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Abstract: [ Objective ] Soil aggregate size distribution evolves due to soil aggregation and breakdown processes that occur under
natural and anthropogenic impact. A change in aggregate size distribution can alter soil pore structure, which might also influence
soil water transportation, gas exchange and microbial activities. Thus, this may potentially affect soil organic carbon (SOC)
mineralization. Therefore, this study aimed to investigate the effect of aggregate size distribution on soil pore structure and the
SOC mineralization. [ Method ] Soil samples were collected from a long-term field experimental site with treatments receiving
different amount of pig manure (No manure, CK; Low manure, LM; High manure, HM). The soil samples were passed through
sieves with 5.0 (Ss), 2.0 (S;), or 0.5 mm (Sys5) openings to create different aggregate size distributions, with the maximum
aggregate sizes corresponding to 5.0, 2.0 and 0.5 mm, respectively. The sieved aggregates were repacked into soil columns
(diameter 2.9 cm, height 4 cm) with a bulk density of 1.3 grecm™. Soil columns were incubated for 57 days and SOC
mineralization was measured during this period. Also, the soil pore structure was quantified using X-ray micro-computed
tomography (u-CT) imaging. [ Result ] Sieving altered soil aggregate size distribution, which resulted in significantly different
soil pore structure in the repacked columns. Compared to S5 and S, treatments, the S, s treatment significantly decreased the
image-based porosity (>16 um) by 83.0%-93.9% and pore connectivity by more than 95%. The differences in macroporosity and
pore connectivity between S5 and S, treatment were significant for the HM soil, but not for the CK and LM soil. Also, aggregate
size distribution had a significant effect on SOC mineralization. The breakdown of aggregates increased SOC mineralization. The
cumulative SOC mineralization amount of Sy 5 treatment was 64.2%—-79.1% and 14.1%—19.3% higher than that of S5 and S,
treatments for the CK and HM soils, respectively. However, there was no significant difference in the cumulative SOC
mineralization between the Sysand Ss treatment in the LM soil. The correlation analysis indicated that the cumulative SOC
mineralization amount was negatively correlated with the porosity of 1630 um pores. [ Conclusion ] Sieving broke down large
aggregates and decreased soil macroporosity in the repacked soil columns. The breakdown of soil aggregates promoted SOC
mineralization partially due to the release of the protected SOC. The change of aggregate size distribution and the resulting
alteration of pore structure also correlated with SOC mineralization. This study can serve as a reference for future research related
to SOC mineralization and the effect of soil aggregation on this process.

Key words: Red soil; Soil aggregates; Pore structure; SOC mineralization; X-ray micro-computed tomography
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AR AR BIRBLAT R AR (<0.25 mm (YR IK ) 254,
WIS 22 5 0 A5 BLBR ™ Ak U)o SR, SRR TE SN
VR BRI, 2 B R AR JEE M i + SR L B &6
A U100 FLBR b 5 W) L 3 v K S is i L AR S HR
LW i v, T Al BE )45 2 5 A WLk feid
R TG T R AR 2 5 51 R FL B 45 R AR
XA LB AT AL B 2 MR B BIEFE /0, SRS A A
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LAY A e IO A [t I Ak Y - 4
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BAE, T HALBREE R LA LR AL SRR AR, DEAE
PR R AT/ NS L BR 25 A8 RN ALK A I 2w . F 5T
RAT B TIRARCT LR R K . L HEFLER At R A
PLBRE™ L Z B A SE A

1 MRS IHE

1.1 ikt EEm

AR R AR F A TP A T T AR VL
Rl ERE LT A AR50, (11695530, 28°1520"N )
BT AR F o 32 DXy H I BT R 2 XU
foe, AEYIREE 17.6°C, 24 F¥FEKE 1795 mm,
BN UL ARG B UR B R (R

