551 % 5518 + 1%

2014 48 1 A

ACTA PEDOLOGICA SINICA

= Vol. 51,No. 1

Jan. ;2014

DOI:10. 11766/trxb201307160340

EFFSHEHEH CT HEFF ST
A F -+ R 4 A AT

Zxmw'? A g’

FHR

EVE 2% = >3
AT REW

(1 B RCR M KA BRI R 2 Be , Bl st 210095)
(2 RS A 58 K I 5K R S g % (b [ B2 BE F R AT SEBT)  FE AT 210008 )
(3 TLVHA LD TPt Bt 331717)

wm o=

B UL VY HE G T 58 158 T, SR T b3 06 IR A A= W AR el A CT BRI 3 ~5 mm 3¢

PSR A, A 7 BE 30N 3.7 wm B Y) 3 RS, 332 JH 3DMA _Rock B4 A7 85 145 40 38,44 S LM 190 205 8 2
T T A REAE 24 T CRBENE CK i 2 B 21 IE NPK it 086 51 IE A1 8% 26 NPKOM ) 21 36 oK A + F B Ak i =
PEPMAERRRAE . Z5A R . 5 CK AL B o, NPK Ab 81 A0 0 39 L BB | Hb 32 T AR L M i 1 8 A2 K 2 45 4
PRI T HE T 31.6% \28.8% \15. 1% Fl 12. 6% , LB < 39 5 it To AL AL 7T 5 B0 4 398 P SR AR 45 449 3R 4L 5 TiT NPKOM
b ER RN T LA E RS AR A (SN T 77. 6% (68. 4% (182. 8% I 14. 4% ) , i W 1 TEHL A HILAE BT it fE
e S P SR S A D i R AT SR MR ) TR AN R E , 7 R DR R 4 10 T i D RE, B v SR AR i

XEiF A CT 5 < BT 5 AT SR A4 s T 5 4 5 LR
hESES S152. 4 X kAR IZ D

T R T AR I B BT fE
RAEAR WK L R A W T M R R
B A 12 B AR R VR AR ) B LR A
2 R OB AE A LR = R
SEIEAE W) B AE R R OB UG AT SR AR [R] s) AE BAS 4 E
-y R 22 (8] 7 A2 S0/ 0 L B 78 2B ) gy 3 A &R
MIVE TR, o AT SR AR 33— 25 0B i K AT SR AR, [R) ) 76
T AT 58 s 22 i) 7 e o 2 i FLBR L Ik, B Ak
gty Sy A A RS AR e T BERAK R
SRR AL e A e it R

o EX T RAR R EEE T H
FeE P KRR EPE, A ve) i, i TR O ik
YRR, X AT SR AR 45 4 Y BB D R AR OR,
W7 2 5 28 49 45 ( computed tomography, CT) £ R F 1f
J Tz BT R A i g b 25 G B BB AL B
AT LA f BF 5 e H o [ AR £ 2 R
FH CT BAR XS + 119 LB 4549 AL B K /N o3 A Je B
S SE T R AT BEAT TR AR . M
T E A BE H] CT, W6 CT H2 AR AT R B | BUR

XF LY 5 3 B B D0 L, BE 8 Al 3K B BT 22 i A Y
REAE, R T B3 R AT SR R T 5 ) I B 5, WL
denschild 2" Peth 22" Fl Zhou 21" 22 2 | F .
L CT et 55 I RAK M A5 4, i — D s T L 586
S5 5 T e PR RTE iAW B B 2 TR Y 06 &R o

AH G 58 e BT, S [m] il S 4% 2 25 e 28 + B 45 4
D e 50 - 98 PR B A B e kT L g R Y
& IR ) O it A1 T T BOK R AR &6, A ALIE g
B R R T R XK R
[ri) i AT e i T 7K e EH AT 2R AR Gl 45 g 1) A A 1 Bk =
T ARG T I i 7 it NE X 5, A ] [ 2P AR
S CT(SR-CT) FEMR 5 BT 8 AR BF5E T 2137
TR A WA SR AR () = 4 G 45+ R AOE 32K T ) S [ i
JIES 56 it % A 58 A 45 A 1 5 )

bR ik

11 8RS58t
SRFEH R AL T VLV 48 o Bt 2D S i (116°20E,

P T E F R U (2011BAD31B04) [ 5 AR B2 AE 100 H (41101200,41171180) v [} 27 g AR A B i H ( SSASIPL111)

AR AN o U

T B IHAE# , E-mail; xmchen@ njau. edu. cn; xhpeng@ issas. ac. cn

PR TR A 25 S0 (1988 —) , Lo TL AR RN B H 8 A, FEMOK LRI A 58 BETSE . E-mail: wzli@ issas. ac. cn

