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Effects of Grazing and Topography on Alpine Shrub Populations in the
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DegradedGrassland in Northwest China, National Forestry and Grassland Administration, College of Pastoral Agriculture Science and

Technology, Lanzhou University, Lanzhou, Gansu Province 730020, China)

Abstract: To investigate the effects of grazing and topography on alpine shrub populations, in this study the
effects of topography and grazing on population growth, inter-species relationships in alpine scrub in the Qilian
Mountains were analyzed by using the populations of Potentilla anserina and Poa subfastigiata as the research
objects, through setting up three kinds of terrain, namely, valley, shady slopes, and sunny slopes and five dif-
ferent distances from livestock pens for each terrain type as grazing plots. The results showed that grazing and
topography jointly regulated the growth of two plant populations. The increase in grazing pressure gradient
(reduced distance from the livestock pens) inhibited the vertical (plant height) and horizontal (crown width)
growth of the two species, and increased the population density and vegetation cover. The valley was character-
ized by a balance of water and heat resources, and the two species coexisted in the highest density, with shady
slope has better humidity conditions and stable water supply, which was conducive to the growth and reproduc-
tion of moisture-loving Potentilla anserina. The sunny slope had ample sunlight and suitable thermal condi-
tions, favoring the dominance of Poa subfastigiata in their ecological niche. The topography indirectly influ-
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enced the competition of the populations by altering the heterogeneity of microhabitats, while grazing directly
influenced the competition through trampling. Topography indirectly affected population competition by altering
microhabitat heterogeneity, grazing directly affects population dynamics through trampling and foraging.

Topography and grazing influenced the competitive landscape of moisture-loving and drought-tolerant species,

thereby affecting their status in the community. This study quantified the pathways of topography and grazing
on the growth and interspecific relationships of alpine shrub populations, which can provide a scientific basis for

the sustainable utilization of the alpine ecological barriers.
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Fig. 6 Effects of grazing and terrain on the importance values of Poa subfastigiata (a)and Potentilla anserina(b)(mean + SE)

AR ZREL
Correlation
coefficient

HeR
Plant height R 056" 09
e
Crown width 0.52%%%

0.7
FEEE
Population densit@ 0.67%* 0.43%** 05
I
Coversge g e
HEAH 0.83%%** 0.

Important value

0.1

B B S S X
Fg O %*-7?9-%@ RN
¥ S R & @\4

& & ¢ ¢

RN &

<

B7 HERARMBAZERERKERNBXESN
Fig.7 Correlation analysis of growth indicators between Poa
subfastigiata and Potentilla anserina
TE R EFHARBEEAR, DOFHRAREUAERR . * P<

0.05;%*%, P<70. 01;%**+, P<C0.001

Note: The black font represents Poa subfastigiata, The white font rep-

resents Potentilla anserina. *,P<Z0.05;%*% P<C0. 01;***,P<0. 001

2.5 HHEI1E AALE

UL HUE RS 2 R ) bk R R R
BE MR EEZ M AL R, DX A KR AR 2
(] 4 R B OG FR l FH 45 48 T R ASE R X B ] 22 ] Y A
FRRON HEAT 43 BT, X AT 22 18] S8 7 DA R

BRI OR A KA BB Z BIHUR B (&
Pl R D K I 1) 52 e, HG o b R Xk ORS8O 1 vk
o I 5 R A7 A W S 3 R R (P<<0. 001D (& 8a) o U
T B X B B A B (P<<0. 05) , X Bk i R e
P B A W B 3 (P<Z0. 001) 5 ek M % Ak

1R i X e R 2 R A S I RN (P<<0. 001D 5 il 4K
b T X6 4 Fh = BTG W Y

Hi I8 X 98 98 7% B S Ak = HL A A I 3 R ) (P<<
0. 001D, XF 4 Flt 5 5 B G . 35 5% i CJ&1 8b) o 44 R 8
JE RT3 20 2 B S 0 ke v R R R R R A A A
FH R (P<<0.001) , & & Bl 8T , 52 0T 40 i
T % 23 g S A K AR A (B0 AH B SGIR , 5 B X I i A
(R A4 S 2 E RN (P<C0. 001) , 6 I8 %o 7 B {H
A IR (P<C0.05) . HB I | il i i i 42 a0
Vi) 22 34 1 A FH T WO R AR R0 R 20 2% s S I R v
PNl N = o | s | R e N i <
A8 b5 2Z 0] AH H 5 ) 2 W] R R T AR O X AR
T 1) 52 i B o

