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Response of soil ecological stoichiometric characteristics to grazing intensity in

Stipa kirschnii grassland

ZHANG Xuran,ZHANG Weiqing* , WANG Hairu, LU Xiaoxia, CHUN Feng,SAI Xiyalatu
College of Geographic Science, Inner Mongolian Normal University, Hohhot 010022, China

Abstract;: Ecochemometrics aims to study the balance of various elements in an ecosystem, which is of great significance to
the exploration of soil organic carbon ( C), total nitrogen (N), total phosphorus ( P) element cycle, and soil nutrient
limitation. In order to understand the soil ecological stoichiometric characteristics of Stipa kirschnii grassland, this paper
took Stipa kirschnii grassland in Inner Mongolia as the research object, and conducted sampling analysis in pastures with
different grazing intensities. The results showed that with the increase of grazing intensity, the content of C and P first
decreased and then increased, and the content of N first increased and then decreased. Soil C/N first decreased and then
increased , C/P gradually increased, and N/P first increased and then decreased. With the increase of grazing intensity, the
correlation between C/N and organic carbon increased gradually, while the correlation between C/N and total nitrogen
decreased gradually. The C/P of light pastoral area was enhanced by organic carbon. N/P in the middle pastoral area was
enhanced by total nitrogen. The main limiting factor of C/N is organic carbon content, while the main limiting factor of C/P
and N/P is total phosphorus content. Different grazing intensities will affect the relationship between soil stoichiometric ratio

and other substances, and also change the strength of each limiting factor of soil stoichiometric ratio.
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A AT 2RI A S R G 45 JC B (B Al B RLF, T LUK £ A HLIK (C) 2R (N) 2B (P)
S FRICE ZIAI 2 FORBEIE XI5 00 1 P A e, C NP R A W) B B 1 T R R DA SRS ) AR R 3 A
BRIUR, S 5MYNYRIEAREER RSN RIR A R R 7K S04 R 3838 i 5 i 0 R ik 2 7
FHEA AT RRRAE Y AR R W TR SR T R YA R R A C NP DR KOoTE Z HY

BT B AR L2 B R TR 40% , BCRCR R R i 8 i R X TR
I 5, A S 2 BT T RAIGER | e T 45 A 5 R S B 28 R S AT R, R b2
THRRHIESZ CO, MR BT Bk | Filith XU T 5 R A ADTRE | ORI AR Ak A2 e | LA 25 A48 SRR AE B
B ] XA AR AR BB AR 22T B A A5 AR A AR A BT 3 A T R e R
S IR, DB e 8 L R IR 2 SR SRR = VTS SR X, a0, A5 AR5 B0 7 S MR 8 R /N 323
F [ e (E, C/P A N/P IR T IR E 3 (E ; T s 7 C/N  C/P Bifi T )2 R EEFEAR, C/N . C/P N/P B
SiRRE R AR I AR H DX )2 /N B A R 8 i R AN, LA bt B I T TR T Y
B R ZE X C/N N/P B 2 VR TR AL 24O B 2 A s s N PRI e B o s
C/P T FIE F 2 Oy WrAe PG b o J X B+ e A Ak 2 T R Wi I R A R B 5
RO R C/N R C/P /NT TR St S A 7 38 2 B 5T PN 5 iy P48 DL R R R B A X 5 A
X C/P M N/P A 225, STOHAK T S8 i B9 P9 58 oty i T A JB R B JG 15 B P R C/N RS0 A 348 o o
i, PEIL, AEF 2050 SR AT X AN R A 5 i+ 35 A 0 AR A5 b4 e A R I (EL 25 S TR TRl HL AT
Xof PN 5% iy o AT S XS (R BSCRC BE  eA AS A R AR A S R R IR A

AMFTE LA N Sy 58 FCAET 56 B RO RIS IX I8, 30 BROAS [R)JBCH0HR B T B3y + 38R TR A . B TE DL LR 1)
B (1) 3BT RI B T A M RN + AR S A i FURRAE . (2) RIS ) OO0 3 T - 48RS
et S 48 C N P IISE R, (3) F-HOR R B T %t 48 A A5 Ak 2 T i Fb i 29 M 505 1 HE A
NI T fift 38 A 25 A 2 R b T A5 B A i 7 75 00, O o e 39 52 40 B S 4R R B A B

