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Atriplex species, such as Atriplex canescens ssp. aptera, A. canescens ssp. canescens var. laciniata
and A. canescens, as unique quasi-evergreen shrubs in arid and semi-arid desert area, are of high socio-
ecological importance in controlling desertification, improving soil quality in saline land, and supporting
local ecological balance. Here we measured salt injury index, salt-tolerant thresholds and physiological
characteristics of the first-year seedlings by a salt-stress experiment conducted in pots. In the experiment,
the pots were filled with sand and the six salt levels were adjusted to 0, 0. 1% , 0.3% , 0. 5% , 0. 7% ,
and 1.0% NaCl. The results showed that; 1) Na® increased and K* decreased in each part of three
Atriplex seedlings under salt stress. Compared with A. canescens ssp. aptera and A. canescens, the
relatively lower Na™ and higher K* contents were retained in each part of A. canescens ssp. canescens
var. laciniata, which was conducive to keeping higher K*/Na® balance. 2) The initial NaCl

concentration with salt stress, salt-tolerance threshold and salt concentration limit of A. canescens ssp.
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canescens var. laciniata were higher than the other two plants. 3) The salt-tolerance thresholds of A.

canescens ssp. aptera, A. canescens ssp. canescens var. laciniata and A. canescens were 0.59% ,
0.68% , and 0.63% , respectively. 4) With salt stress increasing, MDA content and cytomembrane
permeability were consistently increasing. 5) The salt-tolerance thresholds of the three species based on
subordinate function comprehensive evaluation were in the order of A. canescens ssp. canescens var.
laciniata (0.686) >A. canescens (0.532) >A. canescens ssp. aptera (0.102). It is suggested that A.

canescens ssp. canescens var. laciniata has a stronger adaptability to saline soil than A. canescens and A.

canescens Ssp. aptem.
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Tab.1 Na®, C1~ and K" contents of three Atriplex species under salt stress
itk - BT i L ” Rral
it UL ES e Ton concentration/ EE UL S e Ton concentration/
Soil salAl Plal‘ll Organs (mmol-g 1) Soil sal.l Plar‘u Organs (mmol-g 1)
concentranon/ species concemranon/ species
% Na* Cl- K* % Na* cl- K*
2% Stem 0.052 0.126 0.187 2% Stem 0.069 0.227 0.143
Al It F Leaf 0.063 0.482 0.397 Al A Leaf 0.158 0.572  0.121
AR Root 0.051 0.472  0.137 AR Root 0.089  0.521  0.057
2% Stem 0.053 0.167 0.104 2% Stem 0.066 0.174  0.081
CK A2 It F Leaf 0.128 0.492 0.235 0.5 A2 I H Leaf 0.141  0.315 0.193
A Root 0.044  0.087 0.158 A Root 0.053 0.173  0.081
2% Stem 0.039 0.188 0.121 2% Stem 0.059 0.296 0.072
A3 It F Leaf 0.051 1.028 0.293 A3 A Leaf 0.297 0.373  0.102
A Root 0.062 0.089 0.117 HF Root 0.061  0.151 0.071
2% Stem 0.054 0.221  0.159 2% Stem 0.058 0.158  0.129
Al It} Leaf 0.143  1.234 0.328 Al It} Leaf 0.159 0.285 0.105
RZ Root  0.068 0.493  0.085 RZ Root  0.070  0.560 0.055
2% Stem 0.054 0.175 0. 160 2% Stem 0.060 0.195 0.065
0.1 A2 It J Leaf 0.133  1.051 0.304 0.7 A2 It} Leaf 0.150 0.438 0.168
RZ Root  0.048 0.126 0.105 RZ Root  0.050 0.184 0.072
2% Stem 0.055 0.228 0.086 2% Stem 0.060 0.341  0.054
A3 It} Leaf 0.236  1.035 0.146 A3 It} Leaf 0.298  0.359  0.098
HZ Root  0.050 0.097 0.091 RZ Root  0.055 0.164 0.061
2% Stem 0.058 0.167 0.155 2% Stem 0.055 0.202 0.722
Al 5 Leaf 0.149 0.349 0.214 Al I H Leaf 0.164 0.223  0.058
& Root 0.082 0.503 0.076 R Root 0.074  0.378  0.046
2% Stem 0.058 0.162 0.125 2% Stem 0.052 0.187  0.053
0.3 A2 I F Leaf 0.138 0.204 0.273 1.0 A2 A Leaf 0.148 0.429 0.142
& Root 0.055 0.150 0.152 A Root 0.046  0.168  0.068
2% Stem 0.058 0.294 0.075 2% Stem 0.038 0.335 0.055
A3 5 Leaf 0.238  0.201  0.132 A3 A Leaf 0.199 0.348 0.085
& Root 0.073  0.119  0.089 A Root 0.058 0.139  0.067

