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Abstract: Black soils in Northeast China, reclaimed in recent 60~200 years, is one of the most productive soils in the world, and
plays a vital role in guaranteeing national food security. Based on the summarized general situation of black soils in Northeast

China including definition, distribution, soil types and reclamation span, this review presents a research footprint for black soils in
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the recent 70 years and raises future research orientations. Black soils including mollisol, chernozem, meadow soil, albic soil,
dark brown soil, and brown soil are dominantly distributed in Liache plain, Songnen plain, and Sanjiang plain. The soil fertility
under virgin land is relatively high but underwent great changed under the combined role of ecological system change and human
activity. Also, the soil organic matter (SOM) sharply decreased during the early period (0-30 a) of black soils reclamation, then
the decrease rate of SOM tended to reach stability after 50 years of reclamation. Black soil layer loss observed in eroded regions
resulted from water erosion and wind erosion. The organic amendment, rotation, and contouring cropping were extensively
adopted to enhance soil fertility and control soil erosion. The black soil layer is the landmark layer in black soils and is the core of
soil fertility. Given black soil layer protection, the following suggestions can play a key role in the protection and utilization of
black soil: (1) reveal the change processes of thickness and color in black soil layer and the driving mechanism and explore
approaches that maintain and increase black soil layer thickness in current agronomic practices; (2) integrate building patterns of
protection and utilization of black soil according to the local conditions. Consider conditions such as the core of fertile cultivated
layer, barriers layer subduction and conservation of water and soil based on the dominant factor limiting black soils’ productivity,
and deeply mining the adaptation, effect and mechanism of the patterns; (3) establish monitoring sites on the long slopes in the
slope cropland and focus on new technologies research related to controlling soil erosion.

Key words: Black soil in Northeast; Research footprint; Black soil layer; Soil organic matter; Fertile cultivated layer; Barriers

layer subduction
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1 A

11 EIRIENSH

"By’ RREMNRBRINGER. RIGBXEH
ErtFERKIOXE, FREVHKREE—ER
(15~18cm) BAER. MR ERARLML,
s 7 RL. Bi5E. BNt BRIMERESD,
HOomITRXEBETITE. SME. BRiIE
MAKEREXEAENSE (FRigEh, BIZm. e
TURTFINZ ), THEFR 124.4 5 km#2%, BT
Rt B, SR, WAMERSNSEYE, Rt
X13KE 241, HeETERRRERY 70%,
BRIERIR (A B) EESXERSEEME
X, ERoHt a ARRFENTENFT
SHXNTRXE A BRE, FEEHERTIRE
THMELER, A BFRREEERDER D7,
A BNRBFINHL, HEMEE (BE) HAE,
o LIBRE A EHBBRHET AT ERAE,
planiRER, FERACICEBFIGARER, BTFERFRR
B, BEFERNERER, RETAESNYRE,
ZEFERMEBR, MEWMENZR, SFTENY
FRRRE, tEENRREXTHHE, KT RER
ELE. BT HRRhNTBEXBERATERSSE,

BR A BKRARANECHEES, ELAZHE
ARV, EEAEERBRIENTERES, X

B EEXDMERETR. =T FRITTF/R.
ATEFERELSH, ARFERETELRN
B, TEBEL. BEEohREEHIELK,
FEXEEGLIHAN. BTFREARE BREIXASEE
FER—ELLRIERRS, 2004 4], HERTIER
AR 2 BN R E R F R R T IR R AT AR R ALt
XEA BRI T iR T 2R SLhe 7RI "7k
ERIFFEANAIRRAREIEHAR" TH. %I
MABRGEFEAR., BUFSIIMKENER, 1R
BELEENEY, BHRIEEIXATERENS:
FL. BiSE, BEEt. AXL. BIRETRE 6

MR, 75 2017 &, KWKRITHEREERK
ENEERS. VKE. EXRREB. HMRRFER
FIKFIEBARf T (RICBLMRIFALINE (2017
—2030 5F) ) BI, £ "NE" hEMTRLIM, 25
BEROHBERERERRZLEN L, 2—FH
REF. BAOS. EERHMELNE, BRT "B
T FETF "BEX". B, RILELXMEL
WIEMBEITSH—. RESXEELEEEM
RAKRNTER "EHEHBEESREFMNITIR"
ROEIE, HRERELHBEFRYY 2.6x10" hm* [, (RZRE
X mEmRAY 72% (X 1).
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121 BEiporEsR®  RIE (RILRIMR

IPRIKIZNE (2017—2030 ) ) PIRIMIE, FRLHbAT
TEXREERL. BiEE. EEL. BXRE B

IRBEFIIRIES 6 M2k, B HIEXRINMAEIRE
NE 1, SMIEERPONERNT:

B+, BXERIEELBHIRRELSE, FE
DHENREFER, MBEET. SMREMNATEN
NRZRRFEIU/RT. BRARLTTEERREEER
FHES, £t IRFHETFRERS. £ KFE,
MARZE, EHERKEXE, £TEKES, 128
MERREXFOR, MZzELRKTRERUG LT
NRE, BRI TFEREERSESRAIZENELE
(A) B, IZBREFEEETLSELI NS AERE
+ (<30 cm). FEEEL (30~60cm). EER
+ (>60 cm), HPHEERTMFERE LG 5%
PAE.

F1 FILEBRLEX 6 MHIRLBAH It E AR

Table 1 Arable area of 6 soil types in the black soil region in
Northeast China

iR [i=2 [=1-d
Soil types Area/ (>10*hm?) Percent/%
£+ Mollisol 476 18.29
245+ Chernozem 370 14.22
B @+ Meadow soil 705 27.08
B3R+ Albic soil 232 8.91
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f&Z#=1%2 Dark brown soil 600 23.05
1512 Brown soil 220 8.45
41t Total 2 603

RiEt, BETFBEHHENBFRASL, K
MRISTRARNFNT D KIBBX, SIEAETFE
ZFENSEX, BRARGER, BRAPHFERRN
AR, MR ARFR, BREERE 150~
200 m, EB4E+ A BE7E 50~80 cm, BHESERI(E
(1.5%~2.5%), {RIKEENZE; B BEAKKRRESEER.
BEMNAKRLNERE RS LEME iR NEE

B8+, EETE—MIEmEHLE, TR
WXHESH, ERFESHE=IFER. Bt
NEEFRETEIEENEG AERNMCE, ABR
ENTF 20~50 cm Z &, BB DEIRIL 100 cm LA L,
B T YRR T S R S BEE. HKA S,
HTXKATLIMETIERE, TIEREEFAKERN
a7k ER 70%~90%, FHITERETIESILFIE
FIRSEZRHIIK, XBERNEGDEYSKAE
B, REITEBNEREXTHHE, BLERE.

A¥kt. AR EFIREENHELIEZ
—, FESHEERIE = T FRNSEMENERES.
SHXFEFEEENEESER, BRUEDNLEH
MR TN AE, HEFEERFEER. I8N
FILEGHRAMS, KRR 8~10 m, 1EHILL

i £

Meadow soil

2+ Y
Mollisol Chernozem

EREWAE, NBEEF/NHE, BRIAEEN
tbissErk, A BEENTF 50~70 cm Z 8], {HE+
EBRiE, 24915 cm, TERIABRE (AWE), E
B/ 15~30cm, BREZ—MEBLE, 2RMY.
BE, MEERIRE, BENLFAEEK, TS
U258, AFIFEMRRER,

BiRE. BIFEREET DERMERTRE
NtiE, FESHAEANKRIREREMIFNKZIR
kAR, KABWRWKAFERSEXE, 8ks
B/NF 1200 m, BRLAEREAE, HARXHS.
WEMiFrS. BIRENESEN A BRE, BEEN
F15~20cm 28, ABHEEXE, EENT 5~
10 cm Z[A), TIERRE, SHEGITE. BIRERR
et ERERN— L2k,

IRE., FETESHERETTE. FEEE
FUEXSERX, EHEREEERENK, 2RI
HEERXWWAE, BRI, 1R,
FEREIMPRISHNTIERE, HAESEH
HNABAEEREELE, ARTHRHERHIZRE, B
RMERiRE. A BEIRSERME, —H&H 1.0~
20g9%g?’; BEABAHE, AEMCEUBPEX
Hll, BN EERS, TEBILKRARE.

S
Albic soil

IR Frie

Dark brown soil Brown soil

El1 FAbRELHE 6 Fht e RUpg s IR E

Fig. 1 Typical soil profiles of 6 soil types in black soil region in Northeast China
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ERBRNRET EERENTHE, RAESER
RERXLBEHNTHERETEEE, ERIFRI
BEERT, TERMSEERIESREWE,

RICB T T EM BRI, ESEFEDEFHE
NIBEA UL BNBERATIE. SHETIFERNE
THRIFF AR ETLUEHAEIATT 1660 & (BES 360 a),
LR RGBT HAREE, #E
TEAYHHETRA 3 333 hm?, = 1780 £ (§ES 240 a)
FFEMmmIAZT 2.33x105hm?, Z 1890 &7 ik
RERNFRFAEKRD, FEit, sTLUABIT AR
ISIER T FFERIEZ 200 &, AT RILES 45°
UimiEL (WEFIRFEER) . T 1860 FFHIAAI
RRREERE, & 1900 SN\ T FEMERHAM; Eitt,
A LUAEM B IREEERE L FIIFERIEZA 150
a, Jt5 s LUMXNEL. ARt BESTMNE
Bt (MRWERIER), B —EFEMNERNE RS
F 1900 &, ZF 1945 TRk ¥ —EFFRAEN, =
iz Kig it AT R BB AT LUAELY 100 a7, =51
FEERAKXKLTHFFERT 1700 F, 3 1800 FHET
#] 1.33x10* hm?, 1800—1930 FFFEEIREINE
4.67x10° hm?, 1945—1950 SE4FF BiHHbEFRLI1E
INZE 7.87>10° hm?, HIEERBEHAR LY IEEIE
AT FNRSIRIE, 1950—1960 FENBBE AT RHISE
—BER, HHERRY AE 1.53x10° hm?;, =;TE[R
HEZFHTIDRAFFR, & 2000 FEEHIEREIA
4.00<10° hm?271, RIS RIBTTM. MXMIFEE,
SITIFERNBRE. B FERERIH HSIERF)
FAEERREILUAE S 60 a £ A,

2 EDRNTERREHAREE

21 EAMABERIEIEETREN
HFHRICBL BT EMERE, BriHREE
BERIVERGHNERALE, ZEMNBINNLE
RETBUOMETELRUMERIRAORETEKX
aofpler. 820 FRAELEHMTHIRWHAA T "

R, LR LR T HABRTEEHHELIEETIS
B, —LHEEMNTHERESRANTA
R, *E—LTEBMHSREBEEXE 2,
LR E R R IR R IEFRIPF Y%
DA, BRRMMRKRS BRI R L R
MR ANER. BLisEXZOREBRER
ANETENTEGESEIR, HiBEMHIYA
XA BURTERE.