1 #MR57FE

1.1 AR IXHEN

WFSE XA T P4 5% kv T O LA IR 4 5 4 90 K (44°35'—44°57'N, 113°55'—114°15" E) |, kb4 Ak sB 8y sk
ARFET RS, oI MK L Fe b X, 34y AR L ] PE R AR}, 4K 1240—1483 m, SEJE F iR 2 TR K
EivESE, HE T RN B RN KB LAF95% ) FFEE R 0.6°C - FHFEKE R 223.56 mm,
A4 78 i oM 1896.3 mm 338 A I TEAE - IR SEAS L R R AP LU ST ISR 3P (Stipa krylovii) 3, W5
XAIASLATRHO A 7, H 1996 4FSEA T & wORURAL” i, 2B T 9 FIA a2, 284 2L 46301 30 4, 1
FHEWMZ R EARFRER,
1.2 IR AR AR

FEWFIE IX e85 M S AH X 3 MR EERLY | [ 2003 4E B4, 4 B HUHorE & 80 IS i A e .
MR B B TR B S B0, T B T 3 N IR £ 0.34,0.69 , 1.53 (E L /hm? ) |, 43 5% 58 B Ak
(M) P BETRCHC () R E R (EE ), IF LA 2001 AEZEHUE HE (0 2 BA/hm®) (ORI N R (F 1), =
Y BN 1258 hm? | FP 835 hm®  FE4A 510 hm?® DA KZEHC 310 hm®, H37 [ b 10 B HES 40 51 4 1R 2%
P BRI L FHAR PR B3 2 [RIAH IR 18—50 km, DA B3 R SRAE X AR X Bl ML 328 B A A, 3
20 MRS, BENEESAZIE 30 emx30 emx30 em HH#, AR KK AE 0—10 em ,10—20 ¢m ,20—30 cm £ )2
FTHURE | TR AE R R HUAL B A B 48D A M S0, i AR ST 2019 4F 8 A oR4E.
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F1 HFHERBER

Table 1 Basic information of the samples

FEHIZE R 3 IR TR R R AEL FERHHEY

Sample type Pasture area/hm? Altitude/m Sample points Major dominant plant

R No grazing 310 1330 5 o AT (Stipa krylovii) 2fEH(Leymus chinensis )
124 Light grazing 1258 1337 5 58 FC TS (Stipa krylovii) \F5E( Leymus chinensis )

B8 (A, frigida Willd) | B& T ¥ ( Cleistogenes ) . 2 HR 74

Moderate grazi 835 1319 5
B Moderate grasing (Allium poryrhizum) , JKERZE ( Chenopodium glaucum )
T4 Heavy grazing 510 1297 5 FEBKJE (Potentilla) FRIKIFEAE ( Convolvulus ammannii) |

P& EL( Carex duriuscula)

1.3 FEaiE

T AR  FAR RIS BGE ; L EIRB(E (pH ) < ALINE 1k BRI U0 e AL BLIRE
Ak A B (OF5 s RIS TR
14 Hdlakbae

FIFH SPSS B A3 A AN [R] i B A [m] T 2 %k 5 G A 25 it A B A Jo A Ak 27 1 8 LU 9 52 10 ( One-way
ANOVA) ,iz H Pearson Correlation 73 Hr b1t b5 148 C N P AUAHCH: R — o4 M [l AL 73 B b2
T S 3% ¢ N P WLEIRAS ;12 Origin 9.1 A2,

2 HR55%H

2.1 AR

LI HTIEFE X 0—30 em HHERAVEFUR B (3K 2) AL 2R S EFE 50 :11.78 .0.92
0.18 g/kg, pH . HHE H/KRFHIME K :7.49 1.28 g/em’ 10.59%, Hob AN 2R AW SKRRE T
A5 5 (24.74%—31.86% ) ;pH AR T 5948 5% (5.63%—7.68%)

®2 HRELEMER
Table 2 Soil properties of the study area

s b AL A = o ki
Index Soil organic Total nitrogen/  Total phosphorus/ pH Soil bulk density/ Water content/%
carbon/ (g/kg) (g/kg) (g/kg) (g/em*)

SEH4{H Mean 11.78 0.92 0.18 7.49 1.28 10.59

e RAE Maximum 19.94 1.30 0.33 8.21 1.45 18.58
Fz/IME Minimum 7.04 0.55 0.09 6.54 1.10 6.29
Fr#fE2Z Standard deviation 3.19 0.23 0.07 0.42 0.10 3.52
85 Z 4L Variable coefficient 27.04% 24.74% 37.98% 5.63% 7.68% 31.86%

PP 1 AT B RO B A3, b S LR N 25 i Sl S 38 0 2 v T AR 3 (P<0.05)
T A A B 2 8] G 35 PR 25 57 s R B I 5 D, el i e b R, A 2B pH FEA b B
[ P AT S 2 25 5 5 S /K R R TRl /D R 2 e T AR OR L ( P<0.05)
2.2 ARFEHGEE T +3% C N P J1at UERE

