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PR A K TR E i R AR, B AL IRV BE A N4 2 T B, Ho i B R E  BR M R IR K 5 (3) #hAd
T, SR AR LB R, P SR a X HEMER R K R FIR KA HE A BEZ M (p <0.05) 5 (4) A& AW & WA
KESRA, AR BATE KR ZRWHRMEREA S EmREE, RREFEE 252 )L 8N s BA & B
P, T RN €2 | FR ARG BRELA P B Eh it
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Seedling growth and salt tolerance of tree species under NaCl stress
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Abstract: The growth and morphological characteristics were investigated from seedlings of 11 tree species. The seedlings
were cultivated in pots that were treated with sodium chloride (NaCl) solutions with concentrations of 0, 3, 5, 8 g-kg ™' and
10 g-kg ™" of soil dry weight. The seedlings of Viburnum opulus, Betula lenta and Rhus glabra were dead at the treatment level

! soil dry weight, while other survivable

of 8 g-kg ™" soil dry weight, and those of Laburnum watereri were dead at 10 g-kg
seedlings were salt-damaged to different degrees. The height and biomass accumulation of salt-stressed seedlings decreased as
the salt concentration increased, this was especially evident for the seedlings of Pielea irifoliate, Betula lenta and Rhus
glabra. Under the salt stress, the root/shoot dry weight ratio increased almost for all species, among which the ratios of Rhus
glabra, Shepherdia argentea, and Laburnum watereri were significantly different from that of the controls (p <0.05). Based
on the analysis of growth and morphological appearance the results indicate that, Syringa japonica, Shepherdia argentea, Rhus

trilobata , and Pyrus calleryana are highly salt-tolerant, while Laburnum watereri, Cytisus scoparius, and Spartium junceum are

intermediately salt-tolerant, and Viburnum opulus, Betula lenta, and Rhus glabra are moderately salt-tolerant.

Key Words: salt stress; tree species seedlings; morphological characteristics; biomass accumulation ; salt tolerance
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S —fRITE 4 gokg TRLL, RAETIIE 20 gokg 't o EURT, I SN AE A RO I SR 08 R T (B
FEIEZ AT SRR FEAIXT D, 3 32 B4R P AE T SR B o ) 75 28 5 PO AT e A 3 5 LB A it 3
REARSEHE TS,

TEWEB X 2T R K IRH KPR A DEER, T L HE, B RELEFH SR LR
(9 KEESL” T RVE R+ EE . BB AP AL S iR R, N DK S8 1P & B e
B IR R R R E R A — R EE ) R BRI, BT R FIR AR R, AL
B X -SSR RT 2] 3 ELIE AR A RAR A R, X B 48 PR ] 3 e i Eh i 22 T I Bl P AR E
MG ESREESL M EEMS " o BT ARFERF LA T2 B8R, SR & T A KBS R
AR . P, 558 05l BEE B Eh PR 5 B0 R SR SRR , 18 5 A R e 4 R ¥ R -, 2o e R
] A R R A S R G, - R R R L, 3 A R A, B AR ), TR A B T R A R
AICUA L AT RER B LB AR, EEBCHAE A R B S i T B R R AR S 257 ST R b G it £R B
71, i S b 7 R LSRR , i K PRl SR b I B B i MO LR BER R SR
1 #R5HE
L1 fEdaret

2004 4¢3 ~4 A 5| g E SN L 5 EL R 7E B N E AR MR T AR 1, BT 4 CHAEN
WA o 2005 453 A KIS pfh 7 86 Fh 2 B Rek b IR 1E P B AL B2 FH T B R BHR = 21T,
5 AT AR, B RO B - R A HRA TR AR EO 1:3:1 REHWINE S RK, HENE
Ik L TR AR SF , I AR 800 15 2 T RIS TIH R AL BE

