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Distribution Characteristics of Calcium Forms and Their Relations with Organic Carbon

Content in Calcareous Soil Aggregates

TAO Lu'2, MA Donghao', ZHANG Congzhi', CHEN Lin', ZHANG Jiabao'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, five farmland soils (black soil, light chernozem soil, fluvo-aquic soil, sierozem soil and Huangmian soil)
with obvious different CaCO; contents were selected to analyze the distributions and correlations among soil organic carbon
(SOC), calcium carbonate (CaCQj3) and calcium components within bulk soil and aggregate fractions, and evaluate the effect of
CaCOj; on organic carbon accumulation in alkaline dryland soil. The results showed that no significant correlation existed
between SOC and CaCOj; contents in bulk soil, but they were significantly negatively correlated in 0.002—0.053 mm and <0.002
mm aggregates (R> were 0.67 and 0.83, respectively). Excessive CaCO; affected the accumulation of organic carbon in
micro-aggregates. The extractable and oxidizable calcium were the main calcium forms affecting the accumulation of organic
carbon in microaggregates which accounted for 64.09% more of the total calcium content in soil, and their contents were
increased with the decrease of aggregate size. Ca®* is an important cement of organic-inorganic complexes, but excessive Ca®* can
seize organic carbon binding sites on soil particles and combine with clay and silt particles to form a micro-aggregate structure,
which hinders the formation of organic-inorganic complexes and the accumulation of organic carbon in micro-aggregates.

Key words: Alkaline soil; Organic carbon accumulation; CaCOs; Soil aggregates; Soil fertility improvement

P A ORI B A 22 e AR, , Bl mdk st B, SRk A A 7l i b iR o i R A9 )
AT REE R R A Gy S RO X b AR A, A AL Rk T 4R TR O R
21 56%, (HE AR A%, H P o= BEGR, A ML B0 4 T 33 LA —
AR 2P R )y, e R, 4R ek, -SSR A R R, T

OF-ATH . BRI SRR H (2016YFD0300802) . [ %K H SRRl # 430 H (416712281 H 5/ 7=l 3 R & R 35 H (CARS-03)
wEHh,

* Sl HAE# (jbzhang@issas.ac.cn)

TEFERIA: FBIEQ995—), &, ZREEWA, W-HiFsE, FEMNF L3 SR FHF5Y . E-mail: ltao@issas.ac.cn

http://soils.issas.ac.cn



716 +

e %53 %

PRI P 53, SRR [R] SR AL S0 AL T
PG 5 L A B A 3R T RO A X 22, U A
HLH 4 A R T

TR RIS IT, REA L
3t B R SR e AN [ PSR AAROR S B RY  7E LR R R
G R, AR RS R I R K 45 4 o FEA LR
B BRI B SRR A R, A
BT Y I 254 D o S e s I 76 A LB 2 2 A
g BORCRE AL ER AR A A R, PRI A IE
F B RORL N R AR A TR 2 1R T AR Rk
FIAT AL B B AR B0 85 5 L rh, B R 5 J2 T BEAY I
gz —,

FFE AL T7 1l DX 3 5 e RS, , BRI £ 2 B B2 1Y
JEELE YIS, BRTRES ] B HE e, - WOk . 5 6 S
>R DR 23 A i 8 AT il i 1 Sl BB AF 5 2 4 AR
RS RRAG I AR, 48 3 DKL Y 32 24
Py TR RES , HIA N D BORIURL AR AR AR R B 73
A T PR (A1 B AU, 280 NI BRI EY
AR B O3 A (e AT MR T, 7E A R AR P R AT I 7
VA SR 5 e I R, 22 [ 4 T2 422 07 T k4 AN 3l g
PR RUARAENTRIL, FET Rk T R ARk
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Table 1 Basic physiochemical properties of tested soils

RAEMAL  AFIRRCC)  AFEHFEK (mm) +2% pH MU L%, V/V)
2~0.02mm&Hk  0.02~0.002mm Fki  <0.002 mm FhkL
By RN 3.5 530 Bt 6.99 38.38 24.69 36.93
R 5.1 408 RAEBL 8.80 88.26 2.80 8.95
o) 13.9 615 W+ 8.64 58.57 19.43 22.00
M 7.7 158 K+ 8.68 40.04 33.85 26.11
5] 7.0 550 Wt 8.43 57.62 25.18 17.20
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1.2 TEHERREMARES R

FETEAR AR, BEMLIERS 3 MUFRMEARE SR
ARTFAR A, B AR MR GBI 000 = L W AR A
SRWT LTI AN 10 mm Ze A7 /hEe, Bk b LY AR AR AR
AR, HRZMTRA&H.

