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Effects of grazing intensity on soil and vegetation at Baidunzi
salt marsh wetland in arid area

Wang Runlong, Zhou Xiaolei, Guo Simiao, Fan Yuke, Liu Rui, Zhang Yaqiang, Zhang Xiaowei
(Academy of Forestry, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: [ Objective] Effects of grazing intensity on soil quality and plant diversity in saline marsh wetlands in
arid northwest China were investigated to provide a reference for rational grazing and ecological restoration of arid
desert wetlands. [ Methods] Taking Baidunzi saline marsh wetland in Jingtai County, Gansu Province, China, as
the study area, fenced exclusion, light grazing, and heavy grazing zones were established. Plant diversity and
biomass were surveyed using the quadrat method, and soil samples were collected from different soil layers to
determine aggregate composition, compaction, nutrient content, and physical properties. Principal component
analysis (PCA) was used to construct a soil quality index (SQI) to assess the impact of grazing intensity on soil
quality, and the structural equation modeling (SEM) was used to analyze the key influencing factors. [ Results ]
(D Fenced exclusion increased plant biomass. 3 -diversity indices showed significant differences in species
composition among different grazing intensities. The proportions of soil water-stable aggregates with particle

size >>0.25 mm, average mass diameter and geometric mean diameter of surface soil water-stable aggregates in
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the different grazing treatments were in the following order: no grazing > light grazing > heavy grazing. Soil
fertility potential, soil fertility intensity and comprehensive soil quality in the no grazing zone were significantly
higher than those in the heavy grazing zone, and there was no significant difference with those in the light grazing
zone. SEM results revealed that soil dry sieve geometric mean diameter, soil nutrients (especially nitrogen and
potassium), and capillary water-holding capacity were the main factors affecting soil quality. [ Conclusion] Fenced
exclusion improved vegetation growth and soil quality significantly. Moderate grazing (light grazing) positively
feedbacks to the ecosystem by promoting aggregate stability and nutrient input, whereas heavy grazing leads to soil
structure degradation and nutrient loss. A ‘fencing+moderate grazing’ management mode is recommended for
prioritizing protection of surface soil physical structure and available nutrients to achieve sustainable restoration of
saline marsh wetlands in arid regions.

Keywords: arid desert region; salt marsh wetlands; biomass; soil physical and chemical properties; soil

quality index
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Table 1 Geographic coordinates and

altitude of sampling sites

MR N5 T A TR /m
i 2-1  104°05'25.3995"E, 37°23'47.7741"N 1549
B 2-2 104°06'07.0214"E, 37°24'46.0943"N 1550
1% 2-3 104°06'11.5227"E, 37°24'39.0398"N 1548
B 2-4 104°05'56.3013"E, 37°24'43.5817"N 1549
7 1-1 104°0512.0455"E, 37°23'56.0795'N 1553

T.

i3 1-2 104°0519.5195"E, 37°23'54.8412"N 1553
1 1-3  104°05'29.3527"E, 37°24'00.2688"N 1554
B 1-4  104°05'35.3917"E, 37°23'52.3673"N 1555
& 3-1  104°06'47.6988"E, 37°27'13.7927"N 1559
i3 3-2 104°06'55.4207"E, 37°27'21.1185"N 1556
1 3-3 104°07'04.4919"E, 37°27'14.4574'N 1553
B 3-4 104°06'55.9217"E, 37°27'07.8074"N 1555
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Table 2 Vegetation Beta diversity under different
grazing intensities at sampling sites
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Table 3 Vegetation biomass under different grazing intensities at sampling sites

N e WL TR B Jem wri/ Y
(gem™) (gem %)

LA 2 g 819.45+120.46" 913.79+264.43" 57.9145.84 76.5042.90°

52 RE T 402.95+126.57" 822.84+58.24° 49.1541.25" 67.014£2.35"

R 353.02+73.17" 852.69+155.80° 30.874-4.72° 42.2544.72°
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Fig.1 Proportion of mechanically stable
aggregate structure in soil
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Fig.2 Soil compaction under different grazing intensities
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Table 4 Stability of soil aggregates under different grazing intensities

