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SUN Jiguang', XU Yingde'’, WANG Jingkuan'
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100193, China)

Abstract: [ Objective ] To ensure the sustainable development of agriculture, this study aimed to clarify the temporal and spatial
changes of soil organic matter, bulk density, and driving factors for Nenjiang City’s “thinning and hardening” list. [ Method ]
Nenjiang City is located in the core area of typical black soil distribution in China. In 2023, a field survey was conducted at the
same locations as the Second National Soil Survey to reassess the current soil conditions. The key soil properties measured in this
study included soil organic matter, bulk density, and other physicochemical characteristics at two soil depths(0-20 cm and 20-40
cm). The “point-to-point” method was used to visually reflect the spatiotemporal changes in soil properties over the past 40 years.
Furthermore, correlation analysis and redundancy analysis were employed to explore the factors influencing the changes in soil
organic matter and bulk density in Nenjiang City. [ Result ] The distribution of soil organic matter and bulk density in Nenjiang
City showed significant spatial differences. The organic matter was higher in the east and lower in the west, and the bulk density
was higher in the southwest and lower in the northeast. The results showed that in the past 43 years, with the intensities of human
activities such as agricultural production, the organic matter content of cultivated soil in the Nenjiang black soil area showed an
overall decreasing trend, with that of the surface decreasing by 11.89% and the subsurface by 6.99% compared with 1980. It was
observed that locations initially having higher organic matter content experienced a significant decline. In addition, the bulk
density of cultivated land in the Nenjiang black soil area showed an overall upward trend, with that of the surface increasing by
12.14% and the subsurface by 17.09% compared with 1980. In different soil types, the decline in average organic matter content
was the greatest in black soil, while the average organic matter content in meadow soil increased. At the same time, the average
bulk density increased across all soil types, with the greatest increase observed in dark brown earth. In addition, among the factors
influencing soil organic matter, total nitrogen, tillage layer thickness, total phosphorus, and slope were all positively correlated
with changes in soil organic matter. Among these, total nitrogen and total phosphorus showed the strongest correlation with
organic matter variation. On the other hand, changes in soil bulk density were more strongly influenced by clay content, climatic
factors (effective accumulated temperature and annual precipitation), and topographic factors (slope). [ Conclusion] Based on
the above results, the changes in soil organic matter and bulk density in Nenjiang City are influenced by multiple factors,
including soil properties, climate, and topography. Future efforts should focus on addressing issues such as soil fertility
improvement and the elimination of plowpans in the southwestern part of Nenjiang City.

Key words: Black land; Soil organic matter; Soil bulk density; Spatiotemporal variation; Driving factor

A LT D 4 BRIl e G SR AL R O
Xk 5 figk it 2 AR LA K A A 7S AR G U e AR E HAT HE
e R, 3 HUTUR A Ak B R A )
RO T Z AR MeAh, LA E R AR R
SCPE R B bR, BERS S A R EAIE A S AR
B MR, FENRERRE AT CERAT AR
B T I R IR B R HER AR R, R A
AT R R ™ A A8 ) REUA A - e
TR A AR TR ) 23 X S
PETFRYSCHE . PN, AR IR AL L7 S 4 b AN [R] X3

b AT BRI F A I 28 A A RS SR s 2 o] PR
PR AT, WA A T HES I X AR Sk
CIES§2 .9/

B [ 200 8 st AP SRR A WAL, LA
L geit=# M GIS SFHR B R g, A WA OFFE 4 X
ARAL ST T - B i R SR g A B A5 [ 23
APREEATIRR . —Jr T, A WESEE I S B AL
AE . ORISR E S TTERR T RAUER LA R X
WO A B AR B S A A A s AR
WP it — 038 b A ] D7 12 A Sl B A 5 A

http://pedologica.issas.ac.cn



1600 + b1

=

62 4

Z, DT T LR R A B R AT IR . X e
GO B AR b b DX ) - 48 B AR AL LA HE SR
BRIV BARRIA, H AR A eS8
/e o e S G D T e S I D VARG ]
R, SEONRE NS B 22 B — e . R, 7R
P A i G PR R AL A I RIS A T, R — 25k
T b ARy SR ORI ST R KR
TR SR S 7 U T AR AR, X SIS E R
FE TR AL L B A T R R R S R A F
¥ E TR T IO AT, M= T
DX RUBE A S A BRI B 5 34 i 1
HE AR ARRET RREE