B, Bk BrRLRIERLRY & 5N 36.3%.
42.5%F1 21.2%., KW@ ARSI 46 T 2002 4F, 4t
H 4 MR E, AR E 3 RER, L
M X AL HEF , ZNX RN R 2 mx 2 me A 4 e HL
HH P 3 AR B AR CKO); M A HLIE( LM,
N 150 kghm™>a™' ); Jifi /A HLAE ( HM, N
600 kg-hm >-a™' ). HHLIERIEFE, K A LK ST
B FEFEY, S pH N 7.72, A 32.9 gkg ' (T3,
TR, 44 14.0 gkg', W 202 gkg', £k
306.5 gkg o FRHVEYI N EK, WFCNTRE 24, 1
4 ARG AT, 7 A FAERIGRE, Bk
AF 4 H R IR . BB B R /NIX 20 Bk, AHY T
50 000 #f-hm >, F 2019 4F 7 A T K3k 5 R4k 0~
20 cm WRIZLHE, BAV/NXEEHLIRE 3 NSIRA
H—AFE . Bt FEE R KT, PRER R
A, 2 8 mm G H o K R — it AT Ak 3 A KT
TREHIAIRA I CK. LM Al HM 398, FEAYE 5 L
F 1,

F1 R EARBL MR

Table 1  Soil physicochemical properties under three fertilization treatments

14 5 MLk 2% FH B ¥ 38 e it CEC
Soil ot SoC/ (gkg!') TN/ (gkg') / (cmol'kg™)
CK 4.68 479 0.57 13.63

LM 4.86 7.91 0.77 14.65

HM 5.54 10.37 1.13 17.01

E: #h CK. LM Fl HM Sl AR 4R B I IE B AT AL BE | A% A A LAC AL B s A LA AL B A R IERE b . T IR

Note: CK, LM and HM in the table represent the soil samples collecting from a long-term fertilization experimental site receiving no manure,

low manure and high manure, respectively. The same below.

1.2 RXEi&it

FHRA TS LA AL 3 4, 20513 5 mm ., 2 mm
H10.5 mm FLARHYTE, FEFRICH Ss. So Ml S50 Fh45
) 9 Mhbs. 3 1IE (CK, LM Al HM 1) x3
A FLAE (S mm, 2 mm 0.5 mm ), 2540 FE A R
PRI/ Al Tl e, 25 % 2. e
AR FR ) A I 2 4% 2.9 em. =5 5 om B R
2 (Polyvinyl chloride, PVC) ¥R J] 1, JH%E &
4 cm, HEEREN 1.3 gem, HEE AR, H
TR 500 HE R R MFLE, SR)5 50 M)2 08,
BEEER 2em, F-RHEZE, BHRIITE,
PR T2 B IRE 7 A Ak, Hrp 3 A4

FHT005E FH K B A CT 434, 4 M TN
W + 3 LA fb i
1.3 TEANBRY LEFRE

R FRi g mn, BERESh A, SRS R 1 BEAY
F 33 kPa FOFAl7, 5 H RIREK & . 8 T EE R
65 1 A B ErK RN I REK R 75%, RS
W EAEAE 4CHYIEFRA T4 3 d, RERAM R
MK o KA RS, # B AA 500 mL 55585
o, KRR SRIRE HLHES BT 22 °C A9 R 8 3R A bk
JeREFE 57 do TERGFRAAR T, /D R KA
e, R OB AR EE O ULl ORI
KAl FR IR AN TR R K o S BIFERE RIS 1.
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Table 2 Aggregate size distribution after sieving

ot 1o B ek P
2~5 mm/% 1~2 mm/% 0.5~1 mm/% <0.5 mm/%
Soil Sieving treatment
Ss 14.6 14.0 30.9 40.5
CK S, 21.9 29.5 48.5
Sos 100.0
Ss 38.1 15.6 233 23.1
LM S, 29.9 36.4 33.7
Sos 100.0
Ss 47.7 16.8 20.3 15.3
HM S, 354 343 30.3
Sos 100.0

e e S5 Sy M So s 43l Fead 5.2 F1 0.5 mm i . F R . Note: Ss, S, and S 5 represent passing through 5,2 and 0.5 mm openings,

respectively. The same below.

