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& E: SR FEA PUEEARARAE He ] T 203tk AS + A plastee MR BB Rk, DASE a2 e + 8 F kA + i
KA ORI SN 5, AR (CK ). fLARAREE (100FOM ). TEARARFEH 30%. 50% K% 70% M9 A & A ML R
f& (70F30M. 50F50M. 30F70M ) 5 /Mb3, BHHHRIIAS RIA HUIE A AL HO X 7K A 0 1/ PR 20 43 & i XA LAk
SFEMTAETEREN . ZORRI]: AR NI el X5 v KRS LA L . TG TERR . e PERR & &, I PRk it
Pl 70F30M ., 30F70M >CK ., 50F50M, f&M:mk&H£FI A 30F70M>70F30M ., 50F50M>100FOM>CK ., Fifi#5AHLALEA L f)
(3N, TEPERR LB 69.67%1F MG INEE 77.26% . ANFAHUIEEAC BT 5 WUk I fbA 25 R AR TR, FEXT & E 4
FERBUH AR AR 5 EFBE (33.28%~37.79% ). Kidkfk (27.81%~31.19% ) fis, LiEmk (16.19%~20.10% ), BRIk
(10.35%~12.07% ) &, FRELK (2.52%~5.75% ) ik [RINTFEE A VUL EACAAC LU EImgsgn, D57 B2 0.40 BN % 0.4,
R TRB /55 5 Bk Rt e /ot S ) LEABL T BRAIR, A MLBR AR B PSSR . pH (P<0.05 ) FIFHESF28#ef® (CEC, P<0.01) &4
PERR & A BTN, pH. CEC. Al (AN), A (AL, KRR . KRR ) (P<0.01) JEAEMER S EI
FESEMRE . Bk, 30F70M AR S TIGME . ISR S &, RIBE IS PERR 105 AR, oA R T e R pLaR iR
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carbon components and the stability of the chemical structure of organic carbon in paddy soil were determined. [ Method ] This
study selected a long-term positioning test of paddy soil developed by Quaternary red clay as the research object. Five treatments
were selected: no fertilizer treatment (CK), chemical fertilizer treatment (100FOM), 30%, 50% and 70% of the nitrogen in
chemical fertilizer treatment was replaced by organic fertilizer (70F30M . 50F50M ., 30F70M). During the study, we measured the
content of total organic carbon, labile/non-labile organic carbon pool, the chemical structure of organic carbon, and soil properties.
[ Result ] The contents of organic carbon, labile carbon and non-labile carbon in paddy soil were increased by different
proportions of organic fertilizer instead of chemical fertilizer. The contents of labile carbon were 70F30M, 30F70M > CK,
50F50M, and the contents of non-labile carbon were 30F70M > 70F30M, 50F50M > 100FOM > CK. With an increase in the
replacement proportion of organic fertilizer, the proportion of non-labile carbon gradually increased from 69.67% to 77.26%.
Under different organic fertilizer substitution ratios, the chemical structure of soil organic carbon remained the same, and the
relative content percentage shows the same trend: aromatic carbon (33.28%—-37.79%), alkyl carbon (27.81%—-31.19%), alkoxy
carbon (16.19%-20.10%), carbonyl carbon (10.35%-12.07%), and carboxyl carbon (2.52%-5.75%). Alky, carbonyl, and
carboxyl carbons made up the largest, second largest and lowest proportions, respectively.With the increase in the proportion of
organic fertilizer instead of chemical fertilizer, the aromaticity increased from 0.40 to 0.44 while the ratios of aliphatic
carbon/aromatic carbon and alkyl carbon/alkoxy carbon decreased, suggesting an increase in the stability of organic carbon. PH
(P<0.05) and Cation exchange capacity (CEC, P<0.01) were the main influencing factors of activated carbon content. pH, CEC,
Alkali hydrolyzed nitrogen (AN) and carbon input (organic fertilizer, rice root and rice stubble) (P<0.01) were the main
influencing factors of non-labile carbon content. [ Conclusion ] 30F70M not only improved the content of labile and non-labile
carbon but also increased the aromaticity of organic carbon, which is more conducive to improve the stability of soil organic
carbon.

