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ABSTRACT

Soil salinity has a very pronounced and adverse effect on most crops. Salinity is a major limiting factor in middle and
southern regions of Irag. Influence of salt stress on some growth parameters and pattern of ion accumulation was observed
in 11 Iragi wheat genotypes, Buhooth10, Buhooth158, Furat, Fath, Irag, Hashimia, Saberbeg, 1ba99, AbuGraib, Uruk and
Axad9 at the seedling Stage. The wheat genotypes were grown in hydroponic culture under saline (100, 150 and 200 mM
NaCl) and non-saline regimes (0 mM). Seedling growth parameters (e.g. fresh weight, dry weight, plant area, plant height,
K+ and Na+ content and K+/Na+ ratio) were determined at day 30 after sowing. Analysis of variance showed that salinity
had positive and significant effect on Na“ concentration and negative effect on K* concentration and ratio of K* /Na’.
Increase of salinity levels decreased fresh weight, dry weight, and plant area and plant height. Based on K* /Na" ratio, Uruk
and Furat were the most tolerant genotypes. On the basis of above plant growth parameters, K* and Na“ contents and
K+/Na+ ratio measured at the seedling stage can be considered for screening wheat genotypes at high sdlinity
concentrations.
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INTRODUCTION stage is known to be more sensitive to salt stress compared
Bread wheat (Triticum aestivum L.) is one of the most with later growth stages (Bhutta and Hanif, 2010;
valuable cereal foods among crops globally. It isthe main Khayathezhad and Gholamin, 2010). Therefore, evaluating
source for human consumption and industries, and it sdt tolerance at early vegetative growth stages will be
contains more protein than maize and rice (Memory and possible to screen salt tolerance of wheat genotypes, and
Mrinal, 2011). It provides around 21 percent of the protein simple and quick for evaluating salt tolerance of genotypes
and 19 percent of the food calories for the world's with a minimum investment of cost and time (El-Hendawy
population (Ortize, 2011). Screening method for wheat et al., 2011). Salinity has inhibitory effects on wheat
genotypes at seedling stage using a hydroponic systemis a phenological aspects such as leaf number, leaf rate
useful technique for distinguish tolerant wheat genotypes, expansion, root growth rate root/shoot ratio, plant height
because screening a large number of genotypesin field for and total dry matter yield, increase of Na” and Cl" and
salt tolerance is difficult because of soil heterogeneity in decrease of K* concentrations (El-Hendawy et al., 2011;
salinity concentration and organic carbon (OC) , in Akbari ghogdi et al., 2012; Asgari et al., 2012; Kanwal et
addition to releases of carbon dioxide (CO,) from soil al., 2013; Keshavarz et al., 2013; Sharbatkhari et al.,
(Richards, 1983; Setiaet al., 2012). Although, hydroponic 2013; AL-Jobori and Salim, 2014). Sodium chrlorid ion
is a modern technique to overcome the environmental considers as the most soluble and common salt in soil.
perturbations for screening seedling for salt tolerance, it Therefore, al plants have  developed mechanisms to
has been used on commercial markets for about 40 years regulate the accumulation of ions and increasing other
(Sheikh, 2006; Bado et al., 2016b ). Salt tolerance of crops nutrients present gernerally in low concentrations such as
may vary with their growth stage (Mass and Grieve, Nitrate (NO3) and Potassium (K*) (Jaiswal et al., 2016).
1994). However, a difference in the salt tolerance among The maintenance of ionic homeostasis is an important for
genotypes may also occur at different growth stages. plants salt tolerance at high salinity. Houmani and Corpas
Kingsbury and Epstein (1984) found that individual lines (2016) indicated that plant cells maintain high K*/Na' ratio
from 5000 accessions of spring wheat showed differing by compartmization of sodium ions in vacuoles and also
tolerance during their life cycle. Therefore, the salt the mechanism of sharply differentiate between sodium
tolerance of different wheat genotypes must be evaluated (Na") and potassium (K*) in cells are the most important
at different growth stages. A number of researches have strategy to overcome salt stress.

