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C, N and P stoichiometry in different organs of Vitex rotundifolia in a Poyang L ake desertifi-
cation hill
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Abstract

Aims The objectives were to clarify the responses of C, N and P stoichiometry of Vitex rotundifolia to desertifi-
cation, and determine the C, N and P stoichiometric relationships among the organs.

Methods In this study, different organs (e.g. flowers, leaves, twigs, creeping stems, fine roots) of V. rotundifolia
were sampled along a desertification gradient in a typical Poyang Lak sandy hill. Subsequently, C, N and P con-
tents of various organs were measured.

Important findings The results showed nutrient contents in different organs ranged from 386.28 to 449.47 mg-g '
for carbon, 11.40 to 25.37 mg-g ' for nitrogen and 0.89 to 1.54 mg-g ' for phosphorus, respectively. C, N and P
contents differed significantly among the five organs. The maximum N and P content were found in flowers,
whereas the minimums were observed in twigs and creping stems. Moreover, desertification intensity only sig-
nificantly affected C, N and C:P. C:N and N:P ratios maintained relatively stable. Except N:P, the other nutrient
elements and associated stoichiometry significantly differed among the organs. Hence, organs, rather than deserti-
fication intensity mainly controlled the C, N and P content and their stoichiometry variability. Although there was
a positive correlation between mass-based N content (Np.ss) and P content (Pp,ss) across the three desertification
zones, the Npass-Prass relationship in V. rotundifolia did not shift. Irrespective desertification intensity and organs,
N:P stoichiometry of V. rotundifolia was well constrained. In addition, significant correlations of C, N and P con-
tents among organs were mainly found in the above-ground parts, especially between twigs and creeping stems.
Key words Poyang Lake; desertification hill; plant organ; nutrient; stoichiometry
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(C)s AN)FEP) SV EAE TR TR, £
A A AR b AR B S HLRE P R HE A BB .
Co2 e B R A T i) i E 220 3R, NP
43 ) S RE A R B 1 R RN 40 it 224 4% B AL B )
A 5% (Niklas et al., 2005). N:CHIP:C5HEY)HIFX 4
K5 2% V) (Agren, 2004), N:PIAT DL Sz wAg 4 4E
£ B2 NEP 1 FR #1135 % (Koerselman & Meuleman,
1996; Elser €t al., 2000; Giisewell, 2004) . f47) 4 [F] 41
LB EER LR ST R R AT A KE R
LT B P 55 4% 4K (1) — Ff 5 1% (Marschner, 1995), 41
- 5 XA A AE S 18 7 DX A7 368 0 A B s ) BT
AR (B &) N Py & (Wright et al., 2001; 2%
BEE, 2010), HEH NRAKIN, PEEAKT H FH
SR R, H 3 B AN PAL T & (Yuan
et al., 2011). M7y, XIKC. N, PAL2EIFERK R &
HIKSH R R R AESHFIT EFE— N EER A
SR, Fah RACH B T =R A T E
[F550 5, MFINASRGEThRE. SRRk
A By e S 7 LA B R (AR AR E, 2010;
Elser et al., 2010). K, BN EEEAR R SR
B, BEXFARARCR A, 2010; B s FA4E, 2015), B
Hi(Yuetal., 2010; #fEFIHSE, 2015) Tl (% L5,
2010; ¥4 % M AT, 2016). R (Wang et al.,
2015; FH2=FS, 20160 F LS RALMITRE T KE
B TE. SR, ST A BT 21 B F i
J& EAEY) HAh 3% (Elser et al., 2010). AR, NFEE
PR 5 it (economics spectrum)E R KA EEE, I
S AR E RS HFITERR, URSBRELZ
[B) PRI ORI FE IR+ 79 06 2 (Reich, 2014) .

