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Impacts of grazing on herbage quality of the alpine and subalpine meadows within

Wutai Mountain
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Abstract; The subalpine and alpine meadow vegetation in Wutai Mountain, North China, distributed in altitude from about
2400 m a. s. 1. through to 3061 m a. s. . at the summit, serves as the largest summer mountainous pasture for cattle grazing
around the local area. However, the degradation with different grades owing to overgrazing occurred in the meadow has been
observed in both vegetation and soil. Referring to features of vegetation, five grades of meadow degradation relating to
different grazing pressure have been recognized in the area through our earlier studies.

This paper,based on the analysis in nutrient composition and palatability of herbage, aimed to determine the effects of
grazing intensity on herbage quality of the subalpine and alpine meadow vegetation within Wutai Mountain. In total 85
quadrat (sized in 1mx1 m) data sampled during the field survey in 2006 were involved in the analysis.

The results showed that; (1) According to animals’ grazing behavior, the grass species in meadows were grouped into
six herbage grades in eating-palatability as, addicted-to, delighted-in, happy-to, just-pick-at, little to and never-touch. In
the meadows under conventional interference of grazing, the most palatable herbages ( species in the addicted-to and the
delighted-to groups) reached 20 species, while in the extremely degraded meadows, those species appeared only down to
13. Also, according to the relative cover of a meadow community, which was classified into five grades in light of meadow

degradation owing to grazing, the highest relative average cover emerged at meadows under conventional interference was

B&TH MR A AR (40871055 ,40571001)
W75 A #7:2010-10-09; &1T B #1:2011-04-07
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held by the herbage group of delighted-in eating, reaching up to 45.40% , whereas the highest relative average cover in the
extremely degraded meadows went to the herbage group of happy-to eating, as 62.24% . The highest relative average cover
composited by herbage groups of happy-to eating and over appeared in the light degraded meadows, accounting to 65.59% .
(2) The herbage species in the same palatable level changed in different grades of degraded meadows. For example, in the
meadows under conventional interference that were graded at most favorable for cattle grazing, the species composition
consisted mainly of Festuca rubra, Kobresia pygmaea and Libanotis condensate, whereas in contrast those most unfavorable
for cattle grazing due to overgrazing in the past, the extremely degraded meadows, consisted mainly of Carum carvi, Koeleria
cristata and Polygonum aviculare, regarded as unpalatable species. (3) The heavily-intensified grazing increased the
contents of crude protein and ash in herbage, but decreased the neutral detergent fiber and acid detergent fiber. Although
the herbage quality as referring to its biochemical composition was not much changed or even improved when grazing
pressure was intensified, the quantity of herbage available for cattle grazing was decreased, which much reduced the

economic gains and even may confine the sustainable use and natural conservation of meadow resources.

Key Words; Wutai Mountain; grazing; herbage quality; nutrient composition ; palatability; alpine and subalpine meadow

g R E A A AR BTUR, LA A Y R S T O SR G R, AR A O e Ll I g L
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TR ALK Y 70—90d N, BESCHESE RGBTSR B 4% T 5 L e A T AR 7 e A A i R, 1 %
ANeHBBEIE Y AR, A L E A A BT HE ARG, 57 HR R 32 2R AN G B O =X
TR, E RO, TR R B, R B e 2 B A TP e R, R TERE 2 A B B, e b R
FE T KRB T B Bfel e i B e 7 fer ol R L OB A R A7 S B L 2 1R SRR, L AR X
SFHZAL LA X R ELR R A

FUAl, 2= A IR A R AR AR et R IR A D T TV 2 0
52, 5 LB i 5 0] 32 B2 4 rh A AR AR A AR - I BRI 5 D T T AT SO Bt A Ll RE
)R it S SE I E 1 OR WA . 455 B AIMRE 7 RN A BT Y 2 — T AR SO IS 1 P RS 5 A
S3PATT T, X T LA [ R AR BE A O B IR IEA TR , R OO g 7 ) A0t o ) 22 A R, ST B X T
B LU ) 1) DR A AT R 0 P S (AR A
1 FRXHR

HA WA T I PG R A6EB, AT 38°27'—39°15'N, 112°48'—113°55'E 22 [a], fi 5 W&k 5 4k 3061 m, 1
A dt i, SRR RRALER ", AEBIR-4.2 °C 1 Ari-18.9 «C,7 AMEiR 9.6 °C, L& 50—70 d,
SRR K 966. 3 mm , AEARXHREE 67% .