suggested that evaluating salt tolerance of genotypes at In Irag, wheat production facing two important difficulties.
one growth stage could be effective if the evaluation was Firstly, rainfall during wheat growing is low from northern
done at the sensitive growth stage of crops (Ferdose et al., to southern of Irag. Secondly, high level of sdinity is
2009, Mohammadi-Nejad et al., 2010; El-Hendawy et al., appeared in water irrigation and soil in southern of Iraq
2011). In wheat, the seedling or early vegetative growth lands. For example, increasing the productivity of wheat
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crop was doubled in 2005 than any year from 2000s to
2009™ due to good rainfall than other years (Christen and
Sadliem ,2012). Therefore, salinity has reduced the Iragi
land productivity by 70% of the total irrigated area with
more than 30% completely disappeared from production
(FAO, 2011). unfortunate, the mechanisms of sdlinity
tolerance at germination and early seedling were not a
guarantee that tolerant genotypes will be tolerant at later
stages(Munns et al., 2000; Tsegay and Gebredassie,
2014).Therefore, eleven  genotypes were nominated for
experiment including sensitive and tolerant genotypes to
evaluate the K*/Na' ratio in addition to other growth traits
for further genetic analysis.

MATERIALS& METHODS

Plant Materials

From our previous study, eleven genotypes were selected
phenotypically for determination which are tolerance or
susceptible genotypes to salt stress. Six genotypes were
selected as sdlt tolerance included Fath, Hashimia, Axad9,
Buhooth10, Buhooth158 and Furat . And five genotypes
as susceptible  to sdlinity stress  included  Uruk,
AboGraib, Saberbeg, Iragand 1ba99. .

Deep Water Culture (DWC) Hydroponic Systems
Equipments of DWC hydroponic system were included
four reservoirs with a capacity of 1lliter connected with
heavy duty air pump , eleven pots had prepared with a
diameter about 9mm and 15mm height in each reservoir.
In addition, artificial soil ( Paralit, AGRi LITE, SAK )
was used to support plant growth.

Nutrient Solution and NaCl treatment

Nutrient solution was used in the experiment, which
contains al the elements necessary for the growth of
wheat plants perfectly. Wheat plant were supplied with
nutrients solution containing micronutrients such as 0.2
mol m® NH ,NOs;, 50 mol m® KNOs, 2.0 mol m*
Ca(NO3),, 2.0 mol m® MgSO,, 0.1 mol m® KH2PO4,
and 005 mol m® NaFe(ll)EDTA. Wheress,
micronutrients containing 0.5 mmol m* CuSO,, 10 mmol
m ZnS0,, 0.1 mmol m™ Na,M00,, 50 mmol m™> HsBOs,
5 mmol m3 MnCl,. PH is between 6.5 — 7.0.Nutriet
solution represent 10% from total solution .

Sowing M ethods and M easur ements

Seeds surface were sterilized by washing with 70%
ethanol (v/v)  for one minute and then soaking with
Sodium hypochlorite 3 % (v/v) for five minutes (Sauer and
Burroughs, 1986; Berger et al., 2012). Seeds were placed
in petri dishes lined with filter paper soaked in distilled
water. After 72 hour, uniform germinated seeds were
selected to transplanted in pots at 3 cm depth. wheat
genotypes were sowed in four containers each one
contained eleven pots with five replicates in an artificial
soil ( Parait, AGRi LITE, SAK ) .500 mL nutrient
solution was used in each container which contains al the
elements necessary for the growth of wheat plants . pH
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level was checked two times a day with replacement the
solution every 24 hour. Plants were growing in normal
solution until the third leaf emergence of approximately
80% of the al plants . After that, seedlings were treated
with NaCl concentrations 100, 150 and 200 mM .Control
was grew in nutrient solution only. To avoid salt shook
stress, each salt concentration was added three times daily
over 3 days to reach a fina concentration for each
treatment (Munns, 2005). Seedling Fresh and dry weight
were measured. Image J software (Schneider et al., 2012)
was used to measure the plants height and area
Determination of K* , Na" ions and K*/Na' ratio were
carried out according to the method of Munns et al. (2010)
Statistical Analysis

The results were subjected to ANOVA analysis (Steel and
Dickey ,1997). Mean comparisons were performed using
least significant difference (LSD) test (P< 0.05).

