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Abstract: Iron oxide in red soil is a critical factor regulating soil organic carbon sequestration. Our objective was to explore the rela-
tionship between soil organic carbon and iron oxide in uplands and paddies, which is beneficial for understanding the stabilization
mechanism of soil organic carbon and provides scientific guidance for rational land use. Based on upland and paddy long-term fertil-
ization experiments (over 35 years) in the red soil of southern China, the designed treatments included no fertilizer control (CK),
chemical nitrogen (N), chemical nitrogen, phosphorus, and potassium fertilizers (NPK), and NPK combined with manure (NPKM).
According to the method of Shavinov, the dry screening of soil aggregates was used to obtain large soil macroaggregates (>2 mm),
small aggregates (0.25—2 mm), and microaggregates (<0.25 mm). All soil aggregates were used to determine soil organic carbon, soil
dissolved organic carbon, complex iron oxide, free iron oxide, amorphous iron oxide, and iron activity. Compared with CK, NPK and
NPKM treatments in uplands decreased soil macroaggregates but significantly increased soil small aggregates and microaggregates.
N, NPK, and NPKM treatments in paddy reduced soil macroaggregates but increased small aggregates. The average organic carbon
contents of soil aggregates were 8.21, 7.65, and 2.08 g-kg™' in paddy fields, and 2.93, 6.68, and 1.33 g-kg™' soil in uplands, respect-
ively. The average contents of dissolved organic carbon in macroaggregates, small aggregates and microaggregates in paddy soils
were 70.72, 79.83, and 30.29 mg-kg ', respectively, whereas those in upland soils were 7.27, 21.49, and 5.88 mg-kg ', respectively,
under treatments of N, NPK and NPKM. For upland, the amorphous iron oxides in macroaggregates, small aggregates, and microag-
gregates under NPKM treatment were 2.45, 7.62, and 1.82 g-kg ', respectively, which was significantly higher than that in CK, N, and
NPK. For paddy, the amorphous iron oxides in soil macroaggregates, small aggregates, and microaggregates under NPKM treatment
were 5.27, 6.45, and 2.83 g-kg ', respectively. Compared with CK, NPKM treatment significantly increased the free iron oxides in
each soil aggregate, and N treatment significantly increased only the free iron oxides in soil microaggregates. There was no signific-
ant difference in the free iron oxides in macroaggregates and small aggregates under N, NPK, and NPKM treatments. The iron oxides
contents first increased and then decreased with soil aggregate size. For uplands, the amorphous iron oxide in small aggregates and
microaggregates was positively correlated with soil organic carbon, with slopes of 0.64 and 0.45, respectively. The amorphous iron
oxide in macroaggregates, small aggregates, and microaggregates was positively correlated with soil dissolved organic carbon, with
slopes of 10.33, 7.36, and 7.34, respectively. For paddy, the free iron oxide in macroaggregates, small aggregates, and microaggreg-
ates showed a significant positive correlation with soil organic carbon, with slopes of 0.45, 0.29, and 0.84, respectively. The free iron
oxide in soil microaggregates was positively correlated with soil dissolved organic carbon, with a slope of 23.12. There was a signific-
ant positive correlation between the content of amorphous iron oxide in small aggregates and microaggregates and soil organic car-
bon. The amorphous iron oxide in macroaggregates, small aggregates, and microaggregates was positively correlated with soil dis-
solved organic carbon, with slopes of 15.30, 17.91, and 13.78, respectively. In conclusion, the amorphous iron oxides has positive ef-
fect on soil carbon sequestration both in upland and paddy soils, while free iron oxides play an important role in soil carbon sequestra-
tion only in paddy fields.

