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Effects of grazing on litter decomposition in two alpine meadow on the eastern

Qinghai-Tibet Plateau
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Abstract: Litter decomposition is an important component of nutrient cycling and carbon decomposition in grassland
ecosystems, and livestock grazing has been a major human intervention to these process. The effects of grazing on litter
decomposition vary with climate environment conditions and grassland vegetation types. Alpine mesophytic meadow and
alpine semi-hydric marsh meadow are the two rangeland ecosystems commonly seen on the eastern Qinghai-Tibet Plateau,
which differentiate themselves by not only the physic/bio environments but also the plant species composition and therefore
the litter qualities. In order to understand grazing effects on the litter decomposition of these two meadows, grazed and
fenced plots were set respectively on the both meadows. The rates of decomposition and nutrient release were measured for

the three littler samples ( mesophytic meadow mixed litter, Deschampsia caespiios litter, and Potentilla anserine litter )
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in the alpine mesophytic meadow plots, and three litter samples ( semi-hydric marsh mixed litter, Carex muliensis litter
Kobrestia tibetica litter) in the semi-hyddric marsh meadow plots. The four species generally also represented the dominant
species showing respectively in the reverse succession series driven by grazing and climate warming. It was found that there
were significant differences in litter decompositions for the dominant species. In alpine mesophytic meadow, Potentilla
anserine decomposed faster than Deschampsia caespitos, while in alpine semi-hydric meadowKobresia tibetica decomposed
more quickly. Grazing accelerated the litter decomposition in general, but the responses varied with the species. On the
other hand, Deschamp siacaespitos and Carex muliensis have lower decomposition rates in the grazed plots. Grazing has little
effect on organic carbon decomposition and the release of C, but positively affected on the release of N and P from the
litters. The patterns of litter decomposition and nutrient release of the dominant species suggested that there might exist a
positive feedback effect in the alpine marsh meadow degradation due to the accelerating decomposition rate and C release
along the reverse succession series. In addition, Potentilla anserine, a typical dominant species of in degraded meadow, was
found to have higher litter quality and faster decomposition rate than the other species, reflecting that in the mesophytic

community, the plant adopted ‘evasion strategy’ rather than resistance strategy’ in response to heavy grazing.
Key Words: litter decomposition; grazing; alpine meadow; alpine marsh; succession; Qinghai-Tibet Plateau
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IS E M T DU 1A P AL TR B B S4km B DU)IAE T H A& 589 . MR 102°21'E,30°26'
N, R 3561m,, AR T ORRE 1 i Il iy 2= e, R FEVS  HR 228K, BOA X R B Ra . 427
JE0.6—1. 1°C 4ERE/K i 870—930 mm Ay, RAERKZHEPTET AM9 H . @R Rty fh £2H
¥ ( Deschampsia caespitos) J =7 ( Trisetum spicatum ) K& 25 5 ( Potentilla anserine) . 1= 11175 ¥ ( Kobresia
pygmaea) | {5 W1 KK ( Euphorbia stracheyi) 55, J ¥ A Bl 32 2 A e B8 9% 0k 5 ( Elymus nutans ) | % Hb i
( Sanguisorba officinalis) | #5755 ( Ligularia virgaurea) 5 L1 W B ( Gentiana algida) 55 ; BF 55 X 1) 5 FETH PR B
H G FeWy Fp B AR B E B ( Carex muliensis) 3% i 5. ( Kobresia tibetica ) , P A= Fh 3 B4 15 WU ¥ IH ( Gentiana
algida) Y B 5 ( Caltha palustris 1. ) JEHUH ( Sanguisorba officinalis) T35 5 ( Cremanthodium reniforme) 5 , i
ek a PG e S R R B —— 2 A
1.2 W55k
1.2.1 FRMIBE

TEVUNIAE e H Fhas St N s 351 0 2 b | 376 SO AR 3R v 5 i) Rt AR V5 et o 5 o TR (%
H) (NG) FUH (G ) P2, ) Bl LA T AR 24 2 h” VAR O A TR ZY 3 hm ; FEIA AR b 2008 4F
T FlA T T AR, 78 B /MBS E TBUBORE b, o B SR TBCHC, TEOBOTE AR ZE 04T OO B2 K200 0.5 hm®/ 3k 5 [
FERE R AR M Y B8 6 S, T 5 Z [ [A)FE Sm,

FEHD I BEAPREEAFIE SR 1 BV 75, 7E R f) bt v, JRCHORE b i) 0 398 55 7K o AR - S8 U R A LR R e 1
TRl PP R AORE b 1) 398 5 K B R A AT, R B A R A s

®1 6 A—9 AEEMRKE TIREEMSKE

Table 1 Soil temperature and moisture from June to September in grazed and ungrazed sites

6—9 A+ 6—9 A+ 4335 7K 4 Soil moisture/ % IR Soil temperature/ C

i hgtiit ;
f " FEE Sem FTH
Site Treatment . . .