T K B LOR — B R R E oA E A
PREE [ FL(HE 3R, 1999), AMY AR IR I8 5 T
LR R, TR HIT R 77 W SRR T AR
PR IX CREIAFE L, 1996). LAEBEHISIX i,
VoAb T AR 22 143.89 Fihm® (72 K7, 1986). HRBH#
oAk B A T ARG IR X, (HK AR FI, R
HES-10H i DM SR mAE K, UKEES
T 0 X v 5 i Ty 1) PR o 5 e AL AR A O ) R
Kg . LTk, HHEsRL g /N B &5
(Vitex rotundifolia) 5 i Ly i 5 FH -3 FH A b 44 1t
YRR, H BAEA RV AFE B P Bt e
%o WHARMAEMAIEEA RS =N R
PE(Elser et al., 2010), i@ 15 2E Y0 A5 24k
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fma B, At B AR N A S R AR ThAE
AR PELERF O B ZHLHI(Yu et al., 2010). HAFE
TR 5> S HAL T K RIEA R X &Kk
BRI ? FINL PIIREEIR Z MK R 2 15
PO T A SR S 7% 2 AT 5 368 3 W v 78 P
BRIYD I P PR RV X B &R
Bk MIEZE WRSEMAIKIC. Ny PEE, i
FRERNICERNEH D BRI E RS
B, DARBEV AR AR BE ARk, R R AR
SRR, it — D AR N S R VD S R B
BERLEA R, ESPHMI A XA IR E IR S

1 #RFAE

11 #HHREEER

HIF 8 X 6 B 7E 30 [ 751 70 4k - i 1y gt 23 A7 X
—JVLPEEHE B 2 E S B WIS 1L, BB
#29.36°-29.46° N, 116.05°-116.13° E. ZXJ& T
PORF IR I 2 RS, SRR K R 310 mm, fEZEK
#1883 mm, HIBRE. ZEWDILFERZHELER
WS 0 b SRR 3 TR 1) — SR A L T R A7
RIEET AL, S o mEA . HEREEE
FEEE. MG RIEAAUR. BRI S8,
W 7T X 90 1l Al BARI 20 A3 N v A B B, bl i
800 myt [ N N E EVKIX, 800-2 000 mAyH EVD
1RIX, 2 000 mZ SRR EEVPAGIX . BV IGIX 2
MRz . Fshid B4k, 2R, &R
fis FEDAX RS RPPOR, EE R E
W BEVAX U 2 oy T, MR 25
RUREBI AT 3FIARFVAFEE X 3010 cm).
TR FEACRRAE WL L
12 H@EXESHH

20144E7 H HEZE Y a2, Wb Auss &
BRKEZ3000 mBEEL200 mEgRE:, BT SN
WL K Bl AL . W RE R FREGPSIEE, 7E

SRIGEFRR400 m (RZE15 mA A IN— Rk A,
FEUF8ANKAE S FEFNRFE AU B4 RFE N X,
TR FAEIX FEHLIE S0k R R I 5, 4K
R AF H AR B B S =0, 78 &SRR R R AR F /D
BRIZHE 2040 cm LIEIRSE, R RERFFAR
BE ISR, TRERRESE—RIERNIANE
2, BORPESREANER. AN, £ LEE
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R AFEVARRE X F IR ALCP ) E bR 22)

Table 1 Characteristics of soil and vegetation in different desertification zones (mean + SD)

FAEX I PR st S R TR HE LUpE N
Sampling site SOC (mg-g™) TN (mg-g™) TP (mgg™') Vegetation type Coverage Species composition
HEVLX 3.57+1.14° 0.14 +0.05° 0.10+0.07° HEAR+ELA 0.08 +0.02? &5 Vitex rotundifolia
HD zone Shrub and herb T F KR Cynodon dactylon
B Digitaria sanguinalis
R VL IX 5.74 +0.86° 0.32 +0.06° 0.11+0.01* HEAR+NFAR 0.34+0.11° FM- &5 Vitex rotundifolia
MD zone Shrub and small trees FALT Glochidion puberum
¥hK% Abelia chinensis
WA Pinus elliottii
BREEVAGIX 8.66 £2.23¢ 0.61 +0.26¢ 0.22 +0.04° BEAR+NTEAR 0.57+£0.13¢ B3 Vitex rotundifolia
LD zone Shrub and small trees FA&T Glochidion puberum

413 Vitex negundo

WL Symplocos sumuntia
WA Loropetalum chinense
FENIKD Quercus glandulifera
Hil}2 Robinia pseudoacacia
VWEHFA Pinus elliottii

RPAFVNG FREOR KA X 0] 22723 (p < 0.05). 22 EVEE0-1.

