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Table 1. Analysis of variance for total, roots, leaf sheaths and different leaves dry weight in two rice genotypes.

Mean Squares

Leaf 6Leaf 5Leaf 4Leaf 3Leaf sheathRootTotal dry matter(df)S.O.V.
1.0ns4.6*63.6**4.2**784**625**25202**1Genotype (G)

361.0**1.8ns0.002ns0.005ns144**1521**84827**1Salinity (S)
121.0**0.5ns0.003ns0.011ns1024**1.0ns15563**1×G×S

)Error(خطا 3.20.61.80.18.313.162.712
.C.Vيي5.83.27.55.133.42 (%)

.باشندمي٠٥/٠٠١/٠**:*
* and **: Significant at the 5% and 1% probability levels, respectively.

ns :
ns: Non-Significant
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(A)) ميلي۱۰۰(-۱

(B)(C))IR651IR29 (۳۸۴ .نشانه ميله ±
.

Fig. 1. Effect of salinity (0 and 100 mM NaCl) on total (A), leaf sheath (B) and root (C) dry weight of two

rice genotypes (IR651 and IR29) in 384 hours after salinization. Vertical bars indicate ± SE.
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) A ,B ,CD ()IR651IR29ترتيـب بـه ( ٤٣, ٥, ٦-٢
.± ميله. ٣٨٤

Fig. 2. Dry weight of leaves No. 3, 4, 5 and 6 (A, B, C and D, respectively) of two IR651 and IR29 rice

genotypes, 384 hours after salinization. Vertical bars indicate means of four replications ± SE.
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٢ .
.نمونه

Table 2. Analysis of variance for Na+ and K+ accumulation as affected by time of sampling, genotype, salinity

level, and plant part treatments in two rice genotypes.

Mean squares

dfS.O.V.
پتاسيم

Potassium
سديم

Sodium
3904655.2***20810883.7 ***4Sampling time (ST)

486662.7***5788693.9 ***1Genotype (G)
974434.9***85428326.8 ***1Salinity level (SL)

58384856.7**4605684.9 **5Plant part (PP)
253083.1**1857305.8 **4ST × G ×
164444.5**20322548.4 **4ST × SL ×

1601193.4**806621.9 **20ST × PP ×
186797.3**5413684.3 **1G × SL ×

43203.2**694897.2 **5G × PP ×
836887.3**3732002.2 **5SL × PP ×

32585.8**2152506.2 **4ST × G × SL مونه × ×
105000.9**767316.2 **20ST × SL × PP × ×

88099.7**298184.5 **20ST × G × PP × ×
176654.7**800011.4 **5G × SL × PP × ×

52930.4**282662.3 **20ST × G × SL × PP × × ×
8928.826796.3338Error خطا

8.228.3C.V.(%)
*****:۱۱/۰٪.

** and***: significant at the 1% and 0.1% levels of probability, respectively.

 .
٣شكل 

 .

IR29 نسبت بهIR651 باشـد .

ي
)Hassegawa et al., 2000Neumann, 1997;.(

ي

ــكل ( ). ٣ش

)Tester and Dovenport, 2003 .(تنهـا  به نظر مي
،

 .،
،

 .
)Tester and Dovenport, 2003 (  مطابقـت

.
) Munns, 2002(مونس 

.
١سديم مي

٢ .
)Munns et al., 2006 (ــز نيــ

2- Non-selective cation channels1- High affinity potassium carriers
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، )پيـر , D((C), (B)پنجم ) , A(-٣شكل 
)E ( ها)F()IR651IR29(٣٨٤.

Fig. 3. Sodium concentrations in leaf 6 (A, youngest fully expanded leaf), 5 (B), 4 (C), 3 (D, oldest leaf), roots

(F) and leafsheaths (E) in two rice genotypes (IR651 and IR29) from commencement to 384 hours after

salinization.
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Fig. 4. Potassium concentrations in leaf 6 (A, youngest fully expanded leaf), 5 (B), 4 (C), 3 (D, oldest leaf), roots (F)

and leafsheaths (E) in two rice genotypes (IR651 and IR29) from commencement to 384 hours after salinization.
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۵ -) ()IR29 ()IR651 (
.هستند. 

