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Abstract

Aims Elaeagnus angustifolia is one of the most salt-tolerant species. The objective of this study was to under-
stand the mechanisms of ion transporation in E. angustifolia exposed to different salt concentrations through ma-
nipulations of K'/Na" homeostasis.

Methods Seedlings of two variants of the species, Yinchuan provenance (YC, salt-sensitive type) and the Alaer
provenance (ALE, salt-tolerant type), were treated with three different NaCl application modes, and the ion fluxes
in the apical regions were measured using non-invasive micro-test technology (NMT). In mode 1, Na™ and K"
fluxes were measured after 150 mmol-L ™" NaCl stress lasted for 24 h. In mode 2, K" and H' fluxes were quanti-
fied with a transient stimulation of NaCl solution. In mode 3, Amiloride (Na'/H" antiporters inhibitor) and tetra-
ethylammonium (TEA, K’ channel inhibitor) was used to treat apical regions of E. angustifolia seedlings after
NaCl stress for 24 h, respectively.

Important findings Under NaCl stress for 24 h, net effluxes of Na” and K™ were increased significantly. The net
Na" effluxes of YC provenance seedlings (720 pmol-cm >s™') were lower than that of ALE provenance (912
pmol-cm s '), but the net K” efflux was higher in YC provenance. Under the instantaneous NaCl stimulation, net
K" efflux was remarkably increased, with the net K* efflux of YC provenance always higher than that of ALE
provenance. Interestingly, H' at the apical regions was found from influx to efflux, with the net H" efflux of ALE
provenance greater than that of the YC provenance. Under the NaCl and NaCl + Amiloride treatment, the net Na"
efflux of ALE provenance seedlings was higher than that of YC provenance, while the net K” efflux was less in
ALE provenance seedlings. On the other hand, the differences in net Na” and K" effluxes were insignificant
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between the two provenances under the control group and NaCl + TEA treatment. In conclusion, NaCl stress
caused Na~ accumulation and K~ outflows of E. angustifolia seedlings; The E. angustifolia seedlings utilize
Na'/H" antiporters to reduce Na“ accumulation by excretion; and the maintenance of K'/Na“ homeostasis in
salt-tolerant E. angustifolia provenance seedlings roots accounted for a greater Na' extrusion and a lower K ef-
flux under NaCl stress. Results from this study provide a theoretical basis for further exploring salt-tolerant E.

angustifolia germplasm resource.
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YERFOR K /Na T2 AR08 . 3L e PR 5T (1)
—ARET B, MR T BOM L R HOR,
N HAUEIF R T KEA @ IR R T, KIE
W) — 7 T B 3 PR 1 Na ™ fr 32E N R0 I Na " (0 A HE Bk
DX B4k, DAY/ Ak A B4 5 Hh O Na VR, 5 —
77 THI PR il 44 P9 K9 2%, AT S B0 AR PY KC/Na - i
(Chao et al., 2013; Feki et al., 2014). F-HAIHTF 7545
ST R I Na A 2 R SR - Na/H
W $% 52 5 F1(SOS1) £ B, I HHH -ATPase [ 6t 37
FRALIKAN 77, [R5 20 M s e o B Ak, Jak b
Na fJ3% A\ (Shi et al., 2000, 2003; Maathuis, 2006).
AN, KR 2 52 BINa [ se eS|, 9F i S
T 3 A 1) KO8 T8 1T A6 K 35 0 (Demidchik &
Maathuis, 2007; Britto & Kronzucker, 2008; Shabala
& Cuin, 2008). [FIF, HHFFCRRAESEME FAE
(Hordeum vulgare)Fl1/N 22 (Triticum aestivumyiiif #5784
AR RIAR 2R K A R4/ F U AL B P (Chen et
al., 2005; Cuin et al., 2008). Kk, T fFEMIHR R X
BN " FIK & Fi o, o T B AR A Y it 26 68 J 3k
WET,

