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Spatial heterogeneity of soil organic carbon and total nitrogen at small scale in

subalpine meadow and Picea meyeri forest in Luya Mountain
WU Xiaogang ™, GUO Jinping, TIAN Xuping, YANG Xiuyun
Forestry College of Shanxi Agriculture University, Taigu, Shanxi 030801, China

Abstract; The patterns and controls of soil organic carbon( SOC) and total nitrogen are critical for our understanding of
recycling of nutrients. Spatial heterogeneity causes uneven soil resource distribution. Quantification of the spatial variability
is essential for evaluating attributes at unsampled locations.

This study was conducted in Luya Mountain, Shanxi Province, China. Four sample plots (30mx30m) were placed,
two subalpine meadow plots (Plot A, 2756.3 m; Plot B, 2542.3 m) and two Picea meyeri forest plots ( Plot C, 2656.8 m;
Plot D, 2387.2 m) , The spatial heterogeneity of soil organic carbon(SOC) and total nitrogen( TN) was analyzed based on
theory and methodology of spatial pattern analysis in geostatistics.. Soil samples (n=119) were collected from each of the
plots in the summer of 2010. We calculated the isotropic semivariograms of SOC and TN. Then spherical models were used
to test the semi-variances of SOC and TN for spatial dependence.

The experiment results indicated that the SOC of four plots were 49.84 ¢/kg (A), 38.33 ¢/kg (B), 47.06 ¢/kg (C) ,
and 40.67 g/kg (D), respectively. The SOC contents appeared to be higher in the plots with higher elevation. Rather, the
spatially variance showed more intensively in the plots with lower altitude. In contrast to the random variation of SOC in plot

A, there were high spatial dependences in the spatial distribution of SOC in the others. The spatial heterogeneity of TN in
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Picea meyeri forest plots were higher than those in subalpine meadow plots,and spatial autocorrelation were high in all the
plots. The ranges of spatial autocorrelation variation ( the distances within which parameters are spatially dependent) for

SOC and TN were larger for subalpine meadow plots, but smaller for Picea meyeri forest plots.

Key Words: soil organic carbon (SOC) ; total nitrogen (TN) ; elevation; spatial heterogeneity
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Table 1 General situation of research sites
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Fig.1 The map of basal area distribution in plots
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ALK 100 0 47.06 ¢/kg F1 40.67 g/kg, WA HLER & 5 B IE FL BB, 6] — S BUAE B T BT 4K
B - A LK & v TR IR 0 18 A LA A A8 52508, FEHE A 1A HLAR 1 )% 3h7EH 23.76—67.31
o/ ke, e RAE SR f/ME Y 2.83 %5 A8 5 RECN 15.81% , FEHL B A HLEK 911 875 Fl 21.01—60.84 ¢/kg, i KAE
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Table 2 Statistics of SOC in the research area

Bl OPEEC bR dRR ik BREN RUME WA WE WE K
Plot Mean Median  Std.deviation ~ Variance Cv/% Min Max Skewness Kurtosis K-S value
A 49.84 49.33 7.88 62.14 15.81 23.76 67.31 -0.11 0.63 2.35
B 38.33 38.38 6.47 41.83 16.88 21.01 60.84 0.46 2.09 1.8
C 47.06 44.88 13.47 171.34 28.62 21.34 83.81 0.62 -0.32 12.35
D 40.67 37.16 13.04 170.01 32.06 17.03 92.39 1.42 2.15 6.38

3.1.2 AR S S 22 R T

T BB S AR RIS BRI A S5 R M S AL R 3, W Ll E ) Rl s AR A LA B 45
i) [R) P2 5 22 BE B R R BRORAR IR ] — A 0 S AN [R) 0 P -S98R F T 25 pRERA) 356 15 (DR B2, W 3 1L
T REHL B(2542.3m,C,+C =0.107) >FEHL A (2756.3m, Cy+C =0.046) ; = A2 EEHD D (2387.2m, Cy+C =
0.102) >t C(2656.8m, Cy+C =0.089) , G4 b 3R BARHESR 0 R 1 4 G HLAR & = 1 8 S (8w , i
—BBIE T A AR S 20T S A [) — R A T AR 3 AR & e 0 S R R A

W A RE L A 3 HLBR I 23 R G5 L (C/Cy+C) g 0.524 , FEB Ay v 4555 1 1) 23 ) [ AH 78 S
fE. FEHL B K AAZ8MAEH C FIFEL D 45847 ALAR &t 3R I R ik ZU A 25 (6] FAH DGR . s LU B fp A b A T
FEHD B 23 (8] A S HITERT N 61.0 m, =AZAMEEL C FTREHL D FEB0 N /N R B9 55 18] A OCAR S (AR F431)
4 6.87,6.55 m) .