UeAk, HHEA MU & R A EAR E R Z 2] A
SRR (R, WIESE) AMAKINE (LA
K TFRERE) ZRHERNGZL . Hr, +5E
Tl R B AT B R e - A BILJTE B AR ) G B R
2, [l DR - eSS AR AT R e S S [ i A B2 570
(IR R (SR NP 1) & B R AP
g B 0 %) FE SR RO [ B 7 ) 4 A PLR
B KRR 2 A R LR AR . TE [R5 LR
RS EAER T, ZRACHAE 4 1 4 5
BILJTT A2 1 A8 A5 At 4 398 P 19 AR fb 2 [ A7 7E
I RROCEE, NZ IR M. MR 55 IR 3R A0 52 m 12 B 47
AR

BTV, A0S LRI AR WO ki
THOR R SR, FE T AL R T
PR AL, 5 ArcGIS 10.8 “F-4, alid “pixt
S R B 40 Ak - 48 R 4 B S AR AR
B, PP ) LR A A P RN 2 AR L
(5, S T 38 2 A M AT . ORI BT S5 T TR R
TG A PR . REAEmEER, DY
Sz X AR SR B R TR A b R A P
BhFARE, [R50 B2 - b b 5T £ 375 2L )
FEFRAEEIE TP

1 BRI

1.1 HAREXHER

BT (48°42'35"—51°00105"N ,  124°44'30" —
126°49'30"E ) {37 T B M 1145 VAL, g Symr i 'Y,
Ja T3 [ MR PR A Wl oA DX T AR R IR L

i, SRS G, RE/NRW, 5B b
ZH L TG MTTHEAR s PEARIOT., SNEE AR
X 5L I 3K FUIA W R T FVATEE . SR F AT MR VL AR
B IEAECEE, ST oT AR
TR KBl AN, DTARE R RN 0.4~
3.2 C, FHFEKE N 472~547 mm; X ZFFEL T,
WHRE ., EHRRNH,; EEWHREZR, 2t ;
BRERIRBEK, ZRGE; BT, BErEzE
Ko WOUTTT HEERE L, 3004 19 KT oAy
WA, IR EEE E A, BN R 6 Rk,
FEUURRIEMB A E
1.2 TEHERRE

F 2023 4% 7 A RO T A HERY Ah IR A A 1
FERCREL L T A 27 A SRAE A AR A8 A SR A
DL 1980 AR5 U 4 [ 4 38125 o 0 A fh AR A B
P B o H T Y B HARBR S, 1980 ARy fb R
PRI L, M2 U R EFEE N F.
ik, AREFFMNEA R, FiR (o B 45e) Pl
IR0 SSALAF B, AT R T v 6 AR A
M b FEEFAM AT IS A R HEROW . A O
SR A HER 5 B AT 07 B, R A A

125°0'0"E 126°0'0"E

51°0'0"N 4 51°0'0"N

50°0'0"N F

1 50°0'0"N

49°0'0"N | o 1 49°0'0"N

[ % Legend
o THERSE Sampling point location
i+

01020 40 60 80
[ = = — ]

AR ; 5
(f(*jj Boggy soil I e adow soil
I 55358 Dark brown soil il 22 1

Bt Black soil
Recently deposited soil

125°0'0"E 126°0'0"E

BT BT R s o A £

Fig. 1 Distribution map of sampling points in Nenjiang City

48°0'0"N 1 48°0'0'N

http://pedologica.issas.ac.cn



6 Y] XUFEVEAE 40 AR T B b - S L5 R 7 LS

H

AR SRR M BR Bl R 2R 1601

Bl et HL A KBRS A R 1980 4F 1Y PR 5 . 76 B
AR 1 A R GPS T SR SRR s A 1 007 i R S
NG REEHEMCFER, Il gL i
KERZE (0~20cm) FIFEFRZE (20~40 cm) +3E
S, B R IR SIS RITR A LR
1.3 MEAHE

A HLUTCR AR R R A A — AN BRI o
TR AR AN E ; T3 pH RHATHLALEE (K
T b 2.5 0 DMGE ; AR A PR E AR AE
SR NaOH IFR—4H# T LBl s sl
R NaOH ¥ BMAA I E 5 #E#R A 0.5 mol-L™!
NaHCO; 2 H—HBHT b Lkl 5 A0 R itk
Bl R B IR B — MG C R ; 28R NaOH &
Al— I IEERE TR E ;. FHES 738t (CEC) RH
RN HE— KA TR E s HIERRR O
KRB AP HTAL ( Master Sizer, 2000, [E ) ME; +
HEAS vk R B R A AA T AR T

