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Abstract: Investigating the effects of grazing on the ecological chemometric characteristics of carbon (C), nitro-
gen (N), and phosphorus (P) in the plant-soil continuum of long-term enclosed grasslands is crucial for sustain-
able grassland management. This study investigated a 38-year-old enclosed grassland in Yunwu Mountain,
Ningxia, by systematically analyzing ecological-metabolic ratios and their coupling relationships at the commu-
nity level (community-weighted average) for leaves and soil across four grazing intensities of Gansu Cervus
canadensis (Cervus elaphus kansuensis) : ungrazed, light grazing, moderate grazing, and heavy grazing.
Results indicated: (1) Moderate grazing most effectively promoted N and P accumulation. Plant growth shifted
from P limitation under no grazing and combined N-P limitation under light/moderate grazing to N limitation
under heavy grazing; (2) With increasing grazing intensity, both topsoil soil organic carbon (SOC) and C: N
ratio in the topsoil (0~10 cm) showed an initial increase followed by a decrease, peaking at moderate grazing
levels at 40. 40 g-kg ' and 12. 08, respectively. Conversely, soil N, C:P, and N:P ratios were the lowest at
light grazing levels at 3. 22 g-kg ', 48. 15, and 4. 43, respectively. All soil parameters decreased with increas-
ing soil depth. (3) Leaf C and N contents showed negative correlations with most soil SOC, N, P, and their
ratios, while leaf P content was correlated positively with these parameters. Soil depth influenced both plant
leaf and soil chemical parameters, whereas grazing intensity primarily affected soil-related indicators. In sum-
mary, grazing significantly influenced the chemical-nutrient characteristics of the plant-soil system in the long-
term enclosed grassland of Yunwu Mountain. Moderate grazing promoted plant growth and soil nutrient accu-
mulation, representing a critical grazing intensity threshold for maintaining regional grassland health. These
findings provide data support and theoretical basis for further optimizing grazing management and promoting the
sustainable use of long-term closed-pasture grasslands.
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Table 1 The species composition under different grazing intensities
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Fig.2 Leaf C,N and P content and ecological stoichiometry ratios of grassland community under different grazing intensities
T AR RS T bk 3 7 AN (R ORI B2 2 [0 22 e A 35 A Al b DA 22 5045 23 3000 NG R TG LG L B FETIURG MG, h BE TG HG 32 T

Note: Different capital letters indicate significant difference between different grazing degrees , the abscissa from left to right is NG, not grazing;

LG, lightly grazed ; MG ,moderate grazing; HG , heavy grazing

MG HG

=50 40 -~ [ ]0~10cm
b (b) Ce =~ [ [_]10~20cm
i) (a) —~ 7
& Ce Bb ) 2 08+ C I 20~30 cm
& o = (), a
= 40k Be : 2 Ca Beph CbCa
5 Y0rac Db o 239 2 Ca Ba Ca
aWE Ab Bb Ca Ba 5 % 2 Ac
Ee s ) ! 530 23070,
Q I ™ O 72}
Ty s e
e HE HE o6l
HE 20t £25 g
g0 = a
o o =
= N S
210 2.0 205
NG NG LG MG  HG
14 (d) (e) (ﬂ Be
60|
ol Bb 5H%0g, BbBa
. Ac . Cb | gABa | Ac Ab
-H'Z. o Ba -l-\ o A_l%a ‘Aa
E0 0] [ o z » b
e ‘ &E =2
kg kg J24
sl 40
6 30 3
NG LG MG  HG NG LG MG  HG NG LG MG  HG

B3 AEMHEEEMTESOC,N,PEEREESUFITEILEE

Fig. 3 The soil C,N and P content and its ecological stoichiometry characteristics under different grazing intensities

TE AR RS TR FOR R R HCHORE B 2 ) 22 53 3 R TR)/ING b 3ROR AR £ 2 2 )9 22 57t 1 3% (P<<0.05) o B A b I Z2 211 47 43 51 NG, &
HCHC LG B2 BECRG MG, P B HG 8B

Note: Different capital letters indicate significant difference between different grazing degrees, and different small letters indicate significant differ-
ence between different soil layers (P<<0. 05), The abscissa from left to right is NG ,not grazing; LG, lightly grazed ; MG, moderate grazing; HG,

heavy grazing



% 4 3 B B

« B RO 2 25 1 35 7 e M AT A - b R Al 2 T R A A R R

1397

BIRMAMHE;HRA NEERYS 18 C: N2 IEMK
Hb 5 HA AR bR 2 o SR OG5 i i R P A )
5+ 8 SOC,N,P,C:P I N:P ¥ & g & IFEME.
A C:N5 85 C:N 2 W7 AH & (P<0.05),
HASOC . +HEN +P +HC:P . LHC:P

