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Tab.1 Classification standard of total phosphorus and available phosphorus content in farmland of Hainan Island

FEFT Index — —% =% Y2k TuZk
. Level 1 Level 2 Level 3 Level 4 Level 5
=T total phosphorus/(g-kg™) > 1.0 0.8~1.0 0.6 ~0.8 0.4 ~0.6 <04
H R Available phosphorus/(mg-kg™) >40.0 30.0 ~ 40.0 20.0 ~ 30.0 5.0 ~20.0 <50
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Z () REXIRAR E Z o) TE x, 5 x+h S AT EE

e, RS e 4B 12 (Krigng) 20 4 i 40 oF BE8 A1
KER TR LA, 2 —Fh S H B2 I 418 4%
AR A I TT 2 H FH X A B 1) 25 K o R S AN [
B 78 B, 75 B DX 00 AR SR X I8 & kAT
AN TC AR AN T I 7 FLRT DR A 7 22 oR R
TR R IR PR 25 10 58 28 5 AT K S0 R A A0 A o
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Tab. 2 Descriptive statistical characteristics of total phosphorus content in Datianyang soils in different regions of

Hainan Island

R RER A
o =RAN = 4 o Percentage of total phosphorus content grade/%
e g RDIDORKEE e oy - -
County Sample size o lo! o SD % —% —% =% Va2 H
(gkg™) (g-kg™) (g-kg™) Level 1 Level 2 Level 3 Level 4 Level 5
>10 08~10 06~08 04~0.6 <04
1%? 14 0.46 1.75 0.87 0.30 34 14 36 36 14 0
Baoting
AL
.. 124 0.17 2.44 0.67 0.30 50 12 17 25 25 21
Changjiang
0 . 72 0.60 2.66 1.00 0.54 35 87 8 4 1 0
Chengmai
&M
318 0.25 3.20 1.13 0.55 54 40 15 18 18 9
Danzhou
I.E;I 67 0.09 3.92 1.13 0.60 52 51 17 25 6 1
Dingan
il 235 0.12 2.24 0.71 0.34 48 16 16 16 25 17
Dongfang
D 371 0.06 3.63 1.21 1.24 48 60 15 16 7 2
Haikou
AR 209 0.07 2.88 0.88 0.49 5 37 16 13 17 17
Ledong
I =1
. 182 0.11 3.48 1.21 0.66 54 53 18 13 13 3
Lingao
o
.ISAUK . 85 0.18 4.22 0.98 0.66 66 34 14 14 30 8
Lingshui
.I)R@ . 79 0.15 3.40 1.12 0.63 56 58 17 9 4 12
Qionghai
=k
29 0.26 4.61 2.37 1.53 64 50 10 13 15 12
Sanya
Ly
39 0.08 1.68 0.93 0.32 34 36 26 33 3 2
Tunchang
ﬁT 260 0.09 3.41 0.81 0.49 60 30 12 15 25 18
Wanning
XE
201 0.12 445 0.82 085 103 26 5 12 17 40
Wenchang
ol
ALL 2286 0.06 4.61 1.02 0.65 64 40 14 17 16 13

(0.99 g-kg™) > HANIAI(0.66 g-kg ™), FHI A
B2 7 L 40% , W s T K — 245 H(38%) , £
Hi R 7K 4 s 2 B e 2B L4k 2 1A 2 e A
N A SR A g A S B — 2 LU RIS, A
14% , T3R5 8 F B E =R H .

S A R 18 (113.68 mg-kg ™D g = 7K
1 (104.66 mg-kg ™) , HoAh S Y (145 250k & BRI,

N 62.82 mg-kg AN [H] R FH R A -3 2L
BEE B U — b s, B S &%
i B 77% , W 5 T 7K B — 2 b (729%) 5 HoAh S Y
(1) - 39 Rk B & — 2% o LR AR, N 53%, 3 27%
(PIRE R & AT UK .

23 BEHAHIFLESHMBUBEHMIE
FREOFE KM SARAR A E S TR D,
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Tab.3 Descriptive statistical characteristics of available

