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Abstract

Aims Compensatory growth is affected by defoliation ratio, water and soil nutrient availability, but it is unclear
which factor is most important in the overcompensatory response to herbivores in a particular area. Our objectives
were to examine how compensatory growth of Carex scabrirostris varies with different habitats in an alpine Ko-
bresia humilis meadow and determine relative effects of these factors on compensatory growth.

Methods Our field experiment at the Haibei Research Station of the Chinese Academy of Sciences from April to
September 2007 included three habitats (habitat I: pen pasture, grazed % high nutrient availability; habitat II: pass
pasture, grazed X low nutrient availability and habitat III: ungrazed pasture, null defoliation ratio x low nutrient
availability) with three plots per habitat. In each plot, 12 quadrats (0.5 m x 0.5 m) were divided into two groups: 6
caged and 6 uncaged. For each of these sets of 6 quadrats, 3 quadrats were sampled in mid-June and 3 in
mid-August. We used canonical correspondence analysis (CCA) with potential impact factors selected by the
forward selection procedure for the compensatory growth of C. scabrirostris ramets to determine the relative ef-
fects of defoliation ratio, water and soil nutrient variables on compensatory growth.

Important findings The compensatory increase in dry weight, cover, density and height of ramets were higher
for the habitat I than for habitats II and IIl. Overcompensation of aboveground biomass per ramet occurred in
habitat I and II, whereas undercompensation was found in habitat III. The biomass allocation to growth function
per ramet in habitat I was equal to that of III but higher than that of II. Storage allocation was greatest in habitat II,
moderate in III, and least in I. Storage allocation was negatively correlated with growth and clonal propagation
allocations, and growth allocation was negatively correlated with sexual reproductive allocation. The most impor-
tant factors that induced compensatory growth were relative growth rate and soil organic matter content in June,
followed by nitrogen content in August and defoliation ratio. These results suggest that the ramets in nutrient-rich
habitat or in nutrient-poor habitat but having a high storage allocation tend to have overcompensation growth. The
nutrient-rich habitat can compensate for the negative effects of herbivores and improve the ability to tolerate
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herbivores.
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PO A0 55 REHCE AL 1 (Briske, 1996; B4R A
FEPEL, 1999). A PEFAEY BEARBER i) LR A
o B FROL A, a0 ek oA H 2 T MR LB P 45 R R A
JeAAF Gy A RARCR B R S RO 1 5 i A8 1 i
WA R AT e ), HLH 38 19 0 5 25 5e )k
YUK £ (Briske, 1996; Strauss & Agrawal, 1999),
3 Tk A A 4% T AR AL 2R N A R R AR B
T LB ) (1) A K (FE R, 2004), AT ™ A2 B vy
(1) 25 ) S R0 BE 22 1) 2F (B A 4 6 R £ R0 5 R R
)(Gao et al., 2008). KUk, MHHCPEEREYZ 2R
0 Jo Ab £ Ok 2 A1 231 — g ) (Belsky, 1986;
Strauss & Agrawal, 1999), 1 & Jr it (1 #h 2 24E K
(compensatory growth) it 2 A i B0 1 = AL )
o, AMEA AR 1 KN AT LU 2 TR A () 5 55
(Tiffin, 2000). #M2EAEKAFEIFPEEA: 1) 12
(overcompensation), K& G )AL A B AL
AR EIAEY; 2)55 M2 (fullcompensation), #% &
T 0 A2 7 1 A B B B R AR R ) 1) T 22 St e
AL 3)K M2 (undercompensation), KX A4 A4
KB NG m, ARSI 2] BT KRR &
T o KB JG ) AR TR AN A K % (relative growth
rate, RGR) ZHURIMISCRI I e ) 3 BRSO 5505 43 T
(R A LA R b s B A e 2 1 U 3 A5 40t 7 ke b
PRI TN, W R IUAE A kM2 R
52(Gao et al., 2008) LA S HE W44 N 77 43 2 A
(Leriche et al., 2003)55 77 1f . AEBEBIs v SRAGPE
X b A% AR RS A K 7 A T Y 5 W (Strauss &
Agrawal, 1999),

I £20 2 A [H A2 T R A A 2 T 5 1k
FAMEAEAESri&(Williamson et al., 1989; Alward &
Joern, 1993; VERF V4%, 1998; VETF T Al £ 55,
2001; HEHREE, 1999; Brathen & Odasz-Albrigtsen,
2000; Huhta et al., 2000; % J# %, 2001; Dam-
houreyeh & Hartnett, 2002; Leriche et al., 2003; XI/f{i
5, 2004; XIF0%, 2004; Mclntire & Hik, 2005; Wise
& Abrahamson, 2005, 2007; Gao et al., 2008). £ 5 H
A, A4 BRI Tk AR AME I AT,
TR B i (grazing  optimization hypothesis,