Key words: Organic-inorganic ratio; Long-term positioning test; Soil organic carbon composition; Organic carbon stability;

Influencing factors

F ARG E R B e B,
A ML S i . s e KM, R 2 %
ik 47 Mghm* (L C i), RREHEZmRAE A
1.5 f5~2.1 £52, Hk, R 36T T4 H
et ) [ 2 BT B . R HEA PR A4 R
TG PERE PERR 2R, 5 Ak I R Y E IR T 4 1 A
T A W 6 P R ) PR 2R A A PR Y, T AR A
MEST R, Fom BRI R R E R RE ST, X 44
g AR AR g ST R, RS e L e
WEEXT R AR RGO A VLR TR . Fefe . R
FIZE i A BRI B LR

A HUIERRACAL A %A S8 vk . R R 5
WARIE . SARTEACALBE (CK ) AHEE, AN H A AL
FEAE AR P AU Ak R4 8 2 7 R B P B 0, (HJR
Xt PR B AR 22 KT A HLIE R A
B He R 50% ~ 100% i, e 36 e Bk AT B4 dm
15.38%~305.93% (B LLBILL 100%H 4L ), 15
PERR AT 38 1—4.50% ~33.67% ( AR LB L 60%1%
FE); BAC LGN 30%~50%F, Fe FH I ik Al 3 i

43.62%~177.97%, 1EPERRATIE /N 0.35%~31.63%
(AR LLBIRILL 50%HAE ) 1%, sk, AL 5
EZ MR (FEWIIR R . sRE XA VUL ) F1+
BRI (pH. 2RI HAGRE)
F0 R R, H AT 2B A WUIEEAR L X A
PTG | i A i) ) L T A 9 = O e 30
( <5a)il5e, f= KA FA PLIE AR He B T 362
PP B P 2 R 0 AR PR Y X EE ARG

AT BB ) e M LS R I R T B A
K, P BE SRR B o R 5 ot R NS 7 b
WA R Ra szt R /35 75 Bk LU R S e85 7 40 okt
Iy FLER BB LR T 5 T ot HE AR ot SRR LU A mT S Ak
A ML B o AR U it A 1 R e A MR Y
L gs s A LR AR 2 . 5 CK MIH, itk
JIEAE 7K 8% - B it/ 55 ik ELAE T 55 0.46%~16.79%,
1 o L Al /o SR B EEAEL L 35 A B A NI RRAIR 4.48% ~
20.26%. 0.21%~11.60%, A HLERAFaEMEmE!"7;
A R T it 7 AL 5 K A = i e sk / 55 7 ik L (LRI
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BT 6.30%~12.08%. 6.01%~34.90%, A LIk
SEVEREREI, SR, H TSR HLIE A B A
FH 3 BILAIK T 25 235 1 K 5 A 1) 52 0 i A BH A

R, A5 BEBOK RS K0 e Al iy 5 4>
FALIE AL AR AL B, A R TR AT MR R4k
JIE FE A5 KR i L PR R Y i Rk PR AR E
AL Al B 2T i% 20 ( Fourier transform
infrared spectroscopy, FTIR) Fil X HF£&)GH F-RE ik
7 #1 ( X-ray photoelectron spectroscopy, XPS), HH
WA AILER 0 12 25 S AR E AL 5 R IR 1 s
RN MR BT ARG PR 1 PR E R AR . A
WEFEHG S BIF 5T 56 VO 20 2T (A 2 1 08 B B9 KA 1A HLKk
B R HIL ] S DL Ak 355 R i B AL HE e Ak 4

LR

1.1 ARXER

T B0 50 T VL VE 4 AR B 2 B 56 Rk 3 N
(28°57'N, 115°94'E ), J& TP LAt , i3 4R T 1984
AL ZXKIAERR 17.5°C, AEYKE 1600 mm,
EYZE KL B 1 800 mm, JCFEIAZY 280 d. {11
oK P KR RAR - e s S il = i b8 0 S = W
HHZ (0~20 cm) M. pH 6.50, AHLE

*x1

25.6 gkg', A 1.36 gkg!, W 0.49 gkg!', B
fit & 81.6 mgkg', AW 20.8 mgkg ', HAH
35.0 mg-kg 1%,
1.2 Rt