Keywords: Red soil; Upland; Paddy field; Fertilize application; Soil organic carbon; Iron oxide
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Fz1 SLENEFMENREEYERE
Table 1 Annual application amounts of chemical fertilizers and
organic fertilizer in each treatment kg-hm*-a”'

R abE {BJIE Chemical fertilizer HHUE
Land use Treatment N P K Organic fertilizer

S CK 0 0 0 0

Upland N 120 0 0 0

NPK 120 60 120 0

NPKM 120 60 120 30 000

7K H CK 0 0 0 0

Paddy N 180 0 0 0

NPK 180 90 150 0

NPKM 180 90 150 45 000

1.3 HmRERNE

A ST 2020 4F 11 A A RS . BHb B
B il ZERK B R WOIR J5 R 4R, A T - A o 7 G e i
WIEFRE, HER S5 em T84 EZE -5 (0~
20 cm) FE i, BEAS/NX IR <SP IE B LR AR 5 A4S/,
TRAIE RN IR A R A Y

SR P SRR 43 G st ot - 8 AT SRR A Al R O 1
B 45 ELRAR oK s T, 4 A SRR 2 SR T
Y e T kY, AR RN 8 RS PR
Heie A5 My T, i 398k 23 8 mm (Y O
T, Pk AR A A ML, T AR K
Tro BERFREL LR TR0 £ 3ERE 50 g, B I
F NI 2 mm F1 0.25 mm B 06 I, KR
WO &, LIRBCRE AR /N T 0.25 mm () 34 5y, B0
TUHRAT 0 55 o I - R & 14 7 2 FH R 3 =X 43
T K IR T YR 3 min, 285 M _ESAR IR, 45
A R 1) R o IR AR IR D S, A B IR
AR (>2 mm). TIE/NATRIK (0.25~2 mm) Fil 14
T A B A& (<0.25 mm). 45 2% + 398 P 5 A AR I3 it
0.25 mm 7 J& , FIJC 3BT (Rl 22\ F, EA3000) 1l
FE A AR L /0N PR A R A 1A SR AR v A AL
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- HE P BR A v n] RS MLRR I R - B R A 4 A
RIKFES 4 g, #MEKE LS 1M ABEAIK 20 mL,
25 °C F 250 r'min ' BEFEHR 1 h, 7E 0411 LL 4000
rrmin | B0 20 min, i3 0.45 um BEAE, B EVE R . R
FHEA DL Z 0 HrL (MultiN/C3100, £ [ B 52 il &
AT L B

Ui B S A AL R FH 0 B R A — A TR
N —FERRERANIE AR FREGT 0.25 mm i +FE 0.5 ¢
T 50 mL 4 55 2504 Y, Se A 30 mL $2 HUGR| (0.27
mol-L™ ¥R =AM A1 0.11 mol- L™ B R A AM TR & ¥
W, pH=7.3, Fi Eh MR M), 80 °C KA H K 15 min, il

A 0.5 g % BRI R, £ 15 min (RIS Wik
), SR J5 4000 r'min”' Z5.0 10 min, ¥ FIERE T 250
mL 75, ) LR B P AL 10 mL B 4K, $
A, B, RIERBEIAX R A B, HRSREE
5K, AR BRI . JoRE B E AR R R
Bl wh IR AR B FRBGE 0.25 mm AT HEE 1.0 g
B T 100 mL HEJE R, 7R 20~25 °C I $2 W L
1:50 Jil A 50 mL %R 4% % v (0.2 mol-L " 1 iR #%
2% vhif, pH=3~3.2, #i R A2 K JH A7), % B 5 A
AT A AT, IR HL LR G PR (180 r'min ) 2 h
(B 4 h), SRRV R A 2 B0 P 4000-r-min ' S
> 10 min, T IEB/N ORI . 2GS EE LY
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2 T A A B (P<0.05).
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BURK B it 22 IR /N L 3R A > 1A 28 A >l 141 58 14
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gkg!, BFHE T CK. N HINPK (P<0.05), J5 =& =
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Fig. 1

Mass ratios of soil aggregates with different sizes in the upland (A) and paddy (B) soils under long-term different fertiliza-

tion treatments

S Ta] Ab BRI AACHE B L% 1, A BR R AN TRl /NG 19 2 7R R [l it I Ab BRAE P<0.05 7K F-22 53 8 3% . Details of the treatments can be seen in Table 1.