F1 HEAKFHERER

Table 1 General situation of experimental tree species

s
No. of  #fF Tree species

sequence

T KR

Seed source

SrAfi X, Original distribution region

DR 3t v i X, R I T XA AR

1 18NS Spartium junceur Linn. K America Europe-Med region, and planted in north parts of China
2 KA 4L Laburnum watereri Vossii. £ [E America £ [E I EE Northwest of America
=24 Rhus trilobata Nutt. £ [E America £ [HPE LB Northwest of America
. X E AR, 3R E 607 XA B
4 A Betula lenta Linn. T [H France Middle and northeast of America, and planted in north parts of China
ik Ptelea trifoliate Linn. ¥:[H France XY (EE.JMEK) America (America and Canada)
6 &AL Pyrus calleryana Dcne. ¥ [H France R . HAFI 1 [E Korea peninsula, Japan and China
e . L PR PP e S , R BT LA T DX AT R B
7 @A Cytisus scoparius Linn. ThH France Middle-south of Europe, and planted in south of Yellow River in China
EHNEKX, I E R LR R b X AT #e ks
8 YEMB Rhus glabra Linn. ¥:[E France America and Canada, and planted in most parts of north Yunnan
Province in China
9 Rk 4R Shepherdia argentea Nutt. ¥ France 3 E AL Middle-north part of America
) 2
10 H AT #& Syringa japonica Dcne. ¥:E France H A I8 , 3R HO DI AT B

Japan and Korea, and planted in most parts of China

07 I | 2R | AH Y QI B e A N 7 A R o K A 6

11 FRMNIE% Viburnum opulus Linn. ¥ E France Europe, north parts of Africa and Asia, and popularized and applied in
most parts of China

1.2 Ehfia kb

2005 457 A ZHREAHX — B 4 S H B RS A S AT | TR . A KR A SE e REpLIX 4
Beit,5 AMEE, BAVNX T ~10 Bk 4 REE, 51/ 0.3.5.8 g-kg T A 10 g-kg ™' 1) NaCl ¥ (2385 1 kg T4
b A ) NaCl R o) 4038, Shma i, 764 T SBIBRHERL, B Ik 3h /iR , e HATK  BESeAb T 35 d,
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1.3 URMFEAR B ik
1.3.1 #EAKENE

B AT S 7 AR L R R oA H, R R R S AX A K & AH = H, - Hy, JF e iR 72
a7 d MEIC SR AW R R FAER
1.3.2 APENE

RIAERET, B/ NXEBAE K PSR4 5 R (IR 5 #RIM ) , 76 105 CTHE 15 min, RFE T
80 CTIMETZIEE, BRAAG 25100 Hh b Fith T #5840 T8 B 0 i &, BOE- 3948, F 80 &2 75 75 5 b 38
18]S R AR A B B, TR R E LA
1.3 B

FRGEiH ki SAS #4705 22 43 BT Fi Excel 2003 17 AL3E , A Duncan ¥ #1725 WA, I F 8%
FRite
2 ZR5HW
2.1 ERJpiE - EEER R A ROIR B F e

Bl 0o 28 U BE 3N, R v 2 AR BT IR, HAE S WP BRI —EER (K 2). NaCl F &
K3 gekg B, SXREML, BARTF KR ERHTEMSE LA KRR T B 25, B AW FE 5
PO BMR A KSR EES , a DR F Y. 3SR E S5 g-kg B, HATHF KFR
=24 B A KRB -5 % BEAH ELATS TG BA S5 25 53 5 KU 31635  BHME R 38 B R0 4 i AR 25 4 il A 9%
TR M AR R &R D BB AR R RN, N BIE B &2 LAE NGB DB R AR H,
HTCH F % . 7E 8 g-kg 'NaCl AbFRAMFTF , RRINTEHE FHHEADE M MR B T2 Z AR T & Eh 4 bhaf i
BFET; HA T & HUKFRM =R E RN R MR B, 2N BT R B e s W
P REEAE TS (HI H A B R BEINIR JEE Y, V5 BB I o S4Eh A YR B E) 10 g-kg ™' B, IR R &4
TERAEAR L BIPET {UE BAR T H G5 K41 RS2 LWEREES IS A KR AR —
EZES: AT H GHL BKA R =B ER MR A 8, Gl , s b M A s, e )L
BRI R A8 8, it R i, B2
2.2 HfE B A K R

