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Abstract: In order to explore the spatial heterogeneity of soil fertility properties and its affecting factors in Qianqingtang,
the main habitat of wild sika deer of South China, in Qingliangfeng Nature Reserve. Based on the sampling data, using
traditional statistics and geostatistical methods, the soil pH, soil organic matter (SOM ), total phosphorus (TP ), total
nitrogen (TN) , and total potassium (TK) were systematically analyzed. Moreover, the importance of the environmental
factors influencing the variability and accumulation of soil fertility properties were studied. The results indicated that the soil
in Qianqgingtang Reserve was acidic on the whole, and the average contents of SOM, TP, TN and TK in the studied area
were 72.44 ¢/kg, 0.45 g/kg, 1.91 g/kg and 23.16 g/kg, respectively. The content of each properties is relatively high,

basically in the rich level. The coefficients of variation (C.V.s) of all studied soil fertility properties were at a moderate
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level. The results of semi-variance analysis indicated that the exponential model was the best-fit model for pH, TP, TN and
TK while spherical model was the best-fit model for SOM. In addition, pH, TP and TK had strongly spatial autocorrelations
which represented that their spatial variability was mainly dominated by structural factors. SOM and TN showed moderately
spatial autocorrelations which indicated that the random factors had a certain influence. The results of the global Moran's [
index test showed that SOM, TP and TN had significant spatial autocorrelation, and presented an aggregated distribution in
space which corresponded to the calculation results of the variable range. Kriging interpolation results showed the spatial
distribution of all kinds of soil fertility properties were coherent and the trend of stripe distribution was obvious. The spatial
distribution regularity showed a similarity of each soil fertility properties to some extent, the distribution showed a significant
downward trend from the edge to the middle. The results of correlation analysis revealed that SOM, TP, TN, and TK in the
study area had significant correlation with altitude, bulk density and stand types. Regression analysis showed that bulk
density explained the highest variance of elements among all environmental factors, indicating that bulk density was the
dominant controlling factor affecting the spatial heterogeneity of soil fertility properties in Qiangingtang Reserve. However,
the overall explanatory degree of the research factors was low, indicating that the spatial variation of soil fertility properties
was also affected by other factors. This study can provide important scientific information related to soil property

characteristics and influencing factors in the southern hilly area with little human disturbance.
Key Words: nature reserve; soil fertility properties; spatial variation; influencing factors
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Fig.1 Spatial distribution and elevation information map of soil sampling sites
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Table 1 Descriptive statistical characteristics of soil fertility properties in Qianqingtang

- o " . Z il
sthr RME RO BIC R RwRE G w0 KR
Index Min Max Mean SD CV/% Skewness Kurtosis r

pattern
pH 4.05 6.39 5.12 0.53 10.38 0.68 0.64 0.2 N
AP Organic matter 12.9 141.09 72.44 33.12 45.72 -0.63 0.45 0.2 LN
4% Total phosphorus 0.21 0.86 0.45 0.18 40.19 0.22 -0.905 0.19 LN
4% Total nitrogen 0.42 4.07 1.91 0.84 44.07 0.33 -0.12 0.09 N
440 Total potassium 3.36 53.43 23.16 11.24 48.54 -0.72 0.75 0.09 LN

N.1EZ 4> 7 Normal distribution; LN XTECIE A Logarithmic normal distribution; SD trfE 22 Standard deviation; CV; Z8 5% & ¥ Coefficient

variance ; K-S ;K-S K56 Kolmogorov-Smirnov
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Fig.2 Semivariograms of soil fertility properties in Qianqingtang
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Table 2 Semivariogram model parameters of soil fertility properties and global Moran's I index

W& fE HAMH BRI/ %

G178 1 A5 R/ km E R 25

Index Model Nu(;gfet ( CSOT]C) g:ffz:fgl)] Range R? Moran's [ z

pH e B 0.03 0.18 17.90 0.03 0.72 0.03 0.485
A BB Organic matter/ ( g/kg) B 0.58 1.19 48.65 7.17 0.83 0.21* 2.382
42H Total phosphorus/ ( g/kg) B 0.02 0.10 20.40 0.99 0.84 0.19* 2.194
2% Total nitrogen/ ( g/kg) Fe R 0.48 0.97 49.95 0.19 0.89 0.29** 3.123
24 Total potassium/ ( g/kg) RG] 19.10 99.90 19.12 0.02 0.91 -0.03 -0.213