Different lowercase letters indicate significant differences at P<0.05 level among different fertilization treatments.

*2 KHTERETEMAKADRSRNEARGHENKSE

Table 2 Organic carbon contents of soil aggregates with different sizes in upland and paddy soils under long-term different

fertilization treatments g‘kg_l
b Upland 7K H Paddy
YLrL KIAFRE INAR A AR KARAE /NARA (GBS
Treatment Macroaggregate Small aggregate Microaggregate Macroaggregate Small aggregate Microaggregate
(>2 mm) (0.25~2 mm) (<0.25 mm) (>2 mm) (0.25~2 mm) (<0.25 mm)
CK 3.01+0.08a 5.64+0.07b 0.97+0.01d 7.41£0.43b 5.80+0.41c 1.43+0.14d
N 2.77+0.03a 5.88+0.19b 1.17+0.02¢ 8.13+0.20ab 7.47+0.31b 2.10+0.01b
NPK 2.84+0.02a 6.40+0.11b 1.46+0.02b 8.89+0.20a 7.85+0.21b 1.80+0.03¢
NPKM 3.08+0.21a 8.79+0.68a 1.72+0.07a 8.41+0.24a 9.48+0.24a 2.98+0.01a

A A B EAAE B L 2R 1, FFIAR/ING T8 R R [F) i AL AL AR P<0.057K 22 57+ .3 . Details of the treatments can be seen in Table 1. Different

lowercase letters indicate significant differences at P<0.05 level among different fertilization treatments.
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NPKM Ab 3T 58 v iy /)y A 3R A 6 AT SR A2 1) A L
e 25 2 () 398 0 0 E 40 00 R 63.4% T 108.4%, B 1=
T NPK b #1381 (35.3% F 25.8%).
23 KHITEMARLAIE T IEFABE LA E B IR

SERES5TEBNKNXER

& 3 FR UK H 4 48 4% AT SR A T i A LB 7
PR, BAMUIEH AT LA K A R A b
G I RAR T HA DA & i . K H 3R KA
AR /N AR AR R AT ZR A4 %) S 34 RIS A AL
&5y W 7072 mg'kg . 79.83 mg-kg 'l 30.29
mg-kg ', SR 9.7 5. 3.7 AERI 5.2 5 (K 3). X
TR, NPKM AbBE R 38 K AR R /N R
A ARG P 3R R e T P A LA X R 43 5l 16.08
mg-kg'. 46.11 mg-kg ' Al 12.82 mgkg ', i FH & T
CK. NI NPK (P<0.05); 55 CK AH I, N 4b B i 2%
I A 5 K AT 2R A v B BT 3 1 A HIL 7 i, NPKM i
EROINT R AR /N R AR A R AR
AR BB & B (P<0.05), X T /K H T 5, NPKM

AFRR HE A R AR L /N A SR AR R AT SR A
1] s M A HLER 5 B4 5 R 98.20 mg-kg 'L 130.30
mg-kg ' A150.39 mg-kg ', WE = T CK. N FINPK (P<
0.05); 5 CK A L, N &b B I 35 A7 2 38 e A8 + 1245 i
G SRR AT V1 A BLBR B 4k, NPK AL B g R T
S R AR T Y T A LR i (P<0.05)

S 3 R AT SR A L /N SR AR N B R
S BRSPS A AR 1 R R IR A DG OC R
(P<0.01, [ 2), HALZ 45512 21.59. 9.90 A1 12.20.
7K B v i /) P SR R AT SR A SR A BILARR 5 PT i
PEA LR & B2 B E R IEASCC R (P<0.01, & 2), H
REESY IR 15.00 A1 17.93 AS[R) 4b BR8] A5 HLER 5 0]
VoS A WL P R DG ) A9 238 2 3 3R AN ()R 4% AT 2R
A = HE T VA HLAROT - S84 LR 1 SURR M A TR
24 KHARRIMERAE T HESSECYSE

