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TE = ERER A F AR AR R (LAD) |, B80S 2 B I A R (S) o AFUR: R AT WS IE A M b 28 Al i A8
Xt S R FHZK R R K P AT 0 75 7 o e FE ) 3 AR [LR AR BE T CRIB b IR b h IR k) 16 S AR Tk R
A PR R RO XS S BRI, S5 RS . = SRR AL WA S(P<0.05) , 7ERIBIL REEIRAL  H EER ALY = E R
], AR HIETAR 9 S 43514 0.612 mm,0. 289 mm F1 0. 217 mm; KB AT S 230515 0. 979 mm,0. 493 mm Fl 0. 419
mm,, PPN BAERT S RS FRIN B = 2ERA N 3 DARERIGHY B, S W/ IR B e KT e /NF LA iR, TR
R (D) TEARBAI R, R ZE 3% (Potentilla arserina) W WHTEFR &5 A7 W 003, 5 BT AR 1Y 31. 18% s E 42 IR AL iy wi ),
ARAEHEY) ( Graminoid ) BB HIAR b5 A R E UL 5, 5 B TR 4. 41% |, RSB B3R M Fh A & B0 T 3. 76% ; TEH
JEIR AR ), RS SR ZE B S R I AR A R A, R TR BN 19.91% 5 (2) 580 2% b S 1) i B4 T AU B /K B (S, ) TR ARAR
FHEYIR R 2.5 %,

SRR « iy FERL AR AL WO RN L 76 2 R R A B A

Effects of species composition on canopy rainfall storage capacity in an alpine

meadow, China

YU Kailiang' , CHEN Ning', YU Sisheng’, WANG Gang''*
1 School of Life Science, Lanzhou University, Lanzhou 730000, China
2 Ezhou Academy of Forest Sciences, Ezhou 436062, China

Abstract: Canopy rainfall storage capacity (S) strongly affects the rainfall interception (1) processes and is therefore a
parameter that is required in rainfall interception models. Most investigations of rainfall interception loss concentrate on
forests, while a paucity of information is available for alpine meadow interception. Previous studies suggest that meadow
degradation leads to reduced aboveground biomass, leaf area index (LAI) and subsequent reduction in S. However, the
effect of changes in species composition on S is poorly understood. In this paper, we estimted herbaceous S along three
different stages of alpine meadow degeneration (non-degraded, lightly degraded and moderately degraded) in the Qinghai-
Tibetan Plateau, China, and evaluated the effect of changes in species composition on S. The water soakage method and the
water budget balance method using rain simulations were used to estimate S. While evaluating the effect of changes in
species composition on S, K-means clustering was used to objectively classify all the species into four groups with the
greatest possible differences of specific storage capacity per unit one-sided leaf area (S,) between their average values and
the minimum variance within each group. We found that alpine meadow degeneration significantly reduced S ( P<0.05). In
non-degraded, lightly degraded and moderately degraded alpine meadows, S estimated using the water soakage method were

0.612 mm, 0.289 mm, 0.217 mm, respectively; S estimated using the water budget balance method were 0. 979 mm,
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0.493 mm, 0.419 mm, respectively. This implies the importance of considering the evaporation ( E) during rainfall in
evaluating the eco-hydrological significance of significant reduction in S during meadow degeneration. The effect of changes
in species composition on S was highlighted by the fact that the reduction in S was firstly more than and then less than the
proportional reduction in LAl along the three different stages of alpine meadow degradation. This could be explained by the
following: (1) In non-degraded meadow, Poteniilla arserina was the dominant species, accounting for 31. 18% of the total
leaf area; in lightly degraded meadow, graminoid plants were the dominant species, accounting for 44. 41% of the total leaf
area, while Potentilla arserina was a rare species with a leaf area of only 3. 76% ; in moderately degraded meadow,
Potentilla arserina was the dominant species with a leaf area of 19.91% , respectively; (2) S, of Potentilla arserina was
approximately 2. 5 times greater than that of graminoid plants. We concluded that the difference of S; among different
species and the magnitude of change in each species leafl area relative to the total leaf area during meadow degeneration
together determined the effect of changes in species composition on S. The larger the difference of S, among different species
and the magnitude of change in species leaf area relative to the total leaf area are, the larger the effect of changes in species

composition on S will be.
Key Words:; alpine meadow degradation; species composition; canopy rainfall storage capacity

