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Fig.1 Profile of albic soil
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Fig.2 Subsoil fertilizer machine

O E BB AR % 45 cm, BRI S 135 cm,
SMBRAR N 40~50 cm; ARIVFHT)5.5~6.0 t, FFEE5/14 180~
200 & F) (BhE 132~147 kW) I AEH AL 1F Lk
JE 5~7km/. 1EML & ZE 0.6~ 1.0 hm*h; % Kt I &
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Fig.3 Mechanical operation and its effect on soil after operation
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3.1 S RIS AR LR AR B

(3% B BRT 25~ 50 cm - 2 - A N 35~
42.5 kg/em®, ImHEIVEVIIR R IEE MRS brs B
+ J5 f R ARE] 6.5~ 20 kg/em® (£ 1), Hf 25~
45 cm T EBFKE] 10 kg/em? LU U250 i Foo B IR
FHRAREAE O HIRESR BRIk, FIES R+
et ORI A LR 2 b, HR IR S SRR
ARG, OB JE AT AR R B, R PR B K
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Table 1 Effects of subsoil fertilization technology application on
soil physical properties

+2 LYBUE v N FH T HARNH &
Soil layer/cm Physical index Before application After application

25~50 R /(kg-em %) 35~42.5 6.5~20
20~40 IR/ % 62.33~62.50  56.19~58.23
20~40 T LI % 37.50~37.67 41.77~43.80
25~50 +EEE/ (grem™) 1.49~1.55 1.32~1.37
25~50 HHLESAFUA0ems ) 0.16~0.87 1.43~8.98
25~50 FEBEKRZFA0ems™)  0.05~0.74 2.21~6.56

I % Distance/cm i B Distance/cm
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Fig.4 Soil hardness contour map
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(RN R T L3I SRR, o LR K M RE R,

T 2B RE R, EE A R AR
40%~ 50%- T A K 25%~30%. LIESMHERN
15%~25%. SAHZALT 8% 25 30 = i #0442
RARAKMGFRED G A S0 R R
i ARJG 20~ 30 cm = 2 [l AH 2 L F R B 4E Lk B A
5.31%, JWAHZRIE N 0.76%, S AHZFRIE N 4.54%; 30~
40 cm JZ VR E AR 20 855 BE LG SRR B L B AR 2.10%,
WAH ZE BRI 0.58%, SAHZER R 2.69%, WRAH ARk /)N
(B 5) . TERS 8 4 b 1% P 4 R T4 4 358 2 AL B
FE ARG LB S &, B4R 0.05~0.000 2 mm ) L34
R FLBR I A0 b A B 5.4%~82.0%"1,
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Fig.5 Three phase proportion of soil
313 WABRTUBKIER T LR IRE

O EBE AR AT DA (9 25 J2 25 5 PG 0.16~0.17 g/em’,
BE & O LR IR R R B 5 3, AR 5N B %I
WA FIF R, FERER R BAS b b R T BRI
0.08~0.13 g/em®, 7E #5 # ¥ + b 7 &A% % E 0.05~
0.09 /e’ {HIEFA R A0 EREARCR 4 . BRER R
i) BB 4> 10~30 cm 12 35T DT 9 EL B BE
P MK 6.65 ~ 12.16 kPa; 22 -+ Fb & A 89 Bk % X 8.20 ~
11.31 kPal*?l,
314 wEERRGIEEERZRAE

5 A b, O BRI R R A2+ Tl
20~50 cm + 2 R IEIE S B2 S 8.93~10.32 £, 1A
SKEE R 8.86~44.2 1%, TEBRIR h A5 + Flyi 2 M+
FBERET 10~30 cm 12 GBS R B KR,
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TEREIR A6 A4 4 28 1 FEANEE 2 4F 10~30 cm L 2B S
ARECT YL H R PR 2.22 A 417 %5, MRS KR
B VERE 2 950 Bl o LR AR S 7.93 AT 11.62 5 .
738 2 B+ b m A R 14.28 £i5 A1 2.78
&5 RS K 25 B 6.86 F12.38 £,
3.1.5 S EBETAR G T E LRSS