K/ % IR/ C 6 A 7 H 8 A 9 A 6 A 7A 8 A 9 H
L) FEIR:(NG) 43.95 15.38 52.30 45.48 37.20 46.78 - 16.14  14.40 12.06
Low moisture meadow T (DG) 47.02 17.37 52.30  51.51 40.98  44.44 - 18.57  16.50 13.23
T FEIR:(NG) 93.31 16.98 99.93 99.95 81.41 91.27 - 18.57 16.06 12.32
High moisture meadow  JH(DG) 91.53 17.97 99.20 98.21 77.72 90.73 - 19.38  17.31 13.50
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R LA [RIFLAR e e I A 6T R 7 40 4 gk R s i, SR FHL T 3 R JE I A 480 T % LEBIF 5, 433008 (1) 7L
4%, 4% E LA R 0.55 mm; (2) KFLAE, W48 R HEFLAEIE A 3.55 mm; (3) AUAAS, M4S FHIFLAE
3.55 mm, FHIFLEE 0.55 mm, 455K BT P4 I 7% ) 10 o 2 ke B8 38 TR ALAR A/ INFLAR , BT R S e 4 %
Y53 fiff 04 LSRG B0 (o R R ), PR AR 16 SR FH OBU T A A F 5 3 SAOGT 8 9 40 - i () s T, 4% 1 T FL AR
3.55 mm, FHEFLAEHN 0.55 mm,fLAE =T HE s G, —HHH . AZIAFHN 11 emx11 em,
1.2.3 75U AL 3

HEX R PR PFE 5 R 2009 4 10 N ToRE, 8 R S rh | S R S5 Bl & B Deschampsia caespitos |
R85 T2 Potentilla anserine ; TE 18 BV P B R PR R E ¥ Carex muliensis i = 5. Kobresia tibetica .
Xt LR Rh o B FE b A RIS SRR L A e 9 22 AN A R OR B IR AR (4 73 | 43 B3R B )
RN VE R R A TR AR RN FIER I A AL BT = A0 AR KT R S R S R IR A
PR F A S A R R AOR RO ZE % AR e I A A Fe Bk T, 40 o R Y
29.3% 17.5% 28.2% \16.3 F18.7% ; IRFEF IR A Jv& VAR G b EEA A AR R HE T S w5 T
IR, G R Y 48. 3% ,32.5% , AN X A YIRS 0 i 3 FhIRTE IR, 3R 6 AR
FhURTE D I AR S 4 BRI 3¢, 26 A JE T A4S Y, AT B A B Rl 4 5 R ITHETF 4L, FFBIF D AT A
FHATE YIRS 60 TMSF

T 2009 4 11 HE50 4 14 JE Jo A AE L T IR 5—10em Ab . 75 fa) SRS MR A 2 B RSN Z2 s S
) B TR A5 5 TEVE AR b A Mt P AR B R G RN VR A R b TR 5 R o LY B LT 42 1) AL
1 LML, BAEERE 4 HEPATIOREL, BRRIREIZ I | RN 4SS T, BRI KR,
DAVRE /DX 5 s B R T R, (H SO RERR K X, 7 1 BB (9 s e LA R 26 1 48 F il R BE IR . 7RSSR FIR IS
124 K (3 H A1) 234 K(6 A LA)) 292 K (8 H _LA)) M 325 K(9 A TA)) Bk, Akt 6 MHEE , ¥
el A PR Y5 e 80 CHEAR ML 48 h BH T FREE . & 0.25 mm G E 53 f5 &Y h iy 2k 2R 4
1.2.4  EFEHR

i N 7 SR P B % R B A A - SR 5 4 R 7 P P i DR 35 Al 1 T SR ) SRR - 1 R
RIS - EE L L (B35 (GBT173—87)
1.2.4 FdEkbr

ISP R BB R (RW) AR RW=W,/W, - 100% 15, d RW &Y FE R E R W, & « g
EY T W, ZIIEYIG T E, RIED R ERURE(LW) AR LW=(W,-W,)/W, + 100% 115, =L
RW SR Y BT R 38 W, W, S8 H0E ¢, o, IS AURTE Y B & 50, e, 53002 BT A0S I8 7% 400 108 Bk 1) R (] 47
TEIETR] 4 R R B SR ARAE FH R Y Olson SR BOEIAR Y y =ae™ SEATILA, by BT R 5
(%) ,a HUESEE N RE BT, SR SRR (R)H R = (CxM,) /(CyxM,)x100% it
B, ¢ RPZIRTE ISR R E (g/ke) LM, R ¢ BFZITVE I TR (ke) , € ARG TR EE (g/ke)
M, AWIG T B (kg) .