GOH)(McNaughton, 1979; Dyer et al., 1993). Jx W.i%
2 3% % Ui (continuum of responses hypothesis,
CRH)(tH FR M 3% 22 1% {1 i, compensatory con-
tinuum hypothesis, CCH) (Maschinski & Whitham,
1989; Huhta et al., 2000). K FK A (growth rate
model, GRM) (Hilbert et al., 1981)F1BR i %5 s 7Y
(the limiting resource model, LRM) (Wise & Abra-
hamson, 2005, 2007). GOHIAA KA % 5 Maz A K
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T . LRMESR SN RS ], AH T2 2%(Gao et
al., 2008), K, Gao%:(2008)#% i — AL ILRM
B FFUE BN E 5 K 3 FFR oy BAT A SO ARG
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K TR R 06 R R AT S P, T S O RS B
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PRI 3 B JEE X R 5 6 5 1 7K 20 R R ) A A A B
HITEH, EAST IR B HI(Gao et al., 2008).
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B, A5 DR BEAMEERE AR, 1998; VE
TS M E 55, 20015 # [E #R 4, 1999; Dam-
houreyeh & Hartnett, 2002). 11l 71 At AR X K16 5T
W B IR M A AT BRI H (Bréthen &
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1 #RFAEE

1.1 SRR

S 12007449 H A6 b [H BL A B i b s 5 5
] 2 35 2R 46 6 0 0 W 55 ] (Kobresia - humilis
meadow) N HEAT o &l T i SR AR b2k, SRE
T A MG F VA M TR G By L, B B
H37°29'-37°45' N, 101°12'-101°23" E, #ii[X HiJE T
i, 2 MEHW R Hh, #4k3 200-3 600 m. F
¥)S8E-1.6 °C, - FIRFKES560 mm, 79%5H T
5-9H . FEAKE 238 mm, HIXHRE67% (I
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H @A), 500l e A 4534 1 R 7 FI3A
AT o SCIAHE3AEE < 3T x 2 I [A] <
6FFJ7, FL108MFET5
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6 H by, WEFETT W o bk BRI, 60 C
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HVETF, 60 CHET-72 he FREVEE BRIy FEF
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THHEA KA i (growth allocation, GA). A 258 4
fic(sexual reproductive allocation, SRA). fifijsl 5 fic
(storage allocation, SA) Al v [ 4 43 i (clonal
propagation allocation, CPA). Jfil5Hh . 2k
Wy /3 fic (aboveground allocation, AA; belowground
allocation, BA)o % FLARF ) B AR HCH b5 .

My EES A IE S S, FH R AERE T T 2 4
0-20 ey LA, 16 ARG IENE 1385 /K (soil
water content, SWC)(105 ‘C, 416 h), 1%L R
PRBEEE R 27 8 U5 B85 27 5 20 B I3k o0 ) 2 7 7
%5y . 3 pHAE H AL ED 2 A ML (organic
matter, OM, g-kg )& &M BRI AR, 2K
(total nitrogen, TN, g-kg )& & FHULIKIEM R, AA3
BB 4 M A 7 A 5E 5 4>t (total phosphorus,
TP, gkg )& E YLK IR MR, BT LI E;
Tt 4 % (nitrate nitrogen, NN, mgkg ") Fl 2 & &
(ammoniacal nitrogen, AN, mgkg") % & H 1.0
mol-L™" KCHREHL, AA3VELLI BNk 2 o WA 5 ;
T % (available phosphorus, AP, mg'kg )& /10.5
mol-L ™! NaHCO; %4, FHERHTEL (4 E 0l 5 o

A BT 12K £ # (defoliation ratio, DR)H T 201t
=K

DR = (UGDW,—GDW,,) x 100/UGDW,, (1)
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Table 1 Comparison of nutrient and water content in the soil, defohation ratio of herbs and coverage of communities among habitats

Enpi| AR TE Fos A28 Habitat

Time Habitat characteristics I I 1

6H pHfH pH value 1.22™ 7.75+0.11° 7.93 +0.13° 7.78 £0.18"

Jun. 35 /KB Soil water content (SWC, %) 22.87" 26.66 + 1.27° 21.89 +0.82° 22.82 +0.44°
HHUK Organic matter (OM, g'kg™) 6.18" 148.23 +32.89° 82.66 + 8.94° 102.15 +26.63"
4% Total nitrogen (TN, gkg ") 11.06™ 8.09 + 1.26"™ 5.48£0.51° 11.31 £2.66°
A% Nitrate nitrogen (NN, mg-kg™) 18.25™ 67.29 +31.45° 11.03 £2.58° 22.71+7.21°
A%, Ammoniacal nitrogen (AN, mgkg™) 2.42™ 46.75 £ 7.69* 48.95 +13.14° 60.00 + 16.02°
4xW# Total phosphorus (TP, gkg ") 417" 1.13£0.08° 0.89 + 0.09* 0.92+0.11%
% Available phosphorus (AP, mg-kg ™) 7.05" 11.97+3.91° 3.36 +0.81° 4324297
Hi 5 Aboveground mass (AM, g-ramet™) 4.12° 0.18 £ 0.03 0.13 +0.04® 0.10 + 0.03°
B R % Defoliation ratio (DR, %) 19.17” 43.65+11.81° 32.17+5.23° 10.35 +2.89°
H% EE UK fr % DR of Carex scabrirostris (%) 11.76" 32.79 +9.62° 14.47+3.91° 9.26 + 0.86"

