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( College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: [ Objective] This study aimed to construct a high precision prediction method for soil bulk density to accurately complete
the regional soil attribute database. [ Method] Based on the data of 2,883 typical cropland samples in the Sichuan Basin (including
Sichuan Province and Chongging Municipality) obtained during the second national soil census, this study used correlation analysis,
variance analysis, and regression analysis to reveal the statistical characteristics and main controlling factors of the cropland topsoil
bulk density in the Sichuan Basin. The traditional pedotransfer functions (PTFs), multiple linear regression (MLR) models, radial basis
function neural network (RBFNN) model, and random forest (RF) models were used to establish a soil bulk density prediction model
through three modeling methods: whole region, by river basin and by soil type, to fill the missing value of soil bulk density. [ Result]

The results show that the cropland topsoil bulk density in the study area ranged from 0.60 to 1.71 g €m, with a mean value of 1.29

g €m3. Soil organic matter, soil subgroup, and rainfall in summer were the most important factors influencing bulk density. The
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RBFNN model constructed by the river basin can better capture the nonlinear relationship between soil bulk density and the influencing
factors and the spatial non-stationarity of this relationship. The coefficient of determination (R?) and root mean square error (RMSE) of
the 432 independent validation samples were 0.519 and 0.095 g €m3, respectively, which were significantly better than those of other
methods. [ Conclusion] Therefore, the RBFNN prediction model constructed in sub-basin is helpful to improve the imputation accuracy
of the missing values of topsoil bulk density in the Sichuan Basin, and also provides a method reference for the imputation of missing
values of soil properties in other regions.

Key words: Soil bulk density; Pedotransfer functions; Sichuan Basin; Multiple linear regression model; Radial basis function neural
network model; Random forest model
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2.1 TEREGITHFE

SILERFAGEE 1), &EE R IR V)| 2o R 2 IR A AL E FAE 0.60 ~ 1.71 g em
Z 6], M9 1.29 g em3, R RECN 11.90%, EHELR . ANEVIEAHHERE LIRA R SEAE R EE
F(P<0.05). M, FFRRVLRIB IR A E RS, FHER 1.36 g emS; WV LA HRAC, FIEN 1.23
g em3; WEVLUUEOR RT3 5 5 0 K T FE BT A8 (P<0.05), (H 83 & T Ve v LA KT Fim X
(P<0.05), WiVLitiE#HhRE LIRAFE NG L R, R RN 8.38%:; HRMBONVTERR, LR AT
10.25% ~ 13.25% [i]

1 W) ZHHhRETIESESHITFE
Table 1 Statistical characteristics of cropland topsoil bulk density in the Sichuan Basin

HE R/ME IEN:! brEZE

I FEA 5 R i £ e
Standard
Min/(g €m Coefficient
Basin Number Mean/(g €m3) Max/(g €m3)  deviation/(g € Skewness Kurtosis
-3 of variation/%
m-3)

RT e 298 1.3320.01b 1.04 1.68 0.11 8.38 0.31 -0.22
R 303 1.3640.01a 0.93 1.71 0.14 10.04 -0.47 0.58
URTT IR 674 1.2330.01d 0.60 1.58 0.16 13.25 -0.73 0.89
PRVTR® 440 1.3140.01b 0.91 164 0.13 10.25 -0.29 0.23
TETLIIE® 585 1.2940.01c 0.78 1.66 0.14 10.98 -0.15 0.07
KILTFRIX© 583 1.2740.01c 0.78 164 0.16 12.98 -0.26 -0.27
PO N Z 2883 1.2940.00 0.60 1.71 0.15 11.90 -0.48 0.64

W RN FRERORNR RN 73 2 35 75 H 46 1775 B3 % 7 (P <0.05). Note: Different lowercase letters indicate significant differences in the mean
bulk density among different basins (P <0.05). (DFujiang basin, @)Jialingjiang basin, @Minjiang basin, @Qujiang basin, ®Tuojiang basin, ©Yangtze River
mainstem area, (DSichuan basin
22 TRARENFME R

(1) BREBEE . TTZESITEREYICR 2), WX RS & H 437 HA7AE 225 72 7 (P<0.05).
BB WEA R WEEANE T AR A E Y R m, ESRERN AR R SRR
(P>0.05). ¥ ARLMLWAEEMT FERMBRIA, ®mTIKA, LLA. EHgEMILhEd, HS
X 6 ANHLZ AR B3 22 57 (P>0.05) . USRI FIE L2 1) - 4 5 I A, A 1.22 g em®, b
BEAR0.02 ~0.10 g em®. KINAHKEIRAE L 55 5R, A5 RHON 9.86%; HARM - EEA 1 LA E
JEAR S, AR5 RENTE 10.56% ~ 13.31% [

