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Response of main plant population pattern to winter grazing in alpine steppe of

the Qilian Mountains
WU Zhe, PENG Zechen, HOU Fujiang "

State Key Laboratory of grassland agro ecosystem of Lanzhou University, Key Laboratory of grass and pasture innovation, Ministry of agriculture, Lanzhou

Unaversity, College of grassland agricultural science and technology, Lanzhou University, Lanzhou 730020, China

Abstract: The experiment was conducted in early August in the winter pastures of Sunan deer farm, Sunan Yugur
Autonomous County, Gansu Province. Through observation of grazing behavior and the growth of vegetation, the main
feeding path of Cervus elaphus kansuensis grazing is confirmed, and the grazing rate from high to low is formed from the
import and export of the pasture. Three main paths were selected to set the sample plots at the entrance of Om, 300m,
600m, 900m, 1200m, and 1500m, respectively. Each sample area is about 1hm’. According to the calculation formula of
stocking rate, the grazing rates were 6.90, 4.85, 3.45, 2.45, 1.45, and 1.00AUM/hm’, respectively. Ten continuous
quadrats with 0.25m’ were set up for pattern analysis, and a 4m’ quadrat was used for fractal analysis. Using the deviation
coefficient and the t—test method, Ripley’s K function and Monte Carlo stochastic simulation were used to analyze the
pattern of the population of Stipa purpurea and Achnatherum inebrians, and the fractal statistics of box counting dimension
and information dimension were used to analyze the population of the dominant plants including S. purpurea and A. inebrians
in the grazing system. The pattern analysis showed that there were 5 changes in the population pattern of pasture plants. (1)
A part of the plant population showed a cluster distribution pattern under all the herding rates. (2) Another part of the plant

population showed a random distribution pattern under all herding rates. (3) The distribution pattern gradually shifted from
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random to cluster distribution as the stocking rate increased; (4) the distribution pattern gradually shifted from cluster
distribution to random distribution as the stocking rate increased. (5) The population cluster distribution and the random
distribution appeared alternately on the grazing gradient. The deviation coefficient of S. purpurea population was the lowest
when grazing rate was 3.64AUM # hm ™. The coefficient of variation of the population of A. inebrians was the highest when
the grazing rate was 4.16AUM * hm ™. In the scale of 0—1Im, the results of Ripley’s K function of S. purpurea population
and A. inebrians population were in random distribution pattern in Monte Carlo stochastic simulation interval. The fractal
analysis showed that with the increase of grazing rate, the box counting dimension interval of the population of S. purpurea
and A. inebrians were [ 1.596,1.962] and [ 1.831,1.945], respectively. The information dimension interval of the
population of S. purpurea and A. inebrians were [ 1.590,1.899] and [ 1.633,1.913], respectively. When the grazing rate
was 4.34AUM/hm’, the difference between the population space of S. purpurea and the population of A. inebrians was the
largest and the information dimension was relatively low. At the same time, the population distribution was relatively uniform
while the change of the pattern was relatively slow. The economic and ecological benefits were balanced, which was the most

suitable for the management of pasture.

Key Words: stocking rate; deviation coefficient; counting box dimension; information dimension
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Table 1 Basic elements of soil in winter pasture

E KR Stocking rate

Essential factor 1.00 1.45 2.45 3.45 4.85 6.90
¥ Temperature 20.43 22.63 22.71 24.92 24.70 25.94
Er /K Water content 23.15% 22.21% 20.28% 18.60% 16.63% 14.57%
PH 8.10 8.10 8.10 8.13 8.13 7.98
727 Bulk density 0.64 0.70 0.76 0.82 0.88 0.94

R2 EZFWHIBEAEZSEMIERAXESN
Table 2 Correlation Analysis between soil basic elements and plant indexes in winter pasture

EVIRIP RN 7 fi Eh REIT R A e e EIsE e i T AR B AR

Box-counting Box-counting Information Information
dimension dimension dimension dimension
of S. purpurea of A. inebrians of S. purpurea of A. inebrians

KR Stocking rate Pearson AH5&HE: -0.828 -0.239 -0.863 * -0.141
2 OB 0.042 0.648 0.027 0.790
R Temperature Pearson Hi5&ME -0.589 -0.367 -0.64 -0.149
2 OB 0.218 0.474 0.171 0.778
£ K42 Water content Pearson AH5&HE 0.746 0.331 0.786 0.214
B 0.089 0.522 0.064 0.683
25 Bulk density Pearson A5k -0.698 -0.341 -0.740 -0.208
MBI 0.123 0.508 0.092 0.693
PH Pearson FHICHE 0.930 ** -0.543 0.898* -0.576
MR 0.007 0.265 0.015 0.232

# FE 0.05 A RUN 1 A IE 5 + = FE 0.01 ZKF-RU Al @ 2 A 5C

1.2 FEMBIREE
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KiAT) ol — KL B /N . NG A T T Ze AR 9 6 A b Xof By ) 03 53 301K . 6.90 . 4.85.3.45 2,45
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Table 3 Changes of population patterns under different stocking rate treatments

HUHCR Stocking rate / ( AUM/hm?)

