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Response of root morphology and biomass of Phragmites australis to soil salinity in

inland salt marsh
WANG Jiwei, ZHAO Chengzhang* , ZHAO Lianchun, WANG Xiaopeng, LI Qun

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province, Lanzhou 730070, China

Abstract: Root morphology and biomass allocation are important features for determining the capacity of root absorption,
and the nature of the responses to environmental constraint factors and adaptation strategies have been a hot research topic.
However, numerous uncertainties about the effects of soil salinity on the root traits of plants still exist. This study was
performed on Phragmites australis community in Qinwangchuan National Wetland Park of Lanzhou. Three different plots with
a soil salinity gradient (plot I, II, and IIT) were set up from the edge to the center of wetland, which was perpendicular to
the bank of the Sha River. The change characteristics of the morphological parameters such as the ratio of root to shoot, total
and specific root lengths, root forks, and the average root diameter of P. australis were studied using the combined method
of total root excavation along with the Win-RHIZO root analyzer. The results showed that the height, coverage, density, and
above-ground biomass of the wetland community decreased gradually with the increase of soil salinity. In addition, the ratio

of root to shoot and root forks of P. australis decreased gradually, and the specific and total root lengths of P. australis first
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decreased and then they subsequently increased whereas the average root diameter showed an opposite trend. The soil
salinity was dominated by moderate salinization, and the surface soil salinity showed strong variability. Specifically, the soil
salinity of the plots showed a decreasing trend with increasing soil depth, and the variation degree was different. According
to the correlation analysis, there was a significant correlation between the soil salinity, total root length, and specific root
length (P < 0.01). Furthermore, the soil salinity was significantly correlated with the root/shoot ratio and root forks ( P <
0.05), but not the root mean diameter. The P. australis specimens in the inland salt marshes showed the characteristics of
sensitive plants. They adapted to the soil environment that had a strong salt variation by modifying their root morphology and
changing the biomass allocation strategy. This phenomenon reflected the ecological adaptation mechanism used by wetland

plants to cope with multiple environmental selection pressures under adverse stress conditions.

Key Words: Phragmites australis; root morphology; root biomass; soil salt factor; adaptation strategy
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SIS AR SPSS 18.0 #4754t 43T, Origin 9.0 FRAFHEA T B ASIRIRE LAY - 45888 70 B i SO =B A KA
NESEGE I R E T 22007 (one-way ANOVA) [ Tukev 753577 B MK, IR0 54 KAEFES B0 A1
MR A SPSS 18.0 11 Person AHIC/MHT %

2 HERAW

2.1 {RIEEE A YA ERIE S K G2 E b

B REHOIETS A Y F AR S RIS K R IR B AR R AR 22 5 (R 1) . AR
PRI RE R R M R R 2 S B (P < 0.05) R [ >4 [ >AFH0 L, by 2 R
Uiy S IR U A TR K R 25 R W IR iR T Y 50.23% /N B ML TR 30.27% , BT 32 1
PR KRS T W sgm , 385 K i SRR R SR T 30% , AR KRR K S S e iy BR A
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Table 1 Descriptive statistical paramenters of community characteristics and water indicators ( mean + SE)

BEEHFE Community properties

% = o b KR
FEAL Plot e i i o LR
Soil moisture content/ %
Density/ ( #&/m?) Height/m Coverage/ % Aboveground biomass/ ( g/m?)
1 226.01+21.22a 2.63+0.21a 92+6.41a 353.41+£21.97a 50.23+£6.07a
I 81.05+5.14b 1.34+0.2b 48+3.06b 61.35+£8.65b 35.38+2.16b
m 17.22+3.02¢ 0.62+0.24¢ 15+2.28¢ 10.05+0.32¢ 30.27+1.31¢

FFA /NG TR HEHIIE] 22 53 2 (P < 0.05)

2.2 EEIX EHEER AR
221 WX EHEER S E T

& 2 W IR, B S EEAFYE N 3.15 ms/em, PIEN 2.26 ms/em, “FEFEK, HFHHEKT
o, BRI 3 R i R AR A A, DR R (B S i A 5 X - R B A PR AR A o il B, IR X - R
HEEER LK AR5 REL(CV) GRS s (AR SRR B 1) R B F5 b, TR S Eh AR S R0 1.05, KB N
TEKSF 7 1] b S AR Sk (AR A S R BRI 598 .CV > 1 SRS 0.1 < CV < 1 NHPEAR M OV <
0.1 H554EF%) .