8H pHfE pH value 1.69™ 7.74 £ 0.09* 7.89 £ 0.26" 8.05+0.21°

Aug. 135 K& Soil water content (SWC, %) 22.85™ 29.61+1.93° 23.63 + 1.41° 25.63 £ 0.58"
HHUF Organic matter (OM, g'kg ™) 11.217 173.60 + 52.59° 81.01 +5.47° 91.27 +17.11°
4% Total nitrogen (TN, g'kg™) 15.14" 13.71 +2.00° 9.61 +2.26° 5.64 +1.15°
THA% Nitrate nitrogen (NN, mg-kg ) 448" 27.36 + 18.61° 4,63 +3.37 2.76 £2.08"
A A% Ammoniacal nitrogen (AN, mgkg™) 6.33" 43.08 +10.39° 21.74 +2.11° 31.48 +9.15®
4:f¢ Total phosphorus (TP, g-kg™) 30.57" 1.32+0.11° 0.88 £ 0.02° 0.93 +0.07°
T Available phosphorus (AP, mgkg™) 465" 14.32+£10.26° 3.38+£1.22° 3.64 £2.26"
Y% 55 2 Community coverage (TC, %) 14.35™ 99.56 +0.51° 96.33 +2.73° 80.78 + 8.04°

I, NI B3R w e BOBEAN B R3 R A s . NEBUE A Pl + Ak e, FATEUE R IR T REOR R 25 5. FE, ns.
FooF DL ** 3ERp > 0.1, 0.05<p < 0.1. p < 0.05LLK%p < 0.01,

I, IT and III in the table indicate pen, pass and ungrazed pasture habitats, respectively. Measured values are mean + SD and similar letters after value
in the same row indicate no significant difference at the 0.1 significant level. In the row of F value, ns, T, * and ** indicate p > 0.1, 0.05<p < 0.1,

p < 0.05andp =< 0.01, respectively.

A, UGDW, b6 ) Ay F1 8 RE U7 M A=)+,
GDW, & 6 J1 1y J 411 28 #F U7 b b AR ) &
UGDW,;-GDW, RI 4K fr st o Al AR BE TIPSR 26
INF, o) TG AL J7 HEAT 5 A ) (Rl AR B
A BRI H AR TBUBCR B ), K X & 1 GDW,
PR (1) A5

# £ 4= K & (compensatory growth weight,
CDW, g)HLeriche%5(2003) %) /5 1% vH 5

CDW = UGDW,, — GDW,; + GDW,, Q)
L, COWIME K &, GDW,o A8 H Ay LI
FEOT i EAEE, R AERE . HARIR)(1) .

M AR KB FHAME4REG/C (Belsky, 1986)3%
e GIHCDW, CH8 H HrayAT B E T7 b At
ASCIE NS T 2M bR e — AN AME TR
G/Cy, GHRABZMCDW, Coh [RAELE8 H h Ay
R T o B R, — A B RAME TR 2L G/C,,
Gy A HABEHICDW, (HC A ESRIT 8 H A 41l

ERE T LR R, B G/C (HG/Cy) > 1, MR A
BAME; G/ICy (BIG/Cy) = 1, IEEatME; G/Cy (8
G/Cz) < 1, NEAME(Belsky, 1986). T #MEFREL

AHXE S, G/ICIFIG/IC A E AR L. GIC,
/}E%wﬁﬁvﬁéiﬁwz SR G AME R L RE
71, MG/C B R m AN A AR B8 4 A B 25 54
5 REAEA 7 A IR TR O 2 57

KA JE R AR E KR (RGR)(grg d TR
HitHE:

RGR = (GDW,,-GDW,;) / GDW,, x d (3)
Arb, dAKE FFARE HARRF1). 2)20.
1.4 HFitah

H SPSS 13.0 H #L Al ¥ J7 7 43 #7 (One-Way
ANOVA)FET LI AN [ A 55 TC 41 A 7 38K 45
FE0y LA KK IICDW. DR, RGR. &3 1
OYRREE . mJERIGEE 2 . A TR AR E
PEIR AR R A B OC R, XFGA. SRA. SA.

