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o OE: IR AR NIE Sh A e E TG sh, JET RS R IR SRR AR ISk R A Kt R P R A
PRHER I REM , BEHTLIR BT 71 A AL Bt 0 2D KR T AR e . I E A BI(NP) . 13 3 (PD) A 30 J5 #F - [l 42
(RP)3 b3, R X 2% CT UG AR IR A B HEFLBRZE R, S WA R I e /KRS A R R b A TR 2 SRR . 45 2R
7%, PD ACERRFR T H3EAFLIEE ANFLEREm M, 1 NP K RP ARBRAYRFLER A2 Lyl . W £ PD ARBEAY CH, HERE /> B2
NP AZb3 2.5 £5F1 RP AbFERY 14.6 £, AHSCHMTERBIIE 1 CH, MHERCS KALBRE 2 BE AR, RIIKALBIE -SSR CH,
Heji, £I3FMKRE L NP AbERAY CH, HE R =, PTRES T NP AbFE <30 pum AYFLBREE A, fE#F T CHL MBI PD AbFRES T
NoO HEiif, AHIC/MT R N2O HEUAS S AR 30 ~ 1 000 pm FLERSE W AAEC, PIFP 11 RP A3 BRI TR GWP) EE LI
CH, B HEBCE Y BT NP AT PD AL#H, BAFSE 45 R AR W] 1 AL B A b iy el A s il et LR 3 SRR HET, e s B 7 =20y -
A T RESERE H CHy A1 N0 iR Z —
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Effects of Pore Structure on Greenhouse Gas Emission of Paddy Soils

SUN Yuxiang'?, ZHANG Guangbin?, FANG Huan’, ZHANG Zhongbin?, LIAO Chaolin'*, ZHOU Hu*

(1 College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2 State Key Laboratory of
Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008; 3 College of
Agricultural Engineering, Hohai University, Nanjing 210098)

Abstract: Soil structure affects soil water and gas transport and soil biological activities, thus influence greenhouse gas (GHG)
emission from soil. In this study, incubation experiment was conducted in two paddy soils (whitish paddy soil and red paddy soil)
to study the effects of pore structures on GHG emissions under different treatments, i.e. non-puddling (NP), puddling (PD), and
repacked after puddling (RP). Soil pore structure was determined by using the X-ray computed tomography and image analysis,
and GHG emissions during rice growth period were measured by the static box method. The results showed that puddling
significantly decreased soil macroporosity and pore connectivity, while NP and RP had more large pores with higher connectivity
for both soils. PD promoted CH, emission from whitish paddy soil, which was 2.5 and 14.6 times of NP and RP, respectively.
Correlation analysis showed CH,4 emission negatively correlated with macroporosity, indicating the increase of large porosity will
reduce CH4 emissions. NP had the highest CH4 emission from red paddy soil, possibly due to the lowest porosity of <30 um
pores promoting CH4 emission. NP significantly increased N,O emissions from red paddy soil, which was negatively correlated
with the 30-1 000 pm pores. The global warming potential (GWP) of RP for both soils was significantly lower than other
treatments. In conclusion, this study confirms that the change in soil pore structure greatly affected GHG emissions and
maintaining a porous soil structure can reduce CH, emission and global warming potential.
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SERARAR RS2 [ PRt 23385 il DG A RIS, RS
Y CO,. CHy Al NyO S5 % AR ¥ 8 48 S 1t
AR RE I E A . Horh, CHL A NLO SN
TR B TR A 15% 1 5%, A5 & CH,
N0 1 FEBHEROR 2 —P), A E VA A R K
IKFE A = ARAERE L CH, M HECE: & R L CH,
SRR 18%5, NLO (L 5 A R
7.0% ~ 11.0%™. ik, BFFEREH CH, A1 N,O AYHERL
A, TR H AR A A = IR = S AR A HEL,
T % A 0 2 800 A 46 E B R

