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Abstract: The study on ecological stoichiometric characteristics of elements in soils is important to revealing mechanisms of

the circulation and balance of soil carbon, nitrogen, phosphorus and other elements, and the knowledge of spatial variance
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of the ecological stoichiometric characteristcs of soil carbon, nitrogen and phosphorus is conducive to soil nutrient
management. Spatial distributions of stoichiometric characteristcs of soil C, N and P in the topsoil (0—30cm) and
influence factors were systematically analyzed in total Hebei Province. Based on the soil survey data in Hebei Province, the
traditional statistics, geostatistics and ordinary kriging interpolation method were used to analyze the spatial variation
characteristics of C:N :P and its influence factors. The results showed that (1) The variation coefficients of SOC, TSN,
TSP and their molar ratios were between 0.1—1, which indicated that there existed spatial variability with a moderate
degree. In addition, the variation coefficient of C :N was smaller, which indicated C :N was more stable than N :P and-C :P.
(2) Topsoil TSP and C: N has a small range and strong spatial autocorrelation, and SOC, TSN, C: P and N P has a large
range and a moderate degree of spatial autocorrelation. Structural factors were main factors of influencing spatial variation of
soil organic carbon, nitrogen, phosphorus content and their molar ratio. From the spatial distribution, soil, carbon, nitrogen
and phosphorus content and its molar ratio did not show obvious increasing or decreasing trend. SOC, TSN, €:P and N :P
had the same spatial distribution trend. High value region mainly distributed in the north of Hebei and.the distribution area
was small. The low value distributed widely in Hebei Province. The high value of TSP distributed in. North Hebei, and the
high value and low value of C :N showed patch-shape distribution. (3) C:N, C:P and N:P wereraffected by soil physical
and chemical properties, land use patterns, human disturbance, climate and, topography so on. In addition, there were some
differences between N :P | C:P and C:N in different climate zones. C :N of study region was close to that of and the alpine
zone, and there was no significant difference from other climatic zones. G#P.and N.:P of study region were close to the
temperate zone, and there existed significant differences from other climate zones, which indicated that C : N was more

stable than C :P and N :P in different climate zones.
Key Words: Carbon, nitrogen and phosphorus; ecological stoichiometry; geostatistics; spatial variation
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T 3R N AR S R G B AL RS A3, XA A B AR K A A SRR M AR | B o R TR T 2L A
S50 57 S KO | SN U R A S AR HE RRIE X HE R LI 0 R B R AP AE IR ASE AL L
B 25 R G SR BR A o 4 L B X i 2224 T BR xh e A 85 0 A S 2k R 2R b AT
5%, Cleveland Fl Liptzin'® Fl| ] 186 1~3J2 - HE AWML B , ¥R T A Bfobk i | 2t S HoAh 1 et R Bk 10 £ S
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IRAITFE 32 2R AR 4 R R EESE TR RIAE S RS0 AR R B R R0 4607 T 9 -4 ¢ N A P
ARSI RERRAE , ORI C N AP AR A2 T R i 25 8] A2 S OS2 e IR B A T IR A A . PRI, AR 3
AR BHE IR R TAE L3 —— - AR A SR B 7e B R B 5 b 1 3R i U AR S A T Y
el 1V P R N S S I ok L S = W W V& L R 1 T A G N e Sy e S g d S T
SRR N 5 fre, 5 A Al (9 57 R #EA T TR OGAIBITSE

1 MAREBREARFTE

1.1 AT X B

AL Hi AL 25 28 113°27'—119°50" b4 36°05'—42°40" Z 0], PHALIRIL, RGN, ARmEEke) MmE
R, s A 18.88 U7 km®, A AE IR 9.67°C ; A K B 536 mm, J& TS AT G R - 12 1R A
KBS RS, A48 A DA s Jat | Ll kb P Do 32 WK e B S B P A 10 ZR B 2T Bk 3, i 15
Jo BRI A AR LA S R AR A 2SR R A R ORI RS R AT E R E £
/N R 3 WU 10X 2L = w0 e e e w735 By A S B Y N @ R e NG S S T 52
39.91% FkHb K 21.59% FIHEHI N 4.51%
1.2 B IERE R AR S