R RS ARRORT ] — e 08 7 0 o i B B SR AR T3 0 5 S 30 T 119 25 5 R FH AL 9 Jr 25 00 b, AN [l R4 4 ok
T b ) B P R RN R A 25 R BRI 2R T 22 080T
2 HERE5HH
2.1 AR Y TR R R I AR Ak

A1 R 2 T DUE AR R M BRI SR R B 5 A A B BR R o 5 R R 2 s S A ) R
RAFEMM 2R BE (F=30.15,P=0.0007) , AR Z b 32 A TE W A S IR SRR Z B 22 R 3, &
FISRE, FIRE 251 & B B SRR T RS 90 0 S AN b IR A RE o, it A R A AR RS L
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FETR PR B b FRIRE 2k A L 3 g o A M Y 5 %) 080 5 O R o 0 0 A T S0 LA 3 ) g 22 %
(2R 2) BAEEHI(ER 325 K) M 7R 8.3 22 5% (F=36.35,P=0.0004) , H% B 5515100 69. 17% (46.29% F
54.16% , TERURMET X —22 SATRAFAE (50500 63.66% 48. 8% F150.55% ) , Ut FHAETREIR L [ SR 41
T, AR P S R A S TR R B > AR BB R

100 G Bpabsn 100 pesee_ NG Hlfs4b st
< e TP N
S 80 80 F
3
g
g 60 o 60 -
§
2 40 --A-- D.caespitos ! Tm 40 |
% -4 P. anserine \
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&K 20 --@-- C. muliensis 20 -
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- Wet lrneadowlsamp]e )

L L 1 1 1 1 1 1
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i} ] Time/d

E1 BEEFAMREGTARBEYHNREREE
Fig.1 The remaining mass of litter in grazed and ungrazed sites
KB D. caespitos ; REGIZRE Z . P. anserine ; %) 5 YR A VA 75 W RE i - Dry meadow sample ; K BL & B . C. mullensis ; 987 5 . K. tibetica ; TA VPR 4

RA T YIRE R . Wet meadow sample

F2 BEEMBMBEGETARBEYERKBESERR
Table 2 Multiple comparisons of litter mass losses for different litter samples in grazed and ungrazed sites

i) Time/d

142 234 292 325 396

Trﬁim NG G NG G NG G NG G NG
i) B | Mesophytic meadow
SR a* a a a a a a a - -
Mesophytic meadow mixed litter
K EE Deschampsia caespitos b b b b b b b b - -
T8G9, Z2 0% 3% Potentilla anserine b a a a a a a a - -
TRVFER L Semi-hydric marsh
THPERIIR A
Semi-hydric marsh mixed litter a a a a a a a a a a
AR EE Carex muliensis a a a a a b b b b a
JB%5 5 Kobresia tibetica a a a a a ab c* ¢ ¢ a

w FHRAUER 3 FRVEYIRE R 2557 G IR B NG (ORI AR T

2.2 [EIRRUECHCRAET U TR oy i R

AR I ROIIDR Y v S ) T 5 S TR R A A Y 0 A, 3K T ) R VPR TR SRR
R o3l ZR BRI A e (B R B R (36 3) o FERCHUAE R h | BRI A5 10 T b IR A5 FE VS R 0 43 ff 2R
BAR T (P<0.05) , MHREGEZE B SEMIAH S, FRRE A5 I FLo3 i 22 8505 Tl (P<0. 05) |, 2 43 A B ) Lb i
DT 14.85% , FETRPEIRHL T B S50 T MR IR AR S RV P o0 il 2R BT (P<0. 05) , R LB HY
O B0 TR (P<0. 05) |, 240 i it 1] FE 2> T 20. 93% , 96 0 1 40 ik A FBLRS FRCRO A5 1 F 2 7R
(e

AR M FRURS ABCHO R 5 90 53 ik B 18 7 A 1 25 53 LU VR R R R BRI 450 T B TR A5 v R
IR IR IS TR A3 50 FECBORE L 22 T 35. 78% H1 31. 59% |, 111 A 45421 1 b R i Vi 5 A% o 14 22 40 it Ik (1]
2 T 20.55% .,
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Table 3 The Olson decomposition models of different kinds of litter samples under grazed and ungrazed treatments

