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MR 4 HER 8 b E R 2R B RO A 2R
A, T20164E5 ARG SRR H K2
+3 (0~15cm) o EREESR TR, Pkl
MG LS mmii o Al 30 W A RUOKRE £ /b
A (0.2~0.02mm) . HkL (0.02~0.002mm) .
Bk (<0.002 mm ) A4 M83 g-kg™' . 815
gkg RI102 gkg™o AHLT . A AR HIN15.4
g-kg 'FI1.79 g-kg™', pHNG6.05, PHE TN
10.65 cmol-kg™',
1.2 Rt

EE NP AR - R dk, E AN
figh (CK) . fKs®EH ) (LIS, 200 rrmin™', fif
33 min) AIESREH SN (HIS, 200 r-min™', fiish
10 min) 3403, W TR FRIAE R B4 (5
7 em, WN1£2.2 cm, BA LM (PVC) M)
AN, AREAE LI R BEIRARAE, FTLASETE K AT
(H19.5 cm, N#15 cm, PVCH R ) NI,
SRG 7R Hop R /N AR AR S TR 088 . 1A
PRRIR . ekt s mmE B KT AR T3
MREHES (B KB 700 g, HEESE
2998 cm) , ARJGMKIRNAS he ZJEFHFIRBEHE
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RAEMPRELSAN /N AR . SRFR 5 TG f
HREALZE /N L AR 1R K Ay 28k o B I SR AL 3
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PO A L FK IR R TEAL A S BRI
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Bremner |2 JEZEWE KB A L B EUIR D L AERE A

50 mLEE.OE S, BrHmA25 mLAGZEMEAK, ik
Bk LR emAf, s, MALHES], F
25 ClHRIEFR28 d, MM =KER ., THEL
7d. 14.d. 21 dFI28 dCEE, K B0 A T IR/
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/NTF0.053 mm Ay AT SR ARS8 o DRI AR o B A )
i ARk EE MRS & T, 40 C
THAE R, BRE, MEFE0.01 g BFEME

http: //pedologica. issas. ac. cn



53 7 ZEAE BUUBEI O KA R A5 A HLA LI 2 1173

=R MRS A BT 3 e B R X R
& (Mean weight diameter, MWD ) :

2 xm (1)

Lo, WIS AT LR, mm;
Fo R I LR, mm; m R A 0 Y A
BRI o5 e, %

TSR, WA (BSEMMER) 291K
FAfR BRI RGBSR 8 A (AA3, FEE G
FAH D) M

HHLAED fL R 2 B Stanford M1 Smith W'* 3@ &+t
K e RO PR 15 R IR KA 0, DR A B LA
SRR, HEUMER N

N=N, (1-e™) (2)
A, RS, 4 N dEr 2R
Ak, gkg's Noy EERAERT L, BiF 2K
TR LR S LA HUAS ZECR R AE, AR
Fon BHEAEZEUE 15 ko — B AHT BT T R
d U R BN A YA AU S T L
MER A, R A PR e S5

1.5 HiEE

FIFHSPSS19.0 % 4 2 47 48 it 70 1 o 2K
P 4k 34 0] 25 5ok LR R 7 24047 (One-way
ANOVA) , JiHE/NES W% (LSD) ki ir £
g, WEMIKERS% . Mo 1T R B R 2%
( Pearson ) XA 467

2z R

2.1 HEHEERE S

EiEs 282 T E A 2 (10 ok JIUPNZIE I N G IR )
i HAMWD (£1) . 5CKAFEAHEL, LISAH
R T 1 mm KBRS 5 FE1860.6% (P<0.05) .
1 ~0.25 mmMA A #&FFEIK5.3% (P>0.05) ,
0.25 ~0.053 mmA1/NT0.053 mm b A1 AR &
S BIE N T 12.4%H14.4% ; HISAEBEH K F1 mmK
AR A B 5 B4R 74.7% (P<0.05) | 1~0.25 mmAl
BARE R EAK7.9% (P>0.05) , 0.25~0.053 mm
F/NT0.053 mm A 0 A SR AR 25 2 43 384 2.6 % F11
12.8%. CKALHAMWDAE 43 LIS AIHIS &b # 1Y
185 A12.21%

