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Alpine meadow degradation alter the clonal growing characteristics of Potentilla

anserina
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Abstract; The method of field survey and comparative sampling plots was employed to investigate the ecological adapting strategies
of the typical stolon plant in different habitats and the influences of alpine meadow degradation to the clonal growing characteristics
of Potentilla anserina . The purpose of this study also include that examine the hypothesis of habitat adaptation and provide the
process of the degrading mechanism in alpine meadow. The experiment sets was located in the headwaters of the Yangtze, Yellow
rivers. The results suggested that the obvious change of plant commurity structure and function, soil properties influenced the
clonal growing behavior and morphological characteristics of P. anserina in heavily degraded meadow. The stolon number and the
branching intensity of P. anserina were increased at the degraded alpine meadow. The genet and ramet of P. anserina at the
non-degraded alpine meadow were higher than those at the degraded alpine meadow. The genet root of P. anserina ai the

degraded alpine meadow was deep than that at the non-degraded alpine meadow. There was no significant difference of genet leaf
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number at the two sampling plots. The ramet root of P. anserina at the degraded alpine meadow was shorter than that at the non-
degraded alpine meadow. The ramet leaf number at the degraded alpine meadow was more than that at the non-degraded alpine
meadow significantly, The spacer length, spacer thickness and stolon length of P. anserina at the non-degraded alpine meadow
were larger than those of P. anserina at the degraded alpine meadow. The average spacer number of P. anserina at the non-
degraded alpine meadow was less than that of P. aenserina at the degraded alpine‘ meadow. With the increase of stolon number of
P. anserina clone, the energy allocation of P. anserina for the clonal reproduction were increased slowly at the two sampling
plots. The energy allocation of P. anserina for the clonal reproduction at the non-degraded alpine meadow was more than that at
the degraded alpine meadow. The dry mass proportion of the genet to the total biomass of the clone at the non-degraded alpine

meadow was slightly less than that at the degraded alpine meadow. The proportions of the ramet and the stolon biomass to the total

biomass of the P. anserina clone at the non-degraded alpine meadow were larger than that at the degraded alpine meadow. The
influences of alpine meadow degradation on the clonal growing characteristics of Potentilla anserina was closely correlated to the

habitat change which was caused by the change of plant community structure and functions. All the influences mentioned above

i X A

were the responses of P. anserina to the resource and habitat variation, were the most reasonable situation to the resource
utilization and the results of adaptation as well. The influence was also benefit to exert the potency of clonal reproduction of P.
anserina . The research result proved the evidence of the hypothesis of habitat adaptation. !

Key words: Potentilla anserina ; clonal growing characteristics ; alpine meadow degradation; morphological plasticity; adaptation i
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BEARMBILERRSBERBLHET, MEAE N 34°22' ~ 34°20'N, 100°30" ~ 100°29'E, ¥ ¥ ¥ 3K
4120m, i FE 3800 ~ 4800m, ZMIXIBAFABWH R AXESRES . TEEZ 5, NERBEEZHN . 4 F
Bk . TEMEL BEGE BENMER, BEFEZE/IMAEREK, KBHRN. RRAZELBEES
B BRUBRFENVAEAEONEZ S, BRAL,FH BTV HEE 25000 LA L, FE BN EE 629.9 ~623.8
kKrem™, AERERNARKET~8 M, HAXEEZ; BERHE. K4~51MA. FHREEOICUT, 26X
XA FRAKEN 420 ~ 560mm ZH, FEPES~10 Ay, 2EARLEAG L NKUENEG L, +
REBRUTEBHFHRENACELE. BEREEGAZHK EFENLAFTEY ., BEMNNEE & (Kobresia
humilis) , EE B E B A /D& FE (K. pygmaea ) = ¥t 3k 8 2 ( Scirpus distigmaticus ) - & 58 3 B8 B ( Elymus
nutans) R BR (Poa spp) . 57 ¢t 3 ( Stipa aliena ) . 58 ¥ % B & ( Lagotis brachystachya ) % K 95 B ( Leontopodium
nanum ) M T %5 ( Ajania tenuifolia ) FEHEH K . 2 F ¥ ( Lancea tibetica ) .32 W AT 3 ( Saussurea superba) \ =24
5 & B ( Halerpestes tricuspis) %5 ¥ B HE
1.2 HEYHE