RESULTS

Agronomic traits

In the present study, 11 wheat (Triticum aestivum L.)
genotypes were assessed for salt tolerance on the basis of
some growth traits and ionic contents at the seedling stage
sowing in hydroponic culture. The genotypes were
significantly (P < 0.05) different from each other for
seedling fresh weight, dry weight, plant area and plant
height (Table 1). The genotype Buhooth1l0 had higher
fresh weight, dry weight, and plant area reached to 947.5,
4025 mg and 27.177 cm?respectively. The minimum
mean of fresh weight and plant area were 487.5 mg and
14.385 cmPrecorded by Uruk genotype and dry weight
197.5 mg recorded by AbuGraib genotype. The maximum
length value of 40.273 cm was shown by genotype
Saberbeg . In contrast, Uruk genotype had length of only
23.618 cm. While the other genotypes were intermediate
in their relative performance (Table 1).

Salinity treatments demonstrated significant (P< 0.05 )
when increased salt concentration to 100, 150 and 200
mM NaCl(Table 2). Control treatment showed highest
fresh weigh 725.64 mg, reduced clearly to 647.45, 618.91
and 557.27 mg with the increase of salinity. Statistical
analysis revealed that dry weight decreased significantly
(P< 0.05) to 277.272 and 266.363 with the increasing of
salt concentrations to 150 and 200 mM,whilst the
concentration 100 mM gave maximum mean of dry weight
was 298.181 mg and not differ significantly from control
treatment which gave 295.181 mg. According to analysis
of variance, salinity levels showed significant difference
for plant area and plant height, the concentrations 100 and
200 mM NaCl gave minimum plant area (18.802 and
18.257 cm? ) and plant height (29.986 and 29.831cm ),
respectively. While the concentration 150mM NaCl gave
Plant area of 20.118 cm? and plant height 30.618 cm ,
which not differ significantly from control which gave
20.680 cm? and 31.381 cm, respectively (Table 2).
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TABLE 1. Some growth traits of 11 wheat genotypes

Cultivars Fresh weight/mg  Dry weight/mg Plant Area/lcm  Plant Height/cm  Concentration of K ion/  Concentration of Naion/ K:Na Ratio/
umole g-1 umole g-1 umole g-1
Hashimia 6745 +25.05 2625 +4.79 18.795 +0.73 28.13 #0.76 1268951.27 +41642.24  1280302.3 +412208.64 6.9935821
AboGraib 4875 +13.67 1975 1854 17940 +149 2836 0.87 1277533.29 £70280.14  1012506.59 +254865.04  7.7376524
Buhooth158  713.0 +27.01 3300 +9.13 21.867 +0.56 28.965 #1.15 1314402.70 £84713.01  1207255.41 £309995.99  6.408258
Uruk 461.5 +40.42 2300 #1225 14385 =081 23.717 #0.77 1149161.52 +76068.73  838481.87 +233938.65 8.7500145
1ba99 650.5 +73.20 2700 3488 16967 +1.73 29.875 +2.24 1248340.11 £61269.01  1196565.06 £386523.34  7.3334504
Fateh 5425 +29.07 2450 1190 17.862 +1.20 28522 +0.47 1323747.56 £28382.26  1322686.21 +421600.24  6.506227
Iraq 690.0 +56.40 2575 1250 18812 +130 32295 +0.92 1273097.11 +88564.98  1164800.54 +373702.14  6.934236
Saberbeg 638.5 *2341 3425 2175 19672 +0.70 40.272 *1.48 1263001.86 £30522.30  1377973.31 £440843.91  5.9700072
Furat 620.5 +38.44 2875 1315 23495 066 30.965 +0.66 1391080.39 +57482.62  1292199.1 +413725.85 8.1072661
Buhooth10 9475 %7235 4025 2869 27177 015 32160 +0.28 1271147.27 +68788.93  1335499.28 +424610.06  4.3266805
Axad9 5845 +48.77 3025 1974 17132 +148 31.730 +1.14 1265667.05 +71279.18  1266816.66 +415190.29  7.0857739
LSD 224.48 107.07 7.769 3.995 72444.13 31679.85 0.8842
TABLE 2. effect of salt concentrations of some growth traits of 11 wheat genotypes
NaCl (mM)  Freshweight/mg  Dry weight / mg Plant Area/ cm? Plant Height /em  Concentration of K  Concentration of Naion K:Na Ratio/
ionf'ummole g* / umoleg? umoleg?
control 725.64 +0.051 295454 +21.292 20.68 +0.904 31.381 +1.083 1419441.68 +29571.47  57559.42 +2996.74 25.336109
100 64745 +0.044 298181 +18.281  18.802 +1.273 29.986 +1.350 1223519.29 +25973.33  1585546.64 £52009.00  0.7762385
150 61891 +0.033 277272 18978  20.117 +1.142 30.618 +1.562 1232199.04 £35372.46  1572571.23 £81104.89  0.7979434
200 557.27 +0.037 266.363 +19.875 18257 *1.352 29.831 +1.379 1232523.67 £27525.48  1618899.56 +87328.80  0.7817634
LSD 43.5649 20.77938 1.507807 0.7677046 14059.04 6148.024 0.1715897
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There was a significant difference between genotypes for
fresh weight, dry weight, plant area and plant height under
stress and control condition. Buhooth10 showed
maximum fresh weight at all salt treatmentsand was 816
mg a 200 mM Nacl . Uruk genotype gave minimum
fresh weight reduced to 362 mg a 200mM NaCl
(Figure 1).Also Buhooth 10 gave dry weight of 400 mg at
200 mM NaCl, whereas Saberbeg showed dry weight 400
mg at 150 mM salt treatment. The minimum means of dry
weight was 180 mg recorded by AboGraib genotype at
200 mM NaCl concentration (Figure2). The genotype

