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The causes of spatial variability of surface soil organic matter in different forests
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Abstract; The spatial variability of surface soil (0—15 ¢m) organic matter in plantation, secondary forest, and primary
forest in depressions between hills in a karst region was examined using farmland as a control. The ecological processes and
mechanisms behind this variability were also discussed. Eighty sample plots of 10 m X 10 m were established in 200 m X 40
m farmland, plantation, secondary fores, and primary forest plots in depressions between karst hills. Geostatistics was used

to analyze the spatial pattern of surface soil organic matter in the plots and principal component analysis and correlation
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analysis were used to analyze the relationships with other factors. The soil organic matter content in the depressions between
karst hills was high. Along the restoration gradient from farmland > plantation > secondary forest > primary forest, the
surface soil organic matter content significantly increased and the coefficients of variation also increased. The vegetation in
primary forest was well preserved and soil organic matter was up to 118 g/kg, 3.76 times that of farmland. The coefficients
of variation of soil organic matter in the farmland and three forest types were 19.4% —48.5% . There was a fine spatial
autocorrelation in the surface soil organic matter in the farmland and the three forest types. The farmland and plantation
forest were strongly influenced by humans and therefore more balanced. This meant the correlogram range was large and the
maximum correlogram coefficient Moran'’s 1 was 0.460 in the farmland and 0. 780 in the plantation. The natural restoration
time of the secondary forest was 22 years. Here there were more, but unevenly distributed, vegetation types meaning the
correlogram range was smaller and Moran’s I coefficients fluctuated considerably. In the primary forest, however, the
disturbance was low and vegetation intact. This meant the correlation was mainly affected by the topography. The best fitting
models for semi-variation of secondary forest soil organic matter function in Karst peak-cluster depressions are the
exponential model and the Gaussian model. The resulting R* values of 0.926—0.971 demonstrate how well they reflected
the soil organic matter spatial structure characteristics. The value of C,/( C,+C) of the surface soil organic matter in
farmland was 26.5% , indicating a medium spatial correlation. The values of C,/(C,+C) in the three forest types ranged
from 9.0% to 22.6% , suggesting strong spatial correlations. The spatial pattern of surface soil organic matter in farmland
and plantation presented a unimodal distribution: in secondary forest it had a concave distribution and in primary forest it
had a convex distribution. Soil nutrient content was the largest influencing factor on the variation in the farmland,
topography and species diversity were the largest influencing factors in the plantation and primary forest, and forest structure
and species diversity were the largest influencing factors in the secondary forest. Even when considering the same factor in
the three forest types, the functions and correlations differed. Therefore, the corresponding strategies of fixing carbon should
take the spatial variability of surface soil organic matter and its largest influencing factors in farmland and the three forest

types into account.

Key Words: soil organic matter; spatial variability; influencing factor; depression between hills in karst region
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Table 1 Details about the studied areas in the depressions between hills in karst region
e B AMEE  THEE
Slope Coverage Forest density DBH
7(°) /% /(#k/m?) /em

Types

B & Fi TERER

Families Genera Species Dominant species

EK Zea mays. W Glycine max Merrill | 4T B
I 8—25 — — — — — — -

Ipomoea batatas =5

MW Citrus reticulata WZE Castanea mollissima .

I 8—25 35 0.34 2.8 26 52 65 _ .
EEW Zenia insignimé% Toona sinensis %
I\ £ Alangium chinense Harms | B I Vitex
8—25 0 0.5 2.4 33 68 100
1 0 ? negundo LTS IURRFT Alchornea trewioides %5
\ Pinu care 1 % Kmeri
WV 3—25 9 0. 44 19.2 49 91 123 A M Pinus calcarea, B P AR meria

septentrionalis A7 1LIf% Cinnamomum saxitilis %5
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1.2.5 HWEHT
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SIS s W A AR BB IS AR AT A > R R . 1 M 2 YR 3 i 4 b,
1.2.6 Akt 5oty

Z MG 43 M K H SPSS13. 0 2544 (for Windows ) , 25 [8] H AHIE /M1 (SR Moran’s 1 2250 ) AR5 248
SR BT AV AR TR 4L D TSR TE Bl G TR GST e R, Kriging 45 (H £ K25 il R H
ArcGIS 9.2 B, Ge 2 56y i B S BRIE WL 22 3k >
2 ZER551
2.1 ZMGETHA