A X (P<<0.05) , i N:P RS £ 8 C:N
I OE AR G A IR AR AR B T 3 U G
(P<<0.05), MAb, A )2 B[R] I 52 e it e F 4 4
A AT R AR AR (A0 B Y ) A G
FEh5

Mantel’s P Leaf C
— <001 e -
—<oos  LafN@le LR
— >0.05 Leaf P Depth of soil
Leaf C:N
Mantel’s r Leaf C:P
— [0,0.2] S T
= (0.2,0.4] Leaf N:P . | Grazing intensity
= =04 Soil SOC
bearson Soil N [ ol
carson’ sr Soil P| ® |:|
lo.s Soil C:N | L]-m ]
0.0 soitc:p|| Il = 1] =
0.5 soilne B ]HED NN
CEZEZBLRELESS
5 5 % 0 0 Z == 0 U
SE333529%23¢%
O o= 2 A n N an

B4 BEEKEMRFNEEER.

#

HEEREAUFHESHERTHXR

Fig.4 Relationships between leaf and soil carbon,nitrogen,and phosphorus contents, their stoichiometry,and environmental factors

3 it

3.1 MHxEYHRECNPEERENFEITSEL
FHIE B9 1

Ly JEE I A A 3 MO R A B R M Y 4 R A
B R R T R 2R R 4E R (R Dol
NWFFE R, 3 Fh 1y Rl 21 R B 728 A J2 9K 3l Ak 2 3
TERFAE SO Y RN . He 55 IFE R B, B AR
it JIE 19 B I AR R A9 A T 2% 28 R, AT e AR
TREVE RN, PSS 5 Yu &5 2R A R R
PR 23 O (I S5 b i D RE AR, 2E T R I
N:Po ARHFFE R E A 5O CRBCHOXO LA 3%
o HEE A B R C:N A RETR T X K
R0 19 T R < SR 5 T A A% v B I AL DX
RO A O A, PR AR R R e T
N, P& a3 el JE 7 20 8 Ak 5 Bom fb o7 1
Wi 157, ] A 2 R MR T AL ) - 4 36 2R G o0 &K Al
B0 AR

TEAMETE R, BETCHCSR BE B 38 T, - J C 5 i i
BETHER, XS ESEMIF LR -8,
X T R T R A AR B AR K RO A I
BRALAR . iR NP U5 R s A v R Ak
BT i e, oA PR I, 2 B B AT R 42
itk R4 S A Al HE A HE IR 230 B4 100 M) T AR 0 AR

MNP B, B AR E P EENRE
110 A B 1 5 B e 4 o St 0 U %) 2B 0T, 11 55 T e )
S e [l B0 3T R ) A A T A K T R
) PR R I A B 5 - A IR A A KO S R
ORRT X R AR S SR 5 L R R R 1 S
N

WO 2 3 o A R S R G A e
TR C:N: P AT B 2 FRAE , i 5 - 0 R
0918 20 A o Bl 05 B B, R A e R
C:N R ISERE G Tl 3, b BB e iR, X 2
e R RE AR R O e i R R R AT A AR
P R R A R R W 2 R R B [ A
SR ECCN | T AT b OO T
FH C:Pax al g2l Tk 3 A 2% 6 HE A B0 i ok
T FE 308 B B 3R 43 T T B, Cao SRl
i A AF 5 & B A A 4 3 e A e R
PURFECC PRI, OO B S B R C: P
R A T A TR Ry S A o L T AR 1 )
FARCR A Bl 2 4, 2 3ot 5wl s o, o o il
C:P R EURNBE I Bl b A 25 28 4 B0 5% gk PR ol 181
T, HAR A T L e A A W A T A7 35 0 BR A 2%
R EHEAR . A N:P<<14 ZUI Y E K =
BZ AR, A 14<N:P<<16 EW M WA K Z
A - S R, i NP> 16 0 32 B R 2E K



