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A R AR R R R UL (OB AL B , grazing optimization hypothesis , GOH ;@) iz #4521 Bt , continuum of responses
hypothesis , CRH ; @3 345 A , growth rate model,GRM) , 7E B A RN AP FME R LR K PR S EESEEMA( L. &
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Abstract: A field experiment was conducted to study biomass allocation and compensatory growth of phalanx clonal plants
under different grazing disturbance pattern and nutrient availability. We also tested foraging models for clonal plants and
some hypotheses related to compensatory growth patterns, such as the grazing optimization hypothesis ( GOH), the
continuum of responses hypothesis( CRH) , and the growth rate model (GRM). We examined an alpine meadow clonal plant
Kobresia humilis in a field grazing defoliation experiment by domestic animals through setting grazed/ungrazed pots. There
were 3 habitats, ( I ) pen pasture, with heavy defoliation ratio x high nutrient availability. ( I ) pass pasture, with
moderate defoliation ratio x low nutrient availability. ( I ) ungrazed pasture, with null defoliation ratio x low nutrient
availability. Our results showed that regardless of release from grazing defoliation in the current year, the more the risk of
defoliation encountered by plants in spring, the lower the biomass allocation to growth organ (leaves) , and the greater the
biomass allocation to storage organ ( rhizomes). The reproductive allocation was highest in the conditions of moderate

defoliation ratio and low nutrient availability. However, biomass allocation to different parts of the ramet did not differ
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between grazed and ungrazed treatments. Overcompensation was found in habitat 2, whereas fullcompensation occurred in
habitat 1. Moreover, in habitat 1 ramet density significantly decreased. The pattern of biomass allocation in the species was
not consistent with the foraging model prediction. The pattern of compensatory growth supported the prediction of GOH and
GRM, however, it did not agree with CRH. These results suggested grazing defoliation significantly affect the patterns of
biomass allocation and compensatory growth of K. humilis ramet. Moderate defoliation causes the overcompensation. But

heavy defoliation will have a negative effect on long-term persistence of the population in the area.

Key Words: clonal plants; biomass allocation; compensatory growth; grazing; alpine meadow

SERERE Y TR AR AT , AR K AE VR 3= E BES BAE A oA T U X O B BEER A o 43, W A4 R R T
KEEFF R R, T4 4 AR VEUR B = BE SR P9 AR K 4K 18D B I 0800 0B A B AR BE SR AT &
W BT U5 S 20 M 45 [ 3 I 20K, T 28 O T B 22 3tb A5t ) (AR 2R B ) 25, T 7E R VR 8 MBS N , 1
WA AR B B T AR AR 35 B MR BOK 2 T R IR B Z BEER N I 20 AR . IS B0 #r , TR AR B TR0 45 SR i A
BHFBE ST F Wt AL SeRE Y A AR AL SRR R U R BB IR o X T RTE , BEUR AR B AR A4 T 19 m % [a]
BB AR T BB G BT AR, TOXS T/ 3, SEPR 3G i T X 5 d B AR 35 T e 2. A
R AR Y BAA WA TRR A SRR KBRS (Bl T H MR8, 5 “ It 2L SR AR L, K8
BRI T B MR B SAE Y R IR B4 T W rT Res G MBI . R Z MY, ek B hE
MAEMWETEIAT. FRARPTA 1 SE AR A HT LA RE AR 2R o A ) 22 0 5 Xk B R ) 0 A S B, 38 x4 1k 3
0 VR A B R A 7= th R —Fh o Ak B R A A BE PR BR A a e o BL ELIR R K B I ARk T R se b L 48
%, WX G IR K - 52 A 553 W O 5 8 7K P 5 ) Rl B 5 W W/ P R 6 o 7 A ™ o A A 9 B
B RERZHN, R IIE T KFRRRES, EEHEMNE R, R FENZEX R K, S
YIRS R A A R AR 47