2.4, 8. 11, 15, 22, 29, 37. 43, 50 fi157 d i
SRR A, BUCRESRAT, ek R
BB T 22°CZ 1R F @ X 20 min, HHH NS, K
J5 SE R E, IR R T, S RATE

R, EEHBIKES, MR EA 20 mL 5
=R, REWAE, BT HE 20 mL SAREAE

SRR WEFR 6 h i, FRRIAIE SR E A 20 mL
Bt S, WA, RERE 20 mL KUK, KUK
FRELERG, LRI TE . R M SMAHR S AH
ff3i% ( Gas chromatography, GC. Agilent 7890A,

Agilent Technologies, Santa Clara, CA, USA) il &
CO, %, FEMi T4 CO, = F( F,mg'kg "“h'")
PAK BB, CO, PAE R T A

o PXACxV x273

(1)
WxAtxT

A, p WARHEIRATF CO, IS, 0.536 kgm ™;
AC H—RHNBUCRAM CO, MMk, Al
gm’; VARSI PR AR, Bk m’y w
FPET R, A kg Ar R — RN UCR S
W R, B0 hy T ONEEFRIREE, BN K.
CO, BB Az i g AHAR W5 U 5 AR CO, = Az
R 24 5 ] e sf () e B A SR 1
14 CTHA#ESEGLE

T HETE 33 kPa TP E, FIH X G4 CT

( Phoenix Nanotom X-ray p-CT, GE Sensing and
Inspection Technologies GmbH, Wunstorf, Germany )
il o TN 90 kV, TN 90 pA, BRG]
N 1.25 5o RESHERESh B KA1 eSS 360° , fEIT
AP AR 1 201 SRBE A, AR BN
16 um. F|H] Datos|x2 Rec {417 EG HE &, K5
FIM VG Studio Max 2.2 AR 2302 5K 8 i JK &
KR, fehtch aff 40, FIH] Imagel FPF#EATIEIE
AEBEAIFHT . S EAT TP (B U D R AR TR A M S
D BRSO G R S R B D5, R EREIR
R DX 3R A B8k [X 35K ( region of interest, ROI ).
ROI [9K/NHR 1 5001 500x900 &7C, SEBRA/NH
24 mmx24 mmx14.4 mm. FFH B0 & B, K
PR 531 Ry B BRI AL B PRI R 43 o H T 43 HER A BRI
PG BRI FL B RT3 B4 (16 pm ) HYAL
B, A SCHRR O R ALBRE o LB R /N g A F
“Thickness” #fi 41155 K ALER R /NKI 73O 3 1S54,
S5 16~30 pm. 30~100 pm L M%>100 pm. L
B 114 42 Jey o 3 1 s e R =

20"

Qo)

A, rCEREREEME, BWRAFLECAF— L
BREOMEES; o ACRALBRBYN B, v AR LR
R, LB B AR FURIH “Particle analyzer”

(2)
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G R AR, FUBR AR PRSI S, IIFLBRZE 5 Ss 2 7R
1.5 EiEsabiE M55 T Sos " HH T REIRIEBBEIR, KILBIR D,

izl SPSS 21.0 HATHAE Mo RADUA K T5
Z43HT ( Two-way ANOVA ) 25 % it I &b 38 1 141 3¢ ¢
KNG LA EATT A8 B AR XL BR 454 S A Lk
WAk w RS2 s R B 22 7 0 75 ( Least
Significant Difference, LSD) #1712 ®H HL#, 44
[7i] — il I - 39 A (] 12 2R A Ak 34 22 1] D R[] — A 2R
AL R ORI 3 (Rl 25 57, W 3Ky
0.05. Hdm 10 1E 5 PR A 56 2R B2 2 - iR v A 1
( Shapiro-Wilk test ), J5 22 55 £ 46 5 R FH 31 SCK 36

( Levene-test ).

2 4 R

2.1 HEABREXISHI LEFL RS

2,11 BB/ X 4 HE YT S R AE 1 52
M 1 R OR R A B A SRR S A 4R IR R R
Hk AR R R T, IR AT R AL
(H kA8 m i X, IR RS AT AR, 6T [
— N EALHE A3, Ss BRI Z , LIEZ KK

0.5

SERTE N
2.1.2 PRI /N At £ HERFL B K AL BRI
SRS AT ERAR KN o A R b R L B R
(>16 pm ) AR ER N (P<0.001)(F 3). Sos
M RFLBRBE I, %8 Ss M S, 205K 87.4%~93.9%
H1 83.0%~93.4%.CK F1 LM +3E S, 5 Ss iy KFLER
JEIWEZES (P>0.05), T HM H3E S, iy RALER
FER S5 MK 36.4% (P <0.01) (& 2a),
FLBRR /N A 25 SRR WY, SRR KN A %t
16~30 pum fLERAFLBREETC B30 (P > 0.05),
X 30~100 pm F1>100 wm FL B A FL B AT A 3 1)
2 (P <0.001) (£3). Sosf30~100 pm FLBA
FIFLBRE f A, ¢ Ss A1 Sy 20 s 73.1%~80.6%
H159.5%~80.4% (P < 0.05), 1 Ss5 S, Z [0
FXEF (P>0.05) (F 2c). Sosfl>100 um FLER K
FLBREE B BT Ss A S, FEIRAY LB 96.9%~
99.3% (P <0.05), SsHY>100 wm FLEAYFLEREE 55 T
S, (HHAE HM HIERIH T 325 (P <0.001)
(Kl 2d),