A L Ly e TET AR 84391 hm , A 458 ey 1L e i) SV v L1 B ) | L) b A R ) | S R R ) S
14 LR 7 g L i) 2 20 T 2400—3061 m (9L THUR ZE it Be g 1y s i) 2 M A AR 4K 2800 m DL L1
i AL FAL G R ARG G, & L R 1. 79% , AR LIS Hh AR AR A AR R 3, A L
( Kobresia pygmaea ) “} G 3 Fh, B & 10 JE S ¥ ( Thalictrum  alpinum var. elatum ) | Bk 2f 22 ( Polygonum
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viviparum) H FZEAEM . T EREZR EHE TR ERL WECEFR NG5, K& BEHENR, Ry
U HEHR 2800 m LR FEEMGE LU IR L (K. pusilla) MEE (K. myosuroides ) AYLHBH , BRZFZE FHH
ZB K (Potentilla nivea) \#5 5. ( Carex spp. ) 55 R MEALFFI A &5 LU & fe) 9%, o Ll b 50 4] TR 59.95% , 44
BUE FUELE B SR E AR E s T
2 HMRFAE
2.1 EpAMAEA

ARBFFELA A 1L 2500 m Lh b iR Ly 7 6 L e 4R
rh A I LB BIFFE DI, DA ey LU B i
B PSR, RO Bl 5 v 0 b B A Sy e A
M, AR AR AL R AR A S, i 9 AN A, B
el b DA B 7 T R SRR Ry v | T RO e
JE ER R M S5 O ), Ak 3—4 SRR (I8 1) RRAR AR
KL 100—150 m,, A OB 5 ) 520 58 2 A8 1K
FERAREAT F32—5 A 1 m x 1 m /NREDT, SL i 4
FEJT 85 4~ JHAEHIE] 2006 4 7—8 H .

BT A N AL RIS R AR D 1 (b A 2k
YL 36 A ) RIRBE A 710 Bl REtREE
2.2 Klﬁjﬁ 4{%2&3 /EEJ E/J *Z'J ﬁ'}‘ Fig. 1 Design of the sampling plot

R HER 53 B 5 g 55 X5 187 43 B ( Canonical Correspondence Analysis, 8 K CCA) X FEVE 7 22 1 U4
Je WR AR A TR AL VPN, X L B2 Dy DL 38R AR A R AR B R SRR AL, 43 B AS TR s 70 F R fa iR Ak
FRAE, K23t 5 ANBALAFGE, o0 iR T A s ) e R A e | b R A e ) | R SR Ak ) AR R R 1k
B
2.3 BRI TR bR

WO i S5 P A5 06 T e ) 1) B L ] A ) DA RN A | R R X AR SRR A D AR R
SEOTHIG PR AT 4 SR S A S ST VEAN S S PR AN 7 TET  BIVAACERE 14 2 0 2 SR A 4 A - 3 A A DG
VAN, ATE EEARHOR R A A B BR A AR B IR U AR R TR O R M G T e B S AR
JE) VGBI (HALSR AR R AR A T

PRI, S0 it S b 8 JBCES 3% i o3 A P S48 AR 0 AT 0 A, B SR U E 4 e b, (LM A
( Crude Protein, & #% CP) P I& £F 4 ( Neutral detergent fiber, {8 FX NDF) | R 1 P ¥4 £F 4 ( Acid detergent
fiber, A #K ADF) FIK 3 ( Ash) M2 J7 k2 WL SCHR > 5 AR 430 P i S8 SR 9022 e 338 11 400 2R 6 A
L RINE R EE URE CRE D ERUNE, R e R A A5 AL P i e AR SRR |
— B AR AOIE PSR P
2.4 HdEotr

N HARARBUR R CHOE 1T B0 5 B i A8 A i 3 55 T 2 B UE L i B A AR Ak i 3 iy R A X
JEkFIR AT

FIXFRERE(C) = [COREAFIZERE) /Y, COZMEDT P2 B35 ) | x 100(% )