FHEFLBR A TEIR B A= B ARG AR
il EEIEHTY, HHEFLBRAECE . K/NRTES
S PR e RO Y RS B B | IR A
LAV LA B A 6 3, TR CH, A N,O
7= SHET, Regina S H 418 b 1 K ALER
(=30 pum)EZ A MILBR(<2 um)i/>, 34 CH,
SA A3 i . Mangalassery 25U OffF o8 F WA 76 V0 4% 1
AN+ b A HEFL B (9] T AL B E AL A (2
FER I CH WHERL, 1EXF NLO MHERO A 5%
Wi, 1 Rochette 21 398 (4 FLER B 8 2 %)
B 119 N, O I 25 S

XF R 3, BRVE | 4T A A R it S
R HEALEREE R, oA e A e B, T
3z F] 4 b S RV RS T (9 CHL AT NLO 7228 i)
AR B R, R LS, AR
FEAIG 1358 CH, AHERLT, RN NLO HEBU R i 4
AR DL AR 9 B30 ek 28 08 A ) oA i o
DT A% CH, F1 NLO HECR 40, {22+
AL PR LS 5 IR = SMAHER ) OC R IR B AT
T AR, B IR R AR LB S,
H, TSR KRS - FLBRZ5H T CH, # N,O FE
TR, AR BCA PR A AR T 4 84 B GG | DR
SMHE R LB AR

1 #REFE

1.1 ks

BERAKRE o000 1 A2 RS £ 8 R
B b E R 2 B R AR b A A ST G % 3 b
(119°54'E., 31°16'N), ZIMHKAg 1%k A TILEA
HE Bt B9 VT VY 48 41 38 W 9T T 5K 56 Hb (116°20°E
28°15'N), FEYINHEZE L3O ~ 20 cm). HHERER
EER TRT, ERAGT S mm s A, Hil+
BRI FEAE R WL 1, Bk AE Ak IR64, J& TR
RUH KR

F1 XL EERMER

Table 1 Basic characteristics of tested soil

it 1 48 SOC  pH CEC AR 2H B (%)
(e/ke) (cmolke) “gogr gk Ak
W1 1 219 6.28 11.3 5.7 833 11.0
ZIEMEKRE L 205 6.48 11.1 94 647 259

1.2 REigit

FH PVC B (N 19.5 em, #5JF 40 cm)iFE2: +
o wE 3 MO, S0 AESI(NP) . HE5)(PD)
A 2h J5 BF £ InIEL(RP), A R FEFLBRZE . F1
APV E 6 NEEE . Hip, NP AAERE L 5 mm Y
AT L5 28] A, BEEEN 30 cm, HE
1.1 g/em’. PD AbEKE - HERE SRS A, 3
Rk NP ARBUAHIE], SRS MUKMAT, i 48 h
J& IR (TB-1000 AR D3R 4585 43 5 10 min(F%
HA 500 r/min), RP AbFRAE 4+ 3ERE G BT 15 L
PIERAR T, IR | ORT K diEbE R PD AR —3, K5
Hek, fptHEE TR, BEA<S mm AYHB, [RE]
+HT, BERN 11 glem’,

F AR 5 AE v R 2 B g at b A S T I
WHEAT o B K FEFPFiCE TR 3R I, P45
R, TERFRA PGS CHMEEF 2 do I 2R
(P27 R (T LR, B AR S W
P, /KR 5 D, O B P RR A S 4 3 1Y
B o KR B S AR OREFHE K (2 em), BRBRIK,
PRHE A5 b B 7K e B — B0 KR 43 BE A0 30 (R A
35 dyjifi A 43 BE AR (i R 3 keg/hm?), KRG 5 BE I
WA 48 A)FEATHEK 5~ 7 d, FhAE 77 d J5 ke
R .