®1 R RMERRE S BRI

Table 1 Effects of stirring on size distribution of water stable aggregates

A IR RRPE A RAR Sy A
Ab B o
Water stable aggregate distribution/% MWD/mm
Treatment
>1 mm 1~0.25 mm 0.25~0.053 mm <0.053 mm
CK 9.9+0.5a 3.8+0.9a 40.3+2.0a 46.0 +2.3a 0.392+0.015a
LIS 39+1.2b 3.6+0.3a 45.3+6.0a 47.2 +6.9a 0.221 £ 0.042b
HIS 2.5+0.3b 3.5+0.2a 42.1 +£20.0a 51.9+19.8a 0.175+0.017b

. CK. LIS, HIS il /R A5,

AR ik B 45 50 v 0tk BE A B = AR BE [ S BN T A () S g R Ak B ) 22 e

(P<0.05) , FUfE-RAHM + bR 2ZEFLR ., MWD FHERE H4E., T Note: CK, LIS, HIS stands for no stirring, a low intensity
stirring and a high intensity stirring, respectively. Data followed by different letters in the same column are significantly different

between treatments (P<0.05), and data shown in the table are of mean + standard error. MWD: Mean weight diameter. The same below

2.2 HREXFLBREHERE N

2.2.1 AL IR AR = A S5 R T SRR AE
1A AN R A 3809 — 4 R B R . A UG R = 4 AL
BRESH G . IR EE B R Gy oy TR T, R
BB AL s AR EMR D iR R AL,
BETARLIERETT . B TP s, AE
1A IR LB 4 R T R A3 B A LB . DK

R AT LR 1, CRAHM KL%, 1L
PR 2R AR, FLBRA @ A r . 5 CKAR AR
e, LISHIHIS ik P 4 38 L Bt 3= 22 8 [ E FL B
LB RIS A ek, ki 2. SRR —
H R, CKANHZORKFLERZ , LI 2 0] 3% 38 v
B, TSP ( LISFIHISAL 3 ) FLER 2 4 85 i
BORFLBR, % 300 W A
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CK

LIS

HIS

JKJEE 14 Grayscale image

B BEshxiRRE L "4 (10.4x10.4 mm ) FI=4E (10.4x 10.4 x 10.4 mm ) &5H4 195215
Fig. 1 Effects of stirring on 2-D (10.4 x 10.4 mm ) and 3-D (10.4 x 10.4 x 10.4 mm ) structure of paddy soil

2.2.2 - BEAL IR AL FRAE R FLBR KN o3 A
WE 2R, CK. LISHIHISAEF iy SFR LR 4y
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A FLER A3 A AT L, CRARERAE 4R fLAE M 130 pm
BT LB ey, W e T AL 38, MALBR Y i
BRF311 wmiy, CKALHRAY Ak AL AL T
LISFIHISPIAL B, LISHIHIS &b B (1) 4% £k i $45 K fA
—%, 5CKAM, LISHHISHE S 74 ERKT
311 pmAg RALIRFLBRE .

MR P A & RAEFL B W M S5, (R EIR
AT R, /NFLBR B 23 32 B 4 FURI D8 I A 2ot
PRSI, HE TR A A T3 AR AR KR A T4,
PG R WAL BRI S PR E M . R, ASE
FALE A HAR KR T200 o miOFLBRBEAT 2007, 45

“{E K& Binary image

=Y:E% 3-D image

WEBFR, ALESE b5 LB S WA 45 1] —
£, LISHIHISANHERFIAE W3 & TCKANHE, #i ]
P PEREAR T LB Y 8 . CROAL P A L B 3% 38
T, B R F KA ARG A5
2.3 BmEMKBLEENET LIS HER

TE 5 25— JE I, LISFIHISAL B0 1k A =
T TCKALRE, (HEERARE (K4) , MEE
FERF A AE K, CKAL B fh it 36 fin % 5 T 4b
P, BH S, CKIHYBERTIAEREERT
PiFE b (P<0.05) o IEFRGRRT, CKAMFRELLIS
FTHIS b ¥ S A b 1 43 ) 55 13.7 % F119.9% .