B4 ith 6 FHIERBINB R T IEINF RV A
EBNRAEERKKE, BLXNEBEMRLER
FHEBERIAR, BELEBIRSERNAS,
AR EMERRTBNERAEN 227 gkg'®, B
HIIRIE (db4 45°) LULRHdEZR. iTELE
MRS ETE 56.2~955 g kgl Z@k 21, =TFR
BAESLE ABEBHER 107.1gkg !, &SR
244.0 g kg1 MPFRILTERD L A BBHIRS
B7959.6 g kg, EHITRLITIE (BTRLE
EEM 605 MHERNE) MEME (BFTRTEE
BRY 285 NLHEZERIE) EEtE A EXESTIRF
WEESH 412 g kg '] 22.9 g kg, =T
FREAPARINTESMXE, BAEHR TER
T (3 NHEZIE) A EENEFHESERN 977
gkg!, ERERSEN 1379 gk, BHRBINE
(2911963 FEEMBFRM=TIFRMABHETX
HAERNERNERE A EEVRSEE 89.5~91.2
gkg'zZiE, Bt A BRI ERE 30.0~80.0
gkg™t Za; WEAMFRNFNERIEX BEFE
DB A BEVESETE 80.0 g kgt LA EAYEFE LR
I, RERIE A EBVIRSEM 53.6~1019 gkglz
B, KELWLWE 2 MEREHRBEIE A EEIR
BESDHI/51.8 gkg 1 73.4 g kg, HEL
AFRARE, BTFXIBRKARERE, MZE
EREREK, EXNSEERTE, IoXEEEUER
T, BFERNEREREEREREMIERRER, X
LB TIRE A BEEIESET7E 10.0~30.0 gkg™
zi|?d . Ay, KR TICERERTIERRFT
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BENHiE, A EXEGIRSENKS, Mz
BREUMITYIE, TERENEHNEEEREE
&,

B i B iR BB R AT R A E
RATRES#E, BNERREZEREIR, TEE
FREERETERE 2, B+ MNBATEZENRE
HORETIZERARITT 30 a LIRS R Bk
H, WIRERBEH. ZHEHEETERNRS
BEFRILICERAEE 1.5%~2.6%, FIEBLL 0.5%~
0.7%RIERE T (F 2) P2, B TIERFRTHR,
TEENRSEFIBFTHREEN 0.1%ER, It
BT EENERREN THENIENF~EF N E
Z, BRITHELTEENRESE8FE T 05%, 1F
YIFE2iR/ 15%%2, BAIFFE 50 a FHEBHR
WTFEEBATRE, 5 006%alLEhl (X 2).
RIBREB EREIMNAEXE, BRTFEVIEEH
W7 L EENRRE TENIIS, FFERI 10~15 a
TRIEES 2.90% a1~2.97% at, FFESHI 41~50
a FIRIEREN 0.25% (% 2). XRTFEALIHERIE
FHEFN RS ETHHNHARIEFE=TIFER,

EFFERI5 a FRIEE /9 10.61% aL,6~15aF]16~
25 a A FEERE S B/ 5.35%F0 3.76% (3K 2);
Z)IIRIFFN 290 KIFHIEG L EFFE 30 a BBEHR
SEBFETHREES BN 2.78%F 2.97%ZEM,
RIERIARFIRIRE, MARSLEVREFFER
20 a (UTFPEIRE S 3.6% at, ERIREPDIIERE
FtRE T IEEREF RFREWRIEXH, B
ERER S A BB EERIEFIRE S 1 XK EAERL
R 2T 7 ENEFNRIEP T EENRNETLE
2R, KERNHEEREEAMERET (Xt
FBLHB) RE1RLEE 34a AHELEBINRERTET
8.00%, TREEES 0.23% a*, 1R1E 33 FEHEL
EBHRTET 6.91%, THEEEN 0.21% 4, 3K
Z—FAEII ST 11 FHESEHARY 33 MR+ BiEA)
BEXIEENRETHHEEE, BIEL T BT HERF 3~
5ald, HELTEBNRRETHRETEASR, A5
ERETRE, KI—EFRE, MRRSEHREL
4T, BEREEFRES. RIEELH 6 #13R3F
FRMXELEENRSEHEHETBEIIRMEF
EREZA R B ERABREHE,

R2 FRILBLMERANRTREERE

Table 2 Decreased rate of soil organic matter of black soils in Northeast China

2+ Mollisol B+ Albic soil EE+ Meadow soil
_ THEE  TRsEE _ TheEE
biifsy FrERE MR FFEARTE FFEARTE
Decreased Decrease jii =1 == Decreased
Study Cultivated Study Cultivated Cultivated
Author rate/ Author drate/ Studysites  Author rate/
sites duration/a sites duration/a duration/a
(% a?) (% at) (% 410a?)
0~4 4.1 0~15 2.90 0~5 10.61
EEY 5~15 11 Z  kKZ—FET 16~30 0.41 R XSl 6~15 5.35
16~40 0.16 16~25 3.76
0~10 2.6 0~30 0.94 0~25 3.14
2.8
11~20 1.1 31~40 1.96
853 i7 KB
EREUEEE 21~30 0.6 41~50 025 FE)I|IRF XNLZrT  0~30 2.78
31~50 0.3
51~100 0.06
0~20 1.8 0~10 2.97 290 i XA 0~30 2.97
t= ZERERES 850 i7 EXFETEEL
20~40 0.7 11~20 2.41
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0~10 371
EREFH 1140 089

41~100 0.59

0~5 13
6~20 0.46
21~30 0.13

mER XSEWE 31~40 0.069
41~50 0.069
51~100  0.068

101~130 0.064

2.2 FALEIMIHRMXETETW
2+EEERFN BT EIEHNEEIER
Z2—, FEITBEELHFREELETENI
FHERFKEFMXE, EREFEEHK, MRETFER
M= TIFREEZHHX, 2XERNATERN
B? BANEMNX—RMHTRANEIN. IBSMT
20 42 50 FRERTRIFMN=TFRAE. B
TEERNEIRTIERENRK A9, 33
FItBETiIERMX BT ETENH S RESSEL
A, FERBNREREERY, —R1EFE. B
REBTNETEENRLF, BRIERS, RS,
HE/NASEHN 0.6 gom34, —f57E 0.8~0.9g<m3
ZzaHl, BRARRETELTESTERE 054~0.76
g cm-Z (@R ¥l g TIRTIEEENELIAR
THETENFIIFTES R 1.11 g em F] 1.08
gcm ¥, WRIZBEREBLINELTEESRN 30 cm
(BETEEEL). BEHR 05 gemIHE, #ith
TENELTEEEMETR T 203cm, BTEEER
INT 32.2%, S5ikz—IRIFRERBEIL, ZiEE
EAXTEEREINELTREERNT 40%, —2

NELTEEERBEEILEHEMN. LIELHM,
WnTEBERL, PEERINEERLT, Xk
B, BRAIERERIZMIFARSAERIEEE
MELZE, Baj, FEXKHERLHNELED
FERFNDHRE. XTIFERRRERTIEEER

HREVCRKEFEUTEANAE, (1) WEHAR
FZRHHETREE=ENGEREBN, =01
tht, BiNEZELEEEEMENSR, FRKH
MW, (2) RHEBECELEEETHHIR
EOAE EENELTEEEHEKRESEEIm,
REAFVERLIERE, FEXRENEFIAL;
BERANERZERELS IHNERTEEERBET
N—EMIRTEFRA, ERETIENTEREYE
BKR, ZAENREMREKR, XYRERTELT
RTEEENTHE.
2.3 FRHXiFELETN

FRALR L+ XEABIAGHIRIFIE98) 1185 . RIEE
TIRAEHE, BTE 2Pl b S St R
B9 23.4%, EHe 2°~ 6 IRHHE SIS mEIRAY
77.7%; EME 2V ERRHHTE S S ETRAY
28.1%, H 2°~ 6 # i &5 3K # it S E AR AT
60.1%); NEREEARX 2 TA LRI S b
FARY 31.8.8%, Hep 2°~6 it IRt S EIRAY
90.8%¢); FItIEISZRIL R Mt = EE A 300~1
000 m i<, 2°-6 IWERIIRAIERATER ),

RIEKETREENRNMUER, BRTIEE
CHEE SE#HitLTEREKEESFA 1.2
mm atU8IF] 1.5 mm a1, mEll. FERMEEE
ST ERKEED BN 1.6 mmalt, 2.2
mmatF] 2.1 mmatBI (R 3), AT TEHKRRER
BEXKX 11a NENERER, KE. EWEBEEM
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MESNEYMEIERRXEENZEERR. ~H
I E R+ EmRIEE RN AR >ERKNKE
Gt FtE>ERKMASESME (F 4), 62 10°
M 5N FIIETERKED I/ 0.37 mma,

0.83 mma#]1.70 mmal, BELAHKIERIXE
NXIMWESE, RE—ERE LRNRIFER.