—— + 2 RN ES S EE EHA(MWD)/mm JU -3 42 (GMD) /mm
© W /em (PAD)/% T 9 W T 1 W
0—10 90.00+3.32¢ 4.53+0.10° 0.2540.03" 2.50+0.13 0.84-+0.07*
- 10—20 84.67+4.10 4.30+0.14° 0.29-+0.05° 2.2340.16° 0.78+0.12"
- 20—40 87.42+2.96% 4.2540.14° 0.2040.01% 2.114+0.16® 0.5940.04%
40—60 77.004+6.91% 4.15+0.21° 0.21-+0.01%¢ 2.02+0.23" 0.62+0.04%
0—10 90.83+1.01" 2.14+0.53" 0.28=+0.04® 1.2340.39 0.7640.04"
5 HE B 10—20 91.00+1.38" 2.65+0.56" 0.26+0.03" 1.4640.37" 0.90+0.08"
5 i
o 20—40 90.67+1.54" 2.55+0.50" 0.2240.02" 1.3740.32" 0.84+0.04"
40—60 90.33+1.82" 2.75+0.45 0.22+0.02%¢ 1.4040.29" 0.82-+0.08"
0—10 93.0041.20° 0.97+0.25" 0.17+0.01¢ 0.49-+0.10° 0.66+0.06"
— 10—20 92.584+1.76° 1.4240.36 0.2040.02" 0.80+0.19% 0.55-+0.04¢
- 20—40 96.17-+0.37° 1.4440.38 0.20+0.01% 0.72+0.18% 0.55=+0.05"
40—60 95.0840.67° 1.1540.29 0.2440.02¢ 0.5340.11¢ 0.5540.04¢
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Table 5 Available soil nutrients under different grazing intensities

TR TEWE/em AR/ (mg kg D) MR/ (mgekg ) HIEHESRA/(mgekg ) HIEMAR/(mgekg V)
0—10 61.9749.74° 357.92454.87" 23.27+1.81° 41.78+7.20"
S—— 10—20 33.96+4.76" 435.224+57.19° 21.54+0.92" 28.34+5.08"
- 20—40 34.9745.38" 274.13+43.26"" 20.92+2.10 45.69+13.15°
40—60 36.25+6.82" 339.33+48.25" 21.00+1.76" 24.59+4.86"
0—10 44.23+3.52 422.48434.76° 35.00+2.24° 11.9141.44¢
. 10—20 36.99+3.22" 351.34+25.02" 26.79+2.00" 12.34+2.25°
21 e . N \
20—40 29.4844.04" 322.76+28.43" 25.67+1.66" 10.70+1.00°
40—60 21.214+2.23% 327.36+25.89" 21.714+1.11° 10.2340.84¢
0—10 28.8543.50" 240.37+21.06% 25.6041.68" 41.07+7.44"
. 10—20 21.10+1.60" 235.30+£15.04" 25.10+1.66" 31.06+5.81"
O , i e
20—40 16.6842.11° 232.56417.02% 23.9842.58" 36.1945.83""
40—60 15.56+£2.28° 207.15+20.18° 22.60+1.74" 20.764+3.91¢
6 AEAHBEETIEZEFAIRTERIR
Table 6 Total soil nutrients and soil organic matter under different grazing intensities
TR T HRRE/em L/ (g-kg ) HHEEE/(gekg ) LR/ (gekg ) LEEAHFE/(gekg )
0—10 9.4542.08" 2.0440.82" 0.484+0.03" 8.56+1.78"
. 10—20 7.1742.00" 1.324+0.42" 0.5140.26° 5.3244.37"
FEIR A4 1 h |
20—40 5.164+0.91" 0.76+0.22" 0.48+0.17* 3.3740.38"
40—60 4.94+1.29™ 1.08+0.33" 0.44+0.12 4.9740.94¢
0—10 13.8842.99° 2.99+0.95 0.5440.09" 10.46+£2.51°
. 10—20 9.99+3.80" 1.4440.82"™ 0.48+0.03" 5.88+0.98™
4 e 1 | , |
20—40 6.7640.59" 0.56+0.20" 0.46+0.01° 5.36+1.06™
40—60 8.3041.35" 0.654+0.11" 0.4740.08" 4.7740.64"
0—10 1.76+0.43° 0.61+£0.08" 0.35+0.07" 2.414+0.51°
. 10—20 2.314+0.67¢ 0.5840.07" 0.41+0.04 1.9340.46°
R » , , ,
20—40 1.73+£0.44° 0.604+0.06" 0.444+0.18" 1.64+0.28
40—60 2.41£0.72¢ 0.434+0.06¢ 0.434+0.12¢ 2.084+0.51°
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Table 7 Communalities and norm values from principal component analysis at different sampling sites
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Fig.3 Soil quality index under various grazing intensities