1398 B

S 34 4

BEAZ BRI AW AR R I e NP> 16,
B2 R OB M R 14<<N: P<Z16, 5 L AT
MR N P<T14, 3% 3 B AR 0 A A A K 28 2
B 8 B b I A A A A K A2 R -l e [ PR
77 B J32 30 AT A 2 A 0 32 SR BR A . AR B 5, R
X I B N: P> 16, 48 4 4F K 32 2852 B BR A L X
A B 2 [N A o 32 00T G R RO B AR X A
PR A 3 b B 09 A BRI R B S R T
B i) DR 712 o A R v B R A DX B3 B T i Sl
T 2 AR BB S 0 R 0 08 A, 9 BRI AR B 22
fift AR AT K B TR EE i R 14<<IN:P<<16, fH ¥ 4=
K2 S0 B AL R R i o T R X i N P<C
14, 3 J2 1 F s sh itk — 25 el s Y o
THAEF R, RGE A g 4T i, e & S BUE Y &
K 52 ZUBR I 1 IR AR AN R AR A A K o 2 A
BRI . 3 — 3% S 0 5 A o A2 P BRI —>N-P 3t [\ R
il =N B ] 775 B A 7 T AT B D AR A S R
Gii R VM. KA R AR Y R R RO
V5 L0 B P AR X B =, i B R R0E i A
R IEA AR T PRSI, RGN, P AL
HECIRR ;7 o B AR R RN A R O B T
SRR T REWRE B, T Ak
Bl PR 3 a2 T A Ak o R AR IR T R R Y

LAt i A A .

3.2 M3t 1ESOC,N,PESEREESUFH
=45 1E B9 %M

T 8 rh iy SOC, N, P& I IE 7 1Y 8 2 W47,
Xof AF P HE A I R A AR RO B 2 X
1 SOC, N, Py & & 7 A= A [\ B2 B2 9 5% )
McSherry %5V AIF 58 22 B 38 2 0CHCRT LA 3E n 4 4%
e Aith £, T 82 I A 0] T 5 B 4 e R N A U
P o AR ST LA 5T 45 SR AR L, A< BIF 5 A s
T3 h SOC, P& &, Hob it A A T 1 1
SOC P iy R . 3X Al B8 A& K o 3 J32 ok 1 02 i Al
Wy A= K 55 R R G e HE RS n i R 5 TR R A 2
fE A BEFEAL T&i4b R Po HHEC:N,C:P,N:P &
S 4 IR 4 A AE SRR AT R G RE R &
AR bR . AW, P ECER & T R CIN A
C: P, 33X 5 i A 58 000 3] 14 5l 4 38 A G L
FORAAF SRR AT RE A M A e 0 T AR AR
AR E , FLRCBO SR P % N P i X
—IZ A RN TR G Bk B 5 R R

WU E . MWHLER R N R SR 4
W B8 200 o0 e 25 4R 3R, HL 40 06 ) R A0 AR B 1l +
HESOC MY T BV 5 5 BL R B AH Y% N, P i iy
B 5 LK 3 A AR T A L 3R RSB0 T
FHEP A A P, AT C:NFIC:P L fH
T EAAEENE, R FEEEN:P R, I
718 - B A Ak AR X T i 2B i R mT B
R T4 7 ) [ R0 R R A SR 0 S TR
BN Z RO AL AR R KU
7T B 7 - 398 A AR E

3.3 DEMBMMBESYESHE

R FEW D R Z — T THn T 5
ARG R & R WY - 3 R G E
TFEFHE T AR 2Z R . SFFEXFNU
FE LSS A LU, T JEE 00 FR B0 M R 1) A 2 T i
B, TR X A 2 OB B 5T 2R B, B R ik
WaERHEEAIRSOCOMER (TN WE T
Ra05 ORI, AR AHIEZE v, B 2 R A (HGD
T, 238 SOC F TN &g 2 & T R X (NG (]
3D, 33X 3R WY Kb JEE T A %o 2 A b A g e R 3R B
AH T B L R 4 A AR AN o ik R 22 SR AR T AR U
T H MR R BT NS IR HIE B, IR
Gt As I, HON B REAE & U FR B AT R
55 R P A M 2 AR AR AT A I AMEE G R Y

