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Effect of salinity stress on water status, osmotic adjustment, and sodium and
potassium compartmentations and distributions in seedlings of two rice genotypes
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2- Atomic Absorption Spectrometer
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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 “iba e -85

& iTam 5 aw 5 P & e ?4“"51 r;Lﬂn‘j’x o &5 et &5
S.0.V. Sl kS aa (df) Total dry matter Root Leaf sheath Leaf 3 Leaf 4 Leaf 5 Leaf 6
Genotype (G) s} 1 25202" 625" 784" 42" 63.6" 4.6 1.0™
Salinity (S) st 1 84827" 1521™ 144™ 0.005™ 0.002" 1.8  361.0"
SxG (s X disi) 1 15563 1L.0™ 10247 0.011™  0.003™ 0.5™ 12107
(Error) 12 62.7 13.1 8.3 0.1 1.8 0.6 3.2
CV. (%) o, & do)s 2 3.4 3 5.1 75 32 5.8

Ioos v bt sl s ls e 5 4 2% 4
* and **: Significant at the 5% and 1% probability levels, respectively.
Jla S £MS
ns: Non-Significant
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Fig. 1. Effect of salinity (0 and 100 mM NacCl) 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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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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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.

Slaz o S0k
Mean squares
Lg:UT 4= 53

S.0.V. Ol i ke df Sodium Potassium
Sampling time (ST) 5 sa Ol 4 20810883.7 " 39046552
Genotype (G) S 1 5788693.9 " 486662.7""
Salinity level (SL) ad mlaw 1 85428326.8 " 974434.9™"
Plant part (PP) NERRY 5 4605684.9"  58384856.7""
ST xG 5w g O3 X i g3 4 1857305.8 253083.1"
ST x SL G5 wgi O3 X (5555 plaw 4 20322548.4 " 164444.5"
ST x PP 5 4 g O3 X olF ol 20 806621.9™ 1601193.4™
G x SL 53X 6 p5 pla 1 541368437 186797.3"
G x PP 55X ol gl 5 694897.2" 432032
SL x PP G o X oL ol 5 373200227 836887.3"
ST x G x SL oS G0WIX QX gyph peda 2152506.2 32585.8"
ST x SL x PP 5 g5 O3 X (5545 peba X oS 1t 20 7673162 105000.9"
ST x G x PP 658y U X i} X oS gl 20 298184.5 88099.7"
G x SL x PP 55X Syst plan X ol il 5 800011.4™ 176654.7"
ST X G X SL X PP (5,86 sa 33 X i 55X (5555 o X ol plkl 20 2826623 52930.4"
Error 338 26796.3 8928.8
C.V.(%) A o s s 3 28.3 8.2

dkokk ok

/ 3 JL.‘J-—'lcuh..-JanJ;uuféjQ. K]

** and***: significant at the 1% and 0.1% levels of probability, respectively.
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1- High affinity potassium carriers
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2- Non-selective cation channels


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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

vl sy sk A

4000 4000
K

3500
IR29 control ——

IR29 stress S -
2500 IR651 control ~———

3000

)

2000 IR651 stress . AN

1500

Na* concentration (mmol kg-1 dwt)
Na* concentration (mmol kg-1 dwt)

1000

(

() gl ol (

) B g ey e
Time after salinization (h) whdd gy il ane gl

Time after salinization (h)

4000 4000

3500

3000

)

2500

Na* concentration (mmol kg-1 dwt)
Na* concentration (mmol kg-1 dwt)

(

[] 100 200 300 400 0

100 200 300 400
(R i jl s ey (Dm0 il s gla;
Time after salinization (h) Time after salinization (h)
oo r EI so00
3500

E E 5000 | é
= 3000 <
= f=d
x £

- = -~ = 4000
] ]
2 2500 g
E E
5 2000 § 3000
E E
€ 1500 | T

@

g g 2000
3 8
S 1000 | .
[ [}

- Z - Z 1000 F

500 | i
0 0 !-
0 100 200 300 400 200 300 400
(1 arsiam g £ el s o
Time after salinization (h) Time after salinization (h)