A EEL . H AT BRI AR RSN T MR AR T EEZ W, S HE 7 MMHE AR Z
Me) 355K 3] 5 2 KT, DI 1, B £ U YR BE B3 0, S v i AR 3 2 T R A B, (BRI 6 [RI AR [B) FAE
BKZESR 3 g-kg ' NaCl Bl 40 F , M i HE ) 1 A R R s 55 , 55 0 BR AR LL, 43 B R T 63. 0% Al
57.8% ; 6M B HA T FM =M B T FEIEEE N 27.3% ~37. 0% ; 4R7K 4= 5 | BRUN 5% FIIR Q555 76 1 %
WEHE/IN, 4 10. 1% ~ 12. 5% 5 T VR BE AL 3 AT G234 | 78 N G M & 48 L& A KL & E #mm, FE g /N F
7.0% o MERMEREREINE] S g-kg ™ B, 5% HEAR EL, A FIEHAE A R AR K A T % 84. 9% 1 75. 5% s &
ILHIR A K BERER [ IR 3 g kg HRERT A9 O RIS ANE] 63. 4% , G5 97 A K W Itk 2 63. 0% ;
HR B3 KRS BATE, FEIBIRICH 47.6% 37.5% F1 31. 8% ; B &R FhE A K BT B IR
FEXIHAM BN, T 6.7% ~15.2% o 24 NaCl i ¥ L5 8 g-kg ™' A1 10 g-kg ' B, BIGAETHHY 5 MM Fh
i 5 ERA R, 22 LB A K EIER K, N 76.4% , =338 AR/K 4 B A T & MR IEK IR 7 68.3% .
62. 7% F140.9% , GEL I FEIES/N, R 20% .
2.3 HfE i BEER R A P R

NaCl 38 X Fh S i A R s 25 SRR B, &R A i B BB Bl NaCl Jilp3f ¥R BE 9 38 fin i ek 2> , (H
AR Z FAAERRZES, B 2, EhiE st HERDE R A v & BFE B2, e R
FREIE IR BE K. 73 g kg 'NaCl Bl T, SxHHBAREL, G L 448 L BRYNJE 3% F1 = 243 i A
YRR A S I, HoE &R B A W) R 6 R AR BE s, A A A RGBT R IR B K, 45 R
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O o (CK) 3gkg'NaCl B 5gkg! NaCl a
16 E 8gkeg'NaCl M 10 gkg™! NaCl

85 A ik Height growth (cm)
R —

1
z
g
A

= [ =

A Tree species

BT R X A s A K IR
Fig. 1 Effects of salt stress on height growth of experimental seedlings
A: 5% Pyrus calleryana ;B ¥k Ptelea trifoliate; C; FH#E Betula lenta ;D ;[ )X & Spartium junceum;E:4x4E ). Cytisus scoparius; F: 6% Rhus
glabra ;G : H AT F Syringa japonica ; H: 437K 4= 5 Shepherdia argentea ;1: B3 Viburnum opulus ;J: =23 M Rhus trilobata ; K : Ik R 4445 1E
Laburnum watereri

RN EBMEARUELR, n=4; REFRFRREWELIIZ A BEZER (P<0.05); T The error bars represent standard errors

(SE) of four replicates; Different small letters represent significant difference at P <0.05 among different NaCl treatments; the same below

32.1% \41.9% H1 41. 1% ;4R/K 4 SRR R G HEAL FIRENR 73790 12. 6% F1 12. 4% , T J& ) A H AT 7 1) R
R/, AR 4. 7% F12.9% o 2ERERBER NS 5 g~ kg™ B, WA EHARADE T B A4 B BRI
SRR, 53510 39. 2% \50.3% F159.7% ; )N &4 L AT 3 AR ZK 451 W % 2k AR 4 5 18 1 B
BT 11.2% ~23.8% ; SR M= MBI R 6. 6% F17.8% , 24 NaCl YREEIKE] 8 g-kg ™' Al 10
g kg B ERAEERMA S, BATH 2L BKFRMERNAEYE BRFER K, 8 39.7% ~
49.1% ,f{ﬁz%&uﬂﬁﬂ@p&rbﬁ%dx, H27.5%

0 0 (CK) 3 g-kg™! NaCl B 5 gkg! NaCl
gl a B 8gkg'NaCl | 10 gkg! NaCl

H: 41 B Biomass (g)

B —|

&

¢ NTTITTTNH <

Fh Tree species

2RI X AR A 4y R R
Fig. 2 Effects of salt stress on biomass accumulation of experimental seedlings
A: 5% Pyrus calleryana ;B ¥k Ptelea trifoliate; C; FH#E Betula lenta ;D ;[ )X & Spartium junceum;E:4x4E ). Cytisus scoparius; F: 6% Rhus
glabra ;G : H AT F Syringa japonica ; H: 437K 4= 5 Shepherdia argentea ;1: B3 Viburnum opulus ;J: =23 M Rhus trilobata ; K : Ik R 4445 1E