WAL KEAEFEASF 1 ;A2 IRAEZEASFN 2 ;A3 DUMIERE, T[E, Notes: Al. Atriplex canescens ssp. aptera;A2. A. canescens ssp. canescens

var. laciniata;A3. A. canescens. The same below.
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Tab.2 Salt injury index and salt-tolerance threshold of three Atriplex species under salt stress %
e £k A L Q, o . ‘ o
I AR Salt concentration wERAAR WA R
. - 0(CK) 0.1 0.3 0.5 0.7 1.0 Initial concentration  Salt-tolerance Salt-tolerance
Species type . .
ERAEFEHL Salt injury index of salt stress threshold concentration limit
Al 0 0 15. 4a 36.2a 67.4a 83.0a 0.38¢c 0.59b 0.94b
A2 0 0 4. 3¢ 17.9¢ 59.3b 75. 6b 0.52a 0. 68a 1.25a
A3 0 0 8.7b 24.1b 62.2a 79.7a 0. 46b 0.63a 1. 06b

B R ING 8 TR 6] — 38 A AR AE Y Fh ) 22 53 8 3 (P <0.05) ., Note: different lower-case letters in same column mean significant

difference among species within the same index( P <0.05).
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ARR R
Relative conductivity/%

75

MDA content/(pmol  g!)

11282k 5B Soil salt concentration/%

ARG FRER R 6] — R4 3 & BEEIFE P <0. 05 /KE22 57 B35, AR [A)/NG - REN 32 7R Al — 3 & ik PRSP FREI7E P < 0. 05 7K-F-22

S, 3 [k, Different capital letters mean significant difference among different salt concentrations within the same species at P <0. 05 level

while different lower-case letters mean significant difference among species under the same salt concentration at P <0. 05 level. Same as Tab. 3.
NN B ER N b - k7N B L EO RS s S g e A

Fig. 1  Effects of salt stress on relative conductivity and MDA content in leaves of seedlings of three Atriplex species (30 d, means + SE)
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Fig.2 Changes of soluble sugar content and Chl content in leaves of seedlings of three Asriplex species
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Tab.3 Changes of Chl content in leaves of seedlings of three Atriplex species

TR R MR LIRSS ) HERER b B R

Soil salt concentration/% Plant species Chl a/(pg-g™") Chl b/ (pg-g™") Total Chl/(pg-g™")