TERHBEYE P, KEIA BRSO — N E B ESE T A" AR S 4
K VERAEIR S T RBH MR AL 1 o SR KU R 5, M A 2B A0 A K AT BB, 38 ot
PR BT OB, AR A R A 1) o AT T B W 7 -5 LR ASCPE  tolerance to grazing or herbivore ) 45 #4)
R, #MEA K (compensatory growth) AT AF/RTRECE " o BETA 3 MMBEULERHY AR FHME RS , Bk
W AAB L ( grazing optimization hypothesis, GOH ) M) | f7 ;7 % %% 318 )8 ( continuum of responses hypothesis,
CRH) '*! 13 K S48 7 ( growth rate model,GRM) "', GOH Ay R & B 5 HME R 2 AN S M K R, it
HEEREREEYAMEERE TR, ERKREEET , K4 (KM (undercompensation) , CRH A K8 iy
R IR K R B T B A K 5 R OO T 2R 2 43 (overcompensation) M GRM. A Sy 7E iy
HEAB P RS EKHEY SO BERBRER S K EBAME, BN REREEEY R D& A £ KR ek
LI EEAME , B8 EKEYIC B & BB R BE B SR A AR, I AME . WIS RULHAT 77
A LLA B, CRH #1 GRM X & AE A M 1 AR 52 2k A BB AH R BT, GRM 5 GOH xf TR B & 5l AMER R
H AN ]

i T B S RE A ) T AR RN 3 N AR AR M UL R B, AR SC HUER T AR R TE T S T ) A [A]
BER S R AN L8 35 KoK 43 5 A 55 v ) S B AL ) 45 5 B ( Kobresia humilis ) 43 BRAE W) 8 3 BC S5 AMEE K
1k, BEEEFERAE R EEAEFNIZ - BUERSERZEER D ERBNRIEHEY), BER
(phalanx type) #5584 , Hth 3R DL T 73 BETT A BRI B4 AR BUARARZE AR B (45 20 BE T AR B AL AR ZEF0738 7 5k
B ) AR BRI S BRIA 27.97% ~31.15% , R B (9 e AR 4, B TRGR A TR A0k
TR AR K LA BERORI A AR BRI A B SR AR IOY ORI . B S B ) R — P R R AR ™ o AR
PR ZAE Y AR IR 1 Tt BORAME LA B RIS AR AR 156, T8 R T ATEBCER I TEOHOIR BE < SRR BRI T R AR
FEAMENRI LY
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1 HREER

BT 2007 54 AE 9 AZEPERFRBISEREAESREE MR B E R A NHT, R T
Fm R AL, SRR B IFREILRIE Bia M TIREIR 16 B ST 2R 1L | BB st R ] O B 3t , 1
#& 3200 ~3500m, FHE -1.7C ,FHEKE 614.8mm,80% FEFH T 6 ~8 Ay, R L= 1162.3mm, &S
R Rl X FERIES R I G, O i AR R Y, AR 11 A 2R S A M IREHAT I, UK B
EANEA o T R — I BRI AN A A R A N BUR X Y, et RIL A, TR
BHE KR, T 5 R1%HIX 30% KRR B L2 5o BE B X — i X R F 5 0 B R 5 AT
B2
2 MIRAE

HERFSE I AR 35 7 BB B 3b (pen pasture) UE Bl ( pass pasture) I} 5 Bl (ungrazed pasture)3 FiZSHY
2007 4E 4 H AR I, A P A 3 BRI N SL I X A, 7 S s BEAL I E 12 41~ 0. 5m

x0.5m WFETT, Hrp 6 AMETH 0. 7m x 0. 7m x 0. 8m MER 223N FE A, 1E N M AEMRR B A AL 38 , AR 6 4>
AInFnZE A FHOIRI RS . WX BT 7 R 4L, A AT AR 2 B (BB %) x3 £ x3 BER
x3 PEITFENLIX H it . P 108 METT . A ATERFER M AR EHEAA (6 Aha) M2 4~2EA B A
) FEIAE

T R, TR S I R B B AR R AT Y, Y, BT 60°CHLAR 72h, 73 b (M- FF + TEF R
R MMEIIHRE(g) o AHUEFRDTESORETER LG EEYWEDB. IS FF + BF 50
Tt A B2 AR Z5 43 B 7 20 MR B IR 9 A2 K 40 BiK ( growth allocation, GA) 2% 43 it (reproduction allocation, RA) FlI
¥ 58% 73 Fic. ( storage allocation, SA) . 6 F FpaJEURER, FHZE P A1 22 B0 Al I KUK B 19 R4 3% ( defoliation ratio,
DR),B DR(% ) = (WL FAEY & - B FAEYE) x 100/ BN EAEYE .