(S s D) s dO) e (B) (@l anw s &5 oy 5l \A) (25 &5 )3 ke Sl -
O el b 25 6,2 0l 51 (IR29 5TR651) o 2 5 33 53 (F) 5, D 5 (E) azu
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.
ﬁdﬂ)})ﬁ%@fﬂbﬁi&&l{&)ﬁﬁ u.".._c-lg-hgsl_ij;)lj‘_:.u._fs.rLSJU‘thL:...{J:uii}aer


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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

Ol " ajled L

9.8 a5l (Carden er al., 2003) 31,LSwr 5 05,8
Sl ey U e o8 303 25187 55 (Zhu, 2003)
9035 o) enlym b SJUEST G b 51
el (eolal B Dol I 51w Sl S
335
S 965 o I8l s 4 Wl g e dals L
Loy 5 Olarlabe o Uy jLie an oyl

31 6,8 sl .ol (Mahajan, and Tuteja, 2005)
b )3 w35y Sl 3 ol bu g euly Ol
5 olS Sl sl s JNestl sl e
el Jlis bt g 0l 4 anly slags 31 Sl
2 Sa ol pde Olge 4 D]l 035 5 (o0 gl
N3 an ki pde ol 0 L (g g S D
s (T Ouj):&;@ﬁ_;};j):ﬁ»t{_ O jam
#0503 03 el 4 aly sl
G Il 25 0l s Yl ol8 503 5 fame
bl
o Bl9s
035531 45 313 OLs e ol Sl Jole s
(P<0.01) (5 I3 xe AL o e 5 IS S
Jab 53,0815 8 L (RWC) o OT (6l gun 53
aS 515 OLis aalS Ly, RWC ¢ isbesl gl ol ey93
Solisinn 5o 4TRID 555 53 ook otalin 2alS
oo Jles! 3 g 9y 05.(1 USK2) 54 TRE51 I i
Badoys | IR29 545 3 RWC ()
Ay doys
S 315 Ol @id &S ol IS Jeily (5 5o 10
33 s adie ol s gme a8 Zeb 600 AT
Olaj (A JSi) as s 45
559 A S 2T S Jeily (S lag Jles!
Shn s S0l dalld o S g0

ol il Ol 5 sl ) ey Sl

IR651 i 5

Ol £ p ke

Lo 8 b CBIE 0151 g Iy s 5 i ) 90
S5 03 g S 48T Sl ol e
O P R U Y B
s e Sl 1 55 55 o 61
3348 ol oli Slualie J= wIL(E )
23 Slo g U)Wl b (5 85 4k Ol
G g a 4S5 (e 53 e Ly ST g el
o Jled Olioman 5 Cils pdy) o g 50 Jaoee
O Bl (Bl o gr )58 AT e
J:L;\ilj‘_élo_ii_,ﬁ;_n;}ijpﬁdfjhbﬁﬁ.u
“0La) 535 Jeemts G g Sl e e GO 85
Sﬁéﬁﬁmc_wcgg;d}aje_ﬂ:&mggh
s 1
(F ) os Jaste sl Hp [

( Jsgder P<0.05) (sols sima ,5U (5 0 25

e ol S $)

s I g5 83 A S p o Ul el O HLE
G555 03 Al Ol dia 2 O el o
) 2 Jeamte o 95 5 s Sl 4 el
‘B ¢ ) Sl Aals b g ls gme sl (5 5
S5 ety O e (P0.01) Jl3 ms s 28l
) RS R PR g CE e
(F 5E A
OLalS slad ghu 53 5 axils swlul [iE olS (6 el
e oSS SOl mpl ) A e
Esl e 55,8 25 (Carden et al., 2003)
JJﬂSﬂJﬁjQJJJwQMJJJﬁG
QY ) GO P
3 5,85 (Speer and Kaiser, 1991) [ty |
s (Flowers and Hajibagheri, 2001) (s AL