3 itig

3.1 MR MEEENZIE

B 2 A e B 1 T 2 Rl A R N
TR, AR EE NN TR E B R | R
B R O8 I SR T o ) ) 2R AT O B
[ IS A7 A2 /NER o0 B BE08 . R A ad JER B, A
AT SR IS TR R B R A RE T, B2 e AR RR
9 4 o R ERET E  OR T T B R 2 B
IR T A% B 1 A AR, DT A R T R AR
KB MARE R AE . O R AORE NI R
ORISR B A AR TG IS LR R B DL )
F T AR R ] IR 2 e 5 5 S 4
I S RS AR M AR 2% S R AR AR R A R
X IR 53 AR G300 R A



1874 ¥ oM ¥ #® 534 %
— -0.130 —
a N HEH
Plant height Almportant value
R*=0.890 0.099 R=0.464 s
RZ
Z
e
Terrain [\
K
N
< p—2
5 YRR
2, Species richness
=4 R=0.105
o
1 3 R 0.859%*x* W
Distance from \y - »| Coverage
the corral N A1 R=0.679
b
Crown width
R*=0.597
0.227
¥*=6.210, df=8, P=0.624, RMSEA=0.000
b W
Plant height o -
R*=0.649 o ——T R=0.970
,,,,, K
e |<,
Terrain =
N 3
¥
=
=
°
< p—2
WL
o Species richness
23 R*=0.100
2
PR 75 Vel PR S i
Distance from < Coverage
the corral N N 5\0’** R>=0.821
b
Crown width
R*=0.502
0.293*

1*=8.532, df=8, P=0.383, RMSEA=0.034

B8 AN B R R (a) FIHE S Z B3 (b) FHEF RO M
Fig.8 The effect of grazing and terrain on populations of Poa subfastigiata(a)and Potentilla anserina(b)populations

TE: F R A ROR B4R, TR R AR R R B AR 1 35 (P<C0. 05) , K (AR 5 RIR AR AN L35 (P> 0. 05) o 2R ML R IR B0 K/, S22k R IE R

ME 2R TR RN, 2k AR AL (9 B0 R A e AL B AR R AR, RPFTR AR B *, P<C0. 055%%, P<C0. 013 %+* , P<C0. 001, RMSEA, JE{bi% 2% 1 J5 1R

Note: The lines in the figure represent paths, with black lines indicating significant paths (p<C0. 05) and gray lines indicating insignificant paths (P

>0.05). The thickness of the line indicates the size of the effect, the solid line represents the positive effect, the dashed line represents the nega-

tive effect, the number at the lines represents the standardized path coefficient, and R”represents the explanatory power *, P<<0. 05;**, P<<0. 01;

sk P<0.001. RMSEA,Root mean square of approximation error

3.2 FgHA0 MR X AR A KB R0

AR b B2 L T R AR 2 2 o SR PR e, T AT RE
FT T B B AT, KR 0 BOR B R M OR A ) T
Gy AR R Gk i) A RS  [RI A R R 2 R

D) R A3 BC SR PO b b A2 B R

2 AR ) A I A o i AT B R B T R R ) B
O R B 5 O RO B BT BRI DR AR b
DIAH G, I 75 Pl e IX Jall 4 38 % 52 vy HL 97 40 2 4



%5

A B RO T XA I L1 T T AR IR A 5 1875

TP 5 AR R TR A2 B R 0 I SRR R ARG
I 7 PR DX IO T P R A, T RS A R A SR O
2 ) S o ARG, SER) T AR AR R TR S R R
WRE . AFHIE FDEHR K5 FFR 03 F 22 e
TE SRR 52 5 e, 2 o o 3 ) 9 RO IO W L 39
JEIRSRAEIK 23 5 0, BIBOK 0 R BB, 4 e Bk
o5 37 03 BUR LS, 52 i AR By R AR . R
Fof e A R 87 2 T IR 3R R T R 4R