8 H Ay BUREmS , [F] LA MR DT I 2 4y 0 ~20em JR 4%, 1 3 ISR & LI E & 7K & (105°C , fit T
6h) ,1 hy VEE RS /34T, pH [ERIAIEIE ; AHLR & EAERREAEYE; 2A & EHILIREHMR,
AA3 FESL BN HT A= AN E ; 28 S B AELIRIE TR, S PT A IE  BAUA & &M 1. Omol/L KCI 2
B, AA3 ESER s A2 G € 5 S0 & 2 A 0. Smol/L NaHCO, 242, SHEEHT L A I 5E

Y& T EAMEE KB Leriche 254890585 1155«

MR = 6 AR ENEYE -6 AhaEIMEYE +8 AhaEIMNEYE

FH SPSS 13.0-GLM-Multivariate F2J7 LLBAEY) & EB - AMEE K B R B L IEE RS S KEUK
BEVE o AR RAE AR R 22 5 o XS [RIBURE IS [R] AT 8 P4 S/ ) A 0 2 4 B 30 43 ) AT 4347, EU G
A E AR FaR AT 4R A B 2 R A X AR h (8 g R F (fixed factor) o iy T <8 fifk B A2 A5 %o AR
Yy &Sy FCHE RN , >R A SPSS 13. 0-Independent-Samples t-test 25 %I 8 N SR A= W) B 7 BLHEAT LB 48
o HT I B K p<0.05,

3 RS EAARRM ARG R SRR R LA R ERIE A (R 1) . | BRI, IR 15

~20m, FfE4FAaEH Sa, A REAFHERE, LIEFD 5K EBBERTHIN2 M., HFERBL

WG, Bk 5EEEZ DB B HERE, R R&EK, 28 HPa), B TEEHHE (Elymus nutans) FIRE L,
Z:B2 3 (Potentilla anserina) FEBRAEK , BFE B i B R AR AEEIM REFE; 1. BUER#H, H
VEZR B 7E BIA BEH 22 (A1 S e OB LA B S VA B ZE T8 Sa, BETAT 2 100 ~ 150m, A/ RIS R, ISR S
BETHE R, RFEM 8 AP WBESRERE . AR ERR FERERTASE I #
B XF B ELH (control pasture) , AN, BRI 100 ~ 150m, ToA4= £ MR, AR UV R IE 545
2 HHF], 3 KAEHTIE pH HEREZSR
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®1 FRERIEARZG AERBEMFESELE

Table 1 Comparison of soil resources availability, defoliation ratio of herbs and coverage of communities among habitats

AR F H: 35325 Habitat types

Habitat characteristics (2.10) 1 I ik

+ 85 /K& Water content of soil (% ) 44,106 *** 29.61 +1.93b 24.63 +1.41a 25.63 +0.58a
pH 3.266 7.79 £0.13a 7.85+0.32a 8.05 +0.19a
A HLJF Organic matter (g/kg) 25.081 *** 173.18 +55.69b 83.08 +4.15a 91.27 +15.31a
4% Total nitrogen (g/kg) 28.874 *** 13.80 +2.65b 10.45 +2.02b 5.64 £1.03a
FEASA Nitrate nitrogen (mg/kg) 7.432* 18.81 +£15.46b 3.52+3.37a 2.76 +2.98a
AL Ammoniacal nitrogen (mg/kg) 17.889 *** 44.28 £11.44c¢ 21.24 +1.74a 31.48 +8.18b
427§ Total phosphorus (g/kg) 35.219 *** 1.30 £0.13b 0.88 +0.02a 0.93 £0.07a
(% Phosphorus pentoxide (mg/kg) 20.643 *** 13.86 +7.90b 3.61+1.15a 3.65 +2.03a
F 7% R4 % Defoliation ratio of communities (% ) 4 19.166 ** 43.65 £11.81c 32.17 £5.23b 0.00 +0.00a
Y% 25 B Community coverage (% ) 71.702 *** 99.67 +0.42¢ 96.72 +2.24 b 91.89 +6.75a
SR H R4 Defoliation ratio of K. humilis (% ) 30.320 *** 68.90 +19.38¢ 42.36 +23.51b 0.00 £0.00a