Buhooth 10 had the maximum plant area of 27.590cm? at
the salinity concentration of 100mM, at other
concentrations 150 and 200mM were closely with control
26.900 and 27.190 cm? respectively. The plant area of
Uruk, 1ba99 and Axad9 were more affected by NaCl
concentrations than the other genotypes. Uruk genotype
had lower plant area of 12.710 cm? a 150 mM NaCl
(Figure3). Based on the results the genotype Saberbeg had
longer height among all genotypes reached to  41.450 cm
a 200 mM NaCl. Whereas Uruk genotype had shorter
height of 24.640 cm at 200 mM NaCl (Figure 4).

LSD=91.3766
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FIGURE.L1. Effect of the interaction between genotypes and salinity on plant fresh weight
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FIGURE 2. Effect of the interaction between genotypes and salinity on plant dry weight
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FIGURE 3. Effect of the interaction between genotypes and salinity on plant area
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FIGURE 4. Effect of the interaction between genotypes and salinity on plant height

K" and Na* content and K* /Na'ratio

According to analysis of variance, all the genotypes
differed significantly (P < 0.05) from each other for K*
and Na" content and K*/Na" ratio depending on genetic
variation under sdinity stress(Table 1). The genotype
Furat showed maximum content of K* ions 1391080.39
pumole g * followed by Fath, and Buhooth158  which
had K* content 132374.56 and 1314402.70 pmoleg ™ . In
contrast, minimum K™ content was shown by the Uruk
with 1149161.52 umole g *. The genotype Saberbeg was
ranked first in content of Na' ions 1377973.31 pmole g *
followed by Buhoothl0, Furat and Hashimia which
accumulated 1335499.28, 1292199.10 and 1280302.30
pmole g ™ respectively. On other hand, the genotype Uruk
significantly(P > 0.05) maintained lowest Na'
concentrations 838481.81 pmole g * followed by
AbuGraib 1012506.59 pmole g *  compared to the other
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genotypes under al salinity treatments. The maximum
K*/Na" ratio was belonged to the genotypes Uruk, Furat
and AbuGraib, reached to 8.750, 8.107 and 7.738,
respectively. And the lowest K*/Na' ratio was observed in
the genotypes Buhooth10 and Saberbeg were 4.327 and
5.970, respectively, while the other genotypes were
intermediate in this range (Table 1).

The comparison of the means in three NaCl concentrations
showed that Salt treatment significantly(P< 0.05 )
decreased K* concentration compared with control
treatment(Table 2)Maximum K* concentration was
1419441.68 pmole g * recorded at control(fresh water)
reduced to 1223519.29, 1232199.04 and 1232523.67
pumole g * at 100, 150 and 200 mM NaCl, respectively.
Growth medium salinity significantly (P > 0.05) increased
Na" content. However, 100,150 and 200 mM
concentration maintained significantly higher Na* values
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than control. The maximum increase in Na“ content
1618899.56 pmole g “was observed at 200mM. K/Na
ratio at control treatment was 25.336 represent normal
level of K/Na ratio depending on the genetic variation of
genotypes. Other treatment showed significant differences,
maximum K/Na ratio 0.798 was observed at 150 mM
NaCl followed by 0.782 and 0.776 at 200 and 100 mM
NaCl concentrations, respectively (Table 2).