BEZRRXBH B EFEEAHY, B—HARNAEZREEREY  EEBREFL 4% THR
1700 ~ 4300m Ay E ) @ MERIE B ML . E5, a6, TRE 1n, EABRFIREN . B EMRX KR
ZREBAPATBBEARERBEHEERRE REFREC . ETAHAG. EREs5~-3 A%, EREMNT
W EECHR TE A AL A R BRI ER L TEEYEMG  BAE T, B
ZRAEBEEGANEREEMN GREBLEHRRAESBO LB 2 — BERBHOEEEMESN. 4
AR —ENHE ANRETEETY EFEEMmE R —MEBE M 82,229 LA HNSENAER,
BATHR S, EARER P ERKETAEFIREHN ZEDABIINBEEHEZEMERE ., B1
BRTRYEBERTCERETHIRERENNERT HutR" .
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Bl MAEERNTHEREMNENEYT RER
Fig.1 Diagrammatic clonal architecture and stolon spread in Potentilla anserina

CREBEHIEHR,RL, RS ol, - 4 RREB 12 XAHENE DTN, AL, AS,al 0,5 REF 12 AWDEHABT ;51,2414
RE 1.2 FBEE ;G indicate genet; “R1,++ RS, 11, , 14" indicate ramets in the first or second stolon, respectively; “Al,«+,AS,al, ,a5" indicate

spacers in the first or second stolon, respectively: “S1,52” indicate the first and second stolon
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f RETE. RMNERNSHRASFIFEINERE6 M A (25 em x 25 em) #ITHYBH AL, RESHACRE
BHAREHYHRNAEE BEMEE, UREYBENBEMSE, AR marMi s S THhE. H#
EFITRBAREO~20em RELE 4 RER BURESH, Bl WAL G 4 90 217 BB A R BBk 3059
LE 2% 2H AR . £RBHME, B, L BRAEMA HY-1000 +EAFFENNE, LRI KEHNZER
AZS-2 H KAWL, B EBHNEENE 15 K.
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1.4 BB
RIRHAE R SPSS BT AL AT, BRI & A M IR B B (V) L T HH 8, EBAE = (%t
T+ AT E A B )2 x 1007,
R O B R R A
(1) S=n
R, 0 REFHOIFRH CEEERE).

(2) Shannon-Wiener #5 ¥ H=- E(P,- «In P,) 4 r
Kb, P, H G AR BB (MRS,
(3) Pielou ¥5%% E, = H/n(S) (MEHEEK).

HOR B 9Kk B 45 1Y 4R A B35 R 45 8 (Index of Grassland Quality, 16Q) FeiF4# .
16Q = é(i .S,)

A, i BRAFMPEOWE, SARTPE MRS HEE, HERKE O SEU R F.E, «
%), EAHERKY 3, 2, 1,0, -1, {
2 BRESH ?
2.1 RIBALFLR Ak B 5 ) (0 AR
2.1.1 HEHRE RBUREEAEUBEEE DEE BAWFE (Prilagrostis concinna ) 5 41 3 F1 2 5 45 . !
BN R AR R A R A D A R AR, TR 5 FE B A ) L) 48 o TF 3 ( Ajania tenuifolia ) BB B E (Ajuga
lupulina) \H i 5 56 % ( Pedicularis kansuensis ) %5 5 7 % ( Elsholtzia calycocarpa) . H 7 R & ( Oxytropis kansuensis )
ARABENBUAZRRLTERENIRS BB RANWABNE, RRAREEGHYH LB WM FE
HE UM EEEREMOERERE TEERCAEER, AP FTEENY M EEEREEEXT
HERMAREEMFED. REANEEANEESE W EEAYEBENESRBEEHEBXTERAREE
A EPEEZEANERFAREGFER LD,

g e R VT R S e 35 R R St

£1 FEEMEEBRLREEQOEEYHEISE
Table 1 The characteristics of plant community of non-degraded and heavily degraded alpine meadow

WH RBUHEHERS EEBLAEER I L

Item Non-degraded alpine meadow Heavily degraded alpine meadow ttest (n=6)
75 B Total species number 36 2 —
) 7h 3 B Species richness( No./25 x 25cm®) 18.50 10.33 t=2,78, p<0.05 ;
My Fh 2 BEPEFE 3L Species diversity index 2.11 1.58 1=2.60, p<0.05 z
)% FE ¥ B Evenness index 0.72 0.68 t=1.85, p>0.03
# % Height(cm) 3.58 _ 3.42 t=1.92, p>0.05 V
% 1¥ Coverage( %) §9.50 46.50 t=4.04, p<0.05 *;
R Above-ground biomass(g/25 x 25em’) 15.48 6.47 t=3.12, p<0.05
35 B 153 Index of Grassland Quality( /GQ) 2.4 0.17 +=5.82, p<0.05

