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Abstract: [ Objective] Soil organic matter (SOM) is an important index for evaluating soil fertility and soil carbon pools. SOM
usually has strong spatial and temporal variability for the complicated soil forming process and human activity. Studying the
temporal and spatial variability of SOM could provide an important reference for the adjustment of agricultural planting structure and
response to global climate change. [ Method] The contents of SOM of 0-20 c¢m soil layer in Hainan Island in 1980s and 2012 were

collected and measured by field investigation and soil sampling. RandomForest (RF) model was used to predict spatial distribution of
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SOM based on the training set of 410 and 128 samples, and then the predictions were validated with validating set of 103 and 32
samples, respectively. Then the spatial and temporal variability and driving factors of different land use types in Hainan Island in
resent thirty years were studied by using statistical method combined agricultural statistical data. [Result] The mean value of SOM
contents in 1980s was 20.57 g-kg™', showing a distribution that SOM contents gradually decreased from southwest to northeast parts
of the island. And SOM contents were mainly in two levels of 15-20 and 20-30 g'kg”, which occupied 75.29% area of the whole
island. The mean value of SOM contents in 2012 was 15.89 g'kg”, showing a distribution that SOM contents were higher in the
southwest and northeast parts, lower in the west and south parts. And the contents of SOM were mainly in two levels of 10-15 and
15-20 g-kg™, which occupied 78.28% area of the whole island, but the ratio of 15-20 and 20-30 g-kg™ levels was 66.04%, which
lowered 9.45 percentage points compared with 1980s. The order of SOM contents in different land use types was: paddy field >
garden plot > dry land. And there was a significant difference in SOM contents among three land use types in 1980s. In 2012, there
was a significant difference in SOM contents between paddy fields and dry land, dry land and garden plot, while the difference in
SOM contents between paddy fields and garden plot was not significant. [Conclusion] After nearly 30 years, SOM contents of
Hainan Island showed a decreasing trend overall. In 2012, the mean value of SOM contents decreased by 4.68 g-kg™ compared with
1980s, with a reduction of 22.75%. The mean value of SOM contents of paddy field decreased by 6.42 gkg”, with a reduction of
27.34%, which was most obvious among three land use types. And the mean value of SOM contents of garden plot decreased by 2.65
gkg”!, with a reduction of 14.25%, while the mean value of SOM contents of dry land decreased by 1.28 g'kg, with a reduction of

8.84%. Rice crop rotation, land reclamation and increasing multiple crop indexes were the main reasons that caused the decrease of

SOM contents in Hainan Island.
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Table 1 The statistics table about the land-use types of samples
bR PR [’ ESis FE R
Land-use types Crop types Number of samples
JKH Paddy field ~ 7K#& Rice. FE3E4E1E Rice crop rotation 70
$Hi Dry land 37 Bean. %j{t Chrysanthemum. 3}l Pepper. HHl-Fti/R Pepper-watermelon. A% Cassava. £k Corn. 32

%% Pineapple. H i Sugarcane. H -7 Sugarcane-Banana 7 %% Banana”
[E} Gardenplot T Mango. #i#% Litchi. #H#{ Piper nigrum. £¢#% Green orange. £} Rambutan. 4t Tea. $8/iX Rubber- 60

A Areca catechu. #5#% Eucalyptus. ZH Mulberry®

DIKHE BREE BB GRAE GRERIZETHESE 2011—2013) THELFT, X 2010—2012 SERFFMED =44 4351 454 4.6 210 80.3. 733.6 kg'hm >,
DL A AR TR GB/T 210102017, % 1. FREMILAFARAER I S HAARIE, RN T DRI Rehhy A5 ) i I 20 45 e
AT, e b e

DThe per unit area yield of rice, vegetables and rubber is 454 4.6, 210 80.3 and 733.6 kg'hm™. ?Land use types are classified by GB/T 21010—2017. The
fertilization and other agricultural measures of pineapple, sugarcane and banana are similar with vegetables, so classifying them into dry land. *'The fertilization
and other agricultural measures of rubber, Areca catechu and eucalyptus are similar with orchard, so classifying them into Garden plot

