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Fig.1 Distribution of calcic vertisols in Huaibei Plain and the
location of study site
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Fig. 2 Spatial distribution of calcareous concretion at different
soil depths of 0-100 c¢m in study field
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Gt — 0 kiR N 2~5. >5~8 . >8~30 mm [KFE
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TR IR IRy BArAE T B T 4~6 %, SHABHE
R EREAYE S ERLUB, HA, 0~20 em T2
HHUR G ELN 11.40 gikg, A+ 25 86%~136%,
XA FEOL L F R TR E LI E R 2 —33,
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A3 RKIEREHE0~100cm &
Fig.3 Soil profile at 0-100 cm in study site

FR1 TRERELRFEERBLMER
Table 1 Characterization of soil profile at different depths

K& Depth/cm 7Y Bulk density/(g-cm™)

A ML Organic matter/(g'kg™")

MUk 2H B Particle composition/%

<0.002 mm 0.002~<0.05 mm 0.05~2 mm

0~20 1.23£0.04b 11.40+1.04a 39.751+0.48a 39.88+1.40b 20.36£0.93bc
>20~40 1.57£0.01a 6.12+1.42b 38.68+0.69a 42.6410.67b 18.67t1.31¢c
>40~60 1.59+0.02a 5.31£1.13b 35.14+0.99b 44.70+1.25a 20.15+2.23bc
>60~80 1.5940.01a 4.83+0.25b 32.37£1.00c 45.3441.09a 22.29£2.09ab
>80~100 1.6110.06a 4.90+0.27b 30.56£0.19d 4498+ 1.12a 24.45+1.22a

E: W—SIARNG FREORZRERE (P<0.05) . T,

Note: Different lowercase letters in the same column indicate significant differences (P<0.05), the same below.

ol e VAN I IR A T A
30.56%~39.75%. 39.88%~45.34%H1 18.67%~24.45%
(£ 1), EEEH -5 Kb b8 TR gt
MG, A FPRLAR 1) T ERORLLE AN [F) VR B 133 vp iy 43
FAR—3 (R 1D . Flw, Fk Chig/hT 0.002 mm)
b IR B B b, #HE (0~20 cm)
MAJRE (>20~40 cm) BRI S R A EIKE (>80~
100 cm) 3B 1.30 f5A1 1.27 f5. 0~40 cm + 2 HHpki
(0.002~0.05 mm) Jii & /38N T 39.88%F 42.64% 1],
BEALTIRE N>40~100 cm [ 3% (44.70%~45.34%)
SEFRRL (0.05~2 mm) W5, HEEHEE HIERE
XN 2 L. £ EEF, JKE (>80~100 cm)
IR R BB (24.45%) K, 5>60~80cm % F
ANEZF, HEEHMEE (0~60 cm) +3EE 20%~31%.
RBART S, RIIX 0~100 cm 433 3 B LAFRL AR
F, MR ESERK. HAEH, WERLFRRE
SRR (>30%) , EHOKSARERBN, BHRF L
WLl 2 D1 BMEBA N, X T ED 2 B R e
B CEBHEZE IR 2 242,

2.2 SREMEESTHIHE

RIGEHRE (0~20 cm) 35 45 7 45 1 & B AR,

A DR 2~5 mm SRS BIE S (GR2) , FES

AN 5 I 0.02% . (HEBEE T EIRE RN, 550 45
e E R BT, HAE>60~80 cm L E R &
LN 3.73%, THAE>80~100 cm 2 o ()i & HEik
11.42%. Al 0., WERLEREZIEESAT 60 cm LA
N, MHEET 0~40 cm + /2, >60~100 cm g P&
ARG R AL & o B, LR TE>80~100 cm B,
KUK (>8~30 mm) 5 )i 45 #% 1) i & 50 $0nT LLIA 2
8.04%, XEEMAM KB IHEA K. WK, M
itk FER T TR B E A T H R K iR ER £5 R Bl
FBEF A BRERES (CaCOs) IR Kkt 4l 1 FHRol, Kok
A iR S5 % T8 RO IR B AR Bk z), HLR AR
B AR BRI02T) R 2 IS R OK IS R 2, T RE A
F KRS REEAZ I . 0~20 em 35 rh FoRi 4245 R
ik ESER, — AR TS5RELEMEL, K2
TIEZH R KN, 7T, TR MR R
TE ARV Ao R v o 45 R 85 A% ()3 3 A kL),
2.3 LIKHHERZE R FFKAFIE