2.6 TEBAMRXYTERENZE
2.6.1 HBAMEE
AW 5T 1 45 4 T B ASE A (SEMD % 14 40 4 52 ¢

W, TP AIEEOIESHIEE N . RITKE (Ff=
5.50,p=0.58) 7 W AU 5 48 = [A] g i & 25 5%, Ul
YA A B 0 b B0 1 B o A LG AR R 4R AR
(GFI=0.97) £ 3E 1, 3 WIS AU B {k DT e B2 45, i
RMSEA (0.07) 48, 4b F A] 42 32 15 [l N (<<0.08)
I, % SEM #E7 fig 6% 5 4f Hb ff B 4 i 6 4R 5K
(SQD By M R 22, 48 75 78 1t 22 [] f A LG &R o

Y ) fife R B (R BT [ A8 5t o R A8 o 114 i
BehE S, TR R AL (SQD B R?H 0.86 , 3 B A R
FE % 1R 4 b i B - 18 o B 1 A Ak, 86 %0 A S il A
AR, HESM(TKOR RN 0.28, U 28% Y
Ak AT L H AR R e i R R R, R A2 TR L
i 2 A2 (GMD) I CRLE 4)
2.6.2 HBEF 05

TE T A 72 S X - 48 T 48 A (SQD 1 B2 5
o A T LA 2 B AR (GMD) X+ 38 5 o 1 5
i) f5 K (b AL A2 R =0.44"D (4, K W] 1 1
R 4 B 235 ) CIn Ok R /DO X - e e B e . i
A, RS (NHD 280 5 & CTKO F 208 & =
CAKO X 3 Jon 5 4 A 35 09 1F 17 52 i (NH — SQI
=0.36"", TK = SQI=0.29"", AK = SQI=0.28"")
B R KR (CVD A 8 252 ) + 3 7 (CM — SQI



78 pi s U E SR

o545 %

=0.31""), Uh W 7K 4 P K5 B8 7 % 4k £F B 47 19 + e 25
MM EEhECER, HILZ T, LHEAE
(BD) i 141 5 AR Bl 4 28 (PAD) % 4 338 i 42 19 5% Wil A~
B UGB A B A SR R R RT BB TR
JE UL E bR OCHE R
2.6.3 AR o oM

W T B MR, 4 AR A A T A v A AR A ) B
o g . T GMD G G - A
CTRO [8] 42 5% W) -+ 48 JT & ) H2 24 0 - 0.41 * 0.29=

0.119™), [ i GMD i 3 1 228 45 A& (NHD [8] #2352 ) +
R R RL0 £ 0.27 * 0.36=0.097") . L4, BE
F K i CCMD X 4 18 ot o /) (8] 42 52 il o 7 {5 (CML —
TK — SQI, —0.17 * 0.29=—0.049"") , 1% B 7K 43 {4
T ik 22 W68 £ 0 0B 00 A RHE | DT X A 8
Az B THT S 0

T4 ] 2 5 0 2 B, HE A P B A5 4 SR 4R
AN AN EE Wi - 9 i, 3 T RE S O A BV 4 5 o
H 55 FHL AN .

