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Abstract: In order to explore the ion response mechanism of salt tolerance in Malus micromalus, salt-toler-
ant and ordinary clonal strains (named as NY and PT, respectively) were used as test materials, and treat-
ed with NaCl concentrations of 0, 2, 4, 6, 8 and 10 g-L™". After the treatment, we counted the damage of the
plants, measured and analyzed the accumulation, transportation and distribution of mineral ions (Na*, K*,
Ca” and Mg™) in different organs. The results showed that when the NaCl concentration was higher than
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6 g-L™", both strains showed symptoms of salt damage, and the salt damage index and mortality of the NY
strain were lower than those of PT strain. Salt stress promoted the accumulation of Na* in roots, stems
and leaves of the two strains and increasing of K* content in leaves of NY strain. Salt stress inhibited K*
accumulation in the roots of NY strain and in the roots, stems and leaves of PT strain. When the NaCl con-
centration was higher than 2 g-L™", the Na* content in the roots of NY strain was higher than that of PT, but
the Na* content in stems and leaves was lower than that of PT. Under salt stress, the ratios of K*/Na*, Ca®/
Na* and Mg”*/Na" in the roots, stems and leaves of the two strains decreased to varying degrees. Under
each treatment, the iron ratios in the stem and leaf of NY strain were higher than those of PT strain. With
the increase of salt concentration, the ability of ion selective transport from roots to shoots in NY strain in-
creased first and then decreased, while gradually decreased in PT strain. Under each treatment, the ability
of ion selective transport to the shoots in NY strain was higher than that in PT strain. It is speculated that
the reason why NY strain has stronger salt tolerance than PT strain is: under salt stress, NY strain accumu-
lates relatively less Na* and retains more absorbed Na® in the roots, increases nutrient ion transport to the
ground and maintains the relative ion balance of leaves.
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4 10.42 0 0 0
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(P<0.05).




1832

TP A B 244 www.plant-physiology.com

BT, (BT R R ANE], PTAR RAENaCLKE A 10
g LTI, MERRAE T Hk £1100%, MINYREFR IFET:
HANH25%, AT, 7EAH R ENaClihE T,
NY%%%%HE‘J%%@%WE&%PT%%O

2 BBEXNEN/\EEMRATEREPEF

EHRM

2 2.1 BTN\ BEEK R EREE FNa’
EHEMm
P P URT 0, SRR T AN )\ R SR R

FarEHNa S B I. BENaCIKE =, PTHE
FAR N 5 561 05 PR 55, 7ENaCIR
N4 g LA B B KA, Bt B 23145 =%
- HNa" & 12 B 25 NaCly& FE (1) 7 = T 36 1, NaClik
FEN10 gL', X Na' & 85800 B hn 7 13.38
5, LR T b B Py i 4 AR A BV, DR R X
TEEAEATINE . BENaCUKE (T, NY R RIR
#iNa 2 & B ISR IS AR, ENaCIK
FE N6 g LI, Na™ & &% N11.91 mgg ' (DW),
BONRRIGIN T 2.814%; 22, Wi Na"E & [F R
NaClK FE i T i 18 22, ZENaClRE 10 gL 'It,
BN IRy )3 T 7.47M113.534% . PTRE R 7ENaCl
WEMCT6 g LI, & 885 hNa & B N R> > 2K,
NaCl#K 516 g L', Woym>iRek=k; shihia
BT JENY PR ZR % 25 B Na & F5 0R> 2280, £ 1)
G, NY R RIS 5 2 Na #0 B AR R b,
a7 i % Na [ b ki 1354y 8 . NaClik &

-+

PT#Z&% OR B @Bt

—_
al

_
N

Na*&&/mg-g~ (DW)

NaCl iR E/g-L™
E1 NaClBhE TN/ \EEKRIR, E, HFNa'RENER

Fig. 1 Differences of Na* content in the roots, stems and leaves of two M. micromalus strains under NaCl stress
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Fig. 3 Differences of K" content in the roots, stems and leaves of two M. micromalus strains under NaCl stress
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Fig. 5 Differences of Mg* content in the roots, stems and leaves of two M. micromalus strains under NaCl stress
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Table 2 Differences of K'/Na*, Ca*/Na* and Mgz+/Na+ values in roots, stems and leaves of two M. micromalus
strains under NaCl stress

PTH & NYFE &
¥abr NaClKSE/gL™ — —
i ES i i = it

K'/Na’ 0 4.3840.78° 15.60+2.58" 16.94+3.04° 3.70+0.80° 12.71+£1.51% 13.41+2.02°
2 1.29+0.06° 2.67+0.80° 4.32+0.64° 1.0440.09° 13.2343.75° 12.95+0.98"

