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AR E K

KB EREEY); WRSZE IR JREN L i3 B8 (Lysimachia christinae)

X E 4 S :1000-0933(2009)07-3532-08 HRESSFEKS: Q948 CEAARIRAD:A
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Abstract; Heterogeneity is a common feature of natural habitats and connected ramets of clonal plants may share resources
under heterogeneous environments. Intraclonal resources sharing of the stoloniferous herb Lysimachia christinae, growing at
two sites with different altitudes (618m above sea level and 1800m above sea level) in the transitional belt between the
Qing-Zang Plateau and Sichuan basin, China, was investigated in response to the reciprocal patchiness of resources. The
results indicate that biomass and number of ramets in the proximal part, the distal part and whole clonal fragments
significantly increased in the resource heterogeneity treatments ( I ) and ( IV ), compared with resource homogeneity

treatments ( [ ) and ( II ) at the site of 1800m above sea level; However, their biomass significantly increased in the
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resource heterogeneity treatments ( Il )and( IV ) , compared with resource homogeneity treatments ( I ) and( II ) at the site
of 618m above sea level. At the two sites with different altitudes, the distal ramets growing in the treatment with low light
and high nutrient allocated more biomass to the below-ground as connected to the proximal ramets growing in high light and
low nutrient than as connected to the proximal ramets growing in low light and high nutrient. At the site of 1800m above sea
level, the distal ramets growing in the treatment with high light and low nutrient allocated more biomass to the above-ground
as connected to the proximal ramets growing in low light and high nutrient than as connected to the proximal ramets growing
in high light and low nutrient. At the two sites with different altitudes, the proximal ramets growing in the treatment with
high light and low nutrient allocated more biomass to the above-ground as connected to the distal ramets growing in low light
and high nutrient than as connected to the distal ramets growing in high light and low nutrient. At both sites, therefore, L.

christina ramets showed environmentally induced specialization for uptake of locally abundant resources, and intraclonal
sharing of assimilates and nutrients between the interconnected ramets increased its performance. Finally, the significant
interaction of habitat heterogeneity by altitude effect indicate that the effect of intraclonal resources sharing on the
performance of Lysimachia christinae may be different between two sites with different altitudes. At the site of 1800m above
sea level, the effect of intraclonal resource sharing on growth performance of clonal plants was greater than that in the site of
618m above sea level. Thus, the contribution of intraclonal resources sharing to the success of clonal plant species may be

different in various natural habitats.

Key Words: clonal plant; reciprocal resources patchiness; intraclonal spatial division of labour; Lysimachia christinae

TeREAE K AR TR REAE Y 7 AR 2 B M R R B A B B R AR , TE A3 R oK R 0l 1) A= < B 0 1 3
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53/ IKGIBESR KRR 2 I A ) BB i SRR 3 R AR 8 o RGP R R SC B R BE M R 55 o S R AL )X
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SLETFEHIAL Y )1 4 FERTLHE T (103°47'E, 31°22°N) , iZb )8 T H LR, ok B KR B 2K
I 980 R B e 25 P XU i R S IR SR AE G 3T, AR 11R 10°C, 1 AR 3R 6°C, iR &Ik -5.0C, HZE
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1t P& 8 (Lysimachia christinae) B IRF LRI YL R ZEAETAFEY) , AL, XA o AFh 4310 0 B4
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T 0 AHE SR TE [R5 5B A5 I ARSE EL I 4T , °T AR AR AR 6 R IR 0 = & B TR
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E SR ARFZM L EAER JREHAE R S5AER l:lj Ii]—_l—] %
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TES I F AR T B A ) B A R EBCER R T R R 3 358
FUFTHI(R 3B 2) . WRHE AERFRIRZ R U
R 55 SR R S R SR AR B E R
Wi 3T 3 D R R 0 ARG EL (3R 1) o TR [R] g 30
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TRAMRE LA EZ S (R 1) o XT3l ¥ 50 B 20
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Fig.1 Schematic representation of the experimental design

(1) AHMES RIS AL FRGRIFRALEE ; (1) AHEE MRS H4L T 15
JARSRAE B ; (1) 35k (P) Ab FARG R FRAL B, AR E I 35 40 Bk
(D) A TFEeMRFRAbBE; (V) SE3RAMR (P) b T eIk I A0 2,
FHIEIT 430 (D) AL FHERFRAEEE, TR