G NG S ifk B ) 24
P IR . AT ) SESMRAE] Decomposition
Litter samples 3l s r 1/2 decomposition 3l s r 1/2 decomposition  time difference
(x107d™) time/a (x107d™) time/a /%
KA R
Mesophytic meadow
i b A¥ L] 5'_’_
i ﬂ,_wtbn H(ﬁ% . 4.02 (0.27) 0.9566 0.472 3.55(0.23) 0.9260 0.735 35.78
Mesophytic meadow mixed litter
R
. . 2.73(0.44) 0.7450 1.007 1.29(0.15) 0.9208 1.472 31.59
Deschampsia caespitos
ﬁ—‘%?ﬂiﬁl@é* . 4.39(0.24) 0.9712 0.707 5.35(0.46) 0.9446 0.602 14.85
Potentilla anserine
FEREQ
Semi-hydric marsh
VR YR A vk
{D{%Q J@,(Lbn F]/ﬁ% . 2.44(0.26) 0. 8495 0.986 1.53(0.15) 0.8581 1.241 20.55
Semi-hydric marsh mixed litter
PAyCy
ﬁiu?, . 1.67(0.21) 0.8119 1.381 2.32(0.34) 0.9792 1.092 20.93
Carex muliensis
L P
3.21(0.38) 0.8305 0.936 2.70(0.43) 0.8062 0.971 3.60

Kobresia tibetica

# 5T R R Bk BIRRIEZE SD (X107 ) | A YA & Wt it S it 5 T 18 £ AR DG PSS LA 724 28 L (P<0. 0001 )

2.3 PR IR0 i SR B AR A

RS T EIFE T TEYIRE S C N P WG &8 M C/N 3K 4, Fifeirh | L2 R ZE b Se B iR
ARESUATEYIIRIIE N S AR RS> H IR A > &5 (F=5.68,P=0.0202) ,C/N MRS T 5 38 <
RA<EH(F=6.97,P=0.0111), 7EIHEERHLT 3 FIOEYIAES N S M C/N Z5 A BE (N, F=3.47,
P=0.0576;C/N,F=3.55,P=0.0545) ,

x4 FEEDERVBE CNP FER C/N
Table 4 Initial C.N.P content and C/N ratio of litter samples

JATEIAE T Litter samples C(g’kg) N(g/kg) P(g/’kg) C/N
#i45) B3 Mesophytic meadow

F ) B3R A U 754 mesophytic meadow mixed litter 388.96+2.90 10.48+0. 41ab 1.23+0.06 37.17+1.62ab
KB Deschampsia caespitos 390.30+8. 48 9.07+1.78a 0.92+0. 13 44.4742.73 a
WG TR 2 Potentilla anserine 367.76+9.94 12.49£1.05 b 1.26+0.22 30.06+5.08 b
TRE R UL Semi-hydric marsh

AR IR A 7% Semi-hydric marsh mixed litter 397.25+5.19 11.23+0.86 a 0.73+0.06 35.53+2.63 a
AHLE R Carex muliensis 407.47+7.06 11.36+2.97 a 0.57+0.04 37.69+3.58 a
JHE 55 Kobresia tibetica 406.73£5.02 13.93%1.53 a 1.45+0.09 29.50+3.26 a

2.3.2  [RFFUEAC SR T TR R A AR R R LR

AR R B A T A IR AR RIS S BB SR L R R 2 C JTTER (F=41.46,P=
0.0008 ) ; ZETAEE IR HE , Bl S5 TRV B FE S A LR B R CE 2 C TR (F=14.5,P=
0.005) o XTEUBORE Hb o A AR RIS 00 ( B, F=29.08 ,P=0.0018 ;i , F=7.17,P=0.025) ,

FERE R BRSO N R RRTEY N P TR 3 N H 5 e 4 (125.68% (112, 10% ) , HEHBIR
HFES N P JCR B, RO Z b SRR N R A B Eu R, 0 P e R WA B8, 1R g Bl
BTN, B R IR A B RIS B B SRR 2 09 N P JGE (N, F=125.6,P<0.0001;P,F=28.5,P=
0.0018) , K HAESMiE 3 A~ HJG N P JLEFR R I % (N,44.39% ;P ,33.19% ) , M R 2 b 2759 N
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Fig.2 Remaining rate of litter nutrient elements of litter under grazing and ungrazed treatments
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