®2 MRRTESEDGEIHHE

Table 2 Statistic characteristics of surface soil salinity in the study area

T3 E M R/ME HKRME T {E SR brif 22 AR5 AL
Soil properties Min Max Mean Median STDEV C.V.
iR & Soil salinity/ (ms/cm) 1.81 6.61 3.15 2.26 3.32 1.05

222 KRR RSN B N T AT AT RRAE ST

HI3E 3 ATLUA 3 AR e dh 23 5 i (0—30 em LJ2) BMHBESNME F D 2.11—4.18 ms/cm A1 I 1
HEER S AR 4.18 ms/em  FEHE T HIEER S EIER 2.11 ms/em 223K 2.07 ms/cm, HARfL &N .
FEs T <FEsth I <FEst I, FEHIR) 22 53 .35 (P < 0.05) , SERBHEAESR A G, SR 2 s & 8
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PUAS A () 2 S A DA [R) - J2 R R e S AR 3 22 5 (P < 0.05) 5 7 1T+ 20—30 em )2 5 H
fl )2 E2E R B E (P < 0.05), keHh 1 A L2 E A SR LR AR E,

A FE A9 R B RE A Z R BB R R R AR (R 4) . WESREORE  HEH TS L EHRE £
HEEEh BN T R ECN 1.03.1.06 ,1.40, ¥R 250 A8 S0 | I Rl +EUR BE (9 BN 17, 156 B0+ 3 7 1
EL7 ) EAR SRR s AR TUREE D T 4% + 2 R3S b Boh A8 vk (A BE S 2 URBE A3, B
1178 S5 R B0 o a3 A T 248 5 RBGE WS

£3 BRBTESSSEHE
Table 3 characteristics of soil salinity at plots

AR 2R E S8/ (ms/cm)

KEHD Plot Soil salinity at different depths SEXE Mean/ (ms/cm)
0—10 cm 10—20 cm 20—30 cm
I 2.47+0.41a 2.01+0.21a 1.85+0.21a 2.11+0.07C
| 3.55+0.52a 3.02+0.31a 2.47+0.12b 3.01+0.10B
I 6.61+0.75a 3.95+0.11b 1.98+0.08¢ 4.18+0.14A

FIFTARNG SR FOR HEL N 22 57 8.3 (P < 0.05) , RIS R RS FRE RN AR LR 22 53 2.3 (P < 0.05)

F4 BEMAERELESSSEHITHE
Table 4 Statistic characteristics of soil salinity at different depths of plots

Bt LR M ROk i o b2 SR
Plots Soil depth Min/ (ms/cm) Max/ (ms/cm) Mean/(ms/cm)  Median/(ms/cm) STDEV/(ms/cm) £ C.V.
0—10 2.21 3.03 2.47 2.72 1.73 0.70
I 10—20 1.93 2.73 2.01 2.07 1.27 0.63
20—30 1.81 2.02 1.85 1.87 0.85 0.46
0—10 3.56 4.32 3.55 3.02 2.88 0.81
I 10—20 2.66 4.01 3.02 3.21 2.42 0.80
20—30 2.12 3.26 2.47 2.19 2.05 0.83
0—10 6.45 6.83 6.61 5.88 6.81 1.03
1 10—20 3.26 5.02 3.95 3.79 4.19 1.06
20—30 0.84 2.02 1.98 1.95 2.77 1.40

2.3 ANFEERBEE T 2SR RIEA Y8 i AR 1L
2.3.1 AFEREREE T P EEAR R AR R R AR

LT TR, RS 0 2 0] T 35 B AR R AR (P < 0.05) , I 353 515K 29% Fl 42%
R R At/ AR Hl 3R A B B SR B 2K (P < 0.05) , U6 AR 28 % - 33k 43 19 fUsR R 1 o Tl
EEBAy . MREHL T SRR I, Bt 383k 43 7 i A AT b T HR9eE L S A 22 T R 3 E I B8 A R AT T O
% AEREHD T ARE B I i) 22 5 K 1 3, 5 R HEEh i s AR S g o,
232 AFEEREE T FEER R AR AL

