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R AN R FEEREEZFEX
7K 2 2 4L B I R

KER" F F° HREAT MEHRT BAET

('FRBRFTFFAIKEHAN, BH-ERF830046; *GMAXZHAFTHRELLRT, 5-EKF 830046; ° #7528 K F R 53R
HEFR, L& K5 830046)

B E YEHAYTHEEREEZFENTRE TN AE, B TAIEEAFEA
JE I AR X IRIE R E M ALE] , R R A T & KR KR IR T T AR A B R R A F
7&%%%}#4&% Mk 22 R Rt R AL, SREA A LIEAE TR, (1) #HEK
Frt B (C)F4E(Ca) B BERZETH, A (N) B (P)SBLRZE LM, 5(S) 4 (K) .4
(Na)%ﬂ%‘a(Mg)/@ BERm(P<0.05);(2) MR GEENEEFENZ R (a,) B&K
BARIRTHTELH MEABFRETRTEGEHNEY o T B RS, B
#iﬁ’wﬁjl‘ﬂ/ﬂ\fm\%iiﬁf@k%Wfﬁﬁ’ﬁy&u}ﬂ (3) K AREIE T M A N.S.K Na F1 Mg 4
EWNADAL(B) R %m%mm%%iﬁ,c?rﬂcwiz +TEAKERER AT ERN £
LB, 18 K AR B A A by R AT B E KRR PR T N (4) B E LB Kk
T REMSZFEE RHERTECNMP, 55%-R#EF TE S.K.CaNaF1 Mg
6] AX M7 o B B R AL F AR AR R T A A B TR T Y R UR AR 4 ek s AL
HREELSE

KR EM L F R PR WREE T REAY

Responses of leaf chemical trait and economics spectrum in desert plants to varied soil
water and salinity. ZHANG Xue-ni"*, LI Yan'”, YANG Xiao-dong’’, HE Xue-min'?, LV
Guang-hui"** (' Institute of Arid Ecology and Enmronment, Xmﬂang University, Urumgqi
830046, China; *Key Laboratory of Oasis Ecology, Education Ministry, Urumqi 830046, China;

* College of Resources and Environment Science, Xinjiang University , Urumgi 830046, China).

Abstract.; Exploring the responses of leaf chemical traits and their economics spectrum to envi-
ronmental changes would help understand plant adaptive strategy from a functional perspective. In
this study, responses of plant chemical traits and their correlations at species and community
levels to different soil water and salinity conditions in the Ebinur Lake Wetland National Nature
Reserve, northwest of Xinjiang Uygur Autonomous Region were analyzed. The results showed
that; (1) With the decreases of soil water and salinity, leaf C content at community level (p,)
significantly decreased (P<0.05), Ca content marginally significantly decreased ( P<0.1), leaf
S, K, Na and Mg contents significantly increased (P<0.05), and leaf N and P contents showed
no significant changes (P>0.05). (2) Alpha trait value («;,), representing interspecific differ-
ences of plants within community, was higher than co-occurred species in the plots with high soil
water and salinity, while it was lower than co-occurred species in the plots with low soil water and
salinity. The increases of the range of ¢; indicated an intensifying trait divergence with changes of
soil water and salinity. (3) Beta trait values (3;) represented the ecological niche in community
trait gradient. B, of plant N, S, K, Na, Mg in the plots with low soil water and salinity was high-

ER AR FEATH (31560131,31700354) SHismLEE/R B i X SARHIF Tl & 45 BORRHIF R 23 4 (XIEDU2016S026 ) FlHT 3 K 24 1+ A
BHE4r (BS150260) % H

Wk H B : 2017-08-30  #E3%Z H . 2018-01-29

* WI/EH E-mail; ler@ xju.edu.cn
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er than that in the plots with high soil water and salinity, while C and Ca contents showed the

opposite pattern. Such B, differences indicated the significant effects of soil water and salinity on

ecological niche of species chemical trait. The range of B, trait became smaller with the decreases

of soil water and salinity, indicating the decrease of ecological niche breadth. (4) Trade-offs

between light-capture chemistry such as C, N and P and osmotic-metabolic regulation chemistry

such as S, K, Ca, Na and Mg were intensified as soil water and salinity decreased. Our results

provide theoretical basis for understanding the resource use strategy and adaptation mechanism of

desert plants under stress environments.