# [RFAE 0.05 KF EBE(121>1.96) 5 5+ fCFAE 0.01 KF - BE(121>2.58)

3.3 HHEAE R bR A [ A Ak )R
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A B (B 3) LA KT, 5 iR HEAEZS (8] LA A3, REHURAIE B 3, 3R B0t B O B S ) 25 ) S5 ik %
HE - H8 R A b X A GO HE b B i LU A TSE T (6 3) , T I 4 AR T # kb F 2 F K F, pH b
T 4.5—5.5 LR K, 5 A 70.42% , 55FR 1 pH 5.5—6.5 RUTE IR 22, HF 5T X B A A 28R A7 52 4, 35
FR Pk £ 20k A T2 H IR B3RS LUK A FEE A 8 3 R B FSIRSURBE S AL IN K BEE LUK A
PN A AR S AR, A >40 g/kg YA EE 87.32% , (B X 20 A 76 e P AL, R Rk S BRI (R i
“COATRT A s BRI T S R T KOF SR B AL AR R O ML A e AR S B RE N EE &
RIS SR R A B A A AR, 20 A e (B X A0 AR FE PE AL IR A AR R B 2 X, AR BF 5% IX 45 25 4 4
NE S Hahn & e, LA R S B m AL, 1T 685 R Mt R A 0 M I R, 13 pH<S.5 IR M3
B R AR A A o A ARG AR RE 1 2 HERR AR A LA AE — R AL, AR BAE
ZFPIE T FE bR AEAS (] b S B Sk 8, R MR A 0 A e A R B S A B B T BEFUR K, r A o i 8T
FEZ X S 23 ) AR S 3/ 23 [RIAR DG R . 1T I, T B - 0 ) S 30T 6 F M A B R G L5 K85
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P T HAbM XA S AR . i TR DEM (& 1) AT LU TR b 322 300 el v L o) vh At X T,
[i] P4 R 7 ) B AR ka3, 5 - ST 48 bR s ] A e s A AR L, A DGR ST I S T H T PR~ B0 K
PHAE S N3850 DL B 7K 43 2 53 St 1 398 s ) S S e ) B D IR 4
3.4 A FR bR ) 5T R e R

WIS i A T 48 b A2 Z5Aa 1 R 25 M, G rh i PR = W] 58 2 58 M K ISR A A B - 2t R 1Y
PR 3 E M S WSS XU DR 70 - 3988 P A D B S R (3R 4) A LSRN 44 S5 iR
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= ?ﬁ:i:;; 12.9-44.07
[ 1.38—1.66 W 44.07—57.75
B 166210 W 57.75—74.18
B 2.10—2.31 B 74.18—83.42
231407 B 83428945
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TP/(g/kg) TK/(g/kg)

0.21—0.32 3.36—11.26
0.32—0.37 11.26—13.48
77037042 13.48—15.79
[0 0.42—0.48 [0 15.79—19.28
[ 0.48—0.54 [0 19.28—24 .34
[ 0.54—0.86 [0 24345343
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9

B3 FiyEL IR A ieeR = 8 5 7 B
Fig.3 Spatial distribution map of soil fertility properties in Qiangingtang
SOM : A HLE Soil organic matter; TN ;4% Total nitrogen; TP ; 4= Total phosphorus;TK:4=#} Total potassium

BEX, B2 7KL 0 B AR FA SR | A L T 30 i T AR I IR ISR U0, BT R B Tk R 4y oe

®3 TEEMSRLEBSGITER
Table 3 Statistic table of soil fertility properties grading proportion

pH SOM TP TN TK
iy {rp AL AL A EL A~ EL =N

Siojl%é fiiijljiiﬂzipenies Cojtiv l:l:ﬂ/% Coztit/ H:{ﬁﬂ(% Coztit/ tWJ,/% Cojtit/ [:WJ,/% Co:tiv H:{ﬁﬂ(%

D R I I U I I
M F & Extremely abundant >8.5 0 >40 87.32 >1 0 >2 47.89 >25 38.03
F & Abundant 7.5—8.5 0 30—40 5.63 0.8—1 4.23 1.5—2 11.27 20—25 14.08
4 F Rather abundant 6.5—7.5 0 20—30 5.63 0.6—0.8 16.90 1—1.5 25.35 15—20 25.35
F4E Medium 5.5—6.5 18.31 10—20 1.41 0.4—0.6 30.99 0.75—1 5.63 10—15 12.68
Btz Scarcity 4.5—5.5 70.42 6—10 0 0.2—0.4 47.89  0.5—0.75 7.04 5—10 8.45
Mz Extremely scarcity <45 12.68 <6 0 <0.2 0 <0.5 2.82 <5 1.41