MR —%sh 120 #, R &N ZREDS
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S —0—LIS '

z 14F

2 S

g = 12r

2
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= 041

=

Bk 0.2f

FTHISAb ] 22 S A8 25 0 B fbs 5 5 Sk 1 28 4k
JFEIFE0.217 ~ 0.131 d' 2], AbFH[H] 2 5K i 3%
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Fig. 2 Effects of stirring on cumulative porosity and pore size distribution in paddy soil

WMEE#2 Equivalent pore diameter /um

B 7K - SRBFLBREE AL B R /N3 Afi 9 3
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Fig. 3 Euler number at 200 p m pore size

BB KAE £ SRR R 1R

Fig. 4 Effects of stirring on cumulative nitrogen mineralization

in paddy soil

x2 MHBEIRBINET UHN—RANFESHEN/N

Table 2 Parameters of the first-order kinetics and Ny/N values of soil organic nitrogen mineralization after stirring

&tﬂﬂ 1 1 2
Ny/(mg-kg™) Nyo/N Ky/d™ R
Treatment
CK 91.79 + 4.44a 0.066 + 0.002a 0.131+0.021a 0.987
LIS 77.22 +2.66b 0.056 + 0.004b 0.217 +0.038a 0.987
HIS 74.75+1.71b 0.054+0.001b 0.212 +0.025a 0.995

HE: Noo No/N. Koo RPZPHIERR AT L

ARG 2R L] R b RO g R T Note: No, Ny/N, K, and

R?stands for N mineralization potential, ratio of N mineralization potential to total N, mineralization rate constant and determination

coefficient, respectively. The same below
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2.4 TEEMSRTUSHOEXN () 1 HE AL B A B IE A G (P<0.01) 5+

MM R (£3) , BHEOATILHEN, FEOHEBETILARE (Ny) S4B EHLE0~ 100
HRAEKT0.25 mmi A RE (A,s)  HEAL pm (Pyy_igp) M9 FL PSR 2 A 3 IF A7 ¢
#/NTF30 wm (Poyy) AI30~100 wm (Pyg_ ) (P<0.01) .

®3 IREARGMILRXNDHERT LSHOEXM

Table 3 Correlation coefficients of soil mineralization parameters with aggregate size distribution and pore size distribution

N, Nog Ny/N K, TP Avgos Ao Py Pao- 100 P.1oo
N, 1
N 0.918" 1
Ny/N 0.999" 0.929" 1
K, —0.917"  -0.845"  -0.909" 1
TP 0.086 0.273 0.111 0.013 1
Ao 0.834" 0.164 0.832" -0.623 0.164 1
A, —0.834" -0.166 -0.8327 0.622 -0.166 -1 1
P, 0.816" 0.634 0.808" -0.8317 0.144 0.786" -0.786" 1
Py_o  0.746" 0.684" 0.749" ~0.588 0.487 0.913" -0.913” 0.790" 1
P10 -0.225 0.016 -0.198 0.276 0.928" -0.201 0.200 -0.185 0.128 1

W TERMBEESR, P<0.01, FRBEESR, P<0.05. AMEI=S. Ny, TP. Aliss. Adosmms Pason Paoions PoooZ il
FORK A28 A R LA B . RIERSLBEE | KR K T70.25 mm A BIERIK I F] . RiAR/NT0.25 mmig BRI LA . M EARN T
30 wmAY BEFLEE . MR EAK T30 pm/NT100 wmAy BEFLEE XS E A K T100 pmf REFLBE Note: **means extra-
significant in difference at the 0.01 level, *means significant at the 0.05 level. df-8, Ny, TP, A_j55, A_g25 mm» P<30» P30 100 and P.;oo stands
for degree of freedom=8, cumulative mineralized N in 28 d of incubation, total porosity, proportion of the aggregates >0.25 mm in
particle size, proportion of the aggregates <0.25 mm in particle size, cumulative porosity of <30 w m, cumulative porosity between 30

pm and 100 pm in equivalent diameter, and cumulative porosity of >100 p m in equivalent diameter, respectively