1- K™-specific transporters

Voo


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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

vl sy sk A

1300
3 H 1200
S >
2 ~ Z 1100
° [}
2 £
£ £ Jooo
§ §
g g
£ £ 900
H @
o o
c c
8 g 800
e 2
- = 700
. 600
ol [
L] 100 200 300 400 0 100 200 300 400
(D gy s ey (1A g lam ey

Time after salinization (h) Time after salinization (h)

1300
1200
1100 |\
1000

900

K* concentration (mmol kg-1 dwt)
K* concentration (mmol kg-1 dwt)

0 100 200 300 400
O e ] — )
Time after salinization (h) ( Y Eap il ey
Time after salinization (h)

0 100 200 300 400

2 5
- ©
_E 2 ot
] * .
£ E :
g E 2500 & &
5 i ®
£ E 2000
g 150 IR29 control H )
8 § 1500 R29 —— @
X IR29 stress e ‘A
100 _k R29 Qe
IR651 control ~ —d—— 1000 IR651 PR
50 IR651 stress [, W— 500 IR651 A
0 0
0 100 200 300 400 [] 100 200 300 400
(D gap Jlam ey (7800 s J e le
Time after salinization (h) o th

Time after salinization (h)
(‘Sj—fJ.J—-‘. 7D)f}“"(c)fJLG":7(B) (ﬁijSjJﬁHF,A)HJSjJJMQ\:M_
O el b 25 6,2 0l 51 (IR29 5TR651) o 2 5 33 53 (F) 5, D 5 (E) azu
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.

Ay (ol o 53 IR29 5 JU -/ 3 s JSul L6 -/ i 5

(A ) s(J amie 543 IR651 -/



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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

100

95

g
€
€ 9
o
o L
S
2
~ 8 s
o
2
i~
8
g 80
———IR651 control IR651
- - -0- - -IR651 stress IR651
75 ——&—— IR29 control IR29
- - -A- - -1R29 stress IR29
o L
0 50 100 150 200 250 300

(Dol
Time (Hour)

093 )3 (IR651) fromwia 5 (IR29) b L 3 55 (8Lt 5 &5y 0 8 ) @28 &5y O (o O = IS5

3,1kl glass slias OLES (63 ses (sla dlua uﬁ,bs\:ﬂ,;@uwuj b Sle. gy AT Jlsl
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.

(©ele) NaCl 5,5 adlal 1 s ke (@8a) NaCl o505 8Ll 31 o sle
Time after adding NaCl (Hours) Time after adding NaCl (Hours)
0 100 200 300 0 100 200 300
-0.5 . . -0.5
—8—IR651control  |R651 A B

—o—IR651stress  |Rg51

1 —p—IR29 control  IR29 al
-1
= —a—IR29 stress IR29 =
2 :
| z
=] B
— = —~ E
2 2-1.5
2 2
i =
2 2
< <

2 b

25 -2.5
5 (IR29) ol i g} ol G833 53 @i &S S (B) el Joily 5(A) -
OL (83 508 Sla dhs 5035 JLS Sl S ool e o5 5 dlest 050 5k (b (IR65T)

e 3,1kl gl aias
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.

\ov


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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