SOM : A #LI Soil organic matter; TN : 2% Total nitrogen; TP ; 2 Total phosphorus; TK : 2% Total potassium

KEORFLHE T8, MBS SRR TR A, ASSCRE 5 e & B IEAC, (HR A 31 i 25K
F(P>0.05) X ST H R W5 D MR A AR 22 53, 2O T 45 R R SR R 5 8 2 B —
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BURFCNE AW LR 0] e T WU A M R A O o T LTI o P A0 DX 20 2 R T ARG XLl K, K
Ji 32 M AR X2 17 BE S 5 30 A AR T AR5 D e L b bt B B 5 5 B S TE AR SR O 2R

F4 TERAHIEIRSIAERETFH Pearson X RE]

Table 4 Correlation coefficient between soil fertility properties and environmental factors

W ¥ LT B e gl
Environmental factors pi Organic matter Total phosphorus Total nitrogen Total potassium
TR Altitude -0.102 0.474"" 0.135 0.18 -0.409 **
Y Slope -0.058 -0.052 -0.077 -0.014 0.115
W1 Aspect -0.16 0.099 0.184 0.054 -0.016
1% Curvature 0.137 -0.006 -0.037 -0.062 0.038
T B R Profilecurvature -0.143 0.063 0.088 0.097 -0.098
SF-1fif i1 % Plancurvature 0.094 0.065 0.034 -0.005 -0.044
HIZ AR EE QFD 0.06 -0.049 0.142 0.092 0.211
i FRAHKE S Roughness -0.076 -0.065 -0.118 -0.022 0.078
IR R4 TWI -0.014 -0.204 0.016 -0.004 -0.015
2R Bulk density 0.188 -0.722"* -0.134 -0.497 " 0.436**

* ARBAE 0.05 K L RFEAIE; ++ FRFRAE 0.01 7P L RIFAAI; QFD . MBS KBE Amplitude of landforms ; TWI . HiJE 1 BEH54X Topographic

wetness index

AN [RIER SRS TR R E |3 BE 22 5 23 RO 1 O R i

B Arfie s B O T k2B T B R OC R B IR AR 120 a W /m

flett HLHE, 6 5 95 4 55 0 S00—800, 800—1000, | S 2001000
1000—1200,1200—1400 m X 4 N (R HILL 1 % b R
2.3 4 GHRICE) XA BURM A RGN B3 [ b

2 SPEREAT AT, 46 AT 4 IR, A WUTAE 4 AN 5 o0 ¢

P A B4 I 49.66 o/ke .65.18 o/ke.79.29 o/ Ey! .

kg 108.34 ke, 1.2 BHEIRIF 2 3 G HA 4 AEIR o | B
[ A7 3 22 S M (P<0.05) , 2 BHAG HL IS i 15 44 s .

JEAARA s TR 4 NSO EI S 2530 27.50 HHUR E=d
o/kg 26.71 g/ke 19.39 g/ke 15.86 ¢/ke,1.2.3 GifEdk AT i Soil ferility propertis
F1 4 GUEHR [ A7AF B 22 57 (P<0.05) , AH EL A HLT, 4 TEBHHRE T LI SIS ARE

é%fﬁ AR ﬂcifi’fg% , Q {%ﬁ%ﬂ ﬂﬂ ;lzéj;% , 5;} ﬂﬁl é%ﬁ} i} EE%? Fig.4 Characteristics of soil fertility properties under different
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Fig.6 Characteristics of soil fertility properties under different vegetation types
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Table 5 Regression analysis results of soil fertility properties elements by different factors

RS R AE MoF AR
Affecting factors Altitude bulk density Stand type
SOM K IE R? 0.213 0.515 0.17
P <0.01 <0.01 <0.01
F 19.964 75.289 15.37
D-W 1.755 2.136 1.686
TP K IE R? — — 0.186
P — — 0.033
F — — 4718
D-W 1.682
TN ®IF R? — 0.236 0.138
P — <0.01 0.022
F — 22.632 5.536
D-W — 1.695 1.456
TK e IE R? 0.156 0.179 —
P <0.01 <0.01 —
F 13.894 16.224 —
D-W 1.778 1.951 —

— . FORTHEE IR AR S R R A OGN B35 (P>0.05) , A ST X D-W  fEEE KBRS Durbin-Watson test
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PR, A i 51, 5 T E s b 3R s AP e — e AR
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