Yang ££5UR A RUSLE # 3 (Revised Universal Soil
Loss Equation) {&4& 7 EMEEMHNELERE
BERAMN T B EHKRE, piTRRELER
KNERESTERVERTEX., SMBHPE
E. SEMBEREEZLNELIERKEE DI/
0.48 mma?l, 1.13 mmalF]2.00 mma?l, EEH
BE. EERKEEERELTHNRELTERKEES BN
0.35 mma?l 099 mmalF]1.73 mmal; RIFEWM
NhEEL, BEERITMEREETIEERNHEK

®3 BRIARMXELER

BIRFEIS B0 839 a. 221 aF150a, EEEIELRY
AT @S85 1130 a. 252 af158 a, EIt, ZRILE
THIKETRENBLEEENFINZEABIEM
KEBENEREAFTEL,

B1Cs MR —MEENHARXKLIREEN
F5iR0B%el, IRERBELTIRA ¥TCs i T RIALFER
B TEEEEHBRMSSR, RIELIFHIBE
MR AIRERMIREIIR, ARRESRAIEmER
AR, WEFRMHEERS 2.4 mmat, AR
7312 mmal, ERIEETIXEHNSMHERED
BHIFEFIIRIMIERA 1.8 mmat, AR
73 2.0 mm a8, BEOWRIEBLIBFETRERX 2
MEEKEFAXENESRMERI, WEKED
B 20 mmalF] 1.7 mma?, XiESB05 0.5
mma*F] 1.0 mm a b9, KEEFECNBLRR DT

B

Table 3  Loss thickness of black soil layer in Heilongjiang Province

oA PUNIT:R ] wE B34S KB
Monitoring sites Monitoring duration/a Slope degree /< Slope length/m Loss thickness/ (mm a™)
EE Hailun 5 9 20 1.2%
EH Binxian*) 5 9 20 1.5%*
FELl Keshanl® 7 5 20 1.6%%*
H R Baiquan®™ 7 5 20 2.2%%%
H&E Gannanl™ 7 5 20 2.1%%*
E CEE=FWNEYE, ESNFRNESE, EECENNTEEE, BLERKEEREBEE 1.2 gem*itE,

RIEEMIEHHITHERR, TRE. Note: *Mean value of experimental three years, ** Mean value of experimental four years, *** Mean value

of experimental seven years; black soil loss thickness was estimated using the bulk density of 1.2 g cm~3.

x4 ITEEK 20 mEHEETEREEFD
Table 4 Loss thickness of black soil layer on the slope cropland with a slope length of 20 m
BE RSB
FE# Vegetation types HEAZ Tillage
Slope Loss thickness / (mm at)
#51th Bareland 75 No tillage 0.6
6° EKFAZ* Maize and Soybean JI5Et8 Downhill 0.3
EHKFIKE*Maize and Soybean &5 Contour 0.2
#5i1th Bareland 7% No tillage 1.3
10° FEHKFNAKE*Maize and Soybean IG5 Downhill 0.7
EKFNK=*Maize and Soybean &= Contour 0.5
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#&1th Bareland
15° FHKFNAE *Maize and Soybean

FHKFNAT *Maize and Soybean

7 No tillage 2.7
JIFEE Downhill 1.3
££5 Contour 1.1

iE: *EKFOASHAE. Note: Rotation of maize and soybean.

—AE FRIITIIEY. K. MIIIRRE=D
ISR SEFI D E. WL EFMEDEL
BRI, BLKMEBHNLEXESSNRERRE
EBRENE L, EREELNEEL, ROEHA
BREIM=FAmERAER L, EXESBE—.
ZRmEnR.

FE 9K I E A0 37 AY i 0 £ 8 AN
B7Cs RUITEFURD 5, LI— N ER/NRISTEE R
WAEKRT, 7T LERESIREAESRI
BAMWAPNEHETEREIEESN 05~15
mmat, 5 1.0 mm a ! LS KIFASLIRIER.
1997 FKFIEBMA T (LEE D RS RIFE),
RETHRIEBIT AT LERKRAER 200
tkm=2at, fHHTF 0.16 mma! (FREBTESFHEHN 12
g emBiLie) U, FHZERABRINAGERFR
FiRRE T B MEMERN 42 mmatltd, REF
KFMH. EEEESKIEFRR, "1EEAE 20 tH4E 50
FRELHEFTZEEN 60~70 cm, WE—MKR
B 20~30cm " 3, ZsE FTF 20 tHEE 50 FHRIL
BREED, REXMRERHAENESTZERIAT
60~70 cm, FWFHWERRBIHETEERL, B
TEEE/NF 30 cmP,

RIWRPOXEEEREEABETEXAR
FFEREMFDAXZEHE, B 6 fhtigsfic
SLERRGL. BOFRENEERLPHAEXNMX
., ETFAILKLPETERNAREN, EXEF
BENHERXERED 4.2 cm, BARZHEC
BB HPEME RSN T B RXIESE, B2
RFEHEARTBRBEEDENF M, X
FRELTEZ XS 0AYE B ST A R EE R
B, IEABoARETRAEGHENZENEINS
EIRET XX R EEEFMAEXREEEC, 8

BIXEHERSLIRERR K, @i ¥7Cs [@EENE
T XGRS RIS ERRE 0.5~1.0 mm a L BB E
RET, KRN L REEENIETUNX A ERIE S,

BESHILI. . 8. BRE. KEMNNE
1951—2000 FEIAXAZENBEAIR, KKNEEL
47 3—5 Bn, NAXARLE BEFIRRZ R &
NERIET XEEEKENNFERFERRK BRI A
TrEEEZE, PItERIERIE. BEeTEIINEARNE
#7 1980 I HIBINES, MPEEEN THEN
Tt FRAKBHENTES T T DL
FERHTHES, BRNIESCMRRLKIMRIFES
W ABRIREUR /DTN E I XIRFR RS 1 X i T
fEBEX. NAK B ELRLEBEHNEE
WEHISHT, R, Be. RRE. KENEEHN

XU TE LSS

TERE—EERARRE, BEERLMRPHN
R, BRINBLRENEXARFKE, FE
SRR EFIMKEISERNEFEE, —2E
BSHRFHNMEUNER LR, ARERSIA

TR T "REML" BURITELE.

3 17 8

31 BIMRIFSIIEES

311 REIMIKERARGAERA KIS
EERERNER W T LZENRERER. BT RE
WHB T EEARSD, R1E 20 42 50 §1 60 FRKE
FEMNMRIET BHIIAE, FBREXTE 1965 F
R T ERHE BB LIEHKTREK, #HE
BRI X E S LERN —TURHHRIG IR A, 7R
KT E 5 LR AR H S T IRK R G O 45
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RER, BHEDTRFHOEMMERR, EFKLE
REFOMERZNAR—BERKIREAERA
WRHBRFE. £ 6 LATRIREH I, ZE(11RE
TESME. EIRIEZE. TREE. RERE. £
MXHA. RREKMOGIPERHESRM. RK.
THRARR, RAERIFETEYERARERIERR
RED BT 50%~80%F0 90%, SFARHERLA
N 94%RI7KIH, EIEARH B MXE AT LR
25%, BRUEHIXMEIY, ERIEELXFEEEHN
HREI, RHINERKEEFERRED IRERM
{EIRD> 97.7%7F0 96.8%, (RIRIEELD B 98.9%
1 99.2%1), BXMARMEFKENHAR L NER+
ZHXH. AETESNZDXHBEREERE
R TRk, IWEREEERNNLEE
TIEERE. ERUTREREARE. RMKER. &
MEMASES. EKFEH. HEEwE. E
SRR, DESEFTEXN T EESHEN
AR B MafEFEEE TEER, BEXEMmiEK
IR A IR AR EEXT &8, 20 tH4E 50 #1 60
FRAROBABRR—ERRES. EE5FERAE
FRUBE K EFRMET R ARFTHRARR D, KX FIK
ML, fIFTERARELD, ERKNOARTE
Fh0aE.,

312 IEERMBXBLMERERA RILEL
HWIERHKPNAERATENHEL EZEERE
HE, FIRRUVAEFNER. BERESFERDE
SWERALEF, MTRLEEIRRE, REF
R+ EENERTREHERE LT, TimXAxIR
), SRRIEINAAN BN B R —ESF
IRETEFERERIE, DAESFIREA TS
B, TEBBERR THEIN, TEXEEEE
TERFMRESRRE. BLREBX, TEEEEX
HRELS KM, 1988 FEIFEFIRETEKRIL
FENELLT 2 a KRIBEAE, TEBETRE
=7 9.6%~22.3%, ERERIETHEERKERERH
EENTEGTNRSEEBMNERE,. SXYRXHE