AR W5 B0 1Y+ R o AR AL R
HCHCT + em & B4R T AT RE S S R CRCIK B Y
TR MR AE PR AT . AW AR AL 2 5 A
HE AU, SN Y A SR EEWN
TR HB AR . BB A X T R D R B R A
B W 2 IR A A B de , H RE SR
EhAE S TESRS YR ERE VMK
He AT Sy 8 A &4R TE B8 rp B AR S i A R
PRL O, 50 A e 8 184 BT A R B AR 3R A3 A e B
By JE Wl 2 70 Ak R RE W I AT S v T E BL R 2
— MBTHFEXE, DEXFEEERE-K
10 BB 2 - e T 7R 4 0 R R R A s T —
Pl S A Ak A SR B o XS ANGEE B T OC B AR
DIRe R R K4 ke T R G A7 )1, B
e JOT e 2 AL AN ] R AR AR AN [ b ok 4 3
AR T LT, TR B T TR R 1 %
SRR L X AT R R S I R ey T
T R I G BN TE SR



5 4 3

1% Bt 45« Eh JEEHCHON 25 55 L T A R - R SR AL A T R B9 B 1399

3.4 BB AEMTECN,PRERELEITE
18 < 14 59 % i

FE ) 5 b E B R 5 08 R B — A A B
R B A HLRE AR i R W e 38 v 1 3R 43 DA R AR
KGR, [ i 3 i 9 Y& 9 1 8 06 35 2y e+
X — AR Tk A BT RS
iyt AR Y o R MR VR O R R 3 C N,
P & i K AR e S B - 2 AT U
MEKZR, A CH 18 SOC,N B &M, Xl
B UR T OS] & 0 A P b A M A K R0V W i A
A UM ILFEEM, R N5 25 SOC,N,P i
FRAC, XS EAS B ET A R 8L N
T I PR AT B8 2 5K 3 B AR R e N T e
[F] B, A 368 58 98 /0 08 % ) VA I8 5 e R L AT
W% T AL G0 3 B A I I SRR PR, e &
SEM N5+ SOC,N, PR, HAPS+
HESOC i 2 1E A ¢, 3 3 B2 R oy 4 38 L 08 V5 )
I3 I B A AT AL, A HIL ST A3 A Ak R A ) AR
S S b 7 B FR O R AR X — ok #2 h, if
B i LB S R R PR A X R . AR SR
R P S HEN, PR IR A G, XS R
GV R B R PN, P R
8 25 42 AP X P W st 3k s R T S JEE R A
A REE o R R DR A T — R
“ gAY W R IR PR L R AR NS
KB, A NHMN:P¥Y5 18 C:NEREFIEMX,
5 AR A5 R — 3, X SR W 4 3 AU R A Rk T e
it AR AR I R o R TR AR AR gk I R Y R R AR
JEJERE N NP, M CL,C:P,N:P 5 HIEN:P £
2 R OC T i R PO 4 4 NP & B 3E OE A
K, R P Y= W] B S 4 A ) 6 P I s, DA
7 52 Wi I 5 Ak 2 T o g PR T X B - HE NP 2
UK SHAH Y P oy L ) SCHE R R

At LIERE S M EEC,N,PEE
KM HAL S AT BE A OCHE X R T
A TR P 5 e A v 3R 43 1 =3 JR) 43 A AR
PRV B A R B R N, A LT A D
T AR A Bz S W T AR 6T 35 43 B IR, AT [ 2
SR TR R R R AR AR T R Y
i BEXT 58 C N, P & & S A2 0 8 7 7 B 3 A
e MR CLN, P& K =k 2= h 2 A 56
PE, FZRE R B T T R Y B2 R L
oS53 1 i A - S0 TR AR A R

A2 T B R AR IR A O R SR A U T
Z 32 MY B BB R R 45 XS BT RO SR X
AN R TR S AN E BT R K
S5 R N T I R A 9 T R
A CUn et 44 4 b 3 im0 ok e 5 D REAR A, 2 HLH 210
PN A AL o A TR B T A 3 e ]
TR (R Dt — 22 R0 B % 2l 2 AL AR AT fiE 2 3K
B Al T A AL S A T BEAL] o R R I 5T AT
— 25 AR AR v 00 D) 8 2H AR A, LA SEORS W i B v
LR X AL - S O B F A E A