AR ZR LY A8 PR R T , T4 ER X0 P25 R AR B B | FU AR AR SUE AR P- 3 AR A Sl
HEEHE 2R B (P < 0.05) (K 2,K 3), 7EFE 0, 8K | AR K AR 0 OB S B e ke T 0/ 388
W, YR B B K- (P < 0.05) , BB 383 40 & ik 3 3.01 ms/em X 2 AR R A 5w ZU A0/, o] g
IR E T A7 B, H A B A AR AR R AR R BRI A3 SR /N, PR A R B RIAR 43 BB EE T i
HRFN 2 SCARAEER e T A8 b . MR T 2R I, Bl 390405 f A0 i, AR B B | FUAR K AR 20 A
febritde F R LT AR AR R S LTS R R H
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Fig.1 change in biomass of Phragmites australis under different Fig.2 change in total roots length and root depth of Phragmites
plot( mean+SE) australis under different plot( mean+SE)
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Fig.3 change in root forks, root average diameter, specific root length and root-shoot ratio of Phragmites australis under different plot

(mean+SE)

2.3.3  FEEARAMORG LR ARSI S
5 BRI AR B ES EHEE EREAR SCE IR B B K (P < 0.05)  ARTE L AR ORI HEAR K S
TSR EWEMCE(P < 0.05) , MR EAES HHESHEARCIEA B
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x5 TERPEFFRABERKHENEXED T
Table 5 Statistic characteristics of soil salinity at different depths of plots

TR AR K B AR 2 B AR R4 U RO L
Soil properties Specific root length Total root length Root average diameter Root forks Root-shoot ratio
Er R Soil salinity 0.85"* -0.87"" 0.42 -0.66" -0.81"

# TE 0.05 K- AHIG; + +  7E 0.01 /K- EHHC

3 e

R PR RRFAF 385 P 2RI R A5 A L R PR P 45 50 IR BE 6 % i 7 2 1 fif et iy P R o A A
B & 2 AR Ak 2T 1 BRI ) RE A & R o R A T b o ) 2 253 17 SR ) AR R 2
—E A7 R AURR AT BRI A KR B O R S T R 3 B AR A O DY N R
AR, AR S R R R KA S R (36 2) , BEE SR UL AR FE AU TN, P 25 AR L AR U 2
Wi NS TR R RS TS BTG S AR AR 2 AR 2L #, 28 Person #HC
PRI, e R SRS B BEACKER (P < 0.01) , 5 HAARK MU AR ECE BF MK
(P <0.05), M SHRFHERMOCHERRZE (K 5) , RIIRIRIER 86 BT H 25 R RIE LY 5 43 Be Y 22 5
P, SR A AR F AL ) B TR C AR OO R 0 il A S5 I Y 25 2R

A gy e AR R A 0 I R e 4 el SR AL 2 — | FEAEAT FRe  E FE  T 2
P MR KA R AR AR KR B e A A AR BETE A [ A A T B9 ) S ke I R 43 B
5, Mauchamp Z52455 BIFFE A BLP 2530 40 98/ AR 2R AR 0 1 0 TG LA BB AR, B9 7 1y el B i, /b 1 k9 1l
Mo 1 FRIZ i [ B =5 LR W A C , Ko 2 R A I AR AE 2R p Y R A R AR W B R A, -3
AR BN RETE T T R R AR i A AN TR R BE T R P AR TR LG TR 5 R ) A A 2 S (R
1) JFBEER 73 W38 i) SRR AT B, BB 3 20 38 3 180 165 7 W BE 25 AR AR /b AT T A 4 o 72 R AR
FRFH FFB, X 5 Mauchamp S52438 06 P8 RS 25 5 — 30 A SCFH TSR 25 A R 277 X F2 2
JEBE R (1) BB MR8 T E S REUR RWIBUK S FRrRE S A B RRALTT AL B AT R =
SHRRIKAL G YA BENA oz d IR | 2240 AL, GG 7 W TE A N R SRR, 4 O6-A 1 Fl i i 1 B st 4
il , 3% AT e BRI L TR — N ZE R (2) A AFFE R W], $h 0 il 2338 fl 4 R & BEAIL, S 2 R
R A RIIRE , TG A R B0 G =P A i 1) AR 2R 00 43 Bt oK s /b | PR A R AR 2
Yy )98/ NI R 2 5 (3) 5 Mauchamp 8527 WFFEEE R —FF | N REERVE (02 3530 40 9D AR AR ) 40 TRC 1) 9 5
B S R 53 Poip 3 PRG3R 20 A AR B SCHE TR AR 1 R 0 X AR JR A48 405 5 (4) 7 =5 7038 7 #h B 3
W rh, FTRE M FC A AUIRZE I A= Wy i 52 1 B AR S AR R ORI L], 2D 3 B P 3 AR LG AR A 1 30
S DARE T 3R b, TIL 75 = AR e L A B - 45 431 o iy S 2 R A1, 3 5 A A R 5 285 SR A AR [l 0 ax
FE R T b T AR B ARG R R R R RN AR R AR, DG IR FUEE S K g R e #hoar
] 2% JZ 1L RS AS Wik 4 ,%Ei%%%i_‘%ﬁ 6.61 ms/cm, JEEEL + K i E 1B TR K 1.98 ms/cm, &
5593 TRA RZEER ST LMY R A I B I iE AN E A T A bR 1 A KR E . FERDE
PR ER A DR PN TR T, P26 1 A8 5 B P A FRROE & 7 W L2 AR R 00 Lo 91, T 2 A R 1Y
AW PSR ZR T R PR R Ok S DR A 1 B A= AR (BT 1) DT 3 1 A 498 R 70 1 28 S
(R 4) o IXFh AWy b FC SR UG e 1 g 58 B X0 AR AR A A A R SCHG 1 AR ZR 0 IR 2 R 3K 43 AR O3
PP, AR R 1 A N AR, TITHE 58 1 RT3 5 ik T X R iR B 13 i RE T o PRt X A= 9 i
P HLER AR EET N RliER VE AR Y B TR

