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Salt accumulation in vegetative organs and ecological stoichiometry characteristics in typical
halophytes in Xinjiang, China
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Abstract

Aims  Studying salt accumulation in vegetative organs and carbon (C), nitrogen (N), phosphorus (P) stoichiome-
try in halophytes contributes to understand the adaptive strategy to saline environment and the distribution mech-
anism of nutrients and salinity of the halophytes.

Methods Four typical dominant species, including three perennial shrubs (Halocnemum strobilaceum, Suaeda
microphylla and Kalidium foliatum) and an annual herb (Salicornia europaea) were selected for analyzing the salt
accumulation and C, N, P stoichiometry relationships.

Important findings 1) The salt accumulation showed “salt island” effect at peak growing stage; Na*, CI~ and
electrical conductivity all showed significant positive trends, when salt ions were transported from the root to the
shoot of 4 halophytes. 2) P was the limiting growth element of perennial shrubs, while both N and P were limiting
factors for the annual herb. 3) Different organs, species and their interactions affected C, N, P stoichiometry and
salt icons except Mg?*. 4) C was negatively correlated with N and P, but there was a significant positive correla-
tion between N and P. 5) Electrical conductivity, Na*and K* were positively correlated with N, N:P ratio, and
negatively correlated with C, C:N and C:P ratios, and yet K*, CO3s%" had significant positive correlation with P.
These results implied that there were some kind of mutual promoting relationships between nutrients and salinity
in halophytes in the saline environment, and fertilizing with N could promote sodium chloride desalination.

Key words ecological stoichiometry; halophytes; salt ion; carbon; nitrogen; phosphorus; euhalophyte

Wik H #iReceived: 2016-04-18 452 H ¥ Accepted: 2016-11-10
* Ji {51 Author for correspondence (E-mail: lingw@shzu.edu.cn)

O 4= A4 Chinese Journal of Plant Ecology



1268 HEMA=Z52%4) Chinese Journal of Plant Ecology 2016, 40 (12): 1267-1275

Citation: Yong YH, Zhang X, Wang SM, Wu L (2016). Salt accumulation in vegetative organs and ecological stoichiometry charac-
teristics in typical halophytes in Xinjiang, China. Chinese Journal of Plant Ecology, 40, 1267-1275. doi: 10.17521/cjpe.2016.0146

TR N B A I AR B, 0 20 B T IR R B
TREH (T Wha) . HEHUIK S (B iE Ma ) F1-T- i 77
YIRS BE 77(Greeway & Munns, 1980; Munns &
Termaat, 1986), T 2 7EA B FIRL— £ 5P EhAFAE
— Wk WA ER . FRERAIHE ER (X W] 9%, 2002; Flowers &
Colmer, 2008; Wang et al., 2009; Zhang & Shi, 2013;
Shabala et al., 2014), R4z & W ia x4 207 A4 145
F, [FRE T () v S R A AR AT DU i X e A B
THT PRI VR B 5 N T 56 5 DR R 3 it | 5 f 6 Jblh e 1 i
ZHE(TK B REE, 2015).

W(C)s AE(N). BE(P)IE YA E 2 ot
R, SHEYAR A KA A B HLRE R T RS+ E
TR (GRER S, 2012), M HeEA 12 a2t
&R P E RS R A K (Song et
al., 2014). C:NAIC:P it [ HE P B A=K TR ZEFIXFN
PFEA IOFI I 250%, TN:PRE Sl T R0 AE K 2N
BUPEUN. PILREIFBR S, 38 0] DMEA—AN LR bR
Vg BEVE 1) 25 M AN T R (Aerts & Chapin, 2000) . f54)
C. N. PHIRFEADRIL 7 RV, R 1
T AP o0F A PR S S AT g B (% 22 45, 1982) o

