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Abstract

Aims The objectives of this study were to characterize the carbon (C) : nitrogen (N) : phosphorus (P) stoichio-
metry of the “host branches-haustorias-parasitic branches-parasitic leaves” continuum and to better understand
nutrient relationship between hemiparasite plants and their hosts.

Methods The study site is located in the Xujiaba area of Ailao Mountain, Yunnan Province. Two common
hemiparasite plants Loranthus delavayi and Taxillus delavayi were selected, and the C, N and P concentrations of
host branches, haustorias, parasitic branches and parasitic leaves were measured.

Important findings The results showed that, the tendency of C, N, P stoichiometry characteristics of host
branches-haustorias-parasitic branches-parasitic leaves were species specific, and were not identical between the
two hemiparasites. The host branches of the same parasitic plant have similar C, N, and P stoichiometry charac-
teristics, and the host species have no significant effect on the stoichiometry of hemiparasites. There was a close
coupling relationship between the C, N, P stoichiometry characteristics in the host branches, and the haustorias
was weaker than the host branch, the parasitic branch was weaker than the haustorias, and there was no significant
correlation between the N and P concentrations in the parasitic leaf. There was a significant negative correlation
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between the host branches and the parasitic leaves of C concentration. The C, N, P stoichiometry characteristics of
the haustorias were more similar to the parasitic branches, and it had a very significant positive correlation with
the host branches. As a key part of the host and parasitic plants, the haustorias had a significant correlation with
the host branches, which reflected the importance of the host branch nutrients to the parasitic plants. The element
stoichiometry and their relationship of the haustorias were more similar to those of the parasitic branches, which
embodied that haustorias as a parasitic plant organ had physiological functions similar to those of the parasitic
branches. These results provided important data for in-depth study of nutrient utilization strategies and ecological
adaptability of hemiparasitic plants.
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AR AR B AR RS A E T
2 AL J6 3 1R (Sterner & Elser, 2002;
M EERIR AR, 2005), HoAZ O ) R AR IR AR A
TG H R ZE ok AR 25 T BE 1 B2 W (Elser et al.,
2000; FHAIFEEE, 2014), ABFIFRERFENICELL
R B R RBE . AR AR 5 DA [F] 4
1 A= W % B 90 Bk & 2 R (Sterner &  Elser, 2002;
Michaels, 2003), A4S0 50 1) 3 2207 VA At
FUIR (G A5, 2013; XISCE4E, 2015) . 1% — 4
Wi 2 B0 R 2 K(C) B(N). B (P), 1E 3
Pl BB AR ICER, C Ny PRFTA E il fEm 3
fith, FEREPIH AL DR T TH 5 %A G (B, 2016).
BETAFEAmER, REKE UAEIGH1ERRFEN
BAIIEYI RS BRI AR AR U
W S BAS E KE i (Han e al., 2005, 2011), {HiX
SERIF 5T ) EFEX GORAR R A . A ORI AR B,
e AR A ST BASIE S HIEFR AR 5%
(Reich & Oleksyn, 2004; & —18%% 2017), (HAF 4
TV R R B I8, KA GTES T 2K
FORK S FERA T EEY. Hil, HXEFE
TR S ST B AR A A A

A EAEY) R T AR E R, Koty A
B EER, TEAEm AN E D — N BT TS
PER, AN ZF 244 P 3R BB 43 7K FR I i IR0 40 I
(Nickrent et al., 1998). 7FHRF, 754 MY5t
TP HE V% 25 ¥ A0 22 B % B A 12 35 52 T (Phoenix &
Press, 2010; Press & Phoenix, 2010; Demey et al.,
2014), MHEFFEE . AT PGE D AR R 0 1K
AT e m AR AR 397 2 AT R F % (Demey et
al., 2015), SN R GUKF-JH 590 55 il FH 35 53116
(Quested et al., 2010). FIRF-2F A AEY) A =F AN
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AV ERXTE N, BB Y ERAG FE IR . Al
WIRPRE S5 AL RN 22 FEPE RIS MR AR BRI I (Nave er al,
2017), BRI A N S ma i s A AR R L
TR, DL IR 70 083 (0 55 B 1) (Watson, 2010;
Hatcher et al., 2012),