tt, BHE. (EREFINERE S a FRELTE
RS BUIEANT 19.8%. 16.5%F1 10.4%[78), ZR{LE
TH EEEU QAFIRUT, IRRIEFFIBEUS (M
B EL) RKEBBERIA I RIIFRBRIAB ISR
REEEEEINTEENRESE (X 5). AFRILE
T XEEpEERR 9 a BYIEIE L EEESEEN
T 11.0%~12.4%, ~FEIR%E 38 a BHIZEEBIR
SEENT 14.4%~31.1%,; FEIEREZ 322G
HERTEEHREMNT 8.3%, BEEIT 10 a8
MESIE T EAYREINT 13.3%, TIEGHREAE
MEBENDEHE AN EIGAERINEX. BEE
KENRERIBLIXFHBFERRTXIBELH
KHEXEARERIRAREHORRRE,
BHEBESRERKFBIEER, STERKRE
=, TEENRSERD 27 a RHEINT 7.4%79,
BT RUWAEFRHNEFYITEWLIES 80%LA L
EETMRIEEL BB RN EEEEEE L
FE, HE—S R T BRI BT R RMAFEESE
REFE Y. BEFoMERKIT (13 4)
(41N B 17 PERFRL KN AR
Eoir, B 1988 FLkK, KNXREBIBIRSE
BUREE EFHass, Hrh 1988—1997 Figi#IHA
TEENRSEME TME, 1998—2013 FHIR
SEE LB, KEETIEEBAXEEEIEMN
BINRESE, FBEMENRNER. Z5EP
£ 1965 FiRE T EABTIER B EINRLHE
HSHESERYR, (BT IERAN SRR, &
Mt EFBYSHFLEE. RERFPIARLIE
FAEXREFOBTEEE ZEE N IEHER+
IERRIREENARL S, RiE B R E BNt TSR
FRESE, FINBEHFERESEEEES. &
FHETEERE L EFEHERARE, WRE
REAREERS BEGN, FERESEHLEEE
Z,; AAEEARNY BT HAHEBINEHRNTTRA
RERAIMmE,
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#5 KHETEEMNTIERNRESEMEIT
Table 5 Effects of organic amendment on soil organic matter contents based on long-term experiments
5 HEEES RSN
B o - B BHEERE
et TimRE e XE [=payd
Organic Rate of organic amendments
Study sites Soil types Experimental years Increased SOM
manures application/ (t+hm2)
content/%
BE Hailunl™ HEERL 2001—2011 boE e 22,5 133
#81€ Hailun®? 34 FEEEL 1985—2015 KK 37N 7.4
IR/IGE Harbint HBEEL 1980—2011 = o 37.2 8.3
AER
HEEL 1980—2017 BB 30 #0060 14.4~31.1
Gongzhuling™
O FEFH0
&5 Dehuit®™ BERL 1982—1990 ® DR 7.5, RKIE 30 11.0~12.4
B

XEMIERACIE 1982 FHIEHTHE L
HNiEEAZE, BRAXAEENEBER. RS
BREES. SRISRARPCIESIIHIE "R "7*"
AN BR. EINESE 1982—1984 FiELEM
=. PREIEHNBR LR 2.7 thm 2 BHLE, 18
EotheRtEE RS EERREN T ERST
0.27%, FEHBHLERKDT 0.03%, MAEREHLL
EIEINT 2.4%, RBAYIAR TIEB RS EMNENY
RAERTIMBER T IBBHRNEERR, E4: 10
a fEFd 25.5 thm? 4 EFEHKTBIRSEEMT
9.3%%, RERFCIRERE 1960 FHBITHRIE
BB T BB RHEIREEE EEBBEAMER. 1T
BER W X FRE R I0 U WA B E X AR A
SRR, &L 33 aEAENBEIFELEEIRS
BIEINT 13.1%~19.5%3, GHERIENESIEAN
EFEX. REANFIHRAIIEL 3 a B
HiERRREBNRSEEMT 3.1%~27.8%, &
BEENAIAX T IEBRIEINMR R AFEF>L
F>HFSREIRA TS C/IN NBTIYIELE E T4
HEZRSIEETIRSEVREED., BRiIE
RAVEIZREASFRT 1979 F7ERH B A EEiR1E
Xigs TREEMIRE, ALASNERERDSAR
BRSEBMENIEAISIE, AREREKBEE 3afEA 1

R 3 thm?2 EREREREHIERERTRSETE,
BRIFBLEBEIURFRIURE ool (NRERE
RERRENEIESE, YREINETYENR
AE. BUEERXN RIS LEBMREIFER
Z BRWEPIERL IEERNMRAIIES 2a
TEFRBRAA LT, BELEVRAESBIEM
T 18.4%F0 10.5%; E|EFHFCESTMEELHARF
BEETHEUNGS, BADE., EXETIER
—FRTEBNREMNT 18.3%, XTFEIBT KL
EBRNARRERNEZHNER. EEELTHEAN
WREM, ¥k FE (KEEE) NEEELS5a
EH, TEBNRSEEINT 8.1%~14.9%054,
32 BIERBESSERAER

AItET N EERRREGES T EBIIR
NEEHEAREENELE (AR), BRRBERMN
EHHEM S ELEHETRGRC. S THEE
BNERCIRABNRSE, FEM T KENH
RI(EUT & %, BENBLEREEEHEEE
REEER, BIEFRESNMRRT 2007 F, 5P
FEOLRAMENG I EGREFT. BIBMTERA
0~20 cm #120~35 cm =&, f£0~35 cm K&+
EHTEEHNR. KoWEMRINEYZEHIE
BTEEEEYR. PERZFREEERWAESIR
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Zz &

i (8euh) EFRILBEXFIZIT— 352 19
Mtk Sk BAEMENMNEMRE. EFzdE
HARERERBRAESREARENBRESESR
&, TIERENREIRE, 0~5 cm BXE+IE
BHRTEH 54.0 g kg HEINZE 87.8 g kg 197],
T 62.6%; FARZETERECHIBEALTE
e, B2, E—itESXERLSFRENAESE
EFIERRAREREN, XAKBEFNRRE
F BRI ST RBIRERAER 5L IEEIE
UBINT 7.4%21, MRABITRERLERIPR
A, STLMREFFIREF 0~20 cm BLEENESE
221, SB{CukIELR 13 a FEFPEH BRI RERE
B8, 0~20cm BLETIEBHEE 4459 kg 1N
Z= 48.9gkg!, HEINT 9.9%08, SEEIZEIERG L
FRE— 2 a i{GHRERKA, BFTIYISIRA
0~20 cm £ 2, TEBHURALUEN 27.8%, FEFF
BEEAHRATEZNREZIEGIRSE, Li
FUUERTIRICE T XPEBCIELL 15 a RHTEF
BEEURAKRARAI, SENHHE (THEFER)
L, fHNIEST 0~5 cm TEENESE
(28.8%), ¥t5~20cm tEBHEEEREM.,
FRELXEHER, KEE2NHARAIIES
13 a BFEFFESSS 0~5 cm T EHIEEHRIEM
T 36.4%, MEAH-FEFRERRE 0~5cm &1 5~10 cm
TEBNRESESBIEINT 6.4%F1 7.5%, EL+XE
EBEUMAVTAR KA, 1ELR5 a R AR ER/S0~5cm
Ml 5~15cm tEBIRSEEMT 37.8%F]
8.2%01%%1, It BT IS REIE N T BRI B TR
T IBERE, {NBERF 0~5cm &&F 0~10cm £
ENTEEVR, MREBMENIEENRE, &
FELEFIEE (35 cm), HIARBEIMELE
NTEENERTRE, XoTLURESBTRRIER
R,
3.3 {RIFMERHERILE S BRME

FIP M ER B R REBRILEEM Gt R
Y% BB = EAMET 30%HIFHEREHELY, ot

HEZSRINEFRIPEHERESR, BRAMEES
MOHEB BT RIPE#HERR, BRIREE—N
EIBMe, EFIAN, RIPEHHEROZZ—IX L8
REFBEUERIPERANSERRNEIR, FMER
PHEREREIER D, R, RItELREREND
MR T 1979 F, SHREDHEETMAHRIAR
IMERESMERMNT. QAFXIRHIREENRE
BFEYRE T OmESENH . B RZERM (%
H) EEARERNEERRE, BETHESR
e 2L ERMNE N, E8TIENEME
RI/NXIIEERBEM, BTeipBlr. MRS
RERPEMARNHEZNEMIET=HR, BTH
FRHLE AT PR IR ERIRER I BT R E SR
EAYAIRRL, BHETTEBSEEHBEXHRER
FHRU F 2002 FFFIARY, RIS 5 T RHHEM
SRUNMBEHINTEK. RfiETeBE=EH
NFRFTESKE. BHKEREMRDFEFTR
REPESHKRESE S EEEEEFA. B2, &F
BElo, BTESTERFRREMEMTHFR
FHEM, ANEAFEEESBMEEEEA, R
TIZIE AN, BRAESEHEERERE,
BREFHS T EEMERER, 2RELSANR
REEREAAS, HEEHEE 0~5cm HAEE, &
it ZETREEN L EFRIRFE, [AfR5Rif-
BEfR B ERAREEHTMHRURESFEEXIE(Z0
F 1999 FRE, MUOBRARATBREEREETE
MIEZTERRL, EAEFEERALN AT
BfRER. ZIUABRRT EZTIERFRRE.
EFEMEEZBEHERR, BERIEFHE
TEBYRESENRMPAKRGEERRR, ZL
BEEAIRE, RILELXILBEFERH
MBS EXRFSRIE, Chen EMRTARINLE
48 7a RAEHES, FHFIRHHEERDS B~
28.4%%[ 13.8%;, KE4ABHEF. HEERARR
HEMESRT N 7 BB REMNMERE. KZ
—RA\INERE S HARIP R ER G TIBE M
RIF7EE. BEREENE LT TERMEZ AMIER,

=
=
=
=
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MEERIEXE T T IEFRINRAE, 75 #HF,
RZiE L5 G P ERISERREH T AN S .