PyFl Species

1.00 1.45 2.45 3.45 4.85 6.90
FLATE Astragalus galactites R R R R R R
BEBEE Potentilla acaulis R R R R R R
W SRIF Torularia humilis R R R R R R
WAL FBK Poa poophagorum R R R R R R
ik Ih ¥ Achnatherum inebrians R R R R R R
LA Stipa purpurea R R R R R C
B Artemisia frigida R R R e cr C
LT Oxytropis subfalcata R R c* c* c** C
WIKIFEAE Convolvulus ammannii R c** c** (ol (ol C
HURFEE L Carex atrofusca (ol c” c* c* cr C
Wik Allium polyrhizum - - - c** o C
Jm BEUK L Agropyron cristatum (o cr (Ol (O crr R
W= I8 Gentiana aristata cH* Cc* R R _ _
JKEREE Chenopodium glaucum c* R R R - _
Fa] IR Z& M 1k 48 Heteropappus altaicus c* R CH* R R R
H¥E Leymus secalinus c* C** R C** R C**

C SEREOM s R BEMLOMG 5 = ZR AP EEN 2 R B0 0 KB (H 22 B35 (P<0.05) 5 = = FRAFIEER B 250 ¢ K36 (8 22 54k 5.3 ( P<0.01)

T %) O 25 3R B E AR BE AR BE IO BT HE A, R/ N S WS W S A AR B 00 e IR i st B I,
AL EEA 4 PR OL R 1) OB RS 58T LT, W 0 5 5 8 s S T i T R AR R R R Al
K s QBTG AT /D, Qo) e e H 5 K A8 5 X6 ECT B s OTEUHORS B2 T 22 Wl e A8 1k, A el KA, an
BT AL SE AR AR i R OKR AR KE AL DL B e I R (OFE BCAORE B L 2 VI P R AR Ak, AR AR AR /N
., A b5, s E N 2 AN, R R AR BT BE A 68 1, B BCHCR IR, T B VKCE ()
BB IGIN, Vv AR FEASCRI R T R R AR B IS JE AR D R 2 AR AR S A BE A2 Al X
P VR A St U B O A 5, B oA e T S, R A Sy ph AL A oo 0 A A L R B, R
¥ SR R A AL Y S 2 A0 )t B VK R A AR A K S AR I R &, 38 U AR UK R LA & &
ARG 4Rk e RV B R RS SRy R SRR A o D B BB ML (4 R R 22—

KB ARABHEY) FEA A S5 JR AR Jm K i, Hod e P RAOR
P50 S A IR 25 R AR W B T C G R S S S S 5 AR AR A B bRl S 4, 55
RS B R AR IOR | R UK R 8 R R S R B R 4 ) [0.11,3.18 ] ,[0.25,2.50] . [ 0.39,
1.90] ,[2.00,12.39] [ 0.44,10.54 ] , B Om g R B0 22 43 5110 3.07,2.25,1.51,10.39,10.10, S R
TR BN 25 R B SR AR, FRREAR AR IH SRR 2P AR 29 R B0 22 3.07, I SW /&7, 7E U %6.90
AUM/hm® | W AR 318, I8 R AE FEERS J5) R BEATL A0 0028 S R R 0 A ol B VKR A R bl v >R FH AR
BEOT AN AERCCT T, 35 OB AT R AR SR A2 S BEAIL A AT 5 Ry A ZE RO (0 DL Al FLARREA% R JC A i
AL, PRAR AR R R A R AR O 2 R B ORI 3
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TREFRENL M . SEAETREL R I I 28 R B B R, 5 CHCRIE ARG, th BUBEHL A 1) SRR M A e A2

AT I B 3 Rl SR AR R /A o R BT SR FE ) AR A <3.45 AUM/hm* fY
FEHL (K 3) o RERCBCRIG A, iR O 29 28 BoRR g 19, R P L S [ I, Ml RREAR Jmd oy S0 20 Ao o T B AL
O3 MIRAETE =3.45 AUM/hm?® B9RE R R B, B 640D 5 2% BSCBE OO 1S O G2 BT, SR AHE B2 A8 A AR X
P(ET) .

