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Growth, and cationic absorption, transportation and allocation of Elaeagnus

angustifolia seedlings under NaCl stress
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Abstract: As a salt-tolerant shrub/tree species, Elaeagnus angustifolia L. is widely planted for afforestation in many
marginal lands or environmentally harsh conditions in northern China. Although E. angustifolia is well known for its strong
adaptation to harsh conditions, the underpinning physiological mechanisms associated with ion transport and homeostasis
under high-salt conditions have not been revealed. Has it developed some physiological mechanisms to avoid the high Na™ in
soil or sequester the Na* in some specific tissues or organs? The use of E. angustifolia to answer these questions can greatly
enhance our understanding of the general physiological mechanisms that plants deploy to combat the environmental
challenges.

To unravel the underlying physiological mechanisms responsible for the extra-ordinary adaptation to high salt in E.
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angustifolia, we used the well-controlled water culture experiment in greenhouse to investigate the biomass accumulation,
and the absorption, transportation and allocation of multiple ions including K*, Na*, Ca®* and Mg™ in different plant tissues
(roots, stems and leaves) of E. angustifolia seedlings upon being challenged by different NaCl concentrations (0, 100 and
200 mmol/L) for 30 days. Interestingly, the root growth was stimulated to a different extent by salt stress. The biomass
accumulation of E. angustifolia seedlings was not obviously affected by 100 mmol/L. NaCl stress, whereas it was significantly
inhibited by 200 mmol/L. NaCl stress. Compared with non-salt control, the K'-Na" selective transportation coefficients
(S¢ n.) and Ca’*-Na" selective transportation coefficients (Sc. xo) of different plant tissues (roots, stems and leaves)
under two salt concentrations were all significantly elevated, while the contents of K*, Ca® and Mg™ , and the ratios of K*/
Na', Ca®/Na’ and Mg>*/Na' in the three plant tissues were all significantly decreased. The Na* concentration and net Na®
accumulation in 200 mmol/L NaCl-stressed seedlings’ roots were 22.15 mg/g DW and 1.87 mg/plant, respectively, which
were 16.20 and 20.06 times higher than that in the control roots, respectively. The concentration and the accumulating
amplitude of Na™ in roots were more conspicuous than any of other two tissues, implicating that roots may contribute vitally
to the observed salt-tolerance of E. angustifolia. The Na* concentration in stems and leaves of 200 mmol/L NaCl-stressed
seedlings increased to 5.15 and 7.71 mg/g DW, which were 7.22 and 9.58 times the content in corresponding control,
respectively, and net Na" accumulation in 200 mmol/L NaCl-stressed seedlings’ shoots was 3.29 mg/plant (5.45 times as
much as in control shoot). However, all seedlings stressed by two salt concentrations exhibited a normal growth, no typical
salt-damaged symptoms like succulent shoot and abscised leaves in treated seedlings were observed, indicating that shoots
(including stems and leaves) can tolerate high concentration’s Na® stress. In conclusion, our findings suggested that the
salt-adaptation mechanisms of E. angustifolia are root salt-rejection and shoot salt-tolerance, which are primarily
implemented by root growth stimulation, root Na® accumulation and restriction, and shoot Na® endurance, and are also

correlated with a remarkably increased ability of K' and Ca™ selective transportation in roots, stems and leaves.

Key Words: Elacagnus angustifolia; NaCl stress; biomass; cation
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M 1 LAt SR a2 o T VA AR AR
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Table 1 Effects of different NaCl concentrations on biomass accumulation and root/shoot ratio of Elaeagnus angustifolia seedlings

R APyt FA Biomass accumulation/ (g/#%) HINE L WA
Salt concentration iz} 2% ot & N Relative biomass Root/
/ (mmol/L) Root Stem Leaf Shoot Whole plant /% shoot ratio
0 0.083+0.006 b  0.405+0.035 a  0.426+0.036 a 0.832+0.0693 a 0.915+0.075 a 100.0 0.103+0.004 ¢
100 0.105+0.006 a 0.380+0.023 a  0.422+0.025 a 0.802+0.0475 a 0.907+0.053 a 99.1 0.132+0.004 b
200 0.085+0.009 ab 0.216+0.018 b 0.284+0.022 b  0.500+0.039 b 0.585+0.047 b 63.9 0.166+0.006 a