T AR RAIT I 35 45 M A A TR A S e N R AR 25 A
ot B AESEAT 7O & A 5 (Hikosaka, 2004;
Lambers & Poorter, 2004; Hidaka & Kitayama, 2009;
Yu et al., 2010; FFHUFE 4%, 2014). 0, &1 (2015)
RIVEVOCE R SEMT 06— 2R KR,
FE— 8 Yo N FOINGR FE 2 R i B R S
FEEHIR R, CRESM SRR EMMHRK R, XL
W FERT T 1 it SR AR A A A5 18 M S e 5% 43 1 )
FSEms B — s 3 . Rk, AR SO AR A A
Eh o3 HAk 2t BERFE 20 1 ) B2 SR8 7R Eh AR A
FE SR AR B o0 5 43 AL 40 1R 3 EL SR g, D R A
ERBE A A P A A I R AN AR Bk 4 R R R AR A
WHh -

1 #RA7EE

1.1 MEXER

B 70 X A7 T 35 9 37 9T 3 48k B 2% i (44.37°—
44.48° N, 85.90-85.98° E), Jm T #L74 fyifd a7 A faki 1
FRPFEAEX, BALZFETE,. BEEH. H
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AR TROWER A, TFIEIK37T m, 417
Rim6.9 C (7TH &M, F¥HARI26 C, 1H &,
BIKARIE-18.5 C), EFF/KE140-180 mm, FHEK
§1500-2 100 mm (HAF4-9HE LK BERK, 454
TEZE R EI88%) . 1% X I IR B AR B W E (7 H
fr B3R AR F 5 %613.36 ms-emh; K
#12.13%; A AHLH5.35 g-kg™; 4N 0.46 g-kg™; 4P
0.53 g-kg™; B fif % 0.044 g-kg™; i %% % 0.012
g-kg™; HALHH0.320 g-kgh), HiFE FHAH2-5 cmEh
Gh Rz, FAELEE10-20 em, HIERE NSRRI R
ERWER (SRS, 1993). 1% X MWL VA 45 46 B
FEIIA HH AN T S (R E A J2 R 2 482 1 H AR J2 2 R
(1) SR B - R R Or A R B VR (IR AR IR AE, 2011),
BLELHE £ K (Halocnemum strobilaceum). ZNH- iz
(Suaeda microphylla). #)IUT\(Kalidium foliatum).
£k fA B (Salicornia europaea) . % £ % Ml (Tamarix
ramosissima). {E£{£4%(Karelinia caspia)=% .
1.2 WMRFGE
121 HHERE

I 20145 X R UL, T20154F7 H R )
FEREXGE R T Ab T [R]— 2RI AR 55 T 4 22 R)
BRTE (I HEAR SR AT AR/ N . /INEEAR ETUR
— AR IR A BT, BRI 4 S 1k BCAE KAt
IREARSRR(5 L m x 1 mEbMAEAETT), AHARKKEES
m, SHRIEAR R “Z"F A0, KA ERIZEGEIE,
SRR Z(EFR). m, REKME TG, HE
AT, 7E105 CHEFHRTEL5 min, SR/5 iR E
WA6s CHEEME, HEMAH LR RS
100 H i, &N HELEIFFRIE, FFl.
122 MEFE

FEPR 42 C R FH #4025 v - A I #A  5E
AP H (B A RR- IR B ) B P LL kil e ;. AN
KA YL RN e, B3R EC):RHF E
= AEAER] MPE21 R s A (FR2 g T
FEBAGJE A H BAE T &, P JCCO28 MR /K B A,
#2100 mLAEMYES, WEEC), HaET
e 2% (EEERMAHTY (4 H, 2011).
1.2.3 HENIE

K Excel F1SPSS 1748 it 43 Bt 5 14 ik 38 4 41

O 4= A4 Chinese Journal of Plant Ecology



A SRR B A E SR A IR IR R BT RARIE 1269

i Origin 8fE W, N LK 2577 2 0 Hr h I LSDyZ:
X R AE A% Eh 4 BS F-FIC, N P C:N. C:P. N:P
HEAT BB A LS, JFH 2 5 L BEAS 30 H AR G .