(2) 1980s HTHEH WA g4 o5 X
A E R AR, ek 17 AR, I
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Fig. 1 Hainan Island remote sensing interpretation land use map
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Fig. 2 Distribution of sampling sites in the study area

1.5.3 HANFRIE R KUEER T35 5 2=
(ME) . 7R MR % (RMSE) FlkiE 230 R
HAEAR T (I HE A P

ME= 2l 2X) - Z(X))]

n

" 1Z(X.) - Z(X )P
RMSE:\/ZI[ (X,)-Z(X,)]

n

, L 2lZX)-ZX)r
222

X, n ARREAFE P IFE A EL,  Z(x ) ARETINME
ZX)REIMIE,  Z(x,) AR SSMAE 1 P41 .

ME F1 RMSE 7373 A T30 G (s 00 FH0000HG JEE 1) e
&, ME B 0 RWTEZTMm, RMSE #/h,
TRMRS Bk . R AUeE /AL RPBIEEE T 1, FoR
FEEIR ] PRI AR 8 PR AR 1 0 3B
1.5.4 pr TR HERFRHEE KL SOM i
() AE Arcgis9.3 BAFH e R, 18 G AZ R R AN
NDVI (3 IAE ENVIS. T A5, BEALARAA
7£ R3.3.1 ) RandomForest 3 1 5¢ i, Gt it #1fd H]



6 Y] LIV I 30 SRR B AT HLTUN Z3 AR AR AE R ) B 1037

SAS9.2 B AEF1 Microsoft Excel 2010 T.H..

2 %R

2.1 1980s. 2012 ££ RF S ELER

1 2 AT, 3 NPT ) AR A A B A
RUR R R IR, RIAXHAL TN SOM F&=
) AZ S5/ . 1980s SOM 75 4% [ A8 57 1) fc L4
SEMPE 08 R, HOh iR 2012 4F SOM %
220 AR S 1) e LS DR 35 O MU SR FE R A, LR
iy NDVI. £HiZIX SOM £ ()45 i) 48 57 - 857 /K

F&2 1980s. 2012 £ RF SHEHUALER
Table 2 RF model parameter fitting results

I MBRIHE R R . AR 3 A, PN
1 ME Y8 82187 0, RMSE £/, & IR G
T SOM E &AM AT . NSHPE LK KE,

1980s 1 2012 AEHE 73 5l R AERE 17.79%H11 19.42%
() SOM & 2% [ A8 5, MR SR NP2 i o 4
KA, SRR I . HE—, 1980s M T
FABPRE S BEOEE AR, 5 RESALE S, X
RS T 2 =B M . 85, 2012 4R () #E T
K125 10 km, SRFEERERUDN, 0] fig ' SO (1) il R &2
i f

I3 R YU K REREVE e KA ZE BN fif e A
Period Variables ntree mtry OOB var (%)
1980s Xon Xin X3+ X7 500 1 115.967 4 17.58
1 000 1 *115.668 8 17.79
1500 1 115.736 2 17.75
2000 1 115.982 4 17.57
2012 X6n X7+ Xg~ X[~ X5+ X9 500 2 47.892 6 19.15
1 000 2 47.8396 19.24
1500 2 **47.728 5 19.42
2000 2 47.8340 19.24

RF UM GBS () 55 % Genuer IIFTSLIT 24, Mitry AR ntree (D0 GERIAS 578 VO I 00 52 (0 S A0 MOt e stk B Ty s BAE 5

* R A SRS BRI ZE RN, H T 5% SOM & 423 A Tl

Variables screened with the method proposed by reference[24]. Mtry is the optimal value determined by successive calculation of the modeling variables based
on the ntree value. Variables screened are listed by their importance from high to low. *, **are the smallest OOB of combined parameter, which are used for

spatial distribution of SOM

&3 RFRETUNIEE
Table 3 Prediction accuracy of SOM contents using RF

Period ME RMSE R?
1980s -0.464 6 10.146 9 0.206 0
2012 1.8162 5.783 6 0.2476

2.2 1980s. 2012 £ 0—20 cm /2 SOM & AT
SR

M 3 00, 1980s SOM 5 S WL AP R 1) 4:lE
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PERgHIX . 42 SOM i EEAEHE 1520 gkg'
(39.86%) F120—30 gkg' (3543%) PiIPMEY, &
LA BT AR 75.29%, 10—15 gkg! dr 4 i s AR
11 14.57%. 2012 4F- SOM 5 i S B PG pg A A, V3R
B VIR I 2 T s, HorPimf (20—30 gkg™)
BRAE IR PE R HBIX 0 A oh, AR ARAGEAEHX AT