IS K AR L T S B N TR R, K2
TIEEIKASRE L E R A E (- 4) . ®F (0~20cm)
TR E KK (6) BFEHTF>20~100 cm 1 3E
(£3), REZEEHTRELIBZHHER MR, 118
HEEK (R D o HT>20~100 cm HIEK 2 RN
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JESEAEA, HAAE—EEMamgtk, HEEREST
RZ 5, MRS KEAK. X F>20~100 cm A1) %2+
EME, H o HERFARE (P>0.05) o L4, van
Genutchen # 8 L& 25 Can ns ) FERE (0~20 cm)

EURL 2 1B T R AL, AT Ik & it R LI R
U230, Gargiulo M B A AR VE AR SRR, AS
EERALEECRE 2, WH ST LR E AR,
B SAERLRE SR R

0.60 3 :
e N AU o > | o Soil layer for Soil layer for
+ if% 5 20 cm [’/L i + E 2 [H] gi! 2% I H = E/:] % Eﬁ l\é g moisture fxllling/cm moisture mea);urement/cm
NN e . 055 —_ cm 20~20 cm
(£3) . B, ofHfE 0~20 cm MixmE, RPIELZE1IE 5 %M +>20-40am
SIS 0, AT IR, R o 8 g 00 s e
BRI 2 R B A B AN, 3R 5 SR K, (L
(R G ZK 2RI i 2R 1 RER B K 50.40 TN
- . o % 3
R2 TERELZEIEEREZEE & 035 SR
Table 2 Calcareous concretion content in soil profile at different % 555 3 “? )
depths % ‘;-:::
NG AR s AT =AY X e e ™0.20 . . . . ]
s Conenteofcaereousconeretomitn |+ Fe BT 0w o oo 100
(e : : Total content L3 HE i #4Soil matric potential/(-cm
Depth/cm different sizes/% of calcareous e A N T”}ﬁﬂu\/" = I_Jp (cem)
~ ~ ~ concretion/% iE: KH van Genutchen #A4 5, FA].
275 mm >5~8mm _ >8730 mm Note: The fitness is based on van Genuchten model, the same below.
0~20  0.02+0.01b  0.00£0.00c  0.00+0.00b 0.02+0.01c B4 REREREZ E EEKSHIE L
>20~40 028+038b  0.34%047bc  1.18£1.74b 1.79%2.59bc Fig.4 Soil water retention curve of calcic vertisol at
>40~60 0.27+0.12b  030:0.14c  0.00+0.00b 0.58+0.24c different soil depths
>60~80 1.05+0.32a  1.26+0.22b  1.42+1.23b 3.73+1.32b ) + N o o o
>80~100 1.59£0.20a  1.78+0.74a  8.04%1.74a 11.42+1.67a SHRIPKIVEWBH AR, LMK ERZER

MPIBEA LR R R RIS T S R RE S, R

FE L (0~20 cm) F fyKi@miz Ak F>20~100 cm, HAE>20~40 cm FiAFHmAME (R 3) . bEELERE

RERETBEAABRERZA K. RZUT (520~
100 ecm) -+ 35 5 J7 oK Bl -+ R IR L I3 N 2 BT a3
AREFERRH, HBRL CKiAE>2 mm) N2 (6 L4520+

Fgn, 3 R KRR TS . AT 0~60 cm 1
2, >60~100 cm TIEKHRFFKEMERS T 43%~
120%, XAJRES HIER RIS EMREAR (R D .