BTN RFN, OB AER LR E 52 KR
& T RS BE . EAE AR E BE, O hEEIES IR
Pk 3B AR FE K i 22 AR, (EASFENLIAE L 77 5K,
ANE 2 R R K 22 R K, O R AENLAE L S 0~
30 cm T2 TIEFEK R, REBKSTREM G2,
30~60 cm 2 L HUK M HEER Z, Ao kE TIREL
BEKAE S OEBAERIN T 0~30. 30~60 cm &+ )2
FHEfEKE (F3) PP T T R EOKRRTRE ST,
JE I - AOK S SN, AT EERE PR USRI K 43 1
Z, BEWSW WA KRR KRR, ARTF
U928 3 R 7 1) RS VR A KA R ) )

*x2 AEBLIEFKE

Table 2 Soil water consumption of different treat mm
) . 1) Soil layer/cm
{EMk 75 5 Operation method =30 3060 =60
R
Conventioanal 38.65 11.23 49.88
plowing
T a2
Subsoil fertilizer 29.89 18.69 48.58
225 3k
Reforences [31-34] [31-34] [31-34]

*x3 TELELIEMRKE

Table 3  Soil water storage of different treat mm
. +JZ Soil layer/cm
Ni% Operati thod
fRL77 A Operation metho 030 >30~60 060
IR HEUK 18.54+1.34  12.63£1.02  31.17+2.12
Conventioanal IRROK 3.26£0.23  1.78+0.17  5.04+0.34
plowing Mt 21.841.57 14.41£1.19 36.21+2.46
e HROK 26.56+1.76  20.35+1.54 46.91+3.23
Db =
e IROK 2.67+033  4.89+0.45  7.56+0.88
Subsoil fertilizer —
Mt 29.23£2.09 25.24+1.99 54.47+4.11
DN
Reforences [31-34] [31-34] [31-34]
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Table 4 Effects of subsoil fertilization technology application on
soil chemical properties

A 2edehr AT HARRH G BT
S Before Aefore
Chemical index . . References
application  application
7
Total phosphorus/(g-kg™) 1.0 1.0 [24]
A Rk
Available phosphorus/(mg-kg™") 10 110 [24]
e
Electrical conductivity /(mS-cm™) 49.1 917 [24]
pH {8 pH value 6.1 6.8 [24]
R M 4
R 2.56 334 [24]

Exchangeable calcium /(g-kg™)

33 LIEREAEEZRFEVMEKEE

3+ B LR IEAEL S, AT CAFT A IR A )2,
HRARKZES, AR TEYRR Tl xR KA
T 40 cmxIE 40 cmx & 5 cm ) JEOR 1 KRR 28 R BUB AR T
AR E, WERT. ERMBRARS MR, O LERE
KEFEMRATLLTFHBI AR EF, WX BALE 20 cm B+
B EREAANSE RS R, Lot ANE
KRR ARTEAENE 40 cm 247+ 3% 30 cm PL R =AY,
TE LIR30 om 2 NA KEMRR A0 1 HAELE
KR ZR A 2 E N, WRAREH S AAERAE MM 10 cm.
w1s5em HEW, £30em HEFTLERR, WBHLO BB
AERARAEHER RN . PhBEMPY AR, Ot
B R AR B 4 PR AE KA B R, R B E AR
b, KREMGRTETLURS 3.7%, HYTRERS
28.6%, R EIER 3.5%.
3.4 DB EASHEM 2R

O LR AEER B SGEEY &, WK S . O
TR % S ED A AR, ORISR
AT DLIG IR 2 BB, 0 B IR AR AN AT DAL 24 4F 18
e =, 1 H B 2R R TEAN [ A
EP) b, =R MATE—EEZR. AR —REO+
BEREAENY, E8E 4a YA G ROR, IR K S /AR
KT, 5 1EmBH™ 183%, 5 2 FEME 3FE KT
SHEFE 26.4% F1 21.6%, 55 4 4 E K 17.4%", 7
OTT M X RS v B F 2 a SR B LR R
29.5%, MK HLIX [R5 L3 B ORGP 18.44%, KoK
77 9.13%0 0, i R IR AR AE KA 7 i
T A KA S0 B R R AR AEAS A B A
REZER, LIBBITE, MR, LSRR
SR BRI R EIEPIERE 17.4%~26.4%,
TRER # A5 + E =08 N 6.82%~18.01%, -1~
& E AN 6.45%~11.18%.
35 ILEEEEESED

