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Response of soil physical and chemical properties of zokor mounds to grazing
management modes in an alpine meadow
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3. College of Resource and Environmental Science, Gansu Agricultural University, Lanzhou 730070, Gansu, China)
Abstract: The aim of this study was to analyze zokor (Eospalax baileyi) of different mound ages [one-year (ZM1), two-year
(ZM2), three-year (ZM3), and Multi-year (ZMM)] and control meadow (CM) under four grazing management modes
(rotational grazing (RG), growing season grazing (GSG), continuous grazing (CG), and prohibition grazing (PG). The study

was performed to evaluate the effects of grazing on soil physicochemical properties during the succession of zokor mounds
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and provides references for grazing management in alpine meadow. The results showed that GSG significantly increased the
soil water content of ZM2 and ZM3 in 0 — 10 cm layers compared with PG. In addition, total nitrogen content of ZM3 in 0 —
10, 10 — 20, and 20 — 30 cm layers significantly increased (P < 0.05), respectively. Compared with CG, GSG significantly
increased the total phosphorus content of ZM1 and ZM2 in 0 — 10 cm layers (P < 0.05), and RG significantly increased the
soil C/N ratio of ZM2 in 0 — 10 cm and 10 — 20 cm layers (P < 0.05), respectively. Structural equation model analysis
revealed that different management regimes had a positive effect on the soil water content, total nitrogen, and organic carbon
of ZM3 and had positive effects on soil organic carbon and C/N ratio of ZMM. Therefore, GSG can better restore the soil

nutrient content of zokor mounds compared with other grazing management modes.

Keywords: Qilian mountain alpine meadow; grazing regimes; plateau zokor (Eospalax baileyi); zokor mounds succession;

soil physical properties; soil chemical properties

Corresponding author: SU Junhu E-mail: jhsu 627@126.com
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Figure 1 Schematic diagram of plots and sampling point

RG, X X% #: CG, S GSG, K FEMRM: PG, FE4L:
TR IR R B, IET7 RN AR B AR A, «3RR T A
FEVE

RG: Rotational grazing; PG: Prohibition grazing; CG: Continuous
grazing; GSG: Growing season grazing; this is applicable for the following
tables and figures as well. Ovals are zokor mounds, squares are control

meadow sampling point, and * is the 5-point sampling method.
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B EZE ST RG A PG (P<0.05); RG T ZM2 f] 0 —
10 A1 10 — 20 em + J2 3 B & L & 3 & T CG Al
GSG (P <0.05).

GSG T ZM1 F1 ZM2 f#] 10 — 20 cm + 2 1= 3 4
BREE®mT CM;RG F ZM3 10— 10 cm + 2 1 3%
SR T CM: CG T ZM1. ZM3 F1 ZMM K] 0 — 10 cm
TELELAER S EY ST CM. GSG T ZM1, ZM2
M ZM3120-30cm LEZ HEEVIB S EHE T
CM; RG F ZM2 A1 ZM3 (] 0 — 30 cm )2 HIEHHL
WA EILT CM: PG T ZM1.ZM2 1 ZMM ] 0-30 cm
+EEEFHKRY & T CM; CG F ZM3 fil ZMM
10— 10 cm &= 2 LA WKL T CM. BT A FF R
e 4335 2 55580, pH N 7.0~8.0 (3% 4).

2.5 A[EFPRER X 1 15 E F RO 2

NG SR AL T FRAR Y, o & I R TSk AT 32 R
SR, BEREW, ZM1 R 3 AN E R B m ke
Al 7 (o Aar {H > 0.70) B FE A5 70 3o LI &KL 2
AR SMMmREL, ZM2 F 3N LSS EEAE
AT T B bR ) o LA L G AL AR AL
ZM3 T 3ANE R BB w0 dE bR o A
IS KE AFE, FLERE . pH. B LR 2% ZMM
T3 ERS BB A B R AR ) D
A FLBR R, B A VLB B AL CM T 3 AN
B A B e R AR AR o IR A K& A
#HFLERE AR AR G PR AL (& 5).

T TR T, I BN AN [ AL i N 4
KA LI T (FAE > 0.7) 45 R 7 B A, 2
AT AN [R) 4 B BR e 4% H 3 R 1 B B2 i F2 E, ZML Al
ZM2 RIE B 451 7 BRI A EE K, {H ZM3, ZMM #l
CM &5 H 77 FEL A BB IUT (GFl 403 = 0.794, GFl =
0.864, GFly = 0.740), 7 W 1 45 74 77 T8 45 1Y e 4% ¢
U A R BT AE R R B R R M R R T
Ak . A LR Y, R ) R B R x4 4R PR R
K F I AN, X ZM3 FlCM i HIE R E B A B
F AR, X ZM3 A CM i S K B B A IE Y
M, Xt ZM3. ZMM Fl CM (1) -3 FLBR B 35 0 3 5
M, Xf ZM3 Al CM ) -84 2 A B3 E ), X
CM 183 HLax B A 2 20, X ZM3 il ZMM
() XA AL B A IE R, X ZMM il CM (1) +
St B RS, % ZMM AT CM Y - 33 B R LE B
HiEsm (K 2).

