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Abstract: [ Objective ] Soil bulk density (BD) is crucial for understanding the physical condition of black soil in cultivated land
of Northeast China and advancing its utilization and protection. The traditional cutting ring method for determining BD is
time-consuming and laborious, making the evaluation of BD on a large spatial scale difficult. The pedo-transfer function (PTF)
can estimate BD information using readily available soil variables. However, there is currently a lack of research on PTF models
specifically targeting the whole of Northeast China, and the importance of potential soil attribute variables for PTF model
construction remains to be elucidated. [ Method ] By incorporating soil organic matter (SOM), moisture content (MC), and soil
texture-related variables as input features, we constructed PTF models capable of predicting BD on a large scale. Furthermore, we
delved into the significance of these soil attribute variables in the constructed PTF models. Additionally, we assessed the
suitability of existing published PTF models for BD prediction in the black soil of Northeast China. [ Result ] The optimal
predicted R? values of published PTF were 0.17, 0.22, and 0.26, respectively, for the topsoil, subsoil, and all soil samples, and
Root Mean Squared Errors (RMSE) were 0.16, 0.13, and 0.15 g-cm™, respectively. Also, the optimal predicted R? values of PTF
for the topsoil, subsoil, and all soil samples based on the proposed RF method were 0.22, 0.45, and 0.37, respectively, while the
RMSE values were 0.16, 0.11, and 0.14 g-cm ™, respectively. [ Conclusion ] The published PTF models had low BD prediction
accuracy and were difficult to use for BD prediction on the scale of black soil in Northeast China whereas the PTF model
constructed in this study has the potential to predict BD on the scale of black soil in Northeast China. Among the variables, SOM
was the most important variable for predicting BD in the black soil of Northeast China, followed by MC, while soil
texture-related variables had a relatively small impact.

Key words: Black soil in Northeast China; Soil bulk density; Pedotransfer function; Random forest; Variable importance
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Table 1 Basic information on published pedo-transfer functions (PTFs)
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PTF3 el 1566 BD=exp ( 0.5379-0.0653SOM"*) 138)
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Table 2 Prediction accuracy of bulk density values based on published pedo-transfer functions (PTFs)

1570 i i AR #JZ Topsoil W2 Subsoil FZ+WKJE Topsoil + subsoil
ID Input variables R? RMSE ME R? RMSE ME R? RMSE ME
PTF1 (FAGE X)) SOC, Sand 0.07 017 -0.04 -022 0.17 -0.11 0.14 0.16 —0.08
PTF2 (BIJBITA ) SOM -0.08 0.18 -0.08 -0.65 0.19 -0.15 -0.10 0.18 -0.12
PTF3 () SOM -0.17 019 -0.10 -0.92 021 -0.17 -0.24 0.19 -0.13
PTF4 () soc 012 017 -0.06 -0.62 0.19 -0.15 -0.01 0.17 -0.10
PTF5 ( I P4 I S5 3eh i i35, ) SOC, Clay 0.17 0.16 -0.03 -035 0.17 -0.12 0.11 0.16 -0.07
PTF6 ( EE A2 W ) soc 0.10 0.17 -0.05 -0.30 0.17 —0.12 0.12 0.16 —0.09
PTF7 (P& ) SOC, Sand, Clay -0.07  0.18 0.05 022 013 -0.01 0.26 0.15 0.02

S B AT LUE 1, ik -, BT PTF7 (A
3g: #Z, KW 3n: WEZ, K 3u: i HEFEAER)
()75 B LS M BN E R B 51 5 T 10 1 4R
B sk, HAbIETHRIZ . WRIZL LA S EREA
P EE Y PTF 55780 (%) 75 2 7 I 285 380K T LS
IMiX e PTF BRL G 25 SN ME 5 0 T, X —45
RLATH &@%TXW&F”E%M SR R G 2
Ak, Zi4& R, RMSE f1 ME 455, B &% PTF #&
ﬂﬂ’ﬂ@ﬁﬂm FEREAAR, AhTTHR 2R, MELLW R
ZRAG S A il DX s RO A 8 25 R ORGSR
24 FEVMIHRMRBEBIERNER

DIRIR] 3@ YA s 454G RF kA% PTF
R 25 S R 2 3 i, X FRZE L,
R* v+ F 0.05~022 ZI[a, RMSE fix K {H N

0.17 grem >, R/ME M 0.16 grem™>, ME 4T 0.00~
0.01 Z[], el &K . AL 55
SEAEBL;, K TA WL A PTF #5580 25 o 10 4% 5 e
fit, R*250.21, RMSE 4 0.16 grem ;5 FAjdfdi &
KR I A M T M ) 5 S TN 2 SR A . MM £
e )m e G e, A PUTS KE AA HLET+  E
[ A A HE A PTF A0 25 3 T 5 SR AR, R 3