Key words: plant chemical trait; leaf economics spectrum; trait gradient analysis; desert plant.

T R 0 i 7 P A A 2 1 0T 1) R
B HPAHRZA TR TEM b & i i i
B, UL B I RE R B (Asner et al. ,2012)
A7 A R A PR BE S T AR AL, M 2 T
(leaf economics spectrum, LES) & H. £ AU Ay mk Py 7]
ALK R DIREMIRA &, B — R I A IE
LA IR ) G DR A SR Mg K AL (Wright et al.
2004 ; REZIESE, 2014) o ARF I R A PR B HAY
A7 5 DI ) D 28 0T B 458 722 A PR i 1, A 48 78 PR 45 A
THEY A% B DRERY N TESLT AT A5 45 B D Refe fit
HHE (BAIEEE, 2011 ; Asner et al. ,2012)

MRBR(C) R(N) (B (P) 2SR YL
FAKBTER R REE RO KR
— RERHXENREEY R C NP & I
(EAFTER N AL S | S Wl 1 AR ) 365 7 A 456 1) S g
75 (Westoby, 1998) ; AR A R G W R B 2K
UESE A C N (P RAAE B R A5 Y A2 L 2
LR 1) T HE TR WS IR 2K ( Asner et al. ,2012) . FEH¥)
AR — RIS R 2R G e, Bk C N P 4,
B(S) B (K) 45(Ca) BE(Mg) AL AP ARTEZE+5
Y AL EEA REF ST R T A AR
YEF (56 2 4%, 2002; T 5111, 2010; Marschner,
2012) Rl of AR T 8 PR B T B9 A S
AR (EREN: (1 NG Br S e K3

H Hir, LES Blg i F T FREE SRR ] A 2 fig
PR G HEERR BRI AL R 2R 5 A3
RGEIRER R ST T B WFIE , RO Y A= 522 F 58
AR R TR 2 — (B 2 08 55 2014 T 08 52 4%
2014) . HEIRMEYI AT PR B R 55 23K K
oA R GEEA AH TR Im PR R v J5 b X
TR (1) B =, T OO 10 A3 1 0 5 e
WARARR . TEFREE G vE 1Y F 0 R, A 3 o PR 1)
T R LA R PR AR B 28 BRI T e, PR 22 T
T AT RERE PR AR AT AR | A0 AR 55 v ) R ) it

A N it m T TSR (SR 545 ,2010) , AR N
A AL 2R bt i AR AR AR N i R A
(Wright et al. ,2012) , BFFEAS [RIFE B 2 70 A MR 45
T me W ARFAE , ARS8 S R ) | BBURR M (el 1
(PR S B ) A K FLAR A a3 A B T R
2R S A Ak A M O R (RAR 1SS, 2014)
T L DX A AR AR R G 55, S AR 3 H
AT TR BRI R POE A SR T, K
FIER 53 T2 52 Wi i WA ) 26 A7 3R W 1) O S A 58 TR 3%
(BKARLE,2012) , Hrm 38 b B R R H AR
DXASE 5 i P AL 2 DX I ] L 28 1) R 5 e
X, PRI IX N AR AL B S B, M o A M %
FE S K e i LA (TR e 45, 2016) , SR T AE
Py e 388 3 A AT 7 5 M R 9 2L R R O i 7 H
HIMJGE W, FYTREMEIRA G AU B T /R4S
ACIRIEE T L) (0 i 3, S % [] i S R AR 7 A
AR TR, VI, A5 S BT T A
Yy RE IR B 28 % 3 Xof 7K R AR A B o 107 RAE , 3K
PR LA R R E RS : (1) AR ER IR T e Al
YIRS PRI KSE i B A2 otk 22 S anfer o (2)
T A AL 2 IR 28 B R XA [R] /K S IR 5 A frT i)
NELAEE 7R T RS A e R b oA n] Y fig
BN TR 5 DX 6 PR AR AR 3 1 5 I R
KM R BTN Y BETE A A0 L A b A7 1
PLERAE HA BB 25 M (8 (BT A BLAC - BTN HR A