ARUEGABAZERERE T AL EREFEEERRE ), MEEFRLEAAEEER
SOE2) A BEER EEMHE AR, 238 RS, N AR AT RASRENEEEERATES
K¥(1=5.85,df=5,p<0.01),

2.1.2 HENE REAREEGWLEFENTERBLASEEM(1=2.63,d =14, p<0.05), i +
BEXTEFBRAREER(1=4.54, df=14,p<0.01,%2), XE5RBLAEEEMHEBENEYEE BT
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Fig. 2 The IV varation of P. anserina afier the alpine meadow deg-

radation’ "]
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WEEYERE UHEER MRRERAR, LEE
MFSSERE, MEEBAEEEAGNHEYH EEY
B, Y E MR, 0 REE S, DREBSFR ST
Bt MEEANERL, QF T HEM 2 HWA
TEENBIL. I THFEHMARYA BEAZRRES
FASTHEST BEEARNAR S AT
RPEAZREFTLHERN R ERBETHRER
AR A T B, BT L, & EE AR LR
HENMBHA BRI A KFE W,

22 REEABLNEHAZERXRTEERKEN
AL

2,21 REAFEGENEAS LA BAZR
SRR R — B AR AR B e, B &
HERE L K RKREEATMSIIE2HF£ B3 K
5 REF QMR EEEHY R PN
( Halerpestes cymbalaris)lzé] BRI, KRB EMAN
MAZEFURE - FHPMFAGENELAIRE,
ARERMAENHARZ BA3EM4 FABEDN
BEARD , BAHRA 4 XU LAEAERNEAGR 3);
BEEREERAABAEREUREFAAE ZHHF
AAEEZ BAR | ZAAENEARZ BRE 3 &MA4

;2 KB R L R S R A L NSRS E
Table2 The soil properties {0 ~ 20cm) of non-degraded and heavily
degraded alpine meadows

RiBEG EEEREAEM

e Non-degraded ~ Heavily degraded
Item
meadow meadow

FH Soil bulk density(g/em®) 1.20 1.57
1% Moisture( % ) 28.75 10.56
HHLE Organie matter( % ) 8.44 6.38
FER M Available nitrogen(pg/kg) 59.97 14.66
£ Total nitrogen( % ) 0.41 0.34
B Available phosphor(pg/kg) 10.74 9.7
2% Total phosphor( % ) 0.071 0.051
TR EP Available kalium(pg/kg) 200.90 147.93
247 Total kalium(% ) 1.86 1.84
43 Total salt(% ) 0.107 0.068

3 RAEMMNENBATHRTERESTHERALLH
Table 3 The sampling number and its proportion of Potentilla anserina

clone with different stolons

KB FE HERLESR
T Non-degraded meadow Heavily degraded meadow
ltem FAR o TR i
Sample p . Sample P .
number roportion number oportion
HEFRARENIER
HBEIE P. anserina 11 22.00 3 6.82
clone with 0 stolon
HFREZHRBHN
ZEBER P. anserina 18 36.00 11 25.00
clone with 1 stolon
2 AHEREMRY
B P. ansering 17 34.00 18 40.91
clone with 2 stolons
F3xAgENBR
T W P. anserina 3 6.00 4 9.09
clone with 3 stolons
4 &ABEM
A ERRX P. anserina 1 2,00 6 13.64
clone with 4 stolons
F4&UEAGER
ikl E * 0 0.00 2 4.54
P. anserina clone
beyond 4 stolons
£ Total value 50 100 44 100

KEALENEARE, LAIHET 20%, FEAAEHZEORAK D, HATR 4 FULARENHEE(KI).F
XM REAEER LRV AADERSTET %,

HRBEAEGAL EEALEANREAAENENERATERL AERESARNENHFAVRRE, U
HEEEaRLE, R NATEXTHRARANAIEEL, ACREMA.
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EHREFETR -FRERNEREANTRALHER MRMES™ O TARAEEH TR -
RAHBANAZER REERFENEN, JTENYRAADENRAZTRELERSBHTH XS ]

B 5L .