LI MY S EE IR R RO A TE R
(Leps & Tesitel, 2015). 1FAIRA S 7RI 1R,
A YL N B B B E A F H SREER R4,
1 REHE R & A A AR N SREU KA S Y (Nave et
al., 2017; Selosse et al., 2017). V-2 Y H S W6
SVEMAER T AN P BHR, FHR a4 53 I ik
HH S AR KNGS L g 2R EEAER], Tk
AR 5T 3 T $J A P B U2 A Dy A ORI N ) SR B A,
Al G AR e PR LAl (Tesitel er al., 2015), J&
EraEEN ST E XA RS, A0y
EPUE ShaRa s ek /RS Rt sl 111110 73 1D NS e (S
AL 50 5755 75 T ) 5% AT 1 BOIR N KB
4T(Tennakoon et al., 2011; Chen et al., 2013; Suri-
yagoda et al., 2017; Gebauer et al., 2018), {H'E =)
Jo N FF 3 B AR A RO AL DL RIATI R S 4t i
4% (Gebauer ef al., 2012, 2018). A XKW EY, K%
“E K8 W) Rhinanthus alectorolophus 1 5%—40% 1) C K
H 25 3, 1A 3 R P9 RN TR AT g e B AR A 4 3R L
(T&itel et al., 2015; Svétlikova et al., 2016). ZF/EHH
YRR 25 Rl I 2 e 35 EROR SRR, BER A &
Bk ES- 37 AR K- A AR I X — BRI A 3 A
PR AR A B Tk — D PR AR A AR 5
FIAHIFRI R R

HALE KR E R IR AP X A A P H AR AT
e B THVRR SR K IR IV FAGHS L R 1 % i A
WA S, WA 8RR % R

yYoutrnalofsPlant Ecology



BT SR PR WA AR S BRE L S ERR R 247

71k, 1983; Young & Herwitz, 1995; KA E TN,
2009), A2 X BRI VE S SR A B
Pl AP AEED 2R ARSI T T
W 7T (2 R 75 B, 1998), {HXHHZ X I [ 2
YOI a7 AR B A ST BARE S R R A
1) 7 RRELD o ASHIEFE LA A2 1L 1L R St A P AR
o DL AR N B, 6 A AR B R
- d-aF AR R 2K - AR AR S A SR T RRRAE A
SNASHATHIFE, CAHHHE— 20 B A - 2 AR A I 55 0
Mg, AR U OR A 5 PR AR AR
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1 #HRFEE

11 HAREXBIR

RN EFRR AR XA T = F A R 2
il ik R JB B 18, Hukb 255 . R IR 1L R 5 5
o J P 2 = KRR X IR 25 630, AR Z HEER
FE MY X R R 25 R 2 b, Z AR XA A
Fi R E H AR R e B AR AR B #H 1h
TR SRR AR CRAEREITN A, 2009). ASHEFE X A7
T2 A 1 b B 4R S HE X (23.35°-24.44° N,
100.54°-101.30° E), iZH[X k2 000-2 750 m, [
15100 hm?, 4FFF /K 81947 mm, EHEKE
1192 mm, HIXHEESS%, FFHSEI.3 C (%
T 2007). iZH X H SRR H R R 4eC. &NY
SPE R HIN98.65. 6.53F11.17 mg-g ', C:N. C:P.
N:PA14.96. 91.22/15.95 (B ERE, 2017). RN
b X 531 A W 35 25 28 (Loranthus delavayi)~ HIM-48
R 254 (Taxillus delavayi)~ 0L 525 4 (Scurrula
chingii) TL.E873F £ (Dendrophthoe pentandra). YT
Wit 25 A (Viscum album var. meridianum)= 25 4 A4
CREAETTE, 2009).
12 #HMIRESRERE

20174F 11 H X 5 78 LI AR SR AUk [X 1) 2 A= R ) ik
TR, s 5. AEdE. NI
JAEAS B AN R BRI 55,
— SEFRRE (TR B T ARG A, ARk AR e 3 AT
WL BRI IS T R IE Z ar Aiy. alad
REERRARIAT S, XL AR A BN S5
A SR B SR T A, WO B A R LI o B AR A
YIHERBF TN R o T 1K P A2 25 LERE 0 1) 2 A
DA B A b S B L, AR TR F AR R A,

bt i s B

7E IR X BIHIAH10 m x 10 m-20 m x 4 000 m
(R EAT RAE(CE SRR AN 5K S, 2017).
KAER R N20184E3 H M AI 4 H Ay SRFEI
—HUkI A EMAR L B RSN R RS T R AR KA
FRIZF AR, TR ERAM T 210 cmit
A B & R R B A BT T, T
WA ITIAZ110 emib F R BT R A2 A 46 81
Wr, JRUSCERMERRE. SRR MY . R IR
87, JIF. BETSE TR T TR FAERKER
I o ARUCKAEFLSER R S35 A1 i (7 TR o%-
WR - 75 AR R ok - A AR I o — AN RE ) 274N, M4
RAFEREM3IA . BEFE X PR S ar A0 25 £ A4
SRICIEFENE, AR UCRIEAUR IS AR A ¥R(Lithocarpus
chintungensis) T JEHRI(L. pachyphyllus var. fru-
ticosus) MR (L. crassifolius) 3M 75, ¥ N7}
BHEY, Hrr it f] ERAE R B2, TR
HRTATAS, HRFEMBIRE T SR A PR . Him-af
BT A ILL(Symplocos sumuntia). B JE