R3 TEREWEBLKNDFHUSH
Table 3  Soil hydraulic properties of calcic vertisol at different soil depths

T AEEE KRS E RREKE WMEKE RERH ;K FE [ 5k B = AR
e e o ; R - REK R ES ;
IR Inverse of soil air Shape parameters  Residual water Saturated  determination Gravitational- . . o . Available water
. ) Field capacity Wilting point . .
Depth/cm entry value of water retention content water content,  coefficient ~ water content Jem?-om?) /(em®-em?) holding capacity
(a)/(cm™) curve (1) /(cm?-cm™) /(cm?-cm™) (R?) /(cm?-cm™) emeenm emeem /(cm?-cm™)
0~20 0.07+0.07a 1.49+0.28a 0.27+0.05a 0.53+0.02a 0.99 0.17£0.02a 0.35+0.00c 0.30+0.02b 0.05+0.02b
>20~40 0.00£0.00b 1.08+0.03b 0.12+0.10b 0.41+0.00b 0.99 0.0240.00b 0.39+0.00a 0.33+0.00a 0.06+0.01b
>40~60 0.01+0.00b 1.06+0.01b 0.00+0.00c 0.40+0.00b 0.99 0.0240.00b 0.37+0.01b 0.30+0.00b 0.07+0.01b
>60~80 0.00+£0.00b 1.11£0.01b 0.00+0.00¢ 0.40+0.01b 0.98 0.03£0.01b 0.37+0.01b 0.26+0.00¢ 0.11£0.01a
>80~100 0.01+0.01b 1.11£0.03b 0.00+0.00c 0.39+0.02b 0.98 0.04+0.03b 0.35+0.01¢ 0.25+0.01c¢ 0.10+0.01a
2.4 $5EREHOK T HHE B R K HHE 030 WO S
N N “ 30 ) IKZRIAR ; KRR
7['£ LI E’(] HF ﬁ EF‘ , F5JR é,jj: 1‘% E’(] é‘\ 7J(%§ bl 7}( jj = f|% 1E Size of calcareous Size of calcareous
aw SRR, AR o] g T i
piEE] T %BZ:\L\ H]% ° ZIKEEjL,u REIR, [A] 2 ;ﬁ FIFO T (F [Dfi s §20.25 fitting/mm  measurenment/mm
FR-10~0 em) , ANKRARES T4 ) 15 7K 2 Tk g N )
) b G ——->8-30  *+>8~
A% (B 5) o 2~5. >5~8. >8~30 mm 455 45 1% wogo0r L
NN . Fo.8
WA K248 B 025, 0.22 A1 0.20 em¥/em’®. X B R F A =25
. . i s e =205 000 T
R R BBAL (R4, FLBEEBCR, e 28
REFE LIRS . SIEFHIET 20 om B, RIS ol
BN G KRR K. 0FE 4 TR, ET van T o0 Tgwoio0 o
Genutchen )‘iﬁ pid'} E’(] % Df"j éﬂu: 1:% 7J( %*ﬁj‘: ?E lﬁj zjz ?U\ ﬁ E’(] y% E /% Matric potential ol calcareous concretions/(-cm)
B (RS AN 0.95, BABSFIOMA SR . A FIRARH B 5 AFBESREHADIRAL A
TR R IK A HE 128 o (5 B KB /NK 2~5. >5~8. >8~ Fig.5 Water retention curves of calcareous concretions with

different size

2.5 $EEREERRRER L FKEE IRIRNT

30 mm. FifiFE 45 R A RAR MG K, FLARAT S KR AR
FKFRAE R FRC, X S NRAR Y 5 45 A% B AL

1% FLBRBER A 5% FE/INRLAR A BREE I O] i e IR JZ 30t 5y SRRSO, L% o 4 4% 5 Bl
AR T T 8 o P i AT % P () 3 2 2, 1€, ABFFAUEI>20~100 om T3, S HS R 454 & i
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JeHAth - AT A 0T (GR 5D o 45 HRW], BE
EMFR A SRS, TIERKIERE, A K.
FC. WP DARFRAR G /KRG RN s . o, 457
GRS R Com 5 FCVWP Z A 2051 B #4225 (P<0.01)
FRE (P<0.05) MIFAHRKR, XATREE BT 4%
FERESTHEN RS, FECSRK MR, At