®3 ITEGIBRIETRABEREESH
Table 3 Parameters of semivariogram for SOC

23 S5 H 1L

. 75 S A B 238 Spatiall , ¥
fw R X ff <l Py AR Fractal HerE R R el
Plot Variogram usset ' structure Range/m Dimension (R%) (RSS)
model (Cy) (Cy+C) variance g D N o
(C/Cy+C) (D)
A Spherical 0.022 0.046 0.524 61 1.951 0.690 1.356x107*
B Spherical 0.011 0.107 0.900 61 1.803 0.909 4.841x107*
C Spherical 0.011 0.089 0.873 6.87 1.820 0.838 2.132x1073
D Spherical 0.018 0.102 0.824 6.55 1.851 0.662 6.275x1073

FHAYHEEL D ISR AR 5 22 (8] 9 25 18] AR DGR B E AT LU, ARG 45 SRR B, 38 BILAk & 1225 () A8 5
ST AEEE K/ MR FEE ASFEHD D>AEM C>HEML B, #HE— DR WIREHL A 23 ()28 S BEAIL IR 3R 5 | B A9 5= Pk
B LA T AR ik ) 28 S5 ) 28 AR e
3.2 HEEAE G ENE TR
321 HESASEMHAREST

Kb AN [ V4% e EE ) 0 15 L AR RN = AR 3R 2 (0—10 em) A S ARG H45 SRR (% 4) , Hf
TSRS T o240 R — AR | Sk O RE 2 TR SR, FRMb A (TR 2756.3 m) 145
LRGN 4.85 o/kg, TR G EIILSIEF A 2.89—10.10 g/kg, e KA & f/IME 3.49 i ISR &
(7 T R BCR 24.33%, FEHb B (184K 2542.3 m) HHES SR N 3.76 o/ke, 45 S 100 33 Bk
2.48—5.09 g/kg, B KRB R/ ME 2.05 1%, B2 A & A2 R RN IK (Cv=13.83%, F:H B) /N T
TR . FEHL C MR 2656.8 m) =AZ4iMk + A AR A N 3.01 g/kg, A& R AL EF 1.96—4.77
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g/kg, B RN Ay Fe/IMELIY 2.43 i 28 57 RECH 33.22% , FHHb D (K 2387.2 m) mAZ40MK TR SR I(E N
2.90 g/kg, A TRV 2.09—4.44 g/kg, BAZLEMR A3 2 WA R4 1978 S5 30 5y LU 2 fa) AR AR
BRI H IR A S AR R (Cv=17.94% ) /DR SR . TR RIS A S A2 R KT A
3,

F4 THEESBNBRESITER

Table 4 Statistics of TN in the research area

FEH foﬁ LREDZ: bR i 2% TREH BME I5oN( ] i £ ll3)3 K-S {8
Plot ’ Median SD Variance Cv/ % Min. Max. Skewness Kurtosis K-S value
/(g/kg)
A 4.85 4.60 1.18 1.39 24.33 2.89 10.10 2.73 8.19 1.31
B 3.76 3.66 0.52 0.27 13.83 2.48 5.09 0.23 -0.11 3.56
C 3.01 3.00 0.54 0.29 33.22 1.96 4.77 0.58 0.50 8.67
D 2.90 2.81 0.52 0.27 17.94 2.09 4.44 1.02 0.66 5.32

322 HESAG RS

ANRUEE R FIER 9 4 4 Hoie 384 10 B 09 25 ()48 S 3 R BN BOIR B i AR AL a5 (R 5) o Il — A Bk
FRUAS [a] i 3584 BILIRY 7 22 pRECRY JE B (EAE R, I i L S f) AR A (2756.3m, Co+C =6.02) FIAEHE B
(2542.3m,C,+C =1.041) R T A AMEER C il D, R & 1L Ff HIES A S BN SR s T o
R, TR AL B RE A 145 A R B 1 A [A) S5 B Mt B S s IR R A AR B