7> A (Elaeagnus angustifolia) & SH &+ Rl AT
JE V&I NTROR, FE A TIREVEIL A, £k
W OREMNL ARG T T 5l Moy, BAATNF .
it £ BN BT R ID (R REVE, Redem HRAE ), oaE
HEEE, AW yINY T 50 DR £ A Hu B 47 bRy
1) BB FP (FR TR A E ¥, 2008; & SO AR YR,
2012; #7148, 2014). KERIWTFLEE R EIR, W)
W{EH A T, MR ZERE A hNa g RN, mK
BRI BREREESE, 1992; X% K, 2007; X IEFESE,
2014). AR FL AN, VoA L H BEAE NaCIK FE I
Bn, M. R Na A R RN, KSR
D, I BB R BE D 4 5 AR ) R %)
B A AEAE R 22 5, BaTRL KMl v R 40 i e A 2R
FZ N EMR T, WA PN SRR, KR
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FENaCIr I8 T R IE WA T4 )1 A E# T, 2014,
2016). {H /21X LE 25 FLHT 2 MR AE RS0 AR 2ROk I
—/NEREE, AR, MRS e T
Na FIK TEV> &4k ) R BRI A BB, IF
H A FRR (A 22 7, A R Tt — 0 B AR &
(i AL . DR, AR T B AR N FPJE(Y C,
EREURAD) RN B R AR (ALE, i 35 7) /K 85 8 AR
IFRI I TEEE, 2015, 2016), FH ARG A
(non-invasive micro-test technology, NMT)f}f 5%: (1)
#£150 mmol-L™' NaCli#ifi24 hjg, ¥WHELHR A
Na FIK fIFa 2B 77 (2) 150 mmol-L™ NaClli i
AbEE, KFIH B P ZhARHE; 3)EhMha T , 7
591l F BT R 9 R (Na " /H 3 ) i 32 R4 771, Amiloride)
AEAVY 2 f(K @B M, TEA)LHE G, Na Al
K& g, DU 7ol A 52 7 AR D
it 5 AL 1) A D Al R K /Na A R
ik — 20 R AR R SRV AR R R S
A

1 #RlFE*E

11 R

2012410 H A, 430 DS i B iz 2R OFH 7 S 4R
JIREESORRVD R BEM B R S b P 5, 127 |
AR TG IR VD R 3 ) R THRE
W, RS, s e BT8R E,
T BERHEE RS o 28 = R(W 5 Z1870%), b E
FIREFDTE FRE(10 cm x 10 cm, F4ExE)H, FEH
R . HAE], FEI R R FHoagland & F7 R, VE R
HERTE . M AEKBI8-10 7 H#. PRE2910 cm
W, B HEEAR —F g, W, B8
BHEA(40 cm x 35 cm x 15 em, Kx B8 x @) R I K
By, SOMR/FHIR, TE A RIES . EKHHRZ AT
B RIKFGFR, 2R — /K, ZJ5H1/4 Hoagland
B RS TR (ZE TR IO ), 3R ¥ — I8 TR
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IKER20R G, FEASFRR &L H24k KN K
BEA—ZmmEA, K, BAFES16KH S
150 mmol-L™" NaClff]1/4 Hoagland& 3£} 3724 h,
SRAE xR . AR5 3EATNa FIK RS B T s &S
A5, P10 min.
122 BFshh=¥ElE

KEFIOR G, BFEBRE RN, KA —
MR 168k . MES-6 minf5, JIANaClIAR
(IS AR HF NaCIK B 9150 mmol-L™Y), 4R 5 4k
BN V> EARIRK RIH 1) 3 712 85 -1/t 30-35 min.
123 BFRAEFNE

IKER20R G, BAFHEERUR N, KA HEA—
BRIV R 320k, o, AN FE 24 F
150 mmol-L™" NaClff]1/4 Hoagland& 3£ 343524 h,
SHRAE AXTIE . 4373 F1 100 umol-L ™" Amiloride (Kong
etal., 2012)#120 mmol-L™" TEA (Wegner et al., 2011)
A FENaCIiE24 h/E AR 530 min, FHIUE MR
Na FIK {5 Fiit -
1.3 RWFFE
131 BFRNERAHIES

