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Abstract:[ Objective] This study aims to investigate the physical properties of uncultivated black soil in the
northern Songnen Plain, provide important background values for the restoration of degraded land and soil
quality assessment in the black soil area. [ Methods] The uncultivated black soil in the north of Songnen
Plain, including natural secondary forest and tessellated meadow, was selected as the research object. Soil
physical indexes were measured in the 0—140 cm soil layer, and the soil physical properties were comprehen-
sively evaluated by using principal component analysis and cluster analysis. [ Results] The soil bulk density of
the uncultivated black soil increased gradually with the increase of soil depth, while the total porosity,
capillary porosity, saturated water capacity, and capillary water capacity decreased gradually with the
increase of soil depth. In the 0—60 cm soil layer, the natural secondary forest had smaller soil bulk density
and larger soil porosity and water capacity. The soil texture was clay loam in the 0—100 cm soil layer, and
silty clay loam in the =100 cm soil layer. The water-stable aggregate content, mean weight diameter, and

geometric mean diameter of uncultivated black soil all decreased first and then increased with the increase of
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soil depth. Overall, the soil water-stable aggregate content (WSA-,,;), mean weight diameter (MWD), and
geometric mean diameter (GMD) in the 0—10 cm soil layer of the tessellated meadow were 37.14%, 87.96% , and
110.52% higher than those of natural secondary forest, respectively, but the natural secondary forest showed better
performance in the 1080 cm soil layer. The fractal dimension (D) of soil aggregates was not significantly different
between natural secondary forest and tessellated meadow. The results of principal component analysis and cluster
analysis showed that there were significant differences in the comprehensive performance of soil physical
properties in different soil layers of uncultivated black soil, with the overall performance being the best in the
0—10 cm soil layer, and the soil physical properties of natural secondary forest in the 0—40 cm soil layer
being better than those of tessellated meadow. [ Conclusion] The surface soil physical properties of unculti-
vated black soil in the northern Songnen Plain were better than the deep soil, and the natural secondary forest and
tessellated meadow soil physical properties were significantly different. The natural secondary forest showed
a better improvement effect on soil physical properties in the shallow soil layer.

Keywords: uncultivated black soil; background characteristics; vertical variation; soil physical properties
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Fig. 1 Vertical variation characteristics of soil bulk density and porosity
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Fig. 2 Vertical variation characteristics of soil water holding capacity
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Fig. 3 Vertical variation of soil mechanical composition
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Fig. 4 Vertical variation of soil structure and stability

>0.25 mmK R AE A RA SR/ %
20 40 60 80 100
0 T T L) 1
20
g 40
Q
@ 60
K g0 -
EIOO -
120
140
JUTFHER/mm
0.2 0.4 0.6 0.8 1.0 1.2
0 T T /D T T 1A 1
20
40
8 c
@ 60
% 80
EIOO -
120 -
140 -
—— RARKREH
F1 ETHSSWTHHEREEREHKE
Table 1 Characteristic root of principal component
analysis and its contribution rate
TR RRERUE JURRR/ Y Bt X
1 6.736 74.842 74.842
2 1.843 20.482 95.324

AV 25 SR B R X D R AT B o Al
J5 SR U 24 B8 05 12 LA BRI B s A 4y Al i - S )
BPERAMRR BT R G R L BB R G R L LG R
P AT L H 25 Ak BE A e ) AR A K B 26 [l — 26
(8 )= P e BRI BA AL R R AE (] 5) 0 O B
AN TR S 8] R AR A 22 5 Ko S (LR O 2, IR 288 ]
KOBERTIFREL 0140 em LZEHIN K 2 HIEY
PRHARGN A 5 28,5 S8 1 28 55 2 SR 540 3 BIE R
/N HARZE I B, DL AN [ )2 (1] 98 4y B IR A
WA, R Hrai R R R A 010 em
TENEH 1R AEK LR LE A A B s AL R
0—10 em 2 M5 2 28, LY BMIR LB 15 708

s KRR AR 10—20 em +J2 R 3 26 KR KA
M 20—40 cm L2 HAEFEHE 1020 cm )2 05
A2 HoA B )25 5 28, UL T IX 26 + R B Al
UL b 3 Wy FRAPOIR , B 285 15 0 AR AR
x2 AABREITFAALIETEVEERESES
Table 2 Comprehensive scores of soil physical properties in

different layers of unreclaimed black soil

RAR U AR I
+JZ Gl +JZ )
A 1.22 A 1.19
B 0.84 B 0.65
C 0.45 C 0.34
D —0.03 D 0.20
E 0.04 E 0.17
F 0.19 F 0.12
G 0.23 G 0.08
H 0.22 H 0.08

HHEPFANO—10cem +)2;:B K 1020 ecm +J2;C H 2040 cm
+J2;D KN 40—60 cm +)Z3E N 60—80 em +JZ;F 4 80—100 cm +
JZ5G H 100—120 em +JZ3H R 120140 em +J2, T,
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Fig. 5 Cluster map of soil physical properties in different soil layers
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TAE/N LB R R B Ak, A5
H,0—60 cm )2 [l N R AR AR L IR H AR T
TAE RS FLBE W2 T AL O, HOR SR AR AR
WA G LR AR LR R X R T AR
J2 VNIRRT ) o il AR L s R O 21, Y
I AL REH AR XS T R AR U A MO BRI L S i L
Fe AR LB L (ELE 4 2 8% A 3 L R )2 LU
TR HEA BB, AT R P AR 4R
TR R IE M HA RO P RAER AT
RUMATE 2 I IR SABREZ LR T
ARBL S L T BOR IR U MRS T8 RN ] 2 JZ= 1Y
THEAESABE A EE R,