BRRETEAHFIIREIH S B GITHHHE

phosphorus content in Datianyang soils in different regions of

Hainan Island

AR EER AL

L =RAN = A . Available phosphorus content level percentage/%
e gy SOMORKE B e oy . .
County  Sample size ! o Lo SD % —H —% =% P2k it/
(mg-kg™) (mg-kg™) (mg-kg™) Level 1 Level 2 Level 3 Level 4 Level 5
>40.0 30.0 ~40.0 20.0~30.0 5.0~20.0 <50
1%'? 14 10.00 211.21 90.50 53.07 59 85 0 0 15 0
Baoting
BT
. 124 8.65 448.94 63.90 61.23 96 56 13 18 13 0
Changjiang
wia
. 72 55.42 464.39  231.00 116.68 50 100 0 0 0 0
Chengmai
&M
318 3.16 405.65 66.28 69.02 104 57 9 9 25 0
Danzhou
.Ek 67 27.95 44429  152.39 95.30 63 99 0 1 0 0
Dingan
ol 235 4.63 467.88 90.41 79.44 88 68 8 6 18 0
Dongfang
g
. 371 5.32 467.29 94.01 93.98 100 65 9 14 12 0
Haikou
A 209 14.39 465.99  145.15 107.07 74 90 4 4 2 0
Ledong
I v
s 182 6.01 44549  121.00 101.69 84 78 3 9 10 0
Lingao
Bﬁﬂ{ . 85 8.99 404.56  119.06 79.51 67 93 4 2 1 0
Lingshui
.IE{ . 79 27.27 478.88  161.74 114.16 71 93 7 3 0 0
Qionghai
=
29 10.15 459.90  144.22 97.87 68 94 0 2 4 0
Sanya
A
39 11.30 364.46 110.95 95.39 86 77 5 10 8 0
Tunchang
ﬁT 260 6.19 401.81 86.06 8391 98 60 9 19 12 0
Wanning
XE
201 8.04 419.92 89.02 71.49 80 70 6 10 14 0
Wenchang
fff 2286 3.16 478.88  106.51 97.40 91 72 7 9 12 0

WS OB E U AR TR AR
CEC. A2 #PE 5 e B A 0 35 1 IEAH 2% (P < 0.01)
55 pH A2 B 2 AR B MU (P < 0.0 5 H 4K
T 15 75 B L pH R4 L o 0B A S S M TR A R
(P <0.0D),5 CEC.AZ # PEA5 8% . 2% A HLJsT Al
PRAEW) 2R E A G (P < 0.01) . A 20 &
£ SR AEIR I 3 I S R E AN P

P, 5 BRI AT B8 5 SRR AL 2 AL T Hb 357 3H 1
XA %K.

24 BEBAHFLESH AUMFEHERN
St LIEEAREAE A R RIS,
16 R I Minnitab %44 %5 2088 3 47 BOX-COX #%
e, B30 5 MBS R ILES A . T Z R
AL S el VR BB AR RS, P el (CO
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Tab.4 Descriptive statistical characteristics of soil total phosphorus content under different land use types

wAME RKE M

A0 S B SR Y0 1 47 L Percentage of total phospho-
rus content grade/%

WEHSKIE] R KB o
BAFZN BREE D  Vy Mean EE Gy = W% R
Land use type  Sample size Lo Lo Lo SD 7 —Z —% Z %
(g-kg™) (g-kg™) (g-kg™) Level 1 Level2 Level3 Level4 Level5
>1.0 08~10 06~0.8 04~06 <04
=
i 500 0.08 4.49 1.07 0.78 72 40 14 14 16 16
Dryland
K H
Paddyfiel 1684 0.06 4.61 0.99 0.59 60 38 14 18 16 14
HoAh 2w
IR RA 102 0.12 1.69 0.66 0.34 51 14 15 24 24 23
Other types
x5 TRELHFI AL TS SRR SIHFE

Tab. 5 Descriptive statistical characteristics of available phosphorus content under different land use types

A& 2559 H 47 L Available phosphorus
content level percentage/%

bR b o0 BRAE B oy =01 =1z
Land use type  Sample size Min/ | Ma/ | Mean/] SD % R ]jr 1 ]jr 1 Level hgk
(mg-kg™") (mg-kg™) (mg-kg™) Level 1 eve eve eve Level 5
> 40.0 230.0~ 320.0~ 420.0~ <5.0
) 40.0 30.0 5.0 o
D;;li‘i:‘ld 500 5.20 478.88 113.68 103.46 91 77 5 8 10 0
Pazjltiilrsfliel 1 684 3.16 467.29 104.66 92.90 89 72 6 10 11 1
)
i&?}i 102 8.65 448.94 62.82 67.01 106 53 7 13 27 0
Billislendin B ! B AL 152 22 /N TSI 00 HORE FRUPE 1 7k IR 2% 51 AR 1)
Ry - i 5 FE G (CO+CO R N NI X Sk 5] A2 A8 5, B
5 R 0.6 R R
A - b BFRBCCOCCO+C)) U FH T3 A8 R (1 % TR A %
AN [ = .o N N .
cec [l 02 REFE. 1E <0250, BATEZIN A A E AN
Exchangeable Ca®* [+ = - . ,
Exchangeabe M |85 00 X 57 B g M P TR CREJ L MR S B RS 5 AE
g o 0.25 ~ 0.75 Z [A] s , 2 B Ay v 26 2 ) | AH M
et e b B B <06 ZBIFEHLA R R PIEFEE > 0751,
g gt '"BERES OF Y R AR SRS , T BB LI R B
S8 %%Q‘»é@i’@b&@&%@f@}ei@‘\ il FEE it IE S5 ¥ 2
- ? %w\ .\‘Q\\§ aé{\’b v 2N ) | 3 P )
> &5 B AL GS+H IS T AR RS R