Al 0.83 +0. I5Ab 0.45 +0.07Ac 1.28 +0.35Aa

CK A2 0.78 +0.23ABb 0.46 +0. 16Ac 1.24 £0.22Aa

A3 0.73 +0. 17Bab 0.40 +0.24Ab 1.14 0. 18Ba

Al 0. 96 +0.25Aab 0.69 +0. 15Ab 1.65 +0.31Aa

0.1 A2 0.78 +0.20Bab 0.49 +0. 08Bb 1.27 +0. 16ABa

A3 0.70 +0. 13Bab 0.36 0. 08Ch 1.07 £0. 11Ba

Al 0.67 +0. 14Ab 0. 50 +0. 10Ab 1. 17 £0. 09As

0.3 A2 0. 64 +0. 10Ab 0.45 +0. 09ABb 1.09 +0. 12As

A3 0.52 0. 06Bb 0.29 +0. 04Bc 0.81 0. 13Bs

Al 0. 42 +0. 08Bsh 0.29 +0. 04ABb 0.71 +0. 08Bs

0.5 A2 0. 58 +0. 09Ab 0.33 +0.05Ac 0.91 £0. 06Aa

A3 0. 54 +0. 04Ab 0. 25 +0. 06Bc 0.78 +0. 10Ba

Al 0.24 +0.05Bb 0.18 +0.03Bb 0.42 0. 07Bs

0.7 A2 0. 52 +0. 08 Aab 0.22 +0.04Ab 0.74 £0. 12As
A3 0. 35 +0. 06ABsh 0.17 £0.03Bb 0.51 0. 06ABs

Al 0.07 +0.01Cb 0.06 +0. 02Bb 0.13 £0. 04Cs

L0 A2 0.43 £0. 11As 0. 10 £0. 03Ab 0.53 £0. 14As

A3 0. 17 £0. 05Bsh 0.07 +0. 02Bb 0.24 0. 05Bs

B = 918 + A3HEIRZ . Note:Data = means + standard error.

T /(mmol + m*« s7")

S = N L RN o

o

= N W W
W wn o W O

P /(pmol - m?- ™)
)
=)
C/(pmol - mol™")

10

3 £
0.1 0.3 0.5 0.7
11 ER 5B Soil salt concentration/%

mAl BA2 ®=A3
3 FhMMAXS 3 FEEREE R RS RRE B 5

Fig.3 Effects of salt stress on photosynthetic characteristics of seedlings of three Atriplex species (30 d, means + standard error)

5 CK AL, 3hWa F 3 Mm@t Ao B, R RS R 2 i oA R g T HAD
HEHE(P,) YRR T G, LR 2 FEZEMEY, (2SR R E] 1. 0% i), £
0.1% F10.5% B3 PR @AY M gt B M3 AR ATEZEASRD 2 R R gt f R ) 22
W 2ZEFARREE(P>0.05), MEHSWEKXF0.7%  FAEF(P>0.05) , B E ST IKAFERLM 1,
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SEIGEAE : 3 FhIEE AR i )Xk NaCl I3 9 £ S0 i 45

Bl SR o3 v BE A 3G 0, 3 b U AE JE A ) v
W R RALR R (G,) BWs /N FE e K R
AR 1 RSL T AR Fh 0 AR T AR R
WK HE R R R 2 U 2R Y 80. 16% Al
60. 50% , H: 2z 5 PEIR 2] T W E K (P <0.05)

AR ol N 2 e B R A K R AR, 3 3L
AL, T AR A E] CO, We FE A, Eh 23 1ikia F
) 3 FEZE R AR MR CO VR B ¢, Rl 4%
AR 73U B A3 IR T oA 32 ER W aa A AERR (CK) |, 10

AR e Xt 3 AL IR A T ] O, MR BE Y 7
A IEIVE R, Rl 1 ko vik B A3 i, A 1
PR, B P P =0.124, KT 0.05 @&k
K-, 3 R R ALY R R CO, Mk BE R
A WE RN 2Z R AR E (P >0.05)
2.6 3IMIEREEYTEEESITEN
2.6.1 BRALHNGEEAHK ot H

WA T £6 R BN TR 3 FER R A Y
FUUE ST R (R 4)

x4 3HEZERBEVRTNSHATWERY o E

Tab.4 o« value of salt tolerance efficiency of each single parameter of seedlings of three Atriplex species

i Species R, R, Ry R, Ry Ry R, Ry
Al 480.20 237.24 458. 46 63.72 62. 46 40.78 56. 58 85.07
A2 323.67 176.22 139. 00 72.97 73.87 79.34 68. 67 93.07
A3 424.59 159. 20 213. 61 59.99 67.37 67. 87 65. 61 88. 44

TE:R, ~ R T BUBEE ML 9 R & e T VA PR S o R A AR HOR LR O R I E co, W, T,

Notes: R, — Ry mean cytomembrance permeability, MDA content, soluble sugar concentration, chlorophyll content, transpiration rate, stomatal

conductance, net photosynthetic rate, intercellular CO, concentration, respectively. The same below.