®2 FRREEAEXHLIRNBEGITHHE

Table 2 Statistical characteristics of cropland topsoil bulk density in different soil parent rocks

(5% FEAEL ¥iE R/ME RKMHE P2 5 RH )
N i 2 Ve
GEZE)
Standard Coefficient
Soil parent rock Number Mean/(g €m3) Min/(g €m) Max/(g €m-3) Skewness Kurtosis
deviation/(g €m) of variation/%
VR AL 586 1.3140.01a 0.75 1.64 0.15 11.22 -0.48 0.65
HER AL 562 1.3240.01a 0.60 1.68 0.14 10.56 -0.57 1.93
£ e 359 1.2540.01bc 0.69 171 0.15 11.68 -0.33 0.70
BT 284 1.3140.01a 0.66 1.64 0.16 12.21 -0.63 0.72
B a© 164 1.2740.01b 0.65 1.57 0.16 12.50 -0.66 1.13
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WA O 137 1.3240.01a 0.73 1.60 0.14 11.00 -1.00 2.74
H e 121 1.2840.01ab 0.87 1.62 0.15 11.92 -0.02 0.22
FERE© 96 1.2940.02ab 0.85 1.60 0.15 11.87 -0.44 -0.04
R HO 74 1.2240.02¢ 0.80 1.54 0.16 13.02 -0.26 0.11
Je KLl ® 54 1.2740.02bc 0.72 1.58 0.17 1331 0.75 0.95
FOHO 50 1.2240.02¢ 0.84 1.53 0.15 12.06 0.32 -0.23
2l H® 26 1.2520.02bc 0.93 1.44 0.12 9.86 -1.00 1.11
Hph® 370 1.2420.01bc 0.78 1.64 0.16 12.82 0.32 -0.08

VE: NG PRI F RS 2 W3R )2 575 I 775 1535 % 5+ (P <0.05) . Note: Different lowercase letters indicate significant differences in the mean
bulk density among different soil parent rocks (P <0.05). (DShaximiao group, @Penglaizhen group, ®Holocene, @Suining group, &Pleistocene,
(®Chenggiangyan formation, (@Ziliujing group, ®Jiading formation, ©@Xujiahe group, @Jiaguan group, (DGuankou group, 2Minshan group, @3)Others

(2) EHERALRHIAIIRAL . A A LR LA AR B35 2 7 (3R 3, P<0.05). LI AEENH R
i, N 134 gem®, HSKE] AU K Ca) TR 22 AN B35 (P>0.05) o B 1Y 2 S RSME ARG T - AA 2K ()
4, mTERL, H5X 3AERERIAEEP>0.05). KFELMAEREERMK, KEETK0.08gem?,
{H5 BB+ 00 1835 % 57 (P>0.05) « DU FEHAGH] - B RS 7 J (1048 57 R B+ 7.73% ~ 8.86%:Z 175
HABEREE IAS S KRS L K CE) LA SR E AR 7 RO T 11.36% ~ 13.16% 2 1], 4 yrh 46

XPANE LW F, AR AL, hPEgR ot Rt ARCE) LA G KRR L A B E R,
HEERKE L ZERARZE (R 3, P>0.05). WHE/KMEL. BRILE OB A ESERC TR L,
T HRE 0,03 ~ 0.05 g em?, (H5EPKRELAFR LR E 7257 (P>0.05), BHEKELREZEEILT
B HIJo i 2% 22 5(P>0.05), (HEE B/KFE L 22wl 0.14 g em3(P>0.05). MARFIEES, K L. H#i
b AR A AP R O R R E A R T 7.73% ~ 9.46% 2 8], RS HARLETRME
ARG PERERA RN, WE KL RS, N 15.67%.

3 AT 2R, R A B e, v 1.32 g em3, BUK SR UMK 23 i 2 25 i 0.05
g em3710.08 g em3; JKH K LR EIMERAM, BZCT HA 2 MR HIRAL(GER 4, P<0.05). HFFTIX /K HAN
KR EE AR - 325 AR S R BN 14.46%F0 11.68%, 7F S REEEY A A, T b ) LA HAR R R AL
N 9.66%, AZFIEEEE .