R3 AABRBIIEFIRSEETETURHE

Table 3 Characteristics of soil organic matter content in the study area

TP/ (g kg™ D)

HH
0—10 cm 10—20 cm 20—40 cm 40—60 cm 60—80 cm 80—100 cm 100—120 cm  120—140 cm
FARW AR 216.331+2.45a  97.95+5.22b  39.04£0.19¢  20.4640.03d  14.3040.08¢  10.91+0.23¢f  8.39£0.16f  8.19+0.09f
TAETIE  70.0840.44a  65.22£0.10b  34.9040.29¢  25.984+0.26d  19.61+0.1le 13.18+0.05f  10.61+£0.09g  8.2340.09h

TE /NG RN A 378 AR [R] 2 ] 28 57 1. 2% (p<<0.05)
THERRKRE T E 22 LR E ALBUE A LR
SFHRR MY AT A B R IT B R A A
ARG K h 5 B A 4 /K A B 2 B 1Y 0 32 i
BEAR, Horh RAR A ARTE 0—60 cm = J2 10 il P 12 18
TR KA 5 B K B T A R LA
0—20 cm +JZ , K AR UCAE bR - HEAR A7 /K 8 A A
FEK & 43 0 2 AL FOIE Y 2,49, 2.40 %, —J7 2
DR R AR AR 2 A e T /0N L LB R BIL 5 o5
B s 73— J7 T A] AR TR AR UK AR MORK T A
wLRZE LR SR KRR B Y T B A L
KA BEAE W 45 KR 23 RARR A4k 20—60
em = A P TOAE R OE HA B ) b K X
Je TN ) A B 2R BB N B e ) A TE — E 1Y 22
Sete, HOH AR A DR AR R A AR K 43 A e )
T AL E T . H 60140 cm + R KN B AE
BE SR AR K B R K B T R AR
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Bk HRRARMY MR R HE  HFEKPHEL &
b K b IR

A R R A A W B B 2 — % 4
JK 3R E IE S A B AR kS AR Y [ R
- M BT b ) A3 i R . AR D R OT B IR
L& EAE 0—140 cm 20 [l 4 2 5 39 i 5 AR Y
A TRy R B et D e R AH B, R i AR R KA
SN, BFSE s R, 0—20 cm HJETEEN, -
by Rn 5 R B i 7 7 85 %6 LA B L aX TT RE
JE TR R KA S A L A LT RE
g {2 iF - BOR B AL, B YR R &35, i + 508 i
T RAFIY BURLCAR 25 400 R RE A - 2 R 5
bR A B AE 2060 cm 2 BN, X Bl T
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H GMD B 4 2 T8 B2 1 38 o 349 52 5 AR S 18 i A2
e s D (E W R IAH S, X T RE 2 TEHER
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IR 5 53— J7 T PR 4 ) 0 Vi ) AR 3R K o A7 7
FRJZ e rh T R T 4 8 AR 25 R B B 53
KRS T A R A Bt )2 R R 8 T R AR
MR 2R B+ S8 KR RIS
MR E R A R R A, B A3 AL R £ R IR
JEE B30 2 PR A, T B A R R AIG, AR
AR E B TR . KRR S HAE R £
BAMEAF L2 WA —~EWESR, 010 cm +
E R 3 WSA -, . MWD Fl GMD 4351 &
YRR IR AR 37.14%,87.96 % F11 109.80% , D {H Ak
TRIRWAM 8.2700 . X J& T AL FE I A AR &R
FEGMAERZE LED NZERAZ WA MR
W REROR A B T 3% S URL, (S R R AR AR
SE PR, FLRE AR R 4 WA I R 4 A 0T DS &5
SRR L AT A 1 A K R AT R AR R A
T B R4 1 2544 . 1 1060 em + )33
Fil 9 R SR IR A bRk -3 WSA - .: . MWD 1l GMD & T
FACEYE . D B/ T F AL IS B Ry 2R 88 Uk Az ARORE X
FHAERYE T 2 S8 AR R % 5 M A ALK, IRl i
MBS A Ve P 4 B A AR A ] el T A
P SRR AR AR 10—60 cm + 20 BN 2 A
B A

4 % g

AW FE LR IT BB b CRARIR AR AL R
WFFE X4, 8 W 0—140 em )23 il 4 14 2L
AR TR AR AR FEATT B R A - e P Tl L
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(1) ARIF B8 A 4 7 5 B = RS A9 0 T8 i
BTG OR, BIEALE SRk B R B R . H 0—
60 cm = JZ I Fl N A WO LR AR UCAE MR B/
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B 500 100140 cm )2 NOBYRL S RS B 2 18
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- 2R BE RGN S AR B B SR AR 43T 4E R (D) &
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AR R KERVE R R AR & 58 2%, H MWD 5
GMD K B D 225 A & AE 10—80 em 422
PR AR IR A bk - A5 H R AT

(4) RERUAEM e BVEIRAE 0—10 em £ )2
R TE 4060 cm 2 JZRIF 2 AL FIE -
ey PR R A B B A 2R 0 R L R BB 2% 5 RAR IR
AR 0—40 em + )2 HIEY B MR ZAR T AL FSE, UL
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