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Abstract: [ Objective] To evaluate the effectiveness of black soil conservation projects and to assess soil
acidification issues. [ Methods] By analyzing the spatiotemporal variation characteristics of farmland soil pH over
the past 40 years in the black soil region, and through targeted monitoring in Changtu County of Liaoning
Province, Siping City of Jilin Province, and Hailun City of Heilongjiang Province, this study examined the
characteristics of changes in soil pH and nutrients since the implementation of black soil conservation projects.
[Results | Over the past 40 years, the organic matter content of farmland soil in black soil region of northeast
China initially decreased and then increased, showing an overall decreasing trend. The development trend of
polarization between acidification and alkalization was significant. Among them, 55.76% of the soil showed a
decrease in pH. In the areas where pH decreased, the average pH decreased by 0.87 units, indicating a marked

trend of localized acidification. Since 2005, monitoring in the Changtu, Siping, and Hailun regions showed that
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since the implementation of black soil conservation projects, the contents of soil organic matter and macronutrients

increased significantly, indicating the remarkable effectiveness of black soil conservation. The pH in the Changtu

and Hailun regions decreased by 0.38 and 0.66 units, respectively, highlighting a prominent acidification trend.

This acidification led to imbalances in nutrients such as calcium and magnesium. [ Conclusion] The findings on the

acidification trend of black soil and the proposed prevention and control countermeasures can provide a scientific

basis for the sustainable utilization of black soil.
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Fig.1 Spatial distribution of soil pH in farmland of black soil
region during second national soil survey (1980s)
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Fig. 2 Spatial distrubution of soil pH in farmland of black
soil region since 2005
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Table 1 Comparison of changes in soil physicochemical properties in typical cities and counties of black soil region in

northeast China from 2005 to 2023
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Fig.3 Spatiotemporal variation of soil organic matter in
Changtu region
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Fig. 4 Spatiotemporal variation of soil pH in Changtu region

Es5 EEMRXRLTESBRHETE
Fig.5 Spatiotemporal variation of soil total calcium in
Changtu region

DAL R - XA B - 364 WL & e TR G BT
B St RS A A B o A DR AP I B R Y
H Y X 3 CB DU TR A HLT Can B R
X 13.27 %) AR A B 45 S B IR g 46 A e 25 4R
Fb, o — A5 56 F 24 i 2R MO P B R R R A R A
55T AT M, Sy B A T R S R B A S S P
WA B R AR IR B R L 4

2) N [) B 4 4 R B R e B o b R
i 3L T 78 G T A DK Ak R AR e o i
DX R Ak J WY Gk, 0T o Bk A 5 pH B Ml Y
DX 5 W A B pH R R B W . A R b b fR A
0 N P N R P R B T R (R S
[ 8.53% E Bl pH F [ 6.81% ), 445 & 8% v i
FHUERK, KBRS L ERAZ LXK, K
WF 7% AN M B VR T T B A b R b e 5 AL
R A = I

VAN, W AFM AR 1 T AL R b T % U
i S5 =5 4y B A5 22 R T B L DATR AN BT 1 4
HE 77 $2 T+ 55 1% b 2k B 22 8] 4 B 18] VB R AL, BH 6 2
AR5 ) N N I G A | . s N )
SRR, G B it A RORS o 45 R O 02 HE 8O 2 T
() 5 R T U U S SRR B R R )T vk R A
P TR], DA T 4 T 5 b A A R K 7 4 Bl Al T 2k
R RIS IR FALRE
5 XFPREIY
51 EMELHTERLEE, XFHSIZNFS

KERR  BERELHATFEF A

AT 3 A Ml XS it R A (R R e S
45 L T R BE R K B, £ HENE Ty B A AR W A K B
TR EEFRS R LM FRT . R (E15
KREMZ, LR EIKIDFAE, BA I Z 3%
R A SO R B AT B M 3R 40 I Uk I T ™
G o T (1 B0 02 S VI B f 1 2 B s
A= RT3 LR (Y R = e ki R (S
FH L DT e ARG RE ek i) ) FH 280, T4 R bk 4 3R
A3 M2 SOGB40 0, % BB - b 7 BE R AR S A
P R0 E AU, F B A & 4. UL, 5 o
AR R TR, N A SR - N -BOR T = 4 R
AARGE R - SR Ak 5 3% 43 2R Al 0 BRI AL
PR PR R 4R T A AR A S PR R U T 2 A
Gy QN bz N TR [ W (R OB e ol AW 0 24 W
FREE R, P s ] 50 A 1 28 & A 7T F5 42 Kk 8
DUk )

