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TEE: [ BE 1 BF5CRIRRLN X R [FHR B NaCl A= 3AE fbmm iy, Ay 7 BR300 1 A A 2E B AR A R SR L3
Wt o [ & 1 L1 ARARRIRRZ N AT RL, TSR RE NaCl (0, 50, 100 mmol-L™") , ZpAfrH/AER | A3
oK T8 T8 2K R Na'/H' 306 ) 5402 26 (1 L R SR 3RA AR UARRE . [ 45 ] 76 NaCl e, i A= Ko, b
FAERTE KGR A RS CEIERSERRIK, KR RRCERASFLR G E T ; AR MDA &,
LA LS (CAT. APX Fl GR) W& MR B &MY (IR . K AR EEED R ) ST,
NaCl 38 528 T HIBRIR N Na™, K*. Mg BB P AR, (EURAS Ca™ iy & U AN B35 . NaCl A S T
AR vh 7K E IE 8 (3L (TIPI;1. PIPI;1 A0 PIP2;1) | Whrp KBIEEHREH (TIPL 1 A PIPI: 1) AR A
Hf Na'/H' 3 ) 3508 8 A 3 ) NHXT /st eibk . [ 8510 1 BE a3 inmt Rk e FLRRCE . A R R bk
A0S B T W T s A DG R SR ik, B T ARE IV g
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BRI B (GR) ZFryiEte, Mg R 1A it
NI

IR SRR SR 3E AR IR A K 24
o WM ESR A (TIPs) FB R N 7E 5 H
(PIPs ) fEAAHYI/KEIEE I (AQPs) FKIKHH
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N, fEHEER A MY AR EEY, S®ia T,
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R

#3345

1A

NI+ R A IR T A
DA 1 AR A AR R sl A RE, 78 E ARl
BEEWF 9T BERHIR & TP g A7 AR (FEZ R . 7
X ZEF EAE=22 em*20 cm ) 3555, BN Viggen
V=3 1o BiFR&M N ARG, BERIERE:
25/20°C; FXHBEE : 50%~60%. XIITFEATH],
R4 W BF 2 d GEVE 1/2 Hoagland 7 37 W ( pH {H
5.5) 100 mL, &2 20 cm B, WEHUEK—2
Bt gt ik s

R 3 AN, RS RRAL 10 BREh
AbFRHR 4350 0. 50, 100 mmol-L!' NaCl 5 -
NaCl ZbFEA], J9fR3E NaCl R —2ehk, 4 3d
FH 2 [R] S5 e B NaCl A W A9 1/2 Hoagland 2 F# &
VRAE S SE T, AbFE 27 d 5, B NALBRLEEL 6 #k
KSR —BUR LI TR
1.2 MEAFZE
12,1 k&K w B AAGE WORAT, &Ab
PRAREMLEEEL 3 BRZN T, RERRIEE 3 F B
H, TERE R B 9:00—11: 00 H Li 6400 YA 1EH
W & 48 ( LI-Cor, Lincoln, Nebraska, USA) ] 5 il
BRATET I A DG EENSEG R, IR
IKAFIFRCR (WUE) = Al (4) /ZEE R
(E) VVHSFLBRBIE (Ls) = 1- Ci/Ca (Ci Jy HLli]
CO, ¥JE; Ca Nzs5 CO, W, AR %l
4 400 pmol-mol ") ',

A e A E, WORR AR . R, AR
25 M BIERITHE AR AR R . A Rk
PRAETEMA T, IFAEWRCA P FEREE (L (NM400,
Retsch, Haan, Germany ) 5§ HAF Bk &, F-80°C
PRI 5 o FREUAS A0 B0 20 AR | 5 F0 i A
¥ 60 mg, T 65°C 4L+, THEEFE M T8 L KT
it
122 rtRAAMS SR ER T EZSETMNE RN
TR I A A Ak 3 AR 4 v i R X K
(RWC) . &M Wellburn!" # H % 75 10 2 H B
NI RIES S S i
123 A=® (MDA) &= mE MY Hodges
SRV B R ) DN AR S T % ( MDA)
M
124 #BHMEABR ., 2AR ., TEEEaRTEEN
& HRAE Tamas SE0 14 77 VR0 R 5 it Ui 5 il 22 R