MR - ERE A R B LA R 2 (B 43 A (R 38 ST M AR TR, IR AT 5% X Bl b 5 e v, | BRI L e
A= R 156 MRES (1), T 2010 4F 8 H RH72 + (0—=30cm) KEA, 25 A 1 £148; [T,
GPS LSk ML RN AL BRI A2 TR PR AL iR SR A SIS B Rl I S0 == J5 Bl R A% o, 48 H AR
T JE L 100 HALGH, DARFSEE 0T, FF sl 1 - 580 HLRR S TR VR Bt R - o 4% R B ALk i | R IR Z0UR UL
FCE RUE A RER AP b ek ™) |
1.3 HdRab

S WL (35 ¢ N AP R HEE /R RGN C =P AN :P) , JH SPSS 17.0 Giit/rMr i #1745k 4¢
I J5 22508 (ANOVA ) FI 2 5 H#8 ( Dunéan ) S8 LG5 11041, GS+9.0 Bl i e p s 2545 B, H
ArcGIS9.3 B e AT THY A 38 e B AR (AR

2 HR55%H

2.1 FRBREMEE MR R STk

iz SPSS17.0 X 5T X 156 > 138 C N P S EER Wil AT S LB T HRRE i, S5 R 1, |k 1 7]
DIE A SR X AL 450 SOC TSN (TSP B HLEE 7R H 338 0 Y0 R rp (25 57 40K, U IR AE — 8 X 43 A
ARYIE] B2 S (H LA SIS R R 2 SR, 2 84405, SOC TSN F1 TSP (134 {843 51N 2.46.0.06
0. 11, TAES> 9 K2.38 0.05F10.10; C:N  C:PFIN: Py ¥ E 2 91 ~2.57 . 3.31 #10.75 , 1 {E H2.56 .
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Table 1 Statistics characters of C, N, P and their mole ratio

7 [ 4818/ Statistics - E T e e s
Ttem e/ ME S PNIER ¥fH e FrifE 2 C.v Skew. Kur.

SOC/ (g/kg) 2.38 62.21 15.43 10.77 12.02 0.77 1.43 4.72 0.000
TSN/ (g/kg) 0.26 3.97 1.29 0.98 0.81 0.62 1.10 3.49 0.002
TSP/ (g/kg) 0.25 2.84 1.23 1.10 0.51 0.41 0.47 2.70 0.019
C:N 6.62 42.27 13.57 13.16 4.61 0.34 0.38 4.21 0.002
C:p 5.69 183.89 35.77 25.06 30.61 0.86 0.37 2.70 0.000
N:P 0.39 12.55 2.61 1.95 1.96 0.75 0.30 2.91 0.000

SOC 1§ A LR, TSN 48 4%, TSP 18 + 3 485, C :N :P 1§ SOC . TSN TSP B /R HR
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Figidl Spatial distribution of the samplers, land-use type, terrain, soil and temperature zoning maps in Hebei Province
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Jei BN T SR AE L) S I S R R 52, oA B A 5], 38 SOC TSN TSP B L BE IR L3R 1 28 S R 4K
I3 BISRA T 0.1—1 2 Ja], #ie B S R B R0 254 5578 5k, C.V< 0.1, &8 7k C.V= 0.1— 1.0; 37
S, C.V> 1.0, 14 SOC TSN TSP e HEE IR L 3R A 25 0] A7 A i SRR A A8 S

Y T2 MR T H BEMEFE ST X SOC TSN TSP J HUEE IR L3 A R A 250, 1 — B FR B 1R
BREAS A A T B A i b 2 i L RE LR RS F v s MR GE TR, HE— AR T M G ik A T 1A
MBI 42 20110 25 ) A8 S 2540 0 A

Bt 0 TE 2 o A R R b GE 25 AT R R s R T A . R 1 T, A HEA T O
e SOC TSN TSP S HLEE /R HE A28 K-S Kl («=0.05) , BIAFF S IER M . SR1, 253 X8 s, SoC
TSN TSP % HEE /R L1 K-SP (B 43514 0.589 .0.747 .0.106 .0.216 .0.505 F1 0.447 , Y45 S IE S04, L,
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F 7% X 2% e ¥ 5 119 3% SOC TSN TSP K HLEE /R Fb 34936 2 gt i1 B R BE & 14
22 R BRAEBES i MILEE IR LAY 2 [ 2548 43 A