1.3 N,O #1 CH, By REFNE

FEKFE AR A 2t i v SR FH A — SR 3 v o
RESRHEGE . SRAFE N EAR 35 cm, 50 cm
() PVC A B RAAR(E 1), AT ERA, B8
T AN RS AR DA AR Wi R AR I A A DR A K
(K 1), TERRERAT NG 7d RE KA.
SKAEFE B F 8:50—11:30, 7ESEAHIGHY 0, 12, 24
F136 min LI 4 WORRE, SRR % IS R MG £
SEFA 18 ml HAS BT, BUCRER AT
20's, PRUESMRFES R, RASFEM FIBHC A
TREE . FEM CHy A N,O R A A KM B T Ak
#+(FID)F 63Ni HL 4 A #5 (ECD) A 218U AH
o3tk (Agilent 7890B)E o MR 4 YCHE i A ARV
ZEME, WAL G TR R R, R
AR A AR CE R
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de 273
B et M
K, FONSMHEGE R (AL : CHy M mg/(m™h),
N,O 4 pg/(m*h)), p MFRAERA SRR % B (CH,
H0.714 kg/m®, N,O K 1.25 kg/m®), h &= RAEFE Iy
I (m), de/de Ry LA st ) YR AR AR G ik AR
R, T R RFE AR R ABEAE N IR EE (°C)
T3 SRR IR B S GWP) I PRI,
GWP = CH, Ui x25+N,0 i <298 (2)

35em
1 19.5 cm
GRS ::\:_i:j >
— = T N
BT S0em 40 cm
X. ?ﬁ%ﬁ B. PVCIHRIR L 4E

E1 BESHKXEHEREE

Fig. 1 Schematic map of sampling chamber for GHG
1.4 CTH#E5EKRAE

TEKFERAEET, I PVC B JI(HAR 3 em, HE 3
em)RERZ T, BAEBFENLPE 3 A4,
MEAERSE 3 AELE . MM X SEBH CT
(NanotomS, GE, Sensing and Inspection Technologies,
GmbH, Wunstorf, 7 EN) 4 L4 . R E N 90 kV,
LI 90 pA, BEGINHTE] 1.25 s, 23 (8] /33850 0.016 mm,
TR E TS, D0 B 360° SJEUIER:, 7RIt
AR 1000 TRHE KR . FIH Datosx2/Rec 4k
PR RMBE R, ZJ5FIH VG Studio Max2.2 3 ff
PRI 2 302 5K 8 SIAKEEFEIR . FIA Imagel 4R 1R T
EURAE AN 5317 o e = 4EEMR TR 0y AR R S B R
1 800 &I (28.8 mm) A [543 DX I AT Ay JER 2 i X Jak
(region of interest, ROIT), ROI SZPrA/INA 651 mm?x
28.8 mm, FIH]H BT EIG Ak, SRR
BoneJ f#ifFh Volume Fraction iT+&fLERE, FIH
Thickness i EALBR K/ N o B —(HALEIR 3
A Matlab 7, HRYEAG) AL

3 (PV2)
= 3)

(3]

o PC O HEFL B EE JE HEX R 0~ 1,24 PC=1
i 2 IHFL AR TR —FLBR; 24 PC=0 FHIU R BAFLER 43
W, HAKGE), PVONFLBRIAEL, n AFLBREGE .

1.5 HBRESSITHHF

HIHT SPSS 25 X BTG 1A AL P [7] 2
o M 22 = ok KR 5 22 43 BT (One-way
ANOVA), I Ff/N2E 5 i 351 (LSD) ik 4T 2 5 Lk,
BFIKF-H P<0.05, AHICM BT R ] B2 2K 2k (Pearson)
XA G 56532

2 #®R

2.1 WHMTERESENTIEFLEEN

&l 2 AN R 4 2 398 1 — (B ER (ROT DXl 4
R R, AR . 5 NP
AbFEAR L, PD AbSHALRRI D, FEE RIETE LI HiE
WPERE . T RP ARFEFD NP Ab P 25 [ A
A, Z03EMEKRE Y PD AR B K FLER /.