F, OEEEESELEE, O EEIEEE
TR L3 O LEAE R, O BRI LT, HaO
B RN S R B, R e IR DA
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Table 5 Effect of subsoil fertilization technology application on

crop yield kg/ hm®
(=27 ISR N A EE BN
Crop Before application After application References
=% Sorghum 6 425.0 7 600.8 [18,31]

K& Soybean
Tk Corn

2126.0~2305.0
6113.0~11 056.5

25852~2913.5
7176.7~12 652.5

[18,31]
[18,31]

Y1/%

0 5 10 15 20 25 30 35 40

PSI%

Be6 LEBBMEELEMETXE
Fig.6 Relationship between soil phosphorus supply intensity (PST)
and crop yield (YI)

B, oD R IO AR i P R O A it 7E B S
% 20~40 cm +JE 2 (8], @I E AR B A E R R
WG AR W, KE~RME 2R3 i,
54 [\ U 7R y=18.863In(x)+73.609, HH 3 P % & 3%
(R=0.992), XM W 4f ok + )2 144 10 cm Jy #47 %)
gy, WWESLEXNKEPENTTERE, KIOLEX K
TR I TR R B S LR AL B BT RS, MR E

7E 20~40 cm B, TTERFEIE R 10% UL E, Y HEMEE
40~50 cm i}, TTERRIZIE 5%, HLHJEALELE 50 cm LA
T, TTEREN 1%, O HIRETE 40 cm DLPY I 3G 77 25000
B, R 40 em KRG AN B0, @0 A
SE L IEAEIR L RS HIAE 40 cm A4, BERS I RAEMAE K,
TERTE SRS Y, R R R f i, o ekt g
et F A B

=, DRSS R, B 4~5a.
OERERE AR — IR REAR, g T S
WL, B TREMR A, —RAEL AT DURESE 5 2
JUSE, ST 438 i st % FH )3 3h 45 22 7 1 TR 3% 2
HEEK L L, OEREEL—R, ZEEEETIERN
TBEOUR, JERUTAHFRS: 4 0L b 4 AR = il A 1
B, FFESRMERR, OIEILAR 4 a8 50 ERRE
(B 7. maT s E O LIRSS — % 4~5a
N—AJEH, & 4~5a 5 EFREHOZER AR IE 1358
AR a9 B EYI - 20T .

40
J=—3.90x+21.32
§ 30 R>=0.91
i 3 o o
I X
' 2 3
£ o “
T 10 X
0 1 ]
1 2 3 4
A4y Year

W7 SEREFEkE 1~4atbhtaxt =2
Fig.7 Crop relative yield after 1-4 a of subsoil fertility

3.6 (DEIERER RGN H S

O TR EHAR S HBHEARR, B MR
T2, — RS EHRAKR, HPRTW, FRrafi.
F 6 IR T AR 37 KT AR 7R i b b S e O 3% IR A
= tt, MRHPTTLUE H, SO 85 IEAE b — R i
FENHUBRAE MY Fe e 481 9 R 2 325~2 550 Ji/hm®, $%
5a 7y WET 248 465~510 JG/a, MRAEHINVEY P it
B, ATINAR AR 2 025~3 015 ju/hm?, FEAE
N I3~115, RHFESREAE ST AR R AR AR

Ro6 LIIBFREARRN=S
Table 6 Input and output of subsoil fertilizer technology

i 7 o . i%.‘bu&_)\ PEFE A Fi N iﬂ&llﬁc_ il B Tl
Location Technology ncrejlsed 1_121put/ Converted to angual Yleldi , lnput{ , Increjtsed {I;put/ NSt proflzt/ Input-output ratio  After effect/a
(JG-hm™) average cost/JG (kg-hm ™) (JG-hm ™) (JG-hm ) (JG-hm ™)

-plivis] LR AR 2325 465 2587.5 CK&) 15525 2025 1560 1:3 5
Shuguang farm 7 $&HEH - - 2250.0 CK&ED 13 500 - - - -

850 4<% OB R 2550 510 126525 (EK) 21509 27132 2203 1:4 5

850 farm IR - - 11056.5 (EK) 18796 - - - -

852 3% e a1 2 400 480 2514 CKED 15084 3015 2535 1:5 5

852 farm W - 2011.5 CKE) 12 069 - - - -

W RERMIEIR 6 o-ke ', TRBMIEIE 1.7 76-ke " 5.