4 [mEREE

41 BFEFRIPIRIEEE

ERICE LAY 6 FhE kR, BIERT AR
KRB BEAEXTRARIE, REREDSE
MNETEEHEERESZTHELMNTIHE, BFK
THFREREN AR T ENETENRIXE, B
FFF R A AR BN F AR AL BRI A L o f
X, BRiIAREELVEXERLE, BET0H
EREENEENFETEX, 2+EPEVER
VEZSHTERETR, RILBLXUILS 45°
AR, EHBELERHE, tBEFEFERLIE,
AHPBELEE 0 cm AL, BHREEE 35 gkg?
UL, BetrRB+ERESIRSESHEELTE
L. HEATH, R FEERREIEFERLIE
s, ERARUEESX TEEREBEEF
¥ BRATIERT ERAISTEERE FEAEM,
BEAXENRN THELIEEEUNRFCEETL
EREFEH SN, ERUELENE
wrEMEEN, AEEARLEETIRERLE
PN RESARNG, BrBELEBIRSH
THTYMERBNENESENINEESHE. S8R
MAORMEFERRETRBHNFRIMERATILURS
MRARZOTAEN, FitE 45U EL
™ EEVATF 4 5 kmBEEEREPX, LRHER
2+ 95K ERF .
42 BIRMEIEICSXHE

EFRtBEIXZERETEN#HiE L, EF
matREY (SERA) NBTR, HREXH
B TRAIMRA, ERETENEL—
HoREERKRTIEPEAN, XE—HHE
B EFHTFALENSHHND, WFEELELT
B#tt, EAEMMESX TEERBEIHEA

NAREETERRTEHIL? BRNRAEEXE
B, ARFENELIEEIRERE LARES X
B FIEHT T H A RIRER. HERICE L
MERR LR K ERSENREREZENEER
AR, FtRIERERERRTETEEIE
EEEAMKEA. B, ARXERERLTEHi
RURBIRHEIRIE. FA. fREINREN 2D
ittt DIRFAMTIR R SRRz,
4.3 [EEELERR

ARt TIREF R TRANSFERIT
ERXESHERLIEUTEATEREX. AXE
FUtEE, BRERNERAMLTIR, BB, & &
REHR, REENEERX. ARTEBRIREE,
EHRIE, BXREZWIERK, B SAYREN
FABRBUAREIRRNERKS, BHRItRLIM
RO ERE, AR EESH AR AT
&, RS Te8ALIIEBERN—RIIHATMREY,
AR EESHBER T BEFR, BRI
RIRE TR AE AR ERSHRTRNA, B
Ay, RAEF ESFTRESERE. AARNARLE
PRI IH R AR,
4.4 (REXEMIBIEHRHSESE

(1) 7Kid, BEIEHHK IR RRARLEEE,
BREHKBRRAROHALERBEINERRENE
18, BRIEr LIBAIGA 20 HES 50—60 FFCAYI
AP, AFRIRHFHNERBZER)IER, H
RRERE/N. KERK, —LiRshtKLRAEN
INKBIAR AT 20~30 m Z (8P, F I IiNEiES
SEFRE—EEE. KIS AEEFAAMm, |
IRiEHERARLIE L RKAE, @iRiEHRARL=K
B AE, BEERZFHMBIAHK RGBT
R. BERZKELRAITEES KRR, B
IERES X BRI, HIRAM, EitbE
B RIRHHBRKIEHKRAK, R ENHRRS.
HLtER, BXXEHBSFELLIKIKIAHAFTY
SEVKEREKBMNGE, ER/ARKHEXER
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RRFEAKRAIDIREFIRA, SEPBERIH
b= I E AT R ARFOFTE.

(2) Mid, FEFRICELIMAY 6 ML RhE
BEUTHFTFENRKX, RS PEEREFE
SHEFEEANEEXE, NEEEREEFX.
HTFHRIERLHAOXEEERTREREXMEEX
i, FLAE—SHRBIMKIHERNSIREHE. B
BERE. WEAGEMFMES XSt XIRAIZm
EEMNRERIFFERN. ARILBLXIRINGE
WA, AR pES, SATSERIXN, XIHIE
BB AR RIS SRA N AEBIFEEEIR
FE. FHEME, ARSZXIREMXETIER
TERRERE, AXIRESIRAR AR FE
FEMRATE, REELXETENIBIER, X
BEEREREMNRABFRFTIMAEE =Y
FamMEX MK EAFTERRNAE. RHEE
BRARRIREIR B LEFEFF KRR AR, & 37
SETENERARR, RHATRELR, 8%
R BRI ERE XU IRE .

SEHk (References)

[1] Liu X B, Lee Burras C, Kravchenko Y S, et al. Overview
of Mollisols in the world: Distribution, land use and
management[J]. Canadian Journal of Soil Science, 2012,
92 (3): 383—402.

[2] Institute of Forest soil, Chinese Academy of Sciences.
Soils in Northeast China [M]. Beijing: Science Press,

1980. [RERZFREML AT, FERILLEM]

JEm: RIZHbRE, 1980.]

[3] Han X Z, Li N. Research progress of black soil in
northeast China[J]. Scientia Geographica Sinica, 2018,
38 (7): 1032—1041. [FHERIE, . PEKRILE LD
MRHERSRBRED]. WERZF, 2018, 38 (7):
1032—1041.]

[4] XinJS, WangJK, XueY D. Dongbei Heituqu Gengdi
Zhiliang Pingjia[M]. Beijing: China Agriculture Press,
2017. [FERW, I8E, BER FILBIKHHRE
FMM]. b3 pER MR, 2017]

[5] Ministry of Agriculture and Rural Affairs of the People's
Republic of China. Outline of Northeast Black Soil
Protection Plan (2017—2030), http: //www.moa.gov.cn/
nybgh/2017/dqq/201801/t20180103_6133926.htm. [FhtE
ABHMERWANE. RILBLMERFAYNE

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(2017—2030 £), http : //www.moa.gov.cn/nybgb/2017/
dqqg/201801/t20180103_6133926.htm.]
Han X Z, Wang S Y, Song C Y, et al. Effects of land use
and cover change on ecological environment in black soil
region[J]. Scientia Geographica Sinica, 2005, 25 (2):
203—208. [FEERIE, EFF, REW, F. LTHFIA/
BETUNELESIMERIRM]. thIERIS, 2005,
25 (2): 203—208.]
Yu L, Zhang B. The degradation situations of black soil in
China and its prevention and counter measures[J]. Journal
of Arid Land Resources & Environment, 2004, 18 (1):
99—103. [F&, iKiH. PEBLEKIVRSHEXI R[]
BEXEBSIAE, 2004, 18 (1): 99—-103]
Zou W X, Han X Z, Lu X C, et al. Effects of the
construction of fertile and cultivated upland soil layer on
soil fertility and maize yield in black soil region in
Northeast China[J]. Chinese Journal of Applied Ecology,
2020, 31 (12): 4134—4146. [4B3ZF5, HEHEUE, FERK
5. F. BRHEOENFRILRTIXEMHERNIE
KFEBRRMI]. HAESFHR, 2020, 31 (12):
4134—4146.]
Liu C M, Zhang Z Y. Discussion of the area and
distribution of black soils in northeastern China[J].
Heilongjiang Agricultural Sciences, 2006 (2): 23—25.
XEE, K2— BEFRIWRELSHEEMER
BRI 0], BT RLS, 2006 (2): 23—25.]
Han X Z, Yan C Q. Regulation and properties of soil
water in farmland in Northeast China[M]. Beijing:
Science Press, 2005. [E5REiE, HER. PEZRIGKH
THEKSBHRIAREM]. dbR: BlEHiRa, 2005
Gong Z T, Zhao Q G, Zeng Z S, et al. Draft of soil
classification in China[J]. Soils , 1978, 10(5): 168—169.
(TR, ¥EHE, SRR, % PELESRGITE
=[] :fE, 1978, 10 (5): 168—169.]
Yang L Z, Han G Q. Development strategy and utilization
status of black soil resource[M]. Beijing: China Land
Press, 2009. [IAME, #&i5. HRILBLEIRFIBIK
RARRIEIM]. Jbm: hEXRMbHARE, 2009]
Hesung Y, Li Q . China Soils[M]. Beijing: Science Press,
1978. [REZR, FRRZE. hETIEM]. Jtm: BFHR
#t, 1978]
Zhu X M. Distribution and properties of main soils in
Northeast Heilongjiang Province[J]. Acta Pedologica
Sinica, 1952 (1): 1—6. (REBKE. BRIFRBEELT
BMRRESM]. LEFHK, 1952 (1): 1—6]
Li W, Zhang P Y, Song Y X. Analysis on land
development and causes in northeast China during Qing
Dynasty[J]. Scientia Geographica Sinica, 2005, 25 (1):
7—16. [N, KFEF, REF BAFRIBK WA
ERERSH[I]. HERZE, 2005, 25 (1): 7—16.]
Tao Y. The evolution of ecological environment after
reclamation in the great northern wilderness[J]. Chinese

http://pedologica.issas.ac.cn



6 H3

FRIESE: RICRIMRIPFIBAR BT SRR RE

1355

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Journal of Ecology, 1983, 2 (1): 23—25, 41. [fg%. 4t
KRAERRESHRREEN]. £EFRE, 1983, 2
(1): 23—25, 41]
Group of Environmental protection and resource
utilization of China wetland. Review of development
history of Sanjiang plain [J]. Territory & Natural
Resources Study, 1998 (1): 15—19. [ {FEEMEIR
FREMEFIFHRENERE. =TFIRFRHEEER
L. EX5BRRIRMAR, 1998 (1): 15—19]

Liu J S, YuJ B, Wang J D, et al. Temporal-spatial
variation law of organic carbon content in typical black
soil on Songliao plain[J]. Scientia Geographica Sinica,
2003, 23 (6): 668—673. [XIEXN, FBE, E&I,
% RUIFRBLENKSERTH BR[N] HE
Rl=2, 2003, 23 (6): 668—673.]

Liu X T, Ma X H. Influence of large-scale reclamation on
natural environment and regional environmental
protection in the Sanjiang Plain[J]. Scientia Geographica
Sinica, 2000, 20 (1): 14—19. [XI¥+, BZE. =
TTERAERFF XS B AR 0 & XA SRR
1R[], HBEERLEE, 2000, 20 (1): 14—19.]