FH e 2 1T DU W S Rr0de AT b 398 LT & e s AR VEIX 3 ML & 20 31. 30 g/kg, 3 ZEARM
NJEik 66.91—118.0 g/kg, HFE A TR AN E ARG Z K G0 AW LT, S 28 i dir, i858 T
b 2 KO AR AR AR R A e 4, AT LT B i =3k 118, 0 g/ke, ARAEIX Y 3.76 £, AAEIXHI3 2
PR A LTI AR 5 R ETE 19. 4% —48. 5% (ANEIX 1 T N5 M 114 49 i A AR S R 008/ N B T4
I8 , A ) 2 AR R RN, 25 () S5 T PEAS T i, A8 S R BGRGE 3 I SR AE MGE B T 48. 5% , LB E— 2
FHHLGE T2 o3 b Hezs (A1 AR S alad X B2 e B8 Y IR AN K-S IE AT AE S B, 78 5% MRS E K T, v
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Table 2 Results of soil organic matter for descriptive statistics and K-S test

s AR /ME O NIE] HfE e ERARR

s - K-S {H ST AR

No. of Minimum Maximum Mean Standard Variance . Value of Distribution
Types K Skew Kurtosis
samples /(g/kg) /(g/kg) /(g/kg) variance /% K-S test types
I 80 18.00 44.44 31.30d 6.084 0.194 0.163 -0.395 0.505 N
I 80 22.22 114.7 66.91c 24.41 0.365 0.043 -0.905 0.926 N
] 80 41.70 205.9 90.74b 21.62 0.238 1.054 2.438 0.219 N
v 80 55.28 356.3 118.0a 56.57 0.485 1.622 2.693 0.051 N
N FRIESGR ; RSV R AR NG FhER R 22 735 8] 1 7KF (a<0.05)
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Fig.1 Spatial correlograms of soil organic matter in the studied areas
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Fig.2 Semi-variograms of soil organic matter in the studied areas
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Table 3 Models and parameters of semi-variogram for soil organic matter in the studied areas

i % 7 4%
s HAR . i GO et - SR
Types Samples Theory models Fractal

I 80 Gaussian 17.29 65.23 0.265 193. 64 0.926 1. 800

I 80 Gaussian 78.00 866.9 0.090 149.80 0.964 1.556
I 80 Exponential 67.00 504.9 0.133 38.10 0.940 1.603
v 80 Gaussian 1180.0 5231.0 0.226 78.64 0.971 1.683
N
RAEX PN
e A JE B A
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Fig.3 Spatial distribution of soil organic matter in the studied areas
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4) o GERKIN ANE RIS — o W RRAE ) i DL A 2 8 U R SRR R K, BT S A A LT
B FE R, 5 = = R BRI ) DA TR A IR B S R R - L RO S R
R 5 N TARISE — o LA S0 SRR A A #8585 B AT Shannon F8 50 RHIE ) K, 2%
LIS R S VI ot R e e o 1052 w1 U S (1 e e ol B ok 2/ AR <3 v e b N T P N2 S N D TR o s D ST
RO B 7 F 5 BE | Shannon HEE YA el WE FIAR = S5 (0 R AIE 1) 2 88y , 20— 32 00 I RRAIE 1] £ DA 2 AU
K, R AR AR IX - 4965 #1532 2 AL PR T, Xt 2 DX a3 P AR Bl Mk 52 e e i = 49 AL 5 i e A1
S VAR S A DA DA AR B — A3 B R AE 1] o DA B B TR E | Shannon $REUREK, 2B T F
BT A S RN SR, 2 B MR R R 2 R R A LT R T

