5541 B 18 W) *E &~ 2 Eild Vol.41,No.18
2021 4F 9 A ACTA ECOLOGICA SINICA Sep.,2021

DOI: 10.5846/stxb202103040594

X ZE M MR ARERT , 2550 , 2 BT = VLR s JE R A A 28 A 70 AL VPl R B 7 X B W S ) AR 25243, 2021 ,41(18) £ 7125-7137.
Liu Y, LiBL, Yuan Y C, Qi J L, Li Y, Li R.Assessment of grazing exclusion on grassland restoration through the changes of plant community structure of
alpine meadow in the Three River Headwater Region.Acta Ecologica Sinica,2021,41(18) .7125-7137.

BTSSR AR AT TREAR e S
b 145 22 49 54 W

1 %1,2,$i7} 1,2, % ,ﬁﬂ?iﬁil’z,#ﬁfiﬁﬁS,? %1,2,_7%& %uil,z
1 PR Bt PR 2 S PR T BT SRR SR B R G E R E AR E, Jbst 100101

2 i EBERER:, dEET 100049

3 RIS AP B M S PP A B =, PET 810007

T

WE . BRAEF R =ITRASEY 58 E RERZ —, B AT 3T 2881 i ) 7200 W g Fn IR Y 3E 75 500 28 1b %
R PEAL AR AR SIE S RAISC RIS . ST 2R M A 2 B 28 AU 2005—2017 AR M L2 i S CH o B R Wi L BB
it , T LA AT = VTR SR R 3 S5 A X AR ) BT 45 P AR (22 52 PR B B X LR A2 A5 . BTSSR R R
AR T LAY AR R B R WA R iR (D S AR R B RS I B R AR RIS B R R R AR
Priat o Lo o s 48.29% 1 23.9% , FEFLIGIN T 230.2% o [RHECH X RS R AR Bt o Lo Sl S 3G , B R R AR i b Lo
BN R WD VR B0 S5 A R T AR S B AR A ST OC . B MO RR SR BRI B E R R AR AR AR T B M A ZE B A
{8, ok T —2 ARSI . N 2R T Bt SR i DL S AR P R B e O A A2 B I, St O R A B
M B I LD W B S M OC R I A MO B RO AR

SR SV B AR SR TR B

Assessment of grazing exclusion on grassland restoration through the changes of

plant community structure of alpine meadow in the Three River Headwater

Region

LIU Yan'"?, LI Baolin"** , YUAN Yecheng'*, QI Jiali’, LI Ying'*, LI Rui'”

1 State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences and Natural Resources Research, Beijing
100101, China

2 University of Chinese Academy of Sciences, Betjing 100049, China

3 State Key Laboratory of Monitoring and Assessment of Ecological Environment in Qinghai-Tibet Plateaw, Xining 810007, China

Abstract; Alpine meadow is the major vegetation type in the Three River Headwater Region ( THRD) and has been
suffering degradation with different degrees due to overgrazing and global warming. Fencing is adopted worldwide to protect
and restore the grassland ecosystem, but there still remains uncertainty about the efficiency and the proper duration of
fencing. Although many studies have concluded that the degraded grassland has been improved after grazing exclusion from
the perspective of increase in the total biomass, the community structure may sometimes become poor. However, most of the
present studies were conducted using limited observation with a short duration and can’t represent the overall picture of
community structure changes objectively. Thus, the evaluation of community structure changes based on multi-site and long-

term ground monitoring is required to indicate the effect of ecological restoration measures and to take reasonable measures
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in the THRD. In this paper, the aboveground biomass and biomass ratio of different economic groups at 57 sites were
measured to indicate the community structure changes of alpine meadow after grazing exclusion from 2005 to 2017. The
aboveground biomass was measured during the peak of growing season each year and plants were sorted into six plant
economic groups including gramineae, cyperaceae, edible forb, inedible forb, poisonous grass, and leguminosae. There
were two main comparative analysis of aboveground biomass, between the fenced and grazed sites and between years. The
results showed that fencing enhanced the total aboveground biomass but not the productivity; the biomass of gramineae and
cyperaceae in the fenced sites was significantly higher and edible forbs were significantly lower than those at the grazed
sites, and others had no apparent difference; the community biomass had no significant change trend either at the fenced or
grazed sites; the biomass proportion of gramineae and cyperaceae decreased by 48.2% and 23.9% respectively and
poisonous grass increased by 230.2% during 2005—2017 at the fenced sites. At the grazed sites, the ratio of biomass of
gramineae and cyperaceae decreased first and then increased, poisonous grasses and those of forbs were opposite, and all
these were related with the implementation of balance measures between grass and livestock. It can be concluded that
fencing not only has no significant influence on the total aboveground biomass but even aggravates the community structure
of the alpine meadow in the Three-River Headwater Region. The results indicated that long-term grazing exacerbated
community structure of alpine meadow and brought about both economic and ecological risks. Therefore, compared to grazing
exclusion, which cut off the relationship between livestock and grassland, a more accurate balance measures between grass

and livestock should be recommended.