In the present investigation al genotypes subjected to
increasing levels of NaCl were analyzed for K* and Na'
content and K*/ Na' ratio. The interaction between salinity
and genotypes was significant (P<0.05). Buhooth158 and
Furat had maximum content of K" 1349641.802 and
1345627.746 pmole g ™ at 200 mM, respectively (Figure
5). The figure also demonstrated that minimum
concentration of K* ions exhibited by the genotypes Uruk
1108433.213 and 1016552.913 umole g 1 at 100and 150,
and Irag 1094748.913 umole g * at 200 mM NaCl. When

the genotypes were subjected to increasing external NaCl
concentrations they accumulated varying concentration of
Na' ions, and had an increase in concentration of Na* in
the tissues. The comparison of the means at 200mM NaCl
concentration showed that Buhoothl58 genotype had
accumulated the maximum Na' ions, which was followed
by Hashimia and Axad9 with Na® concentration of
1938284.797, 182334.797 and 1817357.779 pmole g 1
On the other hand, Uruk genotype had minimum Na“ ion
concentrations of 971867.190 pmole g * (Figure 6). Based
on their K'/Na" ion uptake ratio. Uruk genotype was
ranked first at 200 mM with the value of 1.135 followed
by AbuGraib with the ratio of 0.916. Also AbuGraib had
K*/Na" of 1.010 at 150 mM NaCl.The minimum K*/Na
ratio was shown by Saberbeg genotype followed by
Buhooth158 with the values of 0.680 and 0.696,

respectively (Figure 7).
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FIGURE 5. Effect of the interaction between genotypes and salinity on K™ concentration in plant tissues
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FIGURE 6. Effect of the interaction between genotypes and salinity on Na" concentration in plant tissues
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FIGURE 7. Effect of the interaction between genotypes and salinity on K+/Na" ratio in plant tissues

DISCUSSION

Sodium is a harm ful ion to plants because it is widespread
in most saline soils and it accumulates in shoot and leaves
a toxicity levels (Bado et al., 2016a). Sodium chloride
reduces al growth plant at high salinity (Lucini et al.,
2015). The seedlings were irrigated with fresh water for
two weeks then irrigation with salt water for two weeks.
The plants exposed to increasing levels of sdinity
experience of sever reduction in fresh and dry weight.
Wheat genotypes showed significant differences for fresh
weight (Table 1). The differences between of genotypes
could be attributed to the differences in gene frequencies
and their interaction with the environment (Maas, 1986).
Overall, fresh weight was affected by increasing sainity
concentrations (Table 2). The reduction in fresh weight
occurs normally due to the disorder of physiological and
chemical function of plant cells under salinity stress. The
results of this study illustrates that though increasing
NaCl concentrations significantly affected the fresh weight
of all genotypes to a varying degree under NaCl
concentrations (Figure 1). Under saline condition, the
function of cells responds naturally by the reservation of
water in optimal pressure and maintaining the turgor
volume (Negréo et al., 2016). The genotype Buhooth1l0
showed high salinity tolerance. Conversely, Uruk
genotype has the minimum mean of fresh weight under
salt concentrations.