. B E LIS RPN L HEFLBL . Note: Arrows indicate pores.
Bl 1 BRI LR 4B R 520

Fig. 1 Effect of aggregate size distribution on 2-D soil pore morphology
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A
B Ex .
L B
I Ab A E
| Ab L 2F
Ab Ab Ac
CK LM HM 0 CK LM HM
I Soil I Soil

e BIPREREAEE (n=3) . ARE/NGFEREERRE L 5 N AR R RIEL B Z MM 2R B E (P<0.05), AFRKXKE
FA LR R — A R R AL B O W)t I 4 18 22 8] (1% 22 5+ 8 % ( P < 0.05 ). Note: Bars on columns are standard deviations ( n =3 ) . Different
lowercase letters indicate a significant difference between aggregate size treatments ( P < 0.05); different uppercase letters indicate a

significant difference between fertilization treatments ( P < 0.05) .

K2 BIREINM X HIERALBUE (516 pm ) FIFLBER/ N A3 50

Fig. 2 Effect of aggregate size distribution on soil image-based porosity (>16 um ) and pore size distribution

£3 NERFESRER

Table 3  The results of two-way ANOVA

QE Variables P>|5 Plé»«}() P30'~100 P>|oo PC C57
+3E Soil 0.007 0.088 0.658 0.003 0.143 0.000
RARKN oA
0.000 0.435 0.000 0.000 0.000 0.000
Aggregate size distribution
L x BRI A
0.099 0.386 0.180 0.067 0.260 0.004

Soil x Aggregate size distribution

W RPEFERN PMH: Parss Pis-30. Pso-100+ Poroon PC FI Csy 7351328 2 RFLBE (>16 pm ), 16~30 pm FLER A FLEREE . 30~
100 um FLBEAIFLERBE . >100 pum FLER A FLERE | FLBR 8 PE S 57 RIWA DL BEL0 1L & . Note: The values in the table are P values.
P.i6, Pis-30. P30-100, Ps100and PC represent total porosity ( >16 pm ), porosity of 16~30 pum pores, porosity of 30~ 100 um pores, porosity

of >100 um pores, pore connectivity and cumulative SOC mineralization amount in 57 d of incubation, respectively.

2.1.3 RT3 AT R Lm0
RART N A0 X AL B S A i W E e (P
<0.001) (3), Sos WFLBRIZEETE BT Ss A S, B

K H T 95% (P < 0.01), 7F CK Al LM+, S,
5 Ss ifLBE S TC B E 2R (P> 0.05), 1 HM 13
mr S, BOFLBELE AR S5k 41.8% (P<0.001) (F3),
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[
#H 04
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)
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= 02F
Ab Ab Ac
0.0
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e EIR AR (n=3) o AR/NEFREFRIRFE
— MM AR R A B (A i 22 5+ B (P < 0.05), A
[F] K5 b 2 7 (] — A 3R Ak Ak 34T A ) it A - 4 2 i) 1) 22 5 b
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=3 ) . Different lowercase letters indicate a significant difference
between aggregate size treatments ( P < 0.05); different uppercase

letters indicate a significant difference between fertilization
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P 3 PSRN a3 A ok b S L B e 3 4 52