2 &R

21 AMEBEEYRSETFEEMECHTK
A0 3L A FE YA R R AL AN R — AL R 0 B T

. ECEHUARFRFIAR A . 4R YA Na & &
K, HWECH, I HAECH £ 5 1 MAE YRR
8 1) T A i P o L S M I e A (L) .
SATER A, A E AR L AR A AR RS HAE R
XM M 2 Ak, ®FCOz%. HCOs? . CI". SO~
Ca**. Na'. K*. ECXC. N. P. C:N. C:P. NP
BIEA BERm(RL.
2.2 AMPEREMEYIC, N PREMAFITEL

AFh 3R A AEY) [E] — FRAL AN [F SR ALIECL Ny P
S8 MCIN. C:P. N:PEIUAF KA (F2).
1E 3 5 F IFEARS m) Ti is S () f v, CE &
B T AEER TR 2R RS, 7R3 R AR Y
WS B TP S, NS R AR /N
W R T, 7R TUTURI L M b 2 BT,
P& BAEAP ELAAEA) 35 B BT SS; CINBRTE/D
iz B -SRI AR EL A A
2N, CPIESR AR /N iEH 2 R
TSRO ER M h 2 PP 34 NIPTESRTY
AL AR R B B, FE/NHERE R -
s, RO £ F-FEa . aiskir, A,
IR AEN FC, PEEHES T L, R
NE & R TRl by ER)TOR Nz A ER O HE
F(F) NEEMNPY & T MR E(F), mHH
F(F) CNS/NFE A E R E(F); 3hTURTE3 M
AFHTIC. Ny NP/, C:NSesr; N BRGETES
FEARTIUGN. P& & E, C:N. C:P. N:PEIK.
23 HEEYRSBTFEC. N PAEITEHHEE
RIFE M

FiNa* 5P (8] F1IEC 5 P2 8] A % VA & 2 4,
Na*. K*. CO#MIECHC. N. P. C:N. C:P. N:P
Z A BFEAR, Mg, SO 5N:PZ RSO,
5P AR LR SN, Mg*. S04 5C. N. P,
C:N. C:PZIAI¥REM K, Ca®*bi T 5P A fAHK
4k, HC. N. C:N. C:P. N:PX I alAHIME AR E:
CIr5C. CINZIAEE AR, 5N, N:P[A &

okk %’gﬂ]ﬂ H[:Hm

N

Fz1 HEYBEADFHAEEYEE T BERECHMEAIER. &
B AT AL S L Y Ty 22 5 A

Table 1 Analysis of variance on salt ions, electrical conductivity (EC),
total organic carbon, total N, total P and stoichiometric ratios of the halo-
phyte organs and species

24 wE ki FE x PFh
Parameter Organs Species Organs x Species
F p F p F p
COs* 364.369 0.000 72.175 0.000 44.579  0.000
HCO3? 6.517 0.001 8.954 0.000 5.310 0.000
CI- 1010.369 0.000 572.659 0.000 96.583 0.000
SO 52.412 0.000 52.390 0.000 10.354  0.000
Ca** 25.744  0.000 95.178 0.000 25.199 0.000
Mg? 3.834 0.011 0.909 0.447 1.343 0.252
Na* 463.381 0.000 137.768 0.000 39.592 0.000
K* 57.699 0.000 37.648 0.000 15.198 0.000
EC 3052.023 0.000 1126.740 0.000 220.069 0.000
Cc 91.426 0.000 32.904 0.000 4.699 0.000
N 883.924 0.000 32.904 0.000 4.699 0.000
P 317.373 0.000 118.515 0.000 86.413 0.000
C:N 167.700 0.000 43.131 0.000 5.884 0.000
C:P 149.945 0.000 54.053 0.000 25.577 0.000
N:P 63.942 0.000 141.600 0.000 56.690 0.000

p<0.0001,n=3.