4 1.03+0.06° 2.05+0.34° 2.14+0.16° 0.70+0.08" 10.14+1.90 9.66+1.50°

6 1.29+0.35° 1.69+0.43° 1.04+0.05% 0.61£0.15° 3.14+0.63° 9.27+1.54%

8 0.97+0.18° 0.86+£0.04° 0.54+0.02¢ 0.53+0.04° 1.54+0.26° 7.47+0.97°

10 0.98+0.13° 1.0240.17° — 0.58+0.04° 1.40+0.62° 1.3440.05¢
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4 0.11£0.02° 0.26+0.06° 0.37+0.03" 0.11+0.01° 1.284+0.32" 2.37+0.43°

6 0.14+0.01° 0.20+0.06° 0.24+0.01° 0.10+0.01° 0.27+0.03° 3.21+0.69°

8 0.12+0.03° 0.10+0.01° 0.20+0.01° 0.11£0.01° 0.12+0.01° 1.1940.17¢

10 0.17+0.02° 0.13+0.03° — 0.1140.02° 0.10+0.02° 0.25+0.01°

Mg*/Na" 0 0.42+0.02° 0.07+0.01* 2.25+0.56° 0.31+0.04° 0.39+0.05" 2.00+0.54°
2 0.18+0.02° 0.02+0.01° 0.55+0.11° 0.09+0.00° 0.28+0.03° 1.34+0.08°

4 0.12+0.01° 0.02+0.00° 0.26+0.01% 0.07+0.01° 0.12+0.03° 1.08+0.15°

6 0.13+0.00° 0.01+0.00° 0.19+0.01% 0.08+0.01° 0.03+0.01¢ 1.07+0.31°

8 0.09+0.01° 0.01+0.00° 0.12+0.02° 0.09+0.00" 0.02+0.00° 0.51+0.09¢

10 0.12+0.00° 0.01+0.00° — 0.08+0.01° 0.01+0.00" 0.10£0.01¢
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Table 3 Selective transport coefficients of mineral ions in stems and leaves of two M. micromalus strains
under NaCl stress

PTHE & NY £
fibr NaClkfE/gL’
—= e HR— 1 -2 ESl HR— 1
Sk na 0 3.57+0.12° 1.12+0.06" 4.07+0.25 3.49+0.99° 1.11+0.32°¢ 3.67+0.39"
2 2.06+0.51° 1.84+0.67° 3.5540.56°  12.65+5.09° 1.10£0.23° 12.2042.15
4 1.97+0.23° 1.04+0.16° 2.05+0.12° 13.32+0.78" 1.09:£0.04¢ 14.514+0.78"
6 1.18+0.01° 0.66+0.20" 0.85+0.26° 5.75+0.78° 2.54+0.22° 14.6942.99*
8 0.89+0.12¢ 0.64+0.01™ 0.57+0.07° 2.92+40.43° 5.07+0.65" 14.6340.92°
10 1.1140.10° — — 2.40+0.88" 1.0440.41¢ 2.31£0.05"
Scana 0 4.48+0.65" 1.61£0.45°  7.34+0.95° 3.60+0.23° 4.00+0.38" 14.19+0.08"
2 2.58+0.74° 1.89+0.38° 4.70+0.36° 11.07£2.16° 2.57+0.62° 24.59+5.38"
4 2.20+0.26° 1.50+0.43" 3.27+0.69° 11.3743.99° 1.94+0.75° 21.8643.98"
6 1.65+0.18"™ 1.3340.45" 1.76+0.08" 2.59+0.18" 8.22+0.80" 21.38+3.48"
8 0.87+0.18° 2.05+0.07° 1.78+0.43¢ 1.12£0.01°  10.08+1.89" 11.274£2.12°
10 0.79+0.05° — — 0.94+0.04" 2.57+0.58" 2.21+0.58°
Snena 0 0.16:£0.03" 33.51410.41°  5.28+1.03" 1.28+0.03° 4.90+0.51¢ 6.22+0.70°
2 0.10£0.02"  27.56+3.10° 2.80+0.33° 3.17+0.28° 4.73+0.44° 14.9240.08"
4 0.13+0.00° 16.31+0.86" 2.09+0.11% 1.76+0.18" 9.52+1.42° 15.54+0.62"
6 0.080.00° 15.85+1.27° 1.37+0.03% 0.33+£0.05"  37.56+3.60" 12.90+1.68°
8 0.10£0.00*  13.03+0.67" 1.33+0.03 0.19£0.03*  32.54+11.00° 6.110.86°
10 0.07+0.00° — — 0.06+0.02°  21.45+9.80" 1.26+0.16°
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DAAR Sy Na' [ 35 22 5 42 30 A7 () 1 I 462018 Ji
FIHLERE2015). AWFFLLE R EoR, ShiE T, Na'
KEHNT A BB FEERR BN, HPNYRR
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HPTHR R R INa 2> (E2), FAMNY PR R UL
[F)Na" 3 ZLA A EAR RN, kot 2 b |- igis
AN AR SR (VL) T e A SR e o e 3 A 5
X 0] A2 H B A B R R . PTHR RAE
NaClR AR T6 g L', EE R Na S h /ARG, &
T i, ) B Na ' B 72 I3, HE06 g L
INaClR FE 7 H AR 2 1 2 A PR, 88 i iX — iR
R AR A RE 4k S Na AT B, {87 Na [a] i35 A AR
R, HXHEMRIE B E R EGRD.