H85,2015)
1 HARMXEHARFTE

1.1 W5 IXHEAL

LG R A SR PR IX (44°307 N—
45°09' N,82°36" E—83°50" E ) {ii T3 5 k5 1y 2.7
b, 2 EVE IR F b PY R SR A M K BRI AR Pt
ARG HE D 2 K AR R 5 °C, Bk
SEN IO ZE AR BN Z A PR K Nz A i
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N
44°42'0"
TIx2 A
Tix1 A
Tlx A
44°40'30" T19 A

44°39'0" |

44°37'30" 5

(Al 5
= = |

44°36'0" £

83°29'0" 83°30'30" 83°32'0"

E1 RRRBAEFTEE
Fig.1 Study area and investigating plots

SR8 105,17 A1 1315 mm, 3 L 0 A 70 4 25 25 2R
B Hoph R ) AR W B IR 2 R, R P AL
AT 1 B9 EA4% ( Populus euphratica Oliv.) FEMI( Tam-
arix ramosissima Ldb.) #A2 ( Haloxylon ammodendron
(C.A. Mey.) Bunge) . %k 5 K ( Halimodendron halo-
dendron (Pall.) Voss.) I 35 ( Phragmites australis
(Cav.) Trin. ex Steud.) , 7 £ 8 Hu 19 ERFE K ( Ha-
lostachys caspica C. A. Mey. ex Schrenk ) . £k 77 K
( Halocnemum strobilaceum ( Pall.) M. Bieb) . §ifi 3&
(Suaeda glauca (Bunge) Bunge) FIEETUN ( Kalidium
foliatum ( Pall.) Moq.) , ¥ JF A Ho 38 7 f3 A H ¥
( Glycyrrhiza uralensis Fisch.) 2B RHMIAC ( Lycium ru-
thenicum Murr.) | /N5 & ( Aeluropus pungens ( M.
Bieb) C. Koch.) , Ll §if it B A £ & 5% ( Reau-
muria soongorica ( Pall.) Maxim.) & (47 % /R 4%,
2009) o BT 5 3] A7 TR 0 XA 8 X AR, 2 3E
O 7K IR 2 — 1] 2 N30 A 1) oy Y T8V K T L
OIATA R E I BRI MR R SF IR i
Ak, i T GRS S AN A AR R 2 B H: S i
JUIE T 9T AR o i 1R A Jg
1.2.1 A& 5580 IO X B H 5
I JC O BT TE T [0 BEE 3 SRR &R R IR
T B AR A (ROKER SR Z TR
FEREAT 1R 500 m, BEE 14> 10 mx10 m fFETT,
32 AFETy R AR DT 24T DL 1, WA R
O SRRE T LB R, MRS AR SRR T A
AP RE A % S RET IR T E

83°38'0" E

83°36'30"

83°33'30" 83°35'0"

M-} C.N.P.S K .Ca Nafll Mg &, S50 1 k5%
SCHK (HE5,1996) 5 [RIIN, 7E A RETT N, T 5 AR
BRI AL 0~15 em +3E, R TDR ( Spectrum
Technologies Inc. , Plainfield , IL) 7£ B¢ 4= 55 Fff 4 0 2
TIEAPE KR DR R B A A B4R J5 7 52
B AN G TS0, 2 N BT Y 13
bk L pH {5 i T3, S8R I E J7 ¥ S 2% Sk
(FEIAE K52, 1996) o o b, B FE Dy R 4K
HRAFAER (SW1) MR(SW2)2 K- (1), K]
EEW R (P<0.01,% 1),