PR 9 - E AR EDR 0= 20; W5 PR R/ NE FRERRERAC B 2 [ HAT 2525 53 (P< 0.05)
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Fig. 1

angustifolia seedlings

Effects of different NaCl concentrations on K*, Na*, Ca?* and Mg** content in different plant tissues of Elaeagnus

P PR 25 B R B AR DR  n = 35 RIEV/ING FREFRR B T & e R 2 2L (R BNt ) ANl $h AR B 2 8] B W 3 25 5% (P< 0.05) , i A
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angustifolia seedlings

Effects of different NaCl concentrations on K*/Na*,

Ca?*/Na* and Mg?**/ Na* ratio in different plant tissues of Elaeagnus

®2 FERE NaCl B ELHHESHR K Ca™ EEEREAEH 00

Table 2 Effects of different NaCl concentrations on selective absorption-transportation of K* and Ca®" in different plant tissues of Elaeagnus

angustifolia seedlings

e/ (mmol/L) SK Na St Na
Salt concentration 2 Root Z£ Stem M Leaf #d Root Z£ Stem " Leaf
0 0.01+0.00 bC 1.72+0.05 ¢B 2.21+0.08 cA 0.00+0.00 ¢C 0.70+0.02 ¢B 2.82+0.05 bA
100 76.57+0.38 aA 2.19+0.01 bC 4.64+0.00 aB 26.98+0.03 aA 1.02+0.01 bC 6.20£0.06 aB
200 76.79+0.21 aA 3.29+0.02 aC 3.72+0.01 bB 24.55+0.06 bA 1.93+0.02 aC 6.19+0.10 aB

TP N T BE AR n =35 Wl — B R[N F R B Tk B2 i R ECE AR TR A 2L (AR 25 ) A [ 6 A 3 22 ) BLAT B 3 2
(P< 0.05) , 1M1 [{]— 47 AR K5 B0 38 7% T 7 o 488 M 3 i 2R S0 e AR ) 3 A0 8 (0,100 B 200 mmol/T. NaCl) AN [ 4H 41 22 i) L AT & % 2 57 (P<

0.05)

FAI H HA RN KT Ca™ SRR IZ i fg 77, HLb
A AUFI e Na® 9 B2 9E— 26 T, X Rl RE ) 7E 100
mmol/L i C AT (WA 2 A, 7E2R 8%, S, |,
FISc,. . B8 NaCl JBih 38 3 FE 9 T s AR U i 3 18 K, &
BZEXT K* | Ca® SEBEMEZ f AE 12 M 1 o , 1K B
Z 1 Na" IRFITER FR

R 2 AT LAE 1, S v M Se, o EANRIZHZIZ
| BABR 2 5, RO R, Sy (1 S, JIF

PRI >ZESH BT KP 5 Na®  Ca™ 5 Na' pe#EtEiz
i () i 1 sk LGV, R ZE AR R
15255 524 NaCl #&JE 2k 100 5 200 mmol/L H, S, , il
S o, na BIRIUMARS 1> 25 LR 2R 3 100 10 5 1 ik
EER P WAL U E AN
2.5 NaCl 3 FVPEL) G Na® v RS Bk
H 1l 3 AT LA Y, BE G S0 1038 W B2 0 7 AR
- S LA SRR A P Na ™ i R AR KU in, iy =25
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DSBS /N, 7E 100 F1 200 mmol/L NaCl i1
PR Na™ v BRAE A0 X IRAR bR 1Y) 12.87
#120.06 i (H3) .5.73 F13.94 {5 (2£) 4.66 1 6.77
5 (1) \5.16 F15.45 fiF (5 ) LA K 6.19 1 7.41 £5 (4
PR, AR Na™ v BB S 1 IR B e K, 24 NaCl
el H 100 mmol/L FH 5 2 200 mmol/L B, #& ¥k 4y
B Na™ i 2B B E RN H5E Na* v REUE A
PRI TN 5.60% ) , i AR /& Na™ i 2R A 38 iy

6 -

0 0 mmol/L NaCl
5| 0100 mmol/L NaCl
r3 200 mmol/L NaCl

Na' R
Net Na* accumulation/(mg/ #k)

FHHL, Na" ¥ R AEA [F) 2b 3 22 8] 22 5 800K
TEXT BRI Na" ¥ R RIUT i >Z2E>41, ik 5
EZRIEREES, HY R F & TH; 100 mmol/L
NaCl PHEAE R Na™ i R 2SS4, ZE i
Z BT 25 5, B30 35 TR s M4 200 mmol/LL
NaCl B J5 , Na™ 2RSS it > > 28 i 52
JC 2 5, AR Em T4,

ks

o

1
| 1
1

3 TRERE NaCl BB TP EL R ZE M B 24k Na* % 2R

Fig.3 Net Na* accumulation in root, stem, leaf, shoot and whole-plant of Elaeagnus angustifolia seedlings under different