5 398 /0N PR SR RN [ ik LAk ) RS 2
= TR RG] R A (R 4), 5 CKAHEL, N Al
NPK b # & Z 340 1+ AR A R AR h i 28 B 28

*3 KEITEMRELE TRk A RRAR R EIBRS 8

Table 3 Dissolved organic carbon contents in soil aggregates with different sizes in upland and paddy under long-term different

fertilization treatments mg-kg'
4l Upland 7K Hl Paddy
sz KRR INATR A AR PNZIE LI /NARAA (B ILS
Treatment Macroaggregate Small aggregate Microaggregate Macroaggregate Small aggregate Microaggregate
(>2 mm) (0.25~2 mm) (<0.25 mm) (>2 mm) (0.25~2 mm) (<0.25 mm)
CK 4.85+0.12b 15.63+2.02b 2.86+0.14¢ 62.03+11b 61.77+7.38b 24.69+1.35b
N 3.55+0.24c 10.86+0.68b 3.15+0.08bc 55.62+0.85b 62.77+1.75b 26.05+0.81b
NPK 4.61+0.34b 13.37+1.57b 4.69+0.31b 67.03+0.81b 64.46+8.89b 20.02+0.37¢
NPKM 16.08+0.05a 46.1142.31a 12.82+0.90a 98.20+7.94a 130.30+11.29a 50.39+1.46a

IRV FEAAE B I R1, [FFAR /NG SRR AR IR AR B 7E P<0.057K 725 5 . 3% . Details of the treatments can be seen in Table 1. Different
lowercase letters indicate significant differences at P<0.05 level among different fertilization treatments.

O >2mm O 0.25~2 mm A <0.25 mm
150 ¢ -
<0.25 mm = <0.25 mm

= 1ith ,

o 1=12.20x-10.34 ‘- Upland 1=17.93x—6.94 @ 7Kk H Paddy

0| RO R=0.76"

£
K j:’ >2 mm 0.25~2 mm
=8 3=21.59x-56.61 3=15.00x-34.92
s 90F  R=064" R=0.43"
.o
EZ: g 0.25~2 mm
=2 ol 9.90x-44.57
< R=0.84"

> O
+ % o

2 30}

E _ﬁ E

0 1 1 I I ) 1 1 1 1 1 )
0 2 4 6 8 10 12 0 2 4 6 8 10 12

A MUK Soil organic carbon (g-kg ™)

2 KHATEIREAEALE TR Fk HE R FAR G D LIRENRS IR ENRNXR
Fig. 2 Relationship between organic carbon and dissolved organic carbon in soil aggregates with different sizes in upland and paddy
under long-term different fertilization treatments

**FIRTE P<0.01 K PA7EE B F M E KR . ** indicates significant correlations at P<0.01 level.
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R ALY & B (P<0.05), NPKM 4bFF + 38 K A 58
T L /NSRRI AT SR A v 1 T T R A A % i
% T CK. N FINPK ZbH . NPK Ab P~ + 3K
PSR A (i S Ak i i IR T CKL. N I NPKM,
55 CK A H, NPKM A+ 3R A R 44 | /N R AR
T AT 3R A e A R 0 B O 0l R e 52.6% . 116.6% Fil
301.3% (P<0.05); NPK 4b i + 38 K A 3 4 F1/N A 3
T T Y BR T A 0 R 46.5% FT 76.8% (P<0.05).
AR, B 1 A R AR B3, Bk AE Ak &
TR R e S B AR A

X F K R, e A R A i kAR A
AR TR B B A T O A R AR AN R A (3 4).
NPKM 43T 3 G A1 R A i 28 5 S 8 A &
B EE T CK. Nl NPK (P<0.05), NPKM Ab 3
PR R R AR /N TR AR AN A R AR i T
FEIEEAAY) & it 3 5 T CK. N FI NPK (P<0.05);
5 CK A Ik, NPK &b 3 35 i 5k 25 38 i 4 398 4% 9% 4]
B T E B R R i (P<0.05). N, NPK
FTNPKM &b 3R = 38K AT SR A4 /N AT SR A4 v £ i 25
SREMAY H IR E %S, 5 CK AL, NPKM 4
P SR T A A R AR b B B S AR
i, N A B SBT3 A AT R A v 1 i S A R
AW & (P<0.05). 5 CK AL, NPKM Ab B + 3
ZIN AT 3R R Bl 1T R4S v o SRS B 3 ) 4 v 125.9%

1 252.7% (P<0.05), N 1 NPK 4b i i 2 [ A% £ 32 K
P SR A e A 0 B, Sl 3 A A SR A g
% B (P<0.05).