& U 7 et B LB IR L R BT Uy 2 pRECB AR B 1R 8F , SR GS+9.0 X i U 5 & S HBE IR HE R
HEFT AT, RN RIS AL 7= A B 4 8 L B el B S A E REEH S, EXIUANSE0h 8
B IR E R IR F I KD . Do REE KR WK 5 22 AR BT A 35 ROR BT
HRAE XA B, e i AR ALVE S SOC TSN FI C :N A SReAE 2Ky 22 sR AL A B | 38 BB RIVE R C <P i Beflt
07 25 RERIL G AR BRCIRAAUE S TSP RN =P e 7 22 R AU S RN (3% 2) o 3 Uil 54 M O
JEE IR LRI 25 ] o S MR A A v PR R R RE AL PR R L IV E R 25 5 . S5 A3, =i fee BRI b JB | L4
AN EE ] LT B R A3 1) 25 [RUAH DG, T BEATL: PR 2 A e B VERE it P il i S5 45 Fb A sl i 5 +
BSR o i A3 A AE DGR S S — Ak Ty ) R R . FEF T 25 RBURE R e S/ B (e A R A5 1)
AR SEVERRIE i HOAE RN, 2 BH b 25 R 1 R 25 A 1) 28 [R) AR S AR B A s [ =22, 280 el ML R 705 | /e 1) 25 (1]
AR SEPEFRRERL ) e 2 T RAF Y, 14 TSP M C N RYER G B/ 5L A 14> WK 5.4% Fl 18.8% (/N T
25%) , H HASFE /094 23km F1 22km ;SOC TSN .C :P HI N :P (& (/K G0 MM 37.6% 37.1% 49.9%
H147.0% (T 25%—T75%) , HHASFE G910 64 72 205 140 km, 2B TSPALC N ELA /NG 58 Z1 A 25 ]
H A, SOC TSN [ C =P FI N :P HAARKGu M | P AF R 2 1) ARG, 534, 254 P DR 38 2 - et S0
i B HLRE R L RS (R AR S ) R B R 2R

F2 ITEBEBREERILNESRYEBRERREXSH

Table 2 Semi-variogram model and its relevant parameters of soil C, N and P and their atomic ratio

WE Yl A A € (Cur) W RE(R)
Ttem Model Nugget Sill Range/km Determination coefficient
SOC =T Gussian 0.201 0.535 64 0.376 0.769

TSN =T Gussian 0.143 0.382 72 0.371 0.793

TSP BRAR Spherical 0.011 0.212 23 0.054 0.263

C:N =T Gussian 0.018 0.093 22 0.188 0.722

C:P F84U Exponential 0.274 0.549 205 0.499 0.654

N:P BRI Spherical 0.206 0.437 140 0.470 0.578

2.3 T BREBE S i LR IR Heos 1423 ] 23 A L

XoJ 2% Rl R i A LB UK LE R R A7 3 3 o HEAR AR (B (18] 2) . A7 B ZE AR R B (3£ 3) ,SOC TSN,
TSP .C:N.C:P FI N P {30 % (E-5 (e 3 A0 3¢, H. ME Al RMSE #5¢/0h, 0T UL, F) R o B A 4 (B0 19 23 [
T2 RARXS AT 5E

R3 REHRMEEZRITRE

Table 3 Precise statistics verification of interpolation

b FHRE  WIREE HERR(R) b FHRE  HRRE RRRRY)
Index ME RMSE Correlation coefficient Index ME RMSE Correlation coefficient
SOC 0.03 4.65 0.595 C:N -0.21 0.55 0.985

TSN 0.06 0.56 0.582 C:P 0.02 14.17 0.644

TSP 0.01 0.01 0.984 N:P 0.47 2.03 0.568

MAS TR AT AR R T | 3R b i Ul 7 8 B LB O L R B4 80 A 5 S T A it 8 i ik 149 2% A BILAEE , SOC
TSN .G :P HI N : P HATHH R 0 25 (] 73 Ha 3 e 5 i DX 3 B0 A1 70 b 3 AH o 4 v A b s (7R PR B 5K
SRR M X ) AR 55 4 DX 3 2 1 B i v SR IR ) A T X SR O 5 9N 47 R 9k 5 1 R L
SEHIX) o 4 TSP RYRIEIX F B K T B R R A IX, A T AR BTSN 1.32—
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TR 6.62—13.33, ILAh, i | W%, 13 C N ZERE ST X AR S R 500 0.34, 360 C N ZE% P 5T X )
25 [ A R RE | 1X B T R FURIA LR A9 23 [A) 43 A5 oA — 8ok, I S 83 € oN e 34~
23 [H NN RRE
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Fig.2 Spatial distribution of topsoil C, N, P and their atomic ratio