3.3 FHFR RS X Fh B Y R N AL

OO M T8 3 22 T 3k A28 2 W) 66 98 2= e S T
FETLATRFRRE 42O AL A B BE IR IS 23 i ) O
SEA P R B T, BURME LTS EOEE AR
TR DA AR T M, X AT REJE N i B R Bl
A Pt A v Bl 2 R P A Jo A S B AR R T
W2 B 6 41E P i 55 4 B A 17 A4 1 sk [ £
RE I O 35 43 WA H) 5 1) 22 B T 400, 7
B HRME Y SRR I T LR S A E
ST R AR R A K Z IR 0 TR S R
PR AR, S ECR S WORRCR R . RO Y
G TA) A T 7 Rl R 0 9 2R A A L S e R 25
I8 AR A A AT 7 23 W35 A 2 5 A A
ORIk e 2 A 2 s i ik 1 2 32 016 B A T ARURD
A, BE TR 0 6 A A 803 5 TR 2 09 A ORI o3 A
32 W I8 FUBCHCR 52 00, 3252 Wi 57 70 W RE g, 22 il
RIREEG VR T A FIRE S SEm R i K

3.4 HMHXBEEEHSESHRENRM

TS AL 1) 968 98 2 192 i R RIRE 7 S0OR ol e A2
P T FEHE AR T S A ) A T TR B o U
B BE b TS B O S A e AR Al A T T A )
o J A A A, A R L I, R T R VR 9 )
FhZREVE . MBS BA RIS R MR
AR 2R R A5 A7 280 8 e ST, RO R I S R R R
A 2 K A R A XU 5 BB R AR AR O
TR PR BT IR, RN A IR AR R T JERE A
AR 400 5 A 7 3, 3 T 5 I B R A A 2 R GE R BE R
) Y B8 B B L R T A AR B M A
S 2% A1 5 B0 R W 08 T R AR e O R R R A 2
RS SR R AR e SRR T A A A R D B
AR BE RN A TR T A T PR R R
AE J7 A X 455857, T BURL W) C 15 1E 58 AR T
T T 52 W) o A 114 6 Ji R AR 25 R AR E

4 £Hig

O T R £ B A A A A AR K, M
B BE BT CHE 75 Bl B 920 ) 8 25 52 o) 50l B AR A
TR 28 2 B SRR RO 5 A, R B R e A el
A5/ LS N L MR A SUE SR IR K
TSROSO B, R R RS A AR R, A8 L R A
P ol L ol A 40 A A o L T8 DR JRE A R T
Ko BEREFR RE , M T 1 A R G802 e S iR A 1 R
TEOH, RO AR SR, TS T AR
PORFIRE G HE RO WU #IE 58 B AR XY
R R S A b B B R R A SR M
T8 5OV o AR AT 5 AT LA SR AR A WY e o] i
TR A S AR DI RE R RE A P, D i JEHE DA AT
FREe M5 A S R R I IR P07 58

&k

(1] BT, W h 2 o R i £ LT ] 2452440, 2006, 26
(1):244-264
HOU F J,YANG Z Y. Effects of grazing of livestock on grass-
land[J]. Acta Ecologica Sinica,2006,26(1) : 244-264

[2] CHENY Z,FENG X M,FU B J,et al. Maps with 1km resolu-
tion reveal increases in above- and belowground forest biomass
carbon pools in China over the past 20 years[J]. Earth System
Science Data,2023,15(2):897-910

(3] BEERVT, BN W A e 4 RO A A R O ik (D] AR
A%, 2024 ,44(19) :8897-8913
HOU F J, HUANG X J, CHANG S H, et al. Concepts and
approaches of grassland improvement [J]. Acta Ecologica
Sinica, 2024,44(19):8897-8913

[4] SONG Q,WANG T M. Effects of shrub encroachment in the
Inner Mongolia ecotones between forest and grassland on the
species diversity and interspecific associations[J]. Agronomy,
2022,12(10):2575