Different lowercase letters indicate significant difference between sampling sites at p < 0.05 levels. Coverage values range from 0 to 1. SOC, TN and TP were
abbreviation of soil organic carbon, total nitrogen and total phosphorus, respectively. HD, MD and LD indicate high, moderate and low desertification, respectively.

VIR R U Z mIREGWTTE, RELE0-10 cm.
10-30 cmiin, DA HIBA PR, N, 2PEFF
g5 K HUH ) e BB AR IR IE [ SE 58 =5, 3 B4R, 1
Ay Bok. AR, AIR(EAR<2 mm). AMETRHLAE
1E65 C T RE &, FRIEIFERE, PLYMER
Hrp—#B0 3 74C. &N 2PllE. Hi4ac,
4NKHEA3000 G % 43 #T1X (EuroVector, Redavalle,
Ttaly)I €, 4=PR AT EVENE . IS X
TEA G, AR S R A A M #3202,
ANL APWEEFREY) . FaR DAL, 35 LA
FUERIFED & ER N mg g ).
1.3 HIEAIES S

¥ FExcel 2003F10rigin 9.0 1T ¥k 4b ¥ 5]
K, FIFISPSS 19.0%K 4 H 8 R 3K 7 22 70 7 % 3
PV ACRERE X 33 . FEBRHAE, DL FR I 5%
WwEFED LR ENZERHTIVR . RAGLMALA
RIS R] 7 22 743 BT i AR FERAS [) 28 5 %o A
YIC. N, PHEAHALE TR, KA
225 AT 71 L DAL AR FE XA W) Ninass-Prmass 2% 14
KEMRBEEENZER, LRI RMHLSDZ
H IR F A 2 R | FHPearsonAH ¢ R 28 41t
BB T & 8 B C. Ny PEE RS &L
IR R, LRSS AR R R
KPR E e = 0.05,

2 RIS

21 BMHEHREZIFEFEC. N\ PEERKFEHEL
CTE BT & 30) % 2% B+ 1) 25 4k Vi i 4 386.28—

44947 mgg'. N. P& &4 [ U 2 5N
11.40-25.37 mg-g'. 0.89-1.54 mg-g'. 3fprEd
DANTE #-48 5 [0 A8 S ik, A2 55 REUE $130.4%
CHES 2 B AR 7 R/, UHS5.7% o Ht & 5
ANFABRERKC, N PEEWHFALREZEZRE
1A-1C), HHIEHIN, PEEEE & THAMSE; W
BRI ZION, PEREFE T HAES T B
=, B EH SR EN. PSRRI H >4
WM EZE>Hi 4. FMECN. C:P. N:PHYHITE
16.56-43.05. 273.85-498.20. 13.84-17.312 [l 5h,
HHCN, CPEESHE I Z R EE @ <0.05), C:NF
P51 ) ) ZES T 5> GRS > AE, C:PF3A{E R F6>H)
BIZSH>YIR>TE . NPWRFRA X AR e, TE&4RE
[F) Ak B 5 2 1 22 7 (I 1D-1F).
22 BMHEHEREC, N, PEERLFITEHA
x4

P B A SR EC. Ny PEEM AR
B K (R2) . MM B E K PRLRR
YA M SMCE R ANMEE IEMHK@E < 0.01),
TEA 5 R 2 C 2 AAH GHE — B, 35 9B . 3 6 A
K(p < 0.01), BEZEMBKCINAEE fHLQP <
0.05). TEEB2MINEMEZE IEFK@p < 0.01),
TEFIA 5% 5 ) ) ZENAE O — 8, ¥ 835 fAl
K(p < 0.01). fEZEEGH&MPE &N G EAH
K(p <0.01), MR SEKMPE & EE AP <
0.05).

