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Abstract: [ Objective ] Shajiang black soil (Vertisol), one of the major soil types in China with low or medium productivity, is
mainly distributed in the Huaibei plain. As the name suggests, in soil configuration, the soil is composed of a black soil layer and

a Shajiang layer, with the former overlaid with the latter. Although the black soil layer is dark in color, it is very low in organic
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matter content (< 1%) . “Shajiang”, a special kind of calcareous concretion, is a major component and a typical feature of
Shajiang black soil. The presence of Shajiang leads to high heterogeneity of the soil and significantly influences physical and
chemical properties of the soil, thus restraining root growth and crop yield. Shajiang is a byproduct of soil - forming process, and
shows high spatial variability. However, little is yet known about spatial distribution of Shajiang and its driving factors in the
Huaibei Plain. The objective of this study was to investigate spatial distribution of Shajiang its driving factors in the Plain .
[ Method ] Based on the classical statistics and geo-statistics, this study selected two bands of Shajiang black soil, typical of the
area, extending from west to east and from north to south in the plain for investigation of contents of Shajiang in the 0~100 cm
soil layer, therein. Meanwhile, soils in the 0~20 cm soil layer were sampled for analysis of physico-chemical properties. Besides,
topographic and climate data of the sampling sites were collected too. The west-east band extended from Shangcai County in
Henan Province to Sixian County in Anhui Province (360 km long, and a total of 35 samples collected), and the north-south band
did from Luyi County in Henan Province to Huaiyuan County in Anhui Province (195 km long and a total of 29 samples
collected) . [ Result ](1) the two bands showed a general increasing trend from west to east and from north to south, separately in
Shajiang content, but a decreasing one in depth of their burial; (2) Shajiang content increased with soil depth in both bands, and
peaked in the 20~60 cm soil layer. The analysis of particle size composition of Shajiang shows that the 2~5 mm fraction of
Shajiang accounted for 40%~44% of the total; (3) Similar to Shajiang content in variation trend, increasing from west to east and
from north to south in the two bands, the proportion of montmorillonite, MAT and MAP increased too, but MAE and elevation did
reversely. However, the content of total calcium only showed a decreasing trend from north to south in the north-south band; and
(4) Pearson correlation analysis shows that Shajiang content was positively related to montmorillonite content (= 0.321, P <
0.01), MAP (= 0.416, P < 0.01), and MAT (= 0.369, P < 0.01), but negatively to total calcium content (= —0.279, P < 0.05),
elevation (= —0.387, P < 0.01), and MEA (= —0.392, P < 0.01) . Principal component analysis shows that topography (37.4%)
and climate conditions (38.4%) were factors more important than soil properties affecting Shajiang content (24.1%) .
[ Conclusion ] Therefore, it can be concluded that Shajiang content in the Huaibei Plain is mainly regulated by topography, climate
conditions and soil properties together, thus forming a spatial distribution pattern of “low in the northwest, and high in the
southeast”.

Key words: Huaibei Plain; Shajiang black soil; Calcareous concretion; Spatial variability; Geo-statistics
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Table 1 Contents of Shajiang in the west-east and north-south bands

AR (n=35)

FdbmEEA (n=29)

IR E
West-East band North-South band
Soil depth
F-Hy{H Mean/ WIRAH Max/ BRFRE OV, FHH Mean/ WK Max/ A5 B KL CV/
fom (gkg') (gkg") % (gkg!) (gkg!) %