The differences among genotypes in dry weight were
clear. The genotypes Buhooth 10, Saberberg, and Buhooth
158 has maximum mean of dry weight, reduced to the
lowest value for the genotype AbuGraib (Table 1). Severa
researches indicated that salinity reduces the dry weight
due to the decrease of physiological and chemica traits
such as photosynthesis, chlorophyll, protein and ions
homeostasis ( Munns et al., 2006; Flowers et al., 2015;
Munns et al., 2016), The effect of salinity on dry weight is
obvious (Table 2) , dry weight reduced at 150 and 200
mM NaCl. This finding support that results obtained
previously by other authors (El-Hendawy et al., 2011;
Hussein et al., 2011 ) who reported that increasing water
salinity depressed plants dry weight. However, increased
at 100 mM NaCl concentration than control .There was
observed a large variation in dry weight of genotypes
under sdline stress, among the wheat genotypes,
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Buhooth10, Saberbeg and Buhooth158 were ranked as the
most salt-tolerant genotypes compared with the others.
Iba99 and AbuGraib were the most salt sensitive
genotypes (Figure 2). The result indicates that these
genotypes have a mechanism to adjust osmotic pressure at
high salinity by increasing organic solute in cytoplasm.
Plant area including shoot and leaves has influence
significantly by salinity. Cell expansion under salt stress
reduces in shoot and leave due to decreasing energy
necessary because it uses for salinity defense (Munns and
Gilliham, 2015). There was a large variation in  plant
area of 11 genotypes of wheat. Nevertheless, Buhooth10
and Furat have high mean of plant area, whereas the
genotypes 1ba99, Uruk and Axad 9 have a minimum plant
area (Table 1).This phenomenon of decreasing plant area
shows also in salinity concentration (Table 2). Wheat plant
is a moderate tolerance to sdlinity stress (Munns and
Tester, 2008). Therefore, tolerant genotypes at high level
of salinity (200 mM NaCl) are atypical attribute for some
wheat genotypes depending on specific mechanism and
environmental conditions. However, the mechanism of salt
tolerance in several genotypes is still poor understanding
due to the genetic and physiological complexity of salinity
trait(Zhu et al., 2015). It is presumed that high levels of
Na’ in leaf would enhance premature senescence of old
leaves and inhibit photosynthetic performance of younger
leaves (Benderradji et al., 2011). Results of this study
revealed that wheat genotypes responded differently to
salinity stress. On the basis of plant area the genotypes
Saberbeg, Furat and Fath were ranked as the most salt-
tolerant genotypes compared with the others. Axad9,
AbuGraib, Irag and 1ba99 were the sat senstive
genotypes. The Uruk and Buhoothl0 genotypes
maintained area close to the area of control plants at the
level of salinity 200 mM NaCl (Figure 3). Sodium
chloride applied in small amount is known to enhance the
growth and dry matter production. However, when its
concentration in the nutrient solution, irrigation water or
soil increases above threshold level the reduction in
growth and growth characteristic starts (Jennings, 1976).
El-Hendawy et al. (2011) suggested that seedling
parameters are the most important criterion for the
screening of genotypes for sdalt tolerance at the early
growth stages.
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Plant height was significantly different between
genotypes. Saberbeg showed significantly higher plant
height than others especially Uruk which gave shorter
height (Table 1). Salts present in the soil solution reduce
the ability of plant to absorb water which slow down plant
growth, on the basis of mean comparison, plant height was
more affected at 200 mM NaCl (Table 2). This is in
agreement with the finding of Hussein et a. (2011) who
stated when increasing water salinity from 3000 to 6000
ppm depressed plants height, also with Sadeghi and Emam
(2011) who reported that plant height was decreased upon
increasing salinity level. Furthermore, Buhooth10 and Iraq
were sensitive at moderate and high salinity levels and, to
become more tolerant at low salinity levels, depending on
the results of this study, maintaining the salinity at low
levelsis an important strategy for improving the growth of
these two genotypes. The inhibition of plant height is a
typical occurs at high salinity due to spending more
organic solutes and energy for osmotic adjustment and
decreasing the net photosynthesis because of stomatal
closure (Flowers et al., 2015). The 11 genotypes
responded differently to salinity. The Sabergeb genotype
exhibited good plant height, Hashimia and Buhoothl0
genotypes maintained  area close to the height of control
plants at the level of salinity 200 mM NaCl . Whereas
other genotypes height reduced especially Uruk which
gave shorter height (Figure 4). El-Hendawy et al. (2011)
obtained that salinity affected plant height and concluded
that the measurements of shoot growth may be effective
criteria for screening wheat genotypes for salt tolerance at
early growth stages. Wheat genotypes could be able to
continue grow in high salinity stress or at least survive
owing to the tissue tolerance for salinity stress (Munns et
al., 2016). Results of El-Hendawy et al.(2011) study have
shown that height and dry weight of shoot, and the
shoot/root ratio demonstrated the greatest variation in the
sdt tolerance among genotypes. In this study, whole Na*
and K ions tested together in shoot and leaves to
determine which genotype is able to exclude Na“ under
salinity stress.The genotypes shows significant differences
for accumulation of K* and Na“ in their tissues, K*
decreased and Na“ concentrations increased in the
genotypes with increased salinity to a varying degree
(Table 1). The genotype Furat has the maximum content
of K*. In addition, Fath and Buhooth1l0 accumulated
higher Na". On other hand Uruk genotype has the
minimum mean content of K* and Na'. The results
indicates that Buhooth10 has low ability to exclude Na’
ion from root to prevent accumulation of Na" in shoot or
leaves in spite of it has maximum plant growth such as
fresh, dry weight and plant area. Adequate maintenance of
K* in tissues is dependent upon the selective uptake of K™,
cellular compartmentalization and distribution of K™ and
Na’ ions in shoots (Siringam et al., 2011). However,
maintenance of high K'/Na" ratio under saline
environment is considered as an important salt tolerance
selection criterion (Chinnusamy et al., 2005; Siringam et
al., 2011), Other authors (Dashti et al., 2009; Ahmadi et
al., 2009; Sadeghi and Emam, 2011) found that
accumulation of Na' in the shoots of salt tolerant cultivars
was lower than the sat sensitive cultivars. Wheat
genotypes were different with regard to tissues K*/ Na
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ratio (Table 1). The least Na'/K" ratio was observed in
genotypes Buhooth158 and Saberbeg. The highest ratio
of K*/Na" was found in Uruk and Furat (Table 1). The
sensitivity of some crops to salinity has been attributed to
the inability for maintenance of Na* and Cl” ions out of the
transpiration stream (Munns et al., 2002). Asgari et al.
(2012) observed highest leaf K* concentration and K*/Na"
ratio and lower leaf Na* and CI™ concentrations in tolerant
genotypes. K* accumulation showed a decreasing
tendency with the increasing of NaCl levels (Table 2)
salinity had positive and significant effect on Na" and CI°
concentrations and ratio of Na'/K* (Keshavarz et al.,
2013). Exclusion of Na* and CI" and maintenance of high
K*/Na" ratios in the tissues are among the important
aspects of mechanisms of salt tolerance in most plants
(Shahbaz et al., 2011). In this study salt stress caused a
marked increase in Na“ concentration in the tissues of all
wheat genotypes under salt stress. The relationship
between K* and Na" ion relatively related with increasing
sdlinity (Table 2). The earth crust contains potassium
about 2.4% by weight. However, soil environment shows
available potassium to plant at just 1-2% as exchangeable
K*, non-exchangeable K* and dissolve K™ and almost 98%
of potassium is unavailable (Jaiswal et al., 2016).