TEFTE B FATEEN (-15000~0 cm) , F5RE S KE
BT EOIR3% (B 4~ 5) , Xl B A
AEARF KM EZ R —. Gu SRR T4 R,
T IREKRBEE P 45 & BRI 2 AT K- Tetegan
I, Ceacero SV [R] [ LR FL A SRR A1 o - 35 4
Y Elmees $:0 I MG SRR G SIS PN b

x4 TRKRRBREBKNERFESH

Table 4 Parameters for water retention curves of calcareous concretions with different sizes

PR RN gt S S FRK 2RI R S % BRAREIKE TR K Z RE RH 5 T S AR T
Calcareous Inverse of soil air entry ~ Shape parameters of Residual water ~ Saturated water content ~ Determination Density of calcareous
concretions size/mm  value (a)/(cm™) water retention curve (n) content/(cm’-cm) /(cm?-cm®) coefficient (R?) concretions/(g-cm™)
2~5 0.101+0.02a 2.2610.15a 0.174+0.01a 0.25+0.01a 0.95 2.01£0.06b
>5~8 0.06+0.01b 2.051+0.10b 0.16+0.01a 0.22+0.01b 0.96 2.21+0.01a
>8~30 0.02£0.00c 1.64£0.12¢ 0.15+0.01a 0.20+0.01c 0.96 2.23+0.02a

Fr>8~30 mm 4, HAhkife (2~5 fI>5~8 mm) 5
JR 45K S B DL A R 5 R S i AWHC 29053
(IIEF IR (P<0.05, £ 5) o X520 A\ T30+
(R 7 285 SR I — 2 0S), & RS R 45 4% 51 2 1) FC 1)
W EILT WP b &, “EIZEM, B AWHC FiE
PR AR 2 . AT, AHEGT FC, g
Xt 3% WP I ER . bR E SRR A, 85
JOR 45 A% 3 AT B 3 3 5 ) A 498 5 R R A 4 ) R K
e, SRLEFREZ AT LEY S HEDRSEERE

TEAR SRS, 45 R 8] BAT 35 1 U 2R 98 R (P<0.03,
®5), RATAgE TR B R A A BRI T
2 mm FEG BT A5 . 45 5T S5 A% Bk 4 P [R] IR 7T e K - R
S, T BEDR SR, S, HEE
B AWHC s 10 JFUM B o7 380520, (Rt /NRORE A% o
SERZI I 2 TR B TR D 2 R L R A IR

oI T4 SR A5 A% 1 E A E B R DA 3, TP AT RE
R E R R SR 1% AWHC FH {2t FIR
RERKMABIHERZ —.

&S5 20~100 cm TIESERER S ESHMTIRMREEXRY

Table 5 Correlation coefficients between calcareous concretion content and the other soil indices at 20-100 cm soil depth

HH5% 23 Correlation coefficients

; wap 2 SmmERERAR et b
i mrgpaam 2O I EIERER s g s R 830 mm SRR
Indices Total content of ontent of 2-> mm Content of >5-8 mm Content of >8-30 mm

calcareous concretion

calcareous concretion

calcareous concretion calcareous concretion

ZRi Clay -0.70%*

Bk silt 0.33

b ki Sand 0.66*

+ 3% & Soil bulk density 0.28

+HEH YL Soil organic matter -0.29

+ 3B AE 215X Inverse of soil air entry value (a) 0.47

FEK MR TR S 5 047

Shape parameters of water retention curve (1)