(NP: REiPeabs, PD: HibkAbs,
RP: Bt $E)5 A 4 AR FE ;R W)
2 FEAIEFKFE T FLIRE MBI
(B Baeiis ATLE)
Fig. 2 Effects of different treatments on soil pore
structures (pores in white color)

X CT BUR I 50T, ol LIS 2] ERUE 55 HF
R P B R LB B (3 2). 1914 £ 19 NP il RP 4k
2 ) A RFLIRE 25 59 AN 2, (HY 3% & T PD 4b
FH(P<0.05) . 2T 38 /K A 1 K FL B EE 45 Ak 2R ] Sy
NP>RP>PD. W 145 PD Ab B %) FL I 1% 30 Jir 14 b 3%
XTI A AL (P<0.05), BEHIBESIEAR T RALBREE K
L sE M 1+ NP AP E A2 <30 pum . 30 ~ 100 pm
F1 100 ~ 500 um FLEG AFLER 2 44 8 2 = F PD 1 RP
AL FR(P<0.05); RP 4bFEEAE 500 ~ 1 000 um FLEEAYFL
BB B 2 T NP FI PD b3 (P<0.05), % F2rsgEttk
Fi+, NP PR 100 ~ 500 pm =1 000 pm fLER
FIFLBR R B2 5 T RP Fil PD 403 ; RP ZbFH 1542 500 ~
1 000 pm FLERAFLIREE 25T NP Fil PD 4b3(P<0.05).
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Table 2 Macroporosity, pore connectivity and size distribution for different treatments
L5 ARFE RFLBREE(%)  FLBREE R FLBRIR/N A (%)
<30 um 30~100 um 100~ 500 um 500 ~ 1 000 um =1 000 pm
WAt NP 77+09a  0.064+0.060a 0.08+0.02a 0.70+£0.14a 47+04a 1.54+0.48b 0.64 +0.31 ab
PD 47+£02b 0.003+£0.002b 0.03+0.0lb 0.22+0.02b 1.9+0.1b 2.00+0.11b 0.63+0.07b
RP 6.5+£03a 0.015+0.006a 0.04+0.01b 0.25+£0.04b 25+03b 2.88+0.12a 0.78+0.10 a
EAR: 30 NP 80+04a 0.115+0.056b 0.06+00lb 095+0.14a 54+05a 1.07£0.16 b 0.52+0.18 a
KAE PD 24+0.1c  0.005+0.005¢c 0.11+£0.02ab 0.57+0.12b 12+0.1¢ 0.40+0.03c  0.16+0.04b
RP 6.7+04b 0487+0.10la 0.16+0.04a 1.07+0.24 a 37+040b 1.48+£0.20a 0.21+£0.04b

TE: NP: AHEFEALEE, PD: $iEFEALEE, RP: BHEFHGHF L BURALEE; [FF)/NG FREARR R [ — AN [ 4h B R] 22 53 . 3% (P<0.05),

ESCE

22 WHMLTERELEN CHHRES

IKFEA I CH, HEBGE &4 &l 3. K FERE A S
1 ~ 14 d&EHE) CH, HEBCGR AR, PIRD 1845 Ak
A AT 3 22 5 (P>0.05), 56 ~ 77 d(HEK M5 &
B AR CH, HEC R R, 20438 AS 1454k
PR BA B2, (HJEH A+ PD AR A HE
FE T NP I RP 4b3(P<0.05)., CH, HEH 3 Z 4 e
IKFEAEAR Y 15 ~ 55 AT BERIRIHEAKIN), o5 AL
WA HER B 88.5% ~ 99.6%. WiF+ NP, PD i
RP A HEBIFERT B 48 RHEKIE S — UK RAR)CH, HE
HEHBEAE, 390N 4.83. 6.93, 0.56 mg/(m*h). 15
~ 48 d CH, HEjfE 5 23 PD>(NP>RP); 49 ~ 55 d