( I) two interconnected ramets are under low light and high nutrient
conditions; ( II ) two interconnected ramets are under high light and
low nutrient conditions; ( I ) the proximal ramet (P) of the clonal
fragment is subject to low light and high nutrient conditions and the
distal ramet (D) to high light and low nutrient conditions; (IV) the
proximal ramet (P) of the clonal fragment is subject to high light and
low nutrient conditions and the distal ramet (D) to low light and high

nutrient conditions, the same below

FROPARNE T I HRARE RS, S0 i B AR RIE O R R AP EL, AR REMOE B R0 R T 5
BESTARIL > B SE 22 R Y B EIAR (181 3 40BN A 1) (HRTEPIMERME b X — 0 BiAs R A g 2l
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F1 BREE(A) GERMERSHREHHRBHESRMG (L) JZRMERSHREHNERMIRESRME(N) MZH LRI HRIRELL EWE.
SHRBEMO=ZERFTEST
Table 1 F-values of three-way ANOVA of effects of altitude (A), local conditions of proximal part and distal part of whole clonal fragment

(L) and their non-local conditions (N) on root/shoot, biomass and number of ramets of proximal part and distal part of whole clonal fragment

respectively
yE A BOR S JURE T BRI
Sk A B Proximal part of whole clonal fragment Distal part of whole clonal fragment
Effect df M5 L A S3HREL I L ZL7/E IIRRER
Root/shoot Biomass Number of ramets Root/shoot Biomass Number of ramets

A 1, 40 50.980 ** 82.640 " 59.834** 13.613 ** 0.014 ns 9.479 **
L 1, 40 0.030™ 173.520 ** 123.831** 75.893 ** 19.720 ** 4.734*
N 1, 40 8.345** 22.880** 2.228™ 37.815** 16.724 ** 0.015™
AXxL 1, 40 0.502" 0.004" 11.510** 35.336 %" 22.756 ** 7.120 =
AxN 1, 40 0.241™ 69.248 ** 38.969 ** 2.363™ 0.312™ 0.083"
LxN 1, 40 71.376 ** 345.438 ** 278.619 ** 0.672™ 14.360 ** 6.271*
AxLxN 1, 40 8.980** 0.013™ 3.610™ 0.515™ 8.029 ** 2.833™

1 F /K Significant levels; * #p <0.01, #p<0.5 and ns = non-significan(p >0.05) ; F[A] the same below

R2 BREEA) RESEXNEHHERRAESG(H) MRFLE(T) MEEF REMENSHBEMH =ERERFTESH
Table 2 F-values of three-way nested ANOVA of effects of homogeneous or heterogeneous conditions (H) , four different treatments (T) nested
within homogeneous or heterogeneous conditions respectively, and altitude (A) on biomass and number of ramets of whole clonal fragments

L[ Bt Whole clonal fragemnt

R Effect AHE o H: M Biomass 43 #k%% Number of ramets
H 1, 40 3354.130 ** 168.840 **

T(H) 2,40 20.140 ** 24.080 **

A 1, 40 54.060 ** 2.720™

HxA 1, 40 7.540 ** 8.530**
AxT(H) 2,40 1.850™ 3.560 *

#3 RESHMEHNERERERGITERSHERBS R EDBIUARENRER REYEMSHREF A contrast 150
Table 3 F-values of one-way ANOVA with Planned Comparisons ( CONTRAST option, GLM procedure, SAS, 1988)

TR B TR B i TR B
Wik a i o Proximal part of clonal fragment Distal part of clonal fragment Whole clonal fragment
Altitude Y SIHRE Ay SIHREL W SIHREL
Biomass Number of ramets Biomass Number of ramets Biomass Number of ramets
1800m 1, 40 170.590 ** 172.830** 21.930** 8.770** 232.500 ** 126.640 **
618m 1, 40 174.860 ** 109. 400 ** 0.460™ 0.340™ 129.170 ** 50.740 **

2.2 SRR SRR R

JRTPABE S TR R IR AR IR 5 RIS R S BAE L R ER AR S 5 AR R A
38 B FE 0 R T e B AR R A AR R (R 1) o FERFNEIRBEE L, R AR A& 53 R A EE3c
HAE R i R A ARER A A M B AR T (R 1) o WBIRBREE R 1 B IRM B 5 R B 5%
ZME IR EAE R RIS 2 SR SR R 58 4k ) 38 AR P 8 3 5% R 3 o 7 R A AR R A B AR B (R 1) 6
VR 1800m , 7E R BE AT, moh e B R /- M AE D BRI R BB E R T RIBRASEA G T (X3, E
2) . WIRBEE RIS AR R A IR 5 R P A R 38 B AR P 3 R S i e R
WA IR (R 1) o« M E5AREMCREFRSFMG T WMRAEZER, 58 T0R F BB A KA = AT
FFMF T, ERAERLRERS R G T RS EZ A YR EHs (B3 ABEMAMI). 45
A RIERDCRIRTR R T I MRARERS , 58Tk i BUE A KIEEMOL R IR0 R T AH L, A RZEMDOL
BEFSRE TR ESEYEIR(E 3 BENVAT ),
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Distal part Proximal part Distal part Proximal part
@ I\ de ja A I\ b ta A
g 111 a d B 11 a c AB
£ I c e C i b d ¢
i I e e D 1 b d D
=
B v bed A FHa A v b H a A
| 11 bdﬂﬂ o A 11 E 'l;E]iT E g
I cde c B I
I be ti e C I b d CD
2 1 0 1 2 40 20 0 20 40
H: ¥ Biomass (g) 4Bk Number of ramets

