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Effects of plateau pika and mowing disturbances on plant community and soil

physical and chemical properties in alpine meadow
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Abstract: Plant community and soil characteristics of alpine meadow could be obviously changed by both overgrazing and
plateau pika outbreaks. This paper takes alpine meadow in Keqihetan, Henan Mongolian Autonomous County, Qinghai
province as an example to study pika disturbance and mowing effects on plant community and soil physical and chemical
properties in alpine meadow through a five-year controlled experiment. Mowing intensity and pika density are taken as two
disturbance factors on vegetation community and soil in alpine meadow. The study results show that: (1) Mowing intensity,

pika density and their interaction obviously interfere with vegetation height and coverage ( P<0.05). During the 5-year
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experimental period, the coverage of vegetation community decreased significantly. There are significant differences in
vegetation coverage, aboveground biomass, importance values of the functional groups of Gramineae, Cyperaceae,
Leguminosae and Forbs, Simpson index, Shannon-Wiener index, species evenness index and species richness index of
vegetation communities among different years (P<0.05). (2) Total nitrogen and phosphorus raise as time and mowing
density increase, then they both decline. Duration, mowing intensity, and their interaction has significant effects on soil
temperature (P<0.05), and heavy mowing treatment increase soil temperature ( P<0.05) significantly. Pika density,
duration, mowing intensity, and their interaction has significant effects on total nitrogen and phosphorus ( P<0.01). Plateau
pika density increase brings a significant decrease in soil pH, and the pH decreases by 0.23 under high density treatment
compared with no pika treatment. Meanwhile pika density has no significant effects on soil total nitrogen and phosphorus
content. Therefore, moderate mowing is conducive to the restoration of the degraded alpine meadow vegetation and soil. In
addition, identifying and setting the ecological thresholds of grazing intensity and plateau pika density in the degraded

alpine meadow are critical to achieve sustainable and high-quality development of grassland animal husbandry.

Key Words: alpine meadow; mowing; plateau pika; disturbance; plant community; soil properties
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F1 B REFIAE

Table 1 Control level of test area

T I B S 85 2R X Pika density control area A X Mowing control area
K Bl AL R EN R BE AR/ em
Control level Quantity Mowing intensity Stubble height
75 High 14 100% 2
 Middle 7 50% 12
JC Blank control 0 0 L) IE v B
1.3 FEACREE

2018—2022 4E4F4F 8 H , A A Y HE s W AP, A6 7 AR 0.5 mx0.5 m, B MRS /N X B 8 IRFE Ty
A SRRV PRI REARAE (R B 2 SR ) . RIBHESRAE A TR IR Z B, X TR IR
T BEMLIE I S BRXTH [ 4R & B E AT 6, O TH SR S, RS IZ A R L e SR A B B R
(Richness,R) o I EMEENE A7 1Y 8 55 BE RS PRl o i B8 o DA B8 ISR T3 45 DRI (B R AR 95
TR SR OB AR W B R SE AR AR IR A e S AR DT RV M B R 43 5 b T
BR L AF RIS E BT 65 CHIMLA ML T 48 h a5 2 g LAY &, 7885/ X bR H 26 5
Spectrum 23 FAE RIS S TDR 350 307K 3 il B | RS A7 JRURE A 4 0—30 em 387K 73 HEAZ 3 1K,
20 0—10 em ,10—20 ¢m ,20—30 cm F A Y B EFEIFIR A, # BISCE =, 17 £ 48 4 A (Total nitrogen,
TN) 4% ( Total phosphorus, TP) iM% . i - faf i B FG 2 0 o2 338 4 0, il fe- 4R 26 bt b (o v 0 e+ 35
L
1.4 Hdkab
FEIREAEIT2R FH SPSS Statistics 20.0 43 2K R HLA8 707 22, JFFIH R 165 ggplot2 ,ggeor 5 dplyr 2 |

Sigmaplot 14.0 fE&] . Simpson ZFEPEFEEL (D) . Shannon-Wiener $§ 40 ( H) | Pielou ¥J2] BB (E) S W Fh il
FE (D) HEARXWT .
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o PR § BN ARE S BETE R R AMREE LU, P =N/ N N SR @ B IANRE, N R T A B A R
M, H,, KSR R Z AR, S MR T e PR B MRS, H D' C' 53 R R i FE AR 22 B
AEXS T