12

A) -0-NP —e— PD--A--RP

CH,HEHGE & (mg/(m™h))
~ N © S

[\

S

& PD>(NP., RP). ZI3M/KHG+ CH, HEGH & 3%
T AL BE(P<0.05), 15 ~ 55 d INFE# (NP,
PD)>RP,

PR R AR ERAY CH, X HE 08 5 LS HE
BRI 3, AHTRIACER R 2 e v KRS 38 2 T
1 +(P<0.05), i+ PD 4ZbF CH, ki & A
SHECE Y B ST NP AbFH, RP AbEE R EL T
&b 38(P<0.05); PD AbBE CH, () B HERT 223 51 & NP
1 RP ZbFREY 2.5 5 H0 14.6 f5 . W2riEd KRG+ NP
1 PD 4b B8] CH, V-S4 HE 0 &A1 S HE i A
25, W EET RP AEH(P<0.05); NP FI PD kb3
() CH, B HECR 43 )& RP ALBREY 17.4 £5F0 13.7 4% .

80

(B)  -0-NP—e—PD --A--RP

0 10 20 30 40 350 60 70 80 0
Ao KL (d)

3

10 20 30 40 50 60 70 80

B L A)FILIRMEKELB)AELE CH, HERUE 2

Fig.3 CH, emission fluxes under different treatments of whitish soil (A) and red paddy soil (B)

#3 TELEAKFEL CH 1 N0 BT HHKBEF S HNE R 2IKIEEEE

Table 3  Averages and total emissions of CH4 and N,O and global warming potentials for different treatments

14 AbFE CH, PHHEGE .  CH, AR NLO - 24 HE i 38 N,O B HER R SBRHTRTEE GWP
(mg/(m*h)) (kg/hm?) (ug/(m*h)) (kg/hm?) (CO,-eq, kg/hm?)
WHE+ NP 0.69+0.32b 12.7£597b 8.6+4.0a 0.16£0.02a 365.5+153.3b
PD 1.75+£0.46 a 323+844a 79+13a 0.15+0.07a 852.0 £204.3 a
RP 0.12+0.03 ¢ 221+0.69 ¢ 73+13a 0.14£0.02 a 95.60 +23.32 ¢
SHEPE NP 205+5.13a 378.0+94.8a 44+02b 0.08 £ 0.003 b 9475+2371a
KA+ PD 16.1+1.86a 297.0+34.4a 160+39a 0.30+0.07a 7513+838.6a
RP 1.17+0.83b 21.7+153b 41+08b 0.08+0.01b 565.1+380.6 b
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2.3 TWHMITERELAERN N0 HiMEE

NoO HYHERIAAFLIN] H AR % K (& 4), FERME
Ja 1 ~7d &0 BIEE, Z 5 REFEACIR I 45
AEFRER) NLO HERCEAR - 35 d il AERHIR ) 213
IKAE A A HIS BT — AT R A HEK S 21
7K (48 ~ 55 d)HTE]I 1 45 A0 PR NL,O HEGE R, &
IKJF (56 ~ 77 d)4 b FE NLO HET 4k R 7R R K F .

W A AL FRE] NLO P-4 HE A 2 RS HE
PeA 2525 53 3)(P<0.05), MiZrigttKAE+ PD
AEFEN B 3E = T NP Fl RP ARFH(P<0.05)( 3). 413
PEZKAE 1 NP AL HE Y NLO P-4 HEACH &t F1EHE R )
JEWIH 1 NP AL BRRY 50%, T3 1 PD 4R N,O
VXSO A HE R R LUK R - PD AR
Y 49%.