F4 TEGNRIZWEFERSSH

Table 4 Principal component analysis of the factors to soil organic matter in the studied areas

i H Items ! f

PCl PC2 PC3 PCl PC2 PC3
7K%Y Water Content -0.2307 0.2454 0. 8889 0.7909 -0.0389 0.1724
AR Gravel Content -0.0688 0.0517 0.0665 -0.0433 -0.0387 0.1059
HZ % & Root Content -0.0115 0.4136 -0.7615 0.3913 0.3197 -0.3918
pH 0.3293 -0.0555 0.0124 -0.388 0.1692 0.2215
4% Total N 0.9513 0.0526 -0.0987 0.8102 -0.1838 0.1296
4= Total P 0.7762 -0.5423 -0.1848 -0.4621 0.4043 0.1672
241 Total K 0.8676 -0.2959 -0.2743 0.1161 0.6015 -0.385
B Available N 0. 9466 0.1528 -0.1179 0.6763 -0.2543 -0.0561
WAL Available P -0.0119 -0.9058 -0.0234 -0.3883 -0.5193 0.5129
AL Available K 0.9039 0.1742 0.0004 0.5137 0.0295 0.088
33K Elevation -0.1613 0.9465 -0.0078 0.7423 -0.3424 0.0761
i s Slope position 0.1512 0.9195 -0.0191 0.9046 -0.223 -0.0317
] Slope angle 0.6216 0.7153 -0.0441 0.9576 0.0833 -0.0981
AR # Rock Covered Percentage 0.7713 0.1576 0.1438 0.8988 0.236 -0.0792
& F Abundance 0.8902 -0.1378 0.0805
Shannon #8%X Shannon index 0.9356 0.0423 -0. 0054
F & E Evenness 0.7136 0.4651 -0.175
Simpson E2 Simpson index 0.1206 -0.4341 0.2026
EE Density 0.7923 -0. 1131 0.0292
T ME Breadth of Crown 0.0943 0.1324 -0.072
T Coverage 0.5744 -0.0787 0. 1564
fi#% DBH 0.2535 0.5809 0.7185
W Height 0.2679 0.4975 0.744
FRHE(E Eigenvalue 5.1703 3.7737 1.5313 9.0749 2.3047 1.9117
ZiFHkE Cumulative contribution 0.3693 0. 6389 0.7482 0.3946 0.4948 0.5779

I v

i H Items

PCl PC2 PC3 PCl PC2 PC3
7K} Water Content -0.2703 0.681 -0.039 -0. 1469 0. 6669 -0.2068
£ & Gravel Content 0.3361 -0.218 -0.2104 -0.475 0.0702 0.1597
HRZ& 12 Root Content -0.4665 0.2274 0.263 -0.0591 0.2998 -0.285
pH -0.2357 -0. 109 -0.3445 -0.6917 -0.4281 -0. 1499
4%, Total N -0.0141 0.8344 0.4052 -0.4708 -0.5166 0.3409
42 Total P 0.033 0.6783 0.5539 -0.0963 0.8874 -0.1843
4287 Total K 0.3277 -0.306 0.3206 -0.3137 0.3711 -0.3549
B2 Available N -0.2528 0.6732 0.6022 0.239%4 0.867 -0.1734
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I v

I H Ttems

PC1 PC2 PC3 PCl1 PC2 PC3
HHHE Available P 0. 1988 0.0265 0.6459 0.079 0.681 0.1131
HERLER Available K 0.8365 0. 1047 0.2074 0.0261 0.9008 -0.1585
13K Elevation 0.5593 0.5366 -0.2692 0.883 -0.1773 0.228
YA Slope position 0.8614 0.3115 -0. 1861 0.8616 0.1011 0.1743
Y BE Slope angle 0.7571 0.4519 -0.3896 0.8676 0.2894 0. 1505
‘A AR EE % Rock Covered Percentage 0.6011 0.4781 -0.3559 0.7009 0.3337 -0.2433
FEE Abundance 0.8263 -0.157 0.1924 0.8553 -0.327 0.0359
Shannon #5%% Shannon index 0.9027 0.1002 0.03 0.8999 -0.1722 -0.1133
FE B Evenness 0.9046 0.0532 -0.0119 0.2008 0.0641 -0.4146
Simpson $7%{ Simpson index -0.0947 0.6778 -0.1829 0.789 -0.0893 -0.277
% Density 0.2999 -0.658 0.4498 0. 6904 -0.2979 0.0953
i Breadth of Crown 0.8718 -0.159 0.0569 -0.0922 0.4717 0.6993
T Coverage 0.6106 -0.405 0.3575 0.683 0.0748 0.5078
Mg4% DBH 0.6591 0. 1862 -0.041 -0.2822 0.3735 0.5366
W= Height 0.9114 -0.19%4 0.094 —-0.1942 0.4786 0.7316
FEF(E Eigenvalue 8.1729 4.2991 2.4312 7.162 5.0127 2.5222
S BTHkE Cumulative contribution 0.3553 0.5423 0. 648 0.3114 0.5293 0. 639