L2 R AR B A 5 (S) AR Bl W et J 2 4R B T AN % B 3t 1 A e KRR B AU e 2 4 B AR 4 T
TSR WS R (G RE A R T ARS i R R AR 2R 0 DA RS iR
PRI, S BN 5E &A= K SO R A O R 2 —

DA A o TR 468 P R 9 22 B v A R MORE 2 1T 200 T Bt S R et AR v R R A R o A e v
(4 41.7% . JEAAFFEF I, 75 = SR ) R AL TSRl IR F I B B R b IR Ak, S e As 2 e A 2 1Y)
KSR Z — R EE—S0N bR s D At o AR R ST R, Pypker 261 B
T AR PRI T S A5, Wohlfahrt 5510 I 52 1 1Ry 1L ) AN 5] 420 0 1) i SRS 1o B B /K Bt (S, ),
ZFARK,JEHER 0. 0132 mm( Trifolium pratense)—0. 314 mm( Carum carvi) ABIR RPN Wy AP 2H B HA S 1Y
R,

TR UL K P2 E S 1R I 2, KRR I O s R R e — A BLAECIR S T e 2
AT R BRI B AN i S B LS 0 5 22 R T B B ek . K Ay RS B A AT T L e 2 s - 0 3R T
SRJE N TR R AL B0 T AR TR I i) S0 (R (M b 2% B+ 96 1T 25 5 SO A R e/ K
R A FAE ORI AN ST FERETRIHT, 24 8 Bk 0 fa) /0 it () 7 A IF 205 2 78 B 140140 o T
B A K, B 7T LAGE e TR A 38K 8 T e e 22 1 B R 0 . Shachnovich 551 #F5¢ &
PR, v A K N S R R R
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1.1 BF5E X R 58 AR R L

IFFE TAELEA T 8 e JE 2 350 H O 8 H RS M A VE T (120°537E, 34°55'N) 14 24 M K2 i FE R fa) 598 b A=
SRGENNIFTE AT . MK 2900 m, RN 2 C, & 12.1.2 A 3 DA GRS
-8.9 C; I 6—8 A 3 A MIEAEN 11.5 C, A FFER 545 mm, EER AL 7—9 A6, FH
HIR 2294 h, JTCARIY 35d, ME R ZE R4 o (REEE 1) WA Bmi e, AL RIS B o S vy 1 B, A K R0 O 5—9
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1.2 UL A RE 5 vk
1.2.1 KRt

MR AL A bRt CEBORIB b (R B 92% ) R IR AL (RELR T 75% ) P EEIR AL (HE 25 ) 549% )
(3 BHIEFHEHL (10 m x 10 m) (K 1), FEHUE] AT 100m 2247, HIEAHIZRARE (P>0.05) (K1),
FEHREH e FE 8 D HBTE IR AIRE TS (0.5 m x 0.5 m) FEFTHE B 28 A T AR ARG
1.2.2 KBRS

2010 4 8 H AR, T4 Dy AT AR Bl I A | AR ) o ) A 1A /N 22 B8 o T T /K R 0 e 1 )
it X 2L S B R R 97% UL b TERE R SRR AR O MEIREA K 8 Bl ISR, TR
T ICRIEAT T, 30 0 2 A AR A 114 o T RRURTT 25 ) i o K A A0 A A ) Pt R 254 S 32 0 7 6 P TR /K o 10
FRUIOT IR K ek A IS ) e R O R Y 25 AR IR B K - T RR G R 5 B e ) e BRLAS T R
W R K B (S, , g/ em?) AR W B 7K B - 2 o o G R 3 B 0 i 1 25 B e SR KT K 2 (S, /) o 7ML, 10xS,
(g/cm®) = PP BT TR B /K IR (mm) o IWSE B, T63% 32 (Picris japonica) (il JLZE ( Cirsium setosum) . H & 5
(Artemesia apiacea ) FIARFL I FIZE40TF . HARW A FIZEIR 5 75—, K X e #2578 /N, 44 0H7E
70°C FREF 72h P SERE T R T (SLA, em®/g )