A NP 2 H A S e R A B B
FHKT . CNILEFE AT S &2 RN
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Fig.1 Carbon (C), nltrogen (N) and phosphorus (P) contents and their stoichiometry in various organs of Vitex rotundifolia (mean +
D). F, flower; L, leaf; T, twig; CS, creeping stem; FR, fine root. Different lowercase letters indicate significant differences between
organs at p < 0.05 levels.

w2 BMEHR A E R TOR LA RIS R

Table2 Correlations of nutrient elements and their stoichiometry among various organs of Vitex rotundifolia

1t Flower I Leaf ik Twig HEZE Creeping stem
C " Leaf 0.480"
Fi% Twig -0.475" ~0.652"
2 Creeping stem 0.115 0.177 -0.391°
N %k Twig 0.672" 0.058
2 Creeping stem —0.543" 0.022 —0.681"
p fIEZE Creeping stem —0.049 0.174 0.518™
4R Fine root —0.001 —0.074 ~0.438° -0.214
CN Fi% Twig 0.472" 0.131
&2 Creeping stem 0437 -0.221 04117
C:P #HEZE Creeping stem -0.051 0.373" 0369
40 Fine root —0.035 —0.203 ~0.400° -0.248
*,p<0.05; **, p<0.01.
WE 3 IEA K (p<0.01), Mife. HESEEZEZE 23 BEMHEFEREC. N, PEEREIPILEEER
NWIRPNEE TR (p<0.05). M. Kk E@MEZE Tk
HIC:PA TR EE N B35 IEM K (p < 0.05), 40HR B S % 3 E CR R WL R K

5% C:PINEE AKX (P < 0.05). #4E H LA
Ak S5HMEEZEMRKRRANEY, Z& T
C. N\ PERKC:N. C:PALZFHE LRIy B E
PEAH K .
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Fig. 2 Changes of carbon(C), nitrogen(N) and phosphorus(P) contents in various organs of Vitex rotundifolia along desertification

gradient (mean + SD). HD, MD and LD see Table 1.

500 myt P E VALK, NS R a2 5 A
TR R 422 000 mZ AR VP ALIX . IR ZENF
S HARS E A LRI P& (E2B). %48
B P A RV R B R R, R
Z B NT.4%-28.9% (K2C).
24 B EHINnassPras K RIFID LB ERI T
Ninass~PomassF] 2 E IEAH KRR R(r = 049, p
<0.001,n=160), HEE. TR, BEDIXHE
N PE B A3 2 B E LML R (p < 0.01)(E3).
Ninass~Pimass < 0] — TG 2% P % R IR R R BN BV
X EFhESEEPRX, BNk, RN
HEWX & THESREDX . T ZaihE
B 3D ALTE FE [X Nipass-Prnass 26 1 58 R I AHR S8R
P A B B3 1 7 (R 3) o

it

31 BEMEHFRREFRIIESUFITERS
THHFE

R FR AR D 28I B Y v LD A R R R
fseBmAh, AT I AR IALX, it —
AU W X H I B RS [R5 B IR R 20 B S AR

3

SR RRFAE, BATE R S 5
Fi v R RS FOANRR 5 FA R X R, DAL AR
H [ KRR A 78 P A A 92 40 P A T . AR
B2 X B & 3R] N (19.66 mgg ')« P (1.24 mg-g ")
B B U BART b 7 A S R SR A Hh X A A
N (24.45 mg'g"). P (1.74 mgg Y& R(ZERE,

40 ¢ "
X
% X
30t
I
b‘) -
2 20
g [ ]
=
10F «
0 1 1 1 1 1 J
0 0.5 1.0 15 2.0 25 3.0
Progss (mg-g™)

B3 AN [EO AR BE X 8 3 B T 5T 2 (R R0 B (N yass) T
& B (Pras) Z AKX R . HD. MDAILDI[AZ 1,

Fig. 3 Relationship between mass-based nitrogen content
(Nmass) and mass-based phosphorus content (Py,s) of Vitex ro-
tundifolia at different desertification zones. HD, MD and LD
see Table 1.
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F3  AEVSAFREEX B & I HE T 5T 5 1 22 5 (Nonass) FVBE % 5 (Pinass)
ZIAIZME IR R A SR 2 A

Table3 A test of differences in slopes and intercepts of linear regressions
of mass-based nitrogen content (Npmass) against mass-based phosphorus con-
tent (Ppass) of Vitex rotundifolia among different desertification zones using
analysis of covariance

Niass-Prnass B PEPLIX BEDHKX  F p
(n=160) HD zone MD zone LD zone

#% Slope 5.2 8.3 10.1 1.13 033
b 9.3 7.5 5.8 2.66 0.073
Intercept

HD, MD and LD represented high, moderate and low desertification zone,
respectively.