75 2 [H 4 (B A 36 50 W A 0 F) I NMT
(NMT100 Series, Younger USA LLC, Amherst, USA)
P 5E 2R A FHESNa s KR 1 8 TR I (M ek,
2011; Kong et al., 2012). H7 M 0.1 mmol-L™
KCl, 0.1 mmol'L" MgCl, 0.1 mmol'L" CaCl,
0.5 mmol-L™" NaCl, 0.2 mmol-L ™" Na,SOy, 0.3 mmol-L™
2-N-M AR 2, 15e i R — /K (MES), pH 6.0 R iR %
T T VDR Y AR R I R AR A 7 B PR AR SR T Ay
600 pm (4 IE)H1450 um (150 mmol-L™" NaCl)(xI| IE
¥E, 2013).
132 BFRMEMEERFTR

TR BT E (FMEE, 2011; XIIEFE, 2013):
HEUR /N BT EA— SR, BYEG3—4 cmff5E
AR, JoFH R KM e E, FENRE T
#30 min. A5, BEESFRIF, & i ER R
Na' FIK /) B T, fEs FimEAfe s, e
10 min, RFALFIKFI RO ZZARR(AI6IKEL).,

B 73 1200 e (PMEE, 20115 X IEAE, 2013):
BIE 34 emP)SEREMR AR, o LB T KBTI,
FHAEMRRR HF4730 min. SR, FEIEERFRM,

M YRR AR T NaCl Ha Iy, 491

MEKFIH WS TR, FEREES-6 min/5, A
—EEHINaCIA W (pH 6.0), 13 IR 1 NaClik i
9150 mmol-L™", F & AWl &K MH 5 7
30-35 min, BNFYEIIE6IRA . HTH BN,
HIANaClE #7113 mindE 245 7 51 .

BT 25 B 24 (Kong et al., 2012): JEEUA /N &
PrIEA—E AR, BTH3—4 e 52 MR, Janb
Ve, ARG, 0 HECRD L e B v D e FH AR AR
PR30 min, 1 T 24 B2 5 70 E (AR R
F & Amiloride B TEA FE AN F#30 min.
g, e rERE IR, e ARSI A BT B O B
600 pum, NaCIAbFH 5450 pm) Na FIK {2 1R, 7
S0 5% 10 min.
14 HIRLIBS 9

MIAF 1) B 15U e 5 N Excel 46 1, 51 B
SR, AR5 R Mageflux 4 55 1R .
FMicrosoft Excel 2003045 # 5 4k Fii K, 12 H
SPSS 1605 3EAT 5. R 2= J7 22 73 A A e /) il 38 1t
ZE A Z B (p < 0.05).

2 SRS
2.1 NaClihBxtib B4R RFaSE RIS
211 Fa7SNa iR

MWEIA LLE Y, EXHE &R, A FIE D

HYHER RN RE NR, HismEHRT
200 pmol-cm s™, PIANFIYEA] TG B H L2 R, AR

1000

[ 41s 0 0 mmol-L* a
PPLEMIUX oS0 mmol L
7 800t
E
I 5 600
B g
S
= B 00}
)
Z
> 200} c
Z C
0 YC ALE
FE Provenance
Bl NaClrits st B A FR VD R4 R R AFaSNa Vi 2

CEEAFEIR 2, n=4). ALE, Fi[#i/K; YC, )11 ANFE/N
5 RER IR AN A Ab BRI ) 22 57 5 2 (p < 0.05).

Fig. 1 Effects of NaCl stress on steady-state Na* flux at apical
regions of two provenances of Elaeagnus angustifolia (mean +
SE, n = 4). ALE, Alaer; YC, Yinchuan. Different lowercase
letters indicate significant differences between different treat-
ments and provenances (p < 0.05).

doi: 10.17521/cjpe.2016.0091

©UI 00000 Chinese Journal of Plant Ecology



492 WA 24 Chinese Journal of Plant Ecology 2017, 41 (4): 489496

150 mmol-L™" NaCli kb 224 hfm, S5XfIRAHEL,
YO AR R IINa SN R R B EE R, I B A
Tl 1) 2 57 W 46k o NaCIHpae R, Bl iz R AR R Na "
ANV R B T AR, 43 39120
720 mel'Cm_Z'S_lo Ui, Ehiba s, ALY
R & Na 1 4MERE ) B v, FF H SR FhikAH
Eb, BafRr R FRvb A4 1 R B T 5 (K HENa BE 77
212 FBEKR

KR ARG R ) YR, R
Na' f &, AR NK R, o] CAPE s A 25 14
(Gouiaa et al., 2012). fHE2f7R, EXFIEEMET, R
JU BT 37 2R 3 A P 7D AR R A8 IR 2 F R KA
TR A3 518041159 pmol-cm s, T7E
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B2 NaClie xf i A Fp Y vb R 40 iR R A S KU I 7
CEE AR 2, n=4). ALE, F[Hi/K; YC, £)11. AFE/N
B BN AN R AL BN R 18] 72 37 553 (p < 0.05).