" 3 =-0.1296x>+ 1.0434x — 0.0461
o BRI R2=0.8787 P=0.042
- 3 =-0.1081x+ 0.9135x + 0.092
o AEEE 15750 p=0.044
s 3 =-0.0981x2+ 0.9869x ~ 0.7057
« ZHEIPR R*=0.904 P=0.030

y=-0.1976x>+ 1.6446x - 1.1584
* MG E R*=0.8756 P=0.044

y=-0.9514x2+ 7.1531x —2.5538

x UKEL R>=0.8942 P=0.034
= 5 20
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Q Q
E 4 {16 &
2 2
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g3 12 §
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we 1 14 W
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0 2 4 6 8
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| By 5 7
o MERM 3059085 p<0.001 o BIME  R2-086 P=0.008
»=9.0196x - 2.486 y=1.8892x - 0.1787
o REHE  p_8791 P=0051 o B R2=0.6754 P=0.045
R »=0.3262x>- 2.3707x +4.5119 N — 2.6277¢0-5002x
FUHE 0872 P 0.043 R S P 0031
- 20 = 20, : : 5150
5 8 x 5
2 g 2
E 16 - £ 16+ {120 &
2 8 2
o (5] o
§ 12t § 12} 190 §
k= k= 5
g 8t g 8t 160 g
E= b= :
B 4t A W& 4t 130 ﬁk
i w &2
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JRH# Stocking rate/ (AUM/hm™2)

1 ERBETSHEYHMERBEREETL
Fig.1 Changes of population deviation coefficient with individual plant under different stocking rates

i RB VKT AR R RN AL bR

K HH Ripley’s K pREL, XS AEET P A HE 5 I S SR REEA T s A% R o007 o 7 0—1 m MIDFSE RUEE N, S5 46 5T
R S I SRR Ripley's K pREXSS RISTESERF RIS LB ] o8, SEBEHL O3 A1 A% Jmy . SRS SRR
TETCHR 6.90 AUM/hm’ B, OB 0.04 m FHIE L(d)>0( & 1) o SRR REAE R 4.85 AUM/hm? i R
X [8][0.02,0.12 ] FIFEFHCR 6.90 AUM/hm* i ROEE X 6] [ 0.02,0.08 ], tHBL L(d) >0( &l 2) . i 25 « K
5577155 Ripley's K MR 505K B BEAUBL AL , Y] i Mr A e o A A )=y o D RO R ik 1
F SRR (0 7 B Ry, O FTHEA TS RO I G170 . Ripley’s KRR 5245 2 FEALABS DL 56 R A3
¥ R M7 % RS A AN TR RO N IS4k, BB A LE, Ripley’s K PR 547K 2 BEALAL LR 56 nT HLA4 53
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R Scale/(d/m)

B2 FE0—1m REL,EESFHL(d)ERE dHEN
Fig.2 Changes of L(d) about S. purpurea with study scales under 0—1m
KPR RIBEILAAE T L(d) -d 19 0 B4 (H, BLSZ 99 K Monte—Carlo #UETTHRENY L(d) -d ¥ 2.5% 1 97.5% 531 ¥ b ¢,
d.e £ B RHER : 6.90 4.85 3.45.2.45 1.45 Fl 1.00AUM/hm?

JRUE Scale/(d/m)

3 A0—Im REL,BOEMNL(A)BEREdHEL
Fig.3 Changes of L(d) about A. inebrians with study scales under 0—1m
KPR AT RBEILAIE T L(d) -d 19 0 B35(H, BLIZ 99 K Monte—Carlo SRS TR L(d) -d (¥ 2.5% 1 97.5% 534 ¥ b .c,
d.e £ B RHER : 6.90 4.85 3.45,2.45 1.45 Fl 1.00AUM/hm?