1.1

i, AR (AA) SRR & (KK
T, b)) ME e TP SRR i, RS A
EHE RS Luo 1 (77 :005E

125 BEgpEnE S Polle %1 i Jr vk I 2
CAT 1 APX [ ; =M Gamble 17 (1) J5 10
5E GR TG

12,6 BFE&ZH54 BT IR 5 AL ST
¥iesE, f 0.5 mm G, FREC0.2~03 g#Edl (HF
% 0.001 g) , EFIHAST, MA 8 mL kAl
M2, ¥EA1EER, FEMEs FxE IR S AR R A
2 mL H,0,, ¥ & 20 min, P56 Mars & 5
PN AL (Mars-6, CEM Corp., USA) W, =
JE ARSI AR VTR AR 2 2 mL B RNk
BHIG L UES] 50 mL AR IFES . A #
B 20 min, WHCFVEW 10 mL EELOE T,
LB TR RS iCAP 6300 ( Thermo Scientific,
USA) il Na', K. Ca*. Mg &, JHit#E
Na"/K", Na“/Ca’". Na"/Mg* I,

127 KBHEEGA Na' /H #@4EEa LR A
moadr Y RNA #2805 & (DP432, K
HR ) FREPBORIBAR A4 P L RNA, FRE TR
o4l BE R o i A PrimeScript™ RT reagent Kit
with gDNA Eraser ( RR047B, TaKaRa) #f4lifk 5
() RNA #E47 5%, 345 cDNA, SRJ5 i 2¢Ot
£ @ PCRY ( ABI7500, Applied Biosystems,
USA) #ATMXT 9O i (qPCR) 43T 519 H
Jt5t Invitrogen ARl A, EMARGFERLE 1, NS
FH K Actint™,

£ 1 qRT-PCRE|#EE

Table 1 Primers used for qRT-PCR
B 72547 S22 /0,
ST 51417751 e,
Gene name Primers .
efficiency

F: 5'-GCCTCCTTGCTCCTCCTCT-3'

TIP I;1 92
R: 5'-"ACAATAGCAGGTCCGAATGATAC-3'

F: 5-TGTCCCTCACAAGAGCCCTAT-3'
PIP I;1 96
R: 5-GCATCAGTGGCGGAGAAGA-3'

F: 5-~AAAGACTACCAAGACCCACCTC-3'
PIP 2;1 103
R: 5'-GGAACAACCCAAATGTCACAG-3’

F: 5-TTTGACAGGTCTACTTAGTGCGT-3'
NHX 1 102

R: 5'-CAGAATGCCACTCAGATAGGTT-3'

F:5- TTGCCTTGGATTATGAACA -3’
Actin 97
R: 5'- GATGGCTGGAACAGAACTT -3’
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1.3 HE\EFEITHH

KH 27T L 3R1S qPCR [ 22 S Rk . XT
AR 5 R4S 1Y A £icdE i Statgraphics Centurion
XVLI (STN, St, Louis, MO, USA ) #/F#E474347 .
AR 0T, XHS T IES S . A £
KR ZH#THHr, UL NaClE R AR FE .
K LSD ik AT &t 0] 25 55 R0, Y F A
B3 P-Value < 0.05 I, TACHEHR R A 25 0%

2 HEREMHN

2.1 NaCl & E3IRIBRLD B LKA A BE RO RNE

FE NaCl b3, FIREAN AR . A0 ) 1 i
AR TR, RaEkigm (£2) ,
VLB NaCl A BESZ M T HIAR M IE R A KA F . Ff
NaCl ¥ B i T, SRR S v i 7 ARG B 7Kk k2
A%, 5 0 mmol-L™! NaCl ZbBEZHAH L, 50, 100
mmol-L™" NaCl &b B2 Jl 458 &)y i i - B AE X 5 7K i