4 it

AT 538 3 3 A A [ JEE R P55 T A -
RGBT R ARAE 73 M LU E £
CL P56 32 0 28 ok 8 T A e v 5 R A B LR
WP o op RE P (A S B0 S % R G fek B
14 S B B (L, fe A R TR M B R O O AR
5 BRI WY A o (2O R AR G B 3R 23 BRI 2 Y
W A A i R e A B 7« AR A I 2 e R AR R
HhRE T A2 SRl () BRI U e Sl R
BR o 3X — % Bl 12 W et f R 0 B2 116 T O o
AL 2 T i 22 dE AR o DAY I v 5 A2 3T
RFIE 2 (B AF AR B AR G, HL 4 TR R [R] I R
W AL ) P D e A S T PR )
BAE T R abn . MO AR LB, B 7E &
JEWCHCT , S HLRR AN 4 5 1473 BE PR 437 AH 0 2
K X — B8 5 2 58 AL UK & 5T
LR ANIR 4B s T B AR D K Y B AR R R s n] g
A IS B A2 2RO, e PR R R B AT 5 R0
IBBZY Wt i U - N IS~ i S 1) 1§ e
WAE = %5 WA 0T 3 7 B0 b 10 /5 0 B oy, o0 v B
O R0 SR, LAk B o R S B0 SR A
IF] I 52 0 A 45 B JEE R AE 8 20k SR 20 106 B4 R0 4R 55 £
St J2E 75 T Y o E BB A T o R SR O B S &5 A
HEL W) v D 8 20 A 3l 25 W N 5 3 HE i 3R 0 1
FLAEIE | LSRG 1 48 71 B BE BOR2 i 2R 25 0 7
Y HAR A2

[1] BRZ . 4l Fota . S5 FMES RS HED e E K
AT AR T] hERAES, 2023(4):603-612
HAO T X, YANG M, YU G R. Coordinating the functions of

five reservoirs of grassland ecosystem and constructing national



1400

oM

Eird 834 %

[}

[}

ecological security barrier [J]. Science Foundation in China,
2023(4):603-612

HASSAN N, WANG Z W. Paralleled grazing and mowing dif-
ferentially affected plant community diversity and productivity
in a semi-arid grassland [J]. Ecological Processes, 2024,
13(1):62

INGEZ L JE LW, F B AR I RS A A TR i s [T
B4, 2023(5) : 1481-1489

SUN C Z, TANG S M,WANG Z,et al. Effect of enclosure of
temperate grassland on plant community [J]. Acta Agrestia
Sinica, 2023(5):1481-1489

CUEVAS J G, LE QUESNE C. Low vegetation recovery
after short-term cattle exclusion on Robinson Crusoe Island[J].
Plant Ecology,2006,183(1):105-124

I W7 K e o NG R B N I = DO K
HeRRE gD 220 2 22 KA, 2021:1-3

HUANG M. Effects of long-term fencing on vegetation, soil,
and resilience of artificial grassland in the “black soil land” of
the three-river headwater region[D]. Lanzhou: Lanzhou Uni-
versity,2021:1-3

HOBBS R J, HIGGS E, HARRIS J A. Novel ecosystems:
implications for conservation and restoration [J]. Trends in
Ecology &. Evolution,2009,24(11):599-605

PR3 SERE A, A5 A ) S R A O T G i i e T8
o HERAE Y A W R (], AR SRR, 2021,41C07)
6862-6870

REN Q, Al Y, HU J, et al. Effects of different yak grazing
intensities on soil and plant biomass in an alpine meadow on the
Qinghai-Tibetan Plateau[J]. Acta Ecologica Sinica, 2021, 41
(17):6862-6870

UG, B R, A5 O i LR e R AT ) A A AL A o
fESAHILT]. T RIXHFST,2018,35(1):207-216

LIU P,MA H,ZHI Y B, et al. Ecological stoichiometric differ-
ences of nine typical eremophyte species [J]. Arid Zone
Research,2018,35(1):207-216

YONGFEI BAI J W. Grazing alters ecosystem functioning and
C: N: P stoichiometry of grasslands along a regional precipita-
tion gradient [J]. Journal of Applied Ecology, 2012, 49 (6) :
1204-1215

VEEN G F, DE VRIES S, BAKKER E S, et al. Grazing-
induced changes in plant - soil feedback alter plant biomass allo-
cation[J]. Oikos,2014,123(7):800-806

CHEN H,ZHU Q A, PENG C H, et al. The impacts of cli-
mate change and human activities on biogeochemical cycles on
the Qinghai-Tibetan Plateau[ J]. Global Change Biology, 2013,
19(10):2940-2955