& 2 AT Bl TR B A3 K C/N FE 0—10 em ,10—20 cm 5 I /0 5 H0, 20—30 cm 2 #i48 n
0—10 cm &b, G EH A HOH LE SN (P<0.05) 510—20 em AbFEHCE 3 5 T4 ( P<0.05) , 7F 0—30
em, C/N SEi/b G hn , 4k B T HAB X IH (P<0.05) , C/P 1E 0—10 em &3 MNE /D ;10—20 em SE05,
DS HEN ;20—30 em BWHE N, BTA X2 R R B2 . 7E 0—30 cm, C/P WG, 25 DX Sl 1] TG b 25 Pk 2
5o N/P #2451 2 TP BB I 0 B9 # B 0—10 em A1 0—30 em, HHCE 2 B TRMOM B4 (P<
0.05), AI UL, FEHXT C/N C/P MR EE i K, P 25 N/P,
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Fig.2 Characteristics of soil stoichiometric ratio under different grazing intensities
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23 EHbHIMERSEE C NP R

H 2 3 0 FEES X, C/N . C/P N/P #5 P 2 B A (P<0.05) , H C/N 5 N 2 83 fi A 5¢
(P<0.05) , TERHXH,C/N 5 C 2B EEMEM(P<0.01),5 N 5 5B E A (P<0.05) ;C/P 5 C 2
EEACE(P<0.01) , 5 P R B ERM(P<0.01) ;N/P 5 N & W F A XM (P<0.05) , 5 P 5 540G
P (P<0.01) , FEHFHIXH , C/N 5 C BB FHFMEME(P<0.01);C/P 5 P 2 BEAMIE(P<0.01);N/P 5N
W FIEMK(P<0.01) ;5 P 2R FRAHIIL(P<0.01), FEHEBIXH,C/N 514 C N P TR EMLEHE; C/P
M N/P 5 P 2 BERHILE(P<0.01),

®3 TEUFTERSEREROMEXNE

Table 3 Correlation between soil stoichiometric ratio and basic properties

TR St WAL e Lk AL
Grazing intensity Index Carbon nitrogen ratio Carbon phosphorus ratio Nitrogen phosphorus ratio
e LK 0.212 0.310 0.309
No grazing 25 -0.633* -0.333 0.157
£ -0.609 " -0.751"" -0.515"
B A Bk 0.723** 0.718** -0.023
Light grazing ot -0.625* -0.081 0.529*
K0 -0.089 -0.646** -0.749 "
T ALK 0.810** 0.463 0.096
Moderate grazing 25 -0.456 0.370 0.641**
K0 0.364 -0.733** -0.837"*
I A Bk 0.446 0.266 0.059
Heavy grazing 2R -0.320 -0.198 0.012
SR -0.231 -0.675** -0.730 "

* % FRTE 0.01 7K FH I M (P<0.01) , * FRAE 0.05 /K I i 246 5 (P<0.01)

H 3 A &R S C NP RIFFEELME R O/N 5 C LA 7 FE N y=0.8606x+3.2835, 5 N i
BN y=-9.9731x+22.5757 (n =60, P<0.05) ; LA HE K. C>N, C/P 5 CHIUGHERN y=4.061x+
25.8508, 5 P (A I y=-267.4963x+121.8335(n =60, P<0.05) ; L&A K. P>C, N/P 5 N Wil4
TN y=3.2538x+2.6438, 5 P (LA TTFEN y=-19.4916x+9.2071 (n=60,P<0.05) ; LA HREE K . P>N,

3 Wit

3.1 R[RIICHCGEEE TS 148 C N P RHE

HHEA UK 2R SRR TR AES RGP GRS T, S R A K R B RE T EEMER AR
BT, Bt ICHOR BE A I, C P & BRI TR, X 5 R g R BT 45 SRR ) ; ki
AT FE S5 AR, N S e TR e AR, 2 5 = B g ST R AR E A SRR IR O HL, FX C AR
%, XA RESE R RS v ARG MR B B, R ECC P IHAR IR HE X T R R AR R
Zod KA AR ¢ P nR R N 2R R A YR S R DY AR, 4% R A B )
A, Al REE A R AR AR | B IR Y Sz SRR BN T N B E AR KT N TR SR B G
PIAFRE B2 3 0 b A i R B A SR B e, S EORE Y 5 AN - SR R E W R AR AR HETRTRZ IR C N
P &g, 138 C NP AL AN BB — A B B AT e o 3 0N TS A4 AR A S T ek 2D SR A
5 53— AW B T ik R 1 7 S A 40 10 s 400 R 0 0 I itk 0 o A B0 A T A W T B, 3 S SR
BT MR NP A S RO LA 56, B’ AT TR B B A R AR L AT O, th T B R E Ak
T K2 0 3R TR AR K, B & R WA A B A K7 e — e R A 4 [ 3+ 3 i A= )
D N RIS AN I AERAERE I T S AR IR S s T R R i, RIEESOK R
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B3 THEAEFITELS CNPHUAXE