ST 7.0% F118.2%.,

NaCl b PR RIRR A it 482 a (Chla) |
M4¢% b (Chib) FIZEIAE &R (Car) ¥R TR
Fath (F3) . 5 0mmol- L' NaCl #b B2 46 [,
100 mmol-L™" NaCl 4b 3 i 1 #2 4/ #§ i+ /i~ Chl a,
Chl b F1 Car 7 & 43 Bl B IR T 29.8%. 30.5% #il
36.6%. HIRLFLEHER (4) . SILFE (Gs) |
Jiila] CO, MeBE (Ci) FZEEHA (E) HfE NaCl
W BE RN B E L, oK FIHRCE (WUE) f
SALBRMIME (Ls) HBUNFREE RN (£ 4)
100 mmol-L™" NaCl 4 34 #I M) 4. Gs. Ci Fil
EAY A 0 mmol-L™" NaCl 4b # 41 | ¥ # 42.3%.
40.0%. 84.7% F131.1%, 50 mmol-L™" NaCl 4b B %}
ML v R WUE RN Ls JG .35 %200 5 1 100
mmol-L™" NaCl &b # 41 JI #4185 i F () WUE #1 Ls
439 EE 0 mmol-L™' NaCl 4b B HIME T+ T 39.3%
F125.0%.

&2 NaCl RIS EEME RE L RM H &K ERRIE

Table 2 The effects of NaCl concentrations on biomass, root to shoot ratio and leaf relative water content of R. pseudoacacia

NaClif 5/ R = I R L R AR 5 K
(mmol-L™") Root/g Shoot/g Leaf/g Root to shoot ratio RWC /%
0 0.94+0.06 a 2.26+0.07 a 375+0.13a 0.16 £0.007 b 0.907 + 0.005 a
50 0.73+0.06 b 1.75+0.16 b 2.65+0.18 b 0.17 +0.004 b 0.844+£0.010 b
100 0.69 +0.05 b 1.68 +0.08 b 1.91+0.07 ¢ 0.20 +0.007 a 0.742 £0.014 ¢
P-Value * *k *k ok o

1 BRI EAR AR (n=6), FIFIAFEFRRRERRE(P < 0.05); *: P < 0.05; **: P < 0.01. F[FE.

Notes: The data is the average +£SE (n=6), different letters in the same column mean significant different in P < 0.05 level; **: P < 0.01. The same below.

£3 NaCQl MRS ERABRIERAGERSHHZM

Table 3 The effects of NaCl concentrations on photosynthetic pigment content of R. pseudoacacia

NaCIi#< i/ -4k 2Ka 4% 2D B E AN £k Katb
(mmol-L™") Chla/(mg g™ Chl b/(mg-g ™" Car/(mg-g ") Chl a+b/(mg g ")
0 9.26 £0.80 a 2.69+0.21a 2.02+0.18a 11.95+1.02a
50 7.92 +£0.05 ab 2.27+0.10 ab 1.48+£0.04b 10.19+0.15 ab
100 6.50+0.05b 1.87+0.05b 1.28+0.05b 8.38+0.11b
P-Value * ok *

F 4 NaCl MRIBRLEAREERSH XS FIRAMERSFLRFIHIRIT
Table 4 The effects of NaCl concentrations on photosynthetic parameters, WUE and Ls of R. pseudoacacia

NaClik &/ A5 REpUES AL Jifa 18] CO M % ZEIE A U ES AALBRFIME
(mmol-L™) A/Cumol m2-s")  Gs/(mol -m2-s')  Ci/(umol'mol™")  E/(mmol -m2-s")  WUE/(umol-mmol ™) Ls
0 9.7+0.16 a 0.10+ 0.008 a 252.5+63a 1.64 £0.12 a 5.98+0.28b 0.36£0.03b
50 6.0£0.27b 0.07 £ 0.006 b 221.8+13.8b 1.06 £0.08 b 6.14+0.30b 0.43 +£0.03 ab
100 41+026¢c 0.04 £ 0.004 ¢ 213.8+7.7b 0.51+0.05¢ 833+041a 0.45+0.02a
P-Value - ok ok - sk *
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2.2 NaClREX R4 ER B (MDA) &2
A

%5 %M. 7F 50 mmol-L ™' NaCl ZbFE T, 4
AT MDA 5 & 32 0 mmol-L™' NaCl &b B 24
B 1.24%; 5 0 mmol-L™' NaCl 4k 3 4H It , 100
mmol-L™" NaCl &b 2 25 31l # 4) i AR #n it MDA &
ESR I —E AR, (SRR,
2.3 NaCl b E3TRI#ELhE CAT.APX 1 GR & 1%
Eap=A0|