Shen S M. Relationship between soil nutrients and
aggregate stability after black soil reclamation [J].
Chinese Journal of Soil Science, 1981, 12 (2): 32—34.
[LES BEXAERRTERARAREESTERSRK
MEIE R[] LiE@IR, 1981, 12 (2): 32—34]
Wang J K, Wang T Y, Zhang X D, et al. An approach to the
changes of black soil quality (1) —changes of the indices
of black soil with the year (s) of reclamation[J]. Journal of
Shenyang Agricultural University, 2002, 33 (1): 43—47.
[IRR, EH%F KEFR F BLIEREETIR
—AEFERFRETFEREEFETRE[]. L

‘‘‘‘‘‘

Han X Z, Zou W X. Effects and suggestions of black soil
protection and soil fertility increase in northeast China[J].
Bulletin of Chinese Academy of Sciences, 2018, 33 (2):
206—212. [EEBRIE, 035, HERILELFRPSE
DRFANRHSEN]. PERFEBRT. 2018, 33
(2): 206—212]

YuJB, LiuJS, Wang J D, et al. Organic carbon variation
law of black soil during different tillage period[J].
Journal of Soil and Water Conservation, 2004, 18 (1):
27—30. [FE=, XIEW, Tk, & TRAFEREFR
B ENREWMEN]. KIFFFER, 2004, 18 (1):
27—30.]

Ding Z X, Wang Z R. Properties and components of
humus in black soil and albic soil. Journal of Northeast
Agricultural University, 1959, 3—4 (7): 135—143. [T
W, EIR. BEMBAKITAIEEREAR R MR
FRAERZ IR, 1959, 3—4 (7): 135—143]]

Wu Z H. Compared study of humus properties for black
soil, dark meadow soil and albic soil[J]. Acta Pedologica

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sinica, 1959 (2): 135—144. [RER. B+ BEES
+. BREBERERNICRAR]. TEFR. 1959
(2): 135—144.]

He W Y. Heilongjiang Soils[M]. Beijing : China
Agriculture press, 1992. [ z=. BT EiE[M]. b
m: RIPHRRYE, 1992]

Jiang Y. Jilin Soils[M]. Beijing: China Agriculture press,
1998. [E&. EMLEM]. JtR: FERI AR,
1998.]

XingB'S, Zhang ZY, Xu Q. Pedogenetic characteristics
of albic soils in the three river plain, Heilongjiang
Province[J]. Acta Pedologica Sinica, 1994, 31 (1):
95—104. [MB=L, sKz—, fRHE. =IFFEBAKXLTER
EFERME]. TEFR, 1994, 31 (1): 95—104.]
Zeng Z S, Zhuang J P, Li M P. On the genesis and
classification of paichiang soils[J]. Acta Pedologica
Sinica, 1963, 11 (2): 111—129. [ZRBEIF, EZRE,
ZXF. CHRTFERMORBR]. TEFR,
1963, 11 (2): 111—129.]

Ding R X. Soil nutrients status of black soil and
chernozem in Heilongjiang Province[J]. Chinese Journal
of Soil Science, 1979, 10 (4): 14—19, 26. [T Im¥¢. 2=
HIEHRBRTMBSTNAFSRRN] TIEER,
1979, 10 (4): 14—19, 26.]

Lin B Q, LiangSH, Hu KM, etal. Forest soil in west
slope of Changbaishan[J]. Journal of Northeast Forestry
University, 1963 (2): 61—80. [FMAEE, P2=3A, B
FE, & KAWAERNHFRLTIED]. Rl XZEE
&, 1963 (2): 61—80.]

Zhang Z Y. The changed of soil organic matter after
cultivated in Heilongjiang Province[J]. Journal of
Heilongjiang Bayi Agricultural University, 2010, 22 (1):
1—4. Kz— BRIETERERTEEIRSEN
T[] BRI\ —REKXFSIR, 2010, 22 (1): 1—4]
Song D Q. Chernozem in Northeast China [J]. Bulletin of
Biology, 1955 (4): 40—44, 2. [SRiAR. FEFRILH
BISE[)]. EWMFIER, 1955 (4): 40—44, 2]
XuM G, Zhang WJ, Huang S M. The evolution of soil
fertility in China[M] 2ed. Beijing: China Agriculture
Press, 2015. [fRBARd, KM%, RAH. FEITIEBS
JEEM].2 b b5 PERIA SR LR, 2015]
Su D C. Discussion of soil fertility of albic soil after
reclamation[J]. Soils , 1978, 10 (3): 92—95. [75&=iE.
AR T EEREBHMRILHRIIN]. £, 1978, 10
(3): 92—95]

Zhang ZY, Zhang Y F, Zhu X C. Change of soil organic
matter quantity and components in albic soil after
reclamation[J]. Journal of Heilongjiang August First
Land Reclamation University, 1983 (2): 73—77. [3kZ
—, KoiE, REL. ARIARRTIZEENRNEE
REARNOZHLN]. BRI\ -KEXZFIR, 1983
(2): 73—77]

http://pedologica.issas.ac.cn



1356

T &

3

i 58 &

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Yi YL, Wan X X, ShenY, etal. Baijiang soil fertility
changes under different land use type and reclamation
years[J]. Journal of Shenyang Agricultural University,
2012, 43 (4): 449—455. [{KiEAN, AL, KB, &.
FRFAFXARFEFEFRAK AL HELD]
PR KSR, 2012, 43 (4): 449—455]
Li Q M, Yin D L. The characteristics of variation of black
soil fertility in relation to the properties of soil colloidal
complex[J]. Acta Pedologica Sinica, 1982, 19 (4):
351—359. [FRRR, Fixfk. BXENTNERRES
TESAREMERIXEN]. TEFR, 1982, 19 (4):
351—359.]
Zhao Y P, Duan W D, Xia R J. Preliminary research on
the degradation rate of organic substances after
cultivation of planosol[J]. Journal of China Agricultural
University, 1983 (3): 59—66. [XE%, FRAE, B
RE. ARIFEREENIRTEERRNISHR]
JEFERAAZFZIR, 1983 (3): 59—66.]
Lu J L. Phaeozem degradation and sustainable agriculture
in China[J]. Journal of Soil and Water Conservation,
2001, 15 (2): 53—55, 67. [ffidtly. FHKEELTAIRK
(R RL AT RN [J]. K EARFFZIR, 2001, 15 (2):
53—55, 67.]
Fan H M, Cai Q G, Wang H S. Condition of soil erosion
in phaeozem region of northeast China[J]. Journal of Soil
and Water Conservation, 2004, 18 (2): 66—70. [B&R
B, Z5BE, EAN. PERILRT X TIEFEMHRE].
IKH{RIESHR, 2004, 18 (2): 66—70.]
Zhang Z Y. The thickness changes of Ah horizon after the
phaeozems cultivated[J]. Journal of Heilongjiang Bayi
Agricultural University, 2010, 22 (5): 1—3. [3KZ—.
EIAEREIEEENTHD]. BEIN—KREX
2R, 2010, 22 (5): 1—3]]
Ding R X, Liu S T. A study on the fertility of black soil
after reclamation[J]. Acta Pedologica Sinica, 1980, 17
(1): 20—-32. [THX, XIHitE. BEHERERDEST
RN, £ESIR, 1980, 17 (1): 20—32]
Department of Natural Resources of Heilongjiang
province. Bulletin of main data achievement related to
second land survey in Heilongjiang province[J]. Natural
Resource in Heilongjiang province, 2014 (7): 27. [
HIEEARTRT. XTERISESE XL HBEEE
BHIERRNARN]. BERIELRIE, 2014 (7): 27.]
Department of Natural Resources of Jilin province.
Bulletin of main data achievement related to second land
survey in Jilin province. http: //zrzy.jl.gov.cn/zwgk/tzgg/
201708/t20170821_5187395.html. [EHREBEREIRIT.
XTFEMEEZRIHRAEETEHERRNOLQR.
http :  //zrzy.jl.gov.cn/zwgk/tzgg/201708/t20170821_
5187395.html.]
Department of Natural Resources of Inner Mongolia.
Bulletin of main data achievement related to second land

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

survey in Inner Mongolia. http: //zrzy.nmg.gov.cn/xxgk/
tztg/201408/220140813_232459.html. [HEREBAZIR
T. XTFASHEARSE R TBEEFEHIERR
B9 2 #R [EB/OL]. http : //zrzy.nmg.gov.cn/xxgk/tztg/
201408/z20140813_232459.html.]
Zhao Y Y. Soil erosion issues in Keshan and Baiquan zone
in Heilongjiang Province[J]. Acta Pedologica Sinica,
1966, 3 (1): 96—99. [X—F. BREITERUFEREX
TIE@RIME[]]. TIESHR, 1966, 3 (1): 96—99.]
Zhang SL, Zhang XY, Liu X B, et al. Tillage effect on
soil erosion in typical black soil region[J]. Journal of Soil
and Water Conservation, 2009, 23 (3): 11—15. [3K/>
R, 3N, XUBRk, & HBIESRINXAEHHESE
FERZK LRIFIRAR ] KERFFIR, 2009, 23
(3): 11—15]
Wang B, Zheng F L, Wang Y X. Adaptability analysis on
soil erodibility models in typical thin layer black soil area
of Northeast China[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2012, 28 (6):
126—131. [E#, BHF, EEE FRILHEEEERL
REtEAHUEBEREDTE]. RUTREZR,
2012, 28 (6): 126—131.]
Zhai W F, Xu LS. Study on the soil erodibility K-value
in the typical black region of northeast China[J]. Chinese
Journal of Soil Science, 2011, 42 (5): 1209—1213. [Z8
FBIE, PR, FRIbEEIE S X T iERimE KERRD].
T @Ik, 2011, 42 (5): 1209—1213.]
Yang X M, Zhang X P, Deng W, et al. Black soil
degradation by rainfall erosion in Jilin, China[J]. Land
Degradation & Development, 2003, 14 (4): 409—420.
Zheng B Y, Zhu W G. Can black soil disappear from
Northeast China in 50 years? [N]. Guangming Ribao,
2001-1-12 (B1) . [XRILHEE, K. FRILBL i< 50
FREKE? [N]. StBEEHR, 2001-1-12 (B1) ]
SunJH, YangY G, Zhang B J, etal. Hilly field erosion
regulation in  low mountain region of northern
Liaoning[J]. Research of Soil and Water Conservation,
1997, 4 (4): 65—74. [FhR%E, BHER, KEFER, F.
IZAEAR L BB KR K LR ER R[] KR
S, 1997, 4 (4): 65—74.]
An J, Zheng F L, Wang B. Using '¥Cs technique to
investigate the spatial distribution of erosion and
deposition regimes for a small catchment in the black soil
region, Northeast China[J]. Catena, 2014, 123: 243—251.
FangH Y, Sun LY, Qi DL, etal. Using **'Cs technique
to quantify soil erosion and deposition rates in an
agricultural catchment in the black soil region, Northeast
China[J]. Geomorphology, 2012, 169/170: 142—150.
Fang H J, Yang X M, Zhang X P, et al. Using **'Cs tracer
technique to evaluate erosion and deposition of black soil
in northeast China[J]. Pedosphere, 2006, 16 (2):
201—209.

http://pedologica.issas.ac.cn



6 H3

FRIESE: RICRIMRIPFIBAR BT SRR RE

1357

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Yang W G, Zheng F L, Wang Z L, et al. Effects of
topography on spatial distribution of soil erosion and
deposition on hillslope in the typical of black soil
region[J]. Acta Pedologica Sinica, 2016, 53 (3):

572—581. [#H4ERS, ABMF, EL1L, F MWEKEL
X#BKEFME IR ES R ENFEI]. TE
2R, 2016, 53 (3): 572—581.]