3% (Viburnum foetidum var. rectangulatum). HiTE 7

(Gaultheria forrestii)~ £ W (Zanthoxylum bungean-
um)~ Hk(Amygdalus persica), 18X JLA7F F _FRE
PIFE SB35 /N T4, 37 3 = Bl (Vaccinium du-
clouxii) %2 vi(Ligustrum delavayanum) I >REE)
FEES A, BBk ALY (Rhododendron irroratum)
RS5A, HRFE B RE T R KA (Ternstroemia
gymnanthera) .. HT %7 EW FIMRAEAFE, k5
FhEF A8 AR i B R BRI A — B, IR TR
Z e EAE BT DL & SN R 0 F A
DA F I BRI, AHE FORRE S OR T4
27 FAE NI, BRE IR A4S H
ST e E S8
13 tFmitiE

FEREE R R Fr HY B SRIK B K A 85 % I
5, FAEAKME. BT AR S
W I S 8 I R A AN BT K 3R X (Glatzel, 1983;
Bell & Adams, 2011), HeHs#F FHR KR K LR )E
VE 935 LRI I 53 KR, DA BE AERf M 23 B 57
T - AR F AR A SR -AF AR AR ST R
AR . A ERO . A, FAERSR S A5
TNEHE, T65 CHRMATMHTRERE. HT/EL
FTI7 W2 Je 25 7 5% A AE R AR T N,
FE LAY R EENL(FZ 10278, R T 2 3R
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FH 3 T BERR EAL(FWS0TRY, R T 2R ke 28 45
BRAT], REHEBRMA, HT 20k, RN
EHIE. Cv NEEHBE 2T X (Vario MAX CN,
Elementar Analysensysteme GmbH, Hanau, Germany)
ME, P& KBRS S5E TR T RSO0
{X (iCAP6300, Thermo Fisher Scientific, Waltham,
USA)E .
14 HEALIE

K HISPSS 21.0%F £ it 47 8 2 5 73 i, FIH]
SigmaPlot 12.5% &, %FaF F 4%, WA, FERSK
MZFAEM R A2, SEMEHSEES &,
TR EIFA A E (R, T R)IZER B EE
BEAT B 2R T7 22 00, WA e i SR B AR 40 2 A
SRR AR ARSI R R ZE R
BE AT R R TT Z 0, R REA2ME &
A 5 ) 1) 22 7 U)K P SE R A a3 AT 43 AT o o 4
PR ER—#REC. Ny PAESHFETBIFIEE2
FhEF ARG T 0 22 5 EAT JUSL R A oA 30 o K A 5%
T —#EC Ny PAESA T BREE4R 2 1
0L B ZE R AT R R T ZE 0 b e XA — 3 2
VAR EC. Ny PAES T ERMEAEAF T
Z A ZE S EAT XUR R TT Z 00 b 037 BBk )
AR M AMAFE SR IR TR S
B, IR RR U AMSBE &S BN ITR S
B AR A OC O8 R AT Pearson il 56 14 4y
Hro N. PIRIFTFER AR HIgY = a(igX) + SREATI
G, HAhXFI YRR PAINIREE, ofl1p5 )2 [l I 28
RERFERE . NITERIE, 2. 2R EREK
NC. N, P, FERK. FERSK. FAEM IR
NEFFER RS E M.

2 HERMO

21 FHER-W[-FER-FEMHC, N PEER
Hivzit=tt

BT F LI AR - A A A AR X — SR C
N. PASF T SRRFE S 3ATE B R 27 AR A
YA A MIE, BT — A A& — B0
(Bl PFPY 27 AR AEYIN & 5 BT R B B A
& EE RO FHEAEIB), CNILEA 2R
B ((EID). CHRIEF M. Wat. FAENSH
Azt Sk RIS NS R R RS, EA R
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1A). B S 25 £ P& & R NI BT r#a sy,
A4 R 25 AR AR FE B THEA(E1C). PR E AR
C:PTERT FA-WR #5-27 AR B P AR WA K, TEZF A0
BEAK, APl SR 2 A U AR b PR RE T B B (]
1E). P Flr 2= 27 £ A 0 AN PAS Ak J0 A B R 1 (1
1F). PR SRFFAE R PRp oy F R 2 7], [NCNZE R 2
(P <0.05). MIHEER A AN T T BRI, oM
A DA 58 2 e T 7 (R A R 2 e iU IC B
FZIRT AN F (P <0.05). FEEREFNES
W EE T ERIE S 5 AR 3R AT 11 ZE AR R, HP
FREE T HAMIAFEE < 0.05), MN:PEEK
FHAIAN % E(P < 0.05). WA, BERERCESES
FEALi(p <0.05), NEEMKT. CNET &AL
S(p < 0.05), C:PI & FE T B ERALAY 5 = B ik (p
< 0.05), MR AR S EMC, Ny PAES
P EREEAR AR F N R R REER
(p>0.05); PWFFAER—ZFEMC. N PEBHK
b B REAE AR 2P AN ] 2 A LR AR 2 I C:P

