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Abstract: The way of land use affects soil nutrients and influences of stoichiometry characteristics was investigated by
analyzing four different types of shallow soil (0—25 cm) taken from four different land ( grazed grassland, enclosure
grassland, abandoned land, farmland) in the northern piedmont of Yinshan Mountain, and the soil organic carbon (SOC) ,
total nitrogen (TN) , total phosphorus ( TP ), available nitrogen ( AN) , available phosphorus ( AP), and stoichiometry
characteristics were determined. The results were as follows; (1) In general the soil was impoverished and the nutrient
content was low in the study area. The soil SOC, TN, and TP were 14.57, 0.63, and 0.76 g/kg, respectively, and the AN

and AP were 39.87 and 6.72 mg/kg, respectively. These five indicators showed modest variations. (2) Soil nutrient content
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and stoichiometry characteristics were significantly affected by land use patterns. The SOC, TN, and AN in grassland
(grazed grassland and enclosure grassland) were higher than those in agricultural land ( abandoned land and farmland) ,
whereas the TP and AP were lower than those in agricultural land. The C :N, C:P, and C :P ratios in grassland were higher
than in agricultural land. Furthermore, the optimal fitting relationship showed that the C :N and C :P ratios were mainly
affected by SOC, whereas the C :P ratio was mainly affected by N, which indicated that both factors affected the C, N, and
P stoichiometry characteristics in the study area soils. These results have important implications for the theoretical
improvement of soil ecological stoichiometry and provide a scientific basis for constructing an ecologically functional recovery

program for the fragile ecological zone located in the agriculture-pasture ecotone of northern China.
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Yinshan Mountain
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Fig.1 Study area location and sample plots reality images

1.2 hRHeRERRAE

2013 4 9 H FAIFENFFY X EHE 4 A ARFTPERREE L | 4351 A i BOF L ( Grazed grassland, GG) (B B &L
i ( Enclosure grassland , EG) 78 ( Abandoned land, AL) FU#f L ( Farmland , FL) | 54~ FE s 59 48 50 3 DL IR 1
R 1, TERARAEHFR IR S” AT 5 A SRAE AL, B RAE L Z B BRI 2 200 m, TERRRAERT 5 2
(0—5.5—10,10—15 ,15—20 F1 20—25 em) Kt SRIFHEEARATEHE 5 D RAE AR — 2R ERER A 48T
AT

F1 MR
Table 1 Basic situation of sample plots
FEHL Sample plots FEHBAEDL Situation of sample plots
JBHE M Grazed grassland (GG) R LIRARE N 3, A 3R S B B, SR 229 30% , 275 <15 em
I H H Enclosure grassland (EG) CEFEH 11 a, A LUORAREEN 8 (Stipa) 3, 36 >80% , ¥ >20 cm
FAFH Abandoned land (AL) FHE T8 a MBI 35% K BAT, BB &
#FHb Farmland ( FL) BEFP 10 a 2247, SRBER 32 2 USCE

1.3 HERe s e

THEBAT ISR YR R i S | R H P REE Y T R MRS 5] s ARG HR DU S A i 43 Ry
4 03 BEREH R 1 AT IR AT AR SIS I 2 AR A FLAR 1.0 mm B9 HHETR S 2 2 £y, — 1l
E AN Fl AP, 75— FHFLAR 0.25 mm 9 3T 43, BE K12 <0.25 mm BYFE 5L E SOC TN F1 TP, 5 T 4 4
FRATFEAR B BRI 2 5 55 IR R A Ay
1.4 BdEotr

JH Microsoft Excel 2010 244 3E47 8048 2 BLAE R ; F SAS 9.0 B3 T BG40 (FL.R R 7 2253081 fil
BIE 5T .
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2.1 WFFEXEIZE(0—25 cm) 13 C N P & EAFE

I C NP AP AR R E R BEI R R

B4 14.57.0.63.0.76 g/kg; AN AP 405k 39.87 .6.72 mg/kg (£ 2)
(12.88%—55.81%) , H:rh, 7250178 S R B, TR 7 RO DLBR 1Y 728 S5 R BOUH AR 31X F2 22