# P<=0. 05 ** P<=0. 01, Bulk density—%¥ & ; TP- 4= ;
AP 2400 s AK=TRCHT s AN-BRUR 20 s CEC—PH 8 738 e i
Exchangeable Ca®—3Z #1445 ; Exchangeable Mg® — A8 #1485 5
TN-4%; TK—4 41 ; OM—F ML 5 Farm Corps— &4 ; Land
use type— T H1F 122 ; Slope gradient—3 )% ; Aspect—3 11 .

1 FIEtREEX MR

Fig. 1 Statistical table of correlation among indicators

N7 ZE RBUBRE R RIA XS5 (R 6) . MR AU 4
A R Pk Ik B A AR AR, 4 Tl DL Fi B AL S A R
B, RN 0.843, Yedx R%009 0.918 5 A 20k I LA
BRORAE Y A 0O e, RN 0.899, Bt & RECH
0.928 ; A= 1 F A 2B T B 42 R AU > 0.75, #IR I
AL AR R DG . X R T S T R
B2 38 4 Bl 0 00888 (1) 70 A 32 B2 B BE AL R 3.
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Tab. 6 Theoretical model of semi-variance function of Datianyang total phosphorus and available phosphorus in

Hainan Island and related parameters

fatr LAY Pews  HEH i R4 A
Index Model NuggetC,  SillC#+C  Nugget/sillC,/(C+C) POERBER A Rangfkm
T
Z}a AL 0.011 0.014 0.22 0.716 86.15
linear model
-
Eﬁ{k*ﬂi 0.000 02 0.013 0.998 0.793 16.7
Atk spherical model
Total phosphorus 3t A T
?Eﬁ.@%i 0.001 1 0.013 5 0.918 0.843 21
exponential model
15 W ASE A
dediaian 0.001 0.013 4 0.891 0.793 14.38
Gaussian model
S g A TR
ﬁo AL 0.814 1.012 14 0.196 0.516 88.47
linear model
B AL 7Y
j%j{j(*%i 0.069 0.958 0.928 0.899 15.1
15 % spherical model
Available phosphorus G 3t A T
fRAURE 0.142 0.962 0.852 0.893 19.2

exponential model

re AR

Gaussian model

0.172 0.958 0.82 0.898 12.99

(1) 5 W), 2 2 TR DAL AT e ol T e A i v A )

1) ) 48 B 7 20 K

25 BEBTERELIESH FUHNTE

S 8T Arcgis T HL G TE o BT R B 42 B AT

A R A 247 38 T HUAR A 0 A R A B

P AN G 15 0 HURS AE T SR I IR 0 A, BRLR : o

FE 5 43 A RSB P 0 SR o 9 T R o MR g o

{7 BOX-COX R A AN B ALT o o n e e i

72 bR BADL B ) e O ABE Y, 22 | 58 4 B AN AT 250k B2 5§@E§#f&ii§éﬁﬁ§|‘ﬂﬁ$ﬁ|§

a0 A B B2 B 3) o 3R 7 B KR YE T Arcgis Fig. 2 Spatial distribution map of total phosphorus in

L GE T ) B A B IE S5 B, Hoh i 5 R AR v cultivated soil of Hainan Island

WA T 1, PR R ZE 35 J7 iR 22 il T

AR, 357 R T 2% BB T 0, DU }“\

FOR R ACE 5, B A 2 57 I g

b R 22 (RMSSED 43 531 9 0.919 A1 1.065, ¥ 22 1%

1s 9 38 10 350 7 AR 22 (RMSED FIT-F 2 b i 22

(ASE) A il T AH & , 7 24 22 (ME) Fl AR #E T3t

% (MSED B8 T 0. 51K 72 A 4

EAG FE BN - EETWL_W:,M e Egg?zgg
e Rt e LSy B Ty e A R Sih R R

e FEAE B 0 2 BT T XI55 05 LA

Bl 25 T3 A & B e T A R Fig. 3 Spatial distribution of available phosphorus in

BB RS D BT — B bR, N T cultivated soil in Hainan Island

>

A (g - kg
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TR T 1t A4 B A P - 358 R R o0 A IR O B e T
40 mg-kg ™ (— KK A4 Rk, LLAE 50 mg-kg™
NIXIE, K5 7 E 2 HE L VR LK 3. S5 AR
U T I A R T S b X ) g A B AR A AL T
— KT, I ATE 0.8 ~ 4.61 g-kg ! 2 [A] s ZR
AR TPE 08 4t X0 38 4 5 B A O AR, R b 4y AT
7£0.059 ~ 0.8 g-kg™' 2 18], 7 & F 2R HAHZ +
S5 (AT S5O B A i v IS e X A R