0~20 7.01 22.90 79 8.35 46.03 144
20~ 30 9.50 154.59 275 5.89 43.91 138
30~ 40 11.67 188.80 274 7.65 43.73 132
40 ~ 50 11.19 156.94 234 11.84 89.04 181
50 ~ 60 10.92 60.20 106 23.46 107.70 132.
60 ~ 70 12.43 57.06 101 24.48 95.30 114
70 ~ 80 18.53 96.29 118 21.91 77.92 112
80 ~90 23.82 115.10 111 31.38 98.34 89
90 ~ 100 24.02 131.73 127 30.10 96.77 92
0~100 14.34 56.47 82 18.34 49.87 76
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Table 2 Particle size composition of Shajiang in the two bands /%
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Fig. 2 Spatial distribution of Shajiang content in the west-east and north-south bands / ( g-kg™)
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Fig. 5 Spatial distribution of >2um fraction of coarse minerals in the two bands
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AIF 50 DX Hl B S A0 S5 AP 2 5 W D 22 % 1 ) R4
.
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x3 1TEUHR. HEERSEZEEZESETFTRLIEMESEZEMHERXME (n=64)
Table 3 Relationships between content of Shajiang and its influencing factors
Al WA H Shajiang content/ ( g-kg ')
Influencing factors 0~ 100 cm 0~20cm 20 ~ 80 cm 80 ~ 100 cm
445 Total Ca/ (gkg ') -0.217 -0.084 —0.279* 0.023
N 428F Total Mg / (g'kg") —-0.178 —0.031 -0.24 0.031
g P Al
CEC / (cmol'kg™") 0.103 0.046 0.123 0.005
Soil physical and
pH -0.143 0.159 -0.207 0.019
chemical
fbKL 2 ~ 0.05 mm™/ % 0.039 0.204 0.002 0.055
properties _
FrkE 0.05 ~ 0.002 mm®/ % —-0.099 —-0.162 —-0.166 0.109
Fiki<0.002 mm®/ % 0.073 0.074 0.143 —0.113
) £iYE Quartz / % 0.270* 0.254* 0.298* 0.033
>2 pum HLRL
. 7Kz B} Hydromica / % -0.214 -0.092 -0.317* 0.100
URZEN
N5 Feldspar / % -0.097 —-0.129 —-0.052 —-0.102
> 2um fraction of .
4847 Chlorite/ % —0.247 ~0.114 —0.260%* —0.071
coarse minerals
KA Amphibole/ % —0.124 -0.216 —-0.124 —-0.022
% i 47 Montmorillonite / % 0.231 —0.046 0.321%* -0.043
<2pum Fki U447 Kaolinite / % —0.293%* —0.092 —0.341%% ~0.036
URLZE N £ A Chlorite / % —-0.179 0.003 —-0.260%* 0.060
<2 pm fraction of 7K ) Hydromica / % -0.185 0.111 —0.297* 0.092
clay minerals HE47 Vermiculite / % 0.018 0.223 ~0.004 0.009
1% Quartz / % -0.097 0.034 —0.087 -0.069
= ELEV /m —0.334%* -0.213 —0.387** -0.024
WhEH &
AEZE B MAE /mm —0.349%* -0.24 —0.392%% ~0.046
Environmental
AE %7K 7 MAP /mm 0.361%* 0.180 0.416%* 0.039
factors
AER IR MAT /C 0.397%* 0.187 0.369%* 0.200

e, R RIR B KFE P<0.05 fil P<0.01, Note: *, ** indicate a significant level at the P < 0.05 and P < 0.01, respectively.
(DSand, @sSilt, @Clay .

F4 BAAEWMWESEZMANE
Table 4 Weight of each influencing factor on content of Shajiang
SR & AT S &
Influence factors Weight /% Influence factors Weight /%
+ 3P Soil properties 24.12 FhRIH ¥ 7K 1 Hydromica ( clay mineral ) 8.22
HuJE A+ Topology 37.47 FRL W) 8 41 Kaolinite ( clay mineral ) 8.66
S A2 14 Climate conditions 38.41 FhRiW ke £ Chlorite ( clay mineral ) 8.28
455t Total Ca 5.77 12 ELEV 10.84
HLRLH™#) 1 9% Quartz ( coarse fraction ) 6.71 FHF IR MAT 10.71
MBI #) 7K 5 BF Hydromica ( coarse fraction ) 6.37 T2 Kk 7 MAE 10.87
MBI 4 4% A Chlorite ( coarse fraction ) 2.48 AEYREIK it MAP 11.76
FhRiW 52 i A1 Montmorillonite ( clay mineral ) 9.34
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3.1 WEFEMRRH T ERERE

