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Effect of Grazing Intensity on Leaf Characteristics and Forage
Productivity on Mixed Pastures of Perennial Grasses in
Alpine Region of Tibetan Plateau
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Abstract: A grazing experiment was conducted on three kinds of mixed pastures of perennial grasses, Bromus iner-
mis 50% + Clinelymus nutans 50% (B + C), Bromus inermis 50% + Elymus nutans 25% + Agropyron cristatum
25%{B+E+ A), Bromus inermis 25% + Elymus nuwtans 25% + Clinelymus nutans 25% + Agropyron cristatum
25% (B + E + C+ A) with 27 Tibetan sheep al the age of 4 — 5-month-old by using random block design in alpine region
of Tibetan Plateau, Jingqianghe vegion. The leaf characteristics and forage productivity under different grazing intensities
were studied. Leafl area index (LAI) and leaf photosynthesis (Pn) rute of grass significantly decreased ( P < 0.05) at
heavy grazing intensity (70% defoliation ratio}. Higher sward regrowlh and biomass aceumulation of forage could be
achieved on the grass mixtures of (B + C) and (B + E + A) at light grazing intensity (30% defoliation ratio) and on the
grass mixture of (B+ E+ C + A) at medium grazing intensity (50% defoliation ratio) . In the alpine region of Tibetan
Plateau, 30% defoliation ratio should be applied on the grass mixtures of (B + C) and (B+ E+ A), and 50% defolia-
tion ratio the grass mixture of (B + F + C + A) when they were grazed.
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R EXEFREMEYA ETEH 9, 1 EHE
VHGERANFESRE Y, ZERETHENT HH
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XTI BREINATEHBEERBFENE
W, E NN FECHKBHFTME 1 (HX &R
HEDPFXREFMERTHX A= =%
FARBRERRBEHMMART, BB EMAFRS
PEM AT SRRSO H R RS
X, BRI R RRE oK R G & ol gy 5
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1 #HESHE

1.1 KX BREH

ET 2000 HEFE R EHF R AKESUE
it i1, X BN E A N 37°40', E 103°
32, BERSHFE 2960 m, FEHHE -0.1C, >0%
FHE 1380 C. R mBHEE -30C, ¥R
KBE46mm (BEFHET.8.9 H), FHEEREL 59
mm, THENTHEH., RENEZEFEERE 44 HER
.S HSP TR EE,6 AP EIER .6 BIRZER,7
Avbhiiae .8 ARALE .0 ARG &, 4K
Wik 140 d, R LRIV R UERLT, L BEFE
40~60 cm, FETHO~0 em)BIESE 10% A
4H,2® 0.6%,% % 0.017%, 28 0.067%, pH
7.0~8.0,
1.2 ¥End

4R 1998 FHENEFLRAFTRBEFH,
BEKEHATEHFEGEASTI I LT ERE
He f 4 B 5 ( Clinelymus nu-
tans)50% L= H# L 50% + B0 & FE ( Elymus nu-
tans )25% + ke \gropyron cristatum }25% L1
Tk 5% + B EILF 259% + BREKEBE 25% +

( Bromus Y509

MIBIKE 25% . A —BCRCHI AR % 1 350 o’ , %1 4y
RITHRAPIR. BRHAKEISEE. 8—®E
(AEOEF R 150 m? .

1.3 WKEE

MM XKW, LR R B EEFE 27
HAEH N4 ~5 HEE (KE N 14.4+2.2 kg, FEL
BYEREEET R IH, FRERR S SEEHA
FHTERERS A EEEARE /N AMBER, XL
TEE + EHMWE (T + B)EMH.0 H(y EE
3H),EHEE 14.9+0.5 kg, REER + N EE
T+ mEKE(L+ B+ ) KH.0o B, Lk E
11.3:0.8kg; EEEFE + BN EFEF + HRPME
+MBKE(E+Z+ T+ 0)ER.0 B, FHEE
17.5+1.8kg. AH—YEELELEAERREN K
M.