Laburnum watereri
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2.4 Hhbia X B AR E LA R R

12 3 AT MR EEER S (Cyo <8 gekg ™) Uil e, T AL (AR Tl L (F il 25 2 F 360 VA 7 386 K T D/, 24
NaCl &85 5] 10 g-kg ™' B XGRS N IR IR HEAE (FIAE DB HRK 4 R WU € 3 R ARG 1o AR et LU LB
E LAY B I — B2 KGR NS 8 LA =R 3 AR R HAE U 7EAS [R) Eh 3 e BE 2 [R] 3 A
REF—BC BN, 205125 0. 12 ~0.15.,0. 10 ~0. 12 F10. 51 ~0.55; 1 H 4 T Fr B AR E L6 TC W] B AL AL
o JZHTRM, NaCl P X iR R SR 8 Ot 38 AR /K 2 SRAR R EUAE AR 2 ik B 2 2K F, T e i
M TR EN(FK3) o HEHNAMREIRD] S g- kg™ B, I ER ROK A= SRR R 4 HEAE HOAR ST LU (B4 51
X RSN T 188.9% \36. 8% Hi1 10. 4% o W53 T F /A L, SE -3 AR/K AR SR AR P HEAE R 3_E F 50 X
Hh 8 SRR, K S R I, AR 3 MR AEY) B R R A T BEE

*3 B EHARFRE L ER R
Table 3 Effects of salt stress on root-shoot ratio of experimental seedlings

hUBE (g kg ") a3 RIRE L fiigid i3 N=A &)L Jem-g
Salt concentration Pyrus calleryana  Laburnum watereri Betula lenta Spartium junceum  Cytisus scoparius Rhus glabra
0 (CK) 1.28 +0.17 a 0.48 +0.08 b 0.37 +0.02 a 0.12+0.02 a 0.10+0.01 a 0.09 +0.01 ¢
3 1.28 +0.10 a 0.57+0.03 b 0.40 +0.06 a 0.12+0.01 a 0.12+0.03 a 0.20+0.03 b
5 1.25+0.11 a 0.53 +0.08 b 0.56 +0.09 a 0.12+0.02 a 0.11+0.01 a 0.26 +0.02 a
8 1.11+0.17 a 0.92+0.07 a - 0.15+0.04 a 0.12+0.02 a -
10 1.45+0.24 a - - - 0.11+0.02 a -
hUBE (g kg ") HATH Bk 4 R R 35 =M Mk

Salt concentration

Syringa japonica Shepherdia argentea

Viburnum opulus

Rhus trilobata

Ptelea trifoliate

0 (CK) 0.72£0.01 a 0.19+0.01 b 0.44£0.03 a 0.53+£0.02 a 0.28 £0.01 a
3 0.73 £0.05 a 0.24 £0.03 ab 0.61 £0.05 a 0.52+0.02 a 0.38 £0.03 a
5 0.67 £0.08 a 0.26 +0.01 ab 0.61 +0.04 a 0.51+0.02 a 0.36 +0.06 a
8 0.73£0.09 a 0.26 +0.01 ab - 0.54+0.04 a 0.48 £0.07 a
10 0.66 +0.07 a 0.28 +0.01 a - 0.55+0.03 a -

FREIE N ERIE + 5L (n=4) 5 F—F P ARRIFEREFRLE P <0.05 KF F B M4 8225 Values in the table are mean +

standard error (SE) of four replicates; Different small letters within the column represent significant difference at P <0.05 among different NaCl treatments

3 itig

R JpE SRR 3 AR, IR R Y B SR A K S A K, SR E Y TR SRR 22450,
M HAEES S RAE AT . YRR E EEAREM A BER s 2 BB A 7% A A 2t
FUY T SAE A TR SR E A 1E T A R AR R R i — T R AR . AR, BEE NaCl
oy Ve BE ) TR, 11 AN Y S RE AR I T IR, i Ak S UK [RI R BE A il A 3 R BRI 55 . BR
YHIESE FHAEAN LR A4 i AR IR I HEVR N 8 g ke ™' B GG H BUAEMRBE TS, 2R vk BE 4R S8 fin 2] 10 g-
kg B, IR R HEAE ARt R BUBE T, T AL B RN BEBLE . B UL AT LA, HAR T & 4R K 4R =20t
BEAL LB RMRS BAA 5R B B , T TR R A X A 22