2.3.2  FHRMESHY

£ 23 MEE  HERHIE R oy B URAE B = AT A B TR P S BRAE — T S AU
FEAE ) S B K R AR E 23— 20 A T e 5 RIEA DL CHRRRE . 3R 5 AT, R AE XA
3 R ALTTS A H  IE VR O R AIAH CRR BE AR, FERAEIX, HIBA ML 53k 307 22 4
b 2 TEAR G, BV RN A A T A AL E G, Ak | A OO, N T TR
JUEE A HL A N AR A LB S 5 — o i S B A R AR ARG e DL AN O R B
W) AR RECH 0. 95, B Y F Fh ZREPE 0 TH s, 2HEA PUSIE I, SE AR 72 T o AT A5 5 Ik
AR A DL S 2 R A DGV 35 s I AR AR - B A HLBT 5 Al 0k 260 R AR o 3 B ) G A
F,Hh 5 ISR A DGR T

R5 ANRSEHR.CESBEFH—SEX

Table 5 Correlations between vegetation, soil and topographical factors for soil organic matter

RAEX Koy Eea Nl Bl U AL K Wehis

Farmland Water content ~ Total N Total K Available N Available P Available K Elevation  Slope position

4 Total N -0.29

228§ Total K -0.53* 0.86""

% A Available N -0.28 0.98" 0.81°

AW Available P -0.18 -0.02 0.23 -0.08

HALHR Available K -0.16 0.97* 0.76 " 0.94* -0.12

4K Elevation 0.24 -0.09 -0.41 0.04 -0.80"" 0.03

YAV Slope position 0.17 0.21 -0.14 0.35 -0.74** 0.3 0.91**

FHHLIT Organic M 0.26 -0.21 -0.48* -0.12 -0.62** -0.06 0.78** 0.66**
L8} YH 212 327

AT 2 st e SORER e mmm was

Plantation Total N Slope position  Slope angle Abundance Shannon index  Evenness
Percentage

YA Slope position 0.77*"

3 Slope angle 0.75*" 0.87""

B AR Rock CP 0.69 " 0.74"" 0.94""

F & Abundance 0.65"" 0.86"" 0.82*" 0.72*"

Shannon 84X Shannon index 0.68* 0.86"" 0.90 " 0.82"* 0.93**

5] Evenness 0.49 0.51" 0.73" 0.76 " 0.54"* 0.75"*

A HLFT Organic M 0.95*" 0.84*" 0.80"" 0.72*" 0.74*" 0.75*" 0.51*"
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WA AR EEW mB FEE RRIER waE O
Secondary forest Total N Available K = Slope position  Abundance Shannon index  Evenness of Crown Height
PEAHN Available K 0.15

Wi Slope position 0.17 0.76**

E&FE Abundance -0.07 0.67** 0.58 **

Shannon 84X Shannon index 0.06 0.72%* 0.71*" 0.87**

5] Evenness 0.01 0.74** 0.72** 0.76 0.96

5 Breadth of Crown -0.12 0.63"" 0.66 " 0.67** 0.74** 0.78**

5 Height -0.11 0.71* 0.68 " 0.75** 0.79 ** 0.83** 0.93**

FHHLFE Organic M 0.49 ** 0.07 0.08 0 0.01 -0.01 0.05 0.04
DA Ex0 B upvel R Yepr 754 FEE AR EL
Primary forest Total P Available N Available K Elevation ~ Slope position Slope angle ~ Abundance Shannon index
B2 Available N 0.82*"

AHN Available K 0.80** 0.85""