2.4 FHWRAEBEIR LA 2 W] 5 5 B e R 2
241 HIEEREXT 4 C N C PRI N P 52

FR A5 v [ - 398 % A A SRR U, AR ST X 328 2 22 mT UK 4R 6 K40, ANF 4R C:N.C:P FIN
P BEAFE—E 2T (£ 4) o C:NBER/NIT R I E 1 (14.87) >7K L+ (13.96) >Eh Bk + (13.38) >
FEZ A (13.21) >HRiE L (12.81) > AN £(10.82) , CH EBRSRIE 25 5 R g4, S HA 4 F H 517 7e
FE2E R (P<0.05) ;C P YA KNI . 915 1(47.69) >iHkiE1(35.97) >55)2 4 (31.57) >/K i+ (31.49)
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SERIR At (24.44) > N £(15.44) , A EBR S+ 22 A8 B34, 5 H AR DR - 38907 78 B E M2 5 (P<
0.05) ;N :P BH IR/ 1 F 1(3.34) >IHKIEL(2.77) >5Z 4 (2.34) >0+ (2.17) >Er i+ (1.91) >
AR (1.45) , Nh LRSI 22 78 040, 5 H AR R 1A A W2 M 25 7% (P<0.05) o FH LA 43T
ALHL N BB C:NLC P AN =P BCHAD 58/ HAR SR EEWEUN,

FRAE 36 AT ] > BARTE (USDA,1952) , ARBFFE X AT LAKI 2 H 3 Fl 2k 50 %) £ 39 Jo | AS [] 398 o b 11
C:N.C:P FI N:P HHWRIMAR (F 4) . — Mk, 25T Hb 3= 252 00 3K o0 A7 300t AR A S 26
LA LB A B, TR MR 338 € :N C:P FI NP, C:N . C:P Fl N :P AX(E K/NGF 20 . ib + >3 1>
FiEt C:NFIN:P HEZEFEAEE (P<0.05), 0+ 1 C:P 53+ FZHE 122 R B (P<
0.05) .

BEAh, 4% €N C:P Fl N :P iR 2 3+ HEB AL Mok 952 00 14 €N C P N =P B2 FN % it
RsZmsh, FEHA 2 2] 3 pH B HE TR, 3R S vTHL B C:N SBE & S A S AR B2 i +
B C P N =P 43505 GURNER &5 o BRI 3, X B B RO IR S /UL W O ARSC M e 8 pH X C:N
C:PHIN :P HIFEIE/N FH AR R E («=0.05) ; MIZAFES C:N C:P fl N:P BIIEFEW B EH LR,

F4 AELEEBFLEFUME C:N.C:P 1 N:P L%
Table 4 Comparison of soil C :N,C :P # N :P relative to soil type and soil texture

BE L % Index
Number of sample C:N C:P N:P
14 Soil order EN T 5 13.38 a 24.44 ab 1.91 ab
WIE T 39 14.87 a 47.69 a 3.34a
TR A 35 13.96 a 31.49a 2.17a
N 8 10.82 b 15.44 b 1.45b
(= 16 1321 a 31.57 a 2.34a
S 53 12.91 ab 35.97 a 2.77a
e w2 9 14.91 a 53.40 a 3.57a
Soil texture Btk 119 13.50 a 36.27b 2.68 a
g4k 28 13.44 a 29.39 b 2.17a

[l — B /N T RER R 22 5+ 3 (P<0:05)

£5 CIN.C:PEN:PSHMEFENEXXR

Table 5 Correlation between C :N,C :P and N :P ratios and influencing factors

bR & it Ao W KT 273 353
Index Carbon Nitrogen Phosphorus pH Bulk density Latitude Slope
C:N — — 0.173 0.177 0.507** 0.176" 0.090
c:p — 0.666** — 0.279 0.723** 0.345" 0.270"
N:P 0.559 " — 0.241 0.575"* 0.294" 0.298"

i FAE (P<0:05) 5 = = WFAK(P<0.01) ;—FFE1E FAHR KR , AN E T T

2.4.2 AJa] L HUR SO - 1E C N LC P TN P B5EIH

ASJA] - A 5 X ) TR e K 25 SR R (3R 6) |, I P AN R A A O 2O A TR A
BT, S8 C N AT Ptk A R St g B[R], AR R A2 AR C N R/NIT Sy - VH B
(21.15) >HiHb (14.62) >HRHL(13.39) >ERAH M (13.38) > (11.81) , HIREEHE C :N 5 H A Push 4 Hf) B 2
R 2% 5 5% (P<0.05) 5 C P BRI A TE 7ML (49.84) >HIHE (48.18) >HRH(39.84) >EhHsi (24.44) >HF
Hi(18.32) , HAFHb 5 Eh i 25 5 AN 0 2, 11 5 8 . MR A TR R L 25 57 .35 (P<0.05) N =P B R /NIF A
FOHb (3.34) SHRHE(3.05) STRPEML(2.16) >ERTHHEL (1.91) >HFHE (1.59) , HAFHb 5 78 5 Hb RN ER B b 22 T R i 25
755 5 1 B bRCHbL 179 25 57 1 3 ( P<0.05)
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x6 ARLHFARLE C:N.C:P NP LLE
Table 6 Comparison of soil C :N, C:P and N :P in land-use type soil