F IR A5 K Soil residual water content -0.41

+IEWAIE K3 Soil saturated water content -0.25

+ I 5 /K& & Soil gravitational-water content 0.48
398 [B] FF /K & Field capacity -0.75%*
382 5 Wilting point -0.69*
LI3H 2 FF K i Soil available water holding capacity 0.59*

-0.81%* -0.77** -0.62*
0.46 0.36 0.28
0.73%* 0.73%* 0.59*
0.25 0.62* 0.20
-0.41 -0.46 -0.20
0.47 0.05 0.53
0.47 0.64* 0.40
-0.55 -0.52 -0.33
-0.26 -0.61* -0.15
0.52 0.12 0.51
-0.82%* -0.61* -0.72%*
-0.84%** -0.78%** -0.59*
0.77%* 0.76** 0.48

P *RORTE 0.01 /K FAIRHE R *RIRTE 0.05 /K FAIRME R

Note: ** indicates significant correlations at the 0.01 level, * indicates significant correlations at the 0.05 level.

M AR 4 E 28 van Genutchen #3555 )%
FRSH EFE, o fn LA GC ¥ 58 RS & =2 (Al
MRABAT 0 =0.12~0.64) . XFRWIE R EA
Hahn 3R FLRR AT /1, IR ATREA LU AN : D
PR %S LIRA 2 (M5 5 TR R LIRS, 2) 8512k
1 SR R AE AR 1 - T R R R BT R S E S, {8
TIRRBRECRFLBRE RIS 25 3) F A TR R
MELE, WO ESERUS; 4 B SRS ER

R A s, NI N T KL AR

B EE, BERIER ARG R LR L
B (0~20 cm) FrKBE 1B ZE, T3 AWHC BKH %
JRIE. X FHZECLR 3 (520 cm) TS, HUESE
TERR KBRS EAER R, HIERKE M
o 45 45 A% 5D 32 BB - RE /K M A e 3 AR R A B2
DUR T3 BEESS R4 & R8s, TIRmme K,
FC 1 WP ¥JF#A%, 1H AWHC S35, XalfeRhT
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flo ATIL, 95 45 A 0 D 22 B /R R R R e R e 4
P, AGREL, R RN RLAR B R 5 % T I G
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B R g, i LI AN, A AR
P BRAEFE LRI -3 K S A0, AR A R 45
T AT LA R, BSR40 IRV A A T AL
M2, DUR 4 E 5 RS A & RATRAR S B A +
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BORBIRARAE, A0 ™ FH e R SR R 54

3 &

PNV RIS E 2 e s S NTTPSL O SN
DT HERE KA K 85 J5T 45 4% 7 [ 73 A B W SRR ALE
FELEWA:

D TEEMEIKEE 0~20 cm 2B A,
M>20~100 cm %t JZ 2 [0 ZE A E2 HE K E &
W& L RR B RS TR THE R I R K
BN SRS R R KRR R IR
R IBH T Ea .

2) B5JR A% S BB IR BN 0, 0~20 cm +4%
HH 6 I S5 A% T B A 0.02%, THT>80~ 100 em 45 )i 45
R R BEE 11.42%.

3) EGJRAEAZ AL T b B R . BRI
SRR DK, HEEKRTET L%, K
RLAR S oL S5 4% 5 K FAR T /RS B 45 4%

4) /INRIARES I S5 A% AT A RCE D 2 TR R R A
B, e IERbRi AR, fRm e Ak E .
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Distribution of calcareous concretion in soil profile and their effects on soil
water retention in calcic vertisol

Gu Feng!?, Chen Xuejiao?, Wei Cuilan?*#, Zhou Minghua!, Li Baoguo?*

(1. Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Mountain Hazards and Environment, Chinese
Academy of Sciences, Chengdu 610041, China; 2.College of Land Science and Technology, China Agricultural University, Key Laboratory
of Arable Land Conservation in North China, Ministry of Agriculture and Rural Affairs, Key Laboratory of Agricultural Land Quality,
Ministry of Natural Resources, Beijing 100193, China; 3.College of Architecture and Environment, Sichuan University, Chengdu 610065,
China; 4. School of Environment and Ecology, Jiangsu Open University, Nanjing 210036, China)