0.44°
T ar 0.11 === === m e m e oo 1
L E !
/,# 338 33 2% 4 i
0.28™ i
— LT GMD
+ A
B +3EPAD
| LA
|
! BERFKE
i L 0.31"
P |

£=5.50, RMSEA=0.07, p=0.58, GF1=0.97
TE - SRR B 5 M R RN RN R
4 BMIEREENEHNTEREE

Fig.4 Structural equation model diagram of factors influencing the soil quality inde

3 i w8

WF 58 45 R WY, A [R] 50O B 5 RO T A B
ARG R o BEFETE OB T —E R KO E R
Py 2H Y 22 S5 DA S R B 6 BE B R Vi 0 ol 2 0 B
B, Cody 880 7R 14505 H1 440 X 22 1] 1 ) b
e 22 0 2 T AR S DX, 3R I R R 8 3
TR Ty 28R ) 23 1] R B o Jaccard 5 Serensen
fe It Rl 45 ) BRI G AR XK AF e A R R Y
Fh 2 1%, 22 5+, 10 Bray-Curtis $8 8 — 2 B8 — & 1
FRE 22 5, SR i RIS 20 AT R AR ek AR AR e R
2 J T AR 58 4 0 4 ) Ok 52 Wl BV 25 0 0 AR IBUIX
5 &4 IX 1Y Bray-Curtis # 57 PR T R B X 5 H 44
X, fH =55 Cody $8 8UAF7E 22 5 o 3% 3R W H W) Fh 2 4
B AN T o AT fig R B R ek (5
AR EE D) A B AR (2 AR e | T 52 B ik
W v Y T P AT BE Ak AR A 4 Ak e RE v

P R R R R B e R
K#HESSTRBERT, X FEEEH THATHE
(10 I B 5 SR B, A M AR AR T A R 0 A K A, 2
Wk T IR R Y R4 R T
AR AL W ERIE T A B IR B Y M - 5 4 R Ak
15 Hb T e [ 3 5 W 19 AE S AU BIL A

- HE R R AR R R R MR T A g
P TR A o B IX 0—10 em 2 >5 mm K [
RAR G R A X R MR T, [ B 2 R A 43 A
MBI iz F8 br B B, B (E T # 2 10—20 cm 1
JZ 3% T RE R R R o e AR R B R R X
A A P AR T O o A R R R
J# , 2~5 mm R 42 & FAE R 200, 1 <<0.5 mm fil A
BARIG I, AT JE B T 0T P 2k B A A AR
TH MR YT 4 2R K R R
Shy+ B A X > 2 A X > A IXC L AR ) R i
2 IR R 55 L e I I B RN AR TR



43

A e A AR JEE X T R DX BT R A T S B R S 79

FREEAEAE , 20 cm LA - J2 1 5 A 4 18 0T i 43¢ 1) o )i
NI, KRR EFE WG EER LR LRSS, Bt
e BN R AR AL RT N R CROIR T - S
e B SRR 1 e 4 A HE T 3 43 2% R 0—30 em +
E B R R, SR — 8. BRIk
RS M T DAGE o O3 i AR (MWD) L F
By A (GMD) Rl T 5 A % 1 22 (PAD) S i i, Ho
MWD Fl GMD {8 # =5 , PAD {8 #  , 158 B 4 338 4 3
R E A AP RS R BN BT B
R AR P B AR (>0.25 mm) 9 5 e, IE R T
T MWD 5 GMD, [6] i BE K 1T PAD, 3X 2 B Jil #4i%
St 4 e P B AR e e e AR T R RN Y . A
FEEEMOA AT A R e R B RIBLR
A RAE T 7R R R T R R R R
Yyl T AT Bl O A SRR 0 T8 AN AL B 45 4 1 R e
PESY L B IR AR A R G Y R 52 2 R Y
W0, T oK R K SRR S B W . AH
HPCX, B X B R i AR R R L
1R, 3K PR A A R AT I A T A A RS i T
LT S A Y A RO A R AIRE
AR T IR