120
~ a)
E:
2 100 "
i S
23 .
' g s .
é.E R3S
S "
ég 60+ ®e
mH'E $ o
5 40 F o
‘\6 *
3
[75]
20}
1
1980
AE)y Year
16 ©
=
5
w S 14f
&g
£8
§AE 12F
iz
~ =
I
®=Z 10}
2
%
2 08F

1
1980
A4y Year

1.4 HIBERESSHITSHF

K1 Excel 2016 #A4F#EA7AH B8 B, X+
HAML . AE NI m R SPSS 27.0 # i
4T Pearson FHIMES T, f#H Canoco 5 44T
TCRGIHT . 4546 2023 AERAFEELIEFI 1980 4F 10 554X
i, 35 H ArcGIS 10.8 FA3E1 7 T s A7 B A 2 il
IR v FELA 235 ] 975 (A R 22 Tl AP ot - 39645 WL 25 [
s AR, HARFELE. PA AR . A
¥idi ] Origin 9.1 B AF2241 .

2 45 R

2.1 T HERIRESEMTERRIAESITHFHE

BT A A BT i A AR M S
Bl 2 iR . 1980 4F3R 2 B PLE & w28 b u oy
32.70~101 gkg', FHK 64.40 gkg'; 2023 4K
E AR &R AETE R 27.10~103 gkg',

120

—

(=

(=]
T

60

40+

WF)ZE (20~40 cm) LR

Soil organic matter in subsoil/(g-kg™)

45y Year

L d)

1.6

14

- *
*

WFE)ZE (20~40 cm) & HE

Soil bulk density in subsoil/(g-cm™)

1
1980
A Year

B2 BT A HLBS e AR A ST T

Fig. 2 Descriptive statistics of soil organic matter content and bulk density in Nenjiang City

http://pedologica.issas.ac.cn



1602 + b1

=

62 4

FHh 56.74 gkg ', HH 1980 4 TR 11.89%
(K 2a), WERZHEAVR SR R/NTRZ CF
BIK 15.99 gkg', & 2b); Hirfr, 1980 4FF1 2023
AR R A HLT A A S0 46.20 gkg !
4297 gkg™', BERETFEEAIEE (6.99%) KT
RKE 4,

AN, 1980 4ERJZE T HAMEIEFY 0.92~
1.20 grem®, H(EH A 1.07 grem 5 2023 4EK )2+ %
FASALTEE N 0.85~1.44 gem*, F4 4 1.20 grem 2,
AHEE 1980 4F 7t 12.14% (& 2¢ ). 2023 4E W R)Z +
BTN 137 gem™>, 40 Z4EK FFHT 17.09%
(K 2d). ZEKF, 2023 4FEHHEA PR & 04
T 1980 AR TS, iy 18 7 i D) 52 9 A e
ks, HhfErR)ZE R M
2.2 WIImTEARSEMNBTENT B HIFE

WE 3 B, AP & A T Y oA
SNBSS ZER ., Nt mE, Al
JOT 1) 53 A AR S 3 b ) e R A e AR
VOO, RZ M P SRR R AR,
W RZH AR BRI AR A, RELE DS
BT & 1>60 gkg ' MRE R EZA A AT L b
TEHBIX, AP & EA T 40~60 gkg ' Z 1A B EE
R IR E] 60%, A ARG S . PR,
THEAYUTR SE<40 gkg ' RIRE S B ETEIOT P
(B 3a), #ifd (HgEa2eg) Wt 5 bl
FE o2, WO RSy A AL T T K (AR

w), H# 93.33%, HLZ T, WRZHEHAH
HUT Fr s i m 5K, A0 87% MRS A HL & &
760 gkg ' LLF, HAS[R] S SRR S )2 1
—F (K 3b),

WeAN, HHELE E AR A B o A b R B Y
M ARG, RZTEAEER 1.15~1.30
gem L ARSI Z, 5 46.66%, EELEH
TEFRERR P R ML X (/] 3c); ERJE e,
RHEPAGTE 1.30~1.45 gem™ JLHEN RS £,
i 43.33%, [A]AEAE i 78 rh 0 P R 3 X & 3d ).
PR (R HEsy sk ) Wt A A S, B
MHEEHEREZRE T IR (FEHE) WG,
MEEZLENZE TN (WE) MIVE (5
), WA RALEE T VY (B8 ) Mg
(952 Mg,