24 W ITIEAFLENSIKIGRER

FH 3% 3 AT UL R 45T A 1 = HECR CHL FEN,O

B R A B IR I #(GWP) L PD A B fe e, >

CO,-eq 852 kg/hm?*; £13fEME/KFG 1 NP kb B, >
COx-eq 9 475 kg/hm®, AL GWP K/ CH,
SHEBCREE AR, 1 8 PD>NP>RP, 213k
JKFE LN NP>PD>RP. TR N,O HEBUH XS
A, L CHy X aBk iR mEck, Sl
50.7% ~ 99.8%. TEPIFFLIE [, RP 4bFHA) CH, 1
NLO HE B Fe H A BRI R T N e ik .
25 TEIBMEMERESEHMMXR
FHOCAHTRII(R 4), I 454021 CH, HFTK
St 5 CALBEE R 500 ~ 1 000 pm FLF 535 67 AH ¢
(P<0.05); N,O it e & 5 FL I %30 B2 F1 <30 pm fL
Bl i 2 IEAHOG(P<0.05) . £033ME K RS 1 CH, HERCE
LB % B A <30 pm FL B2 R B3 A 6
(P<0.01), 5 500 ~ 1 000 pum FLPF 5 5357 AH G
(P<0.05); N,O HEf e & 5 RFLEEE . 100 ~ 500 pm
F1500 ~ 1 000 wm FLER S 4% i 2 A 6(P<0.01), 5
30 ~ 100 pm FL P 5 I 3 57AH 56 (P<0.05).

100r () -0-NP——PD -4 RP 100r 3y -0-NP ——PD -4-RP
= 80t 80
£
g 60 60+
)
_EE( 40 40
feed
Q
= 20 20
of of Bada

0 10 20 30 40 50 60 70 80 O

10 20 30 40 50 60 70 80

4

Pk KK (d)
FE T (A)FILLIEMKIELB)AELIET N,0 HiHEE

Fig. 4 N,O emission fluxes under different treatments of whitish soil(A) and red paddy soil(B)

x4 LREBERILBXNSHS CH M N0 BHERIHEXME

Table 4 Correlation between pore connectivity and size distribution with total CH, and N,O emissions

+1 mESMAR KRILEE  fLEEEE <30um  30~100pm  100~500 pum 500~ 1000 pum =1 000 pm
Wt CH,4 -0.68" -0.19 -0.07 -0.12 -0.26 -0.78" -0.52
N,O 0.06 0.83" 0.75" 0.55 0.46 -0.41 -0.55
KRG+ CH, -0.05 -0.83" -0.80" -0.51 0.12 -0.74" 0.46
N,O -0.917 -0.64 -0.03 -0.71" -0.85" -0.86" -0.49

e o+ FIRMSCIES P<0.01 WK, * RSkl P<0.05 K.

3 ihie

FE FH CH, Al NoO BOHERCTE KA A2 1 22 A A L2
AR AR APFFE PR E K B CH, R
EPTERFREE I 15 ~ 55 d, 49 5 8A4F FHice

http://soils

1) 88.5% ~ 99.6%(I&l 3). i BeAg HA WAL T-HEACIR
&, KZBRH TS LB A SRS, T
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AR, Hit cH, HEcE st miAigT
NoO AYHE A HLIN FLAR SR (B 4), 3] e
SRR NLO AR P BRI A e 3
WA AR, BARKR AR, 17
HEK 5 2152 K31 (48 ~ 55 d)ifl 11 45 Ab B N,O Kt
He, X0 R sc B AR 2E T NLO HE! 20,

- LB 25 48 2 1 oK 4 AR ARGZ Bh 1 3
I AR ) A BT, FLBREE HA (14 272 1T B 52 1) - 45
T SR A SHE A g i BB R
B3 M- SEALBRZE A . Ho, PD ARBREIR TR MR
IR ILBREE A, TR T IS R ERIEFLBR, 23 AL
T 3R R FLRREE FIFLBR A B (R 2), HZEgnsgl
Ml Fang ZEPHFoe 45—, NP AbFE i T 384050
A ARYTT AR RR AR FLBRZE R, 1 RP AL P
Sl e BF A IR R R B TR LB, PRIk
A P18 SR L Bt 88 AL B 2 30 P 7 T A 3 24 v
AN [T Bl Ak 35T 21338 P 7K R = R 1 - AL BR S5 44 1)
FMIETE2E 5, X AT AE R i R b A 2 52 v ) o