1.4 HWEE

BB R AR R ERS, A
(CK)RRHEN 0:; RBW(CL)FRE 30% £ 4 T
(GIRER S0%EH :EM(CLRBR 10%ELES .
REREFRITHE:

KEHE(%)=XBEBE/HMEZE x100%

FRAERBEHEEXEFNRRB(ARERA - K
HEO R AR, R s
TR, BXNXEZEELN K 20 cm B H I
O, TE— BB P, 40 R R B3 IR i
A f5 R AR e 2 R A WD) 48 TR T R B R T
PRY/IRNRBREERE SRR R TR
HREEN AR XM EE RS . &
WA N7 A S HOWEZEE) B R HR
H17 B, B1EBGEIRY, B8N X AR
4R EHE S 18 d, Bk 8 XK RO L S
#HT 6 d,

AR HMEE (I mx 1l mx 1 m &KL H
FOME W e EH B ENAE R E(RINET S S
HTHES8E)2 ., FELE B FANEE
WETHRTRR R, FL2HCHHA N R &b &
FREBEKE, ZENXBEEANAERMHEYH
FTEBER(EHEEARKBERE)ZHEIAENRE
., FEAMEREH, LWRERFRITREE
LR EER(P>0.05),

FHENE XYL RS B AR FR0.5 mx
0.5m, BERE3IX . BRENELAF STCTTH 24 h, T
ERTEZ,

1.5 MEEEF
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HHFEERSOGREDY REAMKERNEENT BB, BN EEYENENTFER, BTG5
EARIER(LAD . FFATER Y KT H B BAU X SHE5ERNERH2H.
HEE R EERE S AR AR (E A
BERETLRA AW A A RMS Higg 2 eI AN
ME = T ENARKRLHEBNATE 21 AENKEFBEESHHERIER(LADT X
PE) . Gt REH(ER1.2), NN EABTERSE
BOCEE RN B 0.l mx 0. 1 mBEAFARMEE  BEHAY LA HORCGR A RO S LR
WML WERMUEMDPER EE 3K E HERHEEHEMINWEEEW(P <0.01);F—15%
0.5mx0.5m AR EFTHREAR, EF 3K, X PR FA—REHSP  EFRERRED LAI
ERRERMAESCTH 24 h, MiEH+EH, D HEH BE BCAURBE R INT FRE(P <0.05) 5 78 [A] — AU 4K

Rl BEEECH HBEHBGT) BREAS(CORREFRENEREEN ERER(LADK KR

Table 1 Effects of grazing intensity (GI), grazing time {GT), grass combination (GC) and their interactions on the LAI of grass mixtures

o T 77 F A A F{H ERBEMH
Impact factor 55 df F value Significance
FrHEE Gl 319.47 3 9925, 11 *
BHEH GT 3.07 1 286 .46 * %
WE SR GS 19.92 3 114.12 % %
Bi#E#Hs oC 42.35 2 1973 .65 * %
Gl x GT 1.9% 3 61 .49 * X

Gl x S 14 .99 9 T1.24 * *

Gl x GC 15.64 b 242 .99 * ¥
Gl x GT x GS .89 6 38.74 *

GI x GTx GC 3.119 6 48 .45 ¥ on
Gl x G5 x GO 11.49 Y 65.41 * *

Gl x GT x GS x GO 6.45 6 44 .45 % X
s », P<c0.01

X2 TRAMABEBEETAIEMHEREN LAY (n® m?)

Table 2 Leaf area index({ LAI} of individual species in communities under different grazing intensity