Note: The unit price of soybean is calculated at 6 Yuan-kg ', and the unit price of corn is calculated at 1.7 Yuan-kg '

4 DHEBEREANTES LK RES

D EHEO RN B R

FEAN A DX 3Rt 5 T B4 PR 3, A [ 0 A e 7 2
J5 AL RIS S 35 AN I U [ A, IR R ARG

BT AU AR, it RS S, B 5 RS
JE R 20~22 em B0 B BLAE K 27~30 emY, 7E K
+ FEKZSRBBE, B E RS A RHE LI
PR SEUED ™, FERIEHES, M2 5
JESRBEC, i b 5 A o 22 4 R — EUR A /LR, B
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BRI — AL 20 cm, A ZEH#, N T RER AN
R, & R Z R LR IREE, BE
BUHBRERAT, XAl sl O KERAZHE, RIEE
Yir= it e .

2) g LR RBAR N T iE M

O 35 REH AR IE G 7 AL R 158, 2023 4R 2024
SR T BE AR AR O AT B Ao EHER A, 1%
RIEBEXERI N, HEEEARHE, EHEZ T
1 75 BB 5E 3 . WAEAF X3, O 5 IRYEH i
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Development and application of albic soil subsoil cultivation technology
and future trends

WANG Qiuju’? , ZHANG Haibin! , ZOU Jiahe!, LI Jingyang' , MENG Qingying® , LIU Xin',
CHEN Aihui' , LIU Jie!, LIU Feng*

(1. Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 2. Heilongjiang Provincial Key Laboratory of Soil Environment
and Plant Nutrition, Harbin 150086, China)

Abstract: Albic soil is a typical problematic soil in the black soil region. Its main constraints include a thin black soil layer, the
presence of a hardpan, low nutrient contents in the albic horizon, and a shallow effective plow layer. This leads to a decline in
farmland quality, low crop yields, and limits the improvement of farmland productivity. Subsoil fertilization technology has
emerged as an effective measure to overcome these limitations. This review systematically summarized the background,
technical characteristics, refinement process, implementation methods, and field application outcomes of subsoil fertilization in
albic soils. The analysis showed that this technology can: 1) improve the poor physical properties of the albic layer, break
through the hardpan layer, reduce soil hardness and the solid phase ratio; regulate soil chemical indicators, enhance soil fertility
in the albic layer, and adjust soil pH; create a soil environment suited for crop growth and development, and increase crop
yields with continuous effects lasting over five years. 2) When applied, the technology is tailored based on the thickness of the
black soil layer and the physical and chemical characteristics of the subsoil layer, with continuous refinement and expanding
application scenarios. It proves particularly effective in barren soils with thin black soil layers. Future development trends are
also discussed: 1) emphasize the flexibility of subsoil fertilization technology application, determining tillage depth and
fertilization position according to the thickness of the black soil or humus layer and the location of obstacle layers; 2)
strengthen the adaptability of subsoil fertilization technology, varying the types and amounts of applied materials based on the
subsoil’s properties in different regions, taking into full consideration issues such as soil compaction, acidification, alkalization,
low organic matter, nutrient deficiencies, and combined problems, in order to select appropriate fertilization materials and
determine quantities; 3) improve the efficiency and stability of subsoil fertilization machinery, optimize the design of
plowshares and related components to boost performance and efficiency, and promote machinery toward precision,
intelligence, multifunctional integration, and green development; 4) establish an integrated technology system with subsoil
fertilization as the core. The focus of subsoil fertilization technology should shift from a single technique to building a
comprehensive technology system, not only emphasizing the integration and adjustment of agricultural machinery, agronomy,
and products, but also assembling with other single technologies to enhance overall effectiveness.This technology has broad
applicability and promising potential, providing a technical pathway for improving low-yield albic soils, alleviating soil
constraints, and enhancing farmland fertility in the black soil region.

Keywords: albic soil; subsoil fertilization; technology development; effect; development trend
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