AR DGR 3 BT A A AR B S B DG
ME(#5) , AR S Hal LIAGE , 76 NaCl JBra 3 Ff
WAL R Y R A A BRAR AR A A AR — o A ek,
MR 4 ST SR AR R R R, K RS R
1K FIEZEAS Ff 2 DR PR i R 2 U T Vs P
A A O B BRSO T 489.61% | 77.33% F

150. 93% , 1Mij S I3 25 P it R S 3R 3y« K 1 I 22 AR
it 1(89.85% ) > VUIHIERE (78. 64% ) > KITEEFEAL
Pl 2(57.23% ) , 3% 1 IS T AR ) P it PR 2 — 4>
EIMZEA AL, M 3 i 2 @AY 1)
i AN B FH BT A ot ), FLPE R 25 SR A mT A
JEABAFAE T

R5 IMEEBEEYH R SAMSHHBRXES T

Tab.5 Correlation analysis of each parameter in leaves of seedlings of three Atriplex species

R, R, R, R, R; R R, Ry
R, 1. 000
R, 0. 541 1. 000
R, 0. 305 0. 436 1. 000
R, -0.612" -0.822* -0.214 1. 000
R; -0.367 -0.414 -0.169" 0.273 1. 000
R 0.372 0.518" 0. 424 -0.250 0. 430 1. 000
R, -0.205 -0.376" -0.295 0.738" -0.266" 0.516" 1. 000
Ry -0.102 -0.313 -0.355 0.285 -0.397"* 0. 045 0.214 1. 000

T FORS SRR 5 B B 25 K F (P <0.01), " Fn S HO A KK ) 8 % KF (P <0.05), Notes: ™ and *

correlation at P <0.01 and P <0. 05 level, respectively.

2.6.2 BHBAFHEZBERS S

K SPSS 17. 0 b 3 Fhis2E @AY 8 4~
PATHAE I SR T R R BT T E RS b (R
6) o ZEMGAHNA BT 3 LG R Rt T
BRFIE 2] T 83.80% , i A1 iX 3 NLEAFabrnl
DU e 4B S50 83. 80% s B, HHEE 1 F o
T R, (R, R, FIl R,IIUREALK, AR T 0t 7 it
JEEE N RS | ATV PR B S R Y i

mean significant

FRLASE 1 E R 40 MR A2 AR B B m T,
B2 FMTRBUBEKNA R, (IAEERES &) R,
(FOEAER) FI Ry (M) CO,MREE) , BT LA ES 2
FE 3 AT LA LT R R B (0 S B0 A0 M B Az E AR
JE DCAREMMEE COMREE . 553 FMs R, R,
R, TABRK, R T4 R & it 7R
RAEOEA R TS 3 E Rl oA Bt
E P
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Tab.6  Coefficients of comprehensive indices [ CI(x) ] and their contribution
85 Index R, R, R, R, R R R, Ry P
1 -0.134 -0.245 -0.442 0.189 0. 048 0.038 0. 086 -0.270 0. 455
2 -0.227 -0.178 -0.351 0. 084 -0.121 0.124 -0.411 -0.355 0.201
3 0. 150 -0.086 0. 034 0.253 -0.305 -0.031 0. 543 -0.062 0. 182

2.6.3 3 APEEBHY S LR EEN

B A5 TS AR 1Y T £ R EGHEAT z-score FrifE
b AR 4% 255 T8 b B 18 A 2R B0 S 45 BRI 2 40 1 Tt
ERRFCR W 3 FHEREHEY I 3 DA R (B A
) B9 5HE CL(w ) , PR SR B RT3 5 1053 )
K 3 FEERE A SR BRI U (v ) , PR PR+

TR KNSR 45 TR FANEE, 2 FRAS AR 43 31 R
0.531.0.240 F10.217, fefa it 3 Mg m iy m
TR ELE AP D AKHE D (BT 3 FhiEZE 8 Ha it
M TR (R 7). S5RRI 3 FER R A
PERE ST RN K AV ZE AR Tl 2 (0. 686) > DU E2E
(0.532) > KRR 1(0.102)

x7 IMEZEEEVHLXEFHEMECL(x) NE RBEHE u(x) MEHTFMED

Tab.7 Value of comprehensive index [ CI(x) ], index weight, subordinate function values u(x) and comprehensive index D

f Al Species CI(1) CI(2) CI(3) u(1) u(2) u(3) D
Al -0.913 -0.217 0.315 0. 000 0.280 0. 160 0. 102
A2 0. 508 0.429 0.828 0. 845 0. 086 1.000 0. 686
A3 0.856 ~0.125 0.717 0. 642 0.267 0.587 0.532
P 0.445 0.201 0.182
FLE Tndex weight 0.531 0.240 0.217