4 A IR A AR R T SR A B,
TSR 4 ) FAF A 50 BRI BB 7, - B HL
MIFE 7R LA W 0 AR oY 3 I AR ik A
FIE 08 15 0 T b 1) KRR RS AL A LT e AR 4
BRSO RO S E A | IR A ] R
TR o B 8 A e P R B 1 N A 55
Hb TR BECBCT OO S A A PLT AR A
B A A9 B AR T X S 3R Ay B i B R
JEE B4 38 0 A K A 96 Ak 1 3% i R A . X T RE R R A
FERR BETICBOT k3 0030 B SR £ R B I AR 0 A B O
& W) 4y i R PILJS, B T 4 E e HL S R A
YA R, TR R R O D T A b R R YR Wk
Vi, 52 T iR A e RN AL A AT DR %
T A WL ) BRRTR A AR B TR B Y 1
T, D3 P B AN T 8 N, 3 AT RE R DR R A B A
i I 3 HE M O B T — R G 3R 4
FORH PR T R AR ) MR L RIE B
JICHC R B 3G N, R 4 P R AR R A A 3
B AR AL EEAE R L IESR)E X RS R R e
AT /N

FEL A2 35 7 o0 4 M8 J5 k199 o 5 5 O W L T
JBCHAC 25 R s AT, = 98 T o o o g A 5 )y R A A
5, T U3 BAR (GMD) | 38 5% 4 (FF
I 2 RURE D LA K B A K R R e R e A

B GMD R 5% o 5 42 1 3 2 oA B T 4R
T S TR S 0 5 AR R T RE 2 AR TR
OF A RO o TR AR S A BT, NG VE S ) B A
K AR AL A, ke 3 b S JBORE 23 A ] i 25 B )R] 4 -
Ky K o i R R BOR TR o Ak 3 2 AL
o JEE AT DL 4E R HEAR E T BE S 18 2 A TR 1Y
KUt B

4 5 8

FALA™ 0 3 e o 1 R D M A A A O
WHEUGE T RHER R . OFEE T BER N T Hh4e
e TR AR ) B0 e BE o R AR R O B 2
FHO RS R EF L. ORBERMCE B T &+
e b R AT RAR ) e e AR e . OLZEa BB Tk
Fr o0 5+ ey B A5 BEAT e R A, T LA
B B 7 A B T T R R T A D X
SRR e B R K A2 ™ AR BRI I . @O OO 8 78
b - B AG A B R R P TE R R L. O
5iRRE X - AR oG T B, HEOK o REFRE ) BT
o P T H E X  HE A E R, A BT
A58 T2 A gy o P R B BT TR RN HE O R

2 % 3Lk (References)

(1] 5k, Wi, 4R, &5 B T 5 DX U5 T 350 0 b AR ol
RGN HT L] B E P, 2024,44(4) : 81-90.
Zhang Teng, Miao Yunfa, Zou Yaguo, et al. Classifica-
tion and changes of vegetation in Sugan Lake wetland in
the extreme arid region [J]. Journal of Desert Research,
2024,44(4):81-90.

(2] 28 90NE B ZR 26,5 VAL T 52k T R IR RE 5

PRy [T]. A E VDB, 2003, 23(6) :670-674.
Li Jing, Sun Hu, Xing Dongxing, et al. Characteristics
of wetland and its conservation in arid and semi-arid areas
in northwest of China [J]. Journal of Desert Research,
2003,23(6):670-674.

(3] Aufv, 2= 5, ELLK , 55 ] VG JHR 57 B8 4 ol ok 2 v |

A T 11 7 B B3 70 A i PR R AR [T ] 2R 25 4, 2025,
45(3):1417-1428.
He Hao, Li Rui, Wang Hongyong, et al. Research on
the leaf trait characteristics of Nitraria sphaerocarpa
across different sand dune stabilization stages in the Hexi
Corridor’ s desert-oasis transition zone [J]. Acta Eco-
logica Sinica, 2025,45(3):1417-1428.