JEREAT. . OO e R g FE R AL e C LN, P AL A T R
K FRGr WA RE D], 22 M 22 K2, 2023:2-4

ZHOU C H. Effects of grazing intensity on leaf C, N, and P
stoichiometric characteristics and nutrient resorption of alpine
meadow plants[D]. Lanzhou:Lanzhou University, 2023:2-4
GUSEWELL S. N: P ratios in terrestrial plants: variation and

functional significance [J]. The New Phytologist, 2004, 164
(2):243-266

RIEE R oA T JEE 55 R 2 0 o8 A AR S LR BN DA
PO IR [ D] 20 H AR K, 2021:2-5

SONG M J. Effects of grazing Gansu red deer, yak, and
Tibetan sheep on Salix cupularis shrub vegetation and soil in
the eastern Qilian Mountains [D]. Lanzhou: Gansu Agricul-
tural University, 2021:2-5

A BT DR AR A 2 R P R A 7 O N R A
FEREAY I (D], 2  PE AL R AR K %, 2020:13-14

LIU J. Response of plant diversity and productivity to fencing
and management practices in the grasslands of the semi-arid
Loess Region [D]. Yangling: Northwest A & F University,
2020:13-14

[16] AR . =25 10 A B F AR BRXT BB RE IR PR [D ]

Wi VG AR BRRE ¥, 2022:2-8

LI M Y. Evaluation of the effects of fencing duration on soil
infiltration capacity in the grasslands of Yunwu Mountain[D].
Yangling: Northwest A & F University, 2022:2-8

WAT AT . S ECHCT T B i IR R R S R 2 T e
PEIAGID ] M VYL AR MR £ R 2, 20241 10- 11

TUO H H. Assessment of ecosystem multifunctionality in typi-
cal grasslands of the Loess Plateau under the disturbance of red
deer grazing [D]. Yangling: Northwest A & F University,
2024:10-11

Tk w, B PSR, MRS W A BN Tk
FHEARMAELT]. A=W ZFE1E,2009,17(6):533-548
FANGJY,WANG X P,SHEN Z H, et al. Methods and proto-
cols for plant community inventory [J]. Biodiversity Science,
2009,17(6):533-548

ERIC GARNIER J C. Plant functional markers capture ecosys-
tem properties during secondary succession[J]. Ecology, 2004,
85(9):2630-2637

HE M,ZHOU G Y,YUAN T F, et al. Grazing intensity sig-
nificantly changes the C: N: P stoichiometry in grassland eco-
systems[J]. Global Ecology and Biogeography, 2020, 29(2) :
355-369

YU R P,ZHANG W P,FORNARA D A, et al. Contrasting
responses of nitrogen: phosphorus stoichiometry in plants and
soils under grazing: A global meta-analysis [J]. Journal of
Applied Ecology, 2021,58(5):964-975

X F M, XSO M BERT A L RO A RO AE S R SRR
WAL T R AR S A Meta 20 #r [ 7], I 252 41, 2022,
33(5):1251-1259

LIU Y Z. Impacts of grazing on carbon, nitrogen, and phospho-
rus stoichiometric characteristics in global grassland ecosys-
tems: A meta-analysis [J]. Chinese Journal of Applied Ecol-
ogy,2022,33(5):1251-1259

D G MILCHUNAS W K L. Quantitative effects of grazing on
vegetation and soils over a global range of environments [J].

Ecological Monographs, 1993, 63(4) :327-366

[24]) TEWeE MM, ZN0AR, 55 . S Bl B 4 e Dt e 8 it



5 4 3

1% Bt 45« Eh JEEHCHON 25 55 L T A R - R SR AL A T R B9 B

1401

—
Do
(o2}

—

[26]

[27

[}

[28]

[29]

[30]

[32]

[33]

L A o B L B I T A S R (7] B0 2442, 2010€2)
175-182

DONG X Y,FU H,LI X D, et al. Effects of grazing and enclo-
sure on plant biomass and carbon, nitrogen and phosphorus stor-
age in typical grassland of Loess Plateau [J]. Acta Pratacul-
turae Sinica,2010(2):175-182

Sk BERE WA K2 AR UK IS I BT BT R I 5
R R LT ], e ARl 2022, 42(13) : 5458-5470
ZHANG P J,HUANG J H,MU L, et al. Effect of nitrogen and
water addition on productivity of desert grassland under grazing
background [J]. Acta Ecologica Sinica, 2022, 42 (13) : 5458-
5470

WANG L, XU H K, ZHANG H, et al. Grazing and mowing
affect the carbon-to-nitrogen ratio of plants by changing the soil
available nitrogen content and soil moisture on the meadow
steppe, China[ J]. Plants,2022,11(3):286-286
CAOJ,YANRR,CHEN X Y, et al. Grazing affects the ecological
stoichiometry of the plant - soil - microbe system on the Hulunber
steppe,China[ J]. Sustainability,2019,11(19):5226-5226