5 3RW . B NaClW RN, CAT. APX

1 GR B AR R s EMR Y, 5 0 mmol L
NaCl b HE L A BEAH H, 50 mmol-L™" NaCl 4b H %
CAT 1 GR {EPETC B 5, (A4l APX {f Pk 3%
Jh % ;s 100 mmol-L™' NaCl &b B ffi CAT. APX Fil
GR {E M B & T+, 7Er 1, 50 mmol-L™' NaCl 4b
PRfH CAT IG PR W3 T, [HXT APX F GR WGP
;100 mmol-L™' NaCl 4k F 40 # # CAT.
APX 1 GR 7% 43 542 0 mmol-L ™' NaCl 4bFH4H 1)
3.0, 1.8, 1.71%,

®S5 NaClWRIBGHMIMA_BSE, TEUSE . JURMETRLMERNE B HEOE REEE R 20
Table 5 The effects of NaCl on MDA content, CAT, APX and GR activities in roots and leaves of R. pseudoacacia

: 7o A A PO LR I A A B 2 IOt H IR i ey
NaCliK &/ MDA/(nmol-g ") CAT/nKat APX/nKat GR/nKat
(mmol-L™")
& Root H Leaf ¥ Root H Leaf R Root i Leaf i Root H Leaf
0 51.8+39b 86.7+0.7b 208.0+35.0b 241.6+199c 1825+21.0c 269.8+26.0b 61.6+9.4b 76.8+£10.3b
50 622+2.1a 1028+1.7a 229.24+327b 399.3+344b 2659+21.1b 3254+143Db 464+18b 79.0+8.5b
100 573+13ab 93.7+52ab 383.5+35.6a 721.5+70a 373.0+17.3a 482.1+172a 1456+54a 1300+54a
P-Value ns * * *ok Hok *k sk sk

24 NaClEXMFBEYBEHFEHEIR . [EERK
AR B RN

NaCl &b 35T BRI AR 40 8 AR At o i 29 i 22
PR . S SRR R AT R A 1 R AN [ R
(#£6) . 7EARH, 50 mmol-L™' NaCl ZFRZHAA L,
50 mmol-L™" NaCl Ab B IR 4 P e 2 Ml iR . =
B AAEE A B TR T 72.1%. 86.4% F

63.2%; 100 mmol-L™" NaCl 4b F i sl #5 41 14 11t 25 il
RIRTHE T 74.4%, "IEEEAFETHES T 156.7%, 2
XTI e A % . fErd, 5 0 mmol L
NaCl &b FEZHAH ., 50 mmol-L ™" NaCl 4k B {7 # #1
ST B I A TR AN AT R T BT T 136.4%
F1 64.3%; 100 mmol-L ™" NaCl &b 35 {5 il BE %) 15 ¢
BRI T 381.8%, @IEMRTIE T 21.3%.

&6 NaCl XRIEBRLEMINM PFE AR SREREAAEEARSENZMN

Table 6 The effects of NaCl on free proline, amino acid and soluble protein contents in roots and leaves of R. pseudoacacia

\ T 25 i 2 R AR AT AR R
NaCIy g/ Free proline/(mg-g™") Amino acid/(umol-g™") Soluble protein/(mg-g ")
(mmol-L™)
1 Root I Leaf i Root I Leaf 1 Root M Leaf
0 0.43+0.01b 0.11£0.03 ¢ 702.4+57.5b 762.5+64.0b 17.1+34¢ 66.1£4.5b
50 0.74+0.08 a 0.26+0.02b 1309.6 £79.5a 800.1 +25.6 ab 279+28b 108.6+7.5a
100 0.75+0.03 a 0.53+0.03a 908.8+59.8b 924.7+380a 439+15a 81.0+22b
P-Value 3 S *ok ns ok *k