FEER AL IRAT T AE ) 380 3k KR 2R D) B 1Y) V81 5 A SR 107 P45 1 72 A, JHE v R 2 T 285 14 i 28 X A 40 1 i
HMERAEERE XY REEEIIA R SN HIAR R0 A K (A hAT 8 R0, 555 i B 8% 4 i AR
MR X AT RE SR R HY) R & IO BORBE 2 (A 061 % AR ST 5 SR W, e T 1) A b T 5%
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AR BERE LR S B A AR AR SR ARUB I BERT AR 2 S R e AR BRI B, e
HREA EA IR R (BT 2) , 7 = A4 i R SR 2 B o AR ) A ek . X 2R T (D) RBRE ORI
AR SURCR BN, FEARR T AR 28 0k 398 2 [ 1) o s AR Pl DA FR R 3 7 1 10k 2, RIS IR 2R B AR
KR LSRR T R S0t R R B U ) EL R T R A B R T AR R T e R AR, IR,
5 AnferiE s R RIS R R 3k B R REHRHT AR P 38 ST DAZERR IE AR BRI BB ik — DS (2) IRAR I
REPA S oAk Jm 232 BRI B Pl , o it kA= (R AEMRA R X Ry i B AR R b L EORr i 26, S B0
AR DA R Z B BRG] TR RR I 5 (3) MBI BEAAE T A A AR DR AN 3 SRR £
3 SN, TR SR 0 R AR 2 98N T 50% MR T () B3t 56 A% | - Sk 5 BB W T v, e i o
JE a5 B AR, A T2 L S URORE O SR B AR R LR P A TR BT IR AR A A A I
JE R FER 1, SRIBOH AR AR JEE AT FUAR , Dot/ VIR 0 SRR AP 2 A A 0 A P B A XA iz A s T v
ORI SR IR TR BES ML 22 A R A8, (2 AR AR AEANF )= 20—30 em AL ALTRRE 255 1Y
73 ], SRR AR 203 A XU 5 76 AR AP PR R 08 LAY 20—30 em )2 386 MR SR BE A AR KK A B T2
MRZXT eI A AR ERE Ty, (2 FE L DA A9 AR, 42 A MO & [T BRARR 1 T 1) AR AR 7 C B 22 B BBOK AL &
Wi AR FR A FETHIRIES S R RETT 5 B IRAR 0 SUBRE S IR AR R B P S |l S A e/ v 8] PR AR R A
WE Y TE A BC BRI AR, —E R LR RUAR AL N 2R, BB — 2P $R TP 2 oK 7 97 70 1 BE