Fig. 5. Relative water content of leaf No.6 (youngest fully expanded leaf) in sensitive genotype (IR29) and

tolerant genotype (IR651) during salinity treatments. Means are based on means of four replications, and vertical

bars indicate SE.

(IR29),بـرنج (B)(A)پتانسيل كل-۶شكل 

ميانگين. (IR651)متحمل 
.

Fig. 6. Water potential (A) and osmotic potential (B) in leaf No.6 of two rice genotypes including sensitive

genotype (IR29) and tolerant genotype (IR651) during salinity treatments. Means are based on means of four

replications, and vertical bars indicate SE.
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۳.) ()IR29 ()IR651 (۰۱۰۰ميليNaCl

.مرحله نمونه
Table 3. Analysis of variance for water relations and solutes in leaf No. 6 (youngest fully expended leaf) of sensitive (IR29) and tolerant (IR651) rice genotypes under two

NaCl levels (0 and 100 mmol) at four times of sampling.
MS

سديم
Na+

پتاسيم
K+Ca2+

منيزيم
Mg2+ClˉSoluble sugarsRWCOsmotic potentialWater potentialdfS.O.V.

19530**13708*16166**302 ns71911.4**32770**178**1.8**0.03**3Salinity period (SP)
91861**463ns55611**2012*2830.7 ns26542*147**0.1ns0.02**1Genotype (G)
51736**21692*71656**7432**551485**1405247**148**1.0**0.05**1Salinity level (SL)
36199**679ns529ns832ns47197.3**5485ns43*0.1ns0.001*3×G×SP
30673**4551ns11268**839ns65689.7**215687**31ns0.2*0.02**3×SP×SL
34418**2045ns1316ns919ns33728.9**20768*33ns0.5**0.001ns1×G×SL

25508**2351ns3917ns270ns39958.9**3615ns11ns0.1*0.01**3
SP×G×SL

××
Errorخطا342441514934782828.1479214.80.010.000144

.C.Vييب تغي13.57.212.311.910.111.44.114.65.71 (%)
:** and *.٪۵۱به ترتيب معني: *** Significant at the 5% and 1% levels of probability, respectively.

ns :ns: Non-significant.
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Fig. 7. Osmotic adjustment in IR29 (sensitive) and IR651(tolerant) to salinity during stress period.

IR651) (
۲/۰

)(IR29،گرفت
. ت

، IR651تسهيمم

 .

تسهيم

ي

خصوصيت
.برنامه

References

Blum, A. 1989. Osmotic adjustment and growth of barley genotypes under drought stress. Crop Sci. 20: 230-

233.

Carden, D. E., D. J. Walker, T. J. Flowers and A. J. Miller. 2003. Signal cell measurements of the

contributions of cytosolic Na+ and K+ to salt tolerance. Plant Physiol. 131: 676-683.

Chaves, M. M., J. P. Maroco, and J. S. Pereira. 2003. Understanding plant response to drought: from genes to

the whole plant. Funct. Plant Biol. 30: 239-264.

El-Hendawy, S. E., Y. Hu and U. Schmidhalter. 2005. Growth, ion content, gas exchange, and water relation

of wheat genotypes differing in salt tolerances. Aust. J. Agric. Res. 56: 123-134.

0

0.05

0.1

0.15

0.2

0.25

0 100 200 300

IR651
IR29

) ساعت( 
Time after adding salt (Hour)

 )
 (

O
sm

ot
ic

 a
dj

us
tm

en
t (

M
Pa

)

0

0.05

0.1

0.15

0.2

0.25

0 100 200 300

IR651
IR29

) ساعت( 
Time after adding salt (Hour)

 )
 (

O
sm

ot
ic

 a
dj

us
tm

en
t (

M
Pa

)

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
05

-1
9 

] 

                            16 / 19

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.2.4.9
http://agrobreedjournal.ir/article-1-238-en.html


" ,..."

١٦٢

Emmami, A. 1996. Plant analysis methods. Technical publication. Soil and Water Research Institute of Iran.

Vol. 182. 45p.

Flowers, T. J. and M. A. Hajibagheri. 2001. Salinity tolerance in Hordeum vulgare: ion concentrations in root

cells cultivars differing in salt tolerance. Plant and Soil. 231: 1-9.

Hanson, A. D. and W. D. Hitz. 1982. Metabolic responses of plant water deficit. Annu. Rev. Plant Physiol. 33:

163–203.