FiE 4 7H28M0 qpetf'nnined on July, 29 9 8B 18 HM Determined on Sep. 18
Grass comhination W B® PR BB R WE BB PR ER RS
CK GT, Gl Gl; SF, CK GI, Gl, Cl, SE
i:+§§+:ﬁ+bk B+E+C+A a
X B 2.5a 0.8b 0.5c 0,2d 0.1 4.5 I.1h 0.9  0.7¢ 0.1
% F 5.2a 2.5h 1.7 1.2d 0.2 2.8a 2.1b 1.4¢c 1.3 0.3
# 3.1a 1.9b 1.5¢ 1.3c 0.1 2.1a 1.4b I.1c I.0c 0.1
KA 0.07a 0.05b 0.03¢ 0.02¢ 0.008 0.la - - - -
B Community 10.87a  5.25b 3.73¢ 2.72d 0.41 9.5u 4.7b  3.4c 3.0c 0.3
L+EZ+% B+E+A
X B 2 _8a 1.9b 1.1¢ 0.9¢ 0.3 3.2a 1.4h 0.7 0. 8¢ 0.2
% E 3.6a 1.8b 1.5¢ I.5¢ 0.1 3.1a 1.6b 1.4bc 1.2¢ 0.1
KA 0.05a  0.01b 0.02b 0.02b 0.009 0.07a - - - -
MHE Community 6.45a 3.71b 2.62¢ 2.42c .38 6.37a 3.0b 2.lc 2.0c 0.3
E+FE B+
*X R 2.4a 2.1b 0. 60 0.5¢ 0.2 3.8a 1.3b 1.2b 1.0e 0.08
i 4.7a 2.7b 2.3bc  1.lc 0.6 3.7a 1.9h I .6be 1.4c 0.2
B Community 7.1a 4.8h 2.9¢ .60 0.6 7.5a 3.2b 2.8he  2.4c 0.2
" — 47 A LR EH.HHRFYRRERABRE(P>0.05)  FAFRTYHERERRE(P<0.05). TH
Within the row, the means at the same determination time followed by same letter are not significantly different( P > 0.05), thuse with different letlers are sig-

mificanily dlfferent[P <0.05). SE, standard emror of difference. The same as below



1 4

B L5 HOBON AT i R X 2 R IR AR AR B0 R R E MR AR = e R

139

BET W—RFASH , ZHETZAERERE
f1 LAL P A BRI HE B B B K (P <0.05), M
Jo B A 1 LAL 7E AR JRCHCCO6r B80) B 8l b I T3 0 et
MMM AR (P <0.05), FE LR A Bl 4K
B AR HE R TS E (P >0.05); FER — MR E T .
M — N, L& + B+ R
A+ HEKEN LAIEEFR THEE 2 RBEHEER
(P<0.05) HE2XBEHREHNH LAl LY HEF
(P>0.05).

22 FARAMBEESEMBENXSTEER(Pn)TY

TEMPERFE(FR 3), FBERE ORI
(MEEKMBO)NARBEYFREGESFRE
Em(P<0.01) MIBHAESTHENT FHEE
HEEBEZM(P>0.05), BHHRESBUHE .
TSR B S B P | JROHC5R TE 5 i s BT R B )
HFBM MMM A A EFHLWMEREF (P <
0.01),

&3 BRBEREGCH BREHEEGTH HERM(GS) BEHRAS(COARIENETEMNE XS HE(Pn)HIKIG

Table 3  Effects of grazing intensity {GI), grazing time (GT), grass species (GS}, grass combination {GC} and their interactions on photo-
synthesis (Pn) rate of leaves

B K1 T Fr # TR R F1{H ERBER
Impact factor S8 df F value Significante'’
BAMEE Gl 378.360 3 1 BOS.56 x *

AR CT 219.360 1 2 140.57 * x
Wi GS 16.700 3 81.12 . %
HFHST GC 0.070 2 0.50 NS
Clx GT 12.530 3 59.79 * *
;T x G5 10.690 9 16.99 * ok

Gl x GC {).240 6 {}.5% N=
GLx GT x GF 7.860 6 18.76 x A

Gl x GCT x GC 0110 6 (}.26 NS
GTx GRx GO 0.320 9 .50 N5
Clx GTx G5 x G0 (.07 6 .19 N3

1},(}(:

Pc0.01; NS, TEZXER(P>0.08)
¥ % . P<0.0]; NS, no significance{ P > 0.05)

MISD R EFLIE D (F 4), 7 — BB
HA Py A 0t | 58 6 3 R [ B9 T A S I EE B
FRE(P<0.05);[A—MBEET , WEFXS
R M ER R TRE(P <0.05);fEF
WHBENRFRMNTT, MK ET G ESBR TR
EILRARRE (P <0.05); B a5 0y #E 5 FHOGR
T G4 18 i (I AE S0 ) TT U B sk B 7 Y66 BB T B9
TREEAB(P <0.05).

x4

2.3 AUYOE BN IR R M oy B % M

RSMEBODHAMEHBERBIMEEFHFE
SrAT AN LSD R o br. SR EM B EMT ., &
B B A BERE DR M M B R B F
(P<0.01), MEWEBRFHESEAMEX(P >
0.05); MR ESEMPEFRMN B EES &
FRAR R S M EERN B F R E R W EERE 1
(P<0.018LP<0.05)  AREFHAG ., FWFA