Fig. 3 Effect of aggregate size distribution on soil pore connectivity

2.2 BREXMGHX L EERT LR

AR/ 5 X T LM 38, 7ERE R4S 8. 29,
37 F1 43 KisF, Ss A HLIRE b i m, HoAbR A
IR So s AL BRI HLERE T R IR (& 4 ),
Rigeiiml, CK H3EMYA WL b R AR (<
4 mgkg -d), BRES 22 A1 29 KL R AT HA
A Ak, LA T Al 3Rk gl R K, FEAAR
F2mgkg -d! (K 4a). LM fil HM 347 HLAR
AL R R IR, RIS 1 Rl
PRIGAE , SRIGRRAL, 245 8 KITIAIITE, 785 29 K
WIS AN IEME (K 4b, K 4c), ZJRTLEET
R s AELAR RIS R] ML 38 (8 AILRR T b 2R R e A oy
T LM Ab3, SRR 1~4 Km0 b 3 2% R
AR, HM HIERA PUBRA L R LM+
26.2%~147.0%.
222 PRI/ A5t 3G MLk R fh & 1)
A PR/ 57 d P 384 AR SR A
LR W BRI (P<0.001) (% 3), 3T CK
Ml HM +38, Sos B4 MLk BB ik B & T Ss
'S, (P<0.01), {HF:m 0y B 2513 K . CK 14
So.s A ALB BARWfL 48 S5 Ml S, 43l 64.2%F1
79.1%; HM 138 Sos AT Pl RFW 3 Ss Fl
Sy 4l 19.3%F1 14.1%; WiFh 3 SsHl S, A Mo

221 BIRIRK/ING A 5 L35G PR B b 8 %R 1 52 ZRT LR EER (P >0.05 ), ¥F LM 13,
M XFF CK Fil HM 158, S, s A LA A 1k % So.s I Ss A Hlik ZF b o i 3 22 55( P> 0.05 ),
AR FAERA IR R YR, Ss A S, Z A TG I NEE S, B 38.6%F129.9% (P<0.01) (& 5),
~ b) 5)
e 140 s 14
Enp _’_§ np M iy 12}
52 w0p ——s,, 10 s, 10f
= 8 8+ sl 8t
(=7
&g OF 6f 6F
B2 4t ne 4|
.}: =
BN Wﬂ 2 |
H § 0 C L 1 1 1 ] 0 1 1 1 1 L 1 1 0 L1 L i 7 1 L 1 J
E 0 10 20 30 40 50 60 ~ 0 10 20 30 40 50 60 0 10 20 30 40 350 60
é 55715 E] Incubation time/d B2 E] Incubation time/d B4 7% ] Incubation time/d

. EHiRZEE PR (n=3). Note: Bars are standard deviations (n=3) .
4 HREKN A5t 38 DU A8 R 14 =2 i

Fig. 4 Effect of aggregate size distribution on mineralization rate of SOC

R ZT7 250 0 S, it A A I S R T
57 d N HIEA DL L (P<0.01) (£3), [A
— PR EET, A [ I8 38 A AL R 1
HERIW I HM>LM > CK (P<0.05) (K 5),

TR, 57 d WRIAHLIR BB LS
16~30 pm FLERAYFLBE 52 0 35 A UAHOC G R (P <
0.05) (& 6 ), 155 Ho Al FL B2 45 ¥ 2 BOM X ME 858
CBAE ARSI ).

http://pedologica.issas.ac.cn



2 1] g EsE FIIR AN FLBRESE Ha - A DU AL Y 483
0 s Aa >100 pm FL B A FLE 44 2 A T Ss Al S, A B P <
%;E [:22 b 0.05) (2, [ 3), XEFENAREEZ,
o .S Ba AP SRR LR IR . TN IO FLER . FLBR
S Ba U SR A1), S [t b B - S 1 S, HOFLIR
= 50T B LA 22 R . R CK AL LM 13, SIS, Y
5 § LB TR E XS (P>0.05) (K2, K3); *f
£ £ 100 - T HM L3, S, (i ARFLBEE . >100 pm LI 7L B
HE JEE L LB 1 4 2 I S5 Ab B (P < 0.05)
£ 0T (1 2a, [ 2d, [ 3). 02 TR A L
E I S 25 0T - 4 v A SR Y L 91 DL % P R A1
v oK M o BasEte, HM EHGE 5 mm #0506 5 H il
+ 5 Soil

H: B RZEREREZ (n = 3). AR/NEFERERRF
— AR AN AN A R R B 2 (R 25 5 W (P < 0.05), A
[ K 5 ) 3 s [a] — A 3R A &b B4R AN [ i A - 38 = [ ) 24 5 Wk
2% (P <0.05)Note: Bars are standard deviations( n = 3 ). Different

lowercase letters indicate a significant difference between
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