IEAEYE: HCOs 5N, C:N. N:PEZEMAHE, 5CN
SEIEMK., £CHAN. 2P a 4N 4P b

WEMMI, CNECPZIEIEE IEMHK, S5N:PIHE
BEARE, MC:PEN:PZ A IR B3 (#3).

3 g
3.1 EEEYIINELHE

AW RN, EhA M Y6808 75 A N T B Ak
“Eh SRS (R 4 kRS, 2004; FHEMESE 2007; GKAT
WM/, 2015), AT 5T Bos 2h A R IL R
TEFCAE A _F TP BRI R R o 1200 70 3R B 40 25 AR A
VITERA YA P9 4 5 R R 257 MR 1) T i it
TR 2 R E IS, LAY A K I B 25
VB 3o Rt 1R N #6405 7 (Ju 3L &Nats
CHREH, 1 ERAERED IR N H B3 B RN o 1
Na*. Cl2EZTHBEII TR, 4 EmEY)
ARSI RTEHLES T, HENat. CIFIX b T
M, R ESE R AR TR EEH . R4
il R AR AE PRI I ZE A AT AL R IR A R
AR, ARAEAE SRS I AEK 2, BRAEG & 1E T
BT, SERCT IEE A ThRE . AT 3 K55 (2015)
X RO Y 1178 35 70 AR R I BE 72 5 e 5 SR A —
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Yikh Species
[ 1 # Root F#Z The lower stem 1122 The middle stem |- #Z The upper stem

e |||' Leaf

B AR ERAREDIAS R AL £ B TR BRI S AR (L CP I (bR iR 22, n = B1). A, #hAR. B, MHHZE. C, #hf%.
D, #HITUR. [FAT AR 7 BEROR R A A R s 22 57 852 (p < 0.05).

Fig. 1 Changes in salt ion concentrations and electrical conductivity (EC) in different organs of the four halophytes (mean = SD, n =
51). A, Halocnemum strobilaceum. B, Suaeda microphylla. C, Salicornia europaea. D, Kalidium foliatum. Different letters in the
same row represent significant differences in different organ of the same plant (p < 0.05).

B, ATREEDUONE PR il TRA A — BT AR . BTSRRI E YRk —E AR
OB, B RAEEIERARRE T EIEY X B E T (BRMeF A IR AR R, E
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2 AFVEERVE SRR ET. A BERE KA ECPYERE R 2, n = 51)

Table2 Concentrations and ratios of carbon, nitrogen, phosphorous in the vegetative organs of the four halophytes (mean + SD, n = 51)

HEGEAY s/ 3 R C N P C:N C:P N:P

Lifeform  Community Organ (9-kg™) (g'kg™) (g-kg™h)

R A R Root 510.24 +10.01° 10.47 +£0.09° 1.84+0.02°0 5837+3.04% 73572+42.34° 12.60+0.13°

Subshrub gf;gfgifﬁg %2 Old stem 3989246070 10.00+0.74° 142+007° 46.68+2.72° 72825+3887° 1565+ 155
W=E Yong stem 278.31£10.52¢ 2458+0.13° 1.74+0.04% 13.21+0.57¢ 41474 +2579>  31.37 +£0.622

ANURT#ES it Root 514.22 +46.59® 994 +0.13° 1.03+0.01° 60.32+4.83* 1288.97 +106.46* 21.44+2.11%®
::?;E?E_g:ﬁm THE2% The lower stem  497.76 £6.07®  8.72+0.12¢ 1.02+0.05° 64.24+1.61* 1213.49+74.16* 18.88+0.70°

t1E2E The middle stem 510.24 +16.072  8.70+0.34% 172+0.05° 68.52+4.76° 76468 +36.85° 11.18+0.44°
_E#B2 The upper stem  397.59 +23.86° 1259 +0.18" 2.55+0.09% 36.83+1.70° 40271 +32.97¢ 10.92 +0.46°
i Leaf 29554 +15.05° 27.65+0.14* 258+0.02* 12.47+0.59° 29619+ 17.33¢ 23.75+0.32%

