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Effects of Loose Soil Samples, Repacked Soil Columns and Compactness on Soil
Organic Carbon Mineralization

RONG Hui'?, FANG Huan’, JIANG Yuji', ZHAO Xu', PENG Xinhua" % SUN Bo', ZHOU Hu*'

(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; 3. College of Agricultural Science and Engineering, Hohai University,
Nanjing 210098, China; 4. College of Land Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: [ Objective ] Soil organic carbon (SOC) mineralization is generally measured by laboratory incubation of loose soil
samples. However, the structure of loose soil samples is of great difference from that of bulk soil samples. The relationship
between SOC mineralization of loose soil samples and bulk soil samples is not clear. Soil samples close to field conditions can be
obtained by repacking soil columns. Nevertheless, compactness can affect soil pore structure and may influence SOC
mineralization. Therefore, this study aimed to evaluate whether it is accurate to represent SOC mineralization in the field by
incubating loose soil samples and how compactness influences soil pore structure or SOC mineralization in repacked soil columns.
[ Method ] Soil samples were collected from a long-term field experimental site with treatments receiving different amount of pig
manure. In our first incubation experiment, all of these soils were selected and two treatments were set up in each soil: loose soil
samples and repacked soil columns. In the second incubation experiment, only one soil was used, and the soil was repacked into
columns with four bulk densities, which were 1.1(BD, ), 1.3(BD; 3), 1.5(BD; s) and 1.7(BD, ;) g~cm’3. The samples of these two
experiments were incubated for 57 d and 28 d, respectively. SOC mineralization was measured during incubation, and soil pore
structure was quantified using X-Ray micro-computed tomography (u CT) imaging. [ Result ] At the end of incubation (57 d), the
cumulative amount of SOC mineralization was significantly different between loose soil samples and repacked soil columns. The
cumulative amount of SOC mineralization in the loose soil samples was about 4 times that of the repacked soil columns. In the
second experiment, the total porosity decreased by 12.9%, 14.8% and 17.4%, respectively under BD; 3, BD; s and BD; ; compared
with BD; ;. In relative to BD , the increase of compactness decreased macro-porosity (>16 pm) by 19.0%, 65.5% and 88.5%,
respectively under BD; 3, BD; sand BD; ;. In addition, the water-filled pore space (WFPS) increased from 36.4% to 91.8% and
air-filled pore space (AFPS) decreased from 63.6% to 8.2%. At the end of incubation (28 d), the cumulative amount of SOC
mineralization generally increased as bulk density increased up to 1.5 g-cm >, after which there was a decrease. The regression
analysis showed that there was a significant nonlinear relationship between the cumulative amount of SOC mineralization and
total porosity, macro-porosity, WFPS and AFPS. The cumulative amount of SOC mineralization increased with increasing total
porosity and macro-porosity until a level of 46% and 3.7% was respectively reached, afterwards it began to decline. Also, the
relationship between the cumulative amount of SOC mineralization and WFPS and AFPS showed the same trend. The cumulative
amount of SOC mineralization was the highest when WFPS was 66% or AFPS was 34%. [ Conclusion ] Laboratory incubation
using loose soil samples will overestimate the potential of SOC mineralization in the field, while a change of compactness will
modify soil pore structure and subsequently affect SOC mineralization. There is a significant nonlinear relationship between the
cumulative amount of SOC mineralization and porosity.