CH, HE 5 K ALBR R 5L 8 3 Fd e (R 4), Uil
3 A RFL B B RS i 2RI CHL HEik . #9111 + PD
AbFRRFLERE B AT HA AN B (SR 2), HHERALER
HUs N R T IR E IS B AL, ek 46 CH, 7=
AUV R PD AbBR Y CH, R 8 3% s T oAb sk
(P<0.05)(F 3). 75—, HhFURERILBR P
B, A CFLBR B A3 3 b e AU AR T R
HEZHASERTAIW, M CHy fHEL
90 - $9E AL 8 o 14 ] g b 2 038 o 4 48 7 LR 32
W, A FL B 8 3G 0 2l el R
P, R0 = A e Y ARBIFSE Hh RP AR BEAGFL
B E A B T PD AR, AR SRS T dL R
CH, HEjilt 5 LB 18 B A0 35 A (R 4). 454k
Hirft RP b3 CH, SHER & 2 3K F NP Fil PD 4b#
(P<0.05)(% 3), Uil RP AbBHAEAS M 1 38 JinFL R 0
FLB % i FE AR CH, B HET

5 CHy ARIF, NoO HERCHE P 448 v A 438 5L
B2 0] G RAFAE 25 5% o £TEMK RS £ PD ARBE NLO L
HEfcE: B 2% m T HAAL B (ER 3), X AT RER P 145
PSR T RALBRAI A R A, FEARAL B R T i 4R
W, IRl 268 T 2 R ALY, 1 R e 0 S
e R RHG, fEdE N,O B7= A= fnki 2420, i i)
14 PD b2 N,O HEBOF AT W1, nTREJE A
W+ PD AP K FLBRE (4.7%) 5 T4r kKA Ak
H(2.4%), H-5H A PR 22 AR XTI AT,
PIFP I AF TR R R 25 5, AT RE AL NLO HEK

SRR FLE A S — AR P8 Balll M 3 i
I SEFLEREE, ST R NLO HEL, BRI b
HALBRIIE K, e Z S i AR, KRR REE 4F
M R A A A R P, DI T b A
ERAEARVER, 45 N,O HERAK. AAFsE s
HepE KRG 1 NoO HEMCR 5 R LB B 2 (0 38 6 AH G
(F HWIEIX— 5, Kravchenko ZEPIFoE tiig
N,O HEHUR 30 ~ 120 pm AYFLBREE & W& TAAHOC, 3K
5T % B NLO HERCE 5 B A% 30 ~ 100 um A FL
BRUBE 2 0 AR OSSR S —8 (B2, &
A P A A S B BH S R | U RH 3R 2 At
NLO HERL 52 AR5 J , 5 BT X BAR A - HEEA TR
NG5

T /KRB R B AL T ACIRES , NLO HEBCH X
B, RIE CH, X BRI SA K, CH, X4
BRIG IS TR 5 LN 50.7% ~ 99.8% ., AHF5E 1 RP
A P A2 BRIG TRV A 0 I T H A AL F (R 3), WTRE
JEFN RP AL HE B AN T 500 ~ 1 000 um AYFLER(F
2), T H3E CH, HERC, AHIC AT LR B W AR
JKFE 1 500 ~ 1 000 pm [FLBREE AN CH, BHER R 34 5
BE R ARBFIIESE, HIEFLBRZE N RS
S I 2 ASRHEC, A L B 3 AL B KN A
SRR R = SURHER I BN R Z — iR
IR ALBR BRI = A AT BeiR AR . S
T LR ARG T3 AL R 45 4 1 022 52 i iR = SUAHE
T I FERIL , Ry 48 - 3R 2540 28 i s/ 1R 2 S MR HE
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