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Abstract; A large forest dynamics plot (FDP) is an important platform for monitoring dynamics of forest biodiversity and
ecological factors. Research on soil spatial variability in large FDPs has aided in the elucidation of mechanisms of
biodiversity maintenance in forests. In this study, we detected soil spatial variability in subtropical evergreen and deciduous
broad-leaved mixed forests in a 15-hm’ FDP in Mulinzi National Natural Reserve, Hubei Province. Based on measurements
of seven soil chemical properties, including AN, AP, AK, TN, TP, OM, and pH from each 400-m” subplot, we analyzed

the spatial pattern, structure, variability, and correlation of soil factors by using geostatistics and multiple statistics. Our
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results indicated that 1) The soil was low in pH and abundant in OM, TN, AN, and AK. However, AP and TP were
insufficient. 2) Distribution patterns for soil factors fit semi-variogram analysis models with high R* values. Soil AN, TN,
AP, and TP were generally higher in the eastern portion of the plot, whereas pH was higher in the western portion. OM was
insufficient in northwestern and southeastern portions. The distribution pattern of AK was fragmented and patchy. Soil pH
presented a simple spatial pattern with the longest semi-variogram range (180 m) and the lowest fractal dimension (1.83).
In contrast, AK presented a complex spatial pattern with the shortest range (50 m) and the highest fractal dimension
(1.96). 3) Significant correlations were found between 14 pairs of factors. TP was significantly correlated with all the
others. Spatial autocorrelations were found in all factors. TP, with the lowest nugget-sill ratio (0.14), had strong spatial
autocorrelation, which was primarily affected by structure factors. The other factors, with a ratio range from 0.32 to 0.69,
exhibited moderate spatial autocorrelations, which were primarily affected by the joint effect of structure and stochastic
factors. 4) The coefficient of variation (CV) ranged from 0.05 to 0.34. pH had the lowest CV (0.05) , whereas AP and TP
exhibited moderate variability and had the highest CV (0.34 and 0.29, respectively). We concluded that; 1) The soil was
acidic and rich in nutrients, except for the lack of P; 2) The soil exhibited a significant distribution of autocorrelations and
weak variation; 3) Overall, soil factors are correlated with each other, except for AP; and 4) TP was the most

representative factor for overall soil variation.

Key Words: deciduous and evergreen broad-leaved mixed forest; forest dynamics plot; soil variability; semi-variogram

analysis; moran's |
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Table 1 The descriptive statistical characteristics of soil factors

¥ ¥fH brifE2 A5 R H LRIV i B 353
Factor Average SD Cv Median Skewness Kurtosis
pH 4.33 0.22 0.05 4.33 0.23 0.24
HHLF OM/% 9.86 1.89 0.19 9.75 0.46 -0.07
4% TN/ (g/kg) 6.26 1.5 0.24 6.19 1.77 12.81
HRA AN/ (mg/kg) 307.50 50.52 0.16 304.70 0.78 1.69
285 TP /(g/kg) 0.56 0.16 0.29 0.54 0.65 0.03
W AP/ (mg/kg) 0.35 0.12 0.34 0.34 0.91 1.94
B AK/ (mg/kg) 150.10 40.45 0.27 147.40 0.51 -0.34

OM: Organic matter; AK: Available K; TP Total P; AN Available N; TN: Total N; AP Available P

3.2 WP kA I I TR SRR i PN 3R 1) 2 (R AR SEARRAE S BT
3.2.1  KEEHL NN [R] 48 R 23 (Rl AR AL 1 2 5 22 0B

7 2 PREUN LG SEN R 2 Fis . TR B3R T10 2105 22 R 25 1 B s de e R BORVIRER 22
SEHA, £ IR TR cpH (180 m) >4 (160 m) >AHALA (158 m) > A (118 m) >HHLF (107 m)
>A (93 m) >ARE (50 m) . HIEFEFRPIE LEE R 0.14—0.69 , &P LWIE R/, 53R 2125 1]
FIAE DG, AR TR 128 i B2 25 (6] FL AR DG, 45 DR 43 AR ORI - A 080 (1.96) > A %0 (1.94) > A B
(1.93)>LE (1.91) >ARA (1.88) >4 (1.84) >pH(1.83)

®2 TEERTFFFERHSEEM

Table 2 The semi-variogram models and parameters for soil factors

SRR e ff Yeg{d S O A P il pixii PERE RRETV M VawiZ] 24
Factor Transformation C, -0 A Cy/Cy+C Model R? RSS D

pH @ 0.001 0.003 180 0.32 I 0.991 2.1x1078 1.83
HHLF oM @ 0.002 0.037 107 0.54 I 0.945 6.4x1076 1.93
25 TN @ 0.032 0.063 118 0.50 I 0.952 2.9%1073 1.91
HMA AN ) 0.014 0.030 158 0.46 I 0.918 1.33x1073 1.88
415 TP @ 0.012 0.084 160 0.14 I 0.965 7.6x107° 1.84
FRwE AP @ 0.007 0.009 93 0.69 I 0.680 2.2%1076 1.94
FAUR AK @ 0.035 0.075 50 0.47 1 0.982 1.02x107° 1.96