%3 TREARELIRAERIFE

Table 3 Statistical characteristics of cropland topsoil bulk density in different soil groups

FEAEL WE w/ME SN brRifEE A5 AR
+3% DIZS i e
M /(g em®) igem?®)  lgem?®) /(g em?) 1%

P

Standard Coefficient
Soil group Soil subgroup Number Mean Min Max Skewness Kurtosis
deviation  of variation

AR+ 383 1.3540.01a 1.12 1.65 0.11 7.98 0.21 071

Kot ARy 199 1.3440.01a 1.07 1.63 0.13 9.46 0.13 -0.58

Purpli-Cambosols [l7gis ik ol 121 1.3040.01b 0.97 1.64 0.13 10.12 -0.14 -0.50

Hio 703 1.3440.00A 0.97 1.65 0.12 8.86 0.04 043

3 WE KRG 104 1.3240.01a 0.96 1.66 0.13 10.02 0.21 0.22

7J@Bi_ BEPKRE O 51 1.3240.02ab 0.89 1.63 0.15 11.70 -0.41 059

stagnie WE KRGO 644 1.3040.01b 0.80 1.68 0.15 11.64 0.34 0.13
Anthrosols

BHKRELe 541 1.2540.01c 0.81 1.60 0.14 11.45 0.21 -0.02
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WHKBELO 253 1.1140.01d 0.60 153 0.17 15.67 -0.30 -0.15

Hito 1593 1.2640.00C 0.60 1.68 0.17 13.16 -0.44 0.32

" " 340 1.3040.01Bb 0.81 171 0.15 11.36 -0.20 037
P L® FHE® 102 1.2740.01BChc 1.05 1.56 0.10 7.84 0.14 -0.23
@ 7+ @ 99 1.3340.01ABa 1.10 1.61 0.10 7.73 0.50 0.43
R T® e R ® 46 1.3340.02ABa 0.96 1.58 0.16 11.89 0.42 -0.57

A ARKRE FRERRA R 22 8] 25 I E A7 AE B 3 2 57 (P<0.05); ANFI/NE F BR8N R 3K 2 [] (14 45 8 24 {6 7 4E & 35 % 57 (P<0.05) .. Note:
Different uppercase letters indicate significant differences in the mean of bulk density among different soil groups (P<0.05), and different lowercase letters
indicate significant differences in the mean of bulk density among different soil subgroups (P<0.05). (Calcaric Purpli-Cambosols, @Typic Purpli-Cambosols,
(®Dystric Purpli-Cambosols , @Total , ®Hapli-Stagnic Anthrosols ,  ®Albic Fe-accmuli-Stagnic Anthrosols , (DFe-accumuli-Stagnic  Anthrosols ,
®Fe-leachi-Stagnic Anthrosols, @Gleyi- Stagnic Anthrosols, @Ali-Perudic Argosols, A)Orthic Primosols, @2Ochri-Aquic Cambosols, @3)Perudic Cambosols,
(4 Carbonati-Perudic Cambosols
® 4 FEHMF AL RETIRSEGIHFE
Table 4 Statistical characteristics of cropland topsoil bulk density in different cropland use types

) FEAH B RAME RKME brHEZE A5 R
R A 25 T e JiE

Standard Coefficient

Numbe  Mean/(gem~  Min/(g€m?  Max/(g €m Skewnes Kurtosi
Cropland use type deviation/(g €m" of
r ) ) %) s s

%) variation/%

b Dryland 1290 1.3240.00a 0.81 171 0.13 9.66 -0.12 0.20
7K R 451F b Paddy-dryland rotation
807 1.2740.01b 0.69 1.68 0.15 11.68 -0.30 0.56
cropland

7K H Paddy fields 786 1.2440.01c 0.6 161 0.18 14.46 -0.43 -0.04

e AEVNG TR RIS R A MR 2 B 2 (8] 3R 2 L 3 2 B Y (A A7 76 2 35 72 7 (P<0.05). Note: Different lowercase letters
indicate significant differences in the mean bulk density among different cropland use types (P<0.05).