B2 ZEPIANIES BE b o B S8 i D R R A 4 S i S SR R 2 LA B B S B AR AR W A SRR
Fig. 2 Biomass (mean + SE) and number of ramets (mean + SE) of proximal part, distal part and whole clonal fragment of Lysimachia christinae
SEIREFTS DL 1, FT g2 0 BRI KFAE G 3R 3 618 m il 1800m 5 34 B R J B Fy A= 4 12 A0 4 WRBU S5 T3 0t 4 R 43 FISEL 0 43k
FRAF Z N, ST SRR A R S S AR R 4 BA AR NG R K AL TEp = 0.05 ERA B, 8 SR BEAA # R KRS T8 K P AE7E
p=0.05 273 AKR5EE The dotted horizontal bar and the open horizontal bar stands for 618m above sea level and 1800m above sea level respectively.

Treatments code as in Fig. 1 The values of entire clonal fragment is the sum of those for the proximal part and the distal part. For the proximal part and

the distal part, horizontal bars sharing the same lowercase letters are not different at p = 0.05. Characters of the cloanl fragments marked by the same

capital letter within parentheses are not different at p = 0. 05

2.3 EANWEERERIRA

VPR BE L[] R B PR EE 45 AN [RI A0 38 DA B g 4k A
E SRR RAERFRR AR EEREA TR
BAME(E2) . FFRAREFMG AFLHE KR
BB 5 R 7 AR AR M I 3C BAE A I3k 0 B 5 AN [ ik
PRI 3CHAE F B R b R B A R B (R 2) 6
PR AR BE b B Ta b i B R RO R T AR
YEMDREERK T RIS R T H(R3,E 2).
3 itig

T S MR G T ) R IR B Ak M 5 R Rl 3R 5 %
32 B P S35 50 W)U i e A AR 9 43 R S i e B
SIRRER T R AE B REL(R 1) RIS R E R B
EWMEAN TR R EMSRE(ER2) . £
& 1800m b, 5 IEM =S BRI B AL #( 1) A 0)#H
b, BEUR Az B SR AL (D) F (V) T B A~
SR Fr B B A B R A AR B AR AR B B 5 AR AR
618m 4b, S IEM = BRI AL ( 1) ML) AL,
PR RS [ R A (D) A (V) R B s s ke
FEBAEYREEWN, ERAMRGER DR, T EMHE

Distal part Proximal part

v o ——
£ 1 b b
g I a Hia
G I efi | Hab
Pt
= IV c c
| 1 cd c

1l be ab

I de b

0.6 0.3 0 0.3 0.6

5 b Ratio of root to shoot

B3 FEPANESR BE Lok B8 0 s v o 0 4 A0 30 3 e 4
PRERST B LY

Fig. 3  Root/shoot ratio (mean * SE) of the two parts of the
Lysimachia christinae clonal fragments growing at the two altitudes
SLPRFFS BT 1, §7 5 R 25 0 B 7K A 43 3 38 7 ¥ 4K 618m il
1800m , 7 s FIL 3 73 k¥ 7 B A A [ /N B B (K S AE7E p =
0.05 53 A8 The dotted horizontal bar and the open horizontal
bar stands for 618m above sea level and 1800m above sea level
respectively. Treatments code as in Fig. 1 In distal part and proximal

part, the horizontal bars sharing the same low-case are not significantly

different at p =0.05

G360 U5 T A i B R S S R A 2 e R A A B, R U WAL B REAS 4R S ST R AL 7E S R
B IAETE S X 5 R P IR 5K 4 5 H R BEBR I % ) B2 (Ragaria chiloensis) , RS2 3% (P.
anserine) FIE)EZRBEIE(P. reptans) "> L JiYE IR 533 30 H R IRPELR M98 FIBERE (F. chaloensis) "% ffy

