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ABSTRACT
Hydroponic cropping technique was utilized for evaluation of salinity tolerance of certain genotypes of rice
under prevailing arid conditions of Iraq. The conditions envelop low level of characteristic issue, calcium
carbonate conglomeration of soil and soils containing clear measures of gypsum, delicate to coordinate
profile progression and low natural development. The seedling test is simple, rapid (4 to 6 weeks) and
accurate. Furthermore, this test allows the screening of several seedlings under various experimental
parameters. Therefore, the three genotypes of IRRI rice (IR71999-3R-3-2-2B-1-1, IR71829-3R-82-1-1and
IR63731-1-3-3-2) and two varieties of rice (Anber and Jasmine) under salinity stress (1.2, 4, 8 and 10 dS/M)
were investigated. The experiment was conducted in a growth chamber under simulated arid conditions in a
completely randomized distribution. Salt stress caused reductions in rice plant production (yield) reached
more than 30%. Dry matter weight was decreased by 24% in all varieties ofrice. Sodium (Na+)
concentration was significantly (p ≤ 0.05) higher in NaCI-treated plants. The Na+/K+ and Na+/Mg2+ ratio in
IRSSTN-SS2 (IR71999-3R-3-2-2B-1-1, IR71829-3R-82-1-1) genotypes and Anber plant indicate that it is
more susceptible to salinity than the rice verities. Consequently, this cultivar is more vulnerable to saltiness
than the assortment Cotaxtla, which demonstrated more noteworthy resistance to this anxiety.
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INTRODUCTION
Soil salinity is a current threat to food security, especially
in Iraq, where irrigation is inevitable to agricultural
production (Al-Rahmani et al., 2001). More than 50% of
rice soils in Iraq are now affected by salinity. Therefore,
salt tolerant varieties are considered to be the most
economical and effective way of increasing crop
production on saline lands (Moussa, 2004). The rice plant
is moderately sensitive to salinity stress, particularly
during the early seedling flowering and reproductive
stages (Shaibur et al., 2008). Consequently, it is suitable
crops for saline soils. It is considered moderately
sensitive to salinity compared to salt-tolerant halophytes.
The understanding of the physiological basis of salinity
tolerance was advanced by the discovery that less Na+

+

and more K were absorbed to maintain a high Na: K
ratio in the shoot. Improving the speed and efficiency of
plant breeding programs because it is growth stage
independent, unaffected by environment; no dominance
effect and efficient to use in early generations (Pattanagul
and Thilisakul, 2008). Under salinity stress, it is crucial for
+
plant cells maintain the low cytotoxic Na level while
+
keeping the high level of K , resulting in a high cytotoxic
K+/Na+ ratio that is preferable for vital cellular
metabolisms. So the sequestration of Na+ into vacuous is
+
an efficient mechanism to reduce the cytotoxic Na
concentration (Zolla et al., 2010). Effective strategies for
glycophytes to cope with salinity stress are to keep
cytosolic Na+ levels low at the cellular level and to keep
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shooting Na+ concentrations low at the whole plant level.
In addition to these factors, acquisition and maintenance
of K+ were found to have a considerable impact on plant
salt tolerance (Kanjoo et al., 2011). Maintenance of high
+
+
cytosolic K /Na ratios, especially in shoots have been
strongly suggested to be crucial for salt tolerance of
glycophyte plants (Wong et al., 2013). Therefore,
important questions to be addressed are whether salt
tolerant cultivars of a glycoprotein or halo photos retain
better systems such as superior enzyme activity,
including more preferable activity/ion selectivity of
transporting protein and more efficient regulations on the
genes/proteins involved. The objectives of the present
study to examine the relationships between Na+/K+,
Na+/Ca2+ and Na+/Mg2+ and growth characteristics of the
rice seedlings genotype under salinity stress and arid
conditions.
MATERIALS AND METHODS
Five genotypes of rice (Oryx saliva L.) were hydroponically grown
for testing under four levels of salinity (tap water (1.2 dS/M), well
water 1 (4 dS/M), well water 2 (8 dS/M) and well water 3 (12 dS/M))
(Table 1) were autoclaved at 1.04 kg/cm2, 121°C, for 20 min, two
Iraqi genotypes (Amber and Jasmine) and three genotypes
(IR71999-3R-3-2-2B-1-1, IR71829-3R-82-1-1and IR63731-1-3-3-2)
were gated from the International Rice Research Institute (IRRI)
(IRRI, 2002). Rice seeds were kept at 48°C for one week to break
the dormancy. Seeds were surface sterilized and were dried on
filter papers. Turned with some cotton and placed carefully on
surface water in tissue culture tubes (25 × 250) have 50 ml from
water solution and transferred to growth chamber at 30°C. Seventyday old seedlings were collected from three replicates and dried for
48 h at 55 to 60°C in an electric oven. The biomass dry weight of
the seedlings was determined. The samples were measured dry
biomass, then ground to pass 60 mesh screens. Grounded samples
were acid digest for the determination of their elements content. A
fine powder for digesting with perchloric acid mixture and chemical

analysis. Potassium, calcium, sodium and magnesium were
determined using Atomic Absorption Spectroscopy (AAS) (Page et
al., 1982). Differences between individual means were identified
using Turkey´s range test at the 5% significance level (Little and
Hill, 1978).