Fig. 2 Effects of NaCl stress on steady-state K™ flux at apical
regions of two provenances of Elaeagnus angustifolia (mean +
SE, n = 4). ALE, Alaer; YC, Yinchuan. Different lowercase
letters indicate significant differences between different treat-
ments and provenances (p < 0.05).
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I ELAR 1 R I8 Vb 24 8 KA 6 I W T
PLRFIE, XK HANaCIHE REWE BRI AR R FKT
ShR, FE BRI FRIEID R AR R AR EK R /155 T
Ba 7 SR L
2.2 NaClpmBxt A REIFREDENERRBE T RN
palca:op-Al
221 BRBTKREOENZSHEME

FH I3 0] %0, NaClBa ar, w24 iR
RK MBI PR RSN . 7EBER I ANaCl
(150 mmol-L ™), ¥4I HiHR RK MM % &
FHEIN, AE L A HESR R AR AL B R IR 8] 77 AE £
o MANaClE, RNFES R4 AR R IK Mk
PR TR R KRR, HAE10-17 minlf], 421 AR
K AN RS N, K AE N701 pmol-em s,
b5 22218 N %, 1NaClf SR R FEK 4h
HEFERTS minpy R RS, RAYERETE200-
320 pmol-em s« JX 5 HITEZ FINaCIHIMUS, ¥4
IR R K AN Z) g 8 n, 5Kk, IF
LB R7 /R ARV 4l AR 2R KR B K RE 5 TR
JFPJE .
222 BREHRENASEM

4R 1, AN FRIE VD R AN T AR R HH 15
T /ENaCIFM 8 T 2 IR N, (HNaCliE i
FhE, HY Ll Wi o, I B RS R fhs
FIH AR R TAR ) Rh . B I 1B B E K, VD 24)
HR R IH IR IR0 R B, KZAMIELS minfa,

. b b b
W

—a— 41| Yinchuan
—a— [THI/K Alaer

10 15

(=]
W

20 25 30 35 40

£ Fs}E] Measuring time (min)

B3 NaClpa i &P AR R4 B R BN K R SIS Z R CPESRERZE, n=4). NF/NG FRERIRIF — I i) g

PR IE) 2 57 835 (p < 0.05).

Fig. 3 Differences of NaCl stress on transient K" kinetics at apical regions of two provenances of Elaeagnus angustifolia (mean =+
SE, n=4). Different lowercase letters indicate significant differences between provenances at the same time (p < 0.05).
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)

S wn
T

WTrEs: YA L TR B T NaCl BB . 493

—a—43JI] Yinchuan
—u—[Hi/R Alaer

-5 E A Influx
0 5

10 15
YR} E] Measuring time (min)

20 25 30 35 40
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Fig. 4 Differences of NaCl stress on transient H' kinetics at apical regions of two provenances of Elaeagnus angustifolia (mean =+
SE, n=4). Different lowercase letters indicate significant differences between provenances at the same time (p < 0.05).