ARARKERTATIEEESNAEEE(COmg dn *+h™ )

Table 4  Photosynthetic rate{ Pn) of lcaves of individual species in communities under differem grazing intensity

BiEHS

7H 20 HMl Determined on July, 29

O H 18 HW Determined on Sep. IR

- Xt R B M 8 HHW R At R oM W& W dRMER

Grass comhination CK GI, CL, I, SE CK o, cT, I, SE
L+Z+F+K B+E+C+A

L B 0. 8a 6.4hb 6. Bk 4 _4e¢ 0.4 5. 1a 3.3b 2.4c 2.4¢ 0.3

£ E 8.5a 6.7b 6. 8b 4.8¢ 0.6 5.5a 2.7h 1.Re 1.1d 0.3

f C 8.7a 8.5a 5.8b 4.5b 0,7 5.5a 1.5h 1.4b 1.2h 0.4

KA 8. 1a &.2hb 3.7 1.2d 0.9 4.0 - - - -
L+®&+iK B+E+A

X B 8.9a .5b 4.2h¢  3.8c 0.6 4.4a 3.9ab  1.9b 2.2h 0.5

£ I 8. da 5.2b 4. 7c¢ 5.7b 0.4 4.8a 3.6b 3.7b I.4e 0.4

oA &.Ra .&h 3.0 4.3b 0.3 4.3a - - - -
L+ R+(

X B R.2a 7.2a 5.3h 5.1h 0.4 4.da 3.9ab  2.7b 1.2¢ 0.6

B C 8.0a 5.8b 4 de¢ 2.44d 0.3 3.4a 3.8b 2.6bc 1.4c 0.6
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Table 5 Effects of grazing intensity (GI), grass species {GS), grass combination( GC) and their interactions on the tiller numbers of herbage

U R R HREAK F{H R PEM4
Impact factor 58 af F vulue Significance
B G (o6 3 662.31 ‘%
WEPE GS S88.93 3 3512.51 x
HBHAE o 0.25 2 2.23 NS
Gl x G 31.89 & 95.11 x
Gl x GG 0.19 6 0.58 NS
GIx CSx GC 0,85 6 2.54 >
e v, Pc0.0ls #, P<c0.0O5: NS, LEHEEF

¥k x, P<0.0l; #, P<0.05; NS, no significance ( P > 0.05)

*o

AR EBERE TATIEMBMASHRERN SN A 18 5

Table 6 Tillering numers of individual grass species in communities under different grazing inlensity { determined on Sep. , 18)

R G A 9y BOR K Sy BRI Tillering numbers of individual grass species

AL ok T

{irazing intensity X+ & B+C. ﬁlé+$+?d‘i B+E+A ’ﬁ+$+$-_l-_?d( B+E+C+A

B X B E C L B £ E KA A B % E £ C KA
AR CK 4.6c 7.2 4.4 7.1 1.3 4.1b 6.2¢ 6. b 1.3
B cl, 5.2h 9.9b 5.3b 7.8bc - 6.3a 8.9h §.5a -
HC Gl 5.6b ii.6ab 5.3b 8.5b - 5.7a 8.1b 8.4a -
HW Cl 8 .6u 13.6a 7.0a 9.3a - 6.3a 14.1a 8.4a -
bpliIx  SE 0.2 1.0 0.3 v.35 - 0.4 0.6 0.7 :

B R R R I Mm(P <0.05);
A BWRET . H—-RBIGHGTEELE XN T E
HEEMTEEEREREZHELE(P<0.05),
2.4 WEEEMNERREEHMMRE K IE
AR EEFHFESID AL ER, REARE,
REARGRETERMIRERETRR A=

EREFEF(P<0.01). AES(ISDBR)BILE

7 BWBEHEG BRES(CORRIFEMEMNRIBMBEELE>HBER
Table 7 Effects of grazing intensity (GI), grass combination { GC) and their interactions on DM yields of stubble harvested on the 15th, Sep.