P o i SR 00 T 552 B SO B M B S, R 2 ARG E A AT AE 5 1

VB ARG JHCHCRE ) M AT 4 23 i SR R AR B RYIR R

®2 HRRIEFSFELSIT

Table 2 Statistical results of surface soil fertility

JEZE . BFSEIX SOC TN F1 TP [+ &4

5 WA IR R bR O P AR S

BRI AT BILBR 5 A POl A 7 (B

sk el mﬁa% SQC éﬁsx TN L TP Wﬁ(&ééEgAN A B AP
Indexs Soil organic Total nitrogen/ Total phosphorus/ Available nitrogen/ Available phosphorus/
carbon/ ( g/kg) (g'keg) (g/kg) (mg/kg) (mg/kg)

H%/IME Min 8.21 0.52 0.61 22.96 2.72

i KAH Max 21.27 0.81 0.96 56.06 15.70

SEY{E Mean 14.57 0.63 0.76 39.87 6.72

PrifE2E Std 3.81 0.08 0.10 9.14 3.75

A5 FECV/ % 26.13 12.88 13.51 22.93 55.81
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Fig.2 Soil nutrition content in different land use patterns

GG, TR LD Grazed grassland ; EG, I HH Enclosure grassland ; AL, F#H Abandoned land ;FL, I Farmland ; & H AN [F)FhE s [ —F8hn

http ; //www.ecologica.cn

SOC



15 1 FARSE AR B RE ANF] - ] 2SR - SRR U A A A TR AR 5

SRS 22 N B (P<0.01) B 5 (18.24 o/kg) >HUM R (15.72 g/kg) >HiH (12.86 g/kg) >FifkHh
(11.45 g/kg) ; TN FH &2 50 B % (P<0.01) , B EH HH1(0.69 g/kg) > A HL(0.67 g/kg) >F#FHb (0.59
o/kg) >HFHBL(0.56 g/kg) ; TP X & 25573 B F (P<0.05) , #iH1(0.90 g/kg) >FE#kH (0.74 g/kg) >E 7 w1
(0.73 g/kg) >HUHFHHL (0.69 g/kg) ; AN I T52 TN (52 M A XK, HEP[A] TN — 3%, £ 5 FLhh (15.48 mg/
kg) > L (40.06 meg/kg) >FEHEHL(37.8 mg/kg) >HFih (35.14 mg/ke) ,HEF AL (P>0.05) ;AP &
Z 5 (P<0.01) , #FH (11.94 mg/kg) >FEBFHE (5.87 mg/kg) > H L (4.60 mg/kg) > & HiHb (4.47
mg/kg) o
2.3 A[FE:HF AL C N P fbE T RHE

Kl 3 o, 4 B[R] R SRR L 0—25 em HHE)Z 3 C N C:P C:P ¥WHFEM B EER (P<
0.01) , HLAEH (B 5 B H AU ) (9 C N C:P . C :P (¥R T ARBH (FH ) . C N BN EF
FIH(26.57) >HCBCE L (23.37) >#FHL(23.21) >FEHFML(19.49) 5 C : P S N EF H H (25.10) >
(22.79) >F 8k (15.95) >#FHE(14.40) 5 C P FE A K F L (0.97) >EE F M1 (0.95) > 578k (0.82) >#k b
(0.62) ,

G6 [ }ab GG [ 4b 66 [ Ha
= EG —a  EG —a  EG [
s L
2 L L
wn

AL [ b AL [ e AL [ 1+ ab
=
% L L L

FL }—— ab FL — ¢ FL H b

0 12 24 36 0 12 24 36 0 0.5 1.0 1.5
C:N C:P N:P

B3 AELHF AR LE C NP LREITERHIE

Fig.3 Soil stoichiometric characteristics in different land use patterns

24 L3 C N P RHAE R LA OC R

3 R AR IXIRJE LI 5 BHE IR & Z AR — 8 B AH G OC & H B K AR [F] . SOC A TN, SOC
AN (AP FI TP Z [] X5 A 18 25 YL AR G OG22 (P<0.01) 5 TP 1 TN (AP I TN 2Z 8] 1. 35 1) R EOC &
(P=0.03);SOC 5 TP AP,AN 5 TP AP X A& AEE (P 4354 0.31.,0.21.,0.36.,0.41) ,