H i & TR, H BT R R Rl s AR & 4 F 76
6.38-9.41 pmol-cm *-s ' J&], T4 )1 A (2.21-
5.50 pmol-cm *-s™), Ff HEfF I AIZE K, 2 Fibiok
FE . EURBE, NaClBha AEsi5 S Ib AR R 1
H AN, FF FLi 3 7 AR R i 7 2K T Eh iUk
RURRYE, 331 2% B £ AL YD AR AR R A R
TR, IR A 2 bR Ak, IR K.
23 NaCIimB TR HIFRDENHRRB TR
HIBZFE
231 BRI EYEIRRESRLIE TAING TR
EISHraR, B Bh s AN B R R AR v 4
RAMESAFET, Na Vi &5 AN, 7EXT R4 1
T, AMmE R, MNaCliiE F i K. fETEAFI
Amiloride b B 5, Na [{if i &5 B E W . [F,
Amiloride{F A Na"/H ¥ [ %32 & (401 771), X Na®
AN SR H1/E F LKl 2 (0 HI I TEA R 3% . 16
NaCl il 38 F, Bl $2 /- Fb 98 79 Na™ 1% i & 4 F
1 000—1 200 pmol-cm s ' &), TR )1 i i 24 435
#£800-1 000 pmol-cm *'s™'. 7ENaCl + Amiloride
AR S, AR DA YR FINa YR AN R A AR B R T
Rl fi7 ZR AR, S5AUNaClAFRAR L, 2000 FF&E T
449 pmol-cm s ' #1429 pmol-cm *-s ', 7ENaCl +
TEALLHE 5, ¥ &4 H R &R (1 Na" 1§ i & 75 B 57
IR R T B 1) 22 S AN B, 43 0l S 775 F 727
pmol-cm s ™o HE—25 LB {ENaCUI 3G, B $ /K
TR D AL T N A NHERE 7790 T8 ) R
232 ENMIRILELERRATRLNIE TRIK TR
WE6 R, fE&AHT, )RR /KPRy
AL AR R IIK R R 2 AN, K RAext

HR 2% AE T 43 MM 1178187 pmol-em 5™, *4NaCl
B 24 hJE, 4> B INEI859F1560 pmol-cm s 1o 24
TN #0041 700 A B S, KR A S R vk, T
Amiloride [¥] #1 f1] 2% J 55 F TEA . 7E NaClHINaCl+
Amiloride /b EEZAF R, R FIEY> ELh AR IIKS
i 5 B 8 m T R R R AR, M /E CK AT NaCl+
TEAKCERN, PIAMEIRIG 2 2% 5 . R BINaCl)
JEIREEA] LSV AR K, AR R YD
YR R AR K RS 7155 T B0 R AR, I HKIE
TE R A AN /H 38 1) i 3 4 3% 1 B S i S5 B L 11
K'ig#.
14001 k3% Efflux
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(=3
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Na* 4+ Ji &
Net Na' flux (pmol-cm2.s™")

200

YC N ALE
F#I8 Provenance

OCK B NaCl ENaCl+TEA [NaCl+ Amiloride

(&5 PR X NaC1Hp 8 5 5 A Fh 5 70 AR R Na i 1)
B P EEAR AR 2, n=4). ALE, FIH/%; YC, R A~
[F) /N5 BRI [F] — PR AN A AL 3 8] 72 7 B3 (p < 0.05);
ANRIR 5 - BER 7S AH [ AL BEAS [F) ot ) 22 5 122 (p < 0.05).
Fig. 5 Effects of two kinds of inhibitors on net Na' flux at
apical regions of two provenances of Elaeagnus angustifolia
treated by NaCl stress (mean = SE, n = 4). ALE, Alaer; YC,
Yinchuan. Different lowercase letters indicate significant dif-
ferences among different treatments in the same provenance (p <
0.05), While different capital letters indicate significant difference
between provenances at the same treatment (p < 0.05).
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OCK ENaCl ENaCl+TEA [NaCl+ Amiloride

[E16 193 i) 70 % NaC1 a6 J5 75 AN F 70 AR SR KV 114
WGP EEARHER 2, n=4). ALE, FIHiK; YC, #)I. A
7] /N5 - B I A — B AN [F) b B ) 22 53 2. 2 (p < 0.05);
ANTF) K G 7 BER IS A 7] Ak AN [ 7] 22 57 2. 2 (p < 0.05)
Fig. 6 Effects of two kinds of inhibitors on net K flux at
apical regions of two provenances of Elaeagnus angustifolia
treated by NaCl stress (mean = SE, n = 4). ALE, Alaer; YC,
Yinchuan. Different lowercase letters indicate significant dif-
ferences among different treatments in the same provenance (P
< 0.05), While different capital letters indicate significant differ-
ence between provenances at the same treatment (p < 0.05).