3 e
3.1 AT 3B RS2

AR ORI, KR 10 - 20 em
BT EAEME RS &S E T B, 56
CHETHARD, XTREH T mEEMRETE
T2 B2 1) e P e A% 19 DD AR R AE L3P ) 7 R I 2, [
RF 0 e 1 398 mh st VA ) 0T B AT A T R R B A R,
5 2 MR D A 2R [e] ) 3 33, AT 4 D = 3R A 4
BAIA VLK & & K& Ayt ae g hn L3 1 5% 7
B, N A 5T AR R I A, St
8 (1) WP W 2R PR AR, IR IR o IR T AR R, B
FOzFe i LR R S ERK. AR,
K EE OS] T W UR AN O3 fifE, AN T TR S
FUR, T 5K & R & nl DAI03g 7% 7 (96 35, 2 i 3%
8 2P, Hui F1 Jackson ™! W 55 % B, UK &
e it m LIRS &, SRS AL H
KE W Bk 2 S8R R 40 2, 1E B R H
PUBE AL, 38 0 B b - R Ok, k> ISR B
AT R, ESTHE 0— 10 em )7 T84
Tl P B L R R UK . A AR, msR S
RO £ R A 33 55 2 & BB i A WU I
HH R —E KR, B LA
BALREBCN & B8 m, 5405045 R AL
I, SoF B 3E AT A B A AR TRCRCE PR AR = RE % 3
TR E, R INE R, A8 TR AR
RGN AR E .

3.2 MEEENYINS L IRIE W EHERY R0

Huntly A1 Inouye™™ 1A Ay, #i £ B 5h ) 45 5 %
52 M) - 338 A0 R VR ) 1 B AR A, B R D R
(1) 2 5 R0 5 b {i A BT 52 - PERE RS XY 2 i R b i R
SHER. mERRAESEEM LIERENE L E
ZE/BK1024kga P BT R REE ST B
Hh A BH S B B IR B Aw . 43 20 Wy BRI AS
NI, SR A R LA, g A R R R AR
BER AR Ak, 3K Pl 4 438 2% A 1) 0 2 2 B 6 ) o 1)
KRNI, SR A T BT T e, B ROR T
0 IX 3k 1 A3 A A A AT WL A5 5 A [R] i R TE
DA T e e P e < e[| I (E e S
H, mEE R IKE 4 F )5, HIESKEM 20%
WINZE 25%, 0—20 cm 2 HIEAHIB S BN 108 g-kg
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Table 5 Loads of various soil factors
fe b M1 M2 ZM3 ZMM CM
Index PC1 PC2 PC3 PCl1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3 PCl1 PC2 PC3
IR E KR
. 0.82 0.12 -0.22 0.67 0.45 —-0.35 0.73 =022 036 067 051 038 0.82 0.20 —0.20
Soil water content
2R B Bulk density —-0.77 -0.52 0.26 -0.89 —0.29 —-0.02 -0.86 —0.19 -0.19 —0.82 -0.43 —0.09 -093 0.00 0.12
pH -0.47 0.10 —0.68 —-0.68 —0.12 0.02 0.03 —0.71 022 -0.18 0.66 0.10 —0.46 047 —0.47
FLERE Porosity 0.51 0.56 =037 0.65 035 —0.22 092 0.04 0.19 0.78 0.38 —-0.02 0.82 0.14 —0.15
4% Total nitrogen 0.82 —0.40 0.02 0.69 -0.54 0.37 0.71 045 —-027 0.61 0.03 -0.66 0.70 —-0.57 —0.26
419 Total phosphorus 0.27 —0.19 049 048 -0.61 —0.04 0.07 0.59 -040 0.07 —-0.12 0.72 0.01 -0.44 0.78
44 Total potassium 0.28 —0.84 0.15 0.68 —-0.13 —0.19 0.52 —0.51 0.06 0.59 —0.46 0.31 058 0.16 0.23
AL Organic carbon 039 0.57 060 035 032 086 005 0.81 049 —-0.33 0.71 -0.27 0.83 0.20 0.21
B %& Lt C/N ratio —043 079 040 -028 0.82 0.13 —-0.65 027 068 —0.72 052 030 0.10 0.83 047
FREAE Eigenvalues 288 246 148 350 1.87 1.11 333 213 1.20 3.11 2.02 137 395 156 129
VCR/% 320 273 165 38.8 208 124 370 23.6 133 345 225 152 439 173 143
CCR/% 320 593 758 388 59.6 720 37.0 606 740 345 57.0 722 439 612 755
VCR: FZTTHRZE; CCR: RIITTHkZE.
VCR: Variance contribution rate; CCR: Cumulative contribution rate.
S A oy BT P 5 R R B R L 5 R R 1 AN [ B