@. ASRXTEL Natural logarithm;; Q. FHR Square root; I . B R Exponential model; 1I . E A Gaussian model

3.2.2  KFEHLNAS[A] 48 R 1 23 8] 43 A

B PIAS ] 358 7 1 23 [ A 48 SR AP e 22 5 (T 2) o VAR, 148 pH 76 FF b P 52 BP0 AR A1, 42
RAA AR 2R IR, 22 IR IR, RAr A, AR S REEMEIL S AE S a1, A
SR RO SRR 2E R, T A R T E AR P A DAL 50 m &b S HAR A X I 4 S AR AR
o, E0S P AL B AR R Xk ) 4 2 S b
3.2.3  RAEH N AN [] - 458 X 19 23 8] AH G 53 A

BT Moran’s T REAYZS (8] A AHSCAHT R (] 3) ,7E 0—80 m iiff J BE B85 9, T+ HE Rl 1% R B0 B P
BT R BEREAR, 45 13 1Y Moran’s 1 REUR KA I AR A 5 BE |, 288 E & & (0.513) , 1
80—170 m ¥ J5 FE &5 h B T8 RUBE 1% R BRI K 3l DAAh  FLAy 1 BRI i R 808/ N IR B AR sl e )
Ak, TE 170 m e PR B AL, AW R AR B34 3B om0, A 80 1 Moran’s T R EU7E O {A HiEfe e,
REFZREAE 0 WL 2B B LA TR RER/NEE D), & 15K Moran's I REUERTE—E TS
B DN A AE R I B R SR 363 T O I AR J B 2 e (220 m) > ALA (170 m) >pH (140 m) >4
A (110 m) >HHLBT(85 m) >H R (83 m) >H R (55 m) .
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Fig.2 The spatial distribution maps of soil factors across our plot
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Fig.3 The spatial autocorrelation analysis by Moran's 1
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3.4 R G TE I A RSSO b N -3 R 1 32 A3 4 BT
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{2 ATAER AR AT PTG g pein s w5 B8 1 225500 01
M RS MOK ST A LB AR L, 2 A BT HIXT . 5 %okor . P<0.0s F1 P<0.01

0o TR R L AR R A L B X L
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Table 3 The principal component analysis of soil factors

F Factor PCl PC2 PC3 HF Factor PCl PC2 PC3
pH -0.30 -0.47 1.42 40 TP 227 0.50 0.23
HHLFE oM 1.79 -0.27 -0.44 H s AP 1.09 1.50 1.70
4% TN 2.05 0.16 -0.47 B AK 1.61 -0.10 1.02
A AN 2.09 -0.38 -0.16

2% > 1R AT S B

4.2 N TR ) S

ARSI T 2205 55T Moran's T RBAYZS 8] [ AHSE B3] 48 09 25 (6] RRAE HEA TR ST BORG 1 R 4819
RWOR ., P07 ZEBRIN e ()28 S HAT B 405 B2, R TE ST IX - e HAT R AP 23 (] 254, pH BT ek
AR S f /N o TR HE R 7 Sk 2R, R LS (AU Jey T B I Vi, IR ZE R 5T P B 5PN i i - i
TR SR [RIZE B SR L A A TS AN TR 250 AR ) g7 T3 B0 L 4 pHL 728 S5 2R B3R o A IR 45
A, AN RLEAE TASCAR B -4 pH YRI5 228 R d K, 1) P4 -5 53 M RIS ARpR 38 pH BHA P 1 1) 2 5 22
A W AEFARRT BN, R 2 AR A AR H 7 pH A5 2 AU R, A e ge i
A DR RN 7% 4 pH A AFAERE IR ER A L3 N 152 B R I SE A 1 R R D7 A 2
AHRBRE R, R AR SRR S R G RAT MR 19 —OnK SCE A R R R A O RS RS
A5G 5 DIREXT LA A1) A i Jey ™ A BB, L 3B A0 B A e/ NI R R 5 R R I 0 IR 455, SR WA 8%
BRI 25 DR SRy S 2%  TEAS TR RUBE R A R[] A JRy , 55K B L e AR AT SERF S R B — 30>, p oy 2278
FE5 Moran’s I 1EAA DX [RIAHARL, 45 7R 22 AR pH TERCR 1Y 2 [H) 78 Bl A A 7E F ARG, A A LT A3
WA HR A5 19 23 )9 B A7 ARG AP /N 25 TS R A AE FL AR OE . BEAD MR AE Moran's T R B
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