SMA. 2012 FEA4R SOM Fr i FEAEH/E 10—15 gkg!
(33.22%) « 1520 gkg' (45.06%) WAL, Wik
el A By THIRRTY) 78.28%, 1M1 20—30 grkg ' S54% 4x By 1)
20.98%. [d] 1980s AHEL, 2012 4F SOM & 254 TR
Lo BT B, SRS SR TR I n:  Somnss
PANBARTEH W A N, 2012 4F 15—20. 20—30
gkg AR 66.04%, 15 1980s AHILL, 9> T 9.25
ANEAY AT, 1T 10—15 gkg ! 25201 SOM 2w i Lk
BN T 18.65 AN 43 11,2012 4 SOM & 8k £>30 gkg™!
g, <10 gkg FHHID T 242 NEI R
M SOM i A8 (8 4) kG, Wk
30 4F, VRS By SOM 5 i Ak Sk il #A o L rp AR
HRAGTBIFRER A H X SOM & A Frihn. w5 wf
A1, SOM &R/ EA 1—10 gk #4054 A
11 60.23%, SOM 5 I AE 1—10 gkg #B5 4
By TAR ) 19.47%.
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Fig. 3 Spatial distribution of SOM contents in 1980s and 2012
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Fig. 4 Temporal changing distribution of SOM contents from
1980s to 2012
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O
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Fig. 5 Percentages of areas changed in SOM contents

between 1980s and 2012
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VTR Al A (8] 1) P A S R P o AN TR] L R S 2
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SOM ZM i iH P, H SOM 2 AN 7K 3K, il Hs
S RSty 85 13, mhssic i, R, el gt
B, ETAEPURER, mizX FHhZFEsse. H
R 5/ S (7 T N W 7 Y L N1 o O S 5
WH, HAEZREGR PR, #T LAY 5L,
Rk, Fih SOM B 1 [l b .

% 4 741, 1980s F1 2012 4F SOM 7 &Ml
439k 20.57 1 15.89 gkg!, H AR kb
IR R E, AT =g Dbtk . Mbs
HERZEKF, PAET 58 043, 0.59, ik
AN, RS RIZ N AFE . BIFRIE 30 4, ZIX
SOM ¥ =¥tk 2%, 2012 4F SOM FEK

x4 BREEAELHFI AR SOM ZEFRITHFE

1980s J#/> T 4.68 g-kg™s Wb N 22.75%; M SOM
SEUEKE, 1980s—2012 4F, SOM &/ Mi
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Table 4 Statistical characters of SOM contents of different land use types in Hainan Island

- H A 1980s 2012 4 SOM & 24k

Land-use types FEASL B iR % i FEA Kffhrue iz i Change of SOM
Sample size Mean + Stderr (g'kg’)  Range (zkg')  Samplesize Mean + Stderr (g'kg') ~ Range (g'kg') ~ contents (gke™)

JKH Paddy field 607 23.48+0.57 a 1.4—86.56 70 17.06+£0.91 a 4.43—38.12 -6.42

i Dry land 245 14.48+0.70 ¢ 0.2—70.84 32 13.20+£1.27 b 3.85—27.81 -1.28

[EH Garden plot 138 18.60+£0.93 b 1.54—55.76 60 15.95+£0.94 a 3.16—353 -2.65

A Al 990 20.57+0.43 0.20—86.56 162 15.89+0.59 3.16—38.12 -4.68

/) — A4 YRR AE R 22 S5 AN TR ) 7 BER RN A R 267 SOML & B AFAE R 2% R (P<<0.05)

Numbers with the same letter in the each column are significantly different (P<<0.05) using Duncan’s multiple range test between different land-use types

&5 19852012 F R GEITEIELL

Table 5 Change of agricultural statistics data from 1985 to 2012

T 1985—1987 4V 2010—2012 4 ? kAL AR
Item Year 1985-1987 Year 2010-2012 Change Rate of change (%)
SO TR Arable land area (hm?) 434118 421 324 -12794 -2.95
JK HTH A Paddy field area (hm®) 258 288 224206 -34082 -13.20
ST Dry land area (hm*) 175 830 197 118 21288 12.11
[T (AR 428 064 825301 397236 92.80
Garden plot area(include tropical crops) (hm?)