2010). MtAb, HNE &M T Killingbeck FWhitford
(1996) 4R JE [ 4= ER S R 114N T 2 5875 P 78 Fh JHE R
MNP IE Q2 mg-g ). AWFFLIX w5 7 i
TITEEL, (HHb AR T AR X, KRz T3
bR X TR, X A] e R SN, PR R(KT
AT F . P TRXFEEED N EZEER, HRR
T DX AR A T R X8 5 2 A BN, PR
(Wright et al., 2001; Z=7K 4%, 2005).,

Kattge25 (2011)# 42 B 11 1 4 ERAE W) P IR B b
E, RIAEEYH A C. Ny PEERTIMHE S5
4761 mgg'\ 174 mg'g"'. 123 mgg", C:N. N:P
4323 4+ 12.8. 5 iR 4RIk B AR L
B, kg C (4495 mgg ) A EMAL, HN
(19.66 mg-g Y& B, HP (1.24 mg-g )& B m
—H; HCN 23.1)FEA—F, NP (16.8)W B
BAHERIZIHC (386.3 mgg ). N (16.8 mgg'). P
(1.32 mg-g )& &5 Yuan 25 (2011) 38 1) & ERHE 4
YR I & B b2t = AL, CREHCNHE
WK, N PE & S, (HN:PA2E s A —
B [FRE, 55 R BRAE(2015)4R3E (1 o FE R AAR 1)
C. N. PEEMUE, FRATHEARIUAFFT A ) s &
AR CE B MK, N, PSR S, 545k
o B KB AR K AR L, R R i B AR )
N.P& &, Frl2NEG 'S FmE, —mEnfes kL
R EHE PE I 2 BORE AR SR H R AR TR AR R,
IFi B 3 T 5 AT 9 X i 2 TR AR R [ S A 35 AH
Ko WFFLIX BABA T 5 X e B A K 4 R
ER KA R, Rl ERRENT iR DN
RIS R, HHERETERKEE. [
B, Yo IR, B ERTEK S 53R
FFAEBR B RS T T 38 i i NFEN T BE & —Fh A 2%
(038 B SR I, R NG N RE 65 $2 THIE B 3 A
VE BB, 32— B3 Mt v 6 &% % (Chapin
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etal., 1987). ItAk, HENE & 3G hnic mT LLG -
PR G 3 B B RN, T2 = 4 i A
B IE I, H5E X YR N K AR, & —Fh
AR K5 A (Wright et al., 2001).

N. PF&4) JC 3R AL F T & 30 & 28 B IR 7 oA AE
BEEFEL, BIALMIN, P& E R, 54
Rikz, Bz 5HE 22 M3A TEER HEEK
THMRE . HYAFRBRE SRR, B2
TIEFR S TCE PG M A, RE SR E
A= LT e 25 DA % (Kerkhoff et al., 2006). KRR #
WS RN, (ENEENEHESE, e S
LRRitA, ELRSC A7 R B TR T SR SE TR A
%, M AA RGN, PEE. WA REYIET Y
HEARSE, REFREPINGEGFTREEE
R, FR, ARG N PHR X RRR A
BRI — PP RS . MR RICE TR A
H, WAFHEAREAR SN PEE. fE22
F 2% F 2K 577 50 a3 SOCHEME AR -,
R, 7757 0% 1) & AR .