(4] XUk, B0 SCR A% 2% . e 25 U ol Y08 R AT A V0 M SRR A
Lo Hems el e Btk [T A2 45541, 2008, 28(4) : 1446-1455.
Liu Bing, Zhao Wenzhi, Yang Rong. Characteristics and
spatial heterogeneity of Tamarix ramosissima nebkhas at

desert-oasis ecotone [ J]. Acta Ecologica Sinica, 2008,28



80 K AR 4R %45 %
(4):1446-1455. R - e R S AL R R [T ] b R b 2E
[5] Sonnier G, Rothermel B B, Tucker R C, et al. Post- 2022,44(2) :24-32.

[7]

(8]

[10]

[11]

[13]

restoration plant community changes in grazed and
ungrazed seasonal wetlands in Florida [J]. Wetlands,
2023,43(5):55.

N SC, AR B SO, A5 SRR S I T Nt % it 4T
b I 3 31 IR Sl W) T v a5 A LR LT ] P RV 2020,
40(6) : 250-258.

Dong Liuwen, Han Jialong, Zhao Wenzhi, et al. Com-
parison of ground arthropod community between lake
wetland and adjacent sand dune in Heihe River basin [J].
Journal of Desert Research, 2020,40(6):250-258.
Agostini M G, Bilenca D. Grazing for biodiversity:
Assessing the effects of cattle management practices on
wetlands and amphibian communities in central Argentina
[J]. Agriculture, Ecosystems &. Environment, 2024,
361:108801.

MR g, £ AU, AR e IR AR R S
Az 75 T 2% % Bl e A A S R SR T R (] A B A AR
2024,44(24):11229-11240.

Ye Dong, Wang Rui, Wang Jing, et al. Response of soil
bacterial communities and ecological networks to grazing
enclosure and re-grazing in Zoige Alpine wetland [J].
Acta Ecologica Sinica, 2024,44(24):11229-11240.
Haynes M A, Fang Zhendong, Waller D M. Grazing
impacts on the diversity and composition of alpine range-
lands in northwest Yunnan [J]. Journal of Plant Ecol-
ogy, 2013,6(2):122-130.

EEE, LALLM BRARAS , 4 7 B AR A S R 5 P i A
PIBEIE S R A RRAE [T ). P [ B 2 4, 2024, 46
(11):35-47.

Wang Haiyan, Wang Hongmei, Zhang Zhenjie, et al.
Characteristics of plant-soil coupling in a typical desert
steppe of eastern Ningxia [ J]. Chinese Journal of Grass-
land, 2024,46(11):35-47.

BSCH AT KRR, W 58 5K, A5 L T4 02 22 ) T UL ER W KL
FEAE PR E R ST ] b 8, 2014, 34(2) £ 349-357.
Huang Wenmin, Wu Yonggiu, Pan Meihui, et al.
Grain size characteristics and its environmental signifi-
cance of the Amdo profile in Tibet, China [J]. Journal
of Desert Research, 2014 ,34(2):349-357.

FMF] , 456, 562 e, 5 AN B A RAR R b A
Wy 4 XS HEE 5T [T ], v v Mol B R 4 4z, 2014, 34
(12):130-135.

Wang Shunli, Jin Ming, Zhang Xuelong, et al. Com-
parative study on natural mountain grassland biomass
under condition of different enclosure [J]. Journal of
Central South University of Forestry & Technology,
2014,34(12):130-135.

R , 5 L R SR, 45 OO B X P 52 i iR i

[15]

[17]

[18]

[19]

[20]

[21]

Chen Yu, Chao Luomeng, Zhou Yanlin, et al. Effects
of grazing intensity on soil carbon, nitrogen and their
conversion in the temperate meadow steppe of Inner
Mongolia [J]. Chinese Journal of Grassland, 2022, 44
(2):24-32.

XSE Ak, G, A5 IR HOL BT 3 P AR [ 5 5h
A 5 8K S B E T S R [T]. 0w A & Af 4, 2024, 35
(11):3208-3216.