Abstract: Calcic vertisol is a typical kind of low-yield field with a total area of about 4 million hm? in China. Calcareous
concretion with particle size larger than 2 mm has been one of the representative characteristics of calcic vertisol. The
limitation of soil available water is an important reason for crop failure in this region. Therefore, the curve of soil water
retention dominates the estimation of available water content. However, most studies focused on the effects of calcareous
concretion on soil water retention of calcic vertisol mainly under laboratory conditions. It is lacking that under field conditions.
In this study, both field surveys and laboratory experiments were conducted to explore the effect of calcareous concretion
distribution in 0-1 m soil profile on soil water retention. Firstly, the spatial distribution of calcareous concretion was
investigated in the study plot with 150 m length, 50 m width, and 1 m depth. After then, soil profiles (0-1 m soil depth) were
chosen to divide into 5 layers with a 20 cm interval. Disturbed and undisturbed soil samples were collected in each layer.
Physicochemical properties were evaluated to measure the distribution of soil particle size, size and content of calcareous
concretion, bulk densities of soil, and calcareous concretions. Meanwhile, the curves of soil water retention were determined
using high speed centrifuge. A pressure plate method was conducted to measure water retention curves in calcareous
concretion. The results showed that the mass contents of clay, silt, and sand were 30.56%-39.75%, 39.88%-45.34%, and
18.67%-24.45%, respectively, which belonged to silty clay soil in the classification standard of the United States Department
of Agriculture (USDA). Clayey particles decreased, but sandy particles increased significantly with the increase of soil depth.
Calcareous concretion was mainly distributed in the soil depth of >20-100 cm, where the content and size increased as soil
depth increased. Calcareous concretions content in the surface soil (0-20 cm) was very low (with mass content 0.02%), where
only a few calcareous concretions of 2-5 mm were discovered. The maximum content of calcareous concretion was detected
at > 80-100 cm (up to 11.42%), where the calcareous concretion content was 8.04% in the size of >8-30 mm. Soil bulk density
ranged from 1.23-1.61 g-cm™. The densities of calcareous concretions were 2.01, 2.21, and 2.23 g/cm® with the size of 2-5
mm, >5-8 mm, and >8-30 mm, respectively. Soil bulk density increased along with the calcareous concretion content
increasing. Water retention curves of soil and calcareous concretion were well fitted by the van Genuchten model, with the
determination coefficient larger than 0.95. The saturated water content of surface soil (0-20 cm) was significantly higher than
that of 20-100 cm soil. Nevertheless, the Gravitational-water content in the surface soil (0-20 cm) was much larger than that in
the soil of > 20-100 cm, which was related to macropores formed during tillage. In the subsurface (>20-100 cm), soil
gravitational-water content and available water-holding capacity increased with the increase of soil depth, but the field capacity
and wilting point decreased. Calcareous concretion maintained a non-negligible amount of water, 0.25, 0.22, and 0.20 cm?/cm?
in the particles with the size of 2-5 mm, >5-8 mm, and >8-30 mm, respectively. But the water-holding capacities of calcarecous
concretion were significantly lower than that of soil. The effects of calcareous concretion on water-holding capacity mainly
occurred in the subsurface soil. Soil saturated water content, field capacity, and wilting point decreased with increasing
calcareous concretion. Interestingly, calcareous concretion content was positively correlated with the soil sand content, but
negatively correlated with the soil clay content. Calcareous concretion can bind soil particles together to prevent sand
weathering, and thereby effectively improve soil texture. More calcareous concretion led to higher sand contents, and thus
increased the available water-holding capacity in soil. This finding can provide a theoretical basis to accurately assess the soil
water-holding capacity in calcic vertisol for precision irrigation and high crop productivity.

Keywords: soils; soil moisture; particles; calcic vertisol; calcareous concretion; spatial distribution; water retention; water
characteristic curve