Hdla 53 Bk SPSS13 B 52 1
3 HBRE5SH
3.1 ARGS9 R fa) R AR

BE& O T BRI R A R R R B AR Ak, UM B R D5 b AW 2R
BRSO AR FRFRAIR, 1 2 AR AE BT o LTy, B S e S b sz B ], O BLRF IS BR 58 I 1 2 1]
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PSR o TERC TR b | d R e D i e A A e LA RO DR R B T IR B A TP S R R S R
(Wl o) ) s R 2728 & I0E & K B ( Deschampsia caespitosa ) ( 1oy L& AR) ) S O 3AGFR | v B 18 Ak o e e it s
FARSR A DL F Al o B2 A BE T 40 # f th AL S A B RS S22 B2 3% (P anserina ) F1V- 411 ( Plantago depressa )
AR

OIFTA O T AR A S BE BTN (R 1) TEARRIBUE T RARFIA R — B i A A, XS
AR S BEEBCROE I YRR L) R [, i35 AR A At A 5 22 A, BRME
JoT AR A R A X N AR AR

F1 FEBETEDESEFEBENENZE %

Table 1 Relative coverage of eco-economic categories of herbage under different grazing intensities

BT e ) 12 REIR AL ) R Ak ) o EER AL i i R A e )

B % Conventional Lightly Moderately Heavily Extremely
Family interference degraded degraded degraded degraded

meadow meadow meadow meadow meadow
RAF} Gramineae 8.69 14.32 17.10 18.38 19.91
PEAL Cyperaceae 34.31 33.95 14.83 8.98 0.42
PR} Leguminosae 3.51 1.89 1.17
%%} Compositae 13.93 10.63 18.42 15.87 18.69
HHFL Rosaceae 7.05 5.47 10.09 24.18 33.72
HAth Others 32.51 33.74 38.39 32.59 27.26

3.2 OR[AEAK AR A Y AR IS PR
3.2.1 3 DERE AR R Y

PE A DX P PR SR K DL A BB AT 54 B, ek B T 54% BB A s Ll I 5 1L B
PR FE . P AENHEET AR EEE, 2R A sEmEE A, e Lk
T FAAE ) 25 8 T RASEL Ph R A 228 5 (£ 2) X ST AP A 2 R —2,

R2 WEEOMMFEHARRFE

Table 2 Species composition of herbage in different level of palatability

i ARATE % PHHRE % R % %Pt % iRk, % HoAth %
Level of palatability Gramineae Cyperaceae Leguminosae Compositae Rosaceae Others
FEEr Addicted-to eating 40 20 40
BB Delighted-in eating 40 27 7 7 19
SR Happy-to eating 3 10 21 21 45
KA Just-pick-at eating 12 3 85
/L Little to eating 10 20 70
AL Never touch 100

HH 3R 3 W, WHCRTE DA R B for /e b IR AL R f) h Ah i 2, 35 81 9 F (B RIRfL 9
] 22 T AN K B R e B IR AL B R R U S A I AR T 4 AR ) ol O AR S LR
FHCE , Bl R B I, RIS

TS FA BE T, S0 S Bl 2 SO Jon B T s/, A AR Ak e v R R 28 A 26 S IS T A 5
R, B AL BB RN SR, TR A (20 ) TR BE IR AL R A (13 ) (H T4 BCRE
AR/ A0 R AR Al R ) o 1 Sy B A D R B R A R 2 LA (50% ) e TR TR (28.17% ) o
3.2.2 TR X R R AL R

it S WO T AR B R bR, AT DU T U R BRI B it . MR 4 AT U T R A b B R
B AR 55 B K, TR B 45. 40% 5 MZER BB AL R ) vy ) SR B AR A AR X 55 B e R, R 62.24% 5 5 B D A
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JECBCE R A X o5 B B A, B R B iR Ak m A b | IR 3] 65.95% |, 1t I 8 13 38 Ak s ) () A o 0 0 Pk de iy . B
PRI AN TRIAR Ak S5 g s vp | g S ORE A AR 55 B AR AN K, 78 15% 2 A B 3l SR 5 0 A AF A 35
AR, MK T 20% T3] 50% VUL, TS & HOR ) L s b | 28 N ERCRE R