doi: 10.3773/j.issn.1005-264x.2010.03.012



352 M)A #2430 Chinese Journal of Plant Ecology 2010, 34 (3): 348-358

CPA. AA. BA. G/CFICDWHEAT T Spearmanfk Al
KoM e AT LR oM s, 43 0% 1 43 b B k47
FOESEFA . X3 B B ATy i 4, A4
A e A A T I (1) e e

ASCEDR. RGRUL A6 H FI8 H 2 ¢l e i) -+ 1%
SKE. pHIE. AHUR. 5. SR, JEA.
AT AN RO 1 A5 1 8N R A A Tk A o, A
A A LBV FIMonte  Carlodr 56 S48 I ) i 7& 5L 35
f%. CDW. ZpAkaa s 2 BRI m B ARk BT B 2
SR T, RIS CCASK ) B i S i B Ay £ 5 |
IR IEAR 7. AU L PRV . Monte Carlof 46 Al
CCAHE ¥ K H TerBraak 4 il [t CANOCO4.5 X 11
SEI, FE0HE IR T 0 B In(x+ D) AR o

2 ZERFMS

21 HIEER

FIABFFIF A I, AEBEUHAE & B R4S 8
VS, M TR E R R R, DAY
PRI 1520 m, HIEFRIFIK PR3N ES i A
FEERLD), B, AR I E E S A, 3
ERL R D, B8 U AN - 3 4 A 5 5 2=
ARSI, ARy S ARG 2 . it
PRI E280-100 m, T3S /K E(RT AL, M5 A48
NIRRT E 5= SOE oo ) || IR VA Y T | T DA iy |
L, FEZABO0RE, LA FIMER R,
780100 m, B T-IEA LN & AR AN,
TR 5 F B R g K& 5 AERITE 2 (R 1). 18
WX, FRRAE4 H ha) 25 H Ay e o sR 5 fE
KA, FEHOI A P AR, K E SR8, )L
PR Wi R Y . R M 3B T2 R B
FEE BN Ak 3 B 7 FEAR ), A T & AR B R U 3R
FIYEASTH], M A K AP AR 25 57(0.05 < p <
0.10), HARIUANASET AR AR, 3%
{ETCFNIERE J7 PRI b b 30800 Bl R 1) (M) ]
B A R Wk B R R BB, A3
AN A 355K 0 R R ORH Wk 5 R ) SR 28 H AL I = 2
(P < 0.01), KIUMAEBTT >AEBII >AE T AL
(E). B MMEEGELEEER, Ha T4
S IEINE
22 CDW5GIC

FH R COWAE AR B I AAE 2 5 22 7 (Foe) =
31.76, p = 0.001), HAEABEIE 3 & T ARSI AR5
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Fig. 1 Compensatory growth weight of Carex scabrirostris
ramet in different habitats in Haibei alpine meadow (mean +
SE). I, II and III in the figure indicate pen, pass and ungrazed
pasture habitats, respectively. Different letters above error bars
indicate significant differences (p < 0.05) among habitats.

I, 29453 192.5-3.04%, 1 & # & C %= 7
(K1)

WA B N AME TR BLG/C T T, AEZESEL. TR,
G/Cy > 1, MM, 7EEBSIIT, G/Cy < 1, AEAh
£(3K2). AEBERAMEFREG/C, 5 G/C, AR LA
A, (HG/C\{ELEBE I 22 7 BN T G/ICo M 22 5%,
G/C{EAEBE A ZE1.154%, MG/CoAH %6.4915(322)
23 HYENBREESIMEEKBER

TR, HFERAUG 24 H ik
S, HSER ) FRAA. BA. GA. SAYE/: 851
TEAE T 225, MSRARICPAT i % % 57 (3£3). AA
AR, Ty HoE 22 5, EARBEIEAR, XA
23.40%7r 47 . BARARAL S IEAH I, 7EARSEILE 3 5
THAN MBI (3R3) . GAYEAESTL. A Hoi
TAESEIL SATEAESE IR &, AEIIR ., ER
fit. HUARCPAZE/EBIM LS4 X LI ZER@p <
0.10), {HHAR TR B AEBET >AE B >R BT
P(HK3)o IR E IR R A 1R T
FERE T IR 3 22 51(0.37 < Fauy < 138, p > 0.1),
T BH 2 A7 iR 5 TEOHR I A 5% T 4 R PN 0% 905 1 2 T
P, AN [R) 2B 355 R) - 39 DR Rk 11 5 e g s 1) 22
F Al BE AL 5 A 5 g I MR A AR A i) R
JEUIAL o
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T2 ANFIEBDRIGCEL SN RRAMER B G/CCF B HEhRHE L)

Table 2 Compensatory index G/C of Carex scabrirostris ramet in different habitats (mean + SE)

AT N AMEFREG/C, BT AME R G/C,
Compensatory index G/C; within habitats Compensatory index G/C, among habitats

I I I I I il
1.119+0.137 1.169 +0.073 0.982 £ 0.007 6.385 +1.223 2.316 £0.061 0.982 +0.007

I I TR g B PO AR 3 Fh 3G

I, I and III in the table indicate pen, pass and ungrazed pasture habitats, respectively.