®3 TECNPIREZENRMEEXER (N=20)
Table 3 Relationships among soil C, N, P contents ( N=20)

y

TN TP AN AP
soc y=0.013x+0.43 y=0.001x%-0.05x+1.16 y=1.80x+13.68 y=0.09x2-2.90x+29.17
R*=0.39 P<0.01 R?>=0.13 P=0.31 R*=0.56 P<0.01 R?=0.17 P=0.21
™ y=5.98x>-8.43x+3.66 y=56.52x+4.44 y=200.57x>-284.63x+105.09
R*=0.35 P=0.03 R*=0.25 P=0.03 R*=0.34 P=0.03
P y==115.93x2+154.53x-9.36 y=22.51x-10.47
R?>=0.11 P=0.36 R?=0.38 P<0.01
AN y=0.01x>-0.86x+24.96
R*=0.10 P=0.41

Kl 4 #B,S0C 5 C:N .C:P HEMBELEMIELR(P<0.01) ;TN 5 C:P 2B EFLHEFAL LR (P<
0.01) .5 C:N XEEZARE(P=0.72) ;TP 5 C:P C:P ¥ EW B ELIEF KR (P<0.01), AN, ME PR
ATLIAH,C:N C:P C:P Wbzt LA S FIIA SR R R T 50RO &
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01 os0C SOC y=0.648v- 04551 9
OoTN R2=0.73 P<0.01
25 ° o 0.8
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2 15 E
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5 1 1 1 1 04
10 16 22 28 34 40
C:N
30 r 113 09 r 713
®SOC  SOC y=0.588x+3.077 ®TN TN y=0.394x+0.296
OTP R>=0.87 P<0.01 O TP R2=0.71 P<0.01
25 1 1.1 0.8 F 1 1.1
2 K
220 40 o 109 % B 07 109 3
o0 Q. = > =
< | Tl R 0
Q T .. 1 < = <
8 15 g__o 0.7 & E 0.6 1 0.7 &
10 1 0.5 0.5 F 1 0.5
TP y=-0.011x+0.971 TP y=-0.505x +1.188
R2=039 P<0.01 R2=0.71 P<0.01
5 : : : : 03 0.4 : : : ' 03
5 11 17 23 29 35 0.40 0.56 0.72 0.88 1.04 1.20
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4 THECNPIESWHALFTELZEHXE

Fig.4 Relationships among soil C, N, P contents and Ecological stoichiometry

3 it 54R

3.1 HIEFRE R

B R Y AR K A IR, C N P TR MY AR A E AKYRIEA SR EE NS TR,
AW F M, BF5E X )2 3 (0—25 em) SOC TN TP AN F1 AP () F2 & 5430 K 14.57 ¢/kg 0.63 g/kg.
0.76 g/kg,39.87 mg/kg 6.72 mg/kg, 4 5H K 56 A AR vT LA E DFSEIX SOC TP ol 3 e (b I
ZEY) AP SN 4 JL (RS TN FILAN S8 5 g (R4 1™ R R BIFSE X SOC FiIl TP AFAT 4%
FH AP UL TN R AN BCORERLZ 5 TR AR R h A AR 5 (12.889%—55.81% ) . Mo & IR0 S &R
$(12.88%—13.51% ) #/IN, M ERLSR 50 FA AILAR (1) 28 57 R 4K (22.93%—55.81% ) AHXT K, ik 2R 4
IR F B AT ) BT R, K 22 LARRE ASAEAE AR 4 A LR 5 4 ol A= 7= (BFFE L ite
JIES AR ) | A A 1 o ik BB A ORI B VTG &R

A SO R S AR A, SOC & B YIRG TS Y U MR AR IR 2R 4 i 4
YT R I B A S, b T R D 0l T b A e R R 1) IR IR AD,
TF R AT - M SRR A AL R B AR A S, MR R A AR B 5 U T s AR
T PR Ik T e AL R RRIR T SOC i, IR, AHESE P 4 S FEHLEY SOC
T 2E T (P<0.01) , HEHL SOC 5 i 3% i TACHE L, X S5 AR ge sl R —20