DU E Z, TERRER C,PELLEGRINI A F A, et al. Global pat-
terns of terrestrial nitrogen and phosphorus limitation [J].
Nature Geoscience,2020,13(3):221-226

KOERSELMAN W, MEULEMAN A F M. The vegetation N:
P ratio: a new tool to detect the nature of nutrient limitation[J].
The Journal of Applied Ecology,1996,33(6):1441
FEI R SCER GRS S OB SR £ 4 R IR AR R A Y
MR R B [T]. Rl Rz, 2020, 37(3) : 423-431
WANG Y L,ZHU W Y,HOU ] J,et al. Effects of grazing on
leaf traits of four degradation indicator plants in Guinan County
[J]. Pratacultural Science,2020,37(3):423-431

MCSHERRY M E, RITCHIE M E. Effects of grazing on
grassland soil carbon: a global review[J]. Global Change Biol-
0gy,2013,19(5):1347-1357

VEIE I, BRAL, E L AR SR X 4L P (Reaumuria
soongorica) Jf M - 5 e Z B AL 27 1 L B2 A M R A 52 e
(7). sPEPEE, 2025(2):119-128

WANG Z J,CHEN M, WANG H H, et al. Effects of grazing
intensity on the stoichiometric ratio of carbon, nitrogen and
phosphorus in the soil of Reaumuria soongorica shrub and its
reproductive characteristics [J]. Journal of Desert Research,
2025(2):119-128

AR . AR I 0 S  IX e S ) b MR A R AR R ik
BORIH BRI D], 2290 - 22 MK 2%, 2014 18-26

LIS Q. Response of soil nutrient characteristics to grazing utili-
zation in alpine meadows of the northeastern margin of the Qing-
hai-Tibetan Plateau[D].
18-26

Jr W B8 SR U, AF LA [ BT I P b s R D
B E S R E R m L T]. /K 2 0RERRFSE , 2020,
27(2):9-14

FANG X,GUO X L, ZHENG R B, et al. [J].
Soil and Water Conservation, 2020,27(2):9-14

Lanzhou: Lanzhou University, 2014 :

Research of

[35]

[39]

[40]

[41]

[42

[

[43]

BRI RIGE AR, RO S ORI A ) A
A E [ T]. e, 2013(6):80-85

JIA'T T,YUAN X X, ZHAO H, et al. Effects of grazing on
dominant plants and soil nitrogen and phosphorus contents in
alpine meadow [J]. Chinese Journal of Grassland, 2013 (6) :
80-85

AT A R T 2O e Y e R 4 S ML AR 40 R
PEREE IR LD Y. IR« A 5¢H R2F, 2022:31-35

LTI H Y. Effects of different grazing regimes on soil organic
carbon fractions and their stability in typical grasslands [D].
Hohhot: Inner Mongolia University, 2022:31-35
B4 e, O BOREAR L AF R S R B X A R A
BALPE TR 2w [T, N 520 eoll R4 24 4l CI AR B2 D
2014,35(5):75-79

SA R,CAO F,AO T G,et al. The effects of short term graz-
ing intensities on soil physical and chemical properties in the
inner monglia typical steppe [J]. Journal of Inner Mongolia
Agricultural University (Natural Science Edition) , 2014, 35
(5):75-79

ST, TR, AR A LS R A5 e e
AT AL S HzS R S Ak B S R (D], A2 AR, 2021C15)
6257-6266

ZHANG Z X, YU Y L,LIY Q,et al. Effects of grazing inten-
sity on soil organic carbon and its spatial heterogeneity in desert
steppe of Inner Mongolia[ J]. Acta Ecologica Sinica,2021(15):
6257-6266

BRI SC, B T RLC, 5 H N B R A 0 MR R A TR
REN BRI R [T]. REBE2E L 2018(1) 1 157-164

MA Z W, WANG H,YU Y W, et al. Short-term response of
forage regeneration to mowing in winter pasture of Gansu red
deer[J]. Pratacultural Science,2018(1):157-164

WH T . PR B (Cervus wallichid) 5y T2 58 FRAS
FHRFELD]. M RE AR AL MOl R A%, 2016.:45-57

HU H J. Studies on the molecular ecology and nutritional ecol-
ogy of Tibet red deer (Cervus wallichii) [D]. Harbin: North-
east Forestry University,2016:45-57