2.2.2 EH Bk (Genet) HHET,ERETHTFURTEHRERY— M EAY, ER—MEGHS, 5
ARBEENBYZERREGBEARKBE AR ELZ, B LN B ERE NS Z R AT LN
mEm  HAEEER (R, EERAEANERRTEREE DT REAED(:=7.06, df=2,p <0.05),
MRKEFERTRBAEM(:=14.52, df=2,p<0.05,F 4), BHEHH HBARKAHBHER(=0.13,
df=2,p>0.05),

2.2.3 A% SR (Ramet) RIGF4E FHE—-BHROEHRPROES™ , BABTRENOEEFERKLE
W ET R R AN AR, T B bR I T AR, TR R KA IRARR M T B 4
B EERSERRRES, RAGEZEMMNE ARG, AR RBFMSE. KT KRHERS
EZ EHGEHRE K, AR -HERAN, BAARAGENBAZERIGUBTENREBRABEES, 2 3‘
BREMMH AR EEERAZREATEREMEMmEN (RS, EERLEGNSHREEREENTRER J‘
HER (1 =4.68, df =5, p<0.05), AR B RFRBAEED RENATRBAEERERSBEFBAEE
(tymmn =0.64, tyuee =1.50, df=5, p>0.05),

R4 TEARANAAERFELERNES
Table 4 The genet of Potentilla anserina clone in different meadows

# iR 16 B T Non-degraded meadow B FiB {1k 5 /7 Heavily degraded meadow
mE HEHE & = %3 ¥ H EHERE Hkot 3 H
i Bt R (m) DOURK OEWITRE A BB (om) *
ftem Sample Genet height Root length Leaf number  Sample Genet. height Root length Leaf number
number enet fiex of genet(em) of genet number enel e of genet(cm)  of genet
1
A %ﬁﬁ]éﬁ‘]ﬂ%éﬁtiﬁ% n=18 2.53 5.12 5.28 n=11 1.42 8.90 5.55
P. anserina clone with 1 stolon
2%
| %@@%Wﬂﬁ%ﬁ% =17 2.49 5.22 6.53 n=18 1.82 9,98 6.94
P. anserina clone with 2 stolons
ﬁ3%ﬂﬂ§%m9ﬁ§&% n=73 2.67 5.17 8.33 n=4 1.75 9.75 7.50
P. anserina clone with 3 stolons
T Average value 2.56+0.09 5.17£0.05 6.71+1.53 1.66+0.21 9.5420.57 6.66x1.00
FRI F test Fp 35 =2.18, Fy 33=3.15, Fy 3 =3.30, Fy 30=2.16, Fy 3 =3.25, F; 3 =3.35,
p>0.05 p>0.05 p <0.05 p>0.05 p>0.05 p<0.05

Ph ¥ 539 9 T 4H The data in the table are average values

BS5 TARAABAZEREEERNSH
Table 5 The ramet of Potentilla anserina clone in different meadows ;
# B LB ] Non-degraded meadow I B E A Heavily degraded meadow

i H iRk R 8 AR (om) SHBRRK PR IR

AR (em)
Root Leaf be: Root length Le be
Ramet height oot length rmher Ramet height oot lengt af number

ltem

of ramei{em)  of ramet of ramet{cm)  of ramet

F1AARENBATREN

P. anserina clone with 1 stolon 0.50 0.85 1.00 0.36 0.94 1.05 ‘

]

HLARADENOMBAZER %1 %1"q0ln 0.62 111 1.1 0.48 0.99 1.42 j
P. anserina clone with 2 stolons 85 2 & 2™ siolon 0.64 0.84 1.06 0.38 0.89 1.14

5% 1 % 1 stolon 0.69 1.12 2.00 0.57 1.03 1.61 ,

HIFMEAEMMETH R é

P. anserina clone with 3 stolons %2 % 2" stolon 0.44 0.89 0.71 0.41 0.59 1.27 ‘,

% 3 % 3" stolon 0.52 0.66 1.00 0.32 0.51 0.90 |

T 1 Average value 0.57+0.10 0.91£0.18 1.15£0.44 0.42+0.09 0.83+0.22 1.23+0.26 ‘

FﬁﬁF!es[ F5.55=1.307 F5‘55 =2.33, F5.55 =2.24, F5.53:1.85, F5.53=1.35’ F5.53=2.29, :
p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