NaCl concentrations

VIFERRZNTE Na® it 2N 100% , 51 Na™ 78
AR ZH 0 2 Tl AR B Na® v 388 i 8 A9 43 T A
JRi. HE 4 FTLUE W B 5 15 SR W NaCl iR B2
0 F}7& 2 100 mmol/L If f 234 £ 200 mmol/L, #
Na FH X 75 & 2 3 (4391 R 13.40% ,27.76% |
36.22%) , 25 F 5 3 i 2 T K% (43 R 40.45% |
37.46% 21.51% L4 N 86.60% \72.24% .63.78%) , 1fii
) 5 db 2 B S S 2 T e X BROKCE (43
46. 15% 34.78% 42.27%) . TEANIRIZHLLZ (6], Xf IR

96 a
X g4 0 0 mmol/L NaCl o
2 [ 3100 mmol/L NaCl b
i 2 72[ @200 mmol/L NaCl ¢
T S 60 | F el
by =]
Ky 48} [
= Z aB [
5 s 6L b [l
Z 2 F =)
2 241 = (%
5 o =
& 12p = o2y
0 = =
# Root 2% Stem I Leaf et Shoot

El4 AREMRE NaCl BHEX 4 ER 2 I FIE P Na* 5B
BIRZAE

Fig.4 Effects of different NaCl concentrations on Na*
allocation in root, stem, leaf and shoot of Elaeagnus

angustifolia seedlings

FEAR Y Na™ AHXF & 50 0UF 4 i > 25> 41 22 5 335 5]
17K 5100 mmol/L NaCl R AE AR 25> >R
M E T E S, H SR Z 0022 5 158 2
17K T 200 mmol/L NaCl k3 A8 B ) g i > AR
>2E FH B Z ] ) 22 S 1A 3 i K

3 Fig5iig

3.1 NaCl JHpift T VA& A K e H T R

i i B i ad R Ay £ B T A E S
75 3 X A s A T A R S AR A K R 9
B dse R H UL A AR BRI B SR, TR AR A
a1 50 5 G R A R R, 3 4 3 3
AR 2 P4 5 28 i 23 4 i HLAE KO AR 9 it R
FR2Y D RIRRFSE T, 7E 100 mmol/L NaCl i T, ¥
AL A ZE TR DL R R R A KT R A2 B R
i), A i BB AR A RE AR X IR K SF; i 200
mmol/L NaCl 4t ¥ 30d s}, 4 15 /940 X A4 9 &
63.9% ., FI UL, VhAXTER W38 LA B T 52 7 | 31X
Lt s ahie e —80

IEFAEOLT, AR | 6 (4 /NN T R S
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(), (ETEZ ) G U5 R R, 330 oS- i Bl BB 4T, il
W 2R Y AR AR 43 T DAGE N3R35 AR Ak i AR e
FU A 2 e 2 4y 43 T 32 300 35 5 T (1 T AR
RFFE4E 78, 100 mmol/L NaCl 8 A8 Bk A H A=
Pyt R T8 LU (B2 535 5 1 X B 2 NaCl Wk B2 T
% 200 mmol/L i}, HAR A ¥ & B AR 8 100 mmol/L
JUREARAR T BE T 19.0% ,{EATS FL X BRAEAR =5 2.4% , 1
MRSk LU AR 3 — 20 W 2 10 fin 3k R WY, PR o 2 (R
HIJE 100 mmol/L) EhJHHa A€ 1 VDAL FAR R 1Y 4R
KAEE MR BEUEE o KA K & Db i ia
X LR ST 1y R e 458 47, 3 AR R M A K RN X T
YERF R 1 B 43 (0 1 AR KRR 3 5 ok B F %
Y,