PETA Tropical crops area (hm?) 386 864 646 249 259 385 67.05
B JEETHIFA Rubber area (hm®) 328 825 505 825 177 000 53.83
RGBT AR [l Mt T AR 76.82 61.29 -15.53 -
Rubber area/Garden plot area (%)

SRR Total sown area (hm?) 751 566 842 164 90 598 12.05
K R4 Multiple cropping index 1.73 2.00 0.27 -
JKFEREFIHI AR Rice sown area (hm?) 395371 321412 -73 959 -18.71
BRAFAHFH AN Vegetables sown area (hm*) 32 440 223 032 190 592 587.52
IKAE BRI RY BB A 52.61 38.16 -14.44 -
Rice sown area/Vegetables sown area (%)

BRI BRI A 4.32 26.48 22.26 .

Vegetables sown area/Total sown area (%)

D255 IARE 19851987 4F 2010—2012 4F & TR F bR A AT 41

1)

and? represent the arithmetic average of the indicators for 1985-1987 and 2010-2012, respectively
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2010s ¥ (20102012 4F, F[H)) UL 30 40, Hird
AP AR AR (B> T 2.95%), (HAEY)S#%
FiTHAR CRIRRFRT, R D KW EFE, B 751 566 hm?
% 842 164 hm®, N7 12.05%. i, ek
THT 7 S0 47 T 1) LG A3 1980s U] 4.32% 1721 2010s
A 26.48%, BINT 6 %, ChEHEY R
1/4 5. BRinsest, HAEYRRM A A femb, Hr
IKFE BRI R, FERN AR VR4 R i AR R Ee 48] e
1980s H1 A1) 52.61% %2 2010s #IHAMN) 38.16%, F
Fe T 14.44 DNE . BRESEAKFEIMR HABAE D FE
FRTRL b R AT AR LL . 1980s HHIA 43.07%,
2010s #1HA 35.36%, /DT 7.7 ANE AR AN,
ZIX SRR 1.73 $9 04 2.00, ULHIVEMIIAE 113
b, R SR IR . BANMEAAREL, R S
NIRRT T TN =0 R [T & TN
WG, A7 ST L] AN A2 5%l nE] 1/4 58, $LH
RGN ERG . =M SI . OKHIESE oak
AR, REERAE OKSHeAE) sl o
2N A E.,

HUE AT L, K BEEAE SO K R EeAE (RSt
R FEOZIX K SOM it FREMEEA .. hT4F
PRIV HOERPRES DL R 8 BRI 23 SR AL, [ 20 4D 90 4F
UK, W B 2 Mg i S AT RS- R - SR SRS eV
X, BITERAER) 5—11 A FRxcEE=R, 11—4 Hihp
PR ST, BUANFR—ZKRE (RREeh R . HE
AR R SE, MOAE BRI, 22 B0 DX Rjop P 2
B ARG, SRR IR P T AR AL N 1% 5 5—10
HAWZE, 11—4 A5, KEEWEMNE, &
B R, A T KRG, B IR R
B, MRS, B TR R 44T,
— AR T8 HA N R R, A4 e 115
BT AIE S — 7, 11—4 AMEEEN T
7, BRI AR R AR AT AR B g, AR T g
AR . EERE, W2 NERER, I
WRAREY RN, FEZHKSEEK, $GE, EE
FZEr bR, BRI, SRR AR R D, T,
K HEAESCh K R 56 (i) SR EYmA R
IR0 [ B - ST A SR, A3 B e
SOM i 2 FREEa#h. AL R 54 0E. LA,
W S ARSI g 45 AR — 5
2.4.2 EMAVFH X E A EH SOM BHE R3NP
W ARSI SE R IR, 1980s — 2012 4F,  HIbkHbEE
e B el R 3 o BT MR FE ST Y 94%, AR AL

Bl s, SOM &b 2.55 gkg', WAOEN
13.52%. WIS 8 el 6 73 SOM & 27K & gk s>
e, J 1.82 gkg!, WD FEN 9.85%.