NPHFHEEREZER@P < 0.05), EKFREAER LK
TAMAC:P. NP TA KRN T B

XA — A A RS EC. Ny PASBLAT
BAFIEAEAN R 2 3 2 A0 22 S AT XA 307 22 04t
gk R ERDFW: EmaE R A, L =P
XEFAEYIC. Ny PAESFEITERIER A REY
W > 0.05), MAFEEREmESREENE <
0.001); TEARM S Z5 4, HFEWFUCEER
HRELW(p < 0.05), M4 HNCERSNPHIE
M)A 3 (p > 0.05). (EAFER M2, PR SRFEHC
HEENPRRBN . P e B3 B 55 0
FHAZ AR XS AMEYIC. Ny PASL AT R4
TEWAT 2 i (p > 0.05).

WERINC, Ny PASLAITRERHIE S % 4L M)
ZRECK, WA AN ZERR/INR2): RES55
TR E, P RTEENPEEMCPERARE@P >
0.05), A4l 5 25 A AUNPZE A B Z (p > 0.05).
WA 5 A AR R, MR RFENCEEEREE (P
< 0.05), Mintai R G ANNPHAEREZEESR (P <
0.05). ZFAEMPIN, PEER G, FRIIM ST AR5
FHEFEMFEPEREZERANEZ (P > 0.055, W
A A RN, PEEREES THE
K. W54 @ < 0.05). HRRFENFHC
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Fig. 1 Changes of C, N, P concentrations and stoichiometry in the host branches, haustorias, parasitic branches, parasitic leaves in
two common hemiparasites in Ailao Mountain (mean = SE). a, host branch; b, haustorias; ¢, parasitic branches; d, parasitic leaves.

F1 ®WAELFE—FEHEDAFEREC. Ny PASHFETERHAEEAR FE F 2 M2 R
Table1 Differences in the stoichiometric characteristics of C, N, and P in different organs of the same parasitic plant between different hosts in Ailao Moun-
tain

A W S 754 Loranthus delavayi WSS 254 Taxillus delavayi

Variable YIFh Species B%E Organ YIFh=<BSE Species x Organ  R®  #IFh Species $8F Organ ¥JFh<8%1 Species x Organ R’
C * ns ns 0.336 ns Hokk ns 0.863
N ns o ns 0.657 ns HAE ns 0.445
P ns HAE ns 0.526 ns HAE ns 0.747
C:N ns HHE ns 0.712 ns HEE ns 0.586
C:P ns HEE ns 0.663 ns HEE ns 0.826
N:P ns ns ns 0.211 ns HEE ns 0.730

w1 <0.001; %%, p<0.01; *, p<0.05; ns, NEFE.
ns, no significant.

FERONPETHF IR, WIMHERT AN ANCERE & HERSFETPCETEREBRE, LR R
ENPHET & LA PIMPA A T I DT3%, NEENER RESNTPEE, CNIE
DOL: 10.17521/cjpe.2018.0311
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T REAE/NTC:P. PR AE MY INPI AR 5
REE A B <FF A <P A<M
22 FER. WE. FEMK FEMAC N, PE
SURTEFERNHERX KR

TERAICES B LT E AR RN
BE, WA A T A, HCE = S5N.P
BRAFHIRRBIANEE (P > 0.05); FFAER
T, HCHEEENPHXABAEEP > 0.05);
B AR PREAE S T =R B A EAE A, NCRINE
. CHEMNNPREHK(P <0.01)(FE3). HFEE
(12, NAIPE & (AH S 18 25 A% 5 W 2% Fh 44 A
BEEMKEP < 001), FEHETAHEZEHXP <
0.05), Mz FH AR EMAEKLLREP >
0.05). N+ PiFEXRMENERRLET T .
FAERFH0.218, 0.370, 0.223. FEMFN. Pit

BERENEE (P =0.204) (K2).
23 HEH, W FER FEMEC, NV P
ESUFETEFENHERXXRE

HHER4ATT N, 25 EA S WA A 1) e & 3 & A AL
LU E B RENAHACRR, WHENCEEM
KIKARLFEZNK @ > 0.05), N. PEEILK
C:N. C:P. N:PE AW IEAH K (p <0.01); FFER
52 RN B AR 3 IEA K (p < 0.01), C:N1E
EIEMAHRK (P < 0.05); 54N RINS & 2% EAH
K(p <0.05). CHEMEEZENK(P <0.01). B
HEARENCEE. C:PREEIEMFE(P <0.05), PH
B EM K@ < 0.01); H5FEMHNC, N, P&
#HMCN. C:P. NPERIEFEEKF(p > 0.05).
B A A B A T AN A R AN 3 OE A G
(p <0.01).