2 RENTIREFHIF MW
Figure 2 Effects of zokor mounds on soil factors
SWC: 3 K&E; BD: A ®; Porosity: FLIIE; TN: 4

=

R TP: 4®; TK: 4£4; SOC: L#HEHHM;: C/N: RE
b MiBAN R REERS: HEBTENLRNERE, BERRE
TRE: **RREP=0.01KF LEmEE.

SWC: soil water content; BD: bulk density; TN: total nitrogen; TP: total
phosphorus; TK: total potassium; SOC: Soil organic carbon; C/N: carbon
to nitrogen ratio. Ellipses represent hidden variables; rectangular boxes
represent measured variables; numerical values represent path coefficients;
** indicates significant difference at the 0.01 level.

WNZE 114 g-kg 'Y, X B2 50T RE S OB AL
X AR AN [F], DL A AR Ry BT D0 AT HA 5 b 4 338 1) % Oy

S AW KRR, B W) RK LA E, 1Y
IR E0-30cm 122 A 2, LKL 2 F /R
A 3 4E B 10 — 20 em = 2 A ML AT 4 50, H. 1%
2 EREM44FELL ERE20-30cmt )2 4
R~ B HLBR AR AL, X AT 82 BT e 2E R ) L
Fr 3 Yo B 2 R B G R B, T v R R RO
SR Hh T A B A T 30 2O 98 3R 4 1) 2 L A
HI 20 35 43 & B D M F R A B e, e
T 0 498 AN B 5% TR BF 2 3 b R, T e g
3 TRy I A AE P S 5, e 2 S 3 0 B 05 IR
T2, AT 886 438 72 43 87,
3.3 B SMEAEI I a3t TR B L FFIEAY 52 M
AW T 25 R R0, 5 R AR R ) L, A N
TR E+E10-20 cm + )2 1A 20 - 30 cm
TEAK S &, ELHBER T R 5o -
10 #1110 — 20 em - Z LA P & &, £ K TR
WmT3ERESEEMN2BE R, XTaELmT
FE TR ) T B - 3 B AR PR B TR 4 M A
o B TR AR A, 2 5 M B G 47 ) I S 1 4 3 X 4 R0
WA R G DL . ABE SRR B, &R R
oy G bE LR IR RN AR AN R, X TR R BT
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o JER Y B E T A BRI B AN BB 358 ) R 3R AT 42 4R
FEREAT Z2 R Rl A ok R, A - e AE HE B T 1) AR gy
BE, TEEFE S AR IE H AR R R
IR E R A ST B S o R A S P ) T, B
Wi 5 2 VDA S B R B, I A R R R A OB 2
AL E: RSP B/ DO RIT BERE G i 1 Brivk = I BT R ra it
REAE . A B B 1IN B B3 K G 15 2K 5
VI E A Z R, BAEANF B AR S R g
2 BH T b 5 (0 R P A P 2 R 22 S, EOMSE A AT S
VB BEIE S A E], AT e I 1) 2E
. WAt s E Y I AE T LI E
TR R HGRASE, R R - - RS A
A A B A S R R TR R R,

AN TR] R TR PR 00T v R R BRI T B ) 5
M AN[E], — BRI &, X &R 2 7 S 8. R
BB EAR, RASFER L LERS AR G
WEFC 4R th, e IR S B T OO B R 3 TR A SR
20 B TEOPR 5 B ORI, e Ry BREE BE RS N, 23
T B 1) R A s TP R R BRI, TR R B
FRERAC, Iy, mEMRR LRSS EST
J5i 4 25 4y X 38 P, Laycock #1 Richardson” B 7t &
W, H5EEBCILE, R R L R B E (8
B A B AE AL BAK . Ul B A [B] s B AR 6
oo e B it B LW N TN S & N D) 5 =
RN B TR IR e ) L ZE . AT
SRR, SR 2 SE R AN 3 SE R A 0 10
10— 20 ecm -2 B RS REEMTAERKRENRK
Mo, TR AR 1 AR R e 2 E R A 3 AR R
0— 10 cm = LA B B FH T A KFRI
DA Ko 3% S8 T3 A A 2R A B M 1 4F B e 20 — 30 om
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