2.2 RRWFFRE I RE
221 &4

FREEAS SR 09284k VA B TR AR RE I 00 . TF &4 BUS S WY Rl A ERE T e Bz — , R EL UL Fh
FER G2 IR T . FEASHUBCR TS AR 28 SRS B AR S 4E 8003305 R =0.968, P<0.01, 7EREVE
RUEENAFTE AARITE (£ 4) .
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ALK AR S 4B X A A [ 1.596,1.921 ], #; 25 0.325 ; ik 5 55 (1) Fh fE T & 4E 50X R] 4 [ 1,831,
1.945] 22 0.114, SA0EF P 5 R R TS 4R BCER T 2, R X S Hatk R AR 2s a), 5 HAE S b g 3
SYERAH 2, FOEFATT S e B0 25, WX AP AR R TR RS (R 55 . SRS SRR T e AR Eoi
FET K, I W2 IO T SR AE BT 5825 18] o 98 7 % A ok e g

SAET SRR T SRS ORI AU A (y=-0.01972"+ 0.1018x + 1.839,R*=0.9831,P<0.01) , Ifii
e h R RRE 3 AR RIO0] BE PR A A B R . AEUBOR 1.967TAUM/ hi® B S AR B S0 R T & 4R 5K
KB, GRS BIR K, SARE 5 S R TG 4E SO AE 1o 28 T G (R? = 0.835, P<0.05) , [RIFR A fh 25
RE TS AR, 0 A P S T S S A AP S i S T R [ S A OA SR AR S
FERS RO 2E (9 2 B DR 3R T BRI R 0 LR DR O SR AR A IR R R Rl . S5 RSB S4B 2P i il
[F1] 3 4 B iR e e T e R SO B )38 I BB T T A S

SR 5 T R 1) 403 0 2 A B I () B R e A AR R R (36 4) , BV AR AT S8 o0 < 0 (8, T e
B A, RZINE BGRB8 R St AR SR e RO ZE PO X R Y 6.90 AUM/hm® il
4.85 AUM/hm*FEHE , A0 58 SR /N T IR URUEE AR Bl /ANASARZ AR, PR A A O BT 3505 OO X 45
19 1.00 AUM/hm*F1 1.45 AUM/hm U AH S, e 1SR B RUBE Bl A4 K RAF I R ARG A, 4521
P, T JEE TR O] D Sy e BRI AR O A S R BT, R AR A S R AR

R4 BERBETEOHEZOSHEROITIEN

Table 4 Box-counting dimension of spatial distribution patterns of plant populations under different stocking rates

R SEAEEL 2 S.purpurea e Ih 5L A, inebrians
Stocking rate D R? P D R? P
1.00 1.921 " 1.000 0.174 1.905 " 0.998 0.172
1.45 1.962 " 1.000 0.139 1.945"" 0.998 0.174
2.45 1.945"* 0.982 0.198 1.931%" 0.998 0.164
3.45 1.947 " 0.998 0.160 1.832"" 0.994 0.236
4.85 1.894 " 0.996 0.177 1.831"" 0.994 0.196
6.90 1.596 0.968 0.199 1.928 " 0.998 0.161

D FRIH ARG R 2R S4B AN O 2B 1P Rt GBI SR s « FoRTH g R ¥ (P<0.05) ; = = FoRitagekis
S W2 (P<0.01)

222 75 RAEBU TS LSRR BRI 5 B

FREERS R AR AL, FZERIAEFP R AT B S B, {5 B e B0 s AN R RUEE EANREAS R 2 A iy 34 &)
B, P38 Won X M AR A AR B R R R e R S MR R ), O R T HUR TR AT iR R
“Jezs” i B R T AFE A S A F IR AL A (5 B /N AT S BeRp e 2 0] A AR X S MR = A
SRS (B 2) RPN SR o B KB AR (SR BN AN A A AN 5) | Bt LI RO (8 el | P e J) 43 A 2 7Rl
S EI AL, (R BAEBCRA, AT BB R R MR BERL A A s 5] o A

LA P S D AR A ILS IR R =0.968 (£ 5) , P<0.01, FEAEM i 5 A T ¢ &8, U6
PSRRI A 20 A0 4 Jmy B o B b B AR, AR PR R IG5 B A B X [R] SR [ 1.590,1.899 ], 2 0.309;
P o AR A B BX ) A [ 1.633,1.913 ], #2322 0.280, e 4b 4T SH R e 55k b S pP e A0 B 3 30 2,
UG B PR 5 B AR AR B, B AR SR LA A8 R 0 2 (RIS S8 5340k 5 T 58 AR 258 B4R B B0 25 55
T U A2 OB SR A AT S B 38 5 AR L R &