BrFE s R

Xl e R S RER T, 5 A KRR O IR SR A MF T AR IR I, S8 e ke A BUAR AR R 7E W
MEARTR AR F AR EL , AR RAE R G ISR 0 1 T el bR B 2 AR W) B B3 3oy (1 3 b3V A D)
X T Im i Ve R SR ER T, 5 A RIEOC IR SRR T MR, 58 Tk i BeR A K 7E ROL IR A
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FO AT, A RERERRTED FM TR IEZEYER M B35 (B3 BT MI), 45
A RIERDCRRTR R T B BRARERS , 58 Take i BOE A KEEMOL R R0 SR M R AR B, 2B RZEROL
REFA R TR RIECEZEYRIR(E 3 VAT ) o A Y& 5 Fotk J7 it ml 584 S0 34 #k
I AL, 7 — S ST RE AR Y 22 17 B — R SR R R B4 OISR B, 7] 4 AR K A 1R 3R 4 BEHORMIR 57 40 BBk
S A 53R PEFREE A 3 LA} Glechoma hederacea) H: A TE TR 35 41 BELR Y A PR (AR H B35 BE K™ 5 3
HRKTEERST (KA 8 T I 2 4E 4 KB (Ambrosia psilostachya) >V F1 Hydrocotyle bonariensis® | FoAH ¥ 4 K- 76
e (AEK ) e T M RRAR T FUBE Ko ARSI rp, Wi/ 3R0M BE b e R AE W ik 8 38 O AR SR L X 8 R
TR GRS EPESREFR B (1 S IR -5 2 K T 1 U 2R 5 v 48 ) 2R B AN | %5285 ( Fragaria chiloensis)
=B Trifolium repens) "V FI B Z B (P. reptans) ™ 343 H BERIE A BE I SRR Lo PRI , 26 F-43- bR 18] £
IR , FE PTG RS B b2t B B AR ) B AT BOAR R Xt T AR BER N I B R IR R A T ReAL, BR R A T SakE
W4T TAT R o MKEEAHIE SRR D BB 2L, e REAE Y RBAA R0 R A S VR4 A I RUR , AR IR 32 B3
PR s A K AR . FEESR T =Y T 3 A Y B Be 2 P s e % (& 3) , X AT RE R
i A RKEBRK S Y UIRERR A TRAER LT o Y5ERKIERERIRIRN ST M/ bk iE
B, SR TURE B B A RAEOG IR R FR A AR L, AR R ARG IR R 3R 43 45 14 T 3 o 40 AR L 43 B B 2 A= )
HEMR(E 3 AN F 1) (HRERMNMEIREE L, X —aREREEHEUER (B 3)., fiEh T4%
A TERE B A& RO R IR AL B, AR R TR AR T I AR , SRS R R A I R SR T (HHE EER A
K2, SBHME HEE , 78 Liao MBI th &3 T HRIE R,

WA A R BE DR AR B S AL (AR R RIRR ) o 8 7K T AT 38 4 3 T 3 B A Y R SO ] ke i 3 LA % B TR
FRBUE B AH R AVRHE (IR R R IR 4IAR 52 - AR L T AR A B AR 46 ) o 491140 Hartnett &
Bazzaz X SRR ZFA IR —Bi 3 1E (Solidago canadensis) MBFFE R I, HERK TRt RAEM T MER—
KA (S. canadensis) S35 K T BT A0 T MR I, EOB A HRIZE T2 20% ™’ ;de Kroon Z5 %1 4R
ZEEH Carex hirta FIWTFT R, 257K PRS- 22 M 2 BRARFE I, A2 Tk 0L R 2844 F 0 BRAR 9 7K
SERBERE . A, BN NGRS TE 25 1T 8 LR A B T 98 1 4 5 T R e 4 TAT G
W5t

BT 5 R IR E OGRRFIK 446 R P 7 R AE M DL BUE . AR 800m F] 1600m , ) &) 25 73 f&
L YIEHE ( Duchesnea indica) S50 BRI A, R TR B &R v A KDY . 34K e e A A4
PR ) TEREAE Y, TERUR KPR IR e 5B 25 AR AR W T AR B o, A PR ] R AL = AT AR R
WEE, A K SRR & RN Y o SEEAEYITE B R , BRIV T R A R G A R
o T ZES RGP TIRBHAL , FEFBREARGA FER N IR B R RS b, f B ZE oAl
Wik B8 BEORE % 23R 8] R AR X R R = B R TR T BB Jr Ak . 514K 618m AH LL , ZEVEIK 1800m 4L [R] 5 BT R4
AT I U TE R A AR FIEEAN TR BRI K (R 1,382, K 3,8 2) , X B/R T ARGRME ERIE
SEXHEY R I LS T, 76 R MR A 55 7 M P R UR L % H AR K BTk oK%, (R, T P U
e R gk i T AR B A S i 1 B X R
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