RIGIL S 8 NAbH, AT REHCH A 5 44k
T 2R s At AR AR FE( CK ) ABAEAEFE( 100FOM ).,
FEAEAE TR 30% . 50% K 70%HY & #A HUIE AT,
A3 iE K 70F30M ., 50F50M . 30F70M., 454k B %
SWEE, MPLX4IHES, N 33.3 m?, /M
[ LL0.45 m TR 0.5 m T 7K e HBERE -, h 7 HE
T PR EE S — AR PR (RS ). RRETE
FHAER 4 AT NI, 7 AhaleEk, mREE 7
HF R, 10 A Fagk.

i N, P,0s. K,O Jii 55120 150, 60,
150 kg-hm 2; I F& N\ P,O5 £l K,O Jiti 54351 4 180,
60 Al 150 kg-hm >, FHERE AL ARt FH AP AR TR, ¥4
JRZE (N 46.7% ). iIBEIRES (P,Os 12% ) FISAALEP
(K,0 60% ), FAHUIL AR R EAEANETE, ok
N. P,0; fll K,0 50514 0.30% . 0.08%7#11 0.23%,
JEBIELEST R 0.45% . 0.19%F1 0.60%., HEIEFIA
HUIE 4 3BVESEIE s fh22 R S0%EREAE, 25%1E4)
BEAE, 25%EARRI LA s HIAE 50%fE T BERL, 50%
VEGFESTACAE . 454k FEEL PR AE i P a2 UL 1.

KHIRE LB AR BRI E R AR 8

Table 1  Fertilizer application rate of long-term treatment with different proportions of organic fertilizer instead of chemical fertilizer/ (kg-hm ?)

L% Early rice

W F5 Late rice

AbBE Treatment  JRE I BERRES AR Kol &S I BERRES AALHR VB
Urea (N) SSP (P,0s) KCI (K,O) Milkvetch  Urea (N)  SSP (P,Os)  KCl (K,0) Pig manure
CK 0 0 0 0 0 0 0 0
100FOM 323 500 250 0 395 500 250 0
70F30M 235 400 194 14 600 277 310 130 12 000
50F50M 162 340 156 24 700 196 180 50 20 000
30F70M 100 280 119 34 300 118 57 0 28 000

TE: CK R ARHENEALBE | 100FOM Ry & jitifk B AL B | 30% . 50% K& 70% 11 &bk A HLIEEEAR, 43 51ic 2 70F30M., 50F50M . 30F70M.
T[d] . Note: CK is no fertilizer treatment, 100FOM is full fertilizer treatment, 30%, 50% and 70% of nitrogen is replaced by organic fertilizer,
which are recorded as 70F30M, S50F50M and 30F70M, respectively. The same as below.

1.3 HmRERERNE AP I SCHe % . BREE AR T, BlERA

2018 4F 10 H, MpRFURA R BN 5 cm 1Y
+ 5 RAEKFEHZE T (0~20 cm ), FAN/NXBEPL R
£ 3 A AR A L — TR, A CRIRAS

He A AR AR, BFEES 20 HAT 100 H S 4.
- SR S E SR B s R pH(HL A
FKEE 1:5); RV (SOC, HARMR A =
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%) R g ( CEC, Wk LR EAC#R T );
el A (AN, SR 0% .

WL MEERAL R A KMnO, E ALY, I
Pk 333 mmol-L™' KMnOy, AL LB & & ; 15
PE# A B A PR % 5 333 mmol- L' KMnO, k1Y
EER IR e

K FH A 21 40 6335 23 7 ( Fourier transform
infrared spectroscopy, FTIR) M X HF£R)GH F-REiE
M7 ( X-ray photoelectron spectroscopy, XPS) il &
A LR Y E e SRR X it . Horp FTIR: SR A E
41 A% ( Burker Invenio S, fE[E ) #EfTHEMS
W, BT BRT : BAan S TRy O
Al )4 12 100 B B FE IS B h 3 o BB VL S
J&, 7€ 75 KPa N, J8 B AR 21 S gAY
I 0 RO IS E . Gk E Y 4000 ~
400 cm ', ZrHER N 4em, PSR 64 K. XPS:
K X G4t F BB 1% {X ( Thermo Scientific
K-Alpha, EE ) #ATFEMIE, X S pa
AlKa (hv=1486.6 eV ), RHEH A 400 um, 7EF]
f Cls Wym r BERERER, BKBHN 0.05 eV, L
Cls I (284.80 eV ) APRMESEFTRERERLIE
14 HEFE