3 Al SR AN R AL BORG A R RR A R ) BE P S (R R IR

Table 3 Biomass allocation of Carex scabrirostris ramet in different habitats in Haibei alpine meadow (mean + SE)

A1 Habitat

=) 4yl Biomass allocation (%) Feo
I i 11

A=Kt Growth allocation, GA 481° 37.91 £3.35° 22.64+2.16 35.62+2.43°
HIEEIE AL Sexual reproductive allocation, SRA 1.19™ 0.16 +0.02° 0.77 £0.71° 0.34 +0.14°
fifi ML Storage allocation, SA 19.35" 17.80 + 1.34° 38.15 +£2.34° 29.07 £3.15°
TERE 53l Clonal propagation allocation, CPA 2.36™ 44.13 +2.34° 38.44 +1.70° 34.97 +2.97°
o FAEYE T Aboveground biomass allocation, AA 448" 37.91 +3.34° 23.40 + 1.86° 35.94 +£2.43®
N AEYE TR Belowground biomass allocation, BA 5.19° 62.09 +3.34° 76.60 + 1.86° 64.06 + 2.43°

I IANIZN ) R e Pl BOE RS 3R s . FATEUE R AR P RO R L B =R . FED,
0.05<p < 0.1. p < 0.05LLfp < 0.01,

I, II and III in the table indicate pen, pass and ungrazed pasture habitats, respectively. Similar letters after value in the same row indicate no signifi-
cant difference at the 0.1 significant level. In the row of F value, ns, T, * and ** indicate p > 0.1,0.05<p < 0.1,p < 0.05andp < 0.01, respec-
tively.

ns. f. * LR ** JpRIFoRp > 0.1,

F4 b R AR G R O R A ) E S S M A B Spearman AT 5%
Table 4 Spearman correlation for biomass allocation and compensatory growth of Carex scabrirostris ramet in Haibei alpine
meadow

AR AMEEREAE RO RSN M RAEYEASE AR AEBE MRS
GA (%) SRA (%) SA (%) CPA (%) AA (%) BA (%) G/C,

KA GA (%)

HHEIE AN SRA (%)  —0.448*

fGIRTIC SA (%) —0.736%* 0.471%

TORE AL CPA (%) —0.226 —0.163 —0.435%

i EAYRDT AA (%) 0.998*%  —0.43]** —0.733%*  —0.234

YRS BA (%) —0.998%* 0.431%* 0.733%* 0.234 ~1.000%**

ABEAMETREL G/IC, 0.305 -0.139 ~0.507**  0.259 0.320 -0.320

FMEE KA CDW (g) 0.335 -0.053 —0.470%* 0.177 0.367 -0.367 0.732%*

* p<0.05; **, p<0.01; n=27; GA, growth allocation; SRA, sexual reproductive allocation; SA, storage allocation; CPA, clonal propagation alloca-
tion; AA, aboveground biomass allocation; BA, belowground biomass allocation; G/C,, compensatory index among habitats; CDW, compensatory
growth weight.

A= W)t 43 WC 5 R R AR KR T 1Y) Spearman Bk A
KM (F4) R, GALSRA. SA. BA L M6
(p < 0.058%p < 0.01), HAALZZE FAHZ%(p < 0.01),
GA 5 5 CDW M G/CoIEAH K, (HAIE 2 i 2% /K- o
SRALSA. BARZE IEAHK(p < 0.058p < 0.01), 5
AATZ AR (p <0.01). SASCPA. AA. G/C, I
CDW g # F1iAH5%(p < 0.055%p < 0.01), 5BAE% IE
H%(p <0.01). AASBA R HiAH5(p < 0.01). G/C;

5HCDWI 2% IEAHK(p < 0.01).
2.4 RGR

G3 AR b P T AR I IR RGRAE A= 5% ) A7
15583 7 52 (F o) = 12.56, p = 0.007). RGRYEZESELY
0.088 g-g -d”!, WFHE TSI 0.008 gg'-d HFILE
BT (0.006 g-g -d ™), 7B T2 ) JE 2 5(K2).
25 NHEE. BEENSE

FH 25 35 [ (coverage, C). %[ (density, D)
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Fig. 2 Relative growth rate of Carex scabrirostris ramet after
defoliating in different habitats in Haibei alpine meadow (mean
+ SE). I, II and III indicate pen, pass and ungrazed pasture
habitats, respectively. Different letters above error bars indicate
significant differences (p < 0.05) among habitats.