I RAR - 1 PR B TR R 1 A R A
Iy >2. 0.25~2, 0.053 ~0.25, <0.053 mm P&,
SR IG PR A R0 IR it LU IR 100 g HAEiEAT
VR o KRR T AR AR SRR PR O+ O Y 1543
B >0.25, 0.053 ~0.25, 0.002 ~0.053, <0.002 mm
ZiE -JUN D AN
1.3 MEmMBESAZE

- Uk ZH R ORI AL LS13320 l%E ;
448 pH SRR 5 4 A4S S A R AR A HL

e 5 iR FH e T A M S TR A AT i TR DU 5 ik
PR 5 R P AR sz ) - RS S 41 R
B BCR PSR BUR TR A THEERL, RIS A 42 H
BRI MRS . TR EZ . ARSI,
FHZE [ 1 4 0 IR BRAN R A BR A F1 77 (1) Optima 8000 42
T LA B AR R IS ICP-OES#E T I 7E o
14 HELESHH

5 2 1A R AR v A AL Rl TR 65 % 4 A BILAR A
e R 25 114 T ik 3R R kA 73158

PH 3 A oA ALK DTk R (%) =

ERERFEPENHRSEXZEARGNSE On
TEPEENHREE

x100%

)
RAR P BRIRAES DT (%) =

EREREPHRBEESEXIEARENSE On

0
TP EHRESE *x100%

2

Bl K R AL LR ] Excel 2016 F1 Origin 20 1(9,)
ARSI HKFE SPSS 19.0 F A4 iE4 T B R R Jy 2253 1 Fl
AHOCPESI T, SR HR/N 35 25 5 (LSD) L T 2 E I
ARG 06 b B (1) 25 5

2 &R

21 TEAWRSHAE

Bk S A EHE S E AR R ER B EGR 2),
B ARE TR E, HUOR RS 1, oAl 3 Fh 1%
AU SRR 10 gkg, kg A Rk b A
BRI 4> 1A LR 1Y DTk & B, 76 28 RR B A 1
o, B EZE AR AR AR AR (>0.25 mm) AR
TR B K (0.053 ~ 0.25 mm)H, TTRkZR HITE 30.66%
~45.70% ., 38.68% ~ 42.11%; TifEd] + . A4S+ Fik
4+ h A HLBK 3 EL 5 A A S AT 3R 1 (0.053 ~ 0.25
mm, 0.002 ~ 0.053 mm)H, TTHEREIMBITE 30.47% ~
54.97%, 20.20% ~ 44.17%; <0.002 mm & A& A
U1k e ol W E 1 R 7R VA N (V5 DS e 2
22 TESSHUE

H1& 3 T, TR 5 2 b i - 4 v 5 1) B F2 ok
U8 BRI IR U SR RIS & DAk, gy 4 Bl
Y5 I A 9 R TR A T S 1 1 0 0 o R A
[ 78.91%. 99.86%. 94.79% #89.72%. 3% BCR
SR HR LI R 0 45T 25405 i R 5 4 5 T 2 48 R 0
MY (CFHHAEN 90.17% ~ 117.61%), TEAIF 145
T, TRISAES B it ORISR RS, iR JEA
5 AT LA (EAE R SR T AR i 2SR AT 3 S S
BT PERAIR , PR AR SCRE T BEXT R 45 6 3 LA FH 1 iR
VAT S AL S B AR A I TS A T4 H . gk 3 m]
I, BRMREER A (PR AN, HAY 4 Rl 45
GRS S AR, (AR 64.09% DL

H 4 AT, 5 A - IR S S 25 7 1
AN R R A R R P R IR S i S R
AR EEAS R I [FTRLAE , 1 7E [F]— L AN R R g A
AR, BRIRAS A P R (AR AR/ N3G
<0.002 mm PSRRI BRIRES & it e (B 1) 8145
KLY AKX 4 BRI ES TTHR (R 4), PA/RIER T
BRIR S & =K, KRR (>0.25 mm) R T4 L ORIREY
SRR, N 41.93%, [MFER SN 4 FheRERES & i

x 2 IBRERARGKY 2T HROKE(%)

Table 2 Contribution rates of different aggregate sizes to total soil organic carbon

12 & A BB & 12 (g/kg) R AT B A A LR BT HR R (%)
>0.25 mm 0.053 ~ 0.25 mm 0.002 ~ 0.053 mm <0.002 mm
A 15.99 a 4570 a 38.68 b 13.00 ¢ 2.61d
o ST 4.29d 30.66 b 42.11a 17.52¢ 9.72¢
i 1 6.57 ¢ 20.17 b 5497 a 2020 b 4.66 ¢
JRES 11.17 b 17.96 ¢ 30.47b 44.17 a 7.39d
WL+ 3.36d 19.82 ¢ 47.28 a 2591b 6.99 d