K" H & A8 7P, AT E g i &
A F AR (S R F452017) . Na FIKH A FHALK)
KA BEAE T2 4%, Rk, Na XK i f o8 21
Pse e . 5 ERBUSHEY) SRR AR b, T 51 Y
an PP — M2 B BRI IR BRSO ) s KT
[ BE /1 (Perez-Alfocea?$:2000), AHT 7% 27 (1813),
BE & R FE B3, )\ AL Atk RAREB. PT
FRA M K& IR A, 7T RS INa K
SE G ROSIE L S 8005 B & SRR BE B, B8
NY PR R AR K S BEAK, (2 H i K2 & o0 I
BETHE, XRS5 M E TR, XK RME
1 FH LA B 3 s KR Bl e i 5. 2
ol iE INY PR R R B 2 (KA R 4ERE
FrEE AR IIRE, AR E, X4 RE5FOR
S5 (2002)7E M4 (Populus)~  Ji B A1 ALIE 72 (2015)1E
FEEAAN A Ly g R —2

WA T, RESREFHEAERIEN, 2
SHL B EHK /Na'L Ca’'/Na FiMg™ /Na 1t k4
Ak, DR ZH 2R )RS VA, 3 T S e 4 i ) E R
A AR i (Munns #1 Termaat 1986), — L84JF 57 4 12
K'/Na'E v ) 58 R A 35 68 70 1A &cdads, JHIAHh
EhhE NK/Na E = PAEY it £5 58 71 3% (Poustini Fl
Siosemardeh 2004). AHF 7T K IL(F2), ThPhia FEA%
T\ R &4 B P IIK /Na'ff, HNY
HARZE, K /Na B35 TPTH &R, U
NY#ERZE, MK R RE /15 TPTIE R, &
Fi 45 R 5 B ML I8 2 (2015) % 38 H-A47 16 BIF 5%
i &P 25 (2013) X3 N P8 ) (Citrullus lanatus) F) B
FEER—5. Ca™' Mg 7EME ) % TR R AR h
EHEEEH, REDIEFE LK LFEREFRILE,

A DME VT Z Y 2R TR bR (3 R E452017), H
W 4R IE Ca®' /Na" 5 & Hili(Solanum lycopersicum)iif
AR AR e R 2 E K /Na' (Dasgan$2002)
AR FLEE R B (BEIARS), Eh et )\ b i 5 w5 A4
TRAEM. Zdhca’. Mg & EEmE N, MHNY
PR & A Ca?s Mg LR, [ PT #k & I Ca™',
Mg & BRI R, Hha B )\ b3
PTHk &I HiCa™ . Mg™ & B RIF R, (H&IR
AbHERNY Bk &R R ¥ Ca®/Na FI Mg /Na ™ {5 475 &
FPTHE R (£2), i W] Ca™/Na FIMg” /Na {& [ F 1%
FEE B AR Na S R E. S E T,
NY ¥k & i K'/Na', Ca®/Na'. Mg*"/Na'fi & T
PTHE R, UiBH I8 FNYBR R 5 8 PTHR R
BA TR ORRE ST PR 7], T REENY R & i
RIS TPTHR R R 2 —

B IS 5 R B Sknas Scana M Sygna I EA
RBHEPIRTK . Ca® FIMg™ ] b 38 i i % it
AT, B IR S i EIE R B OR, Y E
PR Na B B TEAR Hh, 3G 0IE 7% 85 1 19 FE 2% B I2 i
(1) BE 77 8 e, A PR PR T 2 M A R e (1 X A
2017). AW 5T B (3 3), Bl 35 NaCIyA B2 (1) 3,
J\BGHFHENY PR R MAREIZE . M ZE BRI MAR 21+
) ik B M2 S R B R BN NS T R
s, ErrLAZ 4l i MAR B ZEF0 PR 21 1H- 1] Sy n FH
Scona B H— B OR A 452016), i B —EE
] P 4D 6 P s RV P T NY R R B 9R T
(IR WAL, AH HG T8 e 32 ey AR B b 35 1) 77 B
RIS B, RYERF P b AR RS E 1 B 4
SRR TR HE . BEENaCUR I I8N, PTHE R M
RN ZE MZEF iR AR 21 i () 5 ik M Is
RECEE R YT FERES, SR a7 PT
PRARE 77 8 1 ) Hh 3Rz i, 5 24O A8 ki
T TREMEFETE

g FRTIR, B, )\ B SENY R (1) 4 55
Ja AR PTAE PR 1 2H 85 J5 A EL A B i #h 4
MIINN gy SR S e v S N 7 S El
T, NY R RN AR T XD FINaT, 75— e ik
JEERWME T, NY PR R R Na 5 2 3 B EAR &
o BEINRT S 7R B 1 s s, AENY R R i
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