HEP R B SIHEYE RS E A I T E RS TR, 2R m B K 5 R B i
W A 4 (T AR AR , an — AR Ak Bk Rl L B B B A B PR IRV R R A S 5 X SR AR R R
B AR MYREERK AEYEERU AR BTN (IREHE) BRTEEZHEREN
3AVE A RIENS, Horb A ) B R A Y 30 e 2 25 B R, BV 3 e A 256038 B, 2 AE P s h
PR E R . Ik, AR A R BARIAR T L o A £k o 5 B RV ) T R AR B D 3Rt T AT
FARUERY o BASRYL, 11 ANSRMIZER R BE B SR8 451 T A B> R T W, T L BE 25 £k e vk
JE 3G, R v AN A 4 i R AR AR R B K, [RIERHAR e LU (B3 i , 2 B b 40 % &0 1 b _b 3040 A4 RIAE FH R T
WA, XGPS 7, ESRY 4 KB IR X MR R TR R E R 7R
I (Cyae <5 g-kg ™) M FHAERDG IR MR AR K B A A B BB T, BT R, T 8L
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HAT MR REFEER AR E LUK AR =R B AIR SRR A B RPRE AR A WAL BE
(A5 PR AR R B/, BIMEEZE B e NaCl 358y 10 g-kg ™' B, S AL AR R 20 = S A ) SR LA e Mt 1L 4
B0 20% 1 27. 5% o —fERUL Y B TR ER R FT LSS HAE — 2 i 6] SR B A 1 T AE B R B L IR T
MR E S HoR iR o SCUEHAMIR EIHEAI R — 2% 2R3 R AR, B A ] A R AR T
{ERAE N ERWIT , AERFIR R A IEH AR B E 3h s M, B8 HAR T & UK AR RN =20 B AR R 2 I AR BE
FAXSE/N , JB T SR ARRE 1 B A A

TEER M8 BBTTE -5 BT AR AT AR BN A FOIR DL LT Eh A BE 0 A e EDULR B, 3 Eh BE X A A HY)
FE A UME A K B RS T RIGTH RSB RIE" o, RAE AR 25 AR5 B A PR 32 FAE IR
(R 2) Mg ERE (B 1.8 2 15K 3) SRR T LRI EE 1150 20 A T 51 3 454 -

MR —— H A T & UK AR =R RS

Hh R BE M SRR —— IR R B HETE e L B UG TG A% 5

Hh B TR R B —— BRI S 3 RHHEAIEHR

X5 Curtis E. Swift {4 A1 075 WO AR M e £ 8 A TtEb v PPA 45 R (R 4) Kb —30y
[RIEs , V& 7EAE R B9 NaCl ¥R BERREE T, % 11 BRI 43R IR AT M s B M P9 — 88 \Na” (K"
S FHERR AT T WAE , 2 R R BOA X HL R AR AT T4 e (R 4)  BRRI AR T F K
2R 2R TR AN =24 R B TR ER AR RE B0 , EAL RN IERE (IR IR B E S NG BA i BE T SRR 1) , Th 4
)L EHEERDE R 22, B IR R . X SABTFAR AL AR AR K B AN R 3 F AR o 0 28 5855 A5
MIZER BN — B0, AT BEBE— P IR T AT TS5 B T etk MEAh, t T8 U ARG B4 B BE A R,
ABFF IR HIAT 10 g-kg ' FIRBEAKTAbHE , HRIE T PRIKEE (Cya <8 g-kg ™) $hMA T IR L5 R
XPE BT TRV . R AR B4 B R 75 22 % 10 g-kg ™' 9 NaCl it i 4k SE 4716 T ok LA K
PIEAE MR BE 8 T ISMETE SR A K B SET5 R A 52— 2B 5, DASE AR | 2T ) S BRI 2
TR ER 1 o

x4 2 FWAEES 11 AT L wEEE S
Table 4 Salt-tolerance of 11 experimental tree species by two evaluation methods

) Bk RIBREBL

Subordinate function Lo ® Subordinate function D
R value method T RF value method i 3
Tree species — Salt-tolerance Tree species — Salt-tolerance