AAEFIEN EHEDH A2 F18  The freedom degrees among groups and within group are 2 and 8 respectively; 257 N FHMH + infi2s;
[FIATHHF R R LB %25 Numbers in table are mean + standard deviation; Similar alphabets at superscript in a same row are indication of no
significant at the 0. 05 level of probability; * P <0.05; * %P <0.01; =% % s P <0.001

3 &R
3.1 AYEST
3.1.1 %N

FRBRACAUT , BRAR 2R 19 A 2 43 BCAE PR IR DU B DA ST + 467 AR 0 2 BOAE 6 A 400 8 B 7 A 5 1) TG
BEZFINP>0.05) 4Pk EFA R UARIRZEAY RS EAEEREIY A BEZR (P <0.05) (F2),
PRI A B 75 L Bt o F Ak i, b 3B 43 Rt A g i 43 e 0 IR T 3 B, T 8 b R G R [ TE 22
(& 1-a,& 1-b) . 6 AMRZEAY RSB E B SR, HRPIMARRTZR (& 1-a) . 8 AHllE

R2 FRERZBTEEESKREVESENFTEDT
Table 2 ANOVA for biomass allocation to different parts of Kobresia humilis ramet among habitats both inside and outside the cube-shaped

wire frame in Haibei alpine meadow

oo 2 i1l RS Fo 1 B
Grazing treating Measured time Biomass allocation F (5 13y value Sig.

EIRIAR Ungrazed 6 A June H_F 3843 Aboveground 5.463 0.014
H H Leaves 4.804 0.021

FF + 1E/F Stalks + Inflorescences 3.378 0.057

MR AR Roots 3.378 0.234

32X Rhizomes 4,876 0.020

8 H August b 364> Aboveground 4,919 0.020

I K Leaves 4,360 0.029

FF + 1E/F Stalks + Inflorescences 17.727 0. 000

# & Roots 1.766 0.199

HiZX Rhizomes 4,193 0.032

T4 Grazed 6 H June Hb 34> Aboveground 5.263 0.016
H H Leaves 5.173 0.017

FF + 1EFF Stalks + Inflorescences 1.083 0.360

MR AR Roots 4.980 0.019

HiZX Rhizomes 8.779 0.002

8 H August b 364> Aboveground 15.164 0. 000

H H Leaves 14.944 0. 000

FF + 1E/F Stalks + Inflorescences 5.330 0.015

MR AR Roots 6.214 0.009

32X Rhizomes 20.070 0. 000
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IR FE AT + P ARSI E & TR B S ME T i, EEZ LR . REEYEIEE
BE AR, B & B ABCE F bR T2 R, T # B F b B = THOE R (& 1-b) .
3.1.2 fp%Esh

GRS AR T FEA SRR 6 AW + EFF KAV BT TZRINP >0.05) , REFFREER
(P<0.05) (£2). WKIME, 70kt ExR A B9 £ Y8 50 Bore & BB i I, BoB s B R &
Mok s IRAR LY B IO EHOE B R s RZB A B o 7e & B 3 B (1 1-¢, 18 1-d) o 8 AR IlE R
BEE AT + EF ARSI RE R THE M T (& 1-d) .

KRR AR B  F0TE PSR AR P B 2550 43 1Y) 43 Bo A6 1 YU R B 2 0 B 28 4k (1> 0.05) (R 3)
LB A BR BRI AR R Wi 20k PR SR ) 20 BC A4

15EM Ungrazed AP Grazed
800  a 200746 H Jun. 2007 800 - ¢ b 20074£6 A Jun. 2007

60.0 60.0 —

40.0 400
S
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& | :
=] H
p—t H n
e 0 0 i L i
é % & Pen il Pass *} I Control
.2
E 80.0 800  d 200748 H Aug. 2007
&
]
E
#H  60.0

40.0

20.0

NN
N
NN
NN
N
N
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\

Az 435 Habitat types

P19t o S ) AR [ A 35 v 4T T P MR o B 20 Bk A A R A B PR AR
Fig. 1 Varieties of biomass allocation to different parts of Kobresia humilis ramet among habitats both inside and outside the cube-shaped wire frame

in Haibei alpine meadow

3.2 FMEEREBMIHRERE

SRt BRIy R + R L R R T ERAMEE R BRI A B & 257 (P <0.01) (R 4).
BOBEF L RAMEE R B B E R TEB FME TR, FWEZETER (K 2) . RUTEHCE F R & F
SRR AT A ], T 7E B P 3t U] O 5 B A M (fullcompensation) .