[5] HM,.ZFZA4, Xk, 5 HN DR Z 007 5 bR Y%
REAELT]. RO R ,2019,36(7):1693-1705
XIAO X,LID C,AN Y F,et al. Plant community characteris-
tics of grazing grassland in a deer farm in summer[J]. Pratacul-
tural Science,2019,36(7):1693-1705

[6] i, we Mg € BRIl B, 55 . OO 9 5l AL R o B ATy £
FEPERG R ALE [T ], AR A5 22 4, 2014, 38(2) 1 188-200
YANG J,CHU P F,CHEN D M, et al. Mechanisms underly-
ing the impacts of grazing on plant o, 8 and y diversity in a typi-
cal steppe of the Inner Mongolia grassland[J]. Chinese Journal
of Plant Ecology, 2014, 38(2) : 188-200

(7] W, M B AR 0, A . oy O ) A2 B AR 98 R AiE B CHCE R
it BN A B B R AL LT ] AR, 2021,29(S1) 1 208-217
YAO X X, XIAO F,QI S Z, et al. Responses of plant func-
tional group traits and nutritional quality to fencing in an alpine
meadow[J]. Acta Agrestia Sinica, 2021,29(S1):208-217

[8] XIELN,GUOHY,CHEN W Z,et al. Effects of grazing on

population growth characteristics of Caragana stenophylla



1876 A U A it o34 %
along a climatic aridity gradient[ J]. Rangeland Ecology & Man- HEARRAELT]. A4S 4R ,2002,13(8):915-922
agement,2018,71(1):98-105 HOU F J,NAN Z B, XIAO J Y, et al. Characteristics of veg-

[9] VARGA K,CSIZI I, MONORI I, et al. Threats and challenges etation, soil, and their coupling of degraded grasslands[J]. Chi-
related to grazing paddocks: recovery of extremely overgrazed nese Journal of Applied Ecology,2002,13(8):915-922
grassland after grazing exclusion[J]. Arid Land Research and [21] 9SS, Bedlin, TR SC . AR IE AL 34 Z 5 s & H
Management, 2021,35(3) : 346-357 TP [T]. B FE,2017,34(8) :1561-1570

[10] By JA 3, %, FRLSC, 55 H N T R A 28 4007 o 2 7 A4 1 ) GUO Y R,HOU F J,YU Y W. Soil respiration in three types
XE i [ T]. Bl Rl2%,2018,35(1):157-164 of seasonal pastures in summer on the northern slope of Qilian
MAZW,WANG H,YU Y W ,etal. Short-term effect of mowing Mountains[ J]. Pratacultural Science,2017,34(8):1561-1570
winter pastures of Gansu wapiti on forage regeneration[J]. Prata- [22] #4547 . THJRERCHOT 90 R B e i SR LA R RUE S R 2 )k
cultural Science,2018,35(1):157-164 PEVEAG D). % VUL AR ML 3% K2, 2024 1 5-24

[11] TU X J,STRUIK P C,SUN S X, et al. Responses of fungal TUO X X. Multifunctional evaluation of typical grassland eco-
communities at different soil depths to grazing intensity in a system in Loess Plateau under the disturbance of red deer graz-
desert steppe[ J]. Peer],2025,13:e18791 ing[ D]. Yangling: Northwest A&F University, 2024 :5-24

[12] DU Z Y,CAI'Y J, WANG X D, et al. Research progress on [23] A 08  HE o  JBAE S IS Ll S R AR X H R S e B Bl B
grazing livestock dung decomposition and its influence on the e AR L AT IR SELT ] I PE 2B 24, 2004, 20(5) 1 46-48
dynamics of grassland soil nutrients[J]. Acta Ecologica Sinica, YANG Z Q,XIE J R,GU S G. Study on habitat selection and
2019,39(13) :stxb201806211368 vertical distribution of Gansu red deer in sidalong forest region