HO RN ERTTEHE R TR E (P
<0.05) ER(CLYEH MU ERTFTREHEK TR
WCI) MY (GL)EM (P <0.05), #BEASG
B(ZLISD k), RERE + S ET HF + T
BE + REBIKENTREIRRE. XEE2L+ %
HED + MBKERK(P<0.05),

Wi T

-7y f0 TRER Fia EFEEH
Impact factor S5 daf F valye Significance
HAERE o i 230 3469.65 3 720 .67 % -
BEAE oC 89 256.29 2 41.89 %
Glx GC 72 174.08 6 11.29 *
8 TRAFAHEBEETAIEHMNNELTR

Table 8 Standing crops of communities under different grazing intensity

L

Eﬂﬁfﬁ( HHRER Standing crops of community (gDM=m~ ‘;J

Grazing intensity X+ & x+ E+ K K+ %+ &+
B+ C B+E+ A B+E+C+ A

%A CK 743 .0a 641.2a . 967.8a

B2H8 Gl 247 . 6b 207 .4b 274.1b

R o 222.1h 214 .4h 260, 1h

: i 131.2¢ 115.4¢ 163 . 5¢

HE  SE 32.1 24 .4 35.3

e
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G TR, Wl TP & 1E MR
5913, AR ER AW, AT T IRBE s
(17 1.1 FIE B 06 & 3R 3657 RORCER I L BB I L8R
B MARKAUASEHENGSRWN, XibFE—
FrE A KErEr AR 7 B 5, B 98 8 Al ( B 40
BE(P<0.05)FREMMBER LAL IS
A, XSRAHFED BRERGUECR) S
BT, BAROE B AR/, o R B (TAD 3R
LA — .

HOELR R RO R AU T M R A 88 A,
ERRERFHEMTHERA Y . Sl R AN,
AT AR F IR R E A o B R E R R R R
MR E., XSERHESHEHENEHEE
BT (P <0.05) R30I HIEE 0 F R B e 2519 18 i
A BB ERB(P<0.0S)BEEHERNE
R B T, WEE e EE B WA A T4
BEETTARBRRENVENEE ., AMEERNEE ¥
Mt AR RIET, MEHBEE RN, BRIk
A BEAMFAERER EHNERERE TR,
Wl—AHREET BEWUREXEEENTERE
EMTEEEBES S ETE, 70, B E
L HRBGEE R MR E S ER DI REE B
PRyE LR A P EERE TN IR E

Hodgson A 25 LAL 3K £l — & BB (10 ik % He X
Bl BT S, LAL#E 3 LA b BT E iR
100% ,MFRIECER K, W F(HEZRE)EK
T SR P [ 6K T L4 o A B A A R AR DL R AR
i, EM R F 8 (AR ) RE, B
EHEEHBRE SR E A MRk 4
K.HEE@MEAEKN, 2 EF, EEHRE
(T0% MR B )T, BBy LAT 58/, BB 35 5
G, it raExtE s WEmsbEEERES Ky, i
HERHFRE; PHRESEGOSHEXER)T L
EEE BEREREEEL + BV ETE+ B

o € T8N BMENIMEEEEEKS,
HMWBFEEE N L EER + ZHEEE « EREH
ME + A LAT A BB #p 2t AR

AR EHRMFREE  BHRE G REE)

MR R R MRS LAL ARE R M & MR R A A K
T, MO BT . A IRIEE G R R A R
FEEFMELYREE ERLEELE + ZTHEEE
+ ERBEMAE + MK RO RET D BEESTHE
HATEEFE + 2 ETEF + REBIKEMNIRE™
o

WORE SR BE %5 R4 B M LALL U H R A 6B 7 R
HERFRNEHEE BERESEMLX, TEE
X+ EEEREE LM ETEERE + FHZETE + I8
MUK RN R B EN 0% i hH, LT EF
+ B B H + TP + e T DKCE 5 H A B
RER RS0 ELA, SREZAFE VBN GEEY
AERMHHBEL LA YEBIEHNHRMNIT &
EUSE MRS E A’ E
NARHENEERHMEERBRAMNBESR 0% ~
60% M 45 AR EL , A TR B R A i R AT R K T
KRBRE/ KBS, 5HEFEFEP TR
MK R EFEHYERE = AR EENHRE
g EERME T S T RERA LR
FREMASHENAR, BHEHNTEA TR AL
X Wb S BRI T K 60% WIS e H L, B M
RATHEMAHAAARETERN K, Hit,
LR, ) LA B S HE SN
MR EERERRE SR F %,
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