http. // stbexb.alljournal.com.cn



6 K A ARFF AR

840 %

52 MEESHEAREAHE,BH BRI, R
FOTE BRRUATFELRE
VDA, b [ RR 2 BE T BA I T AR 25 0 5 0 %
T 2 A A [6) B AL PE BT Y 19, I Rk R A 8 T
A HEKIE I 45 B 35 AT A4 4K 56, 7 e 1R 1 7 45 D7 T R
T80 R REKA R R SR TR, R,
AR MR T A 22 A L SRR LR, TR I 4 T
TG W A5 A A PR a8 0R - S R
KA, A TE SRR TR TR o D XA A
P L IERR AL 5 57 R AR MER SRR KA KR
S5 B S A B AR BIE S KA ) 1 L LA A T ) b
BHEREFE B A HUAC G S5 1 AR 25 & A i A R
PR [R5 RS IR &
HA B RE e Rt Y L eI AL B 4 R 5 57 0P 1
R TS B NI < it e w358 571l I/ ) 0 W5 N
T HEAE T SR A i, DA RONGE R L fR
P R il ) A S T RE SR A 7 T RS
53 HMEBELEBRURFIOKBENNSE, EHE
Mt ETUBEB SRR
BEOOE R b M TR AR IR O Ok A S R
DRAP PR 1 28 H 1), g 2 4 T HL R e 1Y L AR
b B2 5% 43 R B0 A< 300 W 0 0 2%, AR i - 5 R AL R B R
GE Bk 2 A Jmy W il L 5 5 E R R S S I A R R
PR T SRR AL AR B R i N B AR bR 3 B AR A
[7) 2 T o A o Ak SR HE 5 52 00 % 20 7 L RS HE T Al R £k
T A S AR Al R R 5 AR R B AR I
A B - il PR A7 I 0 S B I R AR, A BORE A
PEALRL A 48 5 R R 7 R4 R 8 i & 0
B4 SCHF B TR T DM AL A B vk bR o IR R A
B R BRI S A RS S, m A& S E i -
SRR AL PR M TR IR R R e S A ST Y
Al v Hr 2L % JE H Fr o
S0k
(1] whERE AR 3CT5 WL . AR AL 2R 1 stb L 4 ) R A 1) 32 32
W P R 5 6 L), o B 5 B L 2021
36(10):1194-1202.
HAN X Z, ZOU W X, YANG F. Main achievements,
challenges, and recommendations of black soil conserva-
tion and utilization in Chinal J].Bulletin of Chinese Acad-
emy of Sciences,2021,36(10):1194-1202.
(2] MW, 5 Ed, B, % AR IR £ X PR R Ak =
] 53 S AR AE [T ], 48244, 2025, 62(4) :931-945.
TIAN Z Y, LUH Z, MA R, et al. Spatial differentia-
tion characteristics of soil erosion and degradation in
black soil cropland of northeast China [J]. Acta Pedo-
logica Sinica,2025,62(4):931-945.
[3] Al Ak, FMAE KU HEZ, WBE, 5. FEB L
Mo AR T AR S 7 %8 (2021—20254F) [ Z]. 2021-06.

Ministry of Agriculture and Rural Affairs, National

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Development and Reform Commission, Ministry of
Finance, et al. National black soil protection project
ilmplementation plan (2021—2025) [Z].2021-06.
HRBENG AR ST B AL PR AR 5 IE T 4R T i
RS AT ERRE B BT, 2018, 33(2) : 206-212.
HAN X Z, ZOU W X. Effects and suggestions of black soil
protection and soil fertility increase in northeast China[ J].Bul-
letin of Chinese Academy of Sciences, 2018, 33(2) : 206-212.
RACHR SO ARG L s AR R B BE 28 55 T -
T ARMELT] Brf 257, 2021, 12(1 :47-62.
SONG D L, XIE W S. A political economic analysis of
the protection and utilization of the black land in northeast
China: Based on the pear tree model[J].China Review of
Political Economy,2021,12(1):47-62.

BRBENG AR SCFE AR LR R s R R T 5T R S A 4
PR R[], L HeA 4, 2021,58(6) : 1341-1358.