[13] FE B, m i, ok e 55, 55 . S [R) 08058 T X6 PN 5 oty 7 8 of Qilian Mountain in summer[J]. Journal of Hexi University,
JE A S 20 T R VS RS2 m [T]. RS, 2025, 33(6) 1 1764~ 2004,20(5):46-48
1770 (247 BLRE TN . VG 80D R H Ak 400 R0 200 7 400 R SR LU SR [ D).y
ZHOU H M, GAO Z W,ZHANG X J, et al. Effects of differ- IR ARAE MO 2%, 2023 :8-20
ent grazing intensity on soil bacterial community in Inner Mon- WEI K L. Comparison of nutritional strategies of Tibetan red
golian Desert grasslands [J]. Acta Agrestia Sinica, 2025, 33 deer during withered grass period and green grass period [D].
(6):1764-1770 Harbin: Northeast Forestry University, 2023:8-20

(14 ] BRRE, ZEAHE BT 45 . g 8 8 o ) R I8 X 480 s i [25] FEMbK . HE A HCBOR SERD T PEZS M RIS RE B /E (D], == .
OGS RS S B R LT ], v R M 241, 2022, 44(9) 1 19-30 2INKA,2024:72-99
LINL,LIB C,FAN B, et al. Response and adaptation of plant WANG S L. Effect of yak grazing on the structure and function of
community in alpine Kobresia meadow to different grazing inten- dung seed bank[D]. Lanzhou:Lanzhou University,2024:72-99
sities[J]. Chinese Journal of Grassland,2022,44(9) :19-30 [26] X042, B MUk, 2238, 55 1l i 5 gk 2 Tl S Joi o F 9

CL5] S Af X0 e, Rt 0, 45 . vl Fd o I R 26 R I e ) e e T P[], ROl 24,2012, 21(1) : 254-261
VKR4 A AR [ ], b R bR BL A, 2023,53(1):82-95 LIU J X, GONG Y B, ZUO Q. et al. A review of mountain
HAO Q, LIU H Y, CHENG Y, et al. The LGM refugia of grazing-paths and vegetation spatial heterogeneity [J]. Acta
deciduous oak and distribution development since the LGM in Prataculturae Sinica,2012,21(1):254-261
Chinal J]. Scientia Sinica (Terrae),2023,53(1):82-95 [27] SMART A J, DERNER J D, HENDRICKSON J R, et al.

[16] USMAN M, LI L, WANG M Y, et al. Response of microbial Effects of Grazing pressure on efficiency of grazing on North
communities to the changes in grazing intensity and season in a American Great Plains rangelands [J]. Rangeland Ecology &.
typical steppe[ J]. Environmental Research,2024,246:118126 Management, 2010, 63(4):397-406

(17] WRAGE , BRZR B R, 45 . 22 0% 1l st gl A R 98 U A R EE K22 32 [28] FEAL AR, 500,55 . 5 1L B FUICHCR SRS A = R T]).
TERPRE AR I 4 S T RERE R 3 [T ], R AR AR, 2018, 29 HOP R4 ,2013,3003): 328-333
(6):1736-1744 WANG H,HOU F J, YUAN H, et al. Relationships between
CHEN Q,CHEN J,ZHONG J J, et al. Interspecific association stocking rate and species richness on alpine steppe[ J]. Pratacul-
and functional group classification of the dominant populations tural Science,2013,30(3):328-333
in shrub layer in secondary forest of Pinus tabuliformis in Qin- [29] YUAN H,HOU F J. Grazing intensity and soil depth effects on
ling Mountain, China[ J]. Chinese Journal of Applied Ecology, soil properties in alpine meadow pastures of Qilian Mountain in
2018,29(6):1736-1744 northwest China[J]. Acta Agriculturae Scandinavica, Section

(18] W7 A Tula, 4505, 45 . Sl e J 4 JRBCH o 2 190 e AT 7 (] B — Soil &. Plant Science, 2015, 65(3) : 222-232
o A 4, 2019,41(5) : 120-127 [30] ¥, BEA R, FIO7FR %0 OB T AL X 3077 18 15 98
FENG X,LI'Y H, LI F, et al. Threshold of rational grazing Mo AR B Bh 2s RIAS Jm B 52w [T]. AR SR BT 24, 2024, 33(9)
intensity in typical grassland[J]. Chinese Journal of Grassland, 1397-1405
2019,41(5):120-127 XU W,DONG Q M,WANG F C,et al. Effects of grazing live-