SEAREE SRR IG5 D AR B P R 0 2 T MR A SR WO R A AR 3 A1 1 5 P RUE 1 722 Ak ik
R AR AT T R ZR y=-0.015x2+ 0.074x + 1.814(R*=0.994 P <0.01) &, 15 B 4% 531 & 4
BRPERH y=1.223x-0.343( R*=0.955, P <0.01) , FeWI LR 4405 25 40 A i 57 | i 4 s [l /)

e T R AR 1 £ B B R ) AR A TR A B — B R (RS T S R RO B 3 IE A G (y = 0.421x +
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1.129,R*=0.824, P <0.01) . B&ICHCE 6.90 AUM/hm® 4, FUAh AR L4041 20 0015 B 4EBU A /N T IR L
IR RO AR BT RS A I ST PR R
%5 SHHETEVMESES GRS S

Table 5 Information dimension of spatial distribution patterns of plant populations under different stocking rates

O &S ALK S purpurea P E 2L A inebrians
Stocking rate D R P D R2 P
1.00 1.871"" 0.998 0.148 1.797 " 0.996 0.153
1.45 1.898 " 1.000 0.153 1.913 " 0.994 0.170
2.45 1.899" 0.998 0.143 1.897 " 0.998 0.161
3.45 1.876 " 0.998 0.134 1.764 ™" 0.998 0.176
4.85 1.825"" 0.996 0.163 1.633"" 0.994 0.156
6.90 1.590 ** 0.968 0.204 1.906 ** 0.980 0.170

D FOR AR SRR R F0R 5 B AR BRI R B 1P FOR R BRI s 5 = = FOR (5 B EOE R R 3 (P<0.01)

3 iTFig

AU TEAE R, B H 7R o REHCHCR ARG, R 23 [ 5 s RE D 28 1k, Bl 2 2 JE Bl | & MUl
PIR AR R FRERR R R BT S I, A0k | R MR AR PR IR T S PR TR R R S
S TACROS A S0 A v R A e R (R 1)

KA ERBOE BRI R R 0 B RO+ R AT, T A A % R RE
oAt AR . ST AR i R UK i e o B 5 M A R R O 5 e R DR A k-
A2 PRI 2 FOBTIRCA B 7% 8 B ERBTBEFHAERE I . PRBERUBCRTH &, K& RV B E R 5 2K
FERMEA DL AP R FRVK (LA R B ARE 4,

SACHT SRR ORCR T s R R M 2o 5 T 4R (5 B4R B i A e 1E
O S R BT AR P AR REEE R 7E 6.90AUM/hm® 52 BRAERE 430400 5 TH G AR B I 1K, o5 9 25 [H] A1
XN A BAEEUR /N ARG A BRI . AESR B O A AR R EAZ BRG] 55 4 AR R 28
A o5 3 2 TR o BE OO N AR A T S 2 50 TR AR A SRR R Dt e o TR FEBERCHCT , SEAE R P AR K
AR, ARz AR/ B AL /N R BE” i 28 28 Bl e, R i S A A (w2 2 £ B4R U AR, BB S A
TERRALSALST R HCHOR I SRAE ST S 25 D 3 LU AE v PR OO IR i o v B TS T 7 7 o A1 32l i 2
PEHABYI R AR ARG R T BEOHC T SAE A P T G e B ok, =5 I i R i, AR KR
{0

B AR 7 B R B RE . BB RAERZ oA A W WS B A OCHEAR T
SALFT S BRI T 4 o BRSO IE R, I F e O 25 2R 50 T @ R AR 4RO e, TER O
T SRR S R G A R A SR AR 2P A RS R R HCT ok A SR AE R P Bl
() 5 5 s g BARARR, P h REAPAE AR K R 7 B CT , R HEARES (3R 1) I Eh B A TR, TH G e 8805 e &
KOHRIAEAR o 00 55 M 56 2 T B IO B2 9 8 K, S 5 K i TR W A1, - S B 00 O, IR ) e
W

ZEE VALY  TERCH 3 <3.45 AUM/ hm® I, 3@ 4E 507 1T, 58 485155 15 e 1 e 4% 1 BB AL, 225 1) o5 46
RE 8w 5 SO T, S AR S, B 50 AR, i 25 28 B, SR AHEEE Dl s, A5 o JE U B, - BRI ]
FIA A ORI BRI T W is FEAR . UBCR AL T 3.45—4.85 AUM/ hm B | I B Rt @ AR 8oy, 25 6]
P de i, 5 B AREOX R, P oA AT 2 20 M SR AR AU A X G4, 3 A B o RBREE R O . RO >4.85
AUM/hm® i, SEAEEH S RREROTH G AR BV T ¥, o8 4 2 1] W sl /D (5 BAE RS i 2 R BT, ML BR R
o, oM . R, B0 708 B 4.34 AUM/hm* A
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