(3) BidiEA ., t3% pH FIGHL. T2 8 REHI(K 2a), AR IR )RR kA ANE, (2
ZERIFALREP>0.05). Hh, W TIEAESEEE, 132 gem?, BE LA 15 0.03 gem3. 2
e, RN E R A E I H R AG, BUPRK 0.04 g em3. AL IX BRI IR AR S R AN
8.46%711 8.90%, AL FVEIIHTS: FAR & FHL R AL 1 LA FAR i RAAE 10.45% ~ 13.17%Z [AAe4L, HKIA
HAERE L AR S A

KRR (Kl 2b, 18 2¢), BFFEIXHHERZE LA B 5 3 pH BHE % IEAH G E R (P<0.001), 56
HUIF A% 53 FUAH DG C R (P<0.001) . 3825 5 5 358 pH AT HLBR 1AR 5C R 504 71 0.081 A1 0.485, K HIHT
BUBTNS P2 X B b 3% 2 398 25 B R S R R B0 5 - 38 pH.

(a) 1.8} (b) r=0.081 P<0.001 |1.8}(c) r=-0.485 P<0.001
15+ <
5 4 a a a a a |15
3) 12 —=— =
=
Zoo 12+
=
206 0.9
-
%03 0.6 0.6
0 L — ~ _ 1 1 . 1 L L L L 1 1 1 L L 1 L 1 L
RS BRHEC B L° hig® EIRO b L° 30 40 50 60 7.0 80 9.0 0 15 30 45 60 75
Jii 3t Soil texture ~--3#pH Soil pH 4 HLF Soil organic matter (g/kg™)

VE : AFVING FRER RN [ T 2 7] )46 J2 - 3975 B8 3 {77 46 5. 3% 25 57 (P<0.05) . Note: Different lowercase letters indicate significant differences in the mean

bulk density among different soil texture types (P<0.05). WSandy loam, @Light loam, ®GClay soil, @Medium loam, ®Heavy loam, ©Sandy soil
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Fig. 2 Relationships between cropland topsoil bulk density and soil texture, soil pH and soil organic matter

(4) HIBARAR. HOBE A, SR S, F i sl 3R T SR R R A SRR R AN
(P>0.05), {H i R IR E 4 At e 2y o 2 (A1 35 B2 1238 7 RE O, A OC R 4053531l 24-0.158 F11-0.049 (P<0.01).
SZHF R, BT X R A AR YY) B IEA OGO R (P<0.001), 5 & E ZEME N & 2
W 2 TURH R 9K 22 (P<0.001), 5 77 2= Y B AR 2= [ N B S R 25 1EAH Ok R (P<0.001), 54 ZFEREMEA R
AHFRNEP>0.05), TR EHEFU MK R B, 0281 (P<0.001); H5AZFEMEEIIHLR
B/, N-0.017 (P>0.05).

(5) THEHE. KM RF BEMR RANF S K 2000 DU )1 At Bk b 36 2 385 B AR DO BB 4%, 45 R W)
ANTR S PR 2 BN DY N it . AN [R) SRRSO AN ] 288 ool 3 75 = AR B AP AE W B 2 e (8] 3)e b
BN G, 0 A R KA R N AL RIR AR R, HO R SR
JRHLE, THFHR SRR 48 pH. b8 o b R Ath M T DR R 2 e R R LA

ANTR] A, AR A R = AR AR A B R R R, R R AU s A B
ee W B MBSt M) FH S 28 U o AR () 25 5 10 i B 5 M R 3 /ORG  25 BE g S ) B e T 3R 09 H 3B LS
I RMEENE, SR ZHAEIEAR 2 T AR, SRS RO A ESE 1
MG 2 BB R R I NS HAh DY 25 398 %5 B s 3 S A e D] 3R, (EDG 58 10 O S MRV R R AH G A1

AN b, WRTTIE SRV e LA b b - 38 7 5 e RS R R 3 O A LT . 3
FANERE, SRV —8 (HHAD 3 MRS A E . WL A S i R R N
A HUT SRR R, Ah, PO B R R . X ERRILIREIN E, IR
X A E R EERERE R, HRKOOVEEANIR. R FREMLE pH. KILHRX I A+
AT 3R SR R P 2Ry 39 B A B Y 3 MR R E, HL O U PR A SRR AR R R