WIFERSEL (CPI) = FERL A PR & & (gkg )
SRR R AR S B (gke!);

THEFREC (LI) = FEARIBRIZENGEE (L) /XA
BIBR ZETS FE (Lo );

BREEIGE (L) = FEARTPRIEYER (LOC) /#E
A RIETE R ( NLOC );

AHUERRBEA (t -hm?) = AHAEH A LIRS
H (gkg!) x CI-HAHAEEKE (%)) x AHLAE
¢ (kg'hm?) /1000 ;

IKFEMWIEMRTA (thm?) = (CFR+AFEFF) x
(30%+5.6%)) x (1-14%) x0.418;

Xof M8 e AT AR AL B 5 30%— K R L T ARy
o7 M B s 5.6%— KRS BT AT b AR A 7 H
B ER B H s 14% — XU b AR 2 S K A
418 g-kg ' KRl [ 84T G LB & 12

1.5 ¥IEZITHE

K BN E 97 22 57 #1 ( One-way ANOVA )
( SPSS 22.0 # ) BHHMAAS R Ab 3 2 18] + 347 HLAK 41
Sy R BRETE R . DR B L M 2
( P<0.05 ); K Origin 2019 Xt 2L A R FEA 71
DR AL GO I TR LM i ; SR Avantage #F
P& XPS i ; RAAHXEME S M ( Correlation
analysis ) BAffi pH, CEC. AN Mift AXFIE M. 16
PEBR & BB , I Origin 2019 #4741 S PE A&
24| (P<0.05),

2 4 R

21 KHAEBEHEERIELGX LIEGI®REE
S|

CK. 100FOM, 70F30M, 50F50M. 30F70M jifi
JIES Ak 3 A LR 9 5 F 43R 13.27. 16.16, 18.00,
17.79. 20.57 gkg ' (1), HHZFE I 20085 RE
I A A LI AR L A Bk & i 30F70M>
70F30M . 50F50M>100FOM>CK , H:H1 [k 30F70M 4b
PHIAIE K, 1 70F30M 5 50F50M P 4h 3 2 [] I
BEZES (P<0.05), 5 CK AL, 100FOM,
70F30M . 50F50M ., 30F70M Ab 3 43 551 {di + e 45 HLo

30

o5t
T_%n a
3 T
< 20F b b 1
2 c 1 T
5 T +
o
e I5r g L
=t
< —E—
g0
%Cé 10|
=
=

5 .

0 " " " " )

CK 100FOM  70F30M 50F50M  30F70M
AbFE Treatment

7 EORE R R 25 57 8.3 ( P<0.05 ). Note : Different letters

represent significant differences ( P<0.05) .

1 ARIIARIE e EIA FLIE AL T e ek & i
Fig. 1 Soil organic carbon content under long-term
replacement of chemical fertilizers with organic fertilizers in
different proportions
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T 60 %

SHARE T 21.78%. 35.64%. 34.06%. 55.01%. 5
100FOM 4L BRAHEE, 70F30M. 50F50M. 30F70M Ab
BEAY A A PR S RS T 11.39% . 10.09% .
27.29%,
22 KHAEBHEERILG LEFNRAS

SE. O RmERHENZN

ANFEAHLAE AL LB R 6 PR ) & BEAE 4.02~
5.08 g'kg ' ZME], H 70F30M . 30F70M >CK . 50F50M
LB PEYERRAY S EANT 9.25~15.49 gkg ' Z I,
H 30F70M>70F30M , 50F50M>100FOM>CK ( £ 2 ).
AHEET CK 2L, 70F30M. 30F70M i i M 43 7]
PEET 19.90%. 26.37%, {2 S0F50M i 5k & 52
W45 /N, 100FOM . 70F30M. 50F50M. 30F70M kb
PO S PRk & A T 24.65% . 42.49% .
48.86%. 67.46%. T 100FOM AbFE, AN[EA L
FERR AR AR I H A5 XoF 305 Bk ) 52 MR 25 55705 70F30M
50F50M . 30F70M Ab 34 23 ) fifi 5 M ok & it 4t s 17
14.31%. 19.43%. 34.35%.