e hal ey g s sh AT ey

edlel plS 4l (Huand Schmidhalter,. 1998)
23S 5 3 A o ity 4l S S s S
Sstie by gl Bulgy o IS 4 i e
role SBlE (25 gl e 5515
oS Sl Copamr Ol a0 S50 LS 5 s o
e sl Joein 95 (o0 2 (21 93 ok
Sl 5 b )3 355 00 S SU (el AT
(7 JSi) 313 plowil (6 el 0o o 51
siie 415 AT Il oS (o ki 44T
34 or 0 3 ey g 3 (S el iy S
Sla0 s Olajen job (gl Dol s ol
T B R P e
Jsd> 5 " IS 534S ) glailes .(Munns er al., 2006)
Jodous GLads 5 Sdme Sal g 0355 8 0> 50
I Jemie o5 55 Loyt S 85 93 2 00 IS
5 s f— 4S CAls 4 g ULl 4Bl
Sl oS so3smana 1olS lp I Pl g
ST D o 63b5 5 A AL T e s 8
ol S by S o Al e 0850 ]
2348055 T L el iy 5 als
s(Netondo et al., 2004) r;_u_.u 3 e Sladlas
ol 0313 OL& ;5 (El-Henawy et al., 2005) pdS
Neumann, ) s _9(Munns, 2002) el
lal 2 53 oL S T S ity 2l (1997
les gad 21515 6o AT
ol gl CAAlE Ol s
e 4S5l Ol Gasg pl ledel s 4 =

i 90 S oy S 0y Sl (g0
O e (:q.:.:l: s ! (P<0.01) &3 g sl b
o3l 53 e s ol G585S 00 NS
J_glx:..ﬁl_w J’J—l{b}—.’.‘;—m"pg_}—“":‘\-{—:;};j
ombasleyes Ll B OT 51 ey Jg a3l 5l 53l
P S S BTN (RN PR S RO R NP

S e
S 5 Sl (S gy 85 95 2 )3 (S e
IR651 53 joS Si L g e 955 95 8 53 c0lej oyl
(B g5 it s

33 (& ol r?lz.; S a5l a5 sl LS pwy o
HLS ol mn sl sk (IR651) Jaoeie i 6
G55 93 4S5 ok 33 (IR29) b 555
S5 A5 dlesl Iy ol (6 jal 0125 Jometa
el ysb g s dlasloygs (ob s 5 ad o]
il S 55 534S Jls ja b Ll
4S sls QL s ol
O 93 s i ¢ 25 Jasl 31 oy Sl
(JSabSe 1) flyy "L Joamie (i 55 85
2 (ISl [) ol 55

e oo S Y e 035531 S0
45 03 g Jaoes (g jal Joily RS olde d glows
2l e A g b | oS by O ol

U A0 Jleel 0L 3l

) Sl gl

S s 2 Ol S Eebol S by
STl Ol Gl () s 5 (RWCO)
s 4 15 g oo 5 )3 RWC iy falS
Jooie L858 Jl s o1 JSE) Wik st
gjwlﬁﬁjﬁ-éwiﬁk;d!jdilm:)ﬁ)g}jb
s T oo g 5 el S RWE 3

G55 03 o faS Gieml ol (S Gl
Grep 5o ks S b g pin O Ol o oo
85 A S 2 IRWC & L5 5 o Jule
L-.-h‘hﬂn‘-’r::h; ‘laf,lj—‘:'.}) YLERWC L'J.::db.-l:dl.f JvL..}-
Qi}_}'.)}.&ﬁ P PUDHQJ:B!J::E?_’cJL;‘_}n}Q
G 85 03 S s ) 8 5 YL g g
.ie_.»j'ﬂt._ﬁﬁ.l_.«ﬂj_lfﬁ)}_a‘rl,n J)IR651
(Moradi and Ismail, 2007) Jeslo—ul 5 (551 —s

J:ll.ﬁ-l:a_:;l1 5 0> .L:.._.w1 sl % ;);JU_?


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

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1387.10.2.4.9 ]

_gNaCI'J:JJJYy

s

" aled L

"ol el pske

o Jlasl oy b s 5,5 Sl
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NaCl levels (0 and 100 mmol) at four times of sampling.
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Effect of salinity stress on water status, osmotic adjustment, and sodium and
potassium compartmentations and distributions in seedlings of two rice genotypes

Nemati, I.l, F. Moradiz, M. A. Esmaili’ and S. Gholizadeh®

ABSTRACT

Nemati, 1., 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+, Cli, and
Mg*" 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 Ca®" and Mg*" 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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