4RI R Mean winter precipitation 123 2001 147 195 160 118 110 20 [305 158 -
KB4 HI A1 Mean autumn precipitation 100 198 143 165 177 103 166 28 | 263 13.7
{f Mean summer precipitation 10.8 16.4 17.2 11.8 10.1 10.8 114 9.7 27.8 16.7
I {f Mean spring precipitation 10.1 209 142 182 136 7.5 13.2 08 | 276 168
{111 Mean annual precipitation 55 203 127 162 131 8.7 12.3 5.6 259 104
i Mean winter temperature F21.7 118 201 165 177 183 102 143 35 | 246 142 | _ A
FKZE 14 Mean autumn temperature F27.1 121 165 134 170 158 123 144 28 182 187 i
& )i Mean summer temperature F 117 150 133 186 169 146 184 53 | 224 211 | £
#7=1i Mean spring temperature 21.6 123 175 169 160 172 81 1550 2.1 OGN 13AN] .S
4F13)iff Mean annual temperature F 18.7 12.1 15.8 150 181 16.3 14.7 15.8 5.0 19.6 14.0 %
M T i ¥ Topographic wetness index F11.6 1.2 52 24 5.1 1.2 3.1 0.4 1.3 8.6 6.7 2 40
# i [t % Profile curvature F 102 37 37 03 46 1.7 04 0.9 0.1 83 3.1 ;
‘Pl # Plain curvature F 13 53 0.6 0.8 24 47 9.2 1.0 0.8 43 04 | =K
B 11 Slope aspect F 1.4 0.8 24 0.4 2.7 09  -02 28 0.1 0.6 6.8 g
B % Slope gradient F 159 54 121 4l 6.3 15 6.9 6.7 08 106 45 | E
#F Elevation 29.0 97 138 95 169 145 78 200 29 176 @ 262 ; 20
EEATHLIA Soil organic matter 32 99 260 13.0 1o |
t-3EpH Soil pH 166 11.0 57 0.4 52 19 104 34
J7i 4 Soil texture F 132 23 49 0.1 49 0.3 5.8 8.0
FHEFH! Soil group | ik | 21.7 5.5 03 0.0 4.4
PEHLF 125 Cropland use type F17.5 14.6 190 58 127 70 [232° 92 0
£ Soil parent rock F 201 11.7 11 17.6 8,0 __
S e EsIiivE: I RIS
B2 EE g .8 K& RE e O < 9]
2 = ] g = =] g N o o =
“ =74 = 9 & P 0§ 0§ %
= = : & =

3 AR R - SR 2 e A Eh R ) DR 3R R B

Fig. 3 The relative importance of factors affecting topsoil bulk density in different sub-basins and soil groups
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ZE B /N T A g Ay AN T g v, TRNAE -5 S A R) ) o R AR 0.519, tHizt & T FHAth gt As g AN
T . BARTI S, 4 M5k, RBENN AR RF AR 56 IEFE 25 A0 FI0RS B3 5 T MLR BT PTFs
BAY s A DA UTAE N AR PTRs BEBUTE 3 Pt 5 s 40 X L 43 IAt3sRn 43 1 28) N TOAS B 45
BA%, XTIRIERE ST SE B MRE A1 RMSE 43 HII#E 7.157% ~ 7.204%41 0.340 ~ 0.378 2 [A]; MLR AHY %} i
TERE R TIO 25 SR (4% P FROR w5 T PTRs 58S, (H L TUMEL 55 SEIUE ) (1 H e REU(R) RIS 0.4 #HEL MLR
FLAYAN PTFs A4, RBFNN A5 84 A1 RF %5 8 00 (5 SME (8] R2 37 0.4 DA b, S TUFi i 22 1 B S B I .
X bt 3 P AsE AT LUK I, e AR b ot ol A A 1) OO 58 AR B 43 L SRS 4 XS TR0 s AR G
B W, RF_ZhJuisk i) FUE 5 S e 18] /) R2 850y 2R AUAS A3 X 43 1425 1 0.01 F1 0.016, MRE M 6.82%
H1 6.739%[# MK % 6.635%; RBFNN AL /A Tl 25 58 R2 WA 73 X FN 4y 28 g 45075 1 0.414 1 0.466
#TH% 0519, MRE M 6.833%#/1 6.399%[% % 6.036%, RMSE IIMKT 0.1, It4h, XFE RBFNN #ALfI RF
BUAN TR A 7 ST DL B, R RBFNIN_ 23 Yt et ARG Pk 21 By, {H RBENIN_AS 73 X A2 1) % A 3
PriBbRE A RF_ B AR RF_ 4> L2880 . IX 1508, RBFNN_Z3 s 84 2 ffr AR B m TS B2