25 KEATRERAE TN HIRSS IS LIERN

RE X &

XFRMIE, N EELT R RE Y GRS
AR S B2 AR EMHELR (£S5,
/N R ARG RAR TG B Ak & R S 1
A HUBR 7 5 A OE5E R, HANR 5N
0.64 1 0.45; FHERPAIRAR | /INA AR FN G T A1
o BB & S T R M LR B Y
B EA R, HAPRS 5 1033, 7.36 F1 7.34,
XFFK HTE, RHER A R /N AR A A A R
PRI B SRR A & it 5 R LR & R 2
FIEAEE R, HBR 5128 029, 0.84 F1 1.19; +
S A R AR T (i B S B & i S R IR
A B S R B IR, AR N 23,12, +
/N R AR R A R AR T e TR A i S+
BEA LR &2 B B IEACE R, R ARk
NP SR AN P SR AR T S TR Ak B A o 5 - 4T
Vo A ML 7 B 3 R IE A OGO R, AR Ay
1530, 17.91 Fl 13.78, &4k, & L8k Ak
Py 5 b - R B — [ REVE L, Ui B A Bk 4k
YiAE /K H - S B o b i E LR (8] 3).

R4 KHTEMRELE TR2MAKEHELAREDHIMEREND L EMKIEE
Table 4 Iron oxide contents and iron activities of soil aggregates with different sizes in upland and paddy under long-term different
fertilization treatments

4l Upland 7K Ml Paddy
BRI i pNGIEZE NEIE 3TN ARk pNGIEZI INAI TR ARk
Iron oxide form Treatment Macroaggregates Small aggregates ~Microaggregates ~ Macroaggregates  Small aggregates  Micro aggregates
(>2 mm) (0.25~2 mm) (<0.25 mm) (>2 mm) (0.25~2 mm) (<0.25 mm)
ide=pN =R %7 CK 8.86+0.53a 15.63+1.67ab 2.36+0.08a 7.70+0.98b 9.24+0.89b 2.57+0.05¢
Free iron oxide N 7.78+0.71a 15.1442.05ab 2.16+0.15a 9.57+0.83ab 10.77+0.26ab 3.05£0.15b
(ke ) NPK 4.980.40b 10.70+£0.41b 2.84+0.33a 11.82+0.20a 11.94+0.10a 2.65+0.05¢
NPKM 7.19+0.36a 18.26+1.14a 2.74+0.26a 10.64+0.35a 12.08+0.09a 3.69+0.01a
HEDYAE Y CK 0.29:£0.05¢ 0.59+0.08¢ 0.11+0.02¢ 1.59£0.08a 1.62:0.13ab 0.45+0.06b
Complex iron oxide N 0.55£0.11b 1.74+0.30ab 0.45+0.02a 1.4740.23a 1.10+0.14b 0.49:0.06b
(ke ) NPK 0.82+0.02a 2.43£0.48a 0.44+0.03a 1.2240.13a 1.09:£0.10b 0.48+0.03b
NPKM 0.3120.06¢ 0.97+0.17bc 0.31+0.02b 1.65+0.20a 2.06+0.232 0.68+0.04a
TEBgA CK 1.57+0.06b 3.20+0.15b 0.49:£0.06¢ 2.79+0.11¢c 2.42+0.06¢ 0.79+0.03¢
_ Amorphous 1 1.79+0.10b 3.78+0.11b 0.58+0.06b 2.66+0.05¢ 2.77+0.09bc 0.970.02b
iron oxide (g-kg )
NPK 1.58+0.03b 3.74+0.22b 0.710.02b 3.37+0.12b 3.51+0.14b 0.98+0.03b
NPKM 2.45+0.25a 7.62+0.55a 1.83+0.01a 5.27+0.30a 6.45+0.52a 2.83+0.02a
BT CK 5.78+0.51b 12.32+1.34¢ 1.86+0.28b 18.54+2.54a 10.79+1.27b 3.16£0.11¢
Iron activity (%) N 6.770.27ab 15.5442.10bc 2.93+0.44b 12.82+1.32b 10.98+0.38b 3.890.13b
NPK 8.47+0.58a 21.78+2.02ab 2.95+0.30b 13.18+0.49b 12.80-+0.44b 3.74+0.18b
NPKM 8.82+1.35a 26.68+2.26a 7.45+0.68a 19.77+1.35a 24.39+2.15a 11.13+0.09a

