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Academy of Agricultural Sciences, Harbin 150081, China)

Abstract: [ Objective ] Albic soil is one of the main soil types with low productivity in Northeast China, mainly distributed in
Sanjiang Plain. The soil profile is mainly composed of three layers, the black soil layer, the albic layer, and the illuvial layer. The
albic layer has the physical characteristics of high bulk density, high strength, and poor aeration and water permeability, which is
casily subjected to drought and waterlogging, thus, limiting crop root growth and yield formation. Its buried depth and thickness
are closely related to the penetration depth and growth performance of crop roots, which are the key indexes to quantify the
productivity of albic soil. However, little is known about the spatial distribution and driving factors of buried depth and thickness
of the albic layer in the albic soil in Sanjiang Plain. The objective of this study was to investigate the spatial distribution pattern
and driving factors of the buried depth and thickness of the albic layer in the albic soil in Sanjiang Plain. [ Method ] Based on
classical statistics and geostatistics, the albic soil in the southeast of Sanjiang Plain ( Jidong County, Mishan City, Hulin City, and
Baoqing County) was selected, and the soil profile of 0-60 cm was excavated. The thickness of the black soil layer and the albic
layer was obtained by visual method, and the soils of the black soil layer, and the albic layer were taken for physical and chemical
analysis. In addition, the meteorological, topographic, and parent material data of each sample point were collected. A total of 62
sampling points were obtained from 51 sampling points in the field and 11 points in the literature survey. [ Result] (1) The
average buried depth of the albic layer in the albic soil was 23.7 c¢cm, and it gradually increased from southwest to northeast
(13-37 cm). The average thickness was 18.5 cm, which gradually increased from southwest to northeast (8—35 cm), and the
buried depth was opposite to the thickness of the albic layer in some local areas. (2) The burial depth of the albic layer was mainly
affected by human tillage methods, and plough tillage increased the burial depth of the albic layer. (3) The thickness of the albic
layer was negatively correlated with altitude ( = —0.355, P<0.01), annual average evaporation ( » = —0.441, P<0.01), annual
average temperature ( 7= —0.273, P < 0.05), and clay mineral montmorillonite ( 7=—0.432, P< 0.01), but positively correlated with
annual average precipitation ( 7=0.463, P<0.01), annual average humidity index ( 7=0.461, P<0.01), coarse mineral hydromica
(r=0.446, P<0.01), and coarse mineral quartz ( ¥=0.321, P<0.05). [ Conclusion] The buried depth of the albic horizon in the
Sanjiang Plain is related to tillage methods. The thickness of the albic horizon is mainly affected by meteorological topographic
factors and soil minerals, resulting in a spatial distribution pattern of shallow and thin in the southwest and deep and thick in the
northeast.

Key words: Albic soil; Ablic layer; Buried depth; Thickness; Spatial variability
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Fig. 1 Distribution of sampling points in the albic soil area of Sanjiang Plain
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Table 1 Descriptive statistical characteristics of buried depth and thickness of albic layer in different counties (cities) of the study area (n = 62)
RS A HERER SEME I/ ME = INIEL P22 A B
Sample points Sample points Mean/ Min/ Max/ SD/ Cv/
distribution number cm cm cm cm %
IR R D 6 20.7 14.0 31.0 6.0 29.1
Depth MS 15 24.5 13.0 34.8 6.7 274
HL 21 22.4 14.5 37.0 4.9 21.7
BQ 20 25.2 19.8 32.0 3.0 11.9
Total 62 23.7 13.0 37.0 5.1 21.7
FI R D 6 11 8.0 20.0 2.0 18.2
Thickness MS 15 20.3 14.0 27.0 5.0 24.5
HL 21 232 9.0 35.0 6.1 26.1
BQ 20 14.3 10.0 24.0 3.8 26.3
Total 62 18.5 8.0 35.0 6.5 352

: JID. MS. HL. BQ #r SRR ARLE . %l . Jghkdli . i & . Nl Note: JD, MS, HL, and BQ represent Jidong County,
Mishan City, Hulin City, and Baoqing County, respectively. The same as below.
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Fig. 3 Spatial distribution characteristics of buried depth (a) and thickness (b ) of albic layer

9 5.99 cm, RMSE 4 5.63 cm )., {H% &3] 5 24
0 32 2N S5 R PR E ML R IR R, iz
SRA] DL — o P B SRR A (R4 Ry 43 -