AMUEHRAR A K, 305 73 P AR5 sUNURE B 2 52 i 5 31 O R (i A AR AT %

1.6 |- (a) RBFNN_4ifi5° 1.6 | (b) RF_ZMifiIR° 1.6 | (¢) MLR_Zrififs® 1.6 |- (d) PTFs_4rifiis®
L)
o o ®e
14t o o .| 14} 14+ 14
] )
K2 L]
‘:::L ° ® %
Si12} 3 4 ® 12 12+ 12}
& > SRS, - ;
o o PR T N-am N=432 N=432 N=432
1ol & MAE=0.076 | | oL MAE=0083 [ || MAE=0.087 | 10k MAE = 0.089
. MRE = 6.036 MRE = 6.635 MRE = 6.928 MRE =7.204
® RMSE = 0.095 RMSE =0.103| RMSE = 0.109 RMSE =0.110
08 R2=0.519 0.8 R?=0.434 08 | R?=0.382 08 R?=0.378
f . . . . f . . . . f . ! . f . . . .
0.8 1.0 12 1.4 1.6 0.8 1.0 12 1.4 1.6 0.8 1.0 1.4 1.6 0.8 1.0 12 1.4 1.6
75 H LWl (g/em™)® ZEAL I (g/em™)® 75 S fi(g/em?)® 75 S fi(g/em?)®
1.6 | (¢) RBFNN_43 %2 1.6 | (DRF_4r+%° 1.6 | (g) MLR %3+ 1.6 |- () PTFs_%r £:3°
L 14} 14} 14 F O
> o
12+ 12+ 12
> i o
N =432 ON =432 N=432 (o] N =432
L MAE=0.081 | oL MAE=0.084 | |0} MAE=0.09 | | L MAE = 0.090
MRE = 6.399 MRE = 6.739 MRE = 7.126 MRE =7.169
RMSE = 0.100 RMSE = 0.104 RMSE = 0.108 RMSE=0.111
08| R?=0.466 08 | R? = 0.424 08 E R?=0.374 18 E R?=0.340
i L 1 1 fi 1 L ! 1 fi ! ! 1 1 I} 1 1 1
0.8 1.0 1.2 1.4 1.6 0.8 1.0 12 1.4 1.6 0.8 1.0 1.4 1.6 08 1.0 12 14 1.6
25 BRIt (g/om™)? 7 B9 fii(g/em™)® 2 HLHE(g/em™)? 2 H Il (g/em™)?
1.6 | (i) RBENN_AR4[X° 1.6 b () RE_F4rX° 1.6 | (k) MLR_A4r[X° 1.6 | () PTFs_A4p[X°
L 14 - 14 14 | 20 o
@ e
; 12+ 12 O 12} o Q@cﬁ
y (o)
; N =432 N =432 o N =432 [555) N =432
= O ok o i = 0,08
1.0 F ' MAE=0.086 | ok MAE=0.085 | o | o MAE=0089 | | MAE7 0.089
MRE = 6.833 MRE = 6.820 MRE =7.076 MRE = 1137
RMSE = 0.105 RMSE = 0.105 RMSE = 0.107 RIvlSE =0.111
08| R*=0414 08 | R?=0.418 18 E R*=0.387 08 | R*=0.355
i L 1 1 fi 1 L 1 1 1 /! 1 1 1 1 1 1
0.8 1.0 1.2 1.4 1.6 0.8 1.0 12 1.4 1.6 08 1.0 14 1.6 0.8 1.0 1.2 1.4 1.6

Note: (DEstimated soil bulk density, @Observed soil bulk density, G®RBFNN_Sub-basin, @RF_Sub-basin, ®MLR_Sub-basin, ®PTFs_Sichuan basin,
(DRBFNN_Soil group, @RF_Soil group, @MLR_Soil group, @PTFs_Soil group, @RBFNN_Sichuan basin, @2RF_Sichuan basin, @3MLR_Sichuan basin,