3 itk 54w
3.1 HMMETIMEEREVHESEEETE

BTW

— ORI R AR R AT LR
TSR Na* |, {H Na* 93 M i AHE 2 B
B2 S A0 R K Bl R, R
e B YIE b B8 TR A p E DGR 5 4
JEPA R E 1Y K MR L Y Na * P AR ST A
HEMTEEFR P A EY AR R ST
Na ™ & B R/MIUF AR > 25 > 150 i g #h 2E
Yiry 2w i 2 38 T Na® 358 9 > R >
=5, HM A Na* & ERIRER 3 A2 IRt 4h
BRI Na ™ 32 2R A7 A2 A ad i i A A e LA
FEARR AR M R 2 T R B AT 8 B R Y, IR B L 4 o
IR, R AP AR 2R WK DN TG 22 i 1 46 B3 - 1 75
FAERCY N 2 W ER AR 8 A SR A T
B Na ™ HER A0 B A1 i 4545 40 T B AR AY Na ™ W
(3 IO SR 2 T REE SR A 4, 3 s AR
VIgia s E K & B R AU S Ay h a3
I, Ferpid Frrp K i R 3 AR X S X AL
AFVN g BB R AR A ) o R R 0 S K I
Na* FI C1™ JFFR BAE M A i85 e — 2, hhin &%
PFR 3 Fedg e Ay ah b ] LU, AN [R] o Fif ] 2

GHRZEFUIE, 5O ER MK (R 1A
o, K AR R 2 MR R X Na* HLAG 3000 1) 3 Y g
TR KA BERAIZFERE ), TR S T K 1 28
AR 2 M B4 A B AR SR Na ™ IR & i K A9
W5 AR T A PME K/ Na ™ P4, BA BRI
i ER 7,3 5 A Xt R aE AN [ SRR AR AL
( Gossypium hirsutum ) B K* F1 Na* [ 53 Fig Fliz £ Fi
A2
3.2 3 MEFEEEY XS L8 K A TR

TR R YINE R — PP 5 0B A e Rk R 2
B 75 2000 A R E] BT M 22 S o T R
5 2R 4 99 8 55 07 T A 41l TR v
R W36 1) 52 0 fo R SRR AR LA 3 i 2 i A
YA I G2, % NaCl ki H i i A 2
FRERYRALEAT T RG0S, 4R 58 v W x £ ik
A A S AL, e TR E BT S T SR A B Y
PRARAE— A BB IRAE

ABFFE R I, B A 45 b NaCl v B2 /34, 3
e R AR I R ARG R 0 N T DU A B
A A AR X PR T S T 2 B 40 i R AR G A
IR EE Y 2 40, X 5 T o 4000 e DT X
( Medicago spp. ) . K% AR ( Nitraria roborowskii ) 41
TR SR MBI T 25 VAR — 30 BR SRS il T
S B AR L 32 B % NaCl ¥ B2 A N et
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Th, N RS R B NaCl #e B By 38 hn Je B e -
Tho AR T A ER A B E Y A BB S
J&, BRSSP T, de e 1R AU OK A
ATV RT LRSS R B 40 B R 45 Fh i Bt
AR B TR, 3 A EREA Y AT R
I, 3T ONBR S R A B R
Wb AT AR O B R S A A R AR — 2
e e AR R S AR AT AR ]
IRE )23 A=Ak, HOGA BB 1 AR X 3 58 26 B 12 A
YRt ER I E AT E R, 3 AR RE R AR Y LR
IIVRPER 0. 1% I, 23K & i Bk B e R AE, T 6
354 S0 % NaCl W38 55 3 ( Iris lacteal var.
chinensis ) H1Ea WIS HP & I A3 ER W N 0. 4%
FIA FIHR K s SRR S IR 9T R W, B 25 £ W aa
VR BERG AN, 11 ASAFD I £ 3R 5 1B R L0, 3%
AFRY CK 2257 A8 3% IR B 2R IR XS 2 R 1Y
FEIIRCIIRTE A It SR Ry IR SL I 1 AN
BT (ERIRIE <0.4% ), “ BRLL” &My 4 R
IR EA, MERPFR D, @ ERLIT 3
PSR R A R A 3R 5 I T SRR 0 1 i
IK, = & R R R BRI AL S VR, =X Eh e
AR a  , TE R —ER 20T, K R AR 2 K
FIERRR 1 R i
3.3 3MEEREMNTERELZL