1w B (height, H)7E A2 58 1) 2 % % % (Foec =
5.19, p = 0.049; Foep = 11.07, p = 0.010; Fpen=
8.18, p = 0.019). i &R A A T iy, 4RI
Wz, B (E3);, &AL 2 T
BRI, HAEBIE 2R, HAEASI. M2 ML 2R
(El3).
2.6 CCAHF

I 7] 2% £ FiMonte  Carlofs 56 2 78 (6 5), 1F18
AN R 75, X HEVA B 15 % (Total coverage, TC)«
FIKEE ELCDW. Zh KR a5 R L 55 5 R v S i e K )
R 72 HIEZSEAIRGR (p < 0.058¢p < 0.01),
U6 H 4y - 1 pHAE AN 41 5 £:(0.05 < p < 0.10),
DR. &% & i 6 AL L8 A 4 +HEpHE
ARG (p > 0.10), MBS KR, #
e, 6 3 LIRS R SHM LA NUR. 6k
TR TS NIE N PSR R, 8
TUAR AR B T B

CCAHEFHT AR IR AR S 5 114 NIE R 1
PIAHOC R BINARS . W4 R AEE A4 0.031, 75
FFIEAE0.03911)79.5%, i 5 4l ) R AR AR v B
TEAE74.3%, Bet%fiRe LR RE AR 10 160.3% 1
12.8%, BtH Z4EHE PR RAF. 3. 45hIRFE(E Y
40.001, {5 B 3=/, HAH 7 SRIEAR A B
FARK R Bk, 7Pl AR BTt s ey
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Fig. 3 Varieties of coverage, density and plant height of Carex
scabrirostris ramet population in different habitats in Haibei
alpine meadow (mean = SE). I, II and III indicate pen, pass and
ungrazed pasture habitats, respectively. Different letters above
error bars indicate significant differences (p < 0.05) among
habitats.
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R5  SHEM R T AR R &R A Monte Carlok® % DL % 25 K T 5 CC AHE 4 1A {1 A1 5% R3¢

Table 5 Forward selection and Monte Carlo test for the impact factors and the correlation coefficients between CCA ordination axes

and impact factors

HEFh R AL SR 0T 2% 61 June

81 August RGR DR

Axes Eigen- Cumulative

pH SWC OM TN NN AN TP AP pH SWC OM TN NN AN TP AP

values percentage

variance (%)

1 0.024 60.3 0.09 -0.20 0.40° 0.42" —0.30 0.37" -0.58" -0.39" -0.16 —0.60" -0.59"
2 0.005 73.1 -0.37" 0.73" 031 0.52" 0.46" —0.04 025 026 082" 0.55" 0.17
3 0.001 75.7 -0.04 -0.12  —-0.01 0.12 -0.17 0.03 -0.15 0.08 —0.04 -0.07 -0.31
4 0.001 77.5 -0.09 0.10  -0.09 0.08 0.15 ~0.09 -0.03 -0.06 —0.07 —-0.01 0.03
Monte Carlof % pfE

Monte Carlo test’ p value

006" # 053 028 # 0017006 # 030 # # 038 027 0.04

# # 0.017 026

** <000 % p<0051,005<p<0.l; #,

M 2 AR SRR ME DG R, SWC, IS /K (%); OM, HHLUF(g-ke™); TN, &% (gke™);

NN, &% (mgke™"); AN, ZAZF (mgke"); TP, & i(gkg"); AP, B (mgkg™"); RGR, AR EK % (gg!d™"); DR, REH(%).

# p<0.01; * p<0.05;

F,0.05<p<0.1; #, collinearity relationship exists among impact factors; SWC, soil water content (%); OM, organic

matter (g'kg™'); TN, total nitrogen (g-kg'); NN, nitrate nitrogen (mg-kg™); AN, ammoniacal nitrogen (mg-kg'); TP, total phosphorus (g'kg™); AP,
available phosphorus (mg-kg™"); RGR, relative growth ratio (g-g"-d™"); DR, defoliation ratio (%).

(#K5)-

CCA 4 HE P I (B4) BB S e HE FRER 6 1
FHVGZL A (I CDW. 56 5 L 35 5 R g o S e AR Ak 1)
I3 R R T AR DTRR DA A LR R . A
TEAF 5 T JCAH T Ta] 11 2 125 93 3l 3 7 e 1k it R 34y
A AR o 87 Sk 5 A R 1B I i o7 1m, - &
Sk TR BRI AR DI R, 7Sk R A HE 7
By - T R IR R R 7R 12 PR ) R il A X
DUER. AEE4THN, BER S GG R R R CDW,
T RN PR R A T AR A ),
RO RSN L MR o S ROR Mk B2 v R R
I, BEIEMKEXRR, X5 B3R,
TR 56 15 5 CDW SR I 58 B 55 J3E o 58 R i S8 B %
B2 MAEAE SRR OROC R, U WAV o R DR I 2
BRI AR KRR R o