Wk B : 2013 07 - 165 W B & chn B #1:2013 - 10 - 28

http : //pedologica. issas. ac. cn



68 +

¥

51 %

28°15'N) , J& T v M #H Z RUAUAee , 4F B RE R N
1537 mm, & K& N 1 100 mm, £ K E N
17.7 °C o A 38 S A8 A 1, Jot b oy 3% -
BRI a7+ o %K e 0 56 1R T 1981
ERAVERIE N RE—R—% W 6. KA 3 A4
A3 (1) CK (R AE ) 5 (2) NPK (it %0 85 #1012 ) 5
(3) NPKOM ( Jiti 280 5 B0 I P f 25 A0 3L ) o JIE L b 2 02
PREE EHBEMENL | G210 B0 R T i % 28, L T B0 T
FRE A R R NE, AL 1 273 R AEIE, 1/3 il
A RO 43 14 28t T, 4 2 it A 4t 9 N:90 kg hm ™2,
P:20 kg hm ? K;62 kg hm ™ }#%£.22.5 Mg hm *,
NX AR 46.67 m” BALIX 41 HES 3 IRE A
1.2 HRXESNE

RERIZ (0 ~10 em) MR A L BE, 47 ] 5256 =
HAR AT o B3 40 KT = FEAK G i 5 mm i A0
3 mmifi J5RI 3 ~5 mm F R, A/ X Rl BLIE £
3AHAE 3 ~5 mm K/NRY I RR CE 40 C LA
24 h J5 78 CT HAaTE T 4 COKFEPIARgE, KR
DA 4 T A g 3 A B Ak A | A7 DG T H
R B4 M7 i 0 9E 4T A HLBK - H,80,-K, Cr, 0,
AN 5 4 Ak o LR e AR e A Ak
BATRAE — FH B BT LE Ak 28 A A AL B — ok
SO s pH LA (H,0,1:2.5) 5 RHERHE 752
Hutk (CEC) : LMREVE ; FbL & B WAL B R AK
FasE k : Le Bissonnais (1996) 3", ey 15 i 4b 3
i o e TR E R AR (MWD)
1.3 CTHHES5BEKERZ

PR ARFE S CT I HEAE T 186 5 A W) BUAR 2k
(BLI3W1) 5E Ji,, 4 /N X Bl AL 2k 8 = A~ B fh ik 47 5
i FHiSEOLE R DT RER 24 keV /3 HFR 3.7

pm, BESGIFE] Y LS s, HE 6 5 RIW &M N 3
em, FESL B Jr N 0 F) 180° & e % , 3ok
£ 720 MR KGR . RJE R B G CT Program
BOFEAT R E A, R RE AR EERBY
800 7K JC/N M 1 049 x 1 049 B K (Y 32 i tiff #8201
IR BE VG, P L A7 Sy 8 i it A =X K RE TR
JREAEE Iy 0 ~ 255,

1.4 BE&aE

5 Y i BUR AT R0 A B (1) 52 2
H—Ak  F ] Tmage] H 4 +H () Normalize iy 4 £ 17 &l
BB SERE T — AL AL PR, (2) ZBRDh R A H] MATLAB
G5 IR RRIME DN . AR R R AL AR
RS R AR R A LI AR e IR AR L I 3 S 8 R A
ARAREE R B R R AR AR AP PR . (3) 1B E %R X
1, ( Region of Interest, ROT) : | Tmage] A} 3% B
an AR A 500 x 500 x 500 K TC #4743 B, 2B 43 K/
7 1.85 mm x 1. 85 mm x 1. 85 mm,

FH 3DMA-Rock #1458 1 18148 43 %1 Fl 4 35 L
BB S S8, B 5, SR T 5 BLAR 2k R AT K&
B9 A . o AR VR S R T R K B S R] AR OC O3
Br i Jm 0 A Ak 7 vk, i Je AR s H I I TO i T
PIAS BE, K BEAEAR T TO Al T T1 A48 3 43 5l %
Ao 0 AL, B EEE AR TO F1 T1 22 [ #1945 3% ) i 35
EAT S AHABAR R 18] 1y 2 7 22 R B, JE T E G 43 )
{87 o SRIG R BCFEIE 52 07 AR B = 4 FL R 4%
a2 g A LT 0 2% A R E T 42 T SR AIE LB
SRR IE S AR AL B H AR R
U B AR A BE LG 35 T BR A AL W~ A2 L R e S
bt 55, b L i o 2% A5 AU A HL A 4R 1 R T
B

VA E T e
|
Sk [ DT U -
" 1 > kTR
EWRD ey
FIAHES K .
SRR TR o warm
Y [ B LB ] )
i > AL
PR HET IS ST | kR
Y
- = >  Hz
BRG] RS ] -