&) FRESPN o 7 R Y N i S UL =Y VA NS N e o
B R A A A A AR AR AT ST [T ] 04 R Aol A 22 41 C A 4%
Fh42),2023(1):88-98

LI P,LING T W,YANG Z Q, et al. Eco-stoichiometric char-
acteristics of carbon, nitrogen and phosphorus in leaves-soil of
Pinus massoniana plantations with different forest ages [J].
Journal of Southwest Forestry University (Natural Sciences) ,
2023(1):88-98

SEWIES, VR R, A 7 R AR LS BRI DA [ R v (G A
Yoot i - AR S A AR T). R, 2021C1) 1 131-140
NIE M H,SHEN Y,LU Y, et al. Eco-stoichiometric character-
istics of leaf-soil of dominant plants in different communities in
desert grassland area of Yanchi County, Ningxia [J]. Acta
Agrestia Sinica,2021(1):131-140

UGBS . g 2130 R SRR TR B 0 - R A 2 Al A T e R A AT
FE[D). BE AT ik, 2023:32-36



1402

= o ¥ #

o534 5

BA G D. Ecological stoichiometric characteristics of leaf-soil in
tree, shrub, and herb layers of natural forests in Kanas[D].
Urumgqi: Xinjiang University, 2023 :32-36

LRSS, SO VR bk, 55 . e 98 3l R OR M7 i Bt R R
Hem BT RERELT ). AR 425 4, 2023(21) :8749-8758
BA GD,WANG W D,XU Z L, et al. Stoichiometric character-
istics of carbon, nitrogen and phosphorus in leaves and soil of
Arbor, shrub and grass in Kanas natural forest[J]. Acta Eco-
logica Sinica, 2023(21) :8749-8758

FRAE, SR AL ARk, AR L b G R RO A B BB i
U e A A RRAE [T]. A A 35 24 i, 2019
(8):658-671

CHEN C,ZHANG S J,LIL D,et al. Stoichiometric character-
istics of carbon, nitrogen and phosphorus in plant leaves, litter
and soil during vegetation restoration in the middle subtropical
zone[ J]. Chinese Journal of Plant Ecology, 2019(8):658-671
NACRY P,BOUGUYON E,GOJON A. Nitrogen acquisition
by roots: physiological and developmental mechanisms ensur-
ing plant adaptation to a fluctuating resource[ J]. Plant and Soil,
2013,370(1):1-29

TR 2 LR A B KGR R - RS
feg it e S N RS 22 R (1], Mol Bl , 202506)
61-74

ZHANG C W, WANG X, AN K, et al. Ecological stoichiomet-
ric characteristics of leaf-soil and differences in plant homeosta-
sis of restored vegetation in the Loess Hilly Region[J]. Scien-

tia Silvae Sinicae, 2025(6):61-74

[48]

[49]

ELSER J J,FAGAN W F,KERKHOFF A J, et al. Biological
stoichiometry of plant production: metabolism, scaling and eco-
logical response to global change[J]. New Phytologist, 2010,
186(3):593-608

WANG 7 F,ZHENG F L. Ecological stoichiometry of plant
leaves, litter and soils in a secondary forest on China’s Loess
Plateaul[J]. PeerJ,2020,8:e10084

R SR . ORI B Xk 85 b 5 4 e 7Y e JURE R A K
SRS )] A PR B 2R, 2017, 26(12): 2016-2023
LIU J H,ZHANG T. Response of plant characteristics and soil
nutrients on grazing disturbance in typical grassland in Xilin-
guole[J]. Ecology and Environmental Sciences, 2017,26(12) :
2016-2023

LR, AR RO e B AL SR A 2 Al
FI R AE AR [T, Rk 224, 2018(12):94-102

AN Y,AN H,LI S B. Effects of grazing on ecological stoichio-
metric characteristics of soil and dominant plants in a desert
steppe[ J]. Acta Prataculturae Sinica,2018(12):94-102

FIM, 8 R I, sl JE | 55 OO S R B TR A e R SR
oy i AL S T R R AR B S [J]. F 4 R R 2 2021
(6):56-62

BATL,CULY Y, LIU Z T, et al. Effects of grazing on leaf
nutrient content and stoichiometric characteristics of dominant
plants in a desert steppe[J]. Animal Husbandry and Feed Sci-
ence,2021(6):56-62

(GiEhHE &)