2.5 NaCl & IEXSRI#E 40 8 Na* . K' Mg’ #1 Ca®
BERBTEELENZI

7RI B NaCl Wk BEROE N, RIREL) AR
A Na® /3 3 45, 50 mmol-L™' NaCl 4b B
ZHHIARAR A0 Nat J& 0 mmol-L™! NaCl 4bFH 2H i)
2.5 1 3.1 4%, 100 mmol-L ' NaCl &b 3 25 il ¥ H F1

M Na® J& 0 mmol-L™" NaCl 4t B 4H (Y 4.6 F1 5.6
¥, HARH Na" & Tt . 50, 100 mmol L™
NaCl &b 4 Jil #2 4 ¥ AR op K & & H 0 mmol- L™
NaCl AbBEAL 53 FI %MK T 16.3% Al 11.1%, {HX} 0
H K S B IRON B . NaCl Ab BRS040 40 1 AR
Mg S TR, W Mgt R
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X, 5 0 mmol-L™' NaCl ZbFRZHAHEL, 100 mmol-L™
NaCl Ab B AR Fh Mg> & T T 29.7%, flinfH

Mg* & TR T 28.2%. NaCIZhBEXT HI L B AR A
Hrp Ca®* Fr AN

&7 NaCl XRIBRL R P EFSERRM

Table 7 The effects of NaCl on ion contents in roots and leaves of R. pseudoacacia

NaClk i/ Na’/(mg-g™") K'/(mg-g™") Mg**/(mg-g™") Ca*/(mg-g")
ol #R Root I Leaf #R Root I Leaf #R Root I Leaf #R Root I Leaf
0 1.99+0.17¢ 0.18+0.02¢c 16.52+0.09a 2593+0.71a 2.59+0.08b 5.03+0.30a 4.69+0.11a 23.31+0.62a
50 5.04£042b 0.55+0.12b 13.82+0.85b 2642+0.39a 3.08+0.26ab 4.45+036ab 4.79+0.12a 21.77+1.01 a
100 9.11£095a 1.00+£0.07a 14.69+0.07b 26.05+0.15a 3.36+0.07a 3.61+0.38Db 442+0.11a 22.39+2.02a
P-Value R R < ns * ns ns ns

NaCl ZbFET, JUIBELTETARFIHh Na'/K*, Na'/
Mg il Na'/Ca®* B T15, H NaCl ik,
HHK (£ 8) . 50 mmol-L™' NaCl &b ¥ fifi 4R
Na”/K*, Na'/Mg®" Hl Na*/Ca>* 43 7+ T 200.0% .
110.3% F1 150.0%, fdi it 1 Na*/K*. Na“/Mg** #l

Na'/Ca®" 43 T+ T 100.0%. 200.0% F1 100.0%.
5 0 mmol-L™" NaCl Z-F4H J#EAHE, 100 mmol-L™
NaCl 4b P 25 3 # 42 ' Na'/K*. Na'/Mg*" Fl1 Na'/
Ca® 3 THE T 42, 2.5 M 3.94%, M Na/K',
Na'/Mg*" I Na'/Ca® 435+ T 3.0, 6.0 #13.0 £i%,

& 8 NaCl X RIFRL HRFNMH 1 Na”/K' Na*/Mg®* #1 Na*/Ca” B0
Table 8 The effects of NaCl on Na'/K', Na*/Mg** and Na*/Ca®" in roots and leaves of R. pseudoacacia

NaCIRJE/ Na"/K* Na"/Mg** Na’/Ca
( 1L
mmo 1R Root H Leaf R Root - Leaf #R Root H Leaf
0 0.12+0.01 ¢ 0.01 £0.001 ¢ 0.78 £0.09 ¢ 0.04 £ 0.004 ¢ 0.42+0.03 ¢ 0.01 £0.001 ¢
50 0.36+0.01 b 0.02 £0.005b 1.64+0.01b 0.12+0.017 b 1.05+0.06 b 0.02+0.004 b
100 0.62+0.07 a 0.04 £0.003 a 270+023 a 0.28+0.019a 2.07+027a 0.04 +£0.001 a
P-Value *% ** Hok wok sk