TLAER, BRI 2 (O 78 2R M AP Th g IR
B IR DR I A B SRR AN R A8 B 2 A PR G
X, FHOCHI FE AR BY T BRARFE A & PR 2 a) AH
YE FH LI (Eviner & Chapin, 2003). 44 Kt 2
rh St 89 R FE RN 20 i (K erkhoff et al., 2006), B4}
TE— 5 TR )0 B 58 A% A o B A B R S
KA TR I S & B TR LR KT E
KA MA I R B B35y, BITE. M. A
o mE R (A, HAJn AR S R 2K 2 AR I
B, 3 BR TNPERA B S EEMKZ A, HAh
(7% T3 AT B S RIIA R T R E A G
(R2), Won T =& Z [MAEFR A7 518 i 2 8] 1Y) %
PIKZ. EEDFTERES, 59 e
PR BRI 2 i . — SRR Z W Rl ] (1 e R
BRI AN4HAR N7 & (Craine & Lee, 2003; Tjoelker
et al., 2005). P& & (Kerkhoff et al., 2006; Geng et al.,
2014)) 2 83 IEA 2% . ARBF AR KB H S92
[ 3 FP TG 3 AT R R R B A, — T
RE I TR R 2 I 5 AR PR P DR 1B 2 B R AR AE A ],
INRFE R AE S A AR — B, B MR R TR
PR PR S s FEE 20 /IN T DR B AS BH SR (R UK 5, 2010).
T — AT e B SR R 2 AT 5 R B AE i ) R A 2
IEA<2 mmAPRER . HTIRAER SR
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D R s A I SN W U i e
(Pregitzer et al., 2002; FEHRAEZL KL, 2008), H
%<2 mm AR IEA R — AR AR —2H 5, T2
HIEA . Zdr. AR 2R BRI RAME R R
/5 57 5 VR A A (Pregitzer et al., 2002; Guo et al.,
2008), AIMIEZNR |5 Z AR N TG R A ISR R
32 BEMHEHFNSESUFITELLMEIMETF
AR RIS 28 BN B & C. N PRy
AR 2T B G R FE A I — R 2R MY (GLM) 73
FTRIL: AR FEXT B &R CL NS B 3,
X P Er B IR R T AR 0 B 5 2 K SF o AH R CNRI
N:PRZIACFRE A 52, HCPZ W AR
Wi 22 o 7% A B X — PR BN NCPREI A B35 4k, %)
Fofth 70 3 S Ak 22 1F 8O0 & 1 52 W # AR N 2 3 (p

<0.01). WEESEHRENIRZBERXNIATER
Jo HAb 2t Bk RIS B N(R4).

HIEFR TR G E I F I RERRAIMUZ
Y s VS, e, RESE A E)
RESER M, [FIR I8 52 B 388 IR n R es &
HAEMY RN RZHE . . FIHSS R,
A br T REZENT ES 1IH0-10 cm®ENG &
BREFEAMRZA, REMAH SR ST S+
HERJZ0-10 cm. 10-30 cm 2 [B] A N 75 4r TC R Z 1A
FHRK R (KS).

FIRGLM o ah R XTI R
AL FT S R IR A B AR, sk Ay TR
IRk, NTE B B AR B T B 25 e S B B
JIC. N, PEEEMEFIT RN ESHE T FT

R4 TR EM G B S SR BB B S L R B A ) — R AT (GLM) 73 A
Table4 General linear model (GLM) analysis of effects of desertification intensity and organs on C, N and P contents of Vitex rotundifolia and their

stoichiometry
HAF & Variable [AZF# Dependent variable “F/5 1 Sum of squares HHE df. %5 Meansquare it & f B p
WHFREE C 113.260 2 56.630 4.998 0.008*
Ef:ﬁ?iitscaﬁon N 3 454.735 2 1727368 3717 0.027%
P 0.563 2 0.281 2.941 0.056
CN 100.579 2 50.289 0.326 0.723
C:P 187 733.990 2 93 866.995 4373 0.014*
N:P 240.789 2 120.394 2773 0.066
8y C 3792.949 4 948.237 83.690 0.000%*
Organs N 78 810.635 4 19 702.659 42392 0.000%*
P 7.656 4 1.914 20.009 0.000%*
CN 15 152.136 4 3788.034 24.534 0.000%*
C:P 1036 736.242 4 259 184.060 12.076 0.000%*
N:P 333.015 4 83.254 1.918 0.111
WHRREXRE  C 699.213 8 87.402 7714 0.000%*
ﬁf:zggcfg’r;ans 9.851.142 8 1231393 2.649 0.010%
P 2.181 8 0273 2.850 0.006*
CN 5414247 8 676.781 4393 0.000%*
C:P 653 464.339 8 81 683.042 3.806 0.000%*
N:P 1 302.409 8 162.801 3.750 0.001*
* p<0.05;** p<0.01.
£S5 R EHAREN, PO LU RIE RO R
Table5 The correlations of N, P contents between soil and various organs of Vitex rotundifolia
+ /)2 Soil layer ~ 7#4r7G% Nutrient element 1€ Flower I Leaf Fi%% Twig &2 Creeping stem 4H Fine root
0-10 cm N 0.336 0.405 0.211 ~0.628* 0.303
P ~0.337 0.370 0.184 0.091 0.493
10-30 cm N 0212 0.390 0.180 -0.587 0.253
P ~0.297 0.351 0.102 0.123 ~0.409