BOMEI 5 W A X A B W R o R R R A
50% FIAEARIE T F3E 5 509% I BT 107 149 26 1 132 43 91]
YERIZ AR Tl 19 A4 K e B VR B8 (€ ) 0 2f 35000 ik
(HLCy,) ., W52, 5% A L, 100 mmol/T. NaCl
JolRSE AR AR ARG A2 0 £ T B 0.9% , BET-38 R 3.1%
RIfi7E 200 mmol/L [ BE R, AHXT A Wy A
K 36.1% ,FET- ALK 4.9% , HAHRRATREIE 3 A= KT
A PSR A AR R XU A IS AT
VPR Cy, Al HLC o 3415 T 200 mmol/L, H. HLC, 5
T Cyyo TR, AHICHF 5T 45 100 mmol/L NaCl i
XA AR A B KL A R e
FrER R 0.8%—1.2% A H [8] £h 35 A= 55 i Vb Al
IR AR X S A KRG &0 N A A
SEAHMIG R BRI, X T U0 AL K Z5 T i 46
WeBR | Coo I HLC 5, , A 17 BE S 19180560 3 — 25 BT
3.2 NaCl pia Xy 224 i 85— -1 1 52 1)

K., Ca Fll Mg /2 A8 9 A= K 7 b 75 1) K7 i o
R AAEEWAEMIEE; Na EVAR TR S 5R
LAY C, 0 CAM FE%) PEP (iR i N ERR ) (1)
PEAL AR Fh A B B T AR R B, (HE,
XA B LU b TR X P B A e R 4 I R B AR B
VEHT, TP OC 2 09 B SR 4 o8 G AR B FH 7 AR N A
B AR A5 R R, 5 B L, R e v
YA ZE I Na® 3 g 3 R 23, i KT
Ca™ Mg™ & & i 2 F %, ;A 44 K/Na" |
Ca™/Na"Fll Mg /Na" {H KM B2 BEA, Ui B £R ke
Na* R TEA | BHAS T V045 2l 2008 35 B 7 1 I
W, B AR T A A B 1P, SR, AL IR

TR 2, 2N B2 2 B 9 B Bt NaCl it vk 8
RGN VDR AR 25 b KT Ca® Mg it AR
AT B I A X SR B8 A58 op A ek 6
() Na* 5 £ L R 45 o 15 1 18] 0 fcdE— B R

S a1 S, o FMER PR B T2 12 i ( T
) W RE T, FLAE R, 2 B ) DOAR 2R 1) -3 43
VEPEE 12 i (SR R DA 0T 26 R 1 W ) KR
Ca® MY RE ) B, i fi sl I Na* O BE ) 455, B 7
AT Na* £ | 7£ 100 F1 200 mmol/I. NaCl
AR, VAL S\ AR S, K T H A2
1S, WM Se, v VA ER A T AR R E M IZ iy K
Fl Ca™ RE KR B S, )R TRE Z 1 #K B Na™, LU
159 Na' fEE 20 21 (JUHZ ) rh JRFHA >R 1) 1 AT 52
M) AERPAR AR N 1 B 7, BEE NaCl ¥ B2 1 T
B, R Sy S NS B BRAR (B
TXFHR) T S, U525 1S i 8] — A28 KT
FHRVPAC L) v HLA 5 s AR &R ik e R 02
K1 Ca™ BE T , A3 By T4 /55 200 A %) e ok Xt
Ehvm i B 3 W E . {HAE 200 mmol/L = ik BE 4
LR Na® R R A K W D e
A3 R K /Na® FOfE AR 2 1) i e 88 142 iy K
[ B 134 BT 100 mmol/L NaCl ke, 33 Al fig 2
“Na* FIl K* 58 4 A [7] B9 W 00 57 5 RT3 i o7 it 1)
Tk,
3.3 NaCl il L Na® RS s Bkt

ARHFFEH, ER B VAR Na* 5 e K 25 A
(H:H1,200 mmol/L AbFRAEHRAR Na* & 543l J& 25
MR 4.30 £5F0 2.87 1) MR Na* & i s i
0 ; TR, R Fblhaf Bl AE T 2R AN ) Na* S i
AIMTIA T AR B £R il T 25 BB R BR ] Na* ]
Rz, AL Na® B9 U 2220 40, DA {3 45 D) B
I H A Na® ERE7E— A FE X R A K, fRAIE T A
PRAE D) 19 1E & 28 Y NaCl ¥ B FH =5 2 200
mmol/L I, 2P LB Y Na® ] REME Y T HOA Sl
T, IR 2 1) Na® iz m DI Rent |, At i e &
BRI AE Na® BIVRELZH ST, AER Na* R BLE] R i A ik
AR B KT 35 PR R £ i aa v A )
g Y ARESE Sy il