3 Tig

TR 24 4 200 B IR e v K /N S PP R )
i 5 P 1) — AN BB 3R, A O I i BR i Na %
e, $8INa" S HER X B AL, DA R K A
SEPL R K /Na™ (Maathuis & Amtmann, 1999;
Chen et al., 2007a; Cuin et al., 2012). F W7 &I,
TS 3 P 2 5 [ i 7 B e R B S R 1 A HEN
R SR BAK " AE /1(Chen et al., 2007b, 2008; Cuin et
al., 2008; Sun et al., 2009), {H& WA HF 7T BRK
TASBE T AN [F] 2[5 B4 7K #5 (Oryza. sativa) it £ 14
(Coskun et al., 2013). fEARKIH, NaClihid 5, ¥
YR R R Na FIK S 2 2 1 hn, JF
LT & 78 b A Rh 5 O Na ¥4 7 e ) K T Ak Ay
PR, KM /N T AR R A AR . X 3R
BINaClPpi8 51 7 R L Na B R K Rk, (H
LRV AR RN AR R B AT A HINa A HERE F AN
REK T

SR, R ENa H S A g AR T
B 57 1 T AR N ShHER AR I Na K BE B g i dt, 6
LA A K . pHIEAICR (5 5 S
(53555, 2011; FMek, 2011). BT ENa/H ¥ [ % is 1A
TE R e W% S A L WS, 2R Na A4
FLTE A HE 220 A A1, (2 HENa" 75 225 5 5 ) 7= A=
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(T R 2 35066 B Ok 5 A, 17 o B HT - AT Pase F] H
IKIEATPF=AE ¥ g Bk H 2R HE 4R RS H L ik
2730 Z (Rausch et al., 1996; BRWT-4E, 2006;
%%, 2011). RIS, Olias%s(2009) %} 7 jifi (Solanum
lycopersicum) B 58 & BIL 5 i Na'™/H™ 3 [ #% iz 14
(SISOS 1) AU AENaCUlE T 4 15 25 11 i e =5 B4
FH, T H X T Na 75 %28 B 18] 1) DX Be A4t k4% O B
YEH - Cuin5 (201 1)/ LA ANa'/H ¥ [a) #4538 R 1] LA
VE NN T ER PRI I — A AL TR bR . KR
PRI S BN /H I [ 4% 32 R 1) 7 336 DR A7) B 0
FULH TSR 568 71(Yang et al., 2009; Yue et al.,
2012; Feki et al., 2014). 7EARIEH, NaClia T,
WAL AR AN S HER E 3G 0, i Eh 2vD A AR
[INa" i 2 K T L U A AR, I BRI 35
R, H AR NN, A AR BT
FIH MR W K T SRR AR IR, i 5 A
PRV D AL i AE H e T B B R Na/H 3 n)
BV AT EH - AT Paseddi M « A 7% 1) 25 B2 2450
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PEARAR AN i AR TC W) B 2 5, JX nT g S5 40
FIAE, ACFRI [ FHRIR AR G, 0 nT b &I
Na B F A 50 I RRRR A 5 — 0 SRS

S48, TENaCIHE R, 4A 2 Ab FE R 25 N5,
FH SR A5 388 3o 470 1) K T A Sl 3 9 1 B B 1 R
HNALHIK 3 (Chen et al., 2007a; Shabala & Cuin,
2008; Sun et al., 2009). {fEARIKF, 7ENaClrE
24 hFIBEI NaCIhit 5, KHANR & B &R, H5%
F K 05 TEARIBR ], 1X 5% K F(Chen et
al., 2007a)fHt FL L5 AHIA . 4, FETEARLEE S,
PRAN R B) K A 22 S AN W S, S 0 7 A o
TRK AN At B IS iR AR R 25 5, 4K @I
RAE K A B R IR [ KA AR AR FFK/Na
FiTRE ) E R — A R B

gk FRTR, TENaCIMHaREE~, WRLGH AT
BEAR AR A Na (AR 2, 8 3 5 BN /H 3 ) % 38 1
FNa HEBIG M Ah, [FIE, NaClUiE 216 40 i 2 M2 4k
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