M2 2 Wl 0 MR A BLER 1Y L A
22.74%~30.33%2 [8], H CK>50F50M, 30F70M,
ifii 100FOM , 70F30M 5 CK z [8] JC i 1k 22 5 5 1

PR 5 B HLIK Y L BIFE 69.67%~77.26% 2 (1],
H 50F50M. 30F70M >CK, ifii 100FOM. 70F30M
5 30F70M Z[A1 i E 25 . AT CK b3,
50F50M . 30F70M fiff 3% 1 i i & L 43 5l B K
25.02%. 18.27%, HIEMER M & TR 10.89%.,
7.95%; FHET 100FOM AbEE, S0FS0M fiff 1% M 5% (1)
g7 H A B R AR 20.55%, fifi FE PR AR A & L T
8.24%.,

AN TR) A5 AILRE R AR LU A1) - 3 sk e v 4 Ak e
0.69~1 Z[a, XM~ CK. 100FOM>50F50M .
30F70M, 1fii 70F30M 5 CK. 100FOM K 30F70M Z
) JC i 3 25 5 IR SR EE 1~1.55 ZH], &
BlA 30F70M>70F30M . 50F50M>100FOM>CK.
CK AbFEAHEL, 50F50M. 30F70M {difk e 3% B 5 4
SRR T 0.31 K 0.23 4S54 ; 5 100FOM &b HEAH
b, 50F50M. 30F70M ffifik i J8 46 &5 o0 il B A 1
0.25 J 0.17 ML, AHET CK Zb3E, 100FOM
70F30M , 50F50M . 30F70M A48 FEFE 5Tt 1 0.22.
0.36. 0.34 1 0.55 AL FHEST 100FOM AL 3,
70F30M . 50F50M . 30F70M FY 6 245505 T 0.14.
0.12 1 0.33 M EAfT

*2 KETEWOHENEBERUBRTLIEENRAS RS, LHIKRKRERLY

Table 2 The content and proportion of soil organic carbon components and the carbon pool index under long-term replacement of chemical
fertilizers with organic fertilizers in different proportions

T LB GRS

fb g PR LK

Labile organic carbon/ Non-labile organic

i P 15 BE 5 4 R PETR AL
R SRERiINT S

Carbon pool labile index Carbon pool index

Treatment Labile / TOC /%  Non-labile/ TOC /%
(gkg!) carbon/ (gkg™") (LI) (CPI1)
CK 4.02+0.73b 9.254+0.82d 30.33+5.64a 69.67+5.64¢ 1.00+0.00a 1.00+0.00d
100FOM 4.63+0.60ab 11.53+0.91¢ 28.62+3.10ab 71.38+3.10bc 0.94+0.15a 1.22+0.08¢
70F30M 4.82+0.50a 13.18+1.29b 26.92+3.59ab 73.08+3.59bc 0.86+0.16ab 1.36+0.08b
50F50M 4.03+0.73b 13.77£1.32b 22.74+4.70c 77.26+4.70a 0.69+0.19¢ 1.34+0.06b
30F70M 5.08+0.70a 15.49+1.51a 24.79+3.57bc 75.214+3.57ab 0.77+0.15bc 1.55+0.10a

. KRR TR R R — i8R A [E AL B 22 18] 22 55 2% ( P<0.05 ). Note: Different letters represent the same index, and the

difference between different treatments is significant ( P<0.05) .

23 KHEAREENEERLELG TEIRER
2T 5h ST 45 1E

& 2 A[ %1, CK. 100FOM ., 70F30M ., 50F50M .