2.6 NaClbEXRIELEKBEBEER K Na' /H”
FEEEEAREERENFM

SRR AN B AR AN A KB E A (TIP1;,
PIP1;1 F1PIP2;1 ) M Na'/H " #i[aj#saEH (NHX1 )
1) mRNA YR IEKFHAT 0, 4558 (£9) &
B . ZERIMELI AR R, 50 A1 100 mmol-L™' NaCl
LbBRAE TIPI;1. PIPI;I. PIP2;1 Fil NHXI F& [ [
mRNA FKiEKFBETHE, 43512 0 mmol L' NaCl

LEFRAINY 6.4, 11.1, 28.6, 6.4 f5H15.6. 6.1, 14.6.
32 4%; 7Erd, 5 0 mmol-L™' NaCl &k B4 Hl#E %)
HiAH I, 50 mmol-L™' NaCl &b¥iX} T7P1:1. PIPI;1
M NHXT B ) mRNA RKiEKFEZA B3, 100
mmol-L™! NaClh ¥ i 77P1;1. PIPI;1 1 NHXI 3t
L) mRNA RIEAKFHEG M T 3.7, 1.6 # 1.3 4%,
B NaCl A FEf PIP2;1 $ K ) mRNA 23k 7K - i
E i

&9 NaCl 2IEXSRIBEA) B ARFOA p AR X B R RIE ST
Table 9 The expression of aquaporin and Na”/ H * reverse transporter genes in roots and leaves of
R. pseudoacacia under NaCl treatments.

NaCIRE/ TIP 11 PIPL;1 PIP2;1 NHX1
GariagL=) & Root M Leaf R Root - Leaf R Root - Leaf & Root M Leaf
0 0.98+0.02b 0.95+0.10b 1.25+0.19¢ 1.61+£0.31b 1.01 £0.01 ¢ 085+0.11a 097+0.06c 142+025b
50 6.31£0.38a 1.11+£0.11b 13.88+1.52a 246+023b 28.88+1.60a 0.34+£0.11b 6.22+£0.78a 2.29+0.30 ab
100 545+0.75a 445+031a 7.60+1.00b 415+0.71 a 14.75+1.57b 0.16 £0.07 b 3.12+0.58b 3.24+0.71a
P-Value *k #k *% #3k o % -
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3 it

ER T IE S BRI A K R B ) E R A i bR
Z—B ARBFFE, NaCl b BR 5 Z3mE T fIs4h i
PAERET, BURIBAI AR . XA T BTt
A, WG I, RTINS 7E 2 3] NaCl A
5, SeEa gl AR YUORME R, T
HRRAR RN IR RS ST R il DUHORIE
I8 A5 A2 AR K AR S A AR K AR
BLIFEPRZ —, H T RAE A ) ) 200 B e R
ABF5E &I, NaCl b FRAF IR I A% 5K 8
K, X HES ERMME FEAL TAIAR R 1) S
K3 R R,

Mok R BEYHIOCEERN FEaR, B
TN A T ER B ) B S P AR s,
7E NaCl A BER , IBE&) B M A Chla, Chlb,
Chl at+b }z Car & it ¥ I BN F AR FEREAK . X2
TFid fE i NaCl IR T AHPI SRR S5 . P2 T
KM LR R GG, FEOT SRR G Az sk
F O IR R oA A (4) 1R
Z 3| NaCl i85 TR, JGAREI WSS . —MIA
4, NaCl a2y e aE MR E2508
SALEZEMAERILE R, HiE R Gs 1 Ci [FHf
TR LsHtim, Ja& FERINN A AL Ci Tt
ity ARWFFE, B NaClyREERG I, JRR 4w it
Fr A, Gs. Ci 1 E ¥JRFEWAD, Ls T, B8] NaCl
JR B X RIS G5 RE T BRI EZ R AILH R =
o KT (WUE) KWL T )6 IR i
B8 FT R S5 , NaCl &b HR (g8 0t A i) WUE Tt
w, BOTE—E VR EEVE I Y, NaCl JirE e 42 =
RIBER WUE, X ATHERH T NaCl Brid i S RIpE 4l
MR Gs FlE BRI /D T 25 1B FE K 51 2 1 >,