* p<0.05; ** p<0.0l.
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= P #2 P (stoichiometric homoeostasis) & 4= 25 14 2
THESAAFE L ili(Sterner & Elser, 2002). Elser%:
(2010) A HREC. N. P2 E L B A RO RIS
A, ABAEYIA PR ORER S A 0 A AR
Mo ATt P9 AR B 1 AR P R B IR F
N, NS RGEER S DR AIRRE MR 4ERR I E 2241
fil(Yu et al., 2010). AHFFEHH3MITER KRR
ZHPCNL NPIEA RV EE X S5 AR R I B3 2%
Fto IX &5 BRI IR RES £V LA FEVMLIX
TRt R & IR R m AR 3 B, itk &
AR PR AT R e AR E A 4E R AL, HiX
—HLEIIIRE fr Ttk — D AT M 35 0 5 L%
g, RSB R 4 2 18] 5% &R ) B A W ISR i B
BSAIE . DAAE A 50 3R BHAE A v 5 4B AR H A AR RL I
N:PAb 241t & o (Yuan et al., 2011), [FIFE, AHFAR
WIRKIIN. PFR T3 BARAE B &30 AN [F] 5 B
MEERAFREER, (2 BEA MNP
G, ORER T AR R E 1
33 IR E X B EHINmass Pmassk 7 B 521
TRk, 87 0 SRR P 1T 5| A A4
DIREMHEIR 2Z 18] 96 2 (1) SR WS A7 7% I AN HH AE 8]
/K (Wright et al., 2001; 2Rk 5%, 2005; Wei et al.,
2011), O HBLAEF N KE E(Wei etal., 2011). {HIX
— IR REHBA SN H AT AE R, Flw, A
BEAF(2012) 0 A K IS4 4T 5 (Sipa purpurea)fE
ANFEPEARBE T A BRI S Ak,
ERDREMER A A IR 2 I T BORREE R I3
SRR RE R, SRR b 5 A7 AE AL IR S ATk
ZWt. AARXREREE, PESBREDHX L
BAY. 258 2%y, DR E 5
[EEAAAE R Z R GRD, (HR K H I & 5
Ninass~Prmass 2% 11 5% 22 [R5 5 @R AE 3 P AR 2 X
KA FEA(ES), YR EIRIX X DI Re IR
KAEARIA R KA B EINR . SR E
VDI REMER G F R A SR A A 32 B B T I S
XA — AN T Re AR S e BE K, 0, Wei%5E(2011)
IR B 7K X ) 7 (Artemisia ordosica) P 8 Niass
TR K X, B EEH T AR 22 e AN K. AR 58k
Ninass~Prmass £ AN 8] 70 A0 FE FE XA H IR B S5 1) S5 g AL
B, R LBVl K ISR I PN 2
AL AR T IX AR, 5 A A Ninass 5 Prnass
RS, R HEE— 5 5IE 7 NP ET
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BRAJEAFRIX XA E . BLob, AT TS
R AW R R Al A KT AR AT BE R 3R 5k L
ﬁ/J\ﬁﬁZ:/E\‘%'jiﬁszass'Pmass%% E‘J{j%zfmh%o

4 Lt

RS EEC, Ny PHEAAERER
5, HAPERN, PEEEZE M THALGE . 4 E
Bk S REEZ AR R R RNEY), &N
FIC. N. PEHEKCN, C:PHFITEIRINE
EVEAH K . AT CL NE & K C:PREI 5 3,
ARG B AR B EFIC. Ny PEE ML E
EER 7. B EJRINPAL T A R
VERFAE, A BBV AL 5 &% B W e i A A 2
AL, Ninass-Prass < REANFIVMCRE L X AR R AN 52
ML,

HEEWMB T84 3F TA KX R A “FR e
I L E K LR E BB AR 5T AR
B R A A 4 (314601294231600371).
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