HAN X Z, ZOU W X. Research perspectives and footprint
of utilization and protection of black soil in northeast China
[ J].Acta Pedologica Sinica,2021,58(6):1341-1358.
ARA g B AR AR A R R R s L
Ae 3 R A R ALk [T ] h E A RS T R
2025(4):22-24.

DAI M D. Fueling the black soil and strengthening the
foundation of the "granary": A brief account of black soil
farmland protection in Keshan Farm of Beidahuang Group
[J]. China Agricultural Comprehensive Development,
2025(4):22-24.

(ORI ARSI b e o Y TS A B R NN
KSR LT]. B Ak, 2025, (15) :206-208.

BAO M Z, ZHUO L, WANG L, et al. Current status,
challenges, and countermeasures of black soil protection
and utilization in Inner Mongolia[ J].South China Agricul-
ture, 2025, (15):206-208.

PR AT R R A IR BT LT AR B
H 5464 ,2020(1): 71-73.

XU Z Q. The current situation and countermeasures of black
land protection and utilization in Liaoning Province[ J]. Agricul-
tural Science and Technology and Equipment, 2020(1):71-73.
P AR 0B AR AL R A R AR AT SR
(2020—20254)[Z]. 2020-03.

Ministry of Agriculture and Rural Affairs, Ministry of
Finance. Action plan for conservation tillage of northeast
black soil (2020—2025) [Z]. March 2020.

e N RS E R 4 £ 5 3% [EB/OL . (2022-06-
24). http://www. npc. gov. cn/c2/c30834/202206/
120220624 318288.html.

The black soil protection law of the People’s Republic of
China [EB/OL]. (2022-06-24). http://www. npc. gov.
cn/c2/¢30834/202206/120220624 _318288.html.

W R T T T 37 M A FUR) . R R DR R B AR S Y i
HHEEM B AR : DB 2301/ T 216—2024[ S]. W /K ¥ «
W R R R M PR S M IR R IEAL R R 2 51 22,2024
Harbin Municipal Administration for Market Regulation.

Technical regulations for suitability evaluation of technical

http. // stbexb.alljournal.com.cn



o5 2 1

U SRR R R e AP A o R i AR R R SR s T 7

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

models for black soil protection and utilization: DB 2301/ T
216—2024 [ S]. Harbin: Harbin Black Soil Conservation
and Utilization Standardization Technical Committee , 2024.
A5y, B IRE N, 45 LT CiteSpace 9 40 24 4 M ff
PRIEFE AR AT (] BTl R, 2025(6) : 104-110.
NIUZ A, LUX, XU Y Q, et al. Visual analysis based on
CiteSpace for protection of black soil in northeast China[J].
Heilongjiang Agricultural Sciences, 2025(6) : 104-110.

LA R R PRI D ] AR AR AR, 2018,
WANG C. Study on the protection mechanism of black land
in Jilin Province[ D ].Changchun: Jilin University , 2018.
TATEE EAEME A7 B o2, AR AR 200 A AL B 1 Hb
SR BT RE LT ] LR R, 2024, 52(11) : 27-34.
WANG Z Y, HUANG X M, YANG Y R,

Research progress on effects of different rotation patterns

et al.

on black soil in northeastern China[J]. Jiangsu Agricul-
tural Sciences, 2024 ,52(11):27-34.

SR AT A TIT A R T S SR B B 1 el v K
WEAFFELD ] I R 3%  FRIE T R %+, 2024,

ZHANG H P. Effects of no-till with straw mulch on runoff
and sediment reduction in sloping farmland: A case study of
Hailun City[ D ] .Harbin: Heilongjiang University , 2024.
G1SEARS N /N N SO S L A € R (S € e A IS B 0l
FELCY/ /2R AL AR X 2024 48 K ] 2 R AR 25 ' K A S it
ARG RO 2 BT A KR 2 2530 T K2
235 T MR RR 2 2 s MR K BRI 2, 2024,
ZHANG H P. A tudy on the factors influencing the benefits
of protective cultivation of black soil in Heilongjiang province
[C].//2024 Water Conservancy Academic Annual Confer-
ence of Four Northeastern Provinces and Promotion Confer-
ence of Advanced Water Conservancy Technologies (Prod-
ucts). Heilongjiang Water Conservancy Society; Liaoning
Water Conservancy Society; Jilin Water Conservancy Soci-
ety ; Jilin Soil and Water Conservation Society , 2024.

iR . v 2R A b DX PR b DR P BV K e S s e R 3R
WFFELD] KA« Aok, 2021,

QU Y. Benefits and influencing factors of conservation
tillage on black soil-the case of northeast China [D].
Changchun: Jilin University, 2021.