2 HREHSH

2.1 PARRIL oh Ak B B 9 AR 114 R i)

MR 2018—2022 AF PR AL PRI 0 T AAE 4% 55 BE R B Hb A= i AR AR A 0, A BN B B2 | B 2%
T BT A8 A FH R 5 5 A W S 3 R (P<0.01, 36 2, 11 3) , Hirp T X #I AL BT (A8 0k 13 5 L v 32
R FIAL T AR B S BE 3l 1.08 A5 0.92 £ . JC BRI 0 T BURE B BE R e T 7 HURT 14 HUR AR
TR B R A3 R 0.48 45 .0.44 £ BEF AL ERAR BRI N, A R T RE T R, 2022 AR R Bk a6 R KT AT
44 2021 AEH AR RBEET 3 4F BE RN (P<0.01) /3 SN T 63.87% 59.90% 37.42% , i FI R JE X
) b 3 i 2 AR T AR B AR R (P<0.01) A3 B T 26.91% 1 32.29%
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R2 NEEENREEEVERSE. EE M EEVENRTELEERFESIT(F-(H) BER(P=0.05)
Table 2 The results of univariate multivariate analysis of variance ( F-value) of mowing intensity and pika density on vegetation height,

coverage and above—ground biomass ( P=0.05)

s F{H
AR SRR i — = —
Difference source =B i H R
Height Coverage Above-ground biomass
4F Year (Y) 3 2.412 9.635** 8.067 **
R EI5E BE Mowing intensity (M) 2 18.863** 6.114** 8.418**
R % Pika population (P) 2 5.377** 9.268 ** 0.395
ARy x K| E 58 Interaction of Y and M 6 1.999 1.587 0.520
FAyx R Interaction of Y and P 6 0.757 1.298 1.619
RIS 82 FRL 5 25 & Interaction of M and P 4 6.300 4.937** 0.669
AR5y xR 55 B x B R % B Interaction of Y, M and P 12 0.949 0.765 0.832

Frp = FIR P<0.01
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Fig.3 Effects of moving intensity and pika density on vegetation height, coverage and above-ground biomass ( mean+SD)
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i, 2021 AR ARAEFEEEE B KT 2018 4F 2019 4E A1 2020 4F , X EI AL # T A9 ARARL B EAE W E KT R
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FE AFAR TR SR AR FX) 5 B X Y5 R} B B A B S N (P<0.05) . Hirfr, 2019 4F 2020 4 FT 2021
ARV R T A KT 2018 AR A R RN R BN A B R ) v R B R R T R AL EE SRR
F IR B DA AR AR B35 25 5% (P<0.05) ,  alxd Eb B T Wi FP L shAb BE T A 076 sh4t i T v F Rk
TR ZE, BRI T RARHW E A,

RI NEEENMRAEENERDRBERENETESERAEL(F-E) ER(P=0.05)
Table 3 The results of univariate multivariate ANOVA ( F-value) of mowing intensity and pika density on the importance value of different

vegetation functional groups (P=0.05)

, F 1
PESARIR d o e = e
Difference source if RAFRE PER L PR Ikt
Grasses Sedges Asteraceae Leguminosae Forbs
4E Year (Y) 3 6.787 " 8.169 ™" 2.055 7.077** 17.806 **
bUEAIESES Mowing intensity (M) 2 4.096 * 3.719°* 1.807 1.586 0.938
FR S35 35 Pika population (P) 2 4.083 " 0.286 0.463 0.544 1.395
AR A FISREE Interaction of Y and M 6 1.462 2.602* 3.871° 1.290 1.999
Ay x B B Interaction of Y and P 6 1.553 2.402" 0.4438 0.719 1.078
1) 32 5 B < B G 25 i
ijjﬁgxﬁﬁl&&: 4 1.744 0.858 1.399 1.800 2.377
Interaction of M and P
AEAR XN B AR 5% 3
i XXJ VB A 12 0.838 0.972 1.165 1.736 0.427
Interaction of Y, M and P
Ff o« FR 0.01<P<0.05, #* FR P<0.01
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Fig.4 Effects of mowing intensity and pika density on the importance value of plant functional groups ( mean+SD)
2.3 AL B AL B B R Y 22 AP S )
AR5 RN 560 B2 39 25 (2 35 P ARAEL ) 2 RE PR R K (P <0.05) DL3E 4 FITA] 5, 2021 448 9 2 A P 4 5L
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0.05) . HHr 2021 4 Simpson F5 %48 2018 2019 ,2020 4E 43 | FEAK 0.1369 .0.1299 ,0.1562 , Shannon-Wiener $&
3 FAIK 0.6006 ,0.6465 ,0.6963 , M4 5) FEFR B W BEAI 0.0433 ,0.0413 ,0.0512, ) Fh =F & B2 45 8050 il
fik 7.7308 .8.1969 ,5.0873 , i & XI| F| ab 3 T HE 9 22 M5 50 ( Simpson 4544 Shannon-Wiener ¥ 50RIYF 5
FEFRE) 2R TF ORI B RN BE R EI AL 38 A ok 28 5 (P<0.05) , o EEEXIE T Simpson F8 4040
RIEDF A BE AR 73 BE AR 0.0258 ,0.0279 , ¥ =F & FE 48 8053 5l B Ik 0.0258 ,0.0279,, B XI| &I Shannon-
Wiener $8 805 TC N EI A% 0.1513 , RO S XHEY) 2 REE A B35,