T RPFESIARRE NG 52 R A A 130 22 57 1.3 (P<0.05); T l.
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F* 3 FAEITIFERERESSH(g/ke)
Table 3 Distributions of calcium species in different soils

+3% RV A5 CIBZNG e Al AL A BRI e TRTR A5 L 25 45

At 275+0.04¢ 1.80£0.01 ¢ 0.21£0.02 ¢ 3.23+0.09¢ 8.38+0.09 d 1.72£0.00 d
R+ 557+0.52d 0.48 £0.08 d 0.10+£0.01d 3.09+0.14 ¢ 8.85+0.73 d 6.98+0.21 ¢
i 26.09 +0.54 ¢ 2.56+0.08 b 0.27+0.01b 588+0.142 38.00 £ 0.36 ¢ 37.94+1.86b
RS+ 43.32+£0.97b 3.36+0.10a 0.27+0.01b 5.79+0.12a 5427+0.30b 51.44+1.69a
iR 46.03+1.49a 245+0.17b 0.41+0.03a 5.30+0.24b 59.69+1.76 a 53.55+1.24a

T RPEIRATFHE = fRiEREG0=3).

BT A B TR 32 AT AR R )k A SR A
(0.053 ~0.25 mm, 0.002 ~ 0.053 mm), BTHkFIHI7E
25.57% ~ 71.58%. 15.12% ~ 57.67%; <0.002 mm ¥

T2 AT SR PP IR 15 %o T4 S R THR 5 Tk 3 /N T
BREZ P SRR, AEURHXS 35 A0 g 14 b B AR 2

PR

x4 TEZRANARE TIRHRERIS D ETME

Table 4 Contribution rates of different aggregate sizes to total CaCOs

12 4 RIS % 1t (g/kg) R AT SR A A Bl FR S DT HR (%)
>0.25 mm 0.053 ~ 0.25 mm 0.002 ~ 0.053 mm <0.002 mm
=1 429¢ 41.93 a 40.21a 14.56 b 330¢
RS 1 17.45d 12.67 ¢ 60.41 a 18.85b 8.06 d
W 98.66 ¢ 9.85¢ 71.58 a 15.12b 3.45d
PSRN 131.85b 6.82d 25.57b 57.67 a 9.94 ¢
pigii 143.82 a 5.88 ¢ 5498 a 33.98b 5.16¢
| CJ>025mm AR - 44 K R A3 A A BB T 6 5 s s

250 [EE 0.053~0.25 mm
| EEH 0.002~0.053 mm
B < 0.002 mm

Ab

200+

150+

100

L IERRIRES 4 (2/kg)

oL EE ||

b
42

(E /NG AN R) FR A [R] 4 88 R — R g A1 B ik 22 57 i 3%
(P<0.05), K5 FHARRFIFR M — L HOR R A R AR 24 5 0
F(P<0.05); )

1 ARLTERRKBEABRFRRIESE

Fig. 1 CaCOj contents in different soil water-stable aggregates
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M) , i — 20 3 AT AN [R) - 345 b G KRRtk AT SR AR ) — 3%
2 (K 5), AT, 78 >0.25 mm R g BRIk,
TA RIS, HFFEAE AR R KO
TF 0.053 ~0.25. 0.002 ~0.053. <0.002 mm 7 £ f¥ 4]
Rk, ZFHBROLMEMCER, HPTE 0.002 ~
0.053 mm [P 58 fA vt B W 5 A0 R P A O 6 B (RP=
0.669 2, P<0.05), f£ <0.002 mm i A1 F A b S A%
FARAIER E K R (RP=0.826 8, P<0.01), FEMATEMK
PR AR NS, TR i aod v Xof T SR AAAT HILAR R 2R 2L
A R

Bl 6 AR 345 Gk Rk SR AR A Bl
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Fig. 2 Contents of extractable-Ca and oxidizable-Ca in soil water-stable aggregates
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Fig. 3 Correlations between extractable-Ca and oxidizable-Ca with CaCOj in soil water-stable aggregates
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Fig. 4 Correlations between CaCOs and organic carbon content in
bulk soil
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Fig. 5 Correlations between CaCOj; and organic carbon contents in soil water-stable aggregates
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Fig. 6 Correlations between organic carbon with sum of extractable-Ca and oxidizable-Ca, and sum of reducible-Ca and residual-Ca in soil
water-stable aggregates
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