[FSAR /NG bR A R E AT AL #R R Rk A Ak & B R P<0.05/K 725 5 8.3 . Different lowercase letters in the same column indicate significant
differences at P<0.05 level among different fertilization treatments for the same soil iron oxide type.
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Table 5 Relationship between iron oxides and soil organic carbon in soil aggregates with different size in upland and paddy soils

- o— —— ' iﬁ%ﬁ MR 5 4 . 'ii%% Al iﬁ'@ﬁmﬁﬁﬁ
: - ) 7 - Soil organic carbon content Soil dissolved organic carbon content
Land use Iron oxide form Soil aggregates size (mm) I 7% Slope  #iH Interception e 1% Slope . Interception
it T SYE Y >2 0.10 0.04 2.64 0.00 -0.05 7.65
Upland Free iron oxide 0.25~2 0.12 0.14 4.60 0.33 2.46 -15.27
<0.25 0.20 0.30 0.56 0.12 3.35 -2.56
KEBYLE MY >2 0.28 -0.45 3.15 0.21 -9.95 12.19
Complex iron oxide 0.25~2 0.01 -0.16 6.90 0.14 —6.56 30.88
<0.25 0.19 0.89 1.04 0.00 0.59 5.69
ToETRRA) >2 0.00 -0.01 2.94 0.68" 10.33 -11.78
Amorphous iron oxide 0.25~2 0.74” 0.64 3.76 0.85" 7.36 -12.27
<0.25 0.72" 0.45 0.93 0.95" 7.34 -0.74
JKH B ASERE D >2 0.62" 0.29 5.29 0.05 242 46.66
Paddy Free iron oxide 0.25~2 0.65" 0.84 -1.61 0.14 8.80 -17.03
<0.25 0.89” 1.19 -1.48 0.80" 23.12 -38.82
KEDYE Y >2 0.13 -0.81 9.41 0.02 10.14 55.69
Complex iron oxide 0.25~2 0.12 1.04 6.12 0.39 42.57 17.37
<0.25 0.51" 3.67 0.14 0.62" 82.88 -13.36
TE YA >2 0.10 0.19 7.53 0.75" 15.30 16.84
Amorphous iron oxide 0.25~2 0.67" 0.69 5.04 0.87" 17.91 12.01
<0.25 0.85" 0.64 1.18 0.93" 13.78 11.15

#0335 (P<0.05) FI . 3 (P<0.01)Af5G . * and ** indicate significant correlation at P<0.05 and P<0.01 levels, respectively.

@ AL Soil organic carbon

3

B Upland

IR AL
Soil iron oxide

© HETHEPEA MR Soil dissolved organic carbon

3
JK 1 Paddy

>

N
A\ 4

I BRI Soil aggregate size class

B3 RMF/KkBAZRETARESKE NI IR ERRE RS
Fig. 3 Conceptual map of the effects of different forms of iron oxides on soil carbon sequestration of upland and paddy
Fe,: TLEL AW, Fey TS SHE LY . Fe,: amorphous iron oxide; Fe,: free iron oxide.