R, 72— EHRWELFE N, H

(Ulmus pumila L. ) ®4 | FEEMI ( Tamarix chinensis
Lour. ) P SRR N 4T AU A0 ER I P 2T BE 2 £R vk B A0 o
EIE R, RS RIFE & B, NaCl Brif i Sl i
AR T CAT. APX Fil GR G PERESR , AT
TP B A AR A P 2o 2 A M4 . 7 NaCl e
T, RN E A O R IR . AR
MAFEEEA R, WMETBES . 4eRr 5K
o, APPSR ILEE YT, MR T X NaCl [ika
WENRETT, X SFEERW ( Camellia sinensis L.) P
PSR RS 25 AL, NaCl Ab B S 2O 0 40 B AR 1

N R (MDA ) Satfter, JfH 100 mmol- L™
NaCl 2 FEZH J#E MDA & 24X T 50 mmol-L™' NaCl
AbFRAE , 3K AT RESEAERL R R BE NaCl e T, IR
RNPTAC R GRS R RSB Is BRI 4
Yima, W T R MR R S r 4

A FE H, NaCl &b #15 fil #R 2 1 AR At
Na* R W T, H Na® eI 40 i AR g A
R K FE PR R, B8P, Na
1) FEFEHIRAEM F P, L, PR RXT Na*
() B2 A7 BE 1 AT LAVSE% Na® X #3840 i 4053 [l
BF, AR ] DU AR A B2 Na® 17835
W, BRI, B NaClWR TS, AR
YR K E B, Na /K B, X
AIRESE TEER AT, MAX Na" s 5
XF KA S, FEUR T K R
FEE 27 SR, NaCl Xl 4t ih K& 38R0
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Physiological and Biochemical Responses of Robinia pseudoacacia
Seedlings to NaCl Stress

GAN Hong-hao, ZHAO Shuai, YANG Ze-kun, CHU Jian-min

(Coastal forestry Research Center, National Forestry and Grassland Administration; Research Institute of Forestry, Chinese Academy of
Forestry; Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration;

State Key Laboratory of Tree Genetics and Breeding, Beijing 100091, China)

Abstract: [Objective] To study the physiological and biochemical responses of Robinia pseudoacacia seedlings to
NaCl stress, and provide a theoretical basis for establishing an ecological physiological index system of R.
pseudoacacia resistance. [Method] One-year-old R. pseudoacacia seedlings were used to observe the effects of dif-
ferent NaCl concentrations (0, 50, 100 mmol-L™") on the growth, photosynthetic rate, antioxidant enzyme activities,
osmoregulatory substances, ion distribution, the transcriptional expression of aquaporins and Na'/H" reverse trans-
porters. [Result] The growth of R. pseudoacacia was inhibited under NaCl stress, with the decreases of relative wa-
ter content, photosynthetic pigment content and photosynthesis parameters of leaves, and the increase of the water use
efficiency and stomatal limit value. The MDA content, antioxidant enzyme activities (CAT, APX and GR) and os-
motic regulatory substance (free proline, amino acids and soluble protein) increased in roots and leaves of R.
pseudoacacia under NaCl stress. Also, the ion equilibrium of Na*, K" and Mg”" in roots and leaves of R. pseudoaca-
cia changed, but there was no significant difference in the content of Ca*" in roots and leaves under different NaCl
concentrations. NaCl stress induced the transcription and expression of the aquaporin gene (7IPI,;1, PIPI;I and
PIP2;1) in roots, aquaporin gene (TIP1;I and PIPI; 1) in leaves and Na'/H" antiporter gene NHX! in roots and leaves
of R. pseudoacacia. [Conclusion] R. pseudoacacia can improve the salt adaptability by increasing leaf water use ef-
ficiency, synthesizing and accumulating antioxidant enzymes and osmotic adjustment substances, and inducing tran-
scriptional expression of related genes.

Keywords: Robinia pseudoacacia; stress; physiological metabolism; ionic state; aquaporins

sAEG: RER)


http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1016/j.jplph.2008.05.002
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1016/j.jplph.2008.05.002
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1093/jxb/erh148
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1139/x03-066
http://dx.doi.org/10.1016/j.jplph.2008.05.002
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1016/j.jplph.2008.05.002
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1038/sj.cr.7310035
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294
http://dx.doi.org/10.1093/jxb/eri294