[19] AR4kJE 61 Bif A0t 4 . FR I L5 00T 43 280k KL H stock combination on spatial pattern of dominant species in
JE e 2E LT ] R, 1980,2(1) 1 12-24, 38 alpine grassland around Qinghai Lake[J]. Ecology and Environ-
RENJZ,HU Z Z,MOU X D, et al. Comprehensive sequential mental Sciences, 2024,33(9):1397-1405
classification of grassland and its genetic significance in grass- [31] Hy J 2 . oy S AL R 9 5 L 90 30 O vy o R B9 5[ D .

land[J]. Chinese Grassland,1980,2(1):12-24,38

[20] Gedfil, makibs, M 4 6, 55 . T MOR Al ) R B L b 1 R R

2N H R AR R A, 2017 :4-19
YANG S W. Studies on the effects of short-term grazing on



55 5 0 A5 AR HUROR I XA % 1

FEE AT B4 52 1) 1877

[

[}

[t}

[l

plant community and soil of alpine meadows [D]. Lanzhou:
Gansu Agricultural University,2017:4-19
TLREEL, sk H 5, LW AE, % . BT 90T Rl b3 b Beki 4y
DI RERFARAE B o 5 LR R TR SC R [T]. WA,
2024,48(6):701-718
JIANG K W,ZHANG Q Q,WANG Y F,et al. Characteristics
of plant functional groups and the relationships with soil environ-
mental factors in middle part of northern slope of Tianshan
Mountains under different grazing intensities[J]. Chinese Jour-
nal of Plant Ecology, 2024, 48(6) :701-718
SKE A, LA B E AR . e R R S LR AL > KL fb
X TR B 15 [T ] o R RS R 24 4R, 2023, 45(7) 1 60-70
ZHANG Y H,WANG Y B,HAN G D. Response of soil organic
phosphorus and mineralization to grazing intensity in desert
steppe[ J]. Chinese Journal of Grassland,2023,45(7):60-70
FEUH, RSO M, A A By AR A B JRURT ) R b
SEPRACAFAE B SE R [T]. o [ B s 4, 2022, 44(9) £ 83-89
JIANG S Y,ZHANG W B,MU H B, et al. Effects of manage-
ment on plant and soil physicochemical characteristics of typical
steppe[ J]. Chinese Journal of Grassland ,2022,44(9) :83-89
EAUR, EARCE BTG RN A Sl A AU 3R
Py g E A LT ], BB, 2024,4109):2012-2024
WANG R B,WANG Y H,ZHAO H Y, et al. Dominant species
determined forage quantity and quality in a typical Inner Mongo-
lia steppel J]. Pratacultural Science,2024,41(9):2012-2024
JEL TS R R I A R R A 2 R A B R S HLBLRT ST (D).
Iy 7K 15 ZFjWMUtsL 2021:12-30
ZHOU X Y. Study on the variation mechanism of short-branch
cluster buds of Lariz olgensis|D]. Harbin: Northeast Forestry
University, 2021:12-30
LIUZM,SUNP Y,LI X M,et al. BIG coordinates auxin and
SHORT ROOT to promote asymmetric stem cell divisions in
Arabidopsis roots[ J]. Plant Cell Reports,2024,43(7):188
KOAHE FEAE T A, AT S 1 i e bR b (8] DG I
PEAERF R GRELT]. AL RE,2025,42(4) : 894-906
HUOJY,YINY L,ZHAO W, et al. Grazing maintains ecosys-
tem stability by enhancing interspecific correlations in grassland
vegetation[ J]. Pratacultural Science,2025,42(4):894-906
SRR AR ACHR, /N R AR OO B G R T ) v
O R v A5 R R S A B R [T ], RS R
2024,44(4) :54-63
JINGY Y,XUCL,YU X J. The effect of grazing yak’s activity
range on vegetation community structure and soil physicochemi-
cal characteristics in cold season pasture of alpine meadow [J].
Grassland and Turf, 2024 ,44(4) :54-63
XING J,LIU G J,ZHAT W B, et al. Optimized fertilizer man-
agement strategy based on ridge-furrow planting pattern
enhances dryland wheat yield and water utilization on the Loess
Plateau[J]. Agricultural Water Management,2025,311:109391
Fapal, Tl A S WL A SR R i i A
BN W o 2R N T RE BRI A5 ) A0 A0 K ma R R (T, S
WEEAE )41, 2025,31(10):1549-1562
WANG C C,YU W W,XING H,et al. Spatial distribution and
influencing factors of soil bacteria o diversity and functional
genes in a subtropical evergreen broad-leaved forest in Bais-