3 itig

- A DA AR T i R0, B R HL
i £14 461 35 ML R 2 T oA T SRR g A 0 2 —
AT R, K R AR A L & = B T
S, HR R AT AT AR B 1) KRS RORR 243104
MRAEAFSNEA WL R B A= i T R A E ™Y, i
FLKH 254 AMEA BLAY R 1 78 AL R 2L (35%) B
B T R, R K T (28%)7Y; AR B 4 48 AT 3B
PRI CERE, o B ik 1 S IR LA RE 25 Bl 18 K
VA SR A fu, B2, DT A ) T 7 T 38 K A SR A BB
PR e, 2) MR HLYRL G B A 1 AT R

PRELZE = LR 25 B sUFAAE T AL B b, AR
TN R AR Gl AT SR A, R P SR AR FLB BE s, 2
Wit PG, (HAEME K AT, 7K FE R SR A ) FL B
JEE L5 M T RRAIR, Gl i P AT, AR A
W R L BELRS 23 A E R, DT AT ) T K T A 0
KA BARA B 1 SR

E A BRI, il FH AL AL 5 A HLAE XS 1 3 45 A
S RMAAT LB & e T R LR S T
AT HE A B, 350 B AN [ A7 20 S AT SR AT ML Bk 5
X A B SRR BE AN [R] o AW ST 3 UK A AR AE e
Jiti AT ALAC Ak 2% L % AT SR DL 35 B 4 3 e T
AHEACAL B, FRTRER AT LATE 2 s 1) HAEAE
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% 31%

AR EG, A8 it FH e 2 S A 9 7 1 1 (] B a3 1 b
TR, AR TR R ORI T A AL R
2) A3 MUAL it FA AL B2 A T A3 MUK, I B RE 98k
R RO, i A ) 2 R D Rl
PE, HE T HE T A HLae =

+ N A PR E R E TR REY .
BRI . U YRR R R Lo e, R TR M
B, FAE A0 I - 00 g o 2R R AR T A SR R
K 38T i A HLAR = T R . ARBIF9E B,
7K FH 3 45 P SR A v R S P A AL 1) 2 T S
(# 3, P <0.05), 5AT A1 —8 . HIFHEA G4 L
T3 D) SR, K EE L TR BRE,
X — i B HE T A A MUK A S i, T B T
L HERT A LR 2) e AT A PR
fle 2 Wy T L 0 ) TR R R U, K v ) B R ) T
PEAR, A R T - nT A pLak r 2. 3) K H A
K e R R U - A LR S AR B AR A
ZE5 . SRR EL, K R b 4 LA B )
A LB, X Pl IE 1 18] B A HLER & R 22 55 T RE AR
3K AT i A BB & e T R, AR IR R,
AT CK, Bt (I 8. 25 AR A1 57 b - 398 K AT 2R A o
AL PE A LR B, TR 0T B 2 4 R A R AR
A v, PR RUIE 21 S R TR kAR, 7E
MR RN T, SRR S e R R 8K
VA R Hh A AT s e A WL LA 2 1 3 B A P

B AR ) S M, AN TRDE & kA Ak
WA [7) A 38 A SR R v i 43 A A7 AE i 22 Y0 AR
WF T 25 R R BH, R 3R A v () 2k SR Ak 0 B AR /)
VAR, T Bl A 3R A v 2k S A ) 5 St e IR, B E T /)N
AR AR R A D i BR3P . RS R, kT
JE 223U kg /I8 T B A >R A 3R A >l AT 3R, D 436 BH A
[Fi) A6 5% 1A SR AT 1l 1) B R B8 LA AN [ 1) 4R 3 D 2%
PR (A5 SR A A AN [ s 2 I 58 ey EL A S [
FE Ak o T B A LAk T A 80 B AE R TP A
FALIREUE B0, i R BOB0R BB 45 G, B AR Y
ISR PO B A R AR R e M. AR R T
JE MG B E YT 1 5 A R R e B —
DUk o A LS G W nT L A 4k AL fk 4 2% T, T A
AHLICHLE G W) i s R I PRI AR e M