DAL B4R 29 5 F 340 The data in the table are average values
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2.2.4 [ERFMERE AW T (Spacer) HIEE MM F RS ROE AL, MAEERRNEE™ . BE2
SRR FHEEREAMNBREESRAEZR ENRERD, MEOERBRERIBRNERERESEERZ
—o R -MEAN EAFRAAEEHEHNBAZRRXAER HAFERE, AR FHE KEMEER
BAVABHEANE ZRALEGRG) . RBALEANBAZRXAMRNER FREMMEXFEER
EA,BRFPFHAZELTEREEBAUEA (K6, ZERFARFE (tapren = 0.34, taprax = 1.55,
tmweysma = 1.33,df =5, p>0.05), REAEAANBAZTRXLHZNTRDERERK(R6) , BMEKER
WEGHLL,EZRAEE (tongxx =0.09,df=5, p>0.05), HTEERLEMARHETERITER M HERF
THEHETRBAEG(ERS)  MERNMBPAZRXRUEAFLINAGDER AU S TREAER(E ), FLU
EREBUEANBAZTERTH RN IRER R OSRER, REEME NS AERRE,
2.2.5 YR AAAYNERYEHGESE FEIXHERERMDAREESSNEREFER
o REFEEMTEXREREYHNRESERR, BARAAEXRERN.

MERSERERNEN EREMEANNRBAZTRELNH R TEAHANORE, FIESETE
A4 Ko, KERTEHENRHE, REMEGANBEAZRIXLHERTEERTGENT 3 Kat, HHlm
WAMEE, 2T 3 &, ERRN TERTA N FREE3).,

X6 TRHANMAZEREZERNEOMFIANE

Table 6 The spacer and stolon of Potentilla anserina clone in different meadows

# B 4L F AT Non-degraded meadow E R 1EE A Heavily degraded meadow
5] J& F & Ia) 8 T . < 18] B F 1< 7 S
WH ] Bre T mEEEK M i< BT -3 amEK
& (em) J& (mm) & (em) # (cm) J& (mm) B (em)
ltem Spacer N B Spacer
Spacer Spacer b Stolon Spacer Spacer be Stolon
length thickness number length length thickness namber length
H1EABEH
MBEBEX P. anserina 3.17 0.90 3.50 12.09 2.52 0.63 3.00 8.17
clone with 1 stolon
Hogpmmsng B 1R
3.61 0.84 4.47 17.19 3.42 0.75 4.56 16.
BB 1 stolon 52
P, ansering clone % 2 &
with 2 stolons 2 stolon 3.23 0.70 3.12 11.33 3.30 0.74 3,28 10.82
1 %
%I 3.32 0.78 4.33 15.37 3.52 0.83 4.50 15.85
B3 REEENR 1* stolon
B2 %
ﬁiﬁ% 4 2.50 0.81 2.33 7.67 3.13 0.73 3.75 11.73
P. anserina clone 2™ stolon
with 3 stolons w3 &
o 3.18 0.72 1.67 7.82 2.74 0.63 2.50 7.79
3" stolon
F-1 Average value 3.17+0.36 0.79+0.07 3.24+1.10 11.91x£3.87 3.11x0.40 0.72+0.08 3.60+0,83 11.81x3.71
Fs5 5=230, Fs5 555123, Fg 55=2.33, Fs,55=2.32,F;5 53=2.31, Fs5 535=1.24, F5 53=1.34, F5 5 =2.31,
FRE F test
p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

LL LR A ¥ (0 The data in the table are average values

AigRBAEMNEEBAER, BERATRAT S F AN E G M, AREHENESTERY
FEHAHMOAE, MARFAENTESHBER> S > ATENAFE, ZRKEBE(XT,K8).
SAHEMEEEMTES R RASTENLAGMEETERAEEREME MMM, MER TESIERE
FEHUOANEELHRATERENENTRE.EZRASABFGRT,K8), WHIHMER AR LI
FHRAEKEAEN ATREERMERRTOEREMN, REBLEGHBAZTRIEKNTE S TR
BTFEMLHIRETEFBAEG(=0.11, df =5, p>0.05, £ 7.8), bk (AFEM LRMTHM)MAE
EWTESEHALTENLAME TEFRBAED (tyx =1.24, tyns =0.18, df =14, p>0.05), L HR§
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BERFARBAR R T EEH KRR TH LA O #iB4LE 4 Non-degraded meadow

B FAFRAL YA Heavily degraded meadow
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Fig.3  The dry-mass variation of Potentilla anserina clone in different
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I BB AREGTHAMN.
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B R B, WA O SR B R R S RN ERRAH —ERATBHE™, TEEME R NI
RILZ —REFFKFEBOEE T 4RO RY B E0E, FEREKY . AWRPRBAEE LR
FRENFS SRR TRANEE (R 2) MABRHERLER A LI MER T RME K (R 6), /M ¥R E M %i
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WIBEREA K, SHMAEZENKE R, 725 8 355363 B 2000 R BT M, 7R 7 K B0 b A A
FURBEAN PRI B, A R T80 30 B i S, R — M A S X R,
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