3 B ©® SRR R B A B E L RS B
RGN
A T 58 39 2 B M DA SR AR B 2 AN AR 1 ST AL B A 23 A1 15 B0 5 0 A R K o A

E T A BT R R A . ARSI RWEAE S, ST A LA et R 0
BIE R T0.25 mm Ak RERESHILET L A5 CK . LISHIHIS A H i L BT AH 22 A 1
VB AN FIN /N 24 BB B 3% 1E A G ( P<0.01) i, {EFLER AN A B AR (E2) o LISH
INF0.25 mm/hFH BRECE 52 i B e HISKRERERPE> 5, L3 5 Y 4R FLBRAS 1
(P<0.01) , W[WLMERYRGFLAE HafscZ A Bk BOR, 2EE M, R FRER (J) , &
B L AR R, RaEgsr RhERECELBR KR A s SIMELL A, R
GRS T AR 3+, ABFseh st XA HLEIET A I i R AR L T CK A
G LR R E N AR R B A RILBR AR, BRI AR, KA
WO(E4) , XATREE M TR S, Fah KOFREE L AT AR Y R L
KBRS, AEEHREKNTKNSTE AT afg. FiI, CKANH BFE T 1L i A

PLAREE T LI, w1 B o
SEEE R R ERT . I, SR T UeAh, ARFFREI, 15~60 pmifLE AT fE

KRG B LA R, X 5KristensenZs Ty XPAMURARE AL 0 WX — N MEY
BFSESs B — 8. Db BRI TP By, B FRERGE, TEIERSER OO0 RBFh, CRANEERY
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RIEABEFTLE R, W ARG L g R Fh 25 F IR 2R
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[ Objective ] Soil structure plays an important role in nitrogen transformation processes.

Puddling, a key process of rice cultivation, generally conducted to level and prepare paddy fields for rice
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transplantation, greatly alters soil structure, which in turn affects soil nitrogen transformation. However,
quantitative knowledge of the influence of puddling on nitrogen mineralization is still absent. [ Method ] In
this study, puddling practice was simulated in the lab by stirring the Hubai paddy soil in a PVC vessel and
then incubated for four weeks, for investigation of effects of stirring on soil structure and organic nitrogen
mineralization. The incubation experiment was designed to have three treatments in stirring intensity, i.e.
no stirring (CK), a low intensity stirring (LIS) and a high intensity stirring (HIS). Soil aggregates were
fractionated by particle size and their water stabilities determined with the wet-sieving method. The X-ray
computed tomography and image processing technique was used to determine pore size distribution of
the soil in each treatment. Mineralized nitrogen was measured with the organic nitrogen mineralization
incubation method. [ Result] Compared with CK, both LIS and HIS significantly decreased the proportion
of >1 mm aggregates and the mean weight diameter of water stable aggregates, but did not differ much
between the two in the effect. Cumulative porosity of the soil in CK, LIS and HIS was 3.3%, 3.2% and
3.3%, respectively, showing no big difference between the treatments. However, the three treatments did
show significant differences in soil pore morphology. In CK, numerous big channels high connectivity were
found, while in LIS and HIS, spherical or ellipsoidal voids low connectivity were found. Organic nitrogen
mineralization in LIS and HIS increased rapidly and exceeded that in CK for the first week after stirring,
but declined down even below that in CK from the second week on. At the end of the incubation, CK
was found to be higher than LIS and HIS in cumulative nitrogen mineralization and mineralized nitrogen
potential. [ Conclusion ] Results show that stirring or puddling increases nitrogen mineralization rate in the
early stage, however decreases cumulative nitrogen mineralization in the end. Correlation analysis shows
that soil organic nitrogen mineralization is significantly and positively related to macroaggregate content
and 30 ~ 100 pm pores. However, more studies are needed to differentiate the effects of aggregate breaking
down and pore restructuring on nitrogen mineralization as a result of puddling.

Key words Puddling; Aggregate stability; Pore structure; Micro-CT; Nitrogen mineralization
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