30F70M %5 i A ALk 1 (14 21 AN S35 R R A DA T 25

FEAR B, AANRIBOEE X ETE 4 000~500 cm ' 2

6], JLAS FE A5 50k O-H il N-H 4
B (3700cm™', 3624 cm’) ; FHEKM C=C. F
ffie C=0 F1 COO %Rzl (1642 em™ ) ; B2 C-OH
AR Si-O fh4i4Esh (1 080 em™) 5 £
Wb C-O R HLEEfL Y T Si-O-Al i 45 #% 3
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(1031 cm™') ; it Cc-0 A MLEALYIH Si-O-Si
4IRS (1009 em™") 5 ke H ) C-H A CAE T
P5h (690 cm™) 23241
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Fig. 2 Soil infrared spectroscopy characteristics under long-term
replacement of chemical fertilizers with organic fertilizers in
different proportions

24 KHTRAVRERIEG TER X 54t

B FBEiL

XPS ML RF, 5 it N b B 4 ERE 5 1 £k
SpEEN) TN I /K ( Aromatic C ). e LBk
(C-H/C-C). %%k (C-0), MHEm (C=0), &It
ik (O-C=0) 5§ (& 3). M XPS [y Cls Sl A 45
WHTE, 5 Fljite A Ak 2R A 398 R [R] S A s ) AR X 5
HE LRI FE S, O F i (33.28%~
37.79% ). fiEERR (27.81%~31.19% ) fkiE, Li%
fik (16.19%~20.10% ). I (10.35%~12.07% )
S, IR (2.52%~5.75%) ffik.

MR 4 BILERATH, BEWERR /0T B ik i L (H AE
1.27~1.50 6], H CK fih; eemk/be 8k
fH7E 1.38~1.93 ZJA], H 100FOM #xfs . FEAHL
HE AR AL AT E A (R 38 T, B et/ 2% 7 B A o SRl /
ot SR 1) FEAE 20 9 AR 22 1.27 i 1.38, RIHAHLAIE
BAARNE Y bR sy, R b i e AL R B R A
FFEMERRGR, S FEME AR, AP E MY
FEEIEEAN T 0.40~0.44 2], CK Ak, B

#£3 KMFRLGABNESRUET LB RARMBOEEDSRES I

Table 3 Percentage of functional groups of adsorbed carbon on the surface of soil samples under long-term replacement of chemical fertilizer
with different proportions of organic fertilizer /%

pusiil I ot Sk i/ i8R FRAERK

Treatment Aromatic C Alkyl C O-alkyl C C=0 0-C=0
CK 33.28 30.33 19.49 13.62 3.27
100FOM 34.80 31.19 16.19 12.07 5.75
70F30M 36.32 29.50 18.86 10.35 4.98
50F50M 37.61 28.67 19.81 11.28 2.62
30F70M 37.79 27.81 20.10 11.79 2.52

F4 KRR GIANRZER U T ENREE LR

Table 4 Organic carbon stability index under long-term replacement of chemical fertilizers with organic fertilizers in different proportions

pusi] R Wi/ 55 5 ik St Bl ot Uik T
Treatment Aliphatic C/Aromatic C Alkyl C/O-alkyl C Aromaticity
CK 1.50 1.56 0.40
100FOM 1.36 1.93 0.42
70F30M 1.33 1.56 0.43
50F50M 1.29 1.45 0.44
30F70M 1.27 1.38 0.44

T W W =g BE M+ o S s 07 T =05 b/ (05 B Wk + BT AL Bk 4+ BE K ). Note: Aliphatic C=Alkyl C+O-alkyl C;

Aromaticity=Aromatic C/ ( Aromatic C+Alkyl C+O-alkyl C) .
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AV EACIE LB r 38, D5 & RGN A 0.44,
A ML TR R e R
25 KHEAEEHEERILGT LEGIRAS

SEFHEE

WAEA OKREIRZR . KRB, GHUIE) 7T
FERg ) TR | SRR i R nT i 0
S M A 24 0 ) B i A 2 i A AL 1 %% A fie
PETTRZ TG L I ARG & . MG T 2 SR R
By, 1EPER SRS pH R FIEMK (P<0.05), 5
CEC B EFIEMA (P<0.01), HIEREDH N
0.344 F1 0.440, 1EMER &Y pH. AN, CEC, fx
B OKFERZR . KRR AL B E
IEAHSE (P<0.01), FHICFREI AN 0.469. 0.906 .
0.648. 0.766. 0.763 Fl1 0.821.