2 TR WA A A RS- A AR R A IC, Ny PAERS LA RHE

Table 2 C, N and P stoichiometry characteristics of host branches, haustorias, parasitic branches, parasitic leaves in two common hemiparasites in Ailao

Mountain
“E¥{E Mean (mg-g™) A5 5 280 Coefficient of variation (%)
C N P CN C:P N:P C N P CN CP NP
PR S 25 A= 2F 3 Host branch 449.90°  4.01° 1.55® 113.55° 345.09® 3.01° 078 1195 3538 1139 5568 5037
Loranthus . b b b b a a
. %% Haustoria 47480°  9.15° 118" 5223 410.69* 7.89° 204 822 13.11 931 1480 14.89
delavayi
27K Parasitic branch  486.10°  8.90° 1.03° 56.34° 503.09° 9.08° 2.14 2055 2582 1728 2625 2543
25421 Parasitic leaf 478.00° 15.65° 2.90° 31.85° 22041 720 276 2457 5637 19.60 5553 5533
Wi sE %4 #F E KL Host branch 460.28°  2.64°  032° 184.03" 1618.57*° 937" 1.60 24.17 39.11 2454 2985 35.49
Taxillus . a b b b b a
delavayi %% Haustoria 47717*  7.67° 073" 63.47° 679.07° 10.74° 217 1576 18.88 1352 19.79 16.11
27/EK; Parasitic branch ~ 483.50"  7.65° 0.94° 64.18° 564.00° 8.77° 139 12.87 3330 1219 2824 2540
2F/E M Parasitic leaf 431.61° 10.10° 3.16" 45.82° 158.13° 3.76° 298 2751 3724 26.87 4433 5843
Sk 2F LK Host branch 456.57°  3.13°  0.76° 158.86" 1163.70° 7.10° 1.75 28.19 90.78 63.46 58.70 31.62
Total . a b b b b a
%% Haustoria 47632° 820" 0.89° 59.46° 58322° 9.72° 210 1559 2932 1545 2958 2125
ZF4E K Parasitic branch ~ 484.43°  8.10° 0.97° 61.38° 54225° 8.88" 1.68 1791 3038 1500 27.77 24.99
2F/EM Parasitic leaf 448.18" 12.08° 3.06" 40.83° 180.37° 4.99° 579 3424 4348 3048 52.63 6697

[l — R — MR R NG T REOR E 7 2 2 (p < 0.05).

Different lowercase letters in the same column for the same species indicate significant differences (p < 0.05).

R3 RPN WA AR A WS AN FAMAC. N PAS A IHERMEMAHE R R

Table3 Correlation relationship of C, N, P stoichiometry of the host branches, haustorias, parasitic branches and parasitic leaves in two common hemiparasites

in Ailao Mountain

% Composition ?FEHL Host branch

Wy %% Haustoria

Z¥4EAY Parasitic branch Z¥4EM Parasitic leaf

CHIN Cand N -0.496" 0.080 0.221 0.595"
CHIP C and P -0.588" —0.243 -0.126 -0.259
CHIN:P C and N:P 0.477" 0.462" 0.242 0.621"
NAIP N and P 0.716™ 0.662" 0.419" -0.257
NAIC:P N and C:P -0.619” -0.666" —0.388" 0.285
PHIC:N P and C:N -0.599™ -0.722" —0.402" 0.196

# p<0.01; % p<0.05.

www.plant-ecology.com



P s REE NP LT AEEN ST ERE R ST EMRR 251
0.8 115
0.7 0.10} .
06 o LSy .
BE (5 _ #1100} .
= . [ IN=2
Z, ,E ; z 0951 * . . * °
By 04r %€ 090} . .
g = —
Ma,g 03 .. 2 oss) A
Eo 027} * A% =0218,R°=0.398 20 0.80 * AlE =0.374, B2 = 0.494
0.1 : : : s s : ' 0.75 s - s : s ;
08 -06 —04 —-02 0 02 04 06 04 -03 —-02 -01 0 01 02
% EH4EP (Ig) 1g host branch P (mg-g™) % #%P (lg) 1g haustoria P (mg-g™)
1.15 1.5,
T'; 0.10 * 2 1.4} .
g 1.05} e 131
vt * o0 g . hd
EZ 100 . Sz 12f, . . .
Z g L -\Z— “a ——— . ° . °
% g 0.95 = O 1.1 ~— '
L[] ‘\\5
5 090 | FUCER ——
9 ot
e 2 Z . o .
8 0.85 809 .
g L0 . °° . ¢
5 0.80 | ¢ #%E=0223,R2=0.157 0.8t
0.75 : : : : : - 0.7 - - - - -
03 -02 -01 0 01 02 03 0 0.2 0.4 0.6 0.8 1.0

2FH AP (Ig) g parasitic branch P (mg-g™)
2

AP (lg) g parasitic leaf P (mg-g™)

REE A W R W R s ARG AR HIN-PIFEC AR

Fig. 2 N-P scaling of host branches, haustorias, parasitic branches and parasitic leaves in two common hemiparasites in Ailao

Mountain.