FR A 114N NI 52 i DR 775 HE 7 1 b (10 5 SR A,
B, KL oN3d8 2K, LIiEpHAE, BN
W e AR e, HSIOEADG 52K 6 4
AMASEHET®, FEHRXEEERENENA KL,
%=, RGR. DR. 8 HMAEHE T ELLL6 Al
JRAARE S, RO FCDW, i B
FEMAR AL . Horh, x4 i CDW bt ik 552 K 1) /£ RGR,
HWRE AN HEEHRAH M HIRAE S B, &
g, ZES5DR. SHN AZMASASTHAAEN

3 iTiRFILER

BHCR BRI ARk ST

23 Bt %% 22 J5 T 1A% AL (Belsky, 1986; Briske, 1996;
Crawley, 1997; Jaramillo & Detling, 1998; Smith,
1998; Erneberg, 1999; Paige, 1999), FIL{E LW .
R A A 26 R 3 ok £ 110 72 A R kg i v A 400 i 4
P B M ML (Strauss & Agrawal, 1999). AT
KT G/ICGICL 1 73 BT (2) 73 il s T A5 22 7
X HEL Y T AR 5 W) B BRI 2808 5 R BRI, 13
HHAE K AN T80 L 98 5RO 23 = 1 A2 B T i
PECOROKRFEK, DAECT7E 92 R2INE G, NG
RO AME R AL . AR RSO ) A 1
I, 19, AMEBEBAME K LA, Eare kA
WM, R E T . X PP M A KA B
AR B2 A B AT BB AR AL 5 Gao % (2008) X0 - H (1) iff
Fakat O IR L & R0 v St M R 1 201
mE . AT B INGER B3I U
W, eAE R E AR B AT S e i, Jf
[N AR AR By %85 R v FEE R 7 1 2 T L AR M
Bl Grime“5(1986) I\ 4 v AN TE AW BPE S
A BT IR DU IE N, AR BE PRI KP OB AR
Y HAG AT . 2 AEA R 2L A B
2% E (Ligularia virgaurea) 457 o i it %5 5 7K - 14
I BT AR S, 2000) I 5 W 3IE 52 T IX 45
wo

FH % 2 P GA 5 SRA S SA[A] LL J2 CPA 5 SAH] [
B4V, GA. CDWHICPA K3 N #i 2
LLI/>SRAFISA M AR 1) o Ut BIAE B AT N E IR fE
01 218N Z R EREE, XA A I b S A K (trade-
offs) J5 B FE A N6 UK R AR B BRIk A 5
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B4 TR R PR PR N 1 L R SR R R AMEE AR )
(MCCAHEFIE . BTRAAE TR . OM, FHLB(gkg ')
TN, 4 & (gkg'); NN, i & & (mgkg"); AN, A& A
(mgkg); TP, & Wi(gke"); RGR, M A K E(gg'd")
DR, K 1I#(%); CDW, tMEAKH(g); TC, Bk (%);
C, MM EE G )%(%); D, MIKEERIHE(025 m’); H, Mk
R R (em).

Fig. 4 The ordination diagram of CCA with environmental
variables selected by the forward selection procedure for the
compensatory growth of Carex scabrirostris ramet. Arabic
numbers in the ordination diagram indicate the sampling
month. OM, organic matter (g-kg'); TN, total nitrogen (g-kg™');
NN, nitrate nitrogen (mgkg™'); AN, ammoniacal nitrogen
(mgkg™); TP, total phosphorus (g-kg™); RGR, relative growth
ratio (g-g "-d"); DR, defoliation ratio (%); CDW, compensatory
growth weight (g); TC, total coverage (%); C, coverage of
Carex scabrirostris (%); D, density of C. scabrirostris (0.25
m?); H, height of Carex scabrirostris (cm).

AR e A AT I M e Y. PR A, FA R AR
AT AW, (BT, RGR. AB, ¥
A& GATIHE N2 Pt DA RE AT R0 b M 2 DA™ R £ 1T
KEMH EAZ, HRENFER RN RS IR
J WSAB YIRS, S AR, (R
KA FAMEHIIFIE R D RGRAIGA 48 &, 1 A2 [A
H RS B R S SA(K4), 1AM RE MK
T K AT W10 20 B S5 (Hochwender et al., 2000).

XFE, ARSI Y 2 3R B 5w ] AR A K =
) R SR A2, OB I TA) fe v, BPgE L
- 45 R YR A RURL I RGRA L 8 A A #2 (R
2; K2, EI3). Bk, 7EAEBEL. I R MEIR S 2
59 5 1A () CRHAGRM P T AH 4T . CRHAIGRM
Bt 2 BT LUK 751k 88 M 32 11 B8 5 4% F LA 58 4 A
BRI, A2 BRI R AT TG T AN [R] R it A= 458 2% A1)
FEYI) 0 . CRHN AR BRI PR S Hh A P15 & B2
KR FII N K (Wise & Abrahamson, 2007),
T 38 o8 Y5 3RAG VA R T R A B A, 11T GRMITA
Ry e R YR PR v R )38 G R 52 SR B ) A7 THD R K
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(Wise & Abrahamson, 2007), A& # 5344
MR A EAME . AEAHTST, CRHANIGRMR BEAT
AT 1 HH W B2 B AE — b AR BT 4 R IR A A5
3, VAR AN AT A BR R VG L 3 2
2 WH CRHATGRM XS K 27 50% [ 57 45 J A fie fit
Ft(Hawkes & Sullivan, 2001)3AX it 73 I #RE 3 1% A1
48% I FT 45 e (Wise & Abrahamson, 2007). [Kiit,
EATIAE Ry 3 3 ) B A AR () RO AN A A PR

