55

for these ions in vacuoles (Yeo and flowers, 1986).
Among wheat genotypes, plamt height was also
differed highly significant. Under non-saline
condition, the genmotypes (Gizal68 and Gimiza?)
produoed the maximuwm, while Sidsl produced the
minimum. At 100 mM NaCl, plant height in Gimiza7
and Gimiza9 was increased relative to control.

At final harvest, fresh and dry weight of straw
decreased significaptly with salinity increasing.
However, it is obvious from Table (4) that the
genotypes gimiza7 and gimiza9 recorded higher fresh
weight at 100 mM NaCl, relative to control, but this
trend was not observed for dry weight, this may be
due to osmotic adjustment by these two genotypes,
which resulting in enhancing of water uptake (Gale
and Zeroni, 1984). Among genotypes there were
highly significant differences in fresh and dry weight,
for example at (300 mM NaCl), the fresh weight
decreased by 76, 63, 51, 22, and 38% relative to
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control for Sakha93, Sidsl, Gizal68, Gimiza7 and
Gimiza9, respectively.

Also, fresh and dry grain yield per plant was
decreased with satinity increasing. Gale and Zerond
(1984) referred the reduction of yicld to disturbed
carbohydrate and protein metabolism. However, at
100 mM NaCl the dry grain weight of gimiza9
increased by 42% relative to control. Meanwhile, the
planis treated with 300, 400 mM NaCl bas no grain
for the same genotype (Table 4). The same trend was

observed on spikes number. Mass and Poss, (1989)
referred the reduction on plant height and spikes
number which initiate during early growth stages to
salinity effect that has greater influence on final grain
yield. Among wheat genotypes, the salt tolerance also
changed at different stages (Zeng et al., 2002). The
same trend was observed for grain number except for
gimiza7 and gimiza9, the grain number increased at
100 mM NaCl by 7 and 34% respectively, relative to
control.

Table (4). Effect of different aalinity levels on plant growth parameters at harvest siage for

different wheat genoty

Parameiers NaCl l Sakha 93| Sidsl Gizal68 | Gimiza 7| Gimiza% | Mean
mML”

Plant height 0 65 59 % 69 64 62.66 a

L.S.D(q05) =4.28 100 |52 55 61.5 76 66 56.03 b
200 47 46 57 55.5 51 536 b
300 36 30 50 45 30 39.66 ¢
400 25 37 39.5 24 21 3326 d

Mean 418 c 474 b | 555 a 5186 ab | 4866 b

F.w (straw) 0 8.7 9.85 11.03 722 6.5 804 b

L.8.D( 05 = 1.17 100 | 848 7.62 9.95 112 6.9 945 a
200 6.14 5.55 85 6.12 5.92 649 ¢
300 23 3.55 5.34 56 4.02 489 d
400 1.43 2.2 34 2.58 1.87 262 ¢

Mean 515 ¢ {735 640 adc { 6.8] ab | 5.78 be

D.w (straw) 0 49 5.32 45 536 483 48 a

L.S.D(o0s) =0.74 100 |24 3.78 |3.93 4.91 43 47 a
200 1.2 3.14 25 kX 3.58 424a
300 0.19 24 213 34 34 3.28b
400 0.14 17 1.96 0.73 L7 1.99 ¢

Mean 320 b 14.03 392 ab 1434 a |3.60 ab

F.W (grains) 0 3.55 3.48 3.55 3.77 14 28 a

L.8.D¢g0s) =0.38 100 267 1.64 3.15 3.47 1.6 265a
200 128 1.56 2.1 1.64 0.29 097 b
300 6.25 129 1.25 0.33 0 0.59 b
400 0.16 0.35 0.42 0.1 0 04 ¢

Mean 135 b 1168 1.94 a 189 a 1058 ¢

D.W (grain) 0 3.07 233 34 3.16 . 0.84 232a

L.8.Dg05 =0.32 100 24 1.51 253 3.06 12 230 a
200 1.2 1.33 1.45 L5 028 088 b
300 02 027 1.18 0.68 0 0.51 ¢
400 0.14 0.07 04 0.08 0 0.31 ¢

Mean 1.17b {136 ab|1.68 a 164 a 1047 ¢

Grain number 0 15 86 120 98 49 87.7 a

L.S.D; g0y = 11.84 100 73 60 105 105 66 96.53 a
200 40 34 92 80 39 5626 b
300 30 %6 79 59 0 3426 ¢
400 24 2 35 1 0 1973 d

Mean 60.06 bel 5246 ¢ 84.93 a2 (6746 b | 2966 d

Spikes Number 0 25 19 19 20 21 19.73 a

L.S.Doos) =2.08 100 20 15 17 19 19 188 ab
200 15 13 14 17 20 17.13 b
300 1t 6 14 15 13 14.36 ¢
400 9 5 9 2 10 9.26 d

Mean 148 a 11453 a; 1700 a2 | 1633 a (17.13 a
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Rankin otypes for salt tolerance
According to the cluster analysis, the genotypes

were divided into four cluster groups (Table5). The

results show that genotype Gimiza 9 was ranked as

of grain yield for genotype Gimiza 9 was about two
times greater than for (Sakha 93 and Sids 1) Genotypes
(Sakha93, and Sids 1) were ranked as the Jeast tolerant
genotypes (sensitive), While, Giza 168 and Gimiza 7
were ranked as moderate genotypes.

Table (5) Ranking of genotypes for their relative salt tolerance in a cluster analysis

(Single-Link cluster analysis)

Parameters

Genotypes .

;

Sakha 93

Gizal6s

Fe conc. in flag leaves

Zn conc. in flag leaves

Cu conc. in flag leaves

Mn cong. in flag leaves

Total chlorophyll

Chlorophyll a

Chiorophyl! b

K conc. in flag leaves

F.w (straw)

D.w (straw)

Fresh grain weight

[ Dry grain weight

Grain & spikes W.

Grain number

Height

Spikes number

Sum

Genotypes ranking

&&hhhhb&hhv—uuw&-&&hg

Emah‘p—l_u—n_wi—p—u;—lwh—_pi—l;—o

Final total degree

gu'\gmn.—u_mm.-mmuumunu
&

Ewgwauawuuuaa&h-um-—g
-

Ew&uunuuwnuuuuuu-wu

Tolerant

In conclusion, because Gimiza 9 was identified
as the most tolerant genotype in the cluster analysis,
and retained low Na concentration, that reflects better
K, Fe, Zn, Cu, and Mn uptake. It can be wtilized
through appropriate selection and breeding programs
for further improvement in salt tolerance of Egyptian
wheat genotypes.
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