R3 BREOMBEEARBLEREGHHMAEHRH LG

Table 3 Amount of herbage in different level of palatability under different grazing intensities

ORI A BB ) Hh g IR AL ) IR AL ) e g IR AL e )

IE Conventional Lightly Moderately Heavily Extremely
Level of palatability interference degraded degraded degraded degraded

meadow meadow meadow meadow meadow
FEE Addicted-to eating 8(11.27%) 7(8.97% ) 9(11.69% ) 8(14.55% ) 8(30.77% )
BB Delighted-in eating 12(16.90% ) 13(16.67% ) 13(16.88% ) 9(16.36% ) 5(19.23% )
SR Happy-to eating 22(30.99% ) 22(28.21%) 20(25.97% ) 15(27.27% ) 8(30.77% )
KB Just-pick-at eating 17(23.94% ) 25(32.05% ) 27(35.07% ) 16(29.09% ) 5(19.23% )
/D Little to eating 8(11.27% ) 7(8.97% ) 5(6.49% ) 3(5.46% )
B Never touch 4(5.63% ) 4(5.13%) 3(3.90% ) 4(7.27% )
A3 Sum 71(100% ) 78(100% ) 77(100% ) 55(100% ) 26(100% )

EAAS P A7 BT, T LA T W07 1) 488 75 B 0 P Ol TR AR Ak HeE M AS ) K 45 E 75 TP T 3
AL FE B AR K ILAERETE b AR 5 BERAE AL A T 400 (3R 4) o TEARRLRALSE i b BARVE &
WOE R R AT, B RE & AL T A, N (Festuca rubra) | 15 1L &5 &5 % 16 & KU ( Libanotis
condensata ) BAC N E 2T ( Carum carvi) J& 5 ( Koeleria cristata) . Jit & ( Polygonum aviculare) JAE At A
i AATEx — B RER,

x4 FREBETEERBHE REBMNEZE/ %
Table 4 Dominant species and their averaged coverage in different grazing intensities divided by different level of palatability

BACEIE RERAe PERAe EHEERE IR AL

. Eifq B Bif Bif B f
Eh ‘HE. . %ﬁu. Cunintfonal Liﬁght{y MoiraJtely Hivijly Eximjcly
Level of palatability  Species interference  degraded  degraded  degraded degraded
meadow meadow meadow meadow meadow
Lgey 24 Festuca rubra 3.41 4.49 3.61 0.40 0.01
Addicted-to eating TR Kobresia pygmaea 2.90 6.21 0.34
AL A K Libanotis condensata 2.40 0.87 4.45 3.74 0.01
BT Carum carvi 1.72 2.31 6.17 3.53 3.09
V&L Koeleria cristata 0.73 1.28 3.23 5.57 7.00
W% Polygonum aviculare 0.38 4.16 5.39
HoAth, Others 0.36 0.58 1.29 2.32 0.46
&7t Total 11.51 15.73 19.46 19.72 15.96
BE B Kobresia myosuroides 17.48 4.65 1.71 0.35
Delighted-in eating 1= i 5 Kobresia pusilla 13.56 20.97 10.98 7.89 0.02
BRZFZE Polygonum viviparum 5.93 12.36 6.59 0.24
W
Egﬁfﬁi{mmmivan pohuashanensis 317 2.54 5.7 3.36 4.21
F#R Poa annua 0.23 0.70 2.40 2.59 3.47
W2F Puccinellia distans 0.04 0. 64 5.60 9.20
HAb 5.02 8.95 3.48 0.91
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BT BRI PEERfe SRR W BB 1k
Level of palatability  Species interference  degraded  degraded  degraded degraded
meadow meadow meadow meadow meadow
it 45.40 50.22 31.56 20.93 16.90
IRE TN Taraxacum platypecidum 7.74 4.80 10.95 10.50 14.87
Happy-to eating THEBE Potentilla nivea 5.17 4.02 2.63 3.02
SEAHT Plantago depressa 0.07 1.25 6.48 13.71 15.50
KON ZE S Potentilla anserine 4.83 18.11 25.17
HAt 3.13 3.00 7.52 3.90 6.69
&it 17.93 15.23 33.91 49.42 62.24
oy — e
;i:stﬁ-pick-at eating %ﬁ?ﬂﬂ%jﬁim var. Elatum 1146 4.87 191 1.26
KMIEE Gentiana macrophylla 2.24 0.63 0.21
HIETE Ligusticum tachiroei 2.23 1.90 1.19 2.51 0.01
LEREH Saussurea purpurascens 1.36 2.37 0.26 0.10
HhZE Axyris amaranthoides 0.06 0.18 3.74
BLH#] Cirsium leo 0.60 1.14
Hofts 4.69 3.40 3.51 1.56 0.01
&it 21.98 13.18 7.74 5.61 4.90
gy BT Anaphalis hancockii 1.45 0.66 0.23
Little to eating WHREEL Lagotis integrifolia 0.05 2.30
PFBESE Papaver nudicaule 0.51 0.49 2.11 0.15
WATEE Ligularia intermediai 2.97 3.44
HoAlb 0.10 0.15 0.32
it 2.11 3.06 5.40 3.82
NE B Ranunculus japonicus 0.50 1.55 1.06 0.34
Never touch HoAth 0.57 0.49 0.87 0.16
&it 1.07 2.04 1.93 0.50