HEANT 3.16 ~ 478.88 mg-kg' 2 8], 4 A
Gy A AN ¥, e it 1T R I B I A AR
B AT IR 400 mg -k AL AT s B R ML IX IR A
A U W £E 73 A 7E 90 ~ 240 mg-kg™' 2 [H] , R &
RV 5 1 X 1) - A RO A B A X A, o
HiAE 20 ~ 90 mg kg™ Z [A] o AN [A] 77 E 1 1 358 4 1
FA 240 & B 2 R ROR, KR R T s 5 A Rl T
LA FH A = e A R e I A O

*®7 BEBMBTIRSBIAN R EREERE

Tab.7 Kriging interpolation precision of total phosphorus and available phosphorus in cultivated soil of Hainan Island

=0 AR ME YRz kR R 2 PRETOR 2 B IR bR R 2
Index IRz RMSE ASE MSE RMSSE
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Spatial distribution characteristics of soil phosphorus in the

plow layer soil of the main farmlands in Hainan Island

ZHANG Shanheng', WANG Wenbin*’, ZHANG Yongfa*’, LUO Xuehua™, XUE Xinxin*’,

ZHAO Chunmei*’, REN Changqi*>, WANG Yu*, WU Xiaoshuang™, GENG Jianmei'
(1. Hainan University, Haikou, Hainan 570228; 2. Rubber Research Institute, CATAS, Haikou, Hainan 571101; 3. Soil and
Fertilizer Research Center, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China)

Abstract: Investigating the spatial distribution characteristics of phosphorus in farmland plow layer soil can help
understand the accumulation status of soil phosphorus, providing a basis for the judicial application of
phosphorus fertilizer in farmland. From the main farmlands in Hainan Island 2 386 soil samples were collected
from the plow layer (0-20 cm) and their soil indexes such as total phosphorus content, available phosphorus
content, organic matter content, etc., in the soil were determined. The spatial autocorrelation of the total
phosphorus and available phosphorus in the soil was analyzed by using geostatistical methods, and ordinary
kriging interpolation was used to predict the spatial distribution of total phosphorus and available phosphorus in
the plow layer soil of the main farmlands in Hainan Island. The results indicate that the plow layer soil in the
main farmlands of Hainan Island has relatively high and highly variable contents of total phosphorus and
available phosphorus. The range of total phosphorus content in the soil is between 0.06 to 4.61 g-kg', with 40%
of the soil samples exceeding the first level (> 1 g-kg™), with a mean of 1.02 g-kg™" and a coefficient of variation
of 64%; the range of available phosphorus content in the soil is between 3.16 to 478.88 mg-kg™', with 72% of the
soil samples exceeding the first level (> 40 mg-kg™), with a mean of 106.51 mg-kg™ and a high coefficient of
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variation of 91%. The Nugget/Sill ratios of total phosphorus content and available phosphorus content are 0.918
and 0.928, respectively, indicating weak spatial autocorrelation mainly influenced by random factors. The kriging
interpolation prediction map shows that the plow layer soil has higher total phosphorus content in the soil, mainly
between 0.8 to 4.61 g-kg™ in the north and south of Hainan Island, and relatively lower total phosphorus content,
mainly ranging from 0.4 to 0.8 g-kg™ in the east and west. The overall available phosphorus content in the soil is
relatively high, with the available phosphorus content in the north ranging from 3.16 to 478.88 mg-kg™,
exhibiting uneven distribution, with the highest available phosphorus content reaching around 400 mg-kg™ in
Haikou City and Chengmai County. In the south the available phosphorus content in the soil is concentrated in
between 90 to 240 mg-kg™', while in the east and west it is relatively lower, concentrated in between 20 to
90 mg-kg™'. Overall, the contents of total phosphorus and available phosphorus in the plow layer soil of the main
farmlands in Hainan Island are at a relatively high level, highly influenced by fertilizer application. The water
bodies surrounding the main farmlands face significant pollution risks, indicating the need to control the
application of phosphorus fertilizers in agricultural production.

Keywords: Geographic Information System; available phosphorus; geostatistical analysis; spatial distribution;

land use type
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