R4 RPN WA AR S A Wt AN FAMEC, N PAB A IHEREMAH R R

Table4 Correlation between host branches, haustorias, parasitic branches, and parasitic leaves of C, N, and P stoichiometry in two common hemiparasites in

Ailao Mountain

% Composition C N P C:N C:P N:P
2 EH 5% Host branch and haustoria 0.163 0.508" 0.772" 0.589" 0.784" 0.731"
2 EH 52K Host branch and parasitic branch 0.142 0.502" 0.154 0.470 0.178 -0.075
27K 524 Parasitic branch and parasitic leaf -0.636" 0.409" 0.160 0.289 0.123 —0.134
1 %% 527 4 % Haustoria and parasitic branch 0. 460" 0.216 0.489" 0.184 0.452" 0.289
Wy 3% 525421 Haustoria and parasitic leaf -0.160 0.296 —0.048 0.186 —0.157 -0.133
K 52745 Parasitic branch and parasitic leaf 0.033 0.674" 0.168 0.673" 0.134 0.371

#* p<0.01; % p<0.05.

3 g
31 FEA-MEB-FER-FEMHC, N PRER
Hi ittt

G I A Y S Ak SR e )
C. N. PAESET BRI Y, f£FH—%
PR B, AR R R A R A h R R S A AR
% 9 EATAE 2 R A R . AR S R A
FrCH BEAINPE T 27 1L, M0 Bl 5 20 26 A
X LR RE S PR AR E B KR B B
AFEAEH. CIE AN S P4 BT TR )
s EORIE, HIAM SN, PIC R MRICER %A A,

A B AR SeA B RN
O Prdtrnisib Chinese

Bt AE KB BRI AL, C. NS PICE K/ T EL il th A 45
K ZER (TS, 2017). AHFFCREER, w2213
X B SR ar AR Ak T8 FR A KM B, A S AR
CEHNFTIEH . BF Y & B S B EA
FEHIIC, Ny PAESSE T RAFE, X7 0] 662
TR TR R BEA — 8 1 SRR 4, AT 77
S BEARA B 5 b [F —Fh A AR G X
PR S35 AR 1) 27 32 B 9 5e SR RHEY, SR KRR B
ML AT AR L ERC. Ny PAESL AR
R ERE 2 —. MRS AN EEEE. =6
RS DL 2 L yURAS R B, HAES T
ERFEARARA 5 R 75 B — AP 5
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REZH G EEWEA) 1, A E R %A
WIIZF F P2 1R K 2 5 (Norton & Lange, 1999;
BHTRANFLEELE, 2004). AU AL SR 52 AR
Bar EXNFEFRHEY), Wi AR R A
Iz, ABR KIS P S5 B MR £ A
(1) 25 P Ffoxed [F] — 25 A AE P I 52 o] GEASR], A
TR I A — S 2 AR A B R o SR % 5 B
SR B BRI LA E MO R T AN [F] (2
KHEEE, 2009, 2012; FAPAESE, 2013), (HXFFFAHE
YIRS ERES 2 EYF IO R AT RS
IR o FEARBETLH, 7R T AN A 25 31 [ — 2F
ERYIIFE 3 EC. Ny PAESL AT BRI HE A
B W AR, TN R — A AR A AN 2 E S
U A F 28 E A A S S B R E A T XA &R
T Z o HT, R EYF RN B, X EE
R — 2 AR ER RS ESH T E
FHIEZ S A REA L.

TFAEYAFE R E R R E EREBAFE, #ik
N R I RS B T 25 R, A TR R I 28
A SR, B4 8 3% T0 3R I B AR B DR 457 AH [F]
(Gebauer et al., 2018). AHFFTH, HIW 3254 4%
JC:N. C:P N:PY 5 HZF F K SF AP R = 5, M
H- il B 2 A I 2% Y CNRT C: P, 5 28 B 46 A AE
RERER, XE—EEE FUPC, NFMPILRIFIE
{7 B () i 7 s ' T A e i 2 A AR AR N, (H
WA G HERR B T B i fndt N AR S5, BT
A A A ) DhRE T 5 SO R P R AR e
(BOFNEAE, 2011). EAAFZREC. Ny PEEZE
SN SZ B FEA A B FE TR SR G RE A, 52 A
W EHL LA RE L EEI(Minden & Kleyer,
2015). W Fr 2 HE) ) AR B 5 B ) 95 0 A7 2
w, WL A ONAP S ES T 5 TR )
%% 5525 /£ i (Niklas & Cobb, 2005; %4 &34, 2017).
Y FHC NS PE RN T RBOSEAAEC <N
< PN (Koerselman & Meuleman, 1996; Giisewell
& Koerselman, 2002; Z&7iiiti%E, 2017). A7 HH
Pl AR A A A A S AN
C. N\ PEEBEFEX M, X2 FHCIE K
MY B SRR ARG RYR, HoNZ R ) A B 2
FRALRRIR, NS & n AR R R A Y A,
WCTEEME N & Em B RN, NERESSHE H
¥ 28 53 1% /N T P& 2 (Vitousek, 1998; B & 5% 4%,
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2017). ASHF 5T H P FP B AR AE M) NI AR S Ve /N T
C:P, R NHEYEEERPCHR S EFRITEREM
W IR — & 4%, MCE & m AR/, C:NA
C:P 78 53 32 B 57 BN FI Py & 48 1k 1 5% Wi (Hedin,
2004; HHEEEZE, 2015),
32 FEH. W FEM FEMAC, N, PE
SUFE T EFMEREX M