Fang H J, Yang X M, Zhang X P, et al. Study on soil
erosion and deposition of black soils on a sloping
land using 'Cs tracer method[J]. Acta
Ecologica Sinica, 2005, 25 (6): 1376—1382. [FH%E,
W, KB, & ¥Cs REAMREHITEE LR
MAMREFAEN £ESFMR, 2005, 25 (6):

1376—1382.]

Wang Y, Yang MY, Liu P L. Contribution partition of
water and wind erosion on cultivated slopes in northeast

cultivated

black soil region of China[J]. Journal of Nuclear
Agricultural Sciences, 2010, 24 (4): 790—795. [,
AN, XIER. AL KK iR 5K hiEERA
EEXHN]. %KREIR, 2010, 24 (4): 790—795]
Zhang X P, Liang A Z, Shen Y, et al. Erosion
characteristics of black soils in northeast China[J].
Scientia Geographica Sinica, 2006, 26 (6): 687—692.
[BkBEFE, REEL, B, £ FIEBLKIRERSR
[J]. HbIERLS, 2006, 26 (6): 687—692.]

Ministry of Water Resources of the People's Republic of
China. Standards of the Classification of Soil Erosion in
China[S]. [FHEARHAEKFIE. TEEHEHESK
FRAELS] ]

CuiWH, XinYJ, YuC X. Soil erosion in the black soil
area to the east of the great Xingan mountains in
Hulunbuir[J]. Soils, 2005, 37 (4): 439—446. [EE3L%E,
FIE, FTEMW. THMERURMAXKZRFERELXTIE
BihAsR[I]. 1%, 2005, 37 (4): 439—446]

Liu B Y. Issue discussion of sustainable utilization and
soil degradation in typical black soil region [J]. Soil and
Water Conservation in China, 2003 (12): 31—32. [Xl
Ak HEES X RBRW R TFERR R[],
REK R, 2003 (12): 31—32.]

Wang H X, Wang H X, Cai L F, etal. Study of cropping
system related to control wind erosion by peanut [J].
Liaoning Agricultural Sciences, 2016 (5): 37—39.[E
B, EBH, &KX, F BERRKEMERARTAR
[]. TFRIAZ, 2016 (5): 37—39.]

Li SL, LiHP, LinY, etal. Effects of tillage methods on
wind erosion in farmland of northeastern China[J].
Journal of Soil and Water Conservation, 2019, 33 (4):
110—118, 220. [Z=ftty, Z=FFE, M2, F. Kt
RAEHHEANKETERFED]. KERSFIR,
2019, 33 (4): 110—118, 220.]

Lin Y, Li H P, Xiao B. Influencing factors of wind
erosion and their quantitative relationships with erosion

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

rate in black soil area of northeast China[J]. Journal of
Soil and Water Conservation, 2017, 31 (4): 44—50. [#K
. FF, B FEBXXRATEXIHZEE
EREPEXRD] KEEEFZR, 2017, 31 (4):
44-—50.]

Wang Y. Investigating the soil erosion rates on the
cultivated slopes in the northeast black soil region of
China BICs  and  20Pbe
Yangling , Shaanxi : Institute of Soil

using measurements[D].
and Water
Conservation, Chinese Academy of Sciences, 2010. [FE
5. 137Cs 1 210Pbex S & RIRAREKILE L KIF#H
HBRIMIER[D] BRI E: PERZRARER (K
BRI REFESESREHFTHL), 2010]

Yang X, Guo J F, Liu H H, et al. Soil wind erosion
environment in black soil region in northeastern China[J].
Scientia Geographica Sinica, 2006, 26 (4): 4443—4448.
[#p#r, BiTIE, XUHES, % RIGABIEFTXFIEX,
RIRBOHT[I]. IR, 2006, 26 (4): 4443—4448.]
ChiWF, Bai WK, LiuZJ, etal. Wind erosion in Inner
Mongolia Plateau using the revised wind erosion
equation[J]. Ecology and Environmental Sciences, 2018,
27 (6): 1024—1033. (RXI&, BXE, XIEME, & &
F RWEQ REMNAFEHERTERMAR[I]. £5HK
BEHR, 2018, 27 (6): 1024—1033.]

Chen J L. Methods of constructing terrace in slope
cropland[J]. Liaoning Agricultural Sciences, 1965 (5):
19—20. [BREX. KHMELBAENGIED]. 7K
APRIEE, 1965 (5): 19—20.]

Xie J. Treatment and soil erosion status in the center of
Heilongjiang Province[J]. Soils , 1990, 22(3):128—132.
[(HZE. BRISTIHEXK TESMKERERE].
T, 1990, 22 (3): 128—132]

Zhao Y S, Wei Y X. Soil and water conservation effects
of protective tillage measures on sloping farmland[J].
Science of Soil and Water Conservation, 2009, 7 (3):
86—90. [XFEFAR, BRKE. IRHHBRIPEHERTERIX
TREREI]. FEKLEERIZ, 2009, 7 (3):
86—90.]

Chen G, FanHF, Chen H'S, et al. Benefits of sediment
reduction of soil conservation practices in the black
region of Northeast China[J]. Science of Soil and Water
Conservation, 2006, 4 (6): 13—17. [[&)%, SEiElE,
BRigE, . RILB T XK RIFEIER D W E M)
FEXKERIFRIF, 2006, 4 (6): 13—17.]

Wang Z R, Jia H, Wu X Q. Study on changes of black
soil, fertility after application of farm manure[J]. Journal
of Northeast Agricultural University, 1989, 20 (1): 1—86.
[EkFR, BR RHE BEEENELBHTHHAR
D] FRIEKFBRFIR, 1989, 20 (1): 1—6.]

Wang ZR, LiuYL, HouZT, etal Location study of
fertilizing effect in black soil 1 Changes in soil organic
matter and organo—mineral complexes[J]. Journal of

http://pedologica.issas.ac.cn



1358

T &

3

i 58 &

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

Northeast Agricultural University, 1992, 23 (3):
216—219. [EJkSR, XKF, RPH, & BEBEN
KROEBMHAR LEENRRENENESKRIKNE
D] FAERZEBRFR, 1992, 23 (3): 215—219]
Sun H D, LiJ, Shang H X, et al. Location monitor of
black soil fertility and fertilizer effect first report-effect
of inorganic fertilizer and organic amendments on soil
fertility and crop yield[J]. Journal of Jilin Agricultural
Sciences, 1991, 16 (3): 42—45, 8. [f\R{E, =7,
HER % RBRIENMBRMEEAENAR & 1
B ENLNBESERREEIEKRD]. SR
Bl=, 1991, 16 (3): 42—45, 8]

Zhang X Z, Gao H J, Peng C, et al. Variation trend of soil
organic carbon, total nitrogen and the stability of maize

yield in black soil under long-term organic fertilization[J].

Journal of Plant Nutrition and Fertilizers, 2019, 25 (9):
1473—1481. [3kFZ, BHE, &5, £ KRGS
BREETK. 2aRERTER[EMERITHRHED].
EMEFSERIZER, 2019, 25 (9): 1473—-1481]

Liang Y. Effect of organic amendments application on
dynamics, fractions and structural properties of soil
Harbin :
Institute of Geography and Agro-ecology ; Chinese
Academy of Sciences, 2012. [232. BHIZENELS
NERBKEREAS SEEFMED]. B/RE: FER
FIRARER (RGBS RIWVAESHARAT), 2012]
Han X Z, WangSY, VenemanP L M, etal. Change of
organic carbon content and its fractions in black soil

organic matter in black soil[D]. Northeast

under long-term application of chemical fertilizers and
recycled organic manure[J]. Communications in Soil
Science and Plant Analysis, 2006, 37 (7/8): 1127—1137.
Kang R F, RenY, Wu H J, et al. Changes in the nutrients
and fertility of black soil over 26 years in Northeast
China[J]. Scientia Agricultura Sinica, 2016, 49 (11):

2113—2125. [RHIE, E8, R&FE, %26 kK
B+ XTEFOETRAL]. PELRIRIZE, 2016, 49
(11): 2113—2125]

Jiang Y, Li QK, WuSQ, etal. Effects organic manure
application on soil fertility-organic manure application
impacted renew and improvement of soil humus[J].
Journal of Jilin Agricultural Sciences, 1965 (4): 59—64.
[Ea, FXRE, RFF % ERENEBREELR
ERER—BNEBRYERSNETEREEE
BYAERHITER]. SRARIRIE, 1965 (4): 59—64.]
WulJ G, RenlJ, Zhao XY, etal. Morphology of humus
in black soil as affected by fertilization method[J]. Acta
Pedologica Sinica, 2014, 51 (4): 709—717. [RE&,
EE, 8MF, F FAEEES R LBERE ST
5[], TSR, 2014, 51 (4): 709—717.]