Hasegawa, P. M., R. A., Bressan, J. K., Zhu and H. J. Bohnert. 2000. Plant cellular and molecular responses

to high salinity. Annu. Rev. Plant Physiol. Mol. Biol. 51:463–499.

Hekmatshoar, H. 1993. Plant physiology under stress. Niknam Publisher. Tabriz, Iran. 121-130.

Hu, Y. and U. Schmidhalter. 1998. Spatial distributions and net deposition rates of mineral elements in the

elongating wheat (Triticum aestivum L.) leaf under saline soil conditions. Planta. 204: 212–219.

Husain, S., S. Von Caemmerer and R. Munns. 2004. Control of salt transport from roots to shoots of wheat in

saline soil. Func. Plant Biol. 31: 1115-1126.

Koocheki, A. and M. Nasiri Mahalati. 1992. Feed value of some halophytic range plants of arid region of Iran.

In: R. Squires Victor and T. Ayoub Ali (Eds.). Halophytes as a resources for livestock and for rehabilitation

of degraded lands. Proceedings of the International Workchop on Halophytes for Reclamation of Saline

Wastelands and as a Resources for Livestock, Problems and Prospects. Nairobi. Kenya, 22-27 Nov. 1992.

Kluwer Academic Publisher. pp. 249-253.

Lacerda, C. F., J. Cambraia, M. A. Oliva and H. A. Ruiz. 2003. Osmotic adjustment in root and leaves of two

sorghum genotypes under NaCl stress. Braz. J. Plant Physiol. 15 (2): 113-118.

Lew, R. R. 1996. Pressure regulation of electrical properties of growing Arabidopsis thaliana L. root hairs. Plant

Physiol. 112: 1089-1100.

Mahajan, S. and N. Tuteja. 2005. Cold, salinity and drought stresses: An overview. Archives of Biochemistry

and Biophysics. 444: 139-158.

Martinez, J. P, S. Lutts, A. Schank, M. Bajji and J. M. Kinet. 2004. Is osmotic adjustment required for water

stress resistance in the Mediterranean shrub Atriplex halimus L. J. Plant Physiol. 161:1041-1051.

Moradi F., A. B. Ismail, G. B. Greegorio and J. Egdane. 2003. Salinity tolerance of rice during reproductive

development and association with tolerance at seedling stage. Indian J. Plant Physiol. 8: 105-116.

Moradi, F. and A. B. Ismail. 2007. Responses of photosynthesis, chlorophyll fluorescence and ROS-

scavenging systems to salt stress during seedling and reproductive stages in rice. Ann. Bot. 99: 1161–1173.

Morgan, J. M. 1992. Osmotic components and properties associated with genotypic differences in

osmoregulation in wheat. Aust. J. Plant Physiol. 19: 67–76.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell Environ. 25: 239-250.

Munns, R. and R. Weir. 1981. Contribution of sugars to osmotic adjustment in elongating and expanded zones

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
05

-1
9 

] 

                            17 / 19

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.2.4.9
http://agrobreedjournal.ir/article-1-238-en.html


٢،١٣٨٧جلد،"مجله"

163

of wheat leaves during moderate water deficit at two light levels. Aust. J. Plant Physiol 8: 93–105.

Munns, R., R. A. James, and A. Lauchli 2006. Approaches to increasing the salt tolerance of wheat and other

cereals. J. Exp. Bot. 57: 1025-1043.

Munns, R., S. Husain, A. R. Rivelli, A. G., Condon, M. P. Lindsay, E. S. Lagudah, D. P. Schachtman and

R. A. Hare. 2002. Avenues for increasing salt tolerance of crops, and the role of physiologically based

selection traits. Plant and Soil. 247: 93-105.

Netondo, G. W., J. C. Onyango and E. Beck. 2004. Sorghum and salinity: II. Gas exchange and chlorophyll

fluorescence of sorghum under salt stress. Crop Sci. 44: 806- 811.

Neumann, P. 1997. Salinity resistance and plant growth revisited. Plant Cell Environ. 20: 1193–1198.

Plieth, C. 2005. Calcium: Just another regulator in the machinery of life? Ann. Bot. 96: 1-8.