PRI , AR R SRR 5 0 T 360 1 ) AR JEE 1 MR T O AN 2 1 1 - SR B 135 R
4 Zig

gi BRI Al A I I T 5 A B AT I AR R IR SR AE i o BOAR S, BEARBT 1 ER B X
HERF TR AT L R S SR B R Y BRI . AR R O T i, B B R A, SRR
FC R BT B, ik — 7 OO [ I 20 A e, MsdE B 12t 3 XU HAT 5 S, TER RIE 25T
MAEHS T 20 I, P =5 AR AR SR MRS BN FOAR 4 (28 I MR AR DR 2, P 25 2R B o i
SRS AT ] T IR ) e 8 ) B A SO 2 ittt S48 £, DT M A A3 45 B 5 MRSt IT S0 I, 35 e P4
HRER ARG BE AN EEAR A, Dol VAR 73 SCRCRIR P-4 B AR ) W 5 5 SR ) AR R S S B T s 1) e 9
ML, e R BIR FEE A FRAR 1t e A PE XA I 75 3, X R B S Eh o BE s ()R Sy 5 e e 1 AR 9 I %o i 2
S AT L PRI, DAL e B 8 AU S A A AT A SR SR, P 3t b AR ROR R R R R R
AMER SN IER G RS R S A I Bt — AP B 50P 25 H8 A A S I AR R R 25 R A e iy o+ 3
IKER T AR A = R IRV

2% 3L HR ( References)

[ 1] Bermard-Verdier M, Navas M L, Vellend M, Violle C, Fayolle A, Garnier E. Community assembly along a soil depth gradient: contrasting patterns
of plant trait convergence and divergence in a Mediterranean rangeland. Journal of Ecology, 2012, 100(6) ; 1422-1433.

[2] XUGEEE, Sy YO RerRpT sk, hER: . AR, 2015, 45(4) : 325-339.

[ 3] Fortunel C, Fine P V A, Baraloto C. Leaf, stem and root tissue strategies across 758 Neotropical tree species. Functional Ecology, 2012, 26(5) .
1153-1161.

[4] AR, TR, 8555, T8, PR, PUESE, RRIE. TR R R MBS A: SR 3K 2 fyma . A= 2524z, 2016, 36
(10) : 2969-2977.

[ 5] Kellermeier F, Armengaud P, Seditas T J, Danku J, Salt D E, Amtmann A. Analysis of the root system architecture of Arabidopsis provides a
quantitative readout of crosstalk between nutritional signals. The Plant Cell, 2014, 26(4) : 1480-1496.

[6] M T EBRESRAMB SRR A SIS . M A2, 2011, 35(5) : 490-499.

[7] JiaY B, Yang X E, Feng Y, Jilani G. Differential response of root morphology to potassium deficient stress among rice genotypes varying in
potassium efficiency. Journal of Zhejiang University Science B, 2008, 9(5) : 427-434.

[ 8] T, SRS, PN, MM, WLLAh, PRAE 2. ShMhaaxt 2 FaRms i 0L KRR R A K R B M. A 8%k, 2014, 34(4) .

http ; //www.ecologica.cn



13 34 EAkfE AF NREERTR AR RIE S S A Wi oy BE X SR 7 DA 1 A e i 9

[9]
[10]

[11]
[12]
[13]
[14]

[15]
[16]

[17]
[18]

[19]

[20]
[21]

[22]
(23]
[24]

[25]
[26]
[27]

[28]
[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]

[39]

[40]
[41]

1021-1029.

KR, B, 22, WA XS 3 R BEER A Y WA RAFIE S0 J1 i, rh R R D 58 HhekER, 2006, 36(HETI 1) : 86-94.
Mauchamp A, Mésleard F. Salt tolerance in Phragmites australis populations from coastal Mediterranean marshes. Aquatic Botany, 2001, 70(1) .
39-52.

FRERR, ARINEE, ZEHa, YW, E 5 0. Nacl AIHXS FLAR AR A A Eh GRS AR 2R P BT D IS . A AR B, 2017, 53(1) ; 63-70.
TR, 2072, ADKEE, RYERE. IRVT TSN 25 MEY) AR AR MRAR R DU REMEIR MAR EL G AR AR AR, 2012, 32(1) : 215-225.
T, HORG, IR, URHE, BLRAS, T SRRSO A O AGE A . ARSI AR, 2012, 21(2) ; 375-388.
Emery N C, Ewanchuk P J, Bertness M D. Competition and salt- marsh plant zonation: stress tolerators may be dominant competitors. Ecology,
2001, 82(9): 2471-2485.

Galvan- Ampudia C S, Testerink C. Salt stress signals shape the plant root. Current Opinion in Plant Biology, 2011, 14(3) : 296-302.

Gilbert A A, Fraser L H. Effects of salinity and clipping on biomass and competition between a halophyte and a glycophyte. Plant Ecology, 2013,
214(3) : 433-442.