BRAA AL LA B 1 2 T S M, AR I A
RARIE B B S5 I, FOOE A 0 & A2 R4S
HF A Hb R R 25 22 2 A SRR Y, AR g8 ok
FE 81 25 11 T8 28 B AR B N T 40 19 S b 3 i A Ak
LR, ISR T & TR S B AL Z 1B 1 A6R7 1k

ME Bt A FLAE S o T e PE gk A AL & 8 (R 4),
A RESE M1 TR REBC I A HLACHE I 1/ 1A HLIR 55
WRS WY, S5 7 LSRG . K TR
oA AL ATLAL e it Ak P AN ] P 3R AT 5 HE Bk A AL
Yy & ek 3 i T A A Ak B, S WY A HILAE R
I N  HEAS P SR A TR JE R B R, (R AN )
PSR A rb 9 LI 55 T I Bk SR AL W 45 5 18 A E
(A PLICHL A, 6 A MLk 5 1w T HoAtb Ab
B A HUIE Far A BE T TRk S AL 4 2 ik Bk SR AL ) 2
feid B2, 32 Tk S AL 1 00 1% A B, e F - e HLak
Rz,

JC5E T BR S AL W 5 7K T A 52 3 A BILR 32 A7
RFEMKKR (R 5), RUITE L B X7 1
FI7K H AT LA 5 BAT [ R, 5 0 P4 B
FEAER—E R Al BEJE 0 sE TP Bk ALy nT LAl
A IR B DA 22 ] i 2 ol A W 0 S A WL AR )
fih, DA T 400 ) A AL BB A A, B e i - A AL
B R E™ . BT R ME AL, JoE R e 2>
T A BT AR By T 5 Y R R 5 A BC AL AR AT 5L
e, 15 - HE P T84 2R EE R Al KA R AR B B, A
T ) 42 5 ) LB P s ™ AR G T 0 S A kA
PR & B EREAY), TTE R SRA it BA R
P14 2 THT AR B e 1) 2 THT 9 P, AT kg B A B R ) I
Zife " NiRRAK HIG R R, LI
14 0 T Bk S A, s 1) B ik L B fek 75 D0 R T Bk
S X AT LR LA AR X 0 [ E AR
T K F RN 3 22 TB] 7K 43 22 S 52 ™ ey b
(4 Bk ALY 22 LA 2 S 9 A7 A, T e A kAL
Wi it fie E 98 AT SR A BN e M P SR AR AR
P 52 A HLAR, (EE AW K IR (3% 5).
e 5 25 B SR A 3R T A T 25 2R R 1 e iy,
i FCRE 05 W B 7 b SRR T, AT B B 4R
P e, 1 0 B SR, O AR Y T SR, e
A SRR BT B, TS i A5 AL R T 4. 1
SV SR AR BB E M S i B SR & B R R IR
R A, Ui B S B A e Wam i 2% 1 0 5 A Bk
T WA 7 RS A HLBR , 18 i - 8 DA SR AR B9 5
EA MR SR A 5 53 LT YRE &,
AT A SR B BT 4 o AT SR AR R E

4 g

7K FE A 5 4 ) A AL 5 B Y 22 S EBAEAE T
S AR, it A HILAE 7T S 25 48 v K H e 3 45k
AT BB 75 L BEAE SR AT SRR 1 B8 I, Bk 4R AL
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RN S R AR 5 S5 AMEACAR L,

Jiti FH A HILAE B Sl 3 1 in 52 1t AN 7K FH - 3 45 141 SR A4
JCRE B BR ALY & i, S 3K BT 4 4% R
A R i s A R SR AR Y i O TR R AL R
FIK T A HLaR 2 BA RV R, U7 B A Bk A Ak
Py x oK H A A AU B A R . 28 BT, e
IES Pt A AL w2 4 s A PH R S AR 5, R
S T+ L e i BE 7, % A= AR B A Y K Ji K By
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