/NHEAR IR R Root 487.71+12.15* 7.93+1.18' 141+0.02° 72.73+10.30° g9560+24.38% 1250 +1.94°

Undersfrub :(()?iléi::lij%m T#E2% The lower stem  440.00 +40.81% 9.31+055° 0.81+0.01° 55.29+6.21* 140572 + 144.23% 2549 +1.722
fp#25 The middle stem 461.20 +38.34% 10.79+£0.92% 0.90+0.05° 50.09+5.778  1326.79 + 178.27% 26.60 + 3.412

E#2 The upper stem 371.08 £18.79° 19.12+1.91° 1.34+0.00° 2273+1.34° 71654+3628> 31.65+3.15°

M Leaf 336.63+10.01° 2251+0.18% 202+0.01* 17.54+0.61° 43008+ 13.85° 24.64+0.28

—EHEAERAR HAE R Root 397.59 28,678 557+0.16° 2.09+0.23% 83.39+6.27% 49643 +85.600  5.94+0.72°

Annual herb SS.I,E;;Q? F#ZE The lower stem  398.92+20.40° 5.88+0.15° 1.29+0.05° 79.27 +6.08°  g800.65+64.89¢ 10.10 +0.25°
rp#2% The middle stem 405.54 +39.76® 5.75+0.59° 0.89+0.03° 83.01+13.90% 1176.98 + 146.72* 14.26 + 1.11%
#2% The upper stem  296.87 + 25.56° 11.08+0.23* 1.62+0.11® 31.23+222° 476.89+69.70° 15.22+1.13%

) BUAN [ - B 7 [F) R AL A AS [ 35z 25 57 2 3 (p < 0.05)

Different letters in the same column represent significant differences in different position of the same halophyte (p < 0.05).

R3 AME R E T 5T ERHER A S R L

Table3  Correlation coefficients between salt ions and stoichiometry in the four halophytes

AFHE Variable c P C:N C:P N:P

COz* -0.636™ -0.919™ 0.456™ -0.759" -0.491™ 0.586™

HCO3~ 0.267 -0.476™ 0.214 0.396™ -0.048 -0.624™

Cl- -0.820™ 0.567" 0.157 -0.570 -0.446™ 0.422™

SO -0.717" 0.452"" 0.145 -0.326" -0.349" 0.243

Ca?* -0.229 -0.232 -0.327" 0.236 0.156 -0.107

Mg?* -0.378™ 0.347* 0.365" -0.354" -0.458"™ 0.058

Na* -0.807" 0.792" 0.270 -0.706™ -0.478™ 0.580™

K* -0.506™ 0.839™ 0.489™ -0.729™ -0.509™ 0.548™

EC -0.865™ 0.719™ 0.268 -0.658™ -0.505™ 0.493™

C 1.000 -0.635™ -0.429™ 0.682™ 0.682" -0.319"

N -0.635™ 1.000 0.497" -0.906™ -0.548"™ 0.639™

P -0.429™ 0.497" 1.000 -0.437" -0.887" -0.233

C:N 0.682"™ -0.906™ -0.437" 1.000 0.542™ -0.686™

C:P 0.682™ -0.548™ -0.887™ 0.542™ 1.000 0.134

* p<0.05; ** p<0.0L

AR 3 A FE 0T 3 S BRI B — Bk R E
(T e M B Nat>> CIF > K'Y, S042 > Ca*y
Mg*. COz*. HCOg), iXFlXfNa*. CIHuk 1R
REAE AT b 25 AR R ) B0 38 T S A 2 5 i ek
R, [FIE YA 58 a] DUVE A R de Rk &

.