PEL1 AL R0 2 A R g et it A [

Fig. 1 Flowchart of construction of the pore-throat network model
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Table 1 Basic physico-chemical properties of the paddy soil as affected by different patterns of long-term fertilization

o EERiIR 3 £ e e PR S - 22 46 45t Bhkr -2 AR
pH SOC Total N Total P Total K CEC Clay MWD
Treatment . . . . . .
(gkg™) (gkg™) (gkg™) (gkg™")  (emolkg™')  (gkg™') (mm)
CK 5.20ab 20.1b 2.05b 0.54b 11.09a 8.42h 250. 5a 0. 86a
NPK 5.14b 20.0b 2.05b 0.58hb 10. 95ab 10. 17a 258. 5a 0.81a
NPKOM 5.38a 25.7a 2.52a 1.27a 10. 75b 11.75a 240. 0a 0.96a

W R/l — 3 R RING TRk R 45 Ab B R 22 573 5 2 (p <0.05,LSD) Note: The different lowercase letters within the same column mean signifi-

cant differences at 0. 05 level
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Fig. 2 2-D and 3-D characteristics of paddy soil aggregates under different patterns of long-term fertilization
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Table 2 Characteristics of aggregate pore structure in paddy soil as affected by different patterns of long-term fertilization
3R ® @ p— - 2 . ® 4 ©) RRRELLS
FLBREY b i AL FLEHoRE L s i GRS S ) Eh N
Treatment 75t g
CK 2.28b 8.91b 2 866b 24 317b 33 969b 5.54ab 1.81a
NPK 1.56b 6.34b 2 434b 20 414b 25 812¢ 4.84b 1. 80a
NPKOM 4.05a 15. 00a 8 105a 33 204a 51 907a 6.34a 2.13a

L — TP ANE/ING FhE R RS AL HE ] 22 55 5 3 (p <0.05,LSD) Note: The different lowercase letters within the same row mean significant
differences at 0. 05 level. (D Porosity (% ) (=3.7 wm), @Specific surface area (um “!'), ® Total number of throats, (@ Total number of pores,

(®Number of paths, 6 Average path length (um), (DAverage tortuosity of pores
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Table 3  Effective pore size distribution of aggregates in paddy soil

as affected by different patterns of long-term fertilization

5B fLBR B 4 L Percentage (% )

A5 17 AL I BHILK AL
Treatment Storage pore Capillary pore Aeration pore
(<30 pm) (30 ~100 pm) ( >100 pm)
CK 29.22b 49.22ab 21.56b
NPK 35.13a 53.34a 11.53¢
NPKOM 26. 60c 43. 14b 30.26a

T« R —47 R Rl /NG B 7R 4% Ak B 0] 22 5 4 3% (p < 0. 05,
LSD) Note: The different lowercase letters within the same row mean sig-

nificant differences at 0. 05 level
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Fig. 4 Relative frequency distribution of path length within aggregates

in paddy soils under different patterns of long-term fertilization
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long-term fertilization
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CHARACTERIZATION OF AGGREGATE MICROSTRUCTURES OF
PADDY SOILS UNDER DIFFERENT PATTERNS OF FERTILIZATION WITH
SYNCHROTRON RADIATION MICRO-CT

Li Wenzhao'"> Zhou Hu’ Chen Xiaomin'' Peng Xinhua®® Yu Xichu’
(1 College of Resources and Environmental Sciences, Nanjing Agricultural Univeristy, Nanjing 210095, China)
(2 State Key Lab of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(3 Jiangxi Provincial Red Soil Research Institute, Jinxian, Jiangxi 331717, China)

Abstract In order to characterize 3-D microstructures of the soil aggregates in the paddy soil of a long-term fertiliza-
tion experiment on red soil in Jinxian, Jiangxi Province, as affected by different patterns of fertilization ( CK, NPK and
NPKOM) , soil aggregates, 3 ~5 mm in diameter, collected from the paddy soil, were scanned with a micro-CT scanner at
the Shanghai Synchrotron Radiation Facility (SSRF) for slice images, 3.7 wm in resolution, which were then processed
with the 3DMA_Rock software into digital images for construction of a pore-throat network model. Results show that com-
pared with CK, Treatment NPK decreased soil porosity, specific surface area, throat numbers, and average path length by
31.6% , 28.8% , 15.1% and 12.6% , respectively, while Treatment NPKOM increased them by 77.6% , 68.4% ,
182.8% and 14.4% , respectively, demonstrating that long-term application of chemical fertilizer caused degradation of
soil aggregate structure, whereas combined application of chemical fertilizer with organic manure significantly improved ag-
gregate microstructure and promoted formation and stability of soil aggregates and the soil quality, thus keeping the soil in
good aeration and permeability and building up soil fertility.

Key words Micro-CT; Long-term fertilization; Aggregate; Microstructure; Pore
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