REM, TAHM. ST 3 ML A EY MR R AR, 3R, 2011, 31(5) : 1195-1202.

Giehl R F H, Gruber B D, von Wirén N. It’s time to make changes: modulation of root system architecture by nutrient signals. Journal of
Experimental Botany, 2014, 65(3) : 769-778.

Rossi L, Francini A, Minnocci A, Sebastiani L. Salt stress modifies apoplastic barriers in olive ( Olea europaea L.) : a comparison between a salt-
tolerant and a salt-sensitive cultivar. Scientia Horticulturae, 2015, 192 38-46.

AR, i SR X O AR R T AR, R RE S EOR (FECR) , 2013, 14(6) : 832-834, 910.

AMostek, Borner A, Badowiec A, Weidner S. Alterations in root proteome of salt- sensitive and tolerant barley lines under salt stress conditions.
Journal of Plant Physiology, 2015, 174(4) : 166-176.

AT, HEE, VAL YT, NO R T RS AR R A A S AL B B Ak . AR AR, 2015, 35(11) ; 3606-3614.
FRIFTS , BOILate. shbhia T ARSI /N A i i R B FR . ZAEY R, 2017, 37(5) : 705-711.

Wang Y N, Li K X, Li X. Auxin redistribution modulates plastic development of root system architecture under salt stress in Arabidopsis thaliana.
Journal of Plant Physiology, 2009, 166(15) : 1637-1645.

XU, T, mRR, TR, WA MEA X R MR M = b S LR I G AR I I SR . AR AR, 2016, 36(21) : 6786-6793.
ILHERE, sl 2, XUHF. 2T R = R K A Y A AR A . AR SRR, 2013, 33(21) ; 6984-6991.

UMK, AR, BVHREL - RHKFE, SRR, BEEN, RN, 3 BUR IR S AR AR SRR K ER A T OC R AR, 2014, 34
(10) : 2509-2518.

TAREE, ARAN, RESLAS, XITLEL P S o Pl A i A R R RO A A AR AR AR AR SR, 2015, 35(16) : 5316-5323.
Yang Z F,Xie T, Liu Q. Physiological responses of Phragmites australis to the combined effects of water and salinity stress. Ecohydrology, 2014, 7
(2): 420-426.

WHEME, thifeh, BEE S, ZREE, R, KT, BRI R iR 2 LR 4 s 6 R S R JR AT, RN VR R, 2010, 30(3)
564-570.

Mommer L, Visser E J] W, van Ruijven J, de Caluwe H, Pierik R, de Kroon H. Contrasting root behaviour in two grass species: a test of
functionality in dynamic heterogeneous conditions. Plant and Soil, 2011, 344(1/2) . 347-360.

Blonder B, Violle C, Enquist B J. Assessing the causes and scales of the leaf economics spectrum using venation networks in Populus tremuloides.
Journal of Ecology, 2013, 101(4) . 981-989.

SRR, WG UVL, RS, SR BB ORI T U R S =R B AR AR AR A TR R A A I SRS L A A AT, 2014, 38(1) : 36-44.
e, WOICR, BER. HN SO TR I RN AR, 2009, 28(2) : 314-321.

B, SKIMG, PN, AR R0 XA ) S B A T L DLBERIT S kR T AR 24T AR, 2008, 24(1) ; 258-265.

Thevs N, Zerbe S, Gahlert F, Mijit M, Succow M. Productivity of reed ( Phragmites australis Trin. ex Steud.) in continental-arid NW China in
relation to soil, groundwater, and land-use. Journal of Applied Botany and Food Quality, 2007, 81(1) . 62-68.

e, WOKE, RRA. SRV TR T R . ARk, 2000, 28(2) : 314-321.

INIER, WRERZE. VR AR U AR R 2R A 0 R B e 7. A= 2524 J%5k, 2010, 29(12) ¢ 2365-2372.

Lu CM, Qiu N W, Wang B S, Zhang J H. Salinity treatment shows no effects on photosystem II photochemistry, but increases the resistance of
photosystem II to heat stress in halophyte Suaeda salsa. Journal of Experimental Botany, 2003, 54(383) : 851-860.

ARHE, FUBET, A EE, dRIRE. ARBRE SORDO $h A T ARAEA AR B R AR, 2016, S1(1): 16-23.

i, E4 AT YRR LR PR, R, 2012, (6): 7-12.

http ; //www.ecologica.cn