Deng Lei, LilJiwei, Qu Qing, et al. Dynamics and driv-
ing mechanisms of soil organic carbon sequestration in
grasslands after grazing exclusion: A review [J]. Chi-
nese Journal of Applied Ecology, 2024, 35(11) : 3208-
3216.

JEL B v A TR IR AT A A [RDCHOR X A 52 5
VLB I 9 A0 T VR O Sl [T). B M 4 4R L 2025, 33
(6):1764-1770.
Zhou Huimin, Gao Zhiwei, Zhang Xiaojia, et al.
Effects of different grazing intensity on soil bacterial
community in Inner Mongolian desert grasslands [J].
Acta Agrestia Sinica, 2025,33(6):1764-1770.

T B, sk IR . e I b A oY IR S R [T]. R AR
2014,32(7):43-48.

Yang Yang, Zhang Yi. Progress and development of
in China [J].
2014,32(7):43-48.

% WE W 7 B b RO BE 9 [T ). RS F M, 2018
(5):18-20.

Grade of grazing intensity on rangeland for household
ranch[J]. Animal Agriculture, 2018, (5):18-20.

Jia Jibao, Dai Huiping, Liu Hengqing, et al. Effects of

wetland Environmental Engineering,

grazing intensity on soil and vegetation restoration of
desert grassland in Yanchi, Ningxia [J]. Chinese Jour-
nal of Ecology, 2024,43(7):2066-2074.

AEE L RTTEE VRV AR AR T AR LA A3 BT 1 ORI T
U T R T A o b S T PP (] AR A AR, 2021, 41
(10):3891-3900.

Li Xia, Zhu Wanze, Shu Shumiao, et al. Soil quality
assessment of grassland in dry and warm valley of Dadu
River based on principal component analysis [J]. Acta
Ecologica Sinica, 2021,41(10):3891-3900.

Yemefack M, Jetten V G, Rossiter D G. Developing a
minimum data set for characterizing soil dynamics in
shifting cultivation [J]. Soil
Research, 2006,86(1):84-98.

Andrews S S, Karlen D L., Mitchell J] P.A comparison

of soil quality indexing methods for vegetable production

systems and Tillage

systems in northern California [J]. Agriculture, Ecosys-

tems &. Environment, 2002,90(1):25-45.



43

A e A AR JEE X T R DX BT R A T S B R S 81

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ER KT, NP A OE B AT X FE b e
— W) A S8R R w5k JiE [T/ 0L ] (2024-09-25). 4
A5 e A 355 22 i, https: //doi.org/10.19741/j.issn.
1673-4831.2024.0825.

Cao Ying, Zhang Xue, Wang Xiaodan, et al. Research
progress on the effects of grazing livestock behavior on
soil-plant system in alpine grassland [J/OL] (2024-09-
25). Journal of Ecology and Rural Environment,
https: /doi.org/10.19741/].issn.1673-4831.2024.0825.
VIR, SR T, 4 T ik o B2 X g 58 i ) o 2
FEPERIA: 7= 1 R RS [T ], B R 2, 2024, 41(3)
539-547.

Yan Weimin, Zhang Shibin, Yang Yuanwu. Effects of
grazing intensity on the relationship between plant species
diversity and primary productivity in an alpine meadow
[T]. Pratacultural Science, 2024,41(3):539-547.
BRI, ik DR AR, % . 50 FC AT 5 R UM ) 1 VK
TIE 55 ) b A 2 AR Xk 75 e i g g g [T ] v [ R b 2
2 ,2023,45(4):11-21.

Zhao Limeng, Zhang Weiqing, Xu Xinying, et al.
Responses of plant community characteristics and popu-
lation niche to grazing intensity in Stipa krylovii grass-
land [J]. Chinese Journal of Grassland, 2023, 45(4) :
11-21.

EJE TR, EARKE O /N G R A Sl
PE b b SRR BT R 52 [T ] R B SR S AL R A R,
2007,13(5):856-864.