P30 5 ANt o ) 72 S /N R AR 3
F 10 3 300 v AR R I R | LTt R PR RE 22 S AN
30 5 AR | 25 TR A A Ao ] 22 S 1 R A A Y
i £ 58 J3 AT LASE 53 2 B L Ok, (A LT £6 44 7 B
ez AR 225, PR IZAR I AN [m] 0 £8 38 oin JiE
KL HE R YRR AT ERBE S 1

AMFFERT 3 FPEERE JE AR B W I SRR AT T
WIPWESE P E 1 H AR F R vk B Tf £ (8 L R
FRRABVR I | DR M7 VY A6 T T ] DX A 25 52 Fn gl
AL IE b A9 3 B b AN [) 8 B8 0 1 7802 SEAR P 1Y
it 5 B {E ) R R A IR 0 T LA A i
Hemp b ERE , FATLAX —F8 bR AE i sE 3 FhiEZE)R
TEYI IR ER AL T7 8 I FH 46 BGHEAT Logistic M2k
TG T 3 FhEEEE e A ) BTt ER A
£ NaCl B AWHGSRAE T |3 A 2L JE A Y 3R
R AR EE s i 2R B RSB A
BT, SR e K PR AR R 1 R LI FE AR R 2
VD 328 5% 2 1 T £ 199 4 53 51 2 0.59% 0. 68% Fi
0.63% . AHYITEZ BIER 53 W38 I 38 2 38 55 14 N AR
WA A Y o R PR Y R Y VR
et L R B, gl 2 7 A AR R B REIR T AR
5T e WA K FBEZEAR Fh 1 K FBEZEAS A 2 AU 3

TERE A T A BR M BE 23 5 S 0.94% | 1.25% |
1.06% , 1M F 5525 5 5@t 6F 9 FlvEy 75 & 1 it £k B
FERIE 5 T B 2 52 A BRIl 0. 7%, sk A28
AELOT N SR RPN S 3% ( Viburnum opulus) EIHE ( Betula
lenta ) FIYEIEE ( Rhus glabra ) % BRUEEE M 0. 8% , ik
[ 435 48 ( Labumum watereri) IR FRIRIE HF 1. 0%
3.4 3 MIEEEEYTRESSTN

AN TRy ERAEASR] , [5]—AEH A [5) ot o 1) T
R VEIRA S R AL 22 B FEAR RS b3 Rl R
JER AT ] 0 2% T0UH5 B T 3 R OB IR A7 R 25 57, X
S 1 I A [6) F BRI A 14 T 6P ke PP AR
Yyt £E PR A 28 R A AE — 8 1Y SR PR, PRI I 5 2
K246 hn sk 8 RABUEHATER BT . R F 05
SIHTAE 8 AN bR AT R R B 3 AN B S A%
ARSI ZE G FR bR, AR 25 F5 45 19 TTER S R/ hoR
A TEARAOACE " Fe B AL 1 3 FhiERE R A
it £ ZR B bR AL, TR A LR A FE AR E [ CI
() JAVARE A8 SR J BB [ w () |, PO ISR R R
BOMACT- 230K A 3 FEZEAE Y R P2 5 PE
(D). W DER—TCENaiE, aT LR i
By LR S 3 Rl ZE TR AR Y 1T R ). 4
W] iz AR 22 FRBUW T AL E I 0] 3 Rl 2L e A
Yt AR T HERE , DA Ry LT 1 e B K
RN 2 > DORATERE > K A TEZEBHA 1,
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