The genotypes responded differently under salt
concentrations for the accumulation of Na', K* and
K*/Na" ratio in tissues. The concentration of Na' was
increases while the K accumulation decreased in all the
genotypes with increased Salinity (Figures 5, 6). However,
in the non tolerant, Buhooth158 and Saberbeg the Na'
concentration was greater than the tolerant genotypes
under stress. The tolerant genotypes Uruk , AbuGraib, Iraq
and Furat accumulated low Na" and maintained higher K*
and K*/Na' ratio in their leaves. Akbari ghogdi et al.
(2012) stated that the salinity tolerance in tolerant
cultivars as manifested by lower decrease in grain yield is
associated with the lower sodium accumulation and higher
K*/Na" compared to the sensitive cultivars. Also Hussein
et al. (2011) indicate that the uptake of N**, P*, K*, Ca&*
and Mg®* in shoot of wheat plants decreased by increasing
irrigation water salinity from 3000 to 6000 ppm compared
to tap water (control), but increasing irrigation water
salinity increased the Na and Cl” uptake of wheat shoot,
Na" concentration increased in all wheat cultivars under
saline regime.

The high K* concentration at higher salinity level is good
criteriafor selecting salt tolerant genotypes (Flowers et al.,
1977). The sensitive genotypes had less than 1 ratio of
K*/Na" at higher salinity levels and the tolerant had more
than 1 showing their tolerance consistently (AbuGraib at
150 and Uruk at 200 mM NaCl). It was evident from the
results that some tolerant genotypes also showed the ratio
below 1(lraq and Furat), which is not in agreement with
the findings of Wyn Jones et al. (1979) who suggested a
minimum ratio of 1 for K*/Na" for normal growth of
plants subjected to saline conditions. Tolerant plants
compartmentalize the toxic concentrations of salts in their
tissues (older leaves) and cells (vacuoles), and osmotic
adjustments are accomplished by the synthesis of sugarsin
the cytoplasm (Gorham and Wyn Jones, 1993). The ability
of plants to maintain a high level of cytosolic K/ Na' ratio
is an indicator for enhancing sat-tolerance in plants
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(Maathuis and Amtmann, 1999; Anschiitz et al., 2014).
Zhang (2010) indicated that the K*/ Na" ratio in root is not
connection with salinity tolerance in the plasma membrane
due to the independently of Na“ exclusion and tissue
tolerance mechanisms.