FEME (VR4 P fE ik

Average  Sequence Average  Sequence
&G fiigig FEEE-H] 3K 6 mS
Spartium junceum 0.3273 8 N Betula lenta 0.2361 10 Moderately high-up to 6 mS
R bAlRES FHEBE-H] 3K 6 mS
Laburnum watereri 0.3395 7 N Rhus glabra 0.2133 1 Moderately high-up to 6 mS
s®l 0.2816 9 PRI 8 mS L 0.5109 3 - 8 mS
Cytisus scoparius High-up to 8 mS Ptelea trifoliate High-up to 8 mS
B4R 0.5164 ) -] 3K 8 mS g3 0. 3551 5 HEE-AT K 4 mS
Shepherdia argentea ’ High-up to 8 mS Pyrus calleryana ’ Moderate-up to 4 mS
HATHE 0.6121 1 FBE-TIK 8 mS =3t 0.3889 4  PBLATKS mS
Syringa japonica High-up to 8 mS Rhus trilobata High-up to 8 mS
R Y35 BEE-A[A 2 mS

0.3549 6
Viburnum opulus Low-up to 2 mS

@D mS, By mmhos+em ™1, 238K AT LR I A, mS, mmhos+em !, is the total content of soluble salt in water

References :

[1] WangZQ, Zhu S Q, Yu R P, et al. Chinese salt-affected soils. Beijing: Science Press, 1993. 325 —344.

http ://www. ecologica. cn



2270 E oA ¥ W 29 %

(2]

(3]

(4]
(5]

(6]

(7]

(9]

[10]

(11]

[12]
[13]

[14]
[15]
[16]

[17]

(18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Xu H G. Halophyte and ecological management of salinization in China. Beijing: Chinese Agricultural Science and Technology Press, 2004. 11 —
12.

Land and Water Development Division, Food and Agriculture Organization of the United Nations Rome, Land Resource Potential and Constraints at
Regional and Country Levels: In: World Soil Resources Reports, 2000. 1 —112.

Zhu J K. Salt and drought stress signal transduction in plants. Ann Rev Plant Biol, 2002, 53 247 —273.

Zhao F Y, Guo S L, Wang Z L, et al. Recent advances in study on transgenic plants for salt tolerance. Acta Photophysiologica Sinica, 2003, 29
(3) : 171 —178.

Corney H J, Sasse ] M, Ades P K. Assessment of salt tolerance in eucalypts using chlorophyll fluorescence attributes. New Forests, 2003, 26
(3): 233 —246.

Wang G B, Cao F L, You Q F, et al. Effects of salt stress on concentrations of Na* , K* and Na*/K* in the leaves of four tree species and
evaluation of salt tolerance. Journal of Plant Resources and Environment, 2001, 10 (1) . 30 —34

Zhang JF, LiJ Y, Song Y M, et al. Advances in research on the mechanism of plant salinity tolerance and breeding of salt-tolerance plants. World
Forestry Research, 2003, 16 (2) : 16 —22.

Zhang C H, Shen Y B, Yin W L, et al. Effect of salt stress on photosynthesis and growth of four tree species seedlings. Scientia Silvae Sinicae,
2002, 38 (2): 27 —31.

Liu HC, SunZ Y, Peng Z H. Effect of salt stress on the growth and some physiological characteristics in Parthenocissus quinquefolia cuttings.
Scientia Silvae Sinicae, 2004, 40 (6) : 63 —67.

Chen J, Lin Q F. Progress on salt tolerance physiology and mechanism of plants. Natural Science Journal of Hainan University, 2003, 21 (2):
177 —182.

Liao Y, Peng Y G, Chen G Z. Research advance in plant salt-tolerance mechanism. Acta Ecologica Sinica, 2007, 27 (5) : 2077 —2089.

Xiao D N, Xie F J, Wei J B. Regional ecological construction and mission of landscape ecology. Chinese Journal of Applied Ecology, 2004, 15
(10) : 1731 —1736.

Kozlowski T T. Responses of woody plants to flooding and salinity. Tree Physiology Monograph No. 1, 1997, 1 —29.

Munns R. Comparative physiology of salt and water stress. Plant, Cell and Environment, 2002, 25, 239 —250.

Ali H, Tucher T C, Thompson T L, Salim M. Effects of salinity and mixed ammonium and nitrate nutrition in the growth and nitrogen utilization of
barley. Agro Crop Sci, 2001, 186 223 —228.