HEYEHCEN, PRE—REFMARKRE S
EREARAICL N, PUIE 53 B (Sterner & Elser,
2002; B RS, 2017). TEARTIF A, (N EFEMRGFE
IR, HCEE SN, PEEACN. C:P. N:PHTF
EWMRERIM LK R FEEYBHRFICT ENS
N:PEARERMICKR, BFNCEENEN, PE
HMCN. C:P. NPYIATEAERN R E IAH IR R
FAEMEYIH A RICHEESNSENEMKKR, 5P
TR AL R EE, BA T, HiZ
SER ST FFC. N PSS BRI A
AR IEE, 2014; B2, 2017). b AP
CEERA RAHMCO, (B, 2014), o4
Y RICRERT Lk B B S6EEH, tHar LANE 3
AbIREX(Té&sitel et al., 2015). FUEEASR 15000 21 2 A2 4
YILE [ CREFE G FR 0 (N P2 (1 SR ms A ) T
— bk A AR

NAPLEM Y A FEICER, Y AN, PE&E
(1) IEAH 5G9 R TR N v e Bl AR AE Y 77 43 V1 88 104 2l
f#(Sterner & Elser, 2002; Wright et al., 2005). EH%)
N. PIA]H#8 & 5% RAR B30 A SCHR 1K 3% (Garten, 1976),
b J5 A5 2V 2 0 SR IIE(Li et al., 2014; Hidaka
& Kitayama, 2015; 4 =%, 2015). %A1 E753F
Fil: HUAE ) - F B9 78 (Han et al., 2005) LA K A E 4R
HrE LA 654 B A A B FE (R H AR SE, 2007)
LKW, AFEAER AR RGKE W2 NA
PEERTHHEWEFMR KR KEHEYIN, P
R FEAE A AR R, XA KZHED)
N. P& & 1% A HF1E (Duarte, 1992) . Hidaka /1
Kitayama (2015) I\ AAEYIH AN P75 & (A 1 IEAH ¢
KR AT B4 52 B AT R A S B s, T
WS 7% S (NI FH S 52 21 P FH SR s 1) 5 ) LA
T A D20 R A RONRTPAE 2540 2 T H BRI (U 28 1
A R NFIP I AR 40 o0 ) AT St 55 — g Re, (H
ATy B — 20 43 b DA B AR DG ) AR B 1 e . AN
Forp, NFIPE 25 A% . RS TP AR B 35 IEAH G R &R,
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AR R EA SRR, B AR AR T AR
KEANEZE. Garten (1976)IHF 7 KEK A
FINFIP A G M AR B 2, X AT g KA KA
FEYIINF B B, B3 2 MR PEk Z B XN
B % 93 L . Han%5(2005) AT 5 4545(2007)
IR T, R R AR REPIN, PE A OE
AR . AHEF AT AN PRI AN A 14 7T e
5 A BB N IR TR TRAE TR R
DA Je 25 A2 R ) it B R R P AR S BN R
(Suriyagoda et al., 2017). SZ FIN.PAFEA IR, &5
A NS EAIC:P, PE S ACNWASFLE 3% HAH

N. PTEAEAMH P 08 R W] LLIE I TR BN =
PP BEATEAL(Wright et al., 2004; Reich et al., 2010;
Yan et al., 2018). Wright%5(2004)J& T &ERIEH P T
T2 W NPV FE 4, DA AN PR e 4 2 A
2/3, Niklas (2006)H) 3 & iz 5 8080.73, $£1L3/4
M AN F22/3, Reich%5(2010) U4 T 5 N4 THI I H AN
PIRFEHCIE, $RH T H AN PR & 123 R
(N=aP?). BETCAHTREN, HYH AN, PitE
KRR e, M2 B heeRt. 4EX. &
A, AR 5K P55 2 Fh K 2 520 (Tian et al.,
2018; Yan et al., 2018). EARWFFLH, 25 A WAR
HEERMN. PIFERRMEIAREY) N T3/45
2/3, REM N, PRIFEXRRA —HEBHEE R
TR S DRI 7 32 B T A S,
SREBEN TARSEE AR,