Rt B RRE, K EER R T4
i A B A B, T AT R 2
o I — BT R L R A Y A
FERBL, ARV 1) L p AL 1) P 2R A B R A R
LA R AHE, H 0~100 cm REAELL 2~
5mm RRMWEEERL (K 2), XELSDE
MR B ISBRA K. SORARED 32 BT O T e PR 4%
PREORAETZ], HARRKmHE pg R, B PREE  2E
INIRARET, Y CaCOs YV B2 23 72 i L1
JEMSE P g, WRZ KKAEE, AR RN aE
WY, BEA LR (1 NS 32 T8 A A
FsE . fE TR P ABF SRR, R38R 1 m
N Z R BRI B TR A A, T FORL AR B R I i A
FE 3 m LA B UG R RE 2 2 iesh, mhaeqER
R, WA RS Y A R KB R
HORE OB D 2T B A K
3.2 WEEBSSHHNERINER

AIFTE S BLIE AL T B P L 2 R R D 26 35 i
W%, MRhTRAER (F 2), X505 X+
SEVERR MIE S G R AR5 (B 3~ 7).
R RN, LIy | 2Re 0 MoK =tk mif .
ERUFY S S UE SR LIRS TE RIS TE RPN
P, WOHDRLE M) 9 . BRLE WIS . AR HREK
L ARR GRS 2 A B N R R TR G
(£ 3), TR drdiRm, OF58 XA K %
ZRAF XS R 2 5 R A Y A AR R S TR A
FBOR (3£ 4), R HEILF I A B FOR A
T am LY, HUE SRR, XONENER
e AL T Wy BOER, WiHOE T BRK AUk
] SRR TR S USESS AR 22 gesh, B
Fe S S At 23 S - SV o, i e BT ST S A
AT RIS L, BF5E XA IE S <
Mo S5 A XD 22 5 AR R AR . AR I
LA pH iR, AR HERRIRES M UTIEY, HRA
WHIFFE b 158 pH  CEC X Ab2 5 i 2 A K 21 17
FE (R 3). FEFPUEILRBTIE A TR A HRA
BHEIZ (0~20 cm ), 1 FHALAE K - 3% AE vl g
s EACHE R Y, T AR D pH
SRS LI LA S

Wb AR S T R R R R AR
Wi, B3 EErocR e R h XD By oo
2P AR L D EGES LI Ca BFE
TAH IR Tk — MG . LK R IRES 12 3
IR , 7K 5332 Bl A7 i 7K A A T AN R S50
AT L B % i S R R W O (P <
0.01), HFEMEEME (P<0.01), AfhL, +iEf
Ca B Emd, FEFEHFZWKMKGEEH. M3
(TR R T FR K IR VR BT R O 5 S 741, Ak A
R K EFHEr R A Ca B, (B2, B3 Ca i
F R ERIFEE & HCO -Ca> R 2 T K | Bt
R, MORF TP I A, MEIEE R AL E
M. MPEEIZR, REERETREE, R KA ] e
WAR 0 X b S B A A B T M UK IR
PG I, 1022 (0 43 A I L5 e v g R ) A8
PR —, L0 AT 3 S D A R
oA,