Key words: Soil pore; X-Ray computed tomography; Water-filled pore space; Soil aeration; Compactness; SOC mineralization
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TR ) A 5 JEOIR A9 SOC 7 Ak 4 25 7oK i 351500,
BRIL, T LA o $ERE R %) 2 AR A 4230 H TRDIR S
) - SJERE i, ERRCPA I A R AR SOC
T A2 S0 0 o s B R B B3 R 4 R R A AT LR 3R
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L UN .
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TA R IX AT R 2 B S B 4 - Y AR AR 2
AT T AR %t SOC 14 ST, 1 De
Neve 1 Hofman™ 0| % 3 4 5 & /N T 1.6 g-em I},
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FEIME 1.6 grem B, SOC k& A A B IEE
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JEiE—2 54 SOC Bk 5 LRSS Z I G & , B
FAE RS INEST SOC Bk 5 L HEFLER 454 2 7]
PN

1 MRS IHE

1.1 ket

- HERE SRS TV S T R VLR T E R
Be 21 398 1B A5 S0 vl (1 28°15'20"N, 116°55'30"E )
T R0 FH . 32 DX b 7 B 1 2 XU
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HER VIR LR B R B RLLE (AR Bk
4, FBL . MPRL AR & A 36.3% . 42.5%
1 21.2%. KW@ AR TFIG T 2002 45, ABF5EIE
53 A TACAL I, 4300k . AJEHE ( Control ); Jitifik
AP (LM, N 150 kg-hm 2a') Fijiti g &4 Hl
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WUk M FR G, P pH B 772, 2R
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Table 1 Soil physicochemical properties under three fertilization
treatments

. TR 2R B TscHE HERKE
) pH SOC/ TN/ CEC/ WHC /
ot (gkg') (gkg') (cmolkg') (ggh)
Control 4.64 3.67 0.49 14.54 0.23
LM 4.88 6.93 0.76 14.98 0.26
HM 5.77 9.38 0.98 16.94 0.25

{E: Control, LM Fl HM 43R4 A KM E ALk 50 Y
AL AR A HUAE Rt e 1A ML A B 384 i o Note:
Control, LM and HM in the table represent the soil samples
collected from a long-term fertilization experimental site receiving
no manure, low manure and high manure, respectively.

1.2 RIgit

B IR s —1E ] Control, LM A1 HM = #jita A
QNP A R E AT R RS A S AR B
BRI S 3 AT, R R 4
SOC # 4L iy 22 57 o P AR . B 20.0 g & 2 mm
T EARE A 500 mL 3R, AN BT TR (&
la), R A AFEACEE . Fid 2 mm G AR 2
ENM 29 em, H 5 cm BERE LK (Polyvinyl
chloride, PVC) #JJ, S 4 om, HEME
SRR E S R R RS, N 1.3 grom”
(K 1b),

RIS — R - I i i SOC Wk it £
FE S K SRS R B RK B 75%, SRJ5 8T 22C
FIEE SRR PRG3R 57 d, HUR R FRRTTRAE 4°C
FEEFRAA KO 3 do Al FERESRIEE 1. 2.0 4,
8. 11, 15, 22, 29, 37, 43, 50 il 57 K} RES
o SRAHT, SRR E T 22°CH =R T E X
20 min, SRJ5 AEERRI ZE R B O . BE SR
A 20 mL Frfif 255, WAEHAE, MPHiE 20 mL
SHEEABESESIM; Bk o6 hfa, KRR, X
REEWE, BB ZE, ORI O IFFL
FLo RERSRFHSA 1% ( Gas chromatography,

http://pedologica.issas.ac.cn



1554 + 1

=

59 #

K1 B (a) SHCEHAR (b) RmE
Fig. 1 Schematic diagram of loose soil samples ( a) and repacked

soil columns (b)
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5.7.9. 14, 21 1 28 KREUGHIOR, BREE 28 K
Gb, FLAE I ¥ 3 LB B TR SO Ak ek 5 5 . KU
I AR B o AN I LAY | VN
1 mol-L ' 1Y BaCl, ¥ 2 mL #1 2 By BkIs =57, H

PRUERR (£90.03 mol-L™' HCI) & H BLL AT K .
i HCLIHFERETTE CO, BEllcE , JRiE— D10
SOC #™ fb k% K HAW ML &t . CO, Bt (mgkg ')
U7 WER/NWSE
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K, 6 FR EHERBIEKE, B0 ecmem”,
FAILBE ( Air-filled pore space, AFPS) AR
B (5) &