Key Words: the Three-River Headwater Region; aboveground biomass; grassland economic groups; grazing exclusion;

balance between grasses and livestock
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Fig.1 The location, grassland type and sampling points of the Three River Headwater Region
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PR B 77 W S 7 B A 0 R b, S5 T AT SR (R 53, 2005—2017 4 WA BB Ay S %
TRBAER T | BRI N7 TR 249 o A SR Y- 25 g B R M b BB 4 B v TR A B IX . RIS
FARF ) B ALE R 6. 7em, FIREAM R 6.0em, FiIAE N ELIBIRE AP R 11.6% (P =0.043) , IR P9 AR B A 24 1
JEHRAAEN 17.5cm, FF2HM A 15, 1em, IR N L IR AP 15.9% (P =0.008) , AR Py A= 4 5 v (B
4569.8kg/hm? , [EIF2 40 A 3741.1kg/hm?® | FEIRZ P LU FEIA MR 22.2% (P<0.001) (% 1)
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Table 1 Significance test between two averages of main indicators between fenced and grazed samples

Wz H Pl oy =X HEA%L Th(E 225 16/ % »
Ttems Control Numbers Median Difference/%

BRI R/ em iHE =X 76 6.7 11.6 0.043
Vegetative branch height THIX. 76 6.0

A BHACF-E BE/ em FIREAN 76 17.5 15.9 0.008
Reproductive branch height T 76 15.1

1% 5 /%o RN 74 86.1 2.9 0.203
Vegetation cover TR X 74 83.7

BAEYR/ (kg/hm?) B2 P 77 4569.8 22.2 0.000
Total biomass X 77 3741.1
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2005—2017 4F HARARL Al 7L S AR 7 B 7 B 35 5 ORI X AT 8 25 1 25 5 (P<0.05) |, T v
BB GR AT e R DR SR B R ERSE A X R AR YR AL 11877 ke
hm? | X 792.2kg/hm?® | FERE X LU X 25 49.9% , FRIAY: 0 85 X ) £ 5 2R 4y v S f O 3554.5 kg/hm?,
HCHCIX K 2861, Tkg/hm? | FEIRA IX U RICHCIX 85 24.29% , AR 95 i A BEURAB3 IX P {8 2207.3 ke/hm? , ZETCHC
XM 1654.5 kg/hm?*, FElR: X U KX 5 33.4% (£ 2)

*2 BEESMBEXEINEEFEYERDERMMEE
Table 2 Inspection of the difference in biomass of functional groups in fenced and grazed sites

E it il 52X HEAEL AWy AL 2E5 LAl %

Economic groups Control Numbers Biomass median/ ( kg/hm?) Difference/ % P

ARAF} Gramineae R 77 1187.7 49.9 0.024
B 77 792.2

TPHIE} Cyperaceae FEAE PN 77 1019.6 18.2 0.206
L IX. 77 862.3

TR} Leguminosae A= N 77 166.1 23.3 0.065
JCHLIX. 77 134.8

Al Z% 55 Edible forb R 77 1181.0 10.1 0.258
JCHIX. 77 1072.5

ANA[EEZ4 AL Tnedible forb IR 77 528.7 2.0 0.866
T IX 77 518.1

£ Poisonous grass FER 77 486.7 34.7 0.140
JCHIX. 77 361.2

[ F A Edible grass R 77 3554.5 24.2 0.001
JCHCIX 77 2861.7

RIS A Gramineae and Cyperaceae B2 77 2207.3 33.4 0.002
HUH X 77 1654.5

213 HRFEBAEYE ST

2005—2017 4F 6 PNEFFAFE IS FRV A Wi 7 LR, 7E FRE 3 XORCRCIX 4353 R 26.7 % Fl 28.6%
HU AT 25 5 A3 0oh 25.4% F1 24.5% ; RAFH I L5358 22.2% Fl 20.1% ; ST R 22 FE R 12.3% Fll
13.0% ; B 5 (7 F o 311R 9.8% F1 10.1% ; FRHACR 7 L fie/IN, #80 3.6% , &40 R AE Y& o LU e B B E
DRI X 2 0 AR DL A, & B AR AE TR AN IR A B B 22 R (3R 3) .
2.2 FEIEEEE
221 SE SESBAYRE