N &R R E B bR, B W KRBT EZ —, 4 DR TN & A e il 3% 2 5% (P<
0.01) , HLWHl TN 75 2 b 25 1 TABk i, 330 35 2 PR Ry R B0 0 sl R 5 ik 3R 0 2 LA AR 3, PRI e 7 A5 AL 33
KR, 3R E W Wi, ST R AR , B3 KM e fOBEE N &S TR0 R 045
RPAN T TN B AR XS 3R, HEFP[R] TN — 2, (H 22 5 R B 3% (P>0.05) , H 8RN 95% KI5 T + 15
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AHLE B HASE DI BOR L N2 A B A (A e AL A R, R N AR

P RS W), AR TR, L3 TP & & 802 H 3 RE IR UM MR R ) Bk TP &
A R T A 3 (P<0.01)  THAL 3 & Z T2 A8 38 (P>0.05) , 3X 2 PN BHERE AL FBUCSE N T
Peilh s te— e R X H = —e i 2 R BRI AP S 38 TR, AP S EEAZ AN B
SO, KBV R B AR A e P A B 3 AP S B T RS [ SRAE A Y
3.2 3 C N PASAT R

4 C:C P AT P ERRAE 0T LS W - 56 HLBR AR BT R, 2R AR RN C NP fb2 AT
RIEAR— A EEIRIR

T+ C:N 2 58 C N EF AR FE bR, & 1 BT PP i B A, 18 C:N &3 520 SOC
N BOOEIR, BMRAY C N R0 L ea MU EA P fhs = Aoy -4 C N ¥{H 0 23.16 K T
NG JRFEBE X 358 (29.92) 7 (H A B F o I Bl b 240 ( 12.30) P2 AR G 7 5 TR IX A HAR AT X,
WNHE + R AX (8.23) Y 8+ i R HE (9.04—9.63) ) B Hyb A\ T A7 54K (10.65—15.56) 9 1%
FERLEL T VDR N T AR (14.80) ' 35 HUR S AL SRk (12.14) P77 RN R PRI o RV (8. 124 ) PV 4
AEXTHEL R ) C N (EL(23.16) FRIIZIX B 3 N [k C BBk = N &l 5 90, R E =, H 3% C 7 AL
o3 i R AT A HCR A, A, 4 DFERLAY C N AEAFAENL B35 25 53 (P<0.01) , FEH B i i P A Bk, X
DR b B R YR R A 2 | R TR ) IS IR i A L SOC S B AR Bkt 75 5 A, 5 st s 3 iy AR B B A AE
FRAR T XU, e T KUy 5 78 SR 0 O AR Bl R B, BRI A AL 8 2 /b T A B s ity T 20 A +
S A 392 v A 40K 40 Bl X by RDRE AT 5 B A 8 3 A T R R, (A5 AR AR BE T R it
G, BRI AR A EDINR , v B 3R o S i R

8 C P EHFE AR 3 P R LRE T bR, R B U E D A ALY R P S IR
HI R R P EWE I — e An, L E IR A K R B B AR, AR C P 2 i P AR
B —ANFEFR"2 4 BFSEIX A C P YA R 19.56 , AR T FE R -4 {E ( 52.70) PV RIB S R VDA T AT
25K (33.68—61.06) 00 AH T T8 4 i A M (19.62—32.27) 1 {H B T8 vE T vb O Hb O Ak
(2.69) " & HUR B bR ZR 4N (4.55) V7 RNl JR PR R VD (3.486) Y R IAWFIYIX L 18 P A RCEA
XL, P AL R AR X R AR Y o A I AR T 32 P R AT RN, 33X 5 B iR S N AEHENE IR
FEB R T 45 AR — 80 BRI, AN TG sh & mi b A K AR S R 40, b i e A5 A BT 75 19 € N TR
fGEZEER C N P AEIRIE A, (8 17 5 A 4 A Sl e i 2R AR e AR AR AR 24 AR BF 9 B 4 A R [l B i
C:P AN R 25 (P<0.01) , HE MR TAH L, 3 22 A LAY SOC 7 &t FAHE L &7, 1 A 4 b
e A = T R B AR A, 7F— B B3N T 3 P i SR MR b C P (A TR