FERFSE 4 DEEHLIZS [ Z5H H ( €/ Co+ C) IR T 75% , Ui W] - R S B AE 4 D REHbRP 1 230 H 58 Y
23 (] F ARG | 2 [A) A8 S5 328 ph S5 A PR DR R Y o IV e L ) R 194 2 () R DGk ) el R T I TR M B A
FEME, S LR A A FIRE S B 23 (8] FAH G HYTE 7300 47.65 m A1 61.0 m, = AZMFEHL C FIFEHE D 3R
PR /IN RS 1 25 ) A% S (A R4k 7.87,8.67 m) o D {H K /IMEIR AL L C>REHL D>FEHL B>REHL A, i
INE AR A AR AR SR 28 5 1) 2 (BRI 0

£5 THLRABTRANELENSY

Table 5 Parameters of semivariogram for TN

AL I

) 4
Lo BB B A Spatiall ” S \
o - patially ] Pl WEFE mETHA
Plot Variogram Nuggel ' strueture Range/m Dimension (R?) (RSS)
model (Cy) (Cy+0C) variance ° D
(C/Cy+C) (D)
A Spherical 0.010 6.029 0.998 47.65 1.571 0.909 3.610
B Spherical 0.059 1.041 0.943 61.00 1.752 0.953 0.022
C Spherical 0.007 0.033 0.768 7.87 1.846 0.729 4.478x107*
D Spherical 0.007 0.041 0.836 8.67 1.812 0.779 6.257x1074
4 g

N TR VR 5 B A AN 2 Ll B A RE M (a2 2756.6 m; B 2542.3 m) RIS mAZ AL HS (C. 2656.8 m; D
2387.2 m) HHEA PR A 2R & BN AR S R AR KRR, HHEEI 20 R EH (K e) AR
MU N4 & &0 TREHE B(P<0.001) ;#Es C FIEEMHL D HIES A S B 2ERADE, AUk S & 25
IR B E KO (P<0.001)  KEAFGT R AR R SRS IR 7 10 25 A B , 3l i o Al gt S R R Bt 26 7= il
il 24 T AR W A SRR AT WL R R i xR R R K o0 A S RS e B % A AL ) o0 g AN AT
ARWFFEH  REHL A HHEE KR B S TR B AL C ISR E B S TR D(3 6) s R IEHMIE X /N
SAEBIFEIR ,200—300 m AR & 25418 A 1—2 CRYSIRZE . I, K IVE K 25 5 B R ) i3k s ) +
A LB 4 280 s o) S o 1 = A ) E S A
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xo6 TEANKR EEMSKEFEZESH

Table 6 ANOVA for organic carbon, total nitrogen and moisture content of soils

AR GiitAr i FEHb A FEHb B K C FEHL D
Soil traits statistical variable Plot A Plot B Plot C Plot D
£ HLE# Organic carbon RURIE 119 119 119 119
SEH 49.842 38.328 47.059 40.673
I % 62.1448 41.8295 181.3427 170.0079
2 [h] 22 57 F:151.733,P:0.0000 F:13.811,P;0.0002
4% Total nitrogen PURIES 119 119 119 119
Sy 4.851 3.755 3.010 2.901
I 2% 1.3913 0.2717 0.2913 0.2716
ZHIA) 22 5+ F:85.974,P.0.0000 F:2.540,P:0.112
7K Moisture BURILES 119 119 119 119
Sy 0.368 0.333 0.399 0.341
J5 2% 0.0006 0.0004 0.0027 0.0025
ZHIA) 22 5% F:156.114,P:0.0000 F:77.265,P;0.0000

Fease /N RUBE B sy L ) A 3 R 2 A2 MR L 1) 25 1000

S (3,38 5) , T AR FIR]— A B T AR 5 o Plot A
M B S R S bR OB 2 | oo
FEHL A AT LB O Ik 19 25 (6128 SR MR AC, 727 2 L2 L 800 | % X Plot D
VG I E B R A B T AR L LT R ol
B HErp A 1K (FERY B UG FARG S ) MR 0 B
£ BRES B ST g BB TR A R R R S eoo |
B A HSEATHL S S SRR AT bbb s 2| .
BRI R . 4T SASARE S R e
C A D B ARBTERIE ( 1) AR, SR D & 400 | 50
HILE, BEM C MR AN B, A B R — B § ol
B T RCERE T R RS C B BLER & i 2
[ S TR AR S DR AV T 94 1 2L A B o A 200
TR 4311 5 A 1 242 108 S R Ak o, [ ool
i ol 2 - HEFR AR
A WU A k25 ) 5 TR 2, RE S A 1 4 R0 3 ik 0 - .
PN Ten ST I 430 A1, L2 ] (AR DGR 7R 2 g
RGO AR b | B R ERAE 1 2 P RS 3 R
TE—ild, %% 4 DREHA HLIRA 2 R HICHE (1 3) B3 TRANBMEASRMAN