7021, RMSE ¥4 0.16 grem™>, {HARR T b
A HLEAY PTF A, 258 FUMAS B I R 42 7. 1

Ab, 0T LA BRUAEAT WL+ K R 4L A TP A 1395
M, XA ARG B A R TR AR A 3, R® Fl RMSE
439k 0.22 F10.16 g-em >,

i FH Ko L A BT A - 4 T ) N [ 4
B, 722 e A TR B s TR 2

http://pedologica.issas.ac.cn



976 + o ¥
o~ 184 )2 Topsoil )2 Topsoil %2 Topsoil Z%)2 Topsoil
g a) PTF1 b) PTF2 ¢) PTF3 d) PTF4
20 +4
3 151 - &yt o +
g% + + " +
Es 7 i s e £ et
SERE +F T +++ **5* £ iy i e
ma + ++++J¢$‘+ é+ + *¥+¢++ + ++ i
Q
5 0.9 * + s * + i
3 + .
2 R =007 + R~=70.08 ‘ R=-0.17 R=012
RMSE =0.17 g-em™ RMSE=0.18 g:em™ RMSE =0.19 g:em™ RMSE=0.17 g-em™
~ 1.8 4 22 Topsoil %2 Topsoil FJZ Topsoil
= ¢) PTF5 ) PTF6 ¢) PTF7 NN 7+
S + =
g) 1.5 + + ++
= 3 et g ﬁ*’ M 3 1"#'_'-
Eg 12 R T +$ ¢Er+++ #ﬁ ﬁf
S . -
(o] 2 + + g+ ++ +¥-
@a + ﬁf + jﬁt
Q
g 09 £
2 R=0.17 R*=0.10 R=-0.07
& RMSE =0.16 g-ecm™ RMSE =0.17 g-em™ RMSE =0.18 g-cm™
~ 1871 IEZRJZ Subsoil WE7%J2 Subsoil W JZ Subsoil W22 Subsoil
‘é h) PTF1 i) PTF2 j) PTF3 k) PTF4
o A A A
o0 A A 2
- § 1.5 Yy N N A
=3 4ut s A
g > 12 A Rl A, Al L #a A AA A A‘% 4
anae oy a A 2 -
2a R VS vk LAgAL
3 i Lot
209
2 R'=-022 R*=-0.65 R=-092 R'=-0.62
&~ RMSE =0.17 g-cm™ RMSE =0.19 g-cm™ RMSE =021 grem™ RMSE =0.19 g-cm™
~ 18 W3Sz Subsoil W22 Subsoil 1#JZ Subsoil
'y 1) PTF5 m) PTF6 n) PTF7 ua 4 X
(5] A
&o1s At “
P § A ada
f—'? E A s AAAAAA ’ ‘A“ WRLTY 4
= 1.2 af 4 4 /y A
a AN A AA 4
ae A e
Q
£ 09
o R=-035 R'=-0.30 R =022
&~ RMSE =0.17 g-cm™ RMSE =0.17 g-em™ RMSE =0.13 g-em™
1.8 KJZ+IEFRE Topsoil+Subsoil | | FRJZ+W.JZ Topsoil+Subsoit”| | FKJZ+IVRJZ Topsoil+Subsgit”| | FJZ+IE#JZ Topsoil+Subsoj
o 0) PTF1 p) PTF2 q) PTF3 r) PTF4
§
N ) L)
215 :.f" ¥ o0 2 ® 0ee e 8o
g 3 - o o hd 0 ™
1 SR s - o7, S
%Q 1.2 R 5 o « ® (R .O; A N k e
m* hd ‘\ ..C D . ) 4K
§ 00, o . o . ]:. .. o° o Sl CAd
3 0. = .
3 R=0.14 * R=-010 i R=-024 R=-001
~ RMSE =0.16 g-em™ RMSE =0.18 g-em™ RMSE =0.19 g-cm™ RMSE =0.17 g-em™
1.81 FRJZ+W.FKJZ Topsoil+Subsoi | | FJZ+11.3%)= Topsoil+Subsoit” | | FJZ+IRZE TopsonH—Subso 09 E;];Q‘Tflﬁs 18

BDTiM e

Predicted BD values/(g-cm™)

0.9

s) PTFS

t) PTF6

u) PTF7 o o

LY o o . F A
. . e ¥ .
Y " . . SRR
. Pt o ® L & .
w /0 o . :‘. ')
° . ~ 20 - o o hd
) S .
R=0.11 R=0.12 R=026
RMSE =0.16 g-em™ RMSE =0.16 g-cm” RMSE =0.15 g:em™
0.9 1.2 1.5 1.8 0.9 1.2 1.5 1.8 0.9 1.2 1.5 1.8
BDHLYAH BD HLYH BDFLSH
Observed BD values/(g-cm™) Observed BD values/(g-cm™) Observed BD values/(g-cm™)
K3 C A PTF RER 2 H FNE S B O A

Observed BD values/(g-cm™)

Fig. 3 Scatter plots of observed vs. predicted bulk density ( BD ) values based on published PTFs
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Table 3 Prediction accuracy of bulk density values based on random forest models
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