M2 5 mI%0, BRI 30 45, %X bl A S ]
fRIBa a3, 1 1980s H U111 428 064 hm® 1 i1 %5 2010s
ff) 825 301 hm?®, 141 397 236 hm?, 4407 92.80%,
RBIHR . FAARTRS A KR SR . L, PAS B 3
REIRTARR ot [l M T AR (1) LE B4 7E 60% LA |, BRI b
IR RLEK, H 1980s 7 117K 328 825 hm” 14 /i1 42 2010s
VAT 505 825 hm?, H/NT 53.83%. RIS
NN TG, SOM KIEE N, HhREHRE
JEJZFE A EPPS SepR b, ORI BN
MOAILAB MRS [ 5, #Ras L in, JFa —edt
B, IEROK RGN, TINEIZE SRR R AR
FHLL, [l AR ARG s T b, AR E 1 485 4y 2
I, BTG K SOM FrEdb . N AMIFRER I
B EAHIE ) SOM Eritigsb, o, 7EHT 20—30 4
SOM & ftig/b LG, 2 Ja i DI aeis, 75 30
SEZE A IR B BT P I R A AR R R T AR
1980s 4713 28 2010s #JIAK N T 17.7 J7 hm?, JLfh
bl 1 T FR ) 30948 0 749 22 7 hm?, 55 0[] R R S
BULIR A2y 1.3 J7 hm?,  fyskn] WL, 3 g el 3 2
MRHLTF BRI R,  HAIEARTETF R 1030 4F2 0], JFE
FEBREHE, ATRX L fe ) SOM 7 & FAbTRad
BB Bt o

7T, FEHh SOM & ARk 5 R VA HL i
GO BRI A KT ER UK B 357y,
B3R Z BT L, APHIRIEREE -5t , K
IR B I NIRRT R B K R R
2010 48 B 5 R FH P S A B, 1 X el -3
YeRE Ry 4.65°, %X ik 2 W, MBIy, [ HAE7EK
T RIS, FAR R bl M R R AR B, Nk SRRkt
T AT, TN E, —E R N 7K
T KRR A, KRR E o TSR Uk
Gb, ERAFTEIEA GRS, B IER A PLUE.
Pk, 75 R R LA T ESUERE SOM & &
ELRNCOEER