3 3 #®

31 AEBEHEERLIELL 63T T EF YA

g

AW LE R T, KA VSRR IE R N
THREH AV EER SR, B
30F70M Y BCE Lo 9] = & AR R A s . A HLTE
HLEC G RE i o B m MR CHALIE . R 3R
MR, SRR e A BB A M L PR &
R, AMERREE AL, S PR RS
PE . PEPERR SRR . S ANERRIE N, 1P A
PEA HLBRIIG 0,  ELIE PEm 0 38 e B K T s 45 T
T B 1 8 o e R OV A MR i e MR . A
e TR o m] [ O R R A HLe, Lok
A HLAE AT [ 5 73%28 . AR . Sk W YRR mT
I3 2 32.89%~54.49% . 28.24%~37.21%; HLiL
VOB, FEPUR | S P UE A Pl 53] [ 5 35.88%
54.49%) . HMIRRFE A BT P A ik A 3 S —
A3 T H I BT X 2 i A LA B8k P SR AR A 11
A HLEREY, 55— 5 o0 i /N F BT PERR 2R CO,,
SN RIS RS T 2 SRR AT Y 5 iR
TR S, — 5B iR P 53 i A 0 2 e 7
AU CO,, T3 —FBor IR T A A W ik %
R A LKD), MR i 2 ST A ) T T e v
73 KA1l o i ) $ T

[Fi) BSF A 5 34 2 W 24 47 HLAE AR EL B 30% 11
50%M), AL S R R EEER . %R 2012 4F

SR T0F30M H1 S0F50M Ak 35 A5 HLAR & G
BEMEZEFUN G 2017 4G AL AR BoR
50F50M>70F30M ( P<0.05) B33, BF5e 0, K&
MR AR M 15~20 a 5, IR 14 4b T4
X REE WPIRAS TR — Ak B A A7 AR AE B — YA (BB T
Wezh (ABFFEIE 10 4E 70F30M. 50F50M Ab B 4
PLBR &5 20 BI7E 17~20, 18~22 gkg ' Z[A] ) B4,
MM 2018 4F 70F30M . 50F50M i /> kb B %) A HIL Ak &
WXL SEE N, 8RR A [F] AL B Y
A HURR B 5 AEAS [ A 0y 22 8] b 35 1 22 5 R — 3
HLR]— 326 9 AE 5007 34 37 3 B0 A B . SR FE A
BB, 70F30M F1 S0F50M 15 1t m & 1 0 i 3%
ZS, HEYEFEMT 30F70M. H5E, 70F30M Fil
S50F50M AbHEFRRIEA RIS (KRR ZR . R .
AHUEELSE S = T Mg ) MR, (HERBA R
( 70F30M 5.67 thm >, 50F50M 7.49 thm™?) AJA],
TE— LRI, BB ARSI 2 4 i+ 38 5 A Bl
LR sy AR R} 0% S VAMLNIE R 0% 3 4 1A
K/NBEBRFE A B3G5 T HRET ) F30 S0FS0M
AL 70F30M £, 1 70F30M Fl1 50F50M
e RN E LS. B — i, WAEYX N
R A — MR e, fF—EmEZHN, X4
ARG G, A HLIT A e A TR N A E
o M —E T, AHLR AR AR g Y A
W, AR AT, Bl AR Pkt SRR I A 1 A
B{E AT REAE 7.49 thm* ( 50FSOM ) ~ 8.81 thm”
(30F70M) Z ], UbAk, 96 MR TEA HLAK T 5 s
ik 69.67%~77.26%, [F0 A WF5E 2 B HLAK Y 75 &
S MR A B 5 IEAH CP, B 70F30M Al SOFSOM Ak
BN M e 7 G 3 22 S 0 R ) AT AL AR 1 —
#H, HiEAEG . RS G, Bk, 30F70M
Beht el T, AR T R 4R T
32 AREEWEZERABELG EFIREE

4 B 22 Ml

AT LLANCIE R /45 R R, AR L
REEAR L T e MLk i A= 25k AP 2SR TR (55
Bl . e . BEmk . IR . R ). ARTFSE
ANTAA HUAE R A AR AR L 26 2 i A1 5 Foh 2 251 40
A, WFoE M, ARSI AT S A RT . K
JRF ST B I B S IR R AR i 25
JEk A SSRGS AR Y %
ZPEPARRESE L (14.7% ) WE TR R
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(5.81% ) FILF4E%E (11.5% ) WU KFEFEFFh AR
R YR 0 E i o B 28.89%~
29.40%. 39.86%~43.88%