3.2 EMHMEYIC, N PESKFITEHE

FeE H 7R 0 & 2 A M E Y E TR
—ANEZEIRAR, E AR R R 1A KR (Donohue
& Brown, 1984), Jf H'E/EHEY &% B I 5 EL 52
TR B B 1S R s AR T IR 52 T B A S5 b

TR RNERN L), VIR R G0 E AL F A
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[ 4% B (Baldwin et al., 2006), [AIRf 88 E 75 7C
RISt A DU A 85 3R 8 3R K. WER R
BARh L AR EARERTIAR . SRTUR, N A
AT AE)VAFALAMC, N, PR EAA AL
2SR, R T F—AERH R 5%, 2013)FIANH
AR RS (TR B SR, 2014) R A AE VA7 E W S5 1) e ) A
FPE, I T AL I R R R A R X 7R 43 R
TG IR 4 FEAFAE o AR B A B 45 A B TN P25
YR T HASFEA L A M TURNAP S &, &
Whight 45 (2004) A1 5K 1] 55 (2014) ¥ BIF 55 45 5 1E 47 AH
R, RWSZERAEREARIING PHIMRISCR 2 T Eh A
B, WRERFCNEEAR A TR, A 1E A,
fdr T 25 WS VR A ek, A Eh S AR B, b R R
Z IINFIPSR4EFF IEH (/LB ThRE . RIS AFp £k AR
YIC. N. PSR 71 919%. 54%. 35%, Jx
B CTEXAM M AL N T E, PEEIRZ, N&
BRARE. NS, CEERMIAN T EiE 284
M, BAASS MDA, TR RD, &
o, NRIR) 2, BR AR, PIoEkRiIER
N ok, 25 ZEURK, &AFE (Kmer, 1989;
Reich & Oleksyn, 2004; UtiT#%5, 2014), 1fiiZ%4ARh
HAEMYHRIHEPE EUNS & H A, N2
YA SRR EA BAE 4 R . CHESN,
P& & (A0 MG, NEPZ AR 3 IEAH K,
I T ShAEM ) S HoAD S S R AEYIC . N PALE
THEHFE (Sterner & Elser, 2002; @14, 2011; 254k
&, 2012)—FEE A RIFE A, B 1B TA R4
2 J M [] 1) 22 5 5% W AH [R] (8 HLAR 76 3% 20 1P 1),
e A YRR R e R B AR R R R AR KR
1) B LR

EYICNI B T CRURMEE ), AFRIHLICNE
1R K(Donohue & Brown, 1984), Hff 5t % Hl4fhth
AR ZE T CINGZE /N T H AR Z2FIR, 5 £ A Mg AN
W B (2010) T FE A i CINBMIR T 25 AR
SER—F, ATREE T AR A4 B T
MCHEm, Wik T EEYA KR, 4N
TR . YA NP IR A A K
B [ 25 0 IR (R 48 514, 2010), Koerselamanfil
Meuleman (1996)#/F 7t % W, #4744 52 NI PR il
FIN:PERIE 70 59 914 R116, BIN:P < 14§, BEIEKF
ERE A BN NP > 160, L
K EHEZPIRH]; H4N:PEL14-161F, NSZNFIPH 3L
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[F] PR BRANSZ PR o % TR B N . TOUTC
AT ENP K T-16, ZPIR$; £ £ 5L T o
N:PH#EIT16, KT 4 [ 3 Py i i B A A it
%IN:P (13.5)(Han et al., 2005), 32N, Pt & B ] (fw
P), #t— bR Z A Y A K 5 (R
25 2013) RN JH (MR 4%, 2010; K L4, 2010)—
FEE B2 P BR 1] o
33 EEEYIEK
EppA

AR E 0 T il R b SR BEE C
N. PICERSEMZL. CAVRIAN, HiNERE
iy BER I A S SRR TR, 1
JEPRERESS7E — @ FEFE B3GR S BT R
MESEE(EFFAHKE, 2011), X TAEKES
B LY, SN PAEA AT DL R SE)
(I AR A8 70, SR AR 4 Mie R A 1455 3, i w] bA
BEE MR N IINS PFRIMIRIL, (R AERK K
H (Rrezboem & Thomas, 1998; 5 [# 4%, 2000; B/
4, 2005; flensE, 2005). WK AT SR AEAEY)
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