23 40 RERBPITHEFINRSEMIENE
=T

R 4 F7R, BOT T 40 A4EK HHEA LR & &
AR RIS TERZ LD, A4 ST%HIRE N
AL BN R B A RRAR, KRBT
G A 1E-40~-20 g-kg ' LA KX—20~0 g-kg ' Z 4],
AT BIRE S R BRI B 40 gkg ' (B 4a); £Z
A LT T R A 5L BT T 45 XA 4y
fi, 5EHEEHUR AR LI KR A X 3845 i
FRIE . W3RJ2 A AL & i T R XSRS 7 T
TPE RS X, H TR EETE 40 gkg ' DA LA s 07
BMERZELEZ (F 4b).,

UEAh, BT A SRR I LT
A AL R Dt AR )2 IR E I T/
IR TR, K2 HHAE LIIRE RIS T 0~
0.2 grem > Z[H], HK K 02~04 gem™, HFIHER
TR X IORER S A TR ES X, JE APE R IX
WA R (E 4c). “ 37 BT R)Z 14
RERBIEA S, SEOTXT A A, (HiE 3
A BRI TR R R R E BT R
() A B A 3, LI T G R A AR B s T AR
B 4d ).

FEMCHEAN [, ARG 0T T AN [F] ey
ML & B FZE B AR As o (& 5). “ 3% B i
RO 3 X S A ) 3R 2 AL & s (O3
K 68.61 gkg), FAHAHLEFEEA (PN
44.91 gkg™', &l 5a); Wit FWERZ L5, BAHHL
it m PR 55.51gkg ), Hifa AHLE &
AR (P30 28.65gkg ', [ 5b). Zid 40 RAE,
PN IRz Sy b RN iers W -aa o N il 0 I N ik s
ARk . 2 B PL T B B2 A HE P o A 4>
AR L, BEAHNURS & NREEERK (R
M 14.4 gkg '), T+ 34 DLE & B4 BT BTt
(I 5a), W3RJZ 00 B LAY & & T R
K (R 2415 gkg!), HTFRIRER TERZL
e, [FmE, Ff AN G = LT, B ETE
Em TRz,

40 RFK, 4 FERMAEARE. WEZ L
WA b, HBEETVRELE (FH LT
16.67% ) 2SI LR & TR)Z 858 (-3 Lt
12.06% ). )2 3L 25 T WA 55 by W5 ot 4> 2 4>

http://pedologica.issas.ac.cn



6 Y] KBRS - 40 AFR T TR M b SJEAT BILJBORI 2 BN 2 28 S R e Kl PR 3% 1603

T > 4, P AR IR e K, R YN RE ST ) + > >V L, HP RS
0.192 g-em™ , W fa) 4 7% 5 OB 008 BE A, IR B R A, K 0.226 grem™, W LA TGN
0.065 grem ™ (& 5¢), V322 1 398 75 5 14 i ved 2 4 R A /N, K017 grem™ (&l 5d),

FJZ (0~20 cm) ATHLT AL a) W42)2 (20~40 cm) AT &4 b)
Soil organic matter content in topsoil/(g-kg™) Soil organic matter content in subsoil/(g-kg™")
N 27.83 ~ 40.00 N 30.32 ~33.00
40.00 ~ 49.70 N 33.00 ~ 36.20 N
49.70 ~ 58.87 A 36.20 ~42.05 - A
58.87 ~70.07 42.05 ~ 45.89
70.07 ~ 83.44 45.89 ~ 49.65

N ;
= r{‘d b i
/
<////\ 7 \g/,w \ /Q/\J &
01020 40 60 80 01020 40 60 80
km O km
FJZ (0~20 cm) 5 ©) 32 (20~40 om) 2 d)
Soil bulk density in topsoil/(g-cm™) Soil bulk density in subsoil/(g-cm™)
I 0.97 ~ 1.00 N N 0.39~0.50 N
1.00~1.10 0.50 ~ 0.69
1.10~1.20 A 0.69 ~ 1.24 A
1.20~1.26 1.24 ~1.40
1.26 ~1.36 1.40 ~ 1.60

e o ™
v R
3
,fiw i
\~‘“‘? /\_/ /\é’f e 7 ,/'/A\\ T A ()
\L, \'-—-\_“//\} N o “-‘-//.\A = N LV
01020 40 60 80 01020 40 60 80

P 3 BT A B e 7 s (] 3 A

Fig. 3 Spatial distribution of soil organic matter content and bulk density in Nenjiang City
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