Fig.3 Fitting relationship between soil stoichiometric ratio and C, N and P

W, X 5 W BIRFFE A AR TR, 25 T e B K R T RO BT RS e T+
BEALBR i R HEKRPERRIEES , oKD A ER N, Bz, 13 C N P W E R MBAEZ Y A Y a UE
WA S A LR R RS R
3.2 AR EE T 3 C N P & HUARE

13 C N P AL AR AR R RAF L HE C N P BB ERE AR C/N AT LME R N 5L fE I 3
PR C/NAE 0—10 em Al 10—20 em BRX AR R, X S HME) SRW R ARF T A AR, HE T
SRR E AN A ESEIE Y X T B BT X e A AR 2R A U A R ARG e AR
fe—5 4l C/N did e — AN R E BTE L, 76 T4, X R e HLER S 2UNFE IR, & HEt i £ &
it B ] RRRE P B 5 A X S L 2 A s 1 AR AR RRAE . C/P 2487 1R - ki dnak, C/P
RACE 3 RE S 1 AKHFSE BEGR BE O34 AN C/P BR8N, 18 5 2R MokH e AR o v oA B2, B
TAEFEE X G RWE N BB RARR] X BT A LR TN A R AR B A T
i AH S T E AR RTR, SECL LR AR, N/P AT RUARER N P FR AR DA S 2 3540 R il 1) [
Y HHEUA AR A5m TR IROL R AHIFGE N/P Rl B e 5 b | X 5 e gR
FIRFFFE 25 SRR R] , ELAIG T 4Bk SR AR BT N/P I H K, 3 BT A4 O3 A 33 0 1
R B s A AR T A 2 M AR . IF B UENE 5 R U], U3 P FAE ) B e A4 B 12 5
A B EE R AR A SR LR
3.3 AR T TR ILS C NP KR

AHIFGE H BE A B B R 55 5, &Y RN R R AEAR AL, C/N ZEASHOIX 58 ALk | 4 &R 2 W
I (P<0.05) s FRPIX 5 A MU AE e ; A X 5 A S8 Es , 2T R YIS C/N BAHE
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PEYIARRZE, H C/N5 C N WEIERE R AP>2 R, X2 0 TR S oo BT #4748, +
WA ITCRWEMEZFE R R ERRNES, S80S /N ZE KR K A2 Bl RA RS /N %
F., C/P TEESMCS 20 B EHEAH I (P<0.05) s BS54 Pl | 2 i B A5G (P<0.05) s T EEHCS 4 B & A0
X (P<0.05), H C/P 5 C.PIAEIEIRE R . B >A L, X C/P fEARRRERE T, ZEFEAN—E
FEAE  AHURXT C/P Ms2m /N T 48, N/P 285 2 ik B3 H G (P<0.05) ; B S &R &0 o 4 ¢
(P<0.05) ; P25 2 B EHIE(P<0.05) s R B E ML (P<0.05), . N/P 5 N P (HIA IR EN .
>R, XU N/P (29 R R AS 2 Bl A OO B A A8 A i el AR | i 4 AR N/P 2 i R % )
HIPE, (AARYRERYERLS , & E T L 2200, WA B AL, O C N P fb2E TR 0 52 37 31 %
KSR ELE T

4 #ig

Bl O BE A3 N, C P S R SRS e N S RS S BRI O S SR e R A THAE I E R
EH ., 13 C/NEREINE & C/P BT N/P SeTtm 5 AL, 3 B AU N/P g, 78 C/N 284k
o, 5 LR SCHEZ W K 5 2R A SR B W0, B AR, i YIS C/N A EHE R B 3
£ C/P Afbr il R EAEH DR IXH C/P 2 A MU E A g as . 76 N/P A8, &l 5 B
YER, O A VERGSE, C/N 2RI R A RS i, C/P F N/P B RGIH R RS, ik
SRR A 2R L S H AR R A OC R B HIE AR LA R IR R BRI,
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