R REN, AREER (K 3a) 5&
BE CF 3b) FEHEA DI P ity 223 (] 43 A R AL
e ey WS Wiy co 1 s b IR S5 1) NS S
0 ) PG A 7 T AR AR AR SR A A A, B PR R R
HS DX I VG b R R I, S R 1) i L A ) R
P 3R )2 I8 BE A v ] X B v G Ty el S B R, S B )
JE BN 3, HEERA T 20~30 cm 1 X 3850 A
), BT e LT L R A BN
HEVRTE 10~20 om A DX 35 32 255 A 72 38 - B A 1L
TN F 0 BRI LT 0 TG 68 3R 2 3R R B
30cm DA bo IR R RO VR IX IR S A B
BEH Ak A G g o 2, HRIZIRE R 10~
20 cm BYIXIRFEFEAAEN R EMEELE; il
N 2R £ EAF 10~20 cm A1 20~30 cm 2
B PEAMRTE R K, ¥4 20~30 cm; WHRE
FE G B WA/ NI 0~10 om JREE /31 o
23 . SEEITEERNTES T

4 SRS X3 PG R 2 AR G 1) AR Y
M ARG R . X IR S SR 4 I P A AR
MR AR L . VPR 2RI, iR (67~
285 m ), BB (0°~10°) Fdzm (0°~338°) I
WY S NS E ) R AR 4 S N 5 3] & s
(507~570 mm ), 4FIJRIEFEEL (0.39~0.52) EH
ks, AL PR R IR R g AR
Wz ki (1 094~1 303 mm ), XS (2.9~

4.5°C), FHHFIRE (4.8~6.5°C ) A4 H IR
(2285~2 446 h) /M, TR LKEHEK
8, KEAEHSER 3.6°C, BER, Hrhgbkmi
WHIIE BN oKk 2 | AR,

M 5 ATDE T, HZE L+ H>0.002 mm ) 15
WP AE 2B 4 2 5 IR 2 v AL b ) e KRl A B
(51.4%F1 48.3% ) FIKA (18.2%F1 16.6% ), Hik
FK =R (23%F1 2.2% ), SIS
<0.002mm M HIEFT Y EE RGP A (7.3%F
9.2% ), HWKEFIEA (7.0%H 8.4% ), HWA. K
AR BN, R ZE R, R Ykl .
AT | A g AT R 2 AR L ) 2 A
Bmp R, EERKER, glA. mka . Ka
B dR A R BT R R, ELR N B R A
feA B+ 20 i .

24 AREERSEENEZMEZER

F 2 W Pearson AHICH TR AY 2% 2 HE
RS RE ML H T LW 7R 2 B AH
KRB R MTERAT LI, 2558 m R R X A
WIZHR G R R MR AR R ES

b LS RIS E AR AT T E 2 IFS
Mo FEESET Y b, Hh RS HET YK s B2
) HLAT 3 AR e (P<0.05), SHURK A H) 5
A FHIEACE (P<0.01 ),

EHIEH T, FRZRE 5k 2% B2 0
XX R (P<0.01), SEHETH, AKBEESH
47 [ 7K RN A 24 9 0 48 B = 1) B AT W 3 OE A OGPk
(P<0.01), SAE¥Z8% G MARY) SR 2 ) S 80 0 %

http://pedologica.issas.ac.cn



368 + b1 2 e 62 %

300 o X1 FH{H Regional mean o X4 FH4{H Regional mean o X1 FH{H Regional mean
1or 300
£ i 2 5
ZJ 200 ¢ E §
. 5 | < . .
=00 1w’ = 150t . ]
0 0 0
JD MS HL BQ JD MS HL BQ D MS HL BQ
X3 5 /3477 Regional sample distribution X34 5377 Regional sample distribution [X 3B 143777 Regional sample distribution
600 1350
o [XIFH{E Regional mean o o XIFH4{H Regional mean o [XIRFHI{E Regional mean
g E P £ ost
= b m ]
S 550 | § ] E
= 1200 = 1
% 1 o . s .
& . ik = 04k
'ﬂv 500 | Q I'E
& & &
1050 | E\_
450 0.3
JD MS HL BQ D MS HL BQ D MS HL BQ
[X 3k 257346 Regional sample distribution [X 4k 25734 Regional sample distribution X K 55 /375 Regional sample distribution
5 7
o [XIF{E Regional mean o o XIFH{E Regional mean o X FH{H Regional mean
. Z < o .
g b =L 52400 F )
= 2 < d
é 4 F ] z 6 | E
| i , EE'%
I o d e d B
g iy 2200 F
sl K st S
i 2 &
&
) 4 2000
JD MS HL BQ JD MS HL BQ D MS HL BQ

X3 AF 534 Regional sample distribution [X 3B 15 4377 Regional sample distribution X 3 4347 Regional sample distribution