2010 4 8 S, W&l 24 AHET7 o B KR I 150 v A ZE 3 T WA D W B9 RE D7 b i 5 B
SRR ff 7 AT X A R, D R ZETR AR T, T RS R I S SR L E s

I (%) R T A B 1 (SL,mm) TR

SL =, (SILA, x B, x SL) /G (1)
i=1

S n IR SLA SR i B LI, BRI i B T (), SL YRR i B 2 R Bk it G
EREFHA0.5 m x 0.5 m),
ZERY R I AR BA A5 (SS, mm) TN

SS= 2 (S, x Fi) /G (2)

o, S RPN« I 25 B e T K i F ORI 2R (o)

T JE R BB A i (S) 1150 . S=SS+SL.
1.2.3 A TR R

K A S i TR R S R P B K B A ) . S+E = Pg—Pn , Jorh E W 928 K, Pg M ST
W, Pn R RS RN R N T RENET , A TS BREE T N B BT, R AT RS AR 7 I
B2 (B 28540 RN - SR T 2540 . A B PR T AL )2 58 4 T BRI AT A9 H BRI 200 800 Sy Z e B W
W28 K, N BRI I0 7E 8—9 3 (A K AFHE (17 :30—19:20) AT 7> o A TASHHLL R W 30 1] XL oy 1—
2 m/s, AN 59% —64% |

SR FHAEHE T A TR I 25 AT N TSR RN, T B WSSk A R R A |t U L A58 20 A A, B 4 AN [R) B
PR, IR T A8, nl A AN R P s L AT 10 R R0 X P I E AT A 00, 1R 86 R
(AR T R 2 2 100 mm/h, [ 7 1 4min (FRUEZE K 0.26) , SRR : (1) HE4R—2eSepRARE 2, fn i i [ 7
588 I L7 B el 2 TR B e KA P 2 d 5 (2 akb et A A R 7 S T — 5 s/ B R B IR B 25 K5 (3) RERA 7
24 AFEJT N TASHURE BRI AE (7] — K¢ i, Ak fe m] BE Y A4 2%, BRI IR 0.7 m x 0.7 m, FERNI
], BT8R MR8 AR AR BB R AR . B E D (0.5 m x 0.5 m) BL, B 3 45 EM50 1K
DB RS (15 DMESK , Decagon Devices, Inc. , USA) e N TASIRRN 5 H K S @Etdng, @815,
R EAEE TS+ (1% —2% ) . 8—9 Ayl Lt 17T 6 A THHURE ML, w2 E Ao R
N TR S 3K S e i 2548
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1.3 Bduibs 5504t

s AR A SPSS16. 0 GEit i, XERFRIREHL 325 )2 36 B b LA AR R R
T AR LA AR RIS, (S, AN RV b Jed J2 T 48 B 245 (S ) iEA T BRI K 5 2243 #T (One-way ANOVA) |, J] LSD
T2 EIE

PR A HT R — P RERG AT R BT X AR B 2 BT 7k B RERA DR o3 2 A A o R i 22
SRR 25 /N AT PO RIS R A S, R4 R R TR 2K BE B AR WS R4 S B
Ml A AR, FE &R H] Origin 8.0,
2 BER55H
2.1 EFERA 3 AR AR BT 152