BRI ES B ffif5 Index

Land-use type Number of sample C:N C:P N:P
Bt Arable land 50 11.81¢ 18.32b 1.59b
HiHl Grassland 62 14.62 b 48.18 a 3.34a
Mt Forestland 35 13.39 be 39.84 a 3.05a
T Wetland 4 21.15a 49.84 a 2.16 ab
b B Saline-alkali land 5 13.38 be 24.44 ab 1.91 ab

7] —F 5 /NG FREROR 22 57 8.7 (P<0.05)

2.4.3 SR K FHIEXS 3 C N C:P I N :P A5

H1E 3 AT LA Y, AR 5% X Py FBE 1 C 50 Y -
N.C:P I N:P fF7E— & W25 5, il 19 138 C =N 45 - O BB
C:P FIN:P ${HES 510 13.83 .33.51 F12.91; BEIEH Y 40 -

BHECINLC PRI N P AN 13.27,30.78 1§ U T |

232, AR RAFI L CINLCP RN fas 5 | |

0.05 kP23 T FEAR ¢ K080, 3L P Al 0,444, B |

0.045%110.068 , Ho HA C:P % P {H/NTF 0.05, BB b & 15 N

T ARIRAT A C P #£ a=0.05 /K L2555 W35 1 10 [ ! |

C:NFIN:P ZmARE, U Bl LA, ik ST Ty

M A C N LGP RN P T RE IR 138 C N 0 N cr Np

C:P NP K S th T M DAY U AR R B3 HBEEMERFERNRLE C:NC:P #N:P L&
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Table 7 Correlation between C :N, C :P and N :P ratios and temperature and precipitation

C:N C:P N:P
i Rk it il KK & e Rk it
R Al -0.427" 0.266 " -0.379 " 0.237* -0.267" 0.232"
R TR -0.617"" 0.263" -0.519"" 0.245* -0.473"" 0.284"

x WL EHIE(P<0.05) 5 * =+ B FEAK(P<0.01)
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Table 8 Soil C:N, C:P and N :P in different climate zones in China

S A&7 Climate zone H 580 Number C:N C:P N:P
i FEMT Frigid highland 749 13.6x1.1a 62+3.0b 5.9+0.7ab
TEHP VDL Temperate desert 319 12.2+0.2a 32+2.1¢ 2.6+0.1c¢
FERAT Cool temperate zone 378 12.4+0.2a 74+6.0a 5.4+0.3b
M Tropical zone 2071 12.10.1a 78+2.1a 6.420.2a

A —5%dE /NG TR R R 255 8.3 (P<0.05)

4 Lt

(1) T3 SOC TSN TSP K HEEIR LA M AR S5 R A5 R A T 0.1—1 Z [a], RBAHAEZS W] A AE h S
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(2) F 4 TSP Al C:N HA/NEH GREUA 2] [ A, SOC (TSN C :P Fil N <P ELA B AE H | h 4%
FE R A 18] FAH DG, S5 F P PR 2R R - e e o i B LR IR bRz [B) AR S Y SR BE PR R, s (193 A R
KF 2 TR S SRR R L R A S B e A 2o 198 s AR FB LA, SOC TSN . C =P Ml N :P H AT
AHIEN G 22 18] 3 A a3, v (L DX A AR AR S A0 L DX, 43 TR /N IR X A AR B A5 C N I S EIX R
Iy ARAEFEACHL X, TSP A 7o {E DX R {8 DX 2 B BEHOIR S04

(3) 14 C:N C:P Al N:P ZE| LR | Ao 7 e ol S S e % R B IR, X
SR RAEMASEIEA , 135 C:N C:P FIN:P Z2XERFLEAEREE R, ARSI C:N.C:P FIN:
P WAFFE—E 25 5% BT X 3 C N 5 i €A 0 IRl 5 oAb S s A B 22 5%,C:P MIN:P 5
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