RESULTS AND DISCUSSION
Dry matter yield
In plant weight, highly significant (p ≤ 0.01) effects were
found based on the source of variation in genotypes and
variation of salt concentration. Similar results were
obtained in dry weight in two genotypes (IR71999-3R-32-2B-1-1, IR71829-3R-82-1-1) with increased salt
concentration. Under normal condition (tap water) the dry
weight was the highest compared with three
concentrations of salt. However, the Iraqi cultivars (Anber
and Jasmine) the effect of the salt concentration was
decreased with increased EC water all two cultivars
decreased in response to irrigation with saline waters
increased, contrary to that recorded in IR63731-1-3-3-2
genotypes were no significant difference was found
compared with other genotypes (Table 2). Our
experimental data indicated that rice seedlings were
sensitive (IR71999-3R-3-2-2B-1-1, IR63731-1-3-3-2 and
Jasmine) genotypes and tolerant genotypes (IR718293R-82-1-1 and Anber). Growth reduction was most
probably due to the toxic effects of salt on enzyme
activity.

Effect of salt concentration of potassium
The potassium concentration increased significantly in all

Table 1. Chemical properties of hydroponic water solution.

Water solution (Mmol/L)
Tap water
Well 2
Well 3
Well 4

-1

Ec (dS.m )
1.2
4
8
10

pH
7.35
7.56
7.17
7.03

+

Na
2.1
30.57
74
85.74

2+

Mg
1.1
4.9
14.03
21.79

2+

Ca
0.20
0.989
13.51
20.46

2-

SO4
0.09
2.776
7.57
4.12

-

Cl
0.1
32.68
62.98
112.7

SAR
1.42
12.6
14.1
13.19

Table 2. Seedlings dry matter yield of five rice genotypes with different levels of EC (dS/Mm).

Treatment

EC (dS/M)

Tap water
Well 1
Well 2
Well 3

1.2
4
8
12

IR71829-3R-82-1-1
A
0.045
C
0.033
B
0.037
D
0.03

127

Genotype
IR71999-3R-3-2-2B-1-1
Anber
A
A
0.018
0.044
C
B
0.014
0.062
B
C
0.015
0.032
D
D
0.03
0.019

Jasmine
A
0.032
B
0.027
B
0.027
C
0.018

IR63731-1-3-3-2
A
0.03
A
0.03
B
0.02
C
0.015

Different letters indicate significant differences assessed by Fisher LSD test (P ≤ 0.05) after performing ANOVA multifactor analysis.
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Figure 1. Na/K ratios in rice plant under the influence of different salt concentration.

rice plants with increased EC levels in the water solution
(Figure 1). In IRSSTN-SS2 (IR71829-3R-82-1-1)
genotype, the highest concentration was recorded in Na:
K compared with another genotype IRSSTN-SS2
(IR71999-3R-3-2-2B-1-1and IR63731-1-3-3-2). The K
translocation was highest in IRSSTN-SS2 (IR71829-3R82-1-1) in three types of treatment, while IRSSTN-SS2
(0.30) genotype was lowered in K translocation in all salt
treatments. Iraqi species (Anber and Jasmine) have
different behaviors under salinity conditions. The K
content increased in various plants with increased salt
stress in Anber species compared with Jasmine. K
translocation in Anber was higher than other species and
genotype that due to "luxury consumption" of K which is a
normal phenomenon in high level of K supply. These
findings strongly suggest that class1 HKT transportermediated Na+ reabsorption at xylem parenchyma cell is a
key component of plants to maintain a high K+/Na+ ratio in
plants, which vest in salt tolerance of the plants during
salinity stress (Krishnamurthy et al., 2009).

with IRSSTN-SS2 (IR71829-3R-82-1-1) and Anber
species. Calcium stabilizes cell membranes by bridging
phosphate and carboxylate groups of phospholipids and
preferentially protein of membrane surfaces, there can be
an exchange between Ca2+ of these binding sites and
other cations (Kanjoo et al., 2011).
Effect of salt concentration of magnesium
A marginal concomitant relationship was found between
Na+ and Mg2+. The Na:Mg ratio increased significantly in
rice plant, especially in IRSSTN-SS2 (IR63731-1-3-3-2)
genotype was recorded lowest Na:Mg ratio compared
with other genotype and species. Figure 3 shows that
concentration of Mg2+ in plant tissue was not affected by
salt concentration. The presence of excessive amont of
Na+ interfers the uptake and physiological availability of
Mg2+. Consequently, Mg2+ could be replaced strongly by
Na+ in various reactions in this experiment (Ammar et al.,
2009).

Effect of salt concentration of calcium
CONCLUSION
Calcium concentration decreased in all rice plants with
increased salt concentration in all treatments (Figure 2).
The significant reductions were obtained in IRRI
genotypes (IR71999-3R-3-2-2B-1-1and IR63731-1-3-3-2)
compared with another genotypes (IR71829-3R-82-1-1).
The Jasmine species was recorded high reduction
compared with Anber species. Na+ and Ca2+ both are
cations, therefore, antagonist relationships between them
+
2+
could be possible. The most reduction of Na /Ca ratio
was observed in IRSSTN-SS2 (IR71999-3R-3-2-2B-1-1
and IR63731-1-3-3-2) and Jasmine species compared

The dry weight decreased significantly in rice plant under
the high salt concentration (well 2 and 3) compared with
well 1 and tap water, but the difference is not significantly
highest so rice plants could usually be qualified as
obligate glycophytes. The critical toxicity level was 8
dS/M of salt concentration. Considering the reduced
value of concentration the sensitivity of these elements
+
2+
2+
can be arranged as Na >Mg >Ca in fine plant species.
For our result it was suggested that Anber species and
IRSSTN-SS2 (IR71829-3R-82-1-1) were more salinity
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Figure 2. Na+/Ca2+ ratios in rice plant under the influence of different salt concentration.

Figure 3. Na+/Mg2+ ratios in rice plant under different salt concentration.

tolerant species.
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