75 H S fE (g/em™)®

4PTFs_Sichuan basin

75 S fi(g/em?)®

75 H M fl(g/om™)®

4 A[FITINTT S 22 e EE N 45 SR LA

Fig. 4 The prediction results of topsoil bulk density under different prediction methods
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TECHD 358 B 1 B P P R R 1) S A — AR A YR 12 1719, 20 251 U 5 o S A R RTURG FE VA
TrIE RS AR F] o LERS BEVPAN T b, A2 F 50 AR s B8 b il 2 HE 20% ~ 30% 110K 55 A A ST 36 E
B RS TR 7 AT SR LT 250, (KR 43 72 WA K 2 R O R B A 4R, T A2 Bk A A RO T
BB, SRS DLERARE ST A S5 AR R VRO A 012 180, 20 BV A, R E R AN R
FEHA R2IEH] 0551, HJJ7HRIRZE 0.16 g em™ CERIFEALL N=878, TIEAEIMEAN 1.35gem3) 1, FIHZ
Tt 7 40 R T] b 4 - 3 7% B A% 32 R BB R 4 5 MR AR 25 (RMISE) 7E 0.16 ~ 0.46 g em™® 2 Ja] (AL AL
N=695, TIEZFEINMHE N 1.37 g em3) Cl, RALIAMCE L X HIEAE NG b, 77584 R2LE 0.544 ~
0.717 Z I8], ¥J5HR %% (RMSE)TE 0.112 ~ 0.145 g em3 2 [A| R AEA K N=146, T3 RN 1.26 g em3)
(181, i R FH A S7 B0 UF B0 A 1) - S E TN A b, B o b ) T S R R TS R R? O 0.29, 3
77122 (RMSE) Jy 0.238 g em3(MAFFEAH N=672, B EINME Ty 1.24 g em3) W7, 7E22 48 IR E 1K)
TR T, BRAEFEA P TNSS S R2 M 0.22, B HRIR 2N 0.12 g em3(IRIEFEASI N=28, IR EHMEN
1.24 gem?3) 51, KRWFARCRA 4 P 2oy 3 Fha sy 20 DU )1 Bt - 9 2 S AT IO, BTk A RE
AFE T LIS AN U7V (PTRS AT MLR REAY), AT 2 A7 78 49 P J53 T v 4 Be e 0 46 52 ST i AL 2
5 2)BE(RBFNN ALBYAT RF BEAY) . BT RBFNIN BAYRT RF A 8850 GARAE A4 GAS FE L=y, RBFNIN ALY
T2 A] DA AR 22 1B T AR USRI AR 0 R 51t R b VR R AR S LA S5 S, T T Ao
O AIE B SR A BN B AT VPN o WA SR I, DA 2 st mm R 25 A A 28 A N AR B A) 422 1) RBFNIN_ 23t 45k
FEARIIRAS T R I TRE RS, % 432 ANIRUEFEsS TS5 3 R2IAF) 7 0,519, 7% % (RMSE)/MT 0.1
gem?3, MXTIRZEN 6.036%, ALH LS =S R 5% M AT R ZEE R . AR, RBFNN_Z: it ds i A
X BEUERE A5 (1) T 8 770 B 2 I T 8B A 58 & 7 VR AR AL SRR

Xif b 3 P AR T R 4 FhO5 9T LUK B, RBENN_ 23t s b A EA 5 s (0 TN & 77 32 B T 2 b i
i) R 254 R R i NS B L AU A 7 R DL A2 RBENIN (R R 68 3 N7 T o 15k, LI 2 Fh e =3k [
TER TR, HVERZ SR RMNILFER . ARy, LIEAESR A REHE 7R LR S H
R YIAH O 1206341y, RES Yo HIER AL, BEim s s A R R B, S A
BHIEREE PR SPR 2R, M5 % 2 B A RE 1283, R JE LR F SR A R
0t 25 S B R, oM g LR R R R S P A5 R A R, (RS R R R 7 20 R s A B 2 S
A, I, AL CA— AN TRy B AR AR R s L3R E AR R RO AR AT H A DA A LS A AR R
1) PTFs A58 TN A4 S 5 22t UF B 70X — e ALY, 3 8 o 0 398 7% o T A 28 vt A DA 338 A L
WAE N E AR, RBEHE ., SUEMERER R, (RN RS AR, 5N Z M E RN
A ] LIRS 5 4 (O T R, X 5 EA W ST — 32 17 281 vk, R SR S A R IR B (R R O RATAE
AR AR I, BUAS ) 498 2828 | AN [R] b [X 55 7] — DX 3 PR AN [) T X% DR 30T 38 4 ol 1 5 e 2 P A [ 82921,
RIS R R @S — AR AR AR P X R AR P AR . AT, TEA ) L3RR vy 1 %
5 A MR E 35 R R ) AR L. 120, R R T X A s e AR AR . DO AR R, X AR
AR BEA S R 3R 22 RO, RO R RI A [7] - 28 1 398 75 B 0 s IR 35 5 88 A7 A 22 5
(B 3). ik, Sy B Sk BT A X (E 4). AR, 2 RISEBE KRR T 1
FAEME, KSR R N P LR B T R, BERRE L. KRR, T W LR L, Yy
AT, 5 T 2REAA A BRI M5 7R 58 L PR 28 7E 725 P AS () X 3ont - 398 7% Eh S F2 P R 22 5 A
) M 3 Rl 4 )s, E 382 5 5 5 i R 3% (R 00 R I 28 (VR P AR M AR, &% TR ASE 28 R BE 47 b ik 45 IR R A
AR R 2. 5=, VRIS SR R 2R R 1) 8 R 2 RN R Z AR 1 ¢ REB0-3, ANN A
B HA IR0 52 2T R JIFI A B AR L v ] R R 7512231, g il 2 RBFNIN AR AL —Fh B DMT 0K FE @ I AT 0%
SR HEIAT IS HEAAEL T E TR, BB A E Y R RO S S s, B ArAE
S5 BT TR A ) P R SR 032, BRI AR O R AR AE 43 5T T v 2 I L 1 A ) P 4
(33, 351, {H A 70 1 RF AR 784 () 00 B8 7705380 T RBFNIN AR o 9 b 7 Yo 7 5N S e 33 ) T &5 31, 12 RBFNIN
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RS TSR T RF B (R T 75 I E BRI 2, SCHR A ——F AN A 7 VR &N Ttk i) Tl 45
B). FELE, 7R RE AR 22 H08 B RIS S W e A, L R R2 A 0.22 28, 5 —TjiE
AR B R A R R A I AR R IIREL, N TR ) 2 A R o} B U A A TR 45 SR R2 Dy
0.47, RMSE & 0.14 g em3(FE A% N=315, FEMME N 1.32 g em3), FIAE 100 T 004546 15 18 55 o] VT A A 7
15 A 72