2005—2017 4F S AE Wy i A R 3 7 ORI X AT S 2 B S A8 Ak (P>0.1) B RT3 & R
BT 127 v 55 i A PRI B XA R 0 S i B B (P<0.05) | T A U0 X AR Ak R SR i 3
(P>0.1) , TEREFEE X, U5 BN FEREF DS RO 5 B T 34.8% , P RRAEI8/D 2.9% 5 HEFEAL
SR D T 38.4% , PRI 3.2% A BE SRRV T 4.8% IR 0.4% (] 2)
222 HAFRKEAYE

2005—2017 4E44 2 e AR W 2 BOR RO B B3 A Ak, R B 50 Al 2 2R B 7R R B 7 X
FBIX I SR (P<0.1) . FEDFSEET B AL B B X B RAE Y R LN T 335.0% , V- 34 B4 4
H27.9% ; FI A FIEIN T 26.2% V- BAEIEIN 2.2% , TERFFE BN R X BEFEIG AN T 136.6% , V- H4) 4F
AN 11.4% ; AT R A EORA T 29.5% , PR 2.5% (1 3)
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Table 3 The difference in biomass proportion of functional groups in fenced and grazed sites

G KR i 2 FEAEL A A TP (B % LS/ % p
Economic groups Control Numbers Median of proportion of biomass  Difference/%
ARAF} Gramineae A=A 77 22.2 10.1 0.238
B 77 20.1
H B} Cyperaceae A 77 26.7 -6.6 0.348
B 77 28.6
H A} Leguminosae FIAEN 77 3.6 2.3 0.869
T IX. 77 3.6
] £ Z= % Edible forb B 77 25.4 3.4 0.551
T IX. 77 24.5
ANA[EZ4 L Tnedible forb IR 77 12.3 -6.0 0.498
JCHIX. 77 13.0
£ Poisonous grass B 77 9.8 -2.9 0.834
X 77 10.1
Al H M A Edible grass B Y 77 77.9 1.4 0.532
JCHIX. 77 76.8
Ryb At Gramineae and Cyperaceae R 77 48.9 0.3 0.937
JCHCIX 77 48.7
223 RAEVFEBEDE S
2005—2017 44 2 KA i 5 L2 B B 1o
WRIEBIEL(P<O.) R S0« [ T Vg
AAWIRMER , 185 PRAGHERT BEHEX
FARL SRR W £ AR WA U RERE A I I B2 =
EERTE iUF SR E Y P €5 P = S A N S R &Lé -2
HRAA U AL (PO.1)  ERCE AR T 2 S
1E (FLRS B 77 DS R X AT 5 A i, 2 - B R
BB XORMCACIX, 7T £ R S LA 3 1 AR AL ) & g k)
A, AT 00 0 LA PRI 8 X AT 35 5 1 i &
#(P<0.1), * A
PV 25 M8 kR Community structure index
TERE B F XORAR BT FR A Y i 5 A S 2
9 S WF G BN 4 > T 48.2% 1 23.9% 2 ERHERSHHREEERTLES

qzi@% Qg é_'}. %[J @Z //I\ 4.0% ﬂ] 3.39%. ﬁ ﬁ ‘5 Hﬁ i j][] T‘ Fig.2 Change trend of main indicators in fenced and grazed sites

N LA T TR I 2 W g ox Fon i E X % %
JEN e v . # AR B3 (P<0.01)

RGN 3.5% ; RV R SR 7 s> T 31.2% ,F

BRI 2.6%  FERCHCIX, AT 440 7 LU AE I 5 sf

B T 37.7% , V3 RAEIRA 3.19% s AT EZ4 50 05 O T 113.9% , V39 R4EHE N 9.5% ; 5 5 AE B 58 i

BONESIN T 170.3% ,~F- B4R 14.2% A2 35 XOMBCH XY a) & 75 R 5 FE 2RI 9 I B N 23 il o 20>

T 13.5%F1 14.9% , 34D 1.1% M 1.2% (K 4)
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Fig.3 Change trend of biomass of different economic groups in fenced and grazed sites
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Fig.4 Change trend of biomass ratios of different economic groups to total biomass in fenced and grazed sites
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b BARFIA IO AR AR VR R AR ARG R AE Y i 0 L 3 Ze i 585 5 Lk, BFoEeT B
WARARE TSR W 5 H A /D 48.29% 1 23.9% , M AN T 230.2% , ] 42588 hN1 T 42.0% , 1 N
AT R R G CEE WK T 13.5% (K1 3) . Wl IXSRE  RABHIISEREY) o G AR e , R 20
WEEVERAR A de o A A S e AT B A AN AT A ORI R ORI (B 4) . BFSEIF BN, AT
S IREOR/D T 37.7% , A AT ZREFREH AN T 14.6% A1 170.3% , 7Y WL RS B 5 XL B AR W) (R
R  (HBEIE S5 B S0 W A ek 34, L ER IR A AR B X OB AT o 28 1 L X5 Li 60 A = VTR Y
W52 R