WP R R K e h H 28R, R T KM )
TP T A AR T KA 2B ENTE 0.5~1 m,
ARk PO M A A SRR i P B R K Y
BN B X EOE P, WREE RS, RHERRT Y
VPR R IR A S AR . RS R RS HWTAE T,
S B 78 KA R T RRIRAS B VLHE , HAEZE L KT
FEKEMATE T, A28 ERE, SEKRRS
T K EAT R A AR E R R, AR T
WEAIE— KA, BHRERERRE, EERNK
JINKE TR KA AR A AN AT Z AR B e, P H
A GARSEHER R KA X — J2 AR ] A K
M R FEEFNED, £HK
OYFER BRSNSy, i R A R [N R
Z—BN HERESHKZ R BE, HINRER
Fh vl G 8 CO, TR EERY, A i ok
PRSIk o UL, R 8 Rl o R 2R R
YERR b Z B . R XN PE LB AR m, 4F
KRk Bz wi i . AR SOR TR, AR ZE R R
BN, NI S S R B A s IR,
SHETWESRSE DAL,

ki W B oK s s . FHlAa BEA
SRR TR, B S A Y R S K PR AR B AT
SRR A K A, S E R R S B R UK
R PR TR, P T R N RR RS B ULTE
T 7E - HER A BRI, BRI A, ks
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A E NS, W TIKZE L COo, i, IRAlE AL
WA UTIE . WAL RE N TR, A
FIFSEMATER, Bkt giedh . mid G
PITECIRBE S5 00 5 F 1 58 A 4240 - s
TR Rl TR 5 0 U B 22 DA A 9 A R S S D TE
PO R e RLR T Y A R A R TR
FRES I UTTE o MEILF VIR R m, bR R E
XPESAETC R M AR, (AR H P B T R B L
MAYE ., SEMiA & RGN, X kRS i Hr 2L
DUyE R T 9 a5 TR A 1

AR K I T . B R R RS
T EWESENZMBEEAR, KX 20~80 cm
RN mRE R, FLEREKES 20~80 cm
FIRZ KA B B & RT3, R KA 21
VLT FRIAE 30, ki v AUVE F Bk 43 25 i B e i
MR R VTVEAE R EL . WM/ i AR E R X T 5
TIEVERT . G M AR W) A By R
o BT /N X BB A A A A A, ELRD 22 i H e R
FEGHEA—, £ 20~60 cm HJ2 A% (K 2), HLk
by IXCFE 1 e A BT Y B, 3 s Al g 1Y 3 ]
B A (| 7) kW, H—Trim R
Th VR A I 2t 23 B D 22 1 R o A, R E
T HEAY IR AR AR D 22 BR T AR

Zr BRI, WA DT S b IE S5 b 22 1)
TERCERAL T Wy T SEA M K FRBE RGE B A%
1A 000 g B R 655 W DL TE 45 i B B 2l Uy, TRAEE —4FE )
T HRTREBEAT, DEZBHER. WEEHT
WEAF B e | A0 S5 S 3P 7 25 o) 43 A |
FEEABSMESE, FRTHRER S RERR
PEATR], ARl T WEA T S 2223 (8] 43 A7 A% JR) T2 1L
Horfr, HJE RSB Ac R 0b 22 25 (Al R B i 22
X5y,

4 4w

FETFUEIL R D 22 28 4 X AR P AR b P 25
22 0 i SRS 2R 1 4087, AWF9R E L858
T O 2 & AR 7E I i A B BE AR . 0~ 100 cm
M)Ak, WR)ZZHMAE 20~60 cm LIF, #h%
S bETR BRI N . (2) W2ELL 2~5 mm /D
RO EMAR, MRTF 20 mm BRPZE i &7 HUARAIG .
(3) THEMERT . P R SRS b 2208 Y

HEMNE . NN L, B2 5B Y4 9%
KL WS A A s MANERIR R b, MR /KA R R
AN 23 W A T W R U A P DA T 2R
e, (4) AbEAEAS ) EAATE PR AR R . JLAREg
oAk Ja o HEAEF IR 2R X, PSR R,
WA B, BEZE LTS, KA M, Jf
H At i A —E B 23 AR 20, SRR
L N AENE B 04 25 1814 Sy e b 2 o5 1 S B PG I 3 AR rlg
ATt A RS ) .
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