1.2.2 AR HHOKIRIEE (SW) i i 255
Br (V-39 ) 805 s H I R A IR B2 20 B 2 2%
Ackerly 55 (2007) $2H T HE k. BARR . ER
PEREVE V- X ARAEHE I, B MR B 5 R TR AE )
APEAREL R MM o H03 (o) M1 B A (B,) , H:
o, DRI A PR IR (R 5 L A ) Ao P RSP 2 (L TRD Y
ZE(H, FR PR HIR AR R v N AR T L A b
AL B IR IR B B BRI & R
Py A= 257 B A 5 B o, T B3 Sl S T )
AR S5 A7 P AL AE A 8] 110 22 S SR ] 1) 22 4
=1 A AR IR T

Table 1 Plant composition and soil properties of two types
of plots

it W pH HLR AR
(dS-m™) (%)

SW1(n=13) 16 8.64x0.38a  12.02¢4.93a 16.65:2.89 a

SW2(n=19) 18 8.04:036b  191£1.25h  2.63:2.32b

[l —FE AR EICHE AN IR B AR TE /K $h PR BE 0] 22 S A B 3, 3 koK
S P<0.01,
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pj:iZI (1)

ti:jﬂi (2)

(3)

Q; :ti_Bi (4)
Horbr p FORBEIE j MR- M 0 AN BN 0 1E
TR J NI Z B 5 n 1S 43 0 26 /R BEVE B (RE 800
LRETE NI IR EL ;¢ AR @ TEREVE j IR PEIR
{8 ;1 AR PP B HARAE ; o, T B, 53 T TR D) B
PR 5 AR PR YA 1Y 22 7 SOZ R e AR
BEIE L0 & BI R R o 450 F0 B 4153,

Sk T R B 43 B 2K, MR BRSBTS bR T
K ERFREE MR I RE (/N T 3 AN R, JE 2k
TR B P EAE R K 2R R (SW1) 2 10 F, fI%
JKERT (SW2) g 13 B ik PR 22 5 R O 2293
H1(GLM, Duncan %2 & ) 58 4%, i T H &84
BAEH (NP K Na Mg) Jo i [m] i 2 1E 257341 A
J5 3R , w5 IR sk A FH AR S 800 1k ( Wilcoxon
P K DARRIA L 25 S5 2 M i Ak R )

K2 AEKEAETEHEFEHER(p,,g- kg HER

K ZFIH PCA(principal component analysis ) il €] Fl
FHIAE AT 5 28 28R IR v K B ik
SRR TS K A8 P B e 17 73550 HIAS [ 7K R
LR 6 LAl (SW1 R SW2 (A K 43 531
45 F149 > By JELAG PR 1 5 RV 1 28 IR A 2 A
[ERINEIPS

2 ERE5NH

2.1 YD REEIR A AL A K ER IR (] 2 57

Bl T IEAKER SRR BE IR AR i R N
P Jo i AR (H C 3 T (P<0.01) ,Ca it
W R (P<0.10) s #F 5 K Pt S K Na Il Mg %
TR K R R RN (P<0.05,%£ 2) .

GRS YRR o A0k E (£ 3) , RFEIK
ERIREE N YRR A R AR MR R S A3 N, 16 EH
B 5 3K R e B ANK, AR Ak PR 1 ol 1) 434k
gL, BAARKE  FEREE N, R KERIREE N (SW1) %
FIFH A N S K Na Fl Mg -850 i T e sh
IR (0, >0) |, TAEAKERIRE T ST ALY
T4 7KF-(C .S K Na Mg 1 o, <0) , Hrbtd S fil
Na & i 5 AR 27K (8] 9 22 S A AN [ K ER [ )
A3 (P<0.05) ,C & B 5 5F-H K a] 22 SRk £
AR AT 2 (P<0.10)  (HAE SR KRR F P
Ca & it AR AT 0 22 R8N,

BEE TR ER & AL, PR AR Y B 4143 A2
WRFR C 1K 3G ah, H b 35 22 A [ AR B 0 BRI, U
FICK SRR 5T T WA Ak 25 R AR VE PR S 4%

Table 2 Differences of community mean trait in distinct soil water and salinity environment