Kl 4 PO R ARy IR s AT G 25 18] 70 A AR

Fig. 4 Spatial distribution characteristics of topography and meteorology from southwest to northeast transect ( n =62 )
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Fig. 5 Spatial distribution characteristics of soil properties from southwest to northeast transect ( n =46 )
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Table 2 Relationships between the buried depth and thickness of the albic layer and its influencing factors

FREHE  ARZEE FRZIE ARBIERE
Buried depth of  Thickness of Buried depth ~ Thickness of
albic layer albic layer of albic layer  albic layer
WIEEF 4k Elevation/m —0.064 0355 [>0.002 mm KLk BRA —0.132 0.223
Topographic LN Chlorite/%
factors Y5 ¥ Slope/° ~0.101 0.024 >0.002 mm A -0.172 0.321°
fraction of coarse Quartz/%
Il Aspect/® 0.070 -0.082 minerals Ka 0.413™ 0.023
Amphibole/%
SLHWTF  AEHHEK MAP/mm  —0.078 0463 [<0.002 mm Zik: A 0.202 -0.432"
Meteorological UR7ECY Montmorillonite/%
factor SRR R 0.139 —0.441" <0.002 mm [ove] 0.109 0.035
MAE/mm fraction of clay Vermiculite/%
G NTAEETE A -0.121 0.461" minerals Kz -0.110 ~0.049
MHI/% Hydromica/%
AR5 H B MAS/h 0.090 —0.242 =1 -0.056 —0.264
Kaolinite/%
AR MAT/C -0.023 -0.273" agjea -0.021 —0.119
Chlorite/%
AR Y b R TR -0.024 -0.267 VaE o 0.041 -0.231
MAST/C Quartz/%
>0.002 mm #l Kbk -0.362" 0.446 KH -0.024 -0.221
LAY 2H Hydromica/% Feldspar/%
>0.002 mm N -0.215 -0.071
fraction of Feldspar/%

coarse minerals

o,
respectively.
R X R R R A s, A Tk
— B R R X R R R, e
SO L EER R, AR R 3 BYAHOCHE B 25
NW%MM%&@%@KHI?%W%E%@OM
R XA G ELM (74% ) M AKIZIEEZ WA
HEME I S T R A5 16% )R 4885 P 10% ).
&l 6 5T X 35k P AS [m] i 4= B8 i gk E =
FIRJZ R 5 R B A A3 A R0 o SRR Ry BRI &
BRI KR, SRR BT, st R B, K=
PR JE R A R BRI RS R AR, (H AN [ B

R RARTE 0.05, 0.01 KT 1 (CBU) WFEMAE, Note: *, ™

indicate significant levels at the P < 0.05 and P <0.01,

Jit 22 [ A 2 R SR Y 22 S R 3 . WFSEIX
BRI A, RS R 22 5 WA TR, R
T ARZIE R E R TR (P<0.05), BEHF T HHK
JRIEFEMS R T, (HM# Z 0] 22 55 A 3.

3.1 BREEFNIESEE
AR R, JSEWT . LS50S LA R
M) (B REE) TREEW (£ 3,
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I TR UF
[ AR UE
[ #ipwy uL

SRS EY:

Buried depth and thickness of albic layer/cm

H JERE
Depth Thickness

U Z R R R R

Buried depth and thickness of albic layer/cm

®) m FHF Plough tillage
[ JiE#f Rotary tillage

PR JERE
Depth Thickness

e *FIRTE 0.05 K FTF 25 8% . Note: * indicate significant levels at the P<0.05, respectively.

K6 FNRZEMESIEEIEARM LR (a) (n=62) KHHEIFX (b) (n=32) L5

Fig. 6 Distribution of buried depth and thickness of the albic layer in different parent materials (a) (7 =62) and tillage methods (b ) (n=32)