Wang Qilan, Cao Guangmin, Wang Changting. The
impact of grazing on the activities of soil enzymes and
soil environmental factors in alpine Kobresia pygmaea
meadow [J]. Plant Nutrition and Fertilizer Science,
2007, 13(5):856-864.

FWH, R, G EF AR R X i R - S 2R
P IUA o3 A Ko b et g 5 [ 7). 39838 4t , 2024, 55
(5):1302-1311.

Wang Li, Meng Chen, Wang Xing, et al. Effects of
enclosure on geometric distribution and topological struc-
ture of soil aggregates in desert steppe [J]. Chinese
Journal of Soil Science, 2024,55(5):1302-1311.

B SRR 4 , P A A L S5 RO R e R ) A UK
et P 2R IR A i B R e PR Y S e (D] K R R R
2014,34(3):82-86.

Xue Ran, Guo Yajing, Miao Fuhong, et al. Effects of
short-term grazing on constitution and stability of soil
water-stable aggregates in alpine meadow [J]. Bulletin
of Soil and Water Conservation, 2014,34(3):82-86.
BAET  IRTTAS S 0T, A5 Pl X b A A K L
R 1 5 M 0 S e (D). b R A2 4 L 2023, 45(5)

[29]

[30]

[35]

137-150.

Li Jiaxiu, Zhang Qingsong, Wu Yong, et al. Research
progress on the effects of enclosure on grassland vegeta-
tion growth and soil properties [J]. Chinese Journal of
Grassland, 2023,45(5):137-150.

Sainju U M. Carbon and nitrogen pools in soil aggre-
gates separated by dry and wet sieving methods [J].
Soil Science, 2006,171(12):937-949.

L2 2%, BB IR AF AN [ BRI ) X S R -
UKL 2H B b o3 T8 e By 52w [T]. Bl 2 42, 2024, 33
(6):17-28.

Jiang Haixin, Zhou Yao, Hu Ke, et al. Effects of differ-
ent grazing times on soil particle composition and fractal
dimension in the desert steppe [J]. Acta Prataculturae
Sinica, 2024,33(6):17-28.

WKW , 22 . 3R WA THB AL 55 b 3t ) Wk
[J). R0P Rl ,2024,42(4):916-932.

Yao Xinni, Li Chunjie. Research progress on soil micro-
organisms enhancing the fertility of degraded grasslands
[J]. Pratacultural Science, 2024,42(4):916-932.

T, B SRR E AR B L I DXL A R X TR
AR (1] K 2R R, 2024, 44(5) : 1-9.

Li Zhe, Wang Jian, Cai Zekang, et al. Effect of lateritic
soil disintegration properties on slumping erosion in
loess tableland area [ J]. Bulletin of Soil and Water Con-
servation, 2024 ,44(5):1-9.

Mg, A, VG, A T R X et £ AT X
BN AR E R E W [T]. T E RO R4, 2024, 57
(3):539-554.

Wang Yuemei, Tian Haimei, Wang Xina, et al. Effect
of continuous reduction of fertilizer application on yield
stability of spring wheat in Yellow River irrigation area
of Ningxia [J]. Scientia Agricultura Sinica, 2024, 57
(3):539-554.

=) i By, 3 WS, B, S5 A TR TCORE BE TR A DR B
o) i B R AL B [ AR AN [T ] AR A 4l , 2014,
34(6):1587-1595.

Yan Ruirui, Xin Xiaoping, Wang Xu, et al. The change
of soil carbon and nitrogen under different grazing gradi-
ents in Hulunber meadow steppe [J]. Acta Ecologica
Sinica, 2014,34(6):1587-1595.

AR AR HONE, XV A L BOHOR B R T SiE
H b S RO AT RS R (D] A A AR, 2024, 43
(7):2066-2074.

Jia Jibao, Dai Huiping, Liu Hengqing, et al. Effects of
grazing intensity on soil and vegetation restoration of
desert grassland in Yanchi, Ningxia [J]. Chinese Jour-
nal of Ecology, 2024,43(7):2066-2074.