hanzu, Zhejiang Province [J]. Chinese Journal of Applied and

—

[}

Environmental Biology, 2025,31(10):1549-1562

FELSC. RWIATR BA R N R P I B U Y S e YRR S
TREZHENERSERLD]. IFAINGHE N5 ROk K4, 2018:37-53
LI J W. Relationships between plant functional traits and func-
tional diversity in a Stipa breviflora desert steppe under long-
term grazing with different stocking rates [D]. Hohhot: Inner
Mongolia Agricultural University,2018:37-53

HAIDER Z,YANG C Y, AHMAD I, et al. Bioderived carbon
quantum dots boost maize growth and photosynthesis by aug-
menting UV spectrum absorption and carbon assimilation regu-
latory genes[J]. Journal of Environmental Chemical Engineer-
ing,2024,12(6):114396

LEISH,ROSSIS,YANG Z M, et al. Metabolic regulation of 5-
oxoproline for enhanced heat tolerance in perennial ryegrass[J].
Stress Biology, 2024 ,4(1) :46

FAEI WP GRS O B DG BT S SR (]
AR, 2024,44(22):10119-10132

WANG J B,OUYANG X H,ZHAO X Q. Review of grazing
effect on carbon cycling in alpine grasslands[J]. Acta Ecologica
Sinica,2024,44(22):10119-10132

TR R, A TR 5 R ) PR AR S i o v
PER BB ROM [T ], A A 35731, 2024, 48(7) :858-8T71
QINJC,WANG H,ZHU J,et al. Grazing filtering effect based on
intraspecific and interspecific trait variation and its scale effects[J].
Chinese Journal of Plant Ecology,2024,48(7) :858-871

Kb TG AN [R) B TS RIS ol SRR i i i R
SYELLD]. iR R SA, 2015:2-13

DU H Y. Absorption, utilization and distribution of nitrogen by
rubber tree seedlings under different ammonium nitrate combina-
tions[ D]. Haikou:Hainan University,2015:2-13

FRAIA B g S bl gt R A RO AN R B 2% A £ 3
Heme (D). #d PR AP R, 2020:95-113

GUO S J. The adaptation strategy for typical artificial forests to
different rainfall conditions on the abandoned farmland in the
Loess Plateau [D]. Yangling: Northwest A & F University,
2020:95-113

EAES, B A S, A OO X A 3 1 S A
MR SRR R [T]. Bl R, 2025,42(3):591-600
WANG Z H,LYU S J,YANG Y W, et al. Effects of grazing
intensity on dominant populations and species diversity in a
Stipa breviflora desert steppe[J]. Pratacultural Science, 2025,
42(3):591-600

SR RO AR IR AR A L AF L NIRRT A A R - s Al
PRS2 [T]. v B oA, 2025,47(2) 0 104-114
DUANJZ,ZHAO H D,ZHANG J W, et al. Effect of different
alfalfa cultivars on soil physicochemical properties[J]. Chinese
Journal of Grassland, 2025,47(2):104-114

ZHANG F Y,ZHANG Z X,KONG R, et al. Changes in forest
net primary productivity in the Yangtze River Basin and its rela-
tionship with climate change and human activities[J]. Remote
Sensing,2019,11(12):1451

LI X L,GAO J,ZHANG J, et al. Adaptive strategies to over-
come challenges in vegetation restoration to coalmine wasteland
in a frigid alpine setting[ J]. Catena,2019,182:104142

REHE REZH)