However, some reports have pointed out there is no
relationship between sat resistance and K+/Nat
selectivity. | t was proposed t hat the K+/Nat+ selectivity
of a cation channel in the plasma membrane of root cells
does not differ in salt-tolerant and salt-sensitive wheat
species. However, some reports have pointed out there is
no relationship between salt resistance and K+/Nat
selectivity. | t was proposed t hat the K+/Na+ selectivity
of a cation channel in the plasma membrane of root cells
does not differ in salt-tolerant and salt-sensitive wheat
species. However, some reports have pointed out there is
no relationship between salt resistance and K+/Nat
selectivity. | t was proposed t hat the K+ /Nat+ selectivity
of acation channel in the pla sma membrane of root cells
does not differ in salt-tolerant and salt-sensitive wheat
species However, some reports have pointed out there is
no relationship between salt resistance and K+/Nat
selectivity. | t was proposed t hat the K+/Na+ selectivity
of a cation channel in the plasma membrane of root cells
does not differ in salt-tolerant and salt-sensitive wheat
species. Interaction of genotypes with salinity
demonstrates the ability of some genotypes to increase the
K*/ Na' ratio at 150 mM NaCl (Figure 7), such as Axad9,
Uruk, Buhooth158 and AbuGraib. High salinity stress at
200 mM NaCl decreases the K/ Na' ratio in the majority
of genotypes with the exception of the genotypes Uruk,
Abu Ghraib, Fath and Acad9 (Figure 7).The variation in
K*/ Na" ratio depends on the capability of plants to retain
K" and efflux Na“ from the roots. Increasing sainity
tolerance in bread wheat correlates positively with
increasing K* ion in plant tissues (Cuin et al., 2008).
Therefore, providing optimum amounts of K* and
Nitrogen in external solution close to roots enhance the
ability of K* translocation from root to shoot. This
phenomenon presents in some wheat genotypes that have
high level of K*/ Na" ratio in shoot and leaves at 150 mM
NaCl (Figure 7). Conversely, the K*/ Na' ratio declines at
high NaCl concentration in around the roots leading K*
efflux from shoot to root (Abbasi et al., 2016).

The variations of the sat tolerance indices among
genotypes were less at low salinity concentration than at
high salinity concentration (Figure 7). This result suggests
that the selection criteria can considered appropriate for
screening wheat genotypes only when they were measured
under high salinity concentrations. The net Na“ uptake
and its ratio to K* have a strong correlation with leaf area
and crop yield (Zeng et al., 2003; Asgari et al., 2012). In
this study, K/Na ratio was correlated with plant area for
the genotypes Uruk and Furat, but not for AbuGraib and
Iraq (Figure 7). In salt-sensitive genotypes of wheat, Na'
was less effectively excluded from the transpiration stream
as it entered the leaf blade, so resulting in a higher Na°
accumulation (Benderradji et al., 2011).

Furat genotype maintained a same ratio under all salinity
levels which shows that it has a mechanisms of tolerance
make it maintains the balanced proportions of potassium
and sodium in the tissues .Furthermore, the genotype Uruk
is semi-dwarf plant so it gave less results for vegetative
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traits, but it gave the highest ratio of potassium to sodium,
which is one of the mechanisms of salt tolerance making
it one of Irag's most promising plants to salt tolerance.

CONCLUSION

From the above mentioned data it could be concluded that
sdlinity adversely affected of growth and nutrients uptake,
however, salt tolerance in the 11 wheat genotypes was
found to be linked to K*/Na" ratio in plant tissues. So, the
genotypes such as Uruk and Furat were more salt tolerant
than the other genotypes examined in this study .On the
basis of these plant growth parameters, K* and Na’
contents and K+/Na+ ratio measured at the seedling stage
can be considered for screening wheat genotypes at high
salinity concentrations.
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