IRERIRIR C N p S K Ca Na Mg

SW1 443.41 a* " 19.48 0.91 14.21 b* 9.95h** 18.16 at 3230 b* 6.18 b"
(34.62) (3.45) (0.29) (9.78) (6.08) (8.79) (49.15) (8.01)

SW2 345.64 b* * 20.02 0.87 20.81 a* 18.63 a* * 13.17 bt 72.53 a* 6.83 a*
(64.58) (2.69) (0.17) (8.40) (6.32) (5.28) (34.48) (3.42)

RIS i m T TE b e UK IR B 0B s * » Jon B KT, P<0.01; » Fm i BT, P<0.05:§ Fon i T B KT, P<

0.10, 355 &G M bRifE 2

®3 AREKBAETEDIEIRE o, 5

Table 3 Differences of species alpha trait in distinct soil water and salinity environment

IREEI G N C N p S K Ca Na Mg
SW1 Al 227.42 8.91 0.53 37.14 14.18 15.59 65.74 9.54
EHIE -7.37 bt 1.62 0.04 4.02a* 1.27 -0.09 9.84a%" 1.10
bRz 61.74 3.28 0.17 11.65 4.52 5.31 24.90 2.95
SW2 AR 503.20 28.31 0.82 31.75 21.94 16.44 133.46 15.12
FHIE -2.05a" 5222 0.09 -6.34b" -2.34 1.01 -35.60 b**  -0.52
brifE 2z 134.35 6.45 0.22 10.06 5.62 5.05 40.68 436

A NG FREF IR o, A5 BRI A R ER AT M 225 B2 5+ » FORZER WL E (P<0.01) 5 = FIRER B (P<0.05) ;7 FRITF

BFKF-(P<0.10)
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Table 4 Differences of species 3; trait in distinct soil water and salinity environment

IKERFRE gt C N p S K Ca Na Mg

SW1 AE g 70.23 8.28 0.84 19.29 8.37 23.82 134.48 12.32
TFHIME (g - kg™') 44159 a**  18.94 b' 0.91 16.89 b* 9.59b**  19.29a**  3409b**  5.89 b’
b2 19.35 2.43 0.25 6.04 2.97 6.74 40.01 3.69

SW2 B 93.80 4.15 0.38 11.97 14.57 10.38 48.68 6.17
FHE (g - kg™') 346,50 b* % 19.97 af 0.89 20.62 a' 17.94 a* * 1278 b**  71.65a** 7.7 a'
bRz 29.75 1.40 0.11 3.80 3.75 3.04 15.17 1.95

A NG FREFR R B 4L 53 B AR A R K SR PRI ) 22 57 .35

AR RSN/ TEAR T FOKERIET  4H
YR C Al Ca &5 W E BRI (P<0.01) , i 5 K Fi
Na &5 & 5 &8 ( P<0.05) , M H NS Fl Mg & & B4
WIM(P<0.10), Wikt H P & & 7o i &4k (&
4) , B A 398 K £ AR Ak 5 35 5 A ) ) A S AN A
AN PFh B AR A 25 1 3 3 5 T o PR, U R
FEAKERAIE T,
2.2 FEY MR G BT AN [R] K ER F A 1 i 1
FEKERAE T Y A C 5 Na Mg, N 5 C |
Ca,S 5 K FZ A W E A (P<0.05),1M C 5
P.Ca,N 5 Na,P 5 K,S 5 Mg %2 [a] 5 i & 1E 4
KRR (P<0.05) ; AKERIABE T, 35 B W K
MR R FEEAFFET C 5 S Na Mg, N 5 K,P
5 S Mg &S 5K Z[E(P<0.01), I FEAMAHLE
FAAET C 5 P K,N 5 Na,Mg 5 S Na Z 8] (P<

1.0

1.0

B2 S(a) R(b)kKERZETHHIEREXR

o FONZESHIEE (P<0.01) 51 FRZ T 83K (P<0.10) .