BRI X PR R A Wi o LG B 2 2R T IS SRR A 5 R AR R B 2% FEX G BRI 5 4 v b T 45 3
TERCHOETIIEBR J5 , BT R AR 45 B 4% 55 45 22 Al b oo K, R i B0 7R O I 0% I 5 4 v &b T A0 3
74T AR ARAR R (0 P BB A S S P TR R 3 B S OGS SRR AR A 58 4 P A T 55 H
B, RSN E R S, B b L B4R T,

BEAR RO HOE #E R R 1 58 S UBUE 1 I R S X OGRS IR A R SE S RE 1A G, 7 9 SR I BE AR
T B WAL PR ( Oxytropis ochrocephala) JRFE ( Stellera chamaejasme) | FF 55 5 ( Achnatherum inebrians) | ¥ iy
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Fig.5 Variation of aboveground biomass in fenced and grazed sites

75 (Ligularia virgaurea) %' | T H R Z MRS R, B e i 2 DA R R B H TR, 78 5 R AR RN
YRR I B RHE Y DB IR 10 58 G b Ak TR AL, S BORAR B AR Y R AR RIS SR 5 5 2 Y
1t BRI | R 2 T (TR0 . G, Pl TIOR8 I, 7 2% B A 0 2 e 2 P R B
FERRAR XA o R A5 AN FEAT I , it 2 st 5 SRS, S RAS L5 95 RE Rk S iR P e ok — 2P ek T e 43
TIAN HESRE Z ARG 3, BAHRE Sy a, H ARV, 3 NP SR  HE—2B TR T RE A A £ A, DA i B
IR A A o L R N

ARABHICRAE BB TG o5 PO AR, 32285 LR BE 2 50 4 vh 2R 5 XD BT IR A 52 A 30T ¢, AT e
EARARG I FRL AT X 2377 R 2 AVE A 5, RIRF IR ARARHG I R R vk 2 5 B B
AL AL HRAK ARSI S2 X AR, AT DLGR B S 22 ARG T ), T B 2 REAEL AR R R HL e TR
R TEAG BR AV W) U R 2 RO ARk 2 2R XU AR il , SR ARME R P AL B T . N 4 AT LAFR i
ARABEY G SR F WM EE AR ORAA R R 2 5 Z R /M 2 (R
4) o TE VLRI FERRE N B ARG DI BR ) T ARARE (BRI RRL) BOR RGBT IR A SR, B — 0 &
BT ORABHRCRL A i 7 LB D . A0 RAF ) 22 B R A, X e 5 AR BT 3R A 1 i A AR
& AR A | A3 RS | S ORI X v 14 BB AN AR 1) 4R 00 AR TR A Y

x4 ERFRKERESEREBEMELGIBXREL

Table 4 Relationship between temperature, precipitation and biomass proportion in growing season

e SAEFE R FEA %L 5 H 6 H 7H 8 H
Economic groups Climatic indicators Number of samples April June July August
RAFL iR 515 0.221** 0.237** 0.194** 0.198**
Gramineae &K 515 -0.007 -0.097 * -0.067 -0.013
WER IR 515 -0.339 " -0.310"* -0.254"* -0.233*"
Cyperaceae [k 515 -0.273** -0.166** -0.114"* -0.107*
Ck=S SR 515 0.053 0.048 -0.001 0.046
Leguminosae K 515 0.178 ** 0.122 ** 0.012 0.125**
CIRE/N IR 515 0.092* 0.079 0.061 0.023
Edible forb FEK 515 0.161** 0.140** 0.191** 0.135**
PNGIRE iR 515 0.134** 0.066 0.096 * 0.047
Inedible forb £/ 515 0.165** 0.109* 0.104* 0.045
i) S 515 0.059 0.080 0.041 0.090*
Poisonous grass [k 515 0.040 0.064 -0.109 " -0.082

# % P<0.001; * P<0.05
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