M1 T LIE R FE R R AL U T LAL A AR R (P<0.05) , TEARIRIE R IRAL PER
Akt v FE F ), T RS B (LAD) 435009 3. 18 2. 11 m*/m? Fl1.25 m?>/m? , M b A=Wy 53 4 276. 1 .158. 1 ¢/
m® F194.8 ¢/m’, WA = ZE R )R Ak, YyRP i i AR 7 B TR L ) K E B 22 S IR R B (G )
JLER(C.s. ) BHER(P.)) JHATE(T. 0.) , ZRT(P. a. ) TEHEHE (P a. ) AETE (M. 1) ML (E.
s. ) MR (P.b. ) (P<0.05) (£2) . MAFp et AR by st i B B2 2 B, AR Ak 1) v JE R A
PRI IR (G.23.4% ) FEHNEE (P a.31.18% ) ML 15 (M. £.21. 82% ) ; 12 B AL Y 5 FE Hifa)
PRI IR (G. 44.41% ) L3R (C.s.11.36% ) AEETE (M. £.10.03% ) FIHHE (A. a.16.73% ) ;
HhREIR AL Y e FE R A LA R 20 Bl R B (G 12.82% ) RIILSKE(C. 5. 24. 7% ) JEHEBSH (P. a.19.91% )
MHEHE (A a.9.39% ) (£2),

F1 REHA) BEERHB) FERL(OEGHNBEEERMTIERSE
Table 1 Canopy properties and soil bulk density in non-degraded (A), lightly degraded ( B) and moderately degraded( C) meadows

Bt = A pht AT AR 2K TR E

Plot Coverage/ % Biomass/g LA/ (m*/m?) Soil bulk density/ (g/cm®)
A 92+2.8a 276.1+24.0a 3.1820.28a 1.640.31a
B 75+5.9b 158.1+18.4b 2.110.18b 1.78+0.49a
C 54+8.2¢ 94.8+9.0c 1.25+0.09¢ 1.93+0.37a

GIPARE/NG FEARREF B E (P < 0.05) ;50 A LM cAris, EH R 8

F2 KIBW(A) BERLB) PERLC)EAYWMSEZHEN 7% LI L) HER S SHEREL G R EmRWMA (S, ) ZERA
BEE MK (S)
Table 2 The species leaf area fraction of total leaf area,storage capacity per unit one-sided leaf area (S, ) and per unit stem fresh weight (S;)

of species which occupy over 97 % canopy coverage in non-degraded ( A), lightly degraded ( B) and moderately degraded (C) meadows

o 4 B ORI han sk sk

Species Abbr. Pl g S,/ Ss/
pecies o ot Species/ Total/ % 1 mm s/ (¢/8)

0.9x1.12a 0.132+0. 044

4.64+3.08a

1.79+1.28¢

11.36+7.02b 0.126+0.036 0.163+0.028
24.7+8.42a

2.92+2.06ab

0.23+0.26b 0.143+0.033 0.217+0.043

22 A B Herba lanceate H. 1

K JLSE Cirsium setosum C.s.

L Picris japonica P.j.
7.1425.13a
23.426.63h
44.41+18.03a 0.106=0. 046 0.21420. 037
12.82+5.47b

AREL Gramineae G.

O W O W e O ® = O W
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sk
i 4 P R T UL e DU
Species Abbr. Plot Species Total/ % S,/mm S¢/(g/g)
A 8.48%4.02a
K 48 Gueldenstaedtia verna G.v. B 3.0422.08a 0.2530. 067
C 4.15+2.02a
A 21.82+9.37a
WHTE Mediacago falcata M. f. B 10.03£5.99b 0.159+0. 041
C 7.99+3.53h
A 0.84+1.01b
A Taraxacum officinale T.o. B 1.8+2.1ab 0.125+0. 038
C 5.14%3.74a
A 31.18+14.34a
KL ZE B2 2% Potentilla ansrina P.a. B 3.76+1.18b 0.268=0. 06
C 19.91+9. 8a
W4 JLH Erodicm stephaniancm E.s. A 3.04+2.62a 0.231+0.066
C 0.28+0.31b
T REWEZE Potentilla bifurca P.b. B 1.05+0. 84a 0.1230. 04
C 0.55+0.87a
H## Artemisia apiacea A a B 16.73£12.61a 0.1700. 041 0.5130. 081
C 9.39+7. 66a
BWBEL Geranium pylzowianum G.p. B 0.16+0.18a 0.110+0.034
C 0.59+0.51a
T Plantago asiatica P.a. B 0.44+0.52b 0.208=0. 051
C 2.71+1.44a
ﬁ)ﬁiﬁ;ﬂ;’: odium L.L B 4.34+3.01 0. 180+0. 074
KEBHH Saussurea parviflora S. p. B 1.74+2.11 0.258+0. 054