AW 7T RBENN_ 3 U R S 0 AIE A A AR IR TN 45 3R R2 54 0.519, KEFEA 5 Bt — Dt RN T,
— e A [E A IR A TR R SRR S I HERR AR AR B, AT R A B A 4 SCHR[37]F1[38]
(IR BT AR AT B — e L3RR, BRI ARABAI e b PR B A2 AG AR AT 1) - 498 P I — R4, 7890 R
SRR R R, TR BORHO SR R PR S SR SR L B — SR B R B it
BER . RHERAL R 7 SRS A BAE R RN B . BARZ R B AR, (HETIRAR R A
BB AT RE 5 SEPRRAE A — B R ZE, 15 DLA B HREURE S R 7. SRR F5E B e 55K
FEmA B MES . X Hh LIRS, — PR S it S LA, A G I Ehix ek
DR 2 A BT TORS Itk — D . =R B AR B RS A A — DR, mT R R ek I R AR
ST DR 7 B 18] AT ], DARAE 5N DA B D] 25 75 SR FH B0 %) 2 T T 0 7 92 3R A5 05 IR 1 (1) 25 ) 3 AT A
Jo AT, BT RKERFE 2T AR L VRGN Sk 4 R B, AR R A R A R SR AR, R
AN - SRR ZH B R 5 M BORH S PR e () b R (2516, 250 L A {2410 % HC A - 54 5T (i pHES 39400 g
R HZRAHTEERRFFTES AR 5 LIEAR EINFEA R A PE, RBENN_Z s Bt 3R B H T A8 %)
BRI RE,  3X Oy — e R b (A0 BURLZH BR) S 2R 15 Ol AT 5 AR AMEHE T 2% . RBFNN_Zr ik
FEETR S 6 UE B A I TR 45 S R2 Al RMSE R, SR 1% 77126 VU )1 8 i p a3 % S R (AT 3N,
WK B AR IR & 732 T 45 SR AN e P, AT B b 7 X Sl b b 48 . 40 B n R A el
R A DR 228 AR, AAEIREE 2 SR N I — R YT H 2 i, 4 eI AEAS RN
PSR 2 B S B AT T, IR AN [R] R TN AR 2 , 3 g A DX 3 RURE b o 38 A A 1A Tl 22
B, R — AN ER R AT AT ) AR

4 75 %

VU1 b R 2 s ALY A T 0.60 ~ 1.71 g em® 2 [A], #9{H N 1.29 g em3. LHEAHLR. L
SR SN W B AR R X I R R RN AR, AN F A A ) BRI R AR R E . 2
Ty RBFNN B BEAE R i P2 T8 5 4 UM R s (K ARk 50 2R LUBX AR SG R A 1T Radk, 3R 45
TOTHATTERTIRE ST o LAZITTEIAAN Y )1 S b I 2 J2 33 A S R ARL, A B T B BRI 7
RTINS R ANH E T o RIS, AW T3 H AR A S A m Dy oAt DX I 3 S i R AR RSN S 55255
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