Kl 6a), 15325 &M s M, N HFE
DI BRI T AR ZRHEEE (K 6b): HhER
o, BBERE RN T AR R . FRERM, 5
SR SRR LG, BVE)S iYL 3R )2 2 B PR o vl g
KRR BRI AR b 2 4 X8 LY
PIFBEE R0, mw s, Bk )2 sh i
K, SxBse )2, - BER i 3R 2 T
HEFREPY, SRR, MATARIE X RR
RALBIHE VR IR BE T 15 25~35 emP’), ACHESE
A EHE R 2 60% 13K 2 R IEEL T 25 om,
I, B SEER R E SRR (B 2),
HEMEZ R, B R)ZEG N, R,
ARG LN 2RSSR EALREY, M5+ 5E
SEREWIN S N AL FH AR AR I8 B S i AT DL
PERFIZ 1 A B L A JRE O 3T 304 ek A B TR
JERZAE 15 em U, — AT E LI 2
JEPT A B R 95% H K E MR KT
15 cm, KHULHER— A SSIEIN AR Z B [T,
SERHE 15 2 IR I 2 BRI E B R SAE
fifi - LS AE S, R SRR R ORI T
PEZ Y FE 3R E AR DX, AR P BBE
b AR R /L F2 LA/ INR B g B AR S Y,
1 [ 75 A 3 22 2R FRHBRAS A 34 11 i 0 20154800 g
DI P, FEARTH A5 0E B 58 N Y 3R 2 B AR R 55
W, FIRe S XN EER Y2 040 DL KRBk
MLEIHEE LI A G, AR Z0E (B 2R )
B S AR AR S A AR H R T A RIS S 2

5, R AR AERS MR RnIRH, A
SR R R TR

A XSRS N 23.7 em, M T4E Ik
4 [ 4 5 (https://www.geodata.cn ) HARHR A B
YEJZIERE (B ) 18.2 cm 34JEE 5.5 cm, Hi 3 JH A
AIREA AT, — 2 M RFE X (1. AR
T, WA A 7S BTN AR MR A
M) SARSCHIAE XA E S, FRZHERAAER
KA 2 AR S s 0 38 DR B K i ] (4 R 4
FEO] B S B R E IR
3.2 AREEEMEINEER

R ER, AKZHERESIELERLR K
REY), AR IR A RAT B 8 R A ) 2 E A
KAE (P<0.01), 78K G AR SR Z 0] 2 1
FZAA M (P<0.01 F1 P<0.05), i%—45 8%,
TEMRE AR IR DI, TG ) T 3R 2 A TR 18 JE 3
Te PSR 2 R 22t K B [RI LA Vo A 2 bV
=gt TR AR R IR ERES, BT
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A, T B AR A A A R B K
(3G TN S BB . R B R R DL R R i
B T4 JF AR S BEAKR NI el E s, |
PR S B 5 FR A0 R B BE A KSR
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MRARZNEBRE, LEEE, X 5AMIE
R, MW XAV m B R ), B W
SRR EE R, IR R B AL 5 Y
s, FREAT RS RIREK (E3).

UEAh, B FE K B I 2 R B i S
FEHAHE (P<0.01), MEEEHRT S, ARZRED
Wio X EEZ WA, — 7 R = )
Xk, T AARRIER Y, SRR ERRE,
+ RIS BT, MR X B AT
FCVEFCT, ARBFRIX N, BEERRGTE, KRS
R BAK, MKW, AFTF AR Z DL
VAR TR, R X A o T T Ak M 1 30
B, HEAKCRDCE 554, A5 A P 003 J5 5
w5, AFTF AR N R R, A
W

FORLH Wy 0y bl AR 2 H R R R R R 2
— U3V B9 % R R R PR ok 5 A AR
W FETARDE (P<0.01), SHIKIK = BESY W3 EAH
K(P<0.01 ), WFFE X K =B 5 7R SN &b,
TR W)Lk e A FH g U A 3 iy, X T2y
MT RSB R LB T 10 & 5 AR, 5
A TEWE KRS T 2 2 Fe* R Mg?', TR kL4
A, BE 2 v AL AR, Fe’ P itk 2 )
TE B e 0 A 1003 gy i A7 B SR AR AL
W T 32T i i v ) SR SR A

i bprik, S Es iRyl K R
WAL T W R IR, = VDO R B S A A
BATRR b #E R K2 R F = AER s Jy, Hrp
DX IR BRG] 1 )2 R Y OGP F [RIAs)
NAHEZEANZM, ANEBFHE S8 B)E R
FY#Y, PRI MR IR ) R

4 4w

FEF UL X VPR AR M R R E R
JELBE 1) 28 (8] o3 AR SO IR SR R Hr R : (1) (1
WIRHRZAT 20~30 cm, 7EPERIZE &L m b
PRI, 7E PR R S B X R R
FARTE XN A /N (2) HIRIZE BEAE U e
FEBENEZNT 10~20 cm 2], KX LZA0
T 20~30 cm Z 0], AR SHMURA, HEHHE
ZRAb Ty R B (3) ANEHME

LRI H 22 BR8] 0 A 1 SGBE IR 7, B
T HRRZIG; KRS S I SROE R F )R R
JEAS AT RO B BN R, IR 2 W . (R AR 3R
IR A M T HKRERET .
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