AFPS (%) = 100%-WFPS (5)

FIH SPSS 21.0( SPSS Inc., Chicago, IL, USA )
AT B 3 B o SR FH OB 2 5 22 70 1 ( Two-way
ANOVA ) % % Jiti AU Ab #EAIRE F RS LU R E A TR 38 H.
YERIXT SOC RBW fb i 2 m s A A T K 50( T-test )
U AP B AR RG22 (R 22 50 5 AR A
E T E5 M1 ( One-way ANOVA ) #6156 A [A] i AE b #4
VI KON RV B SR B 2 Rl 25 vk, SR B/ D22 55 1
15 ( Least Significant Difference, LSD) #17£H
Feds, WEPEKSE R 0.05. FIH REIEAHr 57 SOC
WAL FLSSALBREE . RALBE . KL RS
FLBREE Z 1] B 5 R U4 B A IE SRR 50 R R
B -BUR VRS ( Shapiro-Wilk test ), 5 2257 ML A 56
K SCKL B ( Levene-test )o
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RyE

th SOC #™fb KAk 2k (&l 2a) FTLIE H,
LM Hl HM #AEEFE R0 PR 3R sh Bk, HAER:
FERI (56 15 RZHT) 8w, WE 1 BIT7ESS 8 K,
4394 30.6 mgkg '-d ! fil 35.8 mg-kg d s 2,
WAL R P R ISR 29 RIBBURA; 565 37 K
ZIE L TR E . Control FARL HFE R 51k 8
R EALT LM Ml HM FA R (P <0.05), HAH
BMTHME, Ho s R ghi, a1 e
515K (7.86 mgkg d'), [RIEEHL, 7E55 29 K&
A (E 2a), HEHNTHERER TS 1
KEFAFIEM (1.3~9.5 mgkg 'd"), ZJFZEWF
R, LM R HM JECRE + 4 19 7 10 2R B 2% 5 T Control
WK (P<0.05) (& 2a),

o 900 1 i b g« ] ke b
o | FEiiRE g b e Al
E’ 750 _MEH[E%IEXFLIIH!I:U\?S*** T
=

IE

Lz 600 |- [

KZ

I E 450

= 2

&g Ca

BoO300F T

H3 I Ab
4 T
5150 - . Bb /
3 C
% Z 7
S o

Control LM HM

JfEACALFR Fertilization treatments

IE: Control, LM 1 HM 435SR AR B KW AL IR (AR TEAL . MR A PUIE R & A FLIC A LIERE S . 7 SRR —R A
Wb, ER—MEAEA B D, MR SRR A Z M E R B (P<0.05), “07 ORIV R E, BEEKFEA 0.001.

ANF/NG F:F R A — it AL B[R RE SRS Z B 22 R B3 (P < 0.01), AKNIFRIKS FERE 7R 7] — B SR 28R 7] it IE Ak 38 2 6] fr) 22
5% (P <0.01 ), Note: Control, Lm and HM represent the soil samples collected from a long-term fertilization experimenial site receiving
no manure, low manure and high manure, respectively. “*” indicates the significant difference between loose soil samples and repacked soil
columns on a specific sampling date under the same fertilization treatments ( P < 0.05 ) . “***> represents a significant effect, and the level of
significance is 0.001. Different lowercase letters indicate the significant difference between loose soil samples and repacked soil columns ( P

<0.01); Different uppercase letters indicate the significant difference among fertilization treatments ( P < 0.01) .