TAAEY R — R E MM R R . AT
F R PR A AR P NS & 12.08
mg-g ', B8R T 4 5K B AR R N A B 20.09
mg-g"' (Reich & Oleksyn, 2004). i [E ki A=A HIN
4 518.6 mgg' (Han et al, 2005); TP #3.06
mg-g WU B 55t 7R T A EROR o [ A A (P
435141.77 mg-g! (Reich & Oleksyn, 2004). 1.21
mg-g "' (Han et al., 2005). Z2EH NG ERAK AT BE
H5IHGEEHBEA L, MREMPE Er a3
W9 X L3P B (1 (R 2 5 ), X 2E b X AR AR L
R AP RIAE P B N7 gke ' F13.40
mgkg ! (BEE 2017), TEIHESPRIAG NP
475060 g-kg 'F12.39 mg-kg ! (FEEZE, 2008),
RAENX AR LEAEPEREE S T 2EKTFE
B, 2017) BAh, A LHLIX (L ARAR R Z £

bt i s B

(020 cm)JC:N. C:P. N:P{HE/ 7 N14.9. 84.9.
5.7, =P E R H0-10 cm) -3 HKIC:NL C:P. N:P
K HIN12.34 52,7+ 3.9)(Tian et al., 2010), HE
T AEREEHL0-10 cm) A4S BRAR AR 135K 7 (551
123, 72.0. 5.9F112.4. 81.9. 6.6)(Cleveland &
Liptzin, 2007). CAA AN 3R B i AR 28 K
W38 52 PR #l(Han et al., 2005; 1FH7%%E, 2007), 15
7 L R X g ) L 3P B R % X AT AR SRR
AP, XTI RN AEY) . 7 ERES
BT ERHE S IR LRI RO R R DS
(MG Ia ko

33 FEMFK. WEHFE. FEKEK. FEMHHEC,
N. PESKEITEFHERE XM

AP A R TR A e & T E
BUE R, X5 B M AR 7 0 PR (Gebauer et al.,
2018). 77 F AW H 1) T FR R LI 72 F R T aF
A FEAR Y T 3K BE IR B FE 4B FF (Glatzel & Geils,
2009; Gebauer et al., 2012). ASHF 7% HH 25 A% 5 2%
Z AN, P& LPLC:IN. C:PHIN:PH 23 I
MRKR, UHTAEYRESS T AR
VIR &, (HPF F 85 a5 AR NS &M C:NATE
FERBHRRR, aFEHEHFEMNRNC, NEER
FHR, XU ERMIC, N, PIREIEFIE
Tz A YA RS ERIC. Ny PIKE, W%
TR IICH AT e A& A 1 TR0 25 AR CHR o it
Gb, B FRL WA RS T A AR E A, AL
TEMCEH RGN CH AN E MR,
Wi HA 2 A CF ) 25 25 R TR R DA B A B 30 11
IEH AT AT R B A AT AR A o o A S s
W 3 5 75 AE AR IR P AR R 2 AEAR O, T H AT A
W 2% AN 25 A2 B 6 PR IR W B A — SO (] A
2015).

K2 B R HF RN 7T E BT TR
AT, MXTFAEEYAFRE S YT
KA . FRBFRY, HAH AN PIREE
HHZ&NL P BEE A I (Kerkhoff er al., 2006),
R 5] FFTNAR B A B AT 2 35 R AH DG A% (Craine et al,
2005). AT ARG AT AN BFPEERE 2
I H 3 B AR OGP, (BN B A A B 35 TR AR G OG
R, 245 R 5H2015) BT THE2014) W5
A —F. AN ZE RN B 2 A 5696 R R 1 -
EAEAEY) AT IEET KR, X2 mEkEZ
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&5 K JIT Y 5E ) (Westoby et al., 2002; 1 7+ 25,
2014).

ghig

TE 25 P 2 A L AR S U DXLt gk bR b, B 5%
2 4 (Loranthus - delavayi) F1 A0 -4l 2 25 A (Taxillus
delavayi) A L2 25 A2 A 27 2B - 8% - 7 AR A -
AAEMIX —ELARIC, N PAESLZETERIER
BAGEAA A, [F—YfhEa5 A A T
FEAMUUMC. Ny PAESMMFEITERE, 35
A Y I AR S B R R B 2 R,
ALY BOF S AC. Ny PEERZR
FRBAFEC <N <PI— B, WC. N. PIE
BT RRE S R AR T — R RS, T
HA2m N PE & E AR B E AR
AAEEYRAERIC, Ny PAES A TERHE R EUE
AR, WAEKIC. N PAEBH AT ER
MBS FRGFAFER B RMHRK R, FEHKESH
A B Z B CE BAFAER B R R A
W TR 25 AR MY B A s R AR ) A S A
TR — R, R B SRR RHE .
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