SR, AN T LR 4538, T D g R W, 1R
22 P Na® &8 7E 0—400 mmol/L NaCl 2 [A] 28
AEARRT /N (MY A 1.009—2. 133 ,0.272—0.408 ,
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1.378—1.840 mg/g T 5 ) , RIf# 7E 500 mmol/L ¥k
JEAME T MRS Na® & St R IR R T AT
200 mmol/ L e FE BEAH N 4120 Na* 7% & ; 78 A ]
HAZ B ARF Na™ S By — B HIA & 25, M
IE S AR B & B, Na® & 0 7 45 4L 4L a) (4 L R
AN > 2t SRR S LR, EH ST, A
RS RE R RTBEA . 1) BRI, A9 R A
BT T 35— B ik 43 7E ARk
BT B — A A2 HH M R iEh 2 2
BEHOR 5341 32) ZHAH YR, ABE5E T DR
AR 75 d IS A T H ) 2 ARAR R
3) A AR AL B 5 VA . ARRE TR R K A B
W, ARG 2R FH 8 2 31 i 7 R 23 (Vb R U i I
BTN S8 44 ) IR A BRI ], AR5
a4 B 30d, widm Tt H TR 40d ;5 ) 5
ST ER 22 5

BEAN, 5550 HEA B, R 06 A I 2 14 T v A 4
HIAR 25 i LA R Aebk Na® v 28 Horp 418 Na*
T S Y 1 IR B e K, ML B KR X IR
100 1200 mmol/L NaCl i AE AR H Na* ¥t SR F i A
KA L5351 Ry it ZE R (B AR & kA ,3 A
PR RR AR AE P A S 25 A BAEY R 9.1%
11. 6% 1 14.5% , H173- 51 RFLUT Na® i B E )
13.4% 27.8%136.2% . [A, 5 100 mmol/L #H I,
200 mmol/L NaCl b FRVDALHERL 1 1Y) Na' 15t 2 &=
WEERINT 19.6% , M a4 T 5.6%, Hit
AL R JE R R R AR A AR RN JE Na®
1 A R B ALY (AR A /N ) (BAD
& Na™ v 2R B, 2 Na™ & im0
AL AEVD AL T HAT EHEAEH
3.4 VPALHENE NaCl frif 53 i AL )

P 04 A0 1o ML 1) =8 ) 4 bt 6 N £ A &
TR EER” AR i wh R A5 Ty 2k el B
TR R R AP JEER ML = B A LA
R AR, 5 AR 5 I A AR AR S I AN o)
Hb b sazs iy, sAANGE f— 50 43, DA R A R
Mo A AR TR B Sl Eh B R ) ; M AR AE Y
VU R 2 32 4K P 5 v R B ) R 8 7, L UK B Ak R
-3 LA R A B R DX 3 P 40 A S A A
BERARNCT 2 RIS R W, SR W VD AR Nat
i R Sy IR Se, B S TR AR 2 Na®

e SR 4 0 R B e K B AR HL B G R 3 vk B
97t , Na " PEAR 9 43 TiC Lo 491 8 35 n . 156 101 6 Jby
EHUE T VDA Na® 1Y 53 FCAs Jmy , o K Na™ R
BRAEAR Z i, I MR BE S s 7 AR 3 ) i R e
s K Ca® RE 7, lEf T Na' 7EJE Y K i R
R TS 1 b B3R o B 1R 3 IRt AR AR XS
ERE TRy XM B AR SR A B AR R AL
i, SR TR AR RS AT S AR RIS A I Y LB
#FAA TR

[GIET, AR5 140 & B, 200 mmol/L NaCl Jirid ¥
AL Y Na® & 5 DL ROE Na™ ¥ 28 a0 il J2 k)
HRAEFR A 7.22.9.58 1 5.45 £ {EAHRAT 6 1E % R
1 MR IR B« AR a2k B ARG A bR
AR A5 R R R FREIRAN P B RRAE , BT AR IR vk
B W38 R WU ZEAT ( Oligostachyum lubricum ) ARFE H
A I VAR R B T HEBR RS i L Y sk
BN B VD el 21 2R 0 2L it — e MR (&
L33 200 mmol/L) (¥ NaCl Jifp3et , BV HCER 38 R AL ] 2
i &6

SR, R SCA M BH B R AL 32 i 0 13- TS 1) £ 2
X vb AL ER AL HE AT T ERGE, BIE - (40 €17 NO; |
SO % ) X B it b vt B de e Y %
XS B TRV AL £ P A e A Ry ik — 2B 5,
68 R Vb A R 1 N LB R S S AT B AF S
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