3 g

3.1 HERE. fE¥IFEES SOM =T RAIX R

FR PG R G5 o B 5 S AEFE B, 1980s i 34
(1988—1990 4, F[[) . 2000s (2000—2002 4,
FED 20108 #J3 (2010—2012 4E, F[ED &1k
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JIES e FH 4 2 3 (8 43 500 4 11,60+ 27.40. 46.56 J7 I,
H 1988 4= LAk, i 48 A AL I it FH 4 4l 12 52 3 &
#, b, 20108 WHHAR AL Hr 2l &2 1980s
Ja AR 4 £, SUBERS, KR = 28 IER, 1980s
J5 3 2000s 2010s HIHZKAE 5= BI{E 53 14 3 149.8.
4127.8. 4 542.1 kg'hm™, 2010s #J3H/KRG A 7745 1980s
SRR T 1392.3 kg'hm?, H477 44.20%, TFSF™
A NG I BERERE, KR AR YR R P e
WAREEY =5, (HNKIERE, JEARRYERF SOM
Frm g, i FLE R SRR IR B PO, Bk -4
HHYRIR BAR . KIALLK, W A EAEA
GG, AR AL, 2010 4R M A R AT
BB CF IR, BERFERESEE (X8,
B R ENEEZFD 732 Jisk, B5 1990
(99 53k AHLEA TAR S i G 1990 4R 11 7 i)
HEIAFE 4 (2010 4EF1 1990 453514 2 481, 844 JF
S AL, PSS AID 3.4 fi5. 8.5 fiF, RUIIEES
HHUREREA A, WA, X NS A
BUIE, AU EAR, AT AL
AT IR AT, I P 5 i S i A 2 e
TIHABERE PR A o 5 OKC XA F 4 % | WA
SCE L B0 4 BT 47 AR A R, A TURTER
20 2 0k 167.94 1 120.64 kg-hm?, ~F1y
144.29 kg-hm?, HAHHUCE & &5 SRR 27%
H123%. BRIP4 4 B 74 PO SE R i
RE A gk RN, T N B4 611.19 kghm?, 3
R LB A SRR 27%. Tk P ]
Jov Kt 7 B IX 156 Jwtise i A g5 R EoR, P
PN 1127 kgrhm?e [ 4 b bk X i 2
(e U2 B A T 4.2 {5 A 7.8 4%, WL, X
NE A = g, I R 4 1) N 2 /D T oAt b
X, KUk, JERkgE - LR AN 7 A PR
Mgt Ab P X, B, G XU, MBS 5k
(DLRFRIL . BERE ALy, BRI g, DY R
SR 2R S WO, AR S I SR A
MR, RN K R R K LR A
Sl TR R P RR AL A . AFRR
Wy, EREMAMET, ZIXARH SOM. N. P B2
%K, FRFAE A 92.42, 3.13. 1.30 kghm™a™,
JERRA A Y, AR X it B R, ]
0—20 cm 1) SOM AR B R EE .
HATE WA TAEY =S SOM it A1 %
RIERAF I —SUE58 . LALYRI PANMIHIF97 2 1]

TEY =&t Y5 SOM & EAFERIFIMIEA KK R, H
YANG 270 35 bR X (R 745 AR R 458, Ak
Y& 5 SOM & EAFAEAH S K R« LOVELAND
A WEBB/™ I 7 H X [R5, SOM 5 51E
Wire 2 IR E e KR . WARTT R X KA
B A SOM &\ G OUCKRE, KRG s nnl fess
FEWEE 2 1 4Ry, W BT IR PR
3.2 5FEIE SOM B ZS T8 B4H1E

BT 30 4F, i 5 SOM 2 i A Sy b,
WD Ny 22.75%. b, KD, bR
N 27.34%. K HIEESCIFEREAE OKRRAR) &%
XK HI SOM 75 sk /D (1 L5 N . 315 4 4 Fe 2t
FET ARG IR &5 AR — 80 (H L5 A Fn YT 5
FIRFFT &5 AN, Y1954 1980—2006 4 0—20 cm -
2 SOM 5 i #E AR I I, B2k 10.63%, I
o, KO S S, SOM & R 1 ks,
293 gkg's XSRS THRER S, TLIRE AR
B BRI, BRGSO
AR K IATREFFIE AR, 23k TN ) B
7 A o AR A OTLE b A X R ATF 5T 45 R b 3 W RS R A
FH At A HLIE & SOM & it - BB A . (R,
HENA T S HEAT RIS A . AR B & 2%
A LI

4 i

4.1 IBHIE 30 4E, W SOM & ik Ry
#, 2012 4F SOM &85 1980s /> T 4.68 g'kg™, I
ARy 22.75%. o, JKHI SOM &b 5 4 W
W P> E R 27.34%; SLUCH B i, 98D F 0 14.25%:;
I bk > B f N, JRDEE ) 8.84%

4.2 SOM &R/ EEERE 1—10 gkg ', HATLES
PWIBR AR R AR AGH LAAR R o3 X, ol 4 B T AR )
60.23%; SOM 5 8 b 32 L 1—5 F1 5—10 gkg s
SIAAE R W ARIETR . A I, o A B T AR )
19.47%; SOM & EAR LAE-1—1 gkg, HI SOM JEA
TREFAE, 7E R WS XA A0, 54 BTN 11.30%.
4.3 IKFBIEVESCARESRECAE, MRHTT By feth,
TR FH A S IR i v i 5 SOM 7 B I 119 A2 22 i A

B 0l R LA R LIRSS BB TR
kA F 4 R A AT BT R R R
LR BT ANY. TRE, FUMEREP AL F
Horsh, E—IFEH!
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