SRR BE (SHRREL - 0.25m ") fEA SR A B2 5 (P <0.01) (R 4) , 7 Bl Bt 43 bR 25 BEAR T4 At
BEM, EREETLES (B 3).
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Table 3 T-test for differences in biomass allocation between grazed and ungrazed ramet in Kobresia humilis
6 H June 8 H August
T . E o
i Rk e Rk
YRS Leven's L Leven's 2
. . t-test t-test
Biomass allocation test for P it test for P it
equality of or equaTy equality of or equatily
R of means R of means
variances variances
F Sig. t df Sig. F Sig. t df Sig.
Hb_F#84) Aboveground 2.830 0.099 0.426 52 0.672 0.704 0.405 1.377 52 0.174
M H Leaves 3.105 0.084 0.408 52 0.685 0.837 0.365 1.357 52 0.181
#F + L7 0.350 0.557 0.326 52 0.746 0.022 0.882 0.588 52 0.559
Stalks + Inflorescences
HZA Roots 0.010 0.922 0.562 52 0.577 2.384 0.129 0.606 52 0.547
2% Rhizomes 0.006 0.939 -0.863 52 0.392 1.501 0.226 -1.689 52 0.097
F4 FREREZGTEESEEYERIMEERNTES N
Table 4 ANOVA for compensatory growth in biomass of Kobresia humilis ramet among habitats
B4 it F+ 17 BTHE S3 Rk BE
Aboveground Leaves Stalks + Inflorescences Total DW Ramet density
F 31818 F (3. 15) value 8.092 7.670 8.563 6.750 6.288
H H B Degree of freedom 2,18 2,18 2,18 2,18
BEM Sig. 0.003 0.004 0.002 0. 006 0.004
4 i O Hi ExM2EE Aboveground
A M2 E Leaves
=
4.1 @%ﬁﬁﬁ%i%iﬁm B F+16/3 %Mz Stalks+inflorescences
— N Y J58 Total d igh
SRR, DR B WS E , AR 500 - M BRI Total diy weight
53 TC 49 BB AR B2 BN SRR B A [R] A AR AL LA, BV SR 4
4.00

R (BB EH) , A REABD, BB ARS, £
B A A SR 20 BT PR 1) A A (R 25 18T 1) 6
RAE AR B LA — SR BT R R e R
FRAEST P& B R A A KR, 7 AR T R T AR, DK
IR R M VEUR S EE B[R] B S 3 IR R
REEOWEE RS EHEN TR AR (FE
T ) ARG 0, o A AR T (B 1L, E 3) X5
REMRB AT Wk S8 0 B 7 H BE R A A
TRERBROBE R, PR ERE L REER TE
BB H S SRR B i, XAF R TR R Y
S2E SR8 IR A P SR S BC RO HE T, (R B
RSN SHOE R R, FOR AN, %58 70 e L AR Ik
(& 1-b,1-d) , {5 BA OB 3 %t 2878 2h RE A Tk e 1k R
Mo TGRS, YRR
RBAT N RER P R R RN, A BE B LUARE A S PEIR

1.00

RS
Compensatory growth (g)
[38)

8

-1.00

% & Pen

M3l Pass

*} H& Control

H: 3K Habitat types

2 g ey A AN () A B PP B SRR I R A

Fig. 2 Comparison of compensatory growth of Kobresia humilis ramet

among habitats in Haibei alpine meadow

HREIR A 220 R T e AR A B IR MG o BRI AT BBAR MEAS B — il A e A A T R AR B
A B AN 32 AR BR RO RN (3R 3) BB EWRE RSO A Y 8 B 2 AR /DS , T A 3 18] 38
FEHK R 2T A SR T EX AR EE R H 7 XK EIZ R ER . B, DEN X — KRS
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FOHR REIFS R B , E0T 4 (AR R 3 24 30 P o 00
B 25 RS BR A BERORIT F 3, (254 1a I, ) BE woo L -
T B MR A R R A e B E 2R,
TR Wb B WA , 29 B T, AT 304
KAMBRI ™ RO 55 AR ST 45 R — B
VEREP-SER P32 S R BT ST R I ZER KR IE
BRIy, FU T AT T A, 7R IR R o e S B i
A RERNEEEA™ , HE— S RROY
W YEUEAM R FOBT ST A R R At R T r— Y c—"