Rezvani Moghadam, P. and A. Koocheki., 2001. Research history on salt affected lands of Iran: Present and

Future Prospects-Halophytic Ecosystem. International Symposium on Prospects of Saline Agriculture in the

GCC countries. Dubai, UE.

Schachtman, D. P. and R. Munns. 1992. Sodium accumulation and leaf growth in Triticum species that differ

in salt tolerance. Aust. J. Plant Physiol. 19: 331-340.

Shifraw, B. and B. D. Baker. 1996. An evaluation of drought screening techniques for Eragrotis tef. Trop. Sci.

36: 74-85.

Song, J. Q., X. R. Mei and H. Fujiyama. 2006. Adequate internal water status of NaCl salinized rice shoots

enhanced selective calcium and potassium absorption. Soil Sci. Plant Nutr. 52: 300-304.

Speer, M. and W. M. Kaiser. 1991. Ion relations of symplastic and apoplastic space in leaves from Spinacia

oleracea L. and Pisum sativa L. under salinity. Plant Physiol. 97: 990-997.

Stewart, E. A. 1989. Analysis of vegetation and other organic material. In: Acad. Press, New York. pp: 46-60.

Tester, M. and R. Dovenport. 2003. Na+ tolerance and Na+ transport in higher plants. Ann. Bot. 91: 503-527.

Zang, J., H. T. Nguyen and A. Blum. 1999. Genetic analysis of osmotic adjustment in crop plants. Exp. Bot.

50: 291-302.

Zhu, J. K. 2001. Genetic analysis of plant salt tolerance using Arabidopsis thaliana. Plant Physiol. 124: 941-

948.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
05

-1
9 

] 

                            18 / 19

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.2.4.9
http://agrobreedjournal.ir/article-1-238-en.html


" ,..."

١٦٤

Effect of salinity stress on water status, osmotic adjustment, and sodium and
potassium compartmentations and distributions in seedlings of two rice genotypes

Nemati, I.1, F. Moradi2, M. A. Esmaili3 and S. Gholizadeh4

ABSTRACT
Nemati, I., F. Moradi, M. A. Esmaili and S. Gholizadeh. Effect of salinity stress on water status, osmotic

adjustment, and sodium and potassium compartmentations and distributions in seedlings of two rice genotypes.

Iranian Journal of Crop Sciences. 10(2): 146-164.

In order to investigate the effect of NaCl stress on Na+ and K+ distribution and compartmentation in salt

tolerant (IR651) and sensitive(IR29) rice genotypes, a factorial experiment based on completely randomized

design (CRD) with four replications was conducted in Agricultural Biotechnology Institute of Iran (ABRII)

during 2006. Seeds of rice genotypes were grown in Yushida nutrient solution and treated with 0 and 100 mM

NaCl, after full expansion of sixth leaves. Leaves were scored basipetally and samples were collected from root,

leafsheath and leaves No. 3, 4, 5 and 6 at 0, 72, 120, 240 and 384 h after starting treatments. In addition, some

attributes including, RWC, water and osmotic potentials, osmotic adjustment, total soluble sugars, Ca2+, Cl¯, and

Mg2+ concentrations were measured only in leaf 6 until development of injury in this leaf (240 h after starting

treatments). Results showed that salt stress declined dry weight (DW) of IR29 more than IR651 and had no

significant effect on DW of older leaves while reduced DW of leaf 6 and root in both cultivars. Salt tolerant

cultivar was able to compartmentize Na+ in lower leaves. Concentration of K+ reduced by salt stress in

leafsheaths and roots, and had no changes in leaf 6 of both genotypes. However, osmotic adjustment was more in

tolerant genotype (0.2 MPa) compare to sensitive genotype (0.03 MPa). Salinity stress increased the amount of

Cl¯ and total soluble sugars, while reduced Ca2+ and Mg2+ concentrations in leaves of both genotypes. Our

findings show that the IR651 has the ability to control Na+ transport to upper parts of plant, and compartmentize

the Na+ in older leaves; hence it was able to reduce damage to younger leaves. This helps plant for up-regulation

of other salinity tolerance mechanisms. Therefore, it is possible to use these attributes for selection of tolerant

lines in rice breeding programs.

Keywords: Rice, Compartmentation, Sodium, Potassium, Salt stress, NaCl, Water relations, Osmotic

adjustment, Soluble sugars.
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