RSV TR 2 BE T 3 A5 ELARX 22 B2 KT 1% BB 52y AR A

3.3 RIHE AL 4 F MM

2 5 1A, R RIS 0 5 ) RO 6 SRS 12 2 S, FCTRLER 11 () R BB 274 (NDE) Fy
G S OB . HCHCT o S S (5 O o O BLR 1 (CP) RS (Ash) S B3
CFUEL1 5 (NDE I ADF) SRR B BE IR 15 O MO8 70 M5 FLA R ML 1 (CP) L5 K53 (Ash) G
CFYRHHFAE

£5 TRBUEREAHNHEEFHI LS

Table 5 Comparison of nutrient composition under different grazing intensities

BRI % O B ) R IR AL B ) Hh RE IR AL B ) R IR B ) e E IR AL B )
Nutrient Conventional Lightly degraded Moderately degraded Heavily degraded Extremely degraded
composition interference meadow meadow meadow meadow meadow
cp 14.89* 15. 60" 16.93° 20. 54¢ 23.43"
NDF 61.39* 59.20* 58.86" 54.92" 50. 14"
ADF 31.76%" 32.55% 31.534° 30.39" 29.994"
Ash 1.46* 2.10* 1.67* 5.13" 3.4840

R TR AR R 2 (8] 1 22 B LURRAS R P Z R A — AP REAIR] 2R i 2578 B3 (P>0.05)
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4 it

(1) FECHBORT PR M P 5 )

FETRAR A S R G | 13 B Sh ) I B 1 e 5 Xt B v A i B A P e A PP O 4 A Ak g ma AR K0 7
PEd A HRE IS OLT B P8R v B R B B AT 38 0 B iy PRI okt — M oA Ay i B8 OO R T3 T P 22 1Y
L

EABF BN FE R IR AL F f) v 38 PR M RS SR e SE AV AR S e W I (3R 4) JF HE & ik
FORPSEEH ST R th AR L O R > R U BT B RS RO R — o 2 1 IR R Y 3
PE 3 A RE SRR ER 0 MO AR RO v L 38 B B 284k

JBCRCRE 7 v ORI 38 B AR 52 B 8 D PR SE A, th 5 M BE O MREL — I RV #S
Db R M AT A A R AR 0 R L) i B AR R R BIRSTIE W TR0 B R R RS 48
TR EBEZ R I, RO AR AR B R RN, s e o MUR AR SR, )2 M 1 5 S B A 0855
[l R 9 T )2 B HR RV 1A I, (i A5 40 2 2 S 0 Pk S4B BE 0 34 o | S 0 o L TR g A 2 1 SR
TERTRRAIE /N 38 TP AT 2R D CEARE, B B B KU A, (EL P A RE i, Fe s mP A 3 e
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Table 6 Nutrient composition of several dominant species

BB A Dominant species CP/% Ash/% CF/%
B Kobresia myosuroides 12.43 7.51 24.33
FLE R Kobresia pygmaea 14.48 8.40 21.20
WU ZEE Potentilla anserine 17.54 8.40 12.59
S-ZEF Plantago depressa 10.68 8.73 21.74
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