B R P £ bR 225 AN TR/INE B8 3 7R AN () 104 A 5] 4 oot 17 B 7 S TR 25 R 10 36 (P<0. 05) 5 AR HE A B LUK (Poa
pratensis) TEFEBEIRE ( Elymus nutans) ,FHEEFEZE (Festuca ovina) I BN TR AR B /K & (S,) 285120 (0. 099 0. 043) mm (0. 106+0. 036) mm
(0.114+0.033) mm

2.2 YyFhek BT AR B K B (S, ) FNEE B R B K R (S;)

FR R I 2 20, AR REHL AR R Rl S, S 25 5N B35 (P>0. 05) , R R 14 J5E PR A% b [ A B 1 5
BN R PRSNGSR BE M2 5 ITLL, FRAT RS [V b ¥ AR (R R A5 ke 33 B 7
T FR B K St (S, ) RZE B q fif BT K 6 (Sg) o AAFR 2 WTLAER B R B (G. ) I S, 5e/y, 0. 106 mm;
TR W ERRINEERE (P a. ) S, K, 0.268 mm, MFE 2 Al LLE 1, W00 5 K pilL3g
(C.s.)2E S/, H0.163 g g s RUIHLBERY 7585 (A a. ) 22 SR K, 4 0.513 g/g,

PR R HT R B =R I A PR B TR AR R K (S ,) 43R 4 A 2ERER G BRI (P<0.05) , 4
AP RBERETUME(S,) 23910 0. 1169,0. 1630,0. 2195 mm 1 0. 2597 mm, ZF258E 1 W Rh 4 91 R 25
(G.) EHERL(G.p. ) TR (P. b, ) JHAT(T. 0.) HILF(C.s. ) EAFI(H. L) 70260 2 I Fh
SR EER (P g ) AEEE (ML) HEE (A a. ) KEE (L L) 202688 3 B9M B 4R (P.a. ) AR
AL (E. s ) 20250 4 (R B K 48 (G v, ) BB (S. p. ) JEHERETE(P. a. ), BEETLRES W
B, gy S KuGERE (B 1)

2.3 3 MBEMEB TR AR A E(S)
R FERANR AL W S(P<0.05) , FEAIRAL R EEIRAL b BE IR Ak 1 R b AR IR I A 1 S 43k
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0.612 mm,0.289 mm F10.217 mm ;7K #7500 E 1 S 43504 0. 979 mm,0.493 mm F10.419 mm (& 2),
AR A ) B B AR AR 9 R ), S D A s B I8 o I 1 RS R (LAT) W i B, KR I I MK
A B R IR AL AR AR Y S AR BE IR R Y S 43 IR 53% F150% (&1 2) 4% BE IRk R Y LAI(2. 11
m’/m”) LR FEIR LR 19 LAI(3.18 m*/m® ) (UMK 34% (% 1), SIbAHR , Wi IR AL iy w21 v B SR fb i
Fofa) | S IR0 R B A Sk /N T TR R B (LAD) s/ DR T FZKIR I I R Pk, o B AR A 2 e 45 1)
S AR EE IR AR A 1Y) S 45K 259% F115% (1B 2) i v BE AR AL B A 1Y LA (1. 25 m®/m® ) P4 B AR Ak 5 ) 11
LAI(2.11 m*/m*) ik 41% (£ 1),

— 15~

= PA.