CECCHINI G, ANDREETTA A, MARCHETTO A,
et al. Atmospheric deposition control of soil acidification
in central Italy[ J].Catena, 2019,182:e104102.

HUANG K, LIM Q, LIR P, et al. Soil acidification and
salinity : The importance of biochar application to agricultural
soils| J].Frontiers in Plant Science , 2023, 14 : e1206820.

LIU Y L, ZHANG M, LIY, et al. Influence of nitrogen
fertilizer application on soil acidification characteristics of
tea plantations in karst areas of southwest Chinal J].Agri-
culture, 2023,13(4) :e849.

MOLIN S J D, ERNANI P R, GERBER J M. Soil
acidification and nitrogen release following application of
nitrogen fertilizers [ J]. Communications in Soil Science
and Plant Analysis, 2020,51(20):2551-2558.

WEI H, LI H R, WANG Q, et al. Soil acidification

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

alters C: N: P stoichiometry in the soil due to higher acid
sensitivity of phosphorus[ J].Environmental Science: Pro-
cesses and Impacts, 2025,27(7) :2094-2103.

YANG B, ZHANG H, KE W P, et al. Effect of soil
acidification on the production of Se-rich tea[J].Plants,
2023,12(15) :e2882.

BT R P, 0 A AT A A R LIS
X R Ak A HE O R B A2 LA 2 [T K R R EE AR
2024,38(6):333-342.

SHEN M X, HAO R, LIU X W, et al. Effects of chemi-
cal fertilizer reduction combined with straw and organic
fertilizer application on soil acidification mitigation and
erosion control [ J]. Journal of Soil and Water Conserva-
tion, 2024 ,38(6):333-342.

MR SR S S RN B T L AR AR W e R AN TR TR 1k 7K T e
R AN 4R Cu Cd A RS2 [T]. K T AR R 2
4% ,2020,34(1) :358-364.

CHEN L, ZHAN S W, LIU M J, et al. Effects of bio-
char on the properties and the availability of Cu and Cd in
paddy soil with different acidification levels[J].Journal of
Soil and Water Conservation, 2020,34(1) : 358-364.
TARFE, L0 AN AR, AE BT 12100 07 - U
FA [ A S A AL 2 B K fit e IS LT ] 0 ] AR A A
2005,16(12):2279-2283.

YU D S, SHI X Z, SUN W X, et al. Estimation of
China soil organic carbon storage and density based on 1:
1000000 soil database [J]. Chinese Journal of Applied
Ecology,2005,16(12) :2279-2283.

IR, TARTE, w55 b E S B R SE(STSChina)
T R T ERE TR (], 4248, 2007,39(3) :329-333.

SHI X Z, YU D S, GAO P, et al. Soil information
system of China (SISChina) and its application[ J].Soils,
2007,39(3):329-333.

SHIX Z, YU D S, XU S X, et al. Cross-reference for
relating genetic soil classification of China with WRB at
different scales[ J].Geoderma, 2010,155(3/4) : 344-350.
SHIX Z, YUD S, WARNER E D, et al. Cross-refer-
ence system for translating between genetic soil classifica-
tion of China and soil taxonomy[J].Soil Science Society
of America Journal, 2006,70(1):78-83.

SHIX Z, YUD S, WARNER E D, et al. Soil database
of 1: 1000000 digital soil survey and reference system of
the Chinese genetic soil classification system [J]. Soil
Survey Horizons, 2004 ,45(4) : 129-136.

e RS [ R DR UR R . 22 H AR I R fh 2% 1 A R
8:DZ/T 0258—2014[ S T4t 5t : i EFRE T Bt , 2015,
Ministry of Land and Resources of the People’s Republic
of China. Specification of Multi-Purpose Regional Geo-
chemical Survey (1: 250 000) : DZ/T 0258—2014[S].
Beijing: Standards Press of China, 2015.

WU Z, SU C X, GAO M X, et al. Carbon sequestration
induced by enhanced silicate rock weathering in a temper-
ate larch plantation in northeastern ChinalJ].Forest Ecol-
ogy and Management,2025,597:e123135.

http. // stbexb.alljournal.com.cn