0.05, 18 2) . MASHFR R AEHE T B v i 20 A5 22 Ak
ALHICE 2) Bl S HOKER S TR IS S E
etk S SRR PR R R TOTR S KR |
EE LRGSR MR RS S T8,
T 5% G By MR o3 A RS 3

MAEARTBIAHOC RBORE (KR 5) , 740 4k
PR B] TEAH S Bl /K ER T B R ke 35, HLAAR N .
C 5 P,Mg 5 Na yIEAHSCH 3 K 5 S, Mg 5 C P,
S5 C.P,Nat5 Ca Byt AHCHE 58 ; A B, Ca 5 N, C
5 N Na BRI, LXK 5P Ca5C Mg 58,
Na 5 N K P IEA M Rl G K 5 B0 ; 75 48,
N 5 P 7€ 2 FlUKEh FREE T ¥R 1A 8] 0 A0 56, 1 N
5K I A 2 A G (R K Eh PR ) B A8 g A
FHOAR (RAKERIAEE) K5 C AR A B
EFEE,

1.0

-0.7
-0.7

Fig.2 Relationships among species traits across high (a) and low (b) soil water and salinity environment

ik FRM T BRI R R EE B35 S04 B R BRI YIFR, 20908 HY 5845, LTC . 3§ B¢ il (Alhagi sparsifolia ( B. Keller. Et

Shap.) Shap.) ,LW./ 35 PPC.EEE 4L, SS. B YZZ . EHTUR
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Table 5 Significant correlation coefficients of common species leaf traits across high (SW1) and low (SW2) soil water and
salinity environment

K ER I EE LE2N C p K Ca Na Mg
SW1 N -0.47" " 0.11 0.18 -0.33* 0.58** 0.19
C 0.26" -0.04 0.38"* -0.62" " -0.42%*
P 0.30* 0.04 0.12 -0.24
S -0.37"* 0.24 0.05 0.64%*
K -0.18 0.33* -0.04
Ca -0.44" -0.02
Na 1.00 0.16
C P S K Na Mg
SW2 N -0.28 0.07 0.16 -0.35" " 0.32* -0.09
C 0.34* -0.47%* 0.32* -0.41%* -0.62" "
P -0.36"* 0.14 -0.15 -0.39**
S -0.43%* 0.20 0.46**
Ca -0.63" " -0.12
Na 0.35%*
3 W@ WA, BT IR 32 (89% ) , CaCO, 7% f 3K

3.1 FEEAHY T R Al R 0 K B

Fa Y56 2 A 27 B P RERS TR 1 AR L3R 85 T i
FIFRAE IR, J2: A8 W) V) hE 22 FE 1k 5 5 25 21 1 o0
(Asner et al. ,2015) , 7 3EKEE &2 B F T FH
W M EHYBEEKET A NP SELEEES, X
B T REVR AR NP AR M, 3K 0T R R T AR 1S
I S PR 5T 1) o A B, AR TS OKSF R A
Ca B E THE, M H C B FETREZMYOE A1
FH g R e, S B0 TR AR K fE A
WA B SO TR ARR R R C & EGEE & T
TR R (GRS, 2014 BT A LA - PIRERIAG 2
%,2015) , ARWFFE T A B K ER BT T
30% % ZEARK LR B T BY 15.4% , 17 A 45 ]
20%38 % 38.5% ; [FIAY m KR IR IR ARt/ C &
T TR Y (F=2.9,P=0.062, &
) AMOKEEASE FIRAM B C Rk EEST
FAAEY) (F=12.02,P<0.01, KF|H) . FHH, A [E
A T B A1 Ak 2 DR 110 25 5 R A 0 R 2 v Kk 3
A ] 35 T RS E B RETE C B RN
Ref 1) EE L S PR AT R A R AR U Al K T 1 52
Wil ( Dahlin et al. ,2013) . Ca E4EFAEYIE Y 5FE E
PEME ORI L e PR AT
D7 A HEAE A (FHEESE,2005) , Ca YA
b E 25 L3 A % (Asner et al.,2014; He et
al.,2016) , 738, WFE XA K £ X R 32 28 8 37 85 XL