4K Elevation -0.31** -0.02 -0.18

B4z Slope position -0.06 0.26" 0.07 0.85**

B Slope angle 0.12 0.44 " 0.22 * 0.76** 0.88**

F & Abundance -0.35*" -0.07 -0.25 % 0.83** 0.72** 0.62**

Shannon #§%X Shannon index -0.17 0.09 -0.12 0.77 ** 0.72** 0.67** 0.92**

A HLE Organic M 0.73"" 0.85"" 0.78**  0.08 0.30 " 0.46 " 0 0.16

* P<0.05, * * P<0.01

3 g
3.1 wE iR A bR [R) ARbR 39 ML A AR R AE

W T b X A S IR I 55, RGeARE P22 R KRR A KAE G A A B b BB R SR 4 X, 75 Al
T TSR, ME AR I | T R Al S5 1 THOR R ISV B A K o 7% T R TR S AR D UL -4 | Z2 I8k
AR R L TAED wE R A M ) AP G SRR SR T T AR AR NI A R M 59 1 s A A S A B
PEAFAST B TP R IR | 40 K043 AR AR AR IR 1k g v A3 | K O ™ 1, IR BE 1 N %, 80 4R Hh 1)
WA B 2 5, A T30 D AR 20 T A | A SRS ARG S R TR s e i A2, v 4
BEEEFE B T A1 Al ARAEIX R T DRI R AR S AN [ A 110 A 25 S UL R | b bk 2 B4 N TR kA AT
JEA AR 3 Fh2EAY W T Rp I MR L S B 2 A TR AR R i R A BT K R A
RE Vom0, A5 HE B0 AR ) BRRVE i ik o AR B T VA PR R R £h 5 - 3 B R 45 A R B
JRRSRE I S AR RS S (A B WL A B, B R AR VR IX R 2 R A LR AR B T 31. 30 g/kg, WEA
TR R AR AR TR A AR IR R R B, A ML e R (66, 91—118. 0 g/kg ), HL7AE S 4 K
(19. 4% —48.5% ) AR IF 54315
3.2 w iR AT MR R RRPK 9 BT A 28 () A8 S RS SRy

Al i DX — B, W R 0 AR M 9 ML R TR ROBE B LA A Il 5 ) A ) [ A G A i 2 1
e ST AR AT M AR AV X T 3 SRR - A ML S — 2 (O 2 R I, AR DX ORI TR X 2R Gk TR B 12 ) 50 J
R, ARSI, BT FEZ B AR, 5 & R 852 N\ T 20 5 ik A AR X B 2R AR A s Tl <
K22 a AHGEI L HAM G AR, A BERERE , 1 A SEYE FEURT Moran's T 359%8/N 493 55,20 30 m, HASAE A B ; Ji
HERIX I BRRARAE TELT, RGEAD T R RE R A BRIRAS , A A e 3222 32 b 3 5 | L3 o5 I 3 b A 3g
M AL (40 m) o AAEIX - HEA PTG RERE A 25 RIAH O, 2 A TS BEALIR R ek, ini 3 257%
AR HLTAE 5 R B SR AL A 2 [RIAH DG, 25 8] S5 T P R 3 s (RIAR Jm) IO AEAE AR AR DR 3 bk 384 HL
10 ey TR =07 N [ 2 75 107 N < 3 NG N =<2 1 e A 57 O 1B | 745 A =111 ) R o e L
TE oA, RIS Sk 55 5 JE A MR B 4345, Pl P SRR
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3.3 MEHTRRIE AT AN [ AR L B DL 2R R N A LG AR

AU L P B BRI Y G . S AL AR U B R A A B
DX R AT BRI N R W) A DL ) i AR 2R W S0 e 0 D 3 M DX P R 79 5 — O A O T, R B
e o S98 Jo  RRHAEAE JRy S S FRT PA 2 i) - S BTG 5 B A A DX 3 R 32 AR A A
DAY T 7 A A Bl R S BRI A 2 R ), A\ A B R e AR S A A P R R
T3 s N MO MBI R Rl Z2 A URLE RN BRI S5 A RN o 28, A R St Ry Ao 22 A 4 [
— AT AEARAE DO 3 2R ZRAR L HEA DTS oAt R 9 1E SR T OC R MIAR SCRE BE AN [R] : AR AE DX, LA HLIT S
TEEA BT S B 2 TEAR G, L Al | A B 3 TR O N TR 508 — R MO Py 5 0 72 R B 2%
TEARSE s UCAEMAL S 2R A S 35 R A bR 5 el B R0 R8T e SBRE S R . IRt ok
VEDXRN 3 ZEBRARIL ] 175 2RI B AN 25 T i vy 1 e I 55 D RE A BESRES
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