3N FI PRSI A K E BT R, WRAR Y LA A7 0 P I mh A S, 13 C P fERT LA
FAVE N ARFIR2 WG b, FH o0 72 R BI(E Y ARBFIE R 3 C P (B R 0.84 (KT v [ fifi 1
P (3.90) B3 IR R Vb TR 50K (2.46—11.45) P9 (0 5 YEI /R FE 1 (0.498 ) 2 1% HUK 7 i AL 4 5
M (0.40) 7 Kty IRBEE RV (0.434 ) PV AEHAD TR TR IXAIL, R HE C P FEAZ N ], it —
HGUE TR IX 3 N = . 4 ADSASFEREHLAY C P {EAA e 35 25 5 (P<0.01) , FEHb iy C:P HEB E & T
FHFHL X FE RO E A N S8 T AN, W P SEE TR, 3 C N P bpitaas LR
X +HE C N P CEMELZ LI N>P>C, KA, C:N<30.C:P<14,% M C N LE FERERX L
B C N P Ab2Ad e S 2
3.3 HHFRS O ERARETTRRIE R R

W R, TR0 R Z A F R R VI M AR, RE 5T IR0 P8 hR Z [ A e R K
HBEFE Pearson HHICHEAHT , A TATRARIL A, S50 1, SRR AR Z AR N T B R LA K &R
B 55 AKXl R PR R AR T s Ay, RIS 2 M A AR MR A O R, B AR
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LRMERA RE LB R BUE T2 M B2 R Y R, A 5% e B 4k vk A 2R PEAR AR 45 & ok T LR 2
R, SBAEXT 5 TR FEAR P P Z BT iR R LA & B, SOC 5 TN AN R 7R i 3 R A E G R (P<
0.01) , TP Il AP FA7EM i F L MEAHICIC R (P<0.01) , TN 1 TP AP Z[B] 4 .35 (1) — I BREE R (P=0.03) ;
1M SOC 5 TP AP ,AN 5 TP AP XZEAREE(P 4514 0.31.0.21.0.36 .0.41) . KEMIFRLEREN, THEC,
N.P JCE A ETT R U ES 2 Mo REZ R EA — 2 MR (H AR 22 513235540 S i g
X 3 C N P IuZ A RAE S HX I 2 NI RIATRAMBIG KB, C N 5 SOC Z 8] A h i 2 4 A 5
KA (P<0.01),5 TN WE G K R AT DU R R EOC R FoR  HER R IA B B EKF(P=0.38),C:P 5
SOC 1 TP Z[8] R ¥ b B R AEA X5 2 (P<0.01) ,C :P 5 TN F1 TP Z[a R4 i BB PEA X 2R (P<
0.01), AN, MAHSERET LI, C N Al C P FZEZ T SOC &, C:P EEZET N &, X 50iR 5%
NBIRFFEEE A — 8 58 X 458 C N P fL2g il £ 228 F C N JT&,

ZE L RTid , A R Oy T s R A o i MR S A AR A — 0 25 5, R T o X 4 3
[t i e B B AR, A B F SOC At N IR 385 7 3 C N &t K H3 C N P fb2at it b, i
A ph R A 1R Rk, A 39 b % 0 A S Ak DR R £ AR B AR b, v R T LA, (A
TRIK PR RE ST R I 5 IEAh , B BB AR ER i R S N IR, A A T XHZ X
BRI B AT R SV SR B T AR

ARG B L AL REA A2 5 HF 4 FhAS [ R FH 28 8 4 7% 2 (0—25em ) - HEFR 0 R AE R Ak 243 T R AIE
HEFT T RIAESE X T A P2 X I8 2 RO 5 b s R AR E IR A A —E I KR, A I T BN
AK PR AR A RTRZ IR ISR AT A0 RS GO R R L A ) 25 o A R SE R R R
KA C N AP H 56 R IT R iE— 2B AR
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