(41.8 g « kg™"), i 1 7K £R X3+ HE M R (23% ~
449 ) KGR & F (32% ~53%) #8F; , CaCO, 75 B 1k
F]57.2 g+ kg™ (Wu,2009; 52598 ,2011) , K AT fig
SEL MR REE KR B Ca &b
et i€ N CITTRTE AL NIy SR

SCHIRE P HEVE K B S K Na Hil Mg # i
B 25 7K AT 5 PT RS A AR T 2 3 1 —
FFP, S K Na Fl Mg X FHIYISFLIEHY EAA
I AW FUN TE D QR S YA o e i S EEZ S
HYAE ®) B A Al B B (5 1, 20105 Marschner,
2012) , ARG, K AER AT S R
M+ B & 2, K2 B E M 110 Na
S (=748 1982 ;Sardans et al.,2012) , H:Hp Na H
ABERETURE, LB REERTIE TR KK
BE(He et al.,2016) i S AN HENE 22 fif £h 43 X A
Yt E WA B TR dE N FIFHRCR (Legay et al. ,
2014) , UL, MEYBEEE KT /S K Na Fl Mg 7F
K ER S5 T T 1 R 2 AR 76 T 52 i fin ] B 42
e FLT e S 1 I T RE T AR

FEYI DI REPEIR (4728 £k 32 2 PR 55 0 35 AN 2B A0
YEFIM AL SZ M, 78R TS b, 5 el L A7 g
PRI DR A S T A5 O 22 DO s il PR30 T, S i
AR, BT 3R AR B 1 R I FEAE VR A
AR AT TTER, — ERREE A A E IO
(A58 B4 ,2009) o PIFEAR Y o FI1 B 413 AR
3 AR o ) 22 S5 R0 PR B8 3 08 100 AH X VE (R Rk
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£5,2016) , SCHOBIE/KERAEE T MY C NS K T
REY o BRI T B 53, Hp R I Z , i %)
FRIEIFTHEXS NS K BERAAAESE S, Mkt - P Ca Na
I Mg %5 5 2232 PR85E 5d U8 10 52 i, 7 4 G [
BT K IR B AE Y MRS SR . ROK BRI EE
T AEPIHERE o HAEFRIIRT B 4143, Ui BT Fh ]
FHEAE MK ER ST G X3 x5 ke &
IKERBEAR o 243 S W BN B 2405 BRARAHM) &, i
BRI/ SR PR BE T (8] 35 S i), 3 ml e 5% 2B B 4%
TFF 80K BB FFRIRNE Z H K, EH SRR
AT FFHPERR ARG, PR A= 0 e 3Rk (JRK S,
2016) , FECGEGH ], X 58K EE A5 T AP AR
(1) a 20528 T3S AR A
3.2 FEWAH Y Al R 2R T 4 7K R iy

5 X TR A A [ A7 R SRR
A5 Z2 T B 28 B I U ) R DR ASUARR R
B FRRIE RN 2tk . DS TRt M fh s AR
() FH G 2R A B AR AE TT LA Y, 1 5 P Rl K 3R 26
BT AP AR O 2 2= 4 F C N PSS
FI K .Ca Na Mg W2 22 [H], 55527 C NP Fl Na,
Mg K Z[a], 3 H X — A AR K $h PR 5 T 0 i i)
XA R TR (C N P) 51K
R LR (K, Ca,Na, Mg) [0] A] G817 76 AU ol by
FCR, ABEFEIN R Al AT A 58 2k 05 5 AR A
DAGE IV 1o R 0 PR, (HL K S8 7 1 R 7 A B
H(IKEHES,1987) , LSRRI M A C (kAL
AWHIEAE) 5 Na Mg K 2 8] 1 2 A8 5 4h,
5 2R M B R Y NP Ja) 3 I A DG B 4 8
WA AN[F] (Han er al.,2005; 33 %5 2014 ) , 3 b
FeBAYIT R N P A IE AR G 8 3, JEie T {a] F
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