B2 ASIR] A AL 30T FA TS AR R AR A LR T e fn R h i
Fig.2 SOC mineralization rate and cumulative SOC mineralization amount of loose soil samples and repacked soil columns under different
fertilization treatments

e A — AR AL H G 3, BREE 29 KAh, Hith
FRE S BRI AR AR SOC kR B E S T
A (P < 0.05) (B 2a), IRt (5 57

K ), BEGEHPIRA X SOC BT fb it A W 5B 15
i, Control, LM F1 HM ¥R +AERY SOC R 1k
FASIESE A 0E 279% . 345%F1 319%( P < 0.01)
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(=]

63.7 mgkg d'; ZJE, WALHEFRZREIEAL, FHAEL
FF 14 d JFEAT S (B 3a). B4 1 KA 5 KT,
BN SOC W LA B EF 0 (P <0.05), H
o5 1 RIS, BD s AT fLE R 1 25 T BDy I BD, 5
(P<0.01); % 5 K, BD; REMLTHAMLRE (P<
0.05 ). BRES 1 KA 5 KA, HARAERS [A] A ]
SRREZ A BEES (P> 0.05) (Bl 3a), #55F
S50AT, BDy s A B B0 fh i s, HS 02
AR 25 (P>0.05) (E3b).

600

b)
500

i

—t—

-

400

300
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AT L A

Cumulative SOC mineralization amount/(mg-kg ')

100

0 1 1 1 1
BD BD BD

1.3 1.5 1.7

B Compactness/(g-cm ®)

#: BDyy. BDi3. BDy sl BD ;AR EERE N 1.1, 1.3, 1.5 M 1.7gem” AECE -4, “*” FoRESLREXT SOC H bR A B3
S0 (P <0.05), Note: BD,,, BD,3, BD,sand BD, ; represent repacked soil columns with bulk densities of 1.1, 1.3, 1.5 and 1.7g-cm™,

respectively. “*” represents that there was a significant effect of compactness on SOC mineralization rate ( P < 0.05) .

K3 ORI SRR U R AR A AL L (a) ARGk (b)

Fig. 3 SOC mineralization rate (a) and cumulative SOC mineralization amount (b ) of the repacked soil columns with different compactness

23 AEAEETEEEEIHNIEEHMERS
SOC H{LHIX &

T A 1 AL It K S A 4 o g A AT
HH#F BD,, 15, BDy 3. BD, sl BD,; i EfLER
BEAN AR T 12.9% . 14.8%F1 17.4% (% 2), 1%
RALBREE 20 5 B FLBE I s, B B0
FEEERE N, L4 Ay KALBR SR A Bk () 4),
BRI R AL EEREAR T 18.7% ~ 88.5%
(£ 2), M, AERIBREHMSE D, HERR
LB ( AFPS) M 63.6% R &% 8.2%, i H3EFE/K
FLBRE (WFPS) M 36.4%MH5 % 91.8% (£ 2),

SOC ki 5 BfLBR B . KRALBREE . FE/KfLER
JE LA K FE AL Z RIAFTE & ARG R (P<
0.01, &l 5), HEFLBIEIRT 46%MHf, SOC W ft it
B L B T B 5 AE 2 B L B T 46%H
SOC 7™ 4k f2: Fifi FL B B2 34 i B A% . SOC W ki 5K

FLBRBE Z Bl A9 o R L B U B0 A, P A (E R
3.7%. M4, F£ WFPS ¥y g2, SOC w k&
HaEhn, X4 WFPS 2128 66%If, SOC # L& 155

*2 TRELEEERIHNESIRE. XABRE. &
KIBRERTESFRE
Table 2 Total porosity, macro-porosity, water-filled pore space and

air-filled pore space of the repacked soil columns with different bulk
densities

s SALBEE  KRALBIEE  FEKALBREE ERALKEE
Total Macro Water-filled  Air-filled
Treatment

porosity/% -porosity/% pore space/% pore space/%
BD, ; 58.5 7.0 36.4 63.6
BD,; 50.9 5.7 49.4 50.6
BD, s 43.4 2.4 66.9 33.1
BD, ; 35.8 0.8 91.8 8.2
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The white areas are soil pores, and the black region is the soil matrix.

ANTR) S AR BB A ) TS

Fig. 4 2-D structure of the repacked soil columns with different bulk densities
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