Sun H D, LiJ, Shang H X, et al. Location monitor of
fertilizer effect second

black soil fertility and

report-effect of straw return in black soil[J]. Journal of

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Jilin Agricultural Sciences, 1992, 17 (3): 40—42. [f\
=~ FE, BER, F EXENMERREEMS
WA B TIR BLXERBEFEERAROARD]. =
R RISE, 1992, 17 (3): 40—42.]

Zhao D L, Wang Z B. Experience of improving albic soil
in Hejiang zone in Heilongjiang Province[J]. Chinese
Journal of Soil Science, 1961 (5): 54—57. [#Xf&#k,
EFRA. BRISIEXMEAKRLINZR[] B
1BiR, 1961 (5): 54—57]

Cui SJ, Yao M, LiangJ L, etal. Balance and enhance of
soil organic matter in albic soil[J]. Soils and Fertilizers,
1989 (1): 13—16. [EEINE, Wk, RER & AKX
T EBNEREURER FERSHERPARD.
ZEAEA), 1989 (1): 13—16.]

Tian X P, Ji J H, Han X R. Effects of long-term
application of fertilizers on the contents and oxidable
stability of organic matter in albic soil[J]. Journal of
Heilongjiang August First Land Reclamation University ,
2004, 16 (2): 12—14. [HFE, ESL, HEEH. K
HREEXY AR T ENRSERESNRELRIFm[].
ERTN\—KREASZZIR, 2004, 16 (2): 12—141]
ChenEF, LiuQS, QiuF Q, etal. Study of superiority
(1) Effects of organic matter
application on soil fertility, microbiological activity and
crop yield[J]. Acta Pedologica Sinica, 1960 (1): 3—14.
(FRERL, XUERHR, ERRIER, ZF. BYIERMLHERIH
R (D) TeRAETIERX TIBIE . MEWE. 1E
WFEERERE]. HIESR, 1960 (1): 3—14]

Wu Z J, Zhang H J, Xu G S, et al. Effect of returning corn
straw into soil on soil fertility[J]. Chinese Journal of
Applied Ecology, 2002, 13 (5): 539—542. [EEA,
KEZE, W W, . EXRBEFHERZELZERRD]
MFLERSSR, 2002, 13 (5): 539—542.]
Whitbread A M, Blair G J, Lefroy R D B. Managing
residues and fertilisers to enhance the

of organic matter

legume leys,
sustainability of wheat cropping systems in Australia: 1.
The effects on wheat yields and nutrient balances[J]. Soil
and Tillage Research, 2000, 54 (1/2): 63—75.
QiuC, Han X Z, LuXC, etal. Effects of maize straw
incorporation on soil fertility and crop production in the
black soil region of Northeast China[J]. Soils and Crops,
2020, 9 (3): 277—286. [EPER, FBEIE, FEE, &
FRILER L KEKRBEFFERX TR D RIEM= 2/
M) £ESVEY, 2020, 9 (3): 277—286.]

Cui X A, Chou J F, Dou S. Effects of long-time
fertilization on crop yield and soil nutrients of dark
brown earth[J]. Journal of Jilin Agricultural University,
2011, 33 (5): 545—550. [BER, ME, EFR K
HE U MBAEXT BE R IBE NFMEM =BR[], FHK
WAV ASE4R, 2011, 33 (5): 545—550.]

Gao T B, Wang X J, Yu F Z, etal. Study on remediation
of degenerated carbonate chernozem under inorganic

http://pedologica.issas.ac.cn



6 H3

FRIESE: RICRIMRIPFIBAR BT SRR RE

1359

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[ 100 ]

fertilization combinated with manure[J]. Soil and
Fertilizer Sciences in China, 2013 (5): 62—65.[=EIH#,
ERE, FRZ, & BNLHBRESREREERS T
HBLESEMRN. FELESER,. 2013 (5):
62—65.]
Dou S. Effect of application of organic materials on
improving soil fertility of chernozem[J]. Journal of Jilin
Agricultural University, 1986, 8 (4) : 45—52, 109—110.
[ER. BRI ESENEBERD]. SR
2R, 1986, 8 (4): 45—52, 109—110.]
PanHL, YuKW, LiHZ, etal Efficacy of combining
organic and chemical fertilizers in saline meadow rice
soil[J]. Journal of Shenyang Agricultural University,
2000, 31 (2): 181184 [[BER¥K, FTEH, =R,
% BENIEERSEANBRAES THBEBHRRD]
VCBAR AS 4R, 2000, 31 (2): 181—184.]
Zou W X, Han X Z, Lu X C, et al. Effects of straw
incorporated to different locations in soil profile on straw
humification coefficient and maize yield[J]. Chinese
Journal of Applied Ecology, 2017, 28 (2): 563—570. [4B
X7, HERE, [EiE, £ BATRLTENETERE
WRAER XS ERF=2M9FMA[]. RAESFR, 2017,
28 (2): 563—570.]
LiuH X, WangD L, WangSY, etal. Changes of crop
yields and soil fertility under long term application of
fertilizer and recycled nutrients in manure on a black
soil[J]. Chinese Journal of Applied Ecology, 2001, 12
(1): 43—46. [XUMSH, EEIR EFF, F BEK
iR R AL BABNANED~ERTIBELRE
THILEMFEEN]. RAESFER, 2001, 12 (1):
43—46.]
You MY, Han X Z, Chen X, et al. Effect of reduction of
aggregate size on the priming effect in a Mollisol under
different soil managements[J]. European Journal of Soil
Science, 2019, 70 (4): 765—775.
Hao X X, Han X Z, Zou W X, et al. Changes in soil
organic carbon and its fractions after 13 years of
continuous straw return in a soybean—maize cropping
system[J]. Applied Ecology and
Research, 2020, 18 (6): 8267—8284.
Fan W, WuJ G, LiJM, etal. Effects of straw return on
soil physico—chemical

Environmental

properties of chernozem in
northeast China and maize vyield therein[J]. Acta
Pedologica Sinica, 2018, 55 (4): 835—846. [,
RER, TEP, & BA99FEENRIERESE
HEBOHRRERBAIZM]. HIBFR, 2018,
55 (4): 835—846.]

Liang AZ, Yang X M, Zhang X P, et al. Changes in soil
organic carbon stocks under 10-year conservation tillage
on a Black soil in Northeast China[J]. Journal of

Agricultural Science, 2016, 154 (8): 1425—1436.

[101]

[102]

[103]

[104]

[105]

[ 106 ]

[107]

[ 108 ]

[ 109 ]

[110]

Li M, HeP, Guo XL, etal. Fifteen-year no tillage of a
Mollisol with residue retention indirectly affects topsoil
bacterial community by altering soil properties[J]. Soil
and Tillage Research, 2021, 205: 104804.

Sun B J, Jia S X, Zhang X P, et al. Impact of tillage
practices on microbial biomass carbon in top layer of
black soils[J]. Chinese Journal of Applied Ecology,

2015, 26 (1): 101—107. [#likiE, BEMEE, SKERYE,
% ESANEBELRETEMEMENERNTIN
[J]. RFA4RASIR, 2015, 26 (1): 101—107.]

Gao Y, Shao S, Zhang W, et al. Response of organic
matter content and composition in black soil of northeast
China to No-tillage straw mulching[J]. Journal of Dalian
Jiaotong University, 2020, 41 (1): 92—96. [&#7, BB
I, 3KEL, % FRIEERLBIRSEMNAD X RMFEF
EHBERNMER[]. KIERIBRFER, 2020, 41 (1):
92—96.]

Yang X M, Zhang X P, Fang H J, et al. Conservation
tillage systems in North America and their significance
for China[J]. Chinese Journal of Applied Ecology, 2004,
15 (2): 335—340. [#=EE, KL, HHEE, &F. it
EHRIPEHERYNPENENX D] RAESFIR,
2004, 15 (2): 335—340.]

Zhang H L, Gao W S, Chen F, et al. Prospects and present
situation of conservation tillage[J]. Journal of China
Agricultural University, 2005, 10 (1): 16—20. [3Ki&
W, S RR, & (RIFEHHERRIVR. RESE

BRXEKN]. PEKRLKRFZZHR, 2005, 10 (1):
16—20.]
He Q J, Hu Q H, Yang S Z. Experimental study of

reduced tillage-Research report of no tillage and
harrow[J]. Journal of Jilin Agricultural Sciences, 1982,
7 (1): 75—85. [fAESR, #AKIE, WL OHHEN
WURREAR—RESEEEMRLERSEN. 5
AR}, 1982, 7 (1): 75—85]

JiaS X, LiangAZ, Zhang S X, etal. Effect of tillage
system on soil CO, flux, soil microbial community and
maize (Zeamays L.) vyield[J]. Geoderma, 2021, 384:
114813.

Zou W X, Han X Z, Lu X C, et al. Responses of soil
organic matter and nutrients contents to corn stalk
incorporated into different soil depths[J]. Soils and
Crops, 2018, 7 (2): 139—147. [4B3 55, HEhELtY, B
&, F. EXEFRETERRENLEENRERAED
SENFM]. TIESEY, 2018, 7 (2): 139—147]

LiuWR, BianSF, ZhengJY, etal. Preliminary report
on the methods of maize stalks back to soil[J]. Jilin
Agricultural Sciences, 2002, 27 (6): 38—40. [XIE{=,
B, BEE, F EXREHERGERRARYR
D] EHRIAELZE, 2002, 27 (6): 38—40]

Chen Y, Liu S, Li H, et al. Effects of conservation tillage
on corn and soybean yield in the humid continental

http://pedologica.issas.ac.cn



1360 + £ % ik 58 &

climate region of Northeast China[J]. Soil and Tillage Research, 2011, 115/116: 56—61.

(RIERE: EHK)

http://pedologica.issas.ac.cn