The Chief Executive Officers of Agriculture Western Australia and the Chemistry Center of Western Australia. Farmnote71/99 ; Tolerance of plants
to salty water: Department of Agriculture and Food, Reviewed July 2005.

Greenway H, Munns R. Mechanisms of salt tolerance in non-halophytes. Annual Review: Plant Physiology, 1980, 23 149 —190.

Vicente O, Boscaiu M, Naranjo M A, Estrelles E, Belles ] M, Soriano P. Responses to salt stress in the halophyte Plantago crassifolia
(Plantaginaceae) . Journal of Arid Environments, 2004, 58 . 463 —481.

Levitt J. Response of plants to environmental stress. New York: Academic Press, 1980. 365 —434.

Walter L. Plant physioecology. Zhai Z X Translated. Beijing: China Agricultural University Press, 1997. 305.

Ramoliya P J, Pandey A N. Effect of salinization of soil on emergence, growth and survival of seedlings of Cordia rothii. Forest Ecology and
Management, 2003, 176: 185 —194.

Ramoliya P J, Patel H M, Pandey A N. Effect of salinization of soil on growth and macro- and micro-nutrient accumulation in seedlings of Salvadora
persica (Salvadoraceae). Forest Ecology and Management, 2004, 202, 181 —193.

Ahmed D, Karim B H, Claude G, Chedly A. Salinity effects on germination, growth and seed production of the halophyte Cakile maritime. Plant
and Soil, 2004, 262 179 —189.

Rebecca J H, Irving A M. Salinity as a constraint on growth of oligohaline marsh macrophytes. I . species variation in stress tolerance. American
Journal of Botany, 1999, 86(6) : 785 —794.

Cramer G R, Epstein E, Lauchli A. Effect of sodium potassium and calcium on salt-stressed barley ( I ). Elemental analysis Physiology Plant,
1991, 81: 197 —202.

Swift C E. Salt tolerance of various temperature zone ornamental plants. Area Extension Agent ( Horticulture ), Colorado State University
Extension, Tri River Area, 1997.

John M. Mechanism of salinity tolerance in plants. Plant Physiology, 1988, 85:352 —359.

http ://www. ecologica. cn



5 AR A EhE TR AR A A K R £ 2271

[29] Zhang H X, Song D, Liu Z X. Study on physiological characteristics and salt tolerance for seedlings of 11 tree species. Forest Research, 2008, 21
(2): 168 —175.

B EHk:

[ 1] ER WAR, fOH, 4. hEMICE. JEst. BREMATHE, 1993, 325 ~344.

[2] HIERI. R R AL JEs: SRR LAEHARMIL, 2004, 11 ~12.

[5] BIAZ WA, TR 4. R BT, I 355 FAYEEA], 2003, 29 (3) ; 171 ~178.

[7] ESUG, WHEZE, WPEIr, 45 SRMMAXE 4 REFRIT A eh K * 1 Na* OBSW SCHCR SRR S MOIPAY. MUY VEUR S 3R B4, 2001, 10 (1) ; 30
~34.

[8] kbl 240K, KER, S, HYTAIL SRR EE TR, 1ERHDFIT, 2003, 16 (2) : 16 ~22.

[9] I, VEREh, FHHM8, 25, SRMEATTURNEIA K SOG4 AR R, Ml BRE, 2002, 38 (2) ;27 ~31.

[10] S04k, IMRIE, SEAE. NaCl Mttt 1 M- A K B LSt SRR AR, 2004, 40 (6) : 63 ~67.

[11] RS R T4kt 30 K SR DU SIS, WA 4 1 ARREAR, 2003, 21 (2); 177 ~ 182.

[13] B MR, BRI, (XU AR I U A 0 . BLFRZE 25241, 2004, 15 (10) 1731 ~1736.

[21] Larch W 3. FppiAsth e, AR, Jbst: RIS IR, 1997, 305,

[27] B, AU, WRHERK. MU HEBMBISIE. A A, 2007, 27 (5) ;2077 ~2089.

[20] AR, FSF, XUERE. SRMET 11 AMRERhA BARYE K HCHRPERTSE. Mol BREBFSY, 2008, 21(2) ; 168 ~175.

http ://www. ecologica. cn



	05A85.pdf
	05A86.pdf
	05A87.pdf
	05wb01.pdf
	05A89.pdf
	05A90.pdf
	05A91.pdf
	05A92.pdf
	05A93.pdf