Fig.3 Correlations between SOC and total nitrogen

FIHL FEHE B C D 35 2 B 35 A IE A DG HE , iR b A N ) i
Plot A: y=0.0178 x+3.9646( R =0.0141, p=0.1977) ; Plot B; y=

*ﬁffﬁmﬁ%o ﬁ#%ﬁ*ﬁﬁéiﬂ{ A i%é\ﬁ%ﬁﬁ’ 0.0561 x+1.6054 ( R* =0.4842, p=0.000); Plot C: y=15.885 x—

119 AFERUA 8 AN & AU 1 (>8.0) SR H, 1M0°F- 2 0.7586( R*=0.4053, p=0.000) ; Plot D; y=20.748 x—19.511(R*=

R 4.85; WA L BRIX 8 MFE AU, LIEA VLR 2 06878, p=0.000)

R A PR IA I 0 2 K, 35 W Ll B ) Bl 42

RS BB & A RS R R AR 85 A — 3, 8 R A R A AR FR N (3,3) (3,

6).3,12) .(3,18) .(3,24) .(3,27) .(6,3) .(6,6) , =S AR (& 2) AT i A f 7R 25 (] b 5 i Sl

R BRE R A FA7E— DR AR MY R LR R BRI il — 2% &0 .
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24 44 BN AR Ll R ) S A AR A BIURR | A U i /N RUBE 2 ) S R 7763

ANTR) AR o B AR TR B 2SR - B AU R 4 2R B i /N RUBE 253 ) S B Pk AT — e AR M . 728 S R K
PR BRIRAR (3R 3,38 5) , 25 0] [ AH DG A8 S5 ) RUBE R/INAHARL I 35 L R )+ A BB RN 42 R e R B 3
KRR [R] mﬁa‘é T2 RS AR 28 B R A /N RUBE (R 2 ) F A DG, 38 1k A9 238 () 0 A VS A 1) Jed b S S
RN, EAT 32 A 2 b o 2 A5 el R ) A5 DX I Al A f o 2 () o3 A A7 e 22 S, DRI 77 2E S5 o ) 1 38
RBEY BRI A )R B SR S0 - A AL SOR 4 A A 2 AR AR [ 4 ROE b AR 1 5 A b

A AR WA A B 1 ROBE AR AP 2 A S 35 e | T A Sy 1 e G s O i 3 o 2 e U B 14 A A i
T RN 2 [B) A8 T A 36 RN 23 (8] FAH DGR R R
5 4ig

(1) W i A A . A (TR 2756.3 m) AR B (4K 2542.3 m) 3845 HLBR & e ¥ME 5> 31 49.84 g/kg
M138.33 g/kg) ; mAZMEEHS C (MK 2656.8 m) FIEEHL D (73K 2387.2 m) = AZ4ibk + 5 A BLAR & 540 5 N
47.06 g/kg 1 40.67 g/kg, HHLARES [B) 5 M S TSR3 A AR [R) R 9 208 Y1 4 oo ¥ AR b A MILARR 5 5
R VEAR A 1+ S ALAR & 0 S5 MR s, W Ll S A R A RITRE S B 25 B] [ RH G 193 R
61.0 m, =IZ4MREER C FIFEHL D I A/ INRUEE 9725 0] H A AR S (AR FE 4510 6.87,6.55 m)

(2) Wi I FEA A A FIAEHS B HIE 2R & P I(EN 4.85 o¢/kg F13.76 g/kg, mi2FEHL C FIFEHE D 43

SR 3.01 g/kg F12.90 g¢/kg,, fa Ll fa) 384 & B0 S ORI & T A2k, RIS RS B 4 e
P R 5 9 2 (8] A OGP, LS (A28 5 R B G5 A PR DR 2 s Al I o LUy R ) R N 5 A2 MR 2 R e s
[ A S 1 RUBE 58 ML 75 s () AR S R B AHBL, 4391 K 47.65 .61.0 m Fi17.87 8.67 m,,
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