R4 ERSHEMNBETEZRZTAFESN(F-E)ER(P=0.05)

Table 4 The results of univariate multivariate ANOVA ( F-value) of mowing intensity and pika density on plant diversity (P=0.05)

FA{H

2 SRR . . Shannon- YFhi sy YR e

K df Simpson FeH K - . %
Difference source D Wiener $5%% BEFE %R FEFR K

H E R

4E Year (Y) 3 46.373 ** 42.273** 4.048* 60.583 **
RIEIFE Y Mowing intensity (M) 2 2.931"* 3.163 1.776 9.047 **
FRA % Pika population (P) 2 1.762 0.284 0.747 0.269
ARy X EISRFE Interaction of Y and M 6 0.662 0.557 0.479 1.620
AR x B Z5 BE Interaction of Y and P 6 0.756 1.059 1.445 0.813
KIS 58 35 x B A B8 B Interaction of M and P 4 0.643 0.572 0.380 0.370
AE Ly x K1) E1 58 2 x B S 25 ) Interaction of Y, M and P 12 0.758 0.759 0.602 0.173

Fr o« FIR 0.01<P<0.05, ** 3 P<0.01

2.4 PRSP R B R

AN [R)AD Y 55 B8 R BR S B AL BT e e WS 2 N ROy 220 W 4 2R (36 5181 6) RBLUAR 0y X1
58 B e S T A X 4 A A AT 25 R0 (P <0.01) |, 171 AF- 473 A1 L S % B2 X pHL A7tk 35 520 ( P<0.05) .
B AF O3 O3, 4= 580 pH 32728 Sei R il 1 5, i 3 BN Se bl I (Y 94, 2018 11 2019 1Y i 2%
19T 2020 AFA1 2021 4R FEFE N F5E AR, 4250 R B SE R e i i R 2, v BN RS B2 A BT 2%
2 R T IONE AN BEXI R AR BT A4, Hh R ER N A BT 4l S 3 i TR AL TR Bl SR SR e 1)
B, pH TR, H BB 14 HAY pH BOCRARAL B2 T FE T 0.23, LS R BEXT T3 AR A i 5 B
A EFE B ARG AN F 58 B AR AL, 3SR H BRI el N A LA

R5 TEBEAMRNBETESERRFTENN

Table 5 Results of univariate multivariate ANOVA of mowing intensity and pika density on soil physical and chemical properties

F &

}r%*ﬁ daf THEEE  bHEKE EER - Ece e
Difference source <l e RAE } EA v pH

T SWC EC TN TP
4E Year (Y) 3 12.059 ** 8.793 " 25.876 " 17.763**  358.963**  41.267"
RIE3E B Mowing intensity (M) 2 8.897 ** 1.23 0.623 6.678 ** 30.804 ** 1.695
R BE Pika population (P) 2 1.366 0.527 1.344 1.623 0.447 4.579*
SEGy xR EISRE Interaction of Y and M 6 2.314* 0.92 1.786 6.914" 28.021 ** 0.497
SEGyx B E Interaction of Y and P 6 0.983 1.06 0.851 0.36 0.65 0.143
R x B Aa % 2 Interaction of M and P 4 1.152 0.629 0.681 0.292 0.33 4.648
ORI B B R 12 0.87 0.392 1.03 1.291 0.873 0.158

Interaction of Y, M and P
FP = FIR 0.01<P<0.05, #* FIR P<0.01
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Fig.5 Effects of mowing intensity and pika density on the diversity of the vegetation community ( mean+SD)
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