£ G'VS. :

E’_’i 03l G.S. c

g E

8 LL PA 2

5 8

< §‘ 10 -

B A.Al @

g M.F; =

& 0. H.L. PG| S

S 5] i

2 z

=] _C

g S 05 |

2 g

: 3

(0]

g 0 L 1 1

7] A B C
No.1 No.2 No.3 No.4 Plot

Group
B2 REHA) BEREKB) . FERLC)EAEEREE
Bl REREESH aE

Fig. 1 K-means clustering analysis Fig. 2 Canopy rainfall storage capacity in non-degraded (A),

lightly degraded ( B) and moderately degraded ( C) meadows
(mean+SD)

3 Wig54iE
3.1 EPERE 3 SRR ALK BT A R M

TEARIRAL LR ALY e FE R I TS I 5 1 I T AR S H (LAT) 235000 3,18 m*/m* F11.25 m?/m* | 3
AR 276.1 g/m* 1948 ¢/m* (£ 1), XM Bremer 55 1 32 [F AR AL AR LAY =1 1 I E Y
{ELAHIE , He LAT 4353029 3.3 m?/m? F1 0.7 m/m® Mo AR50 350 ¢/m* Fil 100 g/m®, Li 517 P T 5%
PRI E Y LAL, FAE R 0.57 m®/m®, HEHBIR A ] B B 110 56 2 o 5 e i ) AR A AR B A G Li A5
FIR) (I BEARR 14 D AT T i S B ™ P A R iR 4K

R 30 2R DA el g ot o AR o S TR ARG O AR R, P ol g o i AR o e e R A7) ) 00 A 1
T R AL YRR A SO S ASPLEE, SRR (1) B AR AR T Wy A 2 8 (R R Al g -
BUG SRR B (F2) 5 (2) PFEARUZRRAE S IRAFSHC
3.2 Yyt S i AR B KR (S, ) RIS AL S I B KR (S )

FUA A/ B IFFEHRGE T ) €54 () b v 207 T BB B /K B (S,) o Monson %5 2V BFSE T iy LU i) 27
AR R R R B LD R S, AR/, B 0.05 mm X, Liu 55227 fif ey ey L 2 A e o 2R
(3T N, 17 Wohlfahrt %51 gy S, W5 J7 s i 85158 . Wohlfahrt 55104 A4 FH K IR0 10s 52 17 o 1L B2
) BB e, L S, YA 0. 0132 mm ( Trifolium pratense)—0. 314 mm ( Carum carvi) o I %E W) {E 7E 35X 75
H,o0.099 mm(P.p. )—0.268 mm (P.a.) (F2), WA MEHLETE (M. £ ) K S, 5HA R, o,
159 mm( % 2) . Bradley 557 HI 25 BE45 L @ 7 A6 E 15 19 18 A Fh i B Aok, L S, 30 B H 0. 111 mm
( Mediacago arabica)—0.361 mm ( Trifolium glomeratum) . Hrf S5 A0 ETE (M. £. ) 32 L R EIT 3 4>

http ; //www. ecologica. cn



19 4] RIT5E A R LSO g S R ) A IR J2 Ik T 1 B 7 e ) R 5777

S, 9k 0. 111 mm ( Mediacago arabica), 0. 139 mm ( Mediacago lupulina), 0. 122 mm ( Mediacago
polymorpha) . {HJZ  7E Wohlfahrt 551 (55 BELS SCH T | TR S8 A, 55 BEAS TR ARAL T — & Fhi 5, B
Hi, A B ARGE B PR Y S .
3.3 3B BT R R B A () MHA KSR X

TEARIBAL B i FEF ), KR - AOK Rk T S E /9 S 2350179 0. 979 mm H10. 612 mm, % 3
LR T AR S W E A, JL S (EVEHEy 0.38—2. 82 mm, FRATIE M S b —LLBF 58 & M 1 S B,
Bl . 7K &Pk fuK i3, Couturier A1 Ripley SR ERRIE RO 4.7 mi/m® BYINE R EE T AR S T
BB EIAE A S 43908 1.09 mm F11.23 mm, Thurow = /K ESEAF R E T 26 FE 72 va 5T N 55 S
e EA Yk 364 ¢/m® 1 Hilaria belangeri FPHEFIHL_ A4 h 149 ¢/m® [ Bouteloua curtipendula FP#f , H:
ZERY S {23502 1.8 mm F11.0 mm, JE PR AT BEZABA TN & /Y 5 5 g ) ok 1w RS K (LAT) 550 E A=)
o 7T RN A KR T R e 2 6 829% 19 S, LB 0. 61 mm, L IRATTE
JRTE R 92% 1 S AR

®3 EMEERMAERE
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