FOUC, M TB AT 1 | SR )2 a6 B ARBRI Hablat ypes
T P B 43 e v 8 2 LB T 1) A 35 ) — Fp ot 3k, 2 B3 ol S ) [ A 4B B L
) Bt 2% R R 52 ), X A XS SR AT BE L & BEZ BUAE,  Fig. 3 Comparison of ramet density (ramets:m™2) of Kobresia
R TR LA TR ZUR o T 4 TC ELHAE SR BT R humitis among habitats in Haibei alpine meadow
AR B S0 W BB N e TSR B L
R R B T2 5 ZE R P B B D RS ST (JE 3) SE T AR i Tt 2 B OO R B B 5 2 4
WRBET- TS, 53 JAE T X M SRR S0 202 1 A Lk , 6 P 0 %025 16 5 P R A 5 (68. 90% ) 85 T 1
ST T BB B (WOHCIR I = 5. 35 FUBESE - han %, BRI FI 2R 60% ), T M0 253 1 TR i 26
(42.36% ) 5 H BERCHOLBE (GRCBRE =4.30 FUSE -hm >, B 20 R P32 . 45% ) A2, BF 5t 2 0148 6 22 4
TETE S WA 4a J5, TR M B0 4 BR B B (25. 92 ) Bk - 0. 25m 7)) B3 R T R M B (43,41
Ak -0.25m %) B ACBFSE e s Pl R D £ 2 Sa, ELAMR S R B 11 11 408k -0.25m =2, (A
T H B BB 34. 13% FAHCE EHBEG 36.76% . 3645 FAR LT HUBCH 3 i o o B A )98 1 B AR 1
AR A LA BN, T JR K 5 SR R OAE P T AR5 o Itk 9 2 T e o 70 S e AL )
IR FAT M BRI AR M2 5] + 8 5 KA RCBOR R 4 T AR IR M B S T R 2
k. XEEERGHEMER TR T UK BB
4.2 BEESAE YR IIMEE K

R B RR IO B R A T RS (32 4,81 2) ESC T GOH il GRM JFiil, MOB R LA T X
AN BT RTSR2  , BI R OB . — S AR FF BN A A KGN PR R0 , 3 7T R E 6 4B
FMEREEEA . 6 GOH FI GRM 4 BITMZE" B M DB R T &AM, BIEA 5 X TR 4%
B SR R T IR . 6T RACHAR TR 5 5 B 3 GRM (KB 4 1 T R B 0w o

ABFFTER S CRH TR, ABFEHR 3 A B AR T 20 A A0 , 540 MO B 25 e ]
W, 5 ARG R R A KA 2 Ak A3 3 A F IRE K . EAUE 8K B4R s
B (AR K I 2 PV RS AR A , TR S M (181 2) , SO A T O R B AR B P B
B RRAE R AR A 26 (T 1), 5 A K 2 B 2 B3R U R ) 25 IR T o6 I B B
BN BEREHR FEER, B7.8 AN, 254 KB RIEE 4 K RS b TR B AR AR
KA, W ARG T I T B A K (B, % P B R R R R T
B e BB EAR R AT — 2 B S BT R e i TOAR, B  6 2 2 f), E 5 E CO e 4
35 AR K 0 T A L AR 2 B AL KB AR S BRIF Sa 5 , AV BRES B BB RO 952 (T 3) i
SR, BB ARG T T A2 R IR R 1 7K 4, S 3| AR i T 2 i A

35 20 ZARE ML E R AMELE BT TR S WiE TAE, (B R [ 22 R RS A R SR
FiI 77 2R 1 2 AT LUFSE ZE A T B e — 50, BE BRI B ke 2 5, 4510 130 S0 55 1 70 52 O IE 4
FAESOR R e SIS, A 7E T R ERIX (44t 23 51 R R 3R P 52 v MOREE R ) RIS K 4

40.00 —

30.00 — -1

20.00 —

T RRE

Ramet density (0.25m?)

10.00
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FSE I AT R P BETROL, e HE R AMEE R SE BRI BE Z2 , AT LA X B RTBC I e — 45 3R, R T AT BB PR T
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