A BT 4 B S 2R A 5 e R B R 3
AN R PP BERE AR R IR W 2 e (R 1, K2 K
1-3), (HAS[RIA 7~ IR AH S DTRRAN [ (K 5), 1 H.DRE,
RESE IR 1498772 2 TR I AR A (B14) o 350 A2 1 AR B %
P52 AR AL A e sE e A I R A ARG, T
TIEE R R BT A R AR A
SIS AME AR BRI R R, [FRR
1 1E I BE BEM Ik 25 B 41 R I B i s A K
1, BB Ik 5% 1D TS A0 i B R 8% PR R R 5 g = PR
R U5 R 2 A T T 42 5 T M AR K (1 4) o A8
Ik BB T 7 ZE A M MICC AR &5 & 1 7 Wi 2 T R
Wik % M A R IR T AR AR A0 A A 5 ) 1 2 S,
i B H S A2 AR K I LR T, T TR B S %
PSR T i AP 1 R AR R DTk o B4 R AT LRM
B2 AT, I 5B = X R &
t IR T e 0 U BT P ) B35 ) 8 e A2 AP 1 1)
T (Wise & Abrahamson, 2007)H11%F .

AR FELE RAB TR UE S T 5 J5 LRM (Gao
et al., 2008) (1Ml . — J51fI, U [ i% $% A Monte
CarloA8: 5 UF BH 76 1% b [X 7K 43 DA~ Xof R 5k 252 501 45
PEARA TG RE WA, T 77 4 DR R AT 8 2 A FH (R 5),
MTTIE B 7E H AR A R G0 38K 5 R 7 5 B U8
PRI B R AN FER . D7 i, ML
ABETL TP BRI AN, (HG/C R /NI ALk
GICHH R (3R2), W van 08 U A S5 S R PR
I AARBON, 17 H & 77 AR B 4 R0 2028,
RERS I8 IR A0 PE o AT 903 W vy JE ) AR 2
ARG TEAIEMEFE, (Hh TR, HED
TSR FETSY, WA RCERAR, R AL
RO AN Z, Aneil Sy EKHRE, R
A=y g m (R SRR IR, 1999; Zhao &
Zhou, 1999). A FEZE(2008) I 57 4% IH % i
WIS H i LAY S A MR A B e
IEAHIG(p < 0.05), HARBLALLIG IN20% 1) 4> 47 B /K &t



BEAEIZ BV b R Yt E /R 57712 gm
(EKHEEZE, 2003), (HiZHWIX K 5 1 BRI A 3 24k
IRAES5—6 40, 5 b ) 4 KA T 4540 5 B K 40
AL, B A A5, AT SO 0 T I AR R 4
SR 77 B R (R R A%, 1996) . X 15 W] % X 3R
FETR, Rl d i m & w3 K
BRI 1, i K23 i BRI AT AR R, A&
L6 T8 R R4 B (AR T-45, 1998; YERE -l
FH5F, 2001; 5 EBREE, 1999; Damhoureyeh &
Hartnett, 2002). {EABFITHATIIE, 20074 fF/K 5
H510 mm, 5.6 ] [/K & 53k 57.5H1126.5 mm, %
sl e T [ 2 4~ K 5 (5 P30 59.4 mm,
6 H-F-357593.7 mm, WZE9e4FESE, 2004), FilE6 H
Py B K B2 A 22 4~ 2 B K B 1R .35 48, DAL A
SRR BREIEH o 1K 7] B JE CCAREFE i 1) 3%
F FiMonte Carlok 568 38K 43 R 115 4 T0 42 A%
=15 .

B2, TSR SRR BUBCR: B R I B 5y
PRIAMEE AR AR o B R R AIE 4 LA F
RO, N A AR DTk B K ) TR A R 2
6 Ay LA NUR S RS A HIRREE IR, #M
A KA AR AR B 45 A R AR T VB MR A, A B AS  4y
Z )R O TG ) AR AR IR O 2R A2 A KA S Bl
A5 S A AR AR IR FE At o ASHIEFTUE W CRHAI GRMAEL i3
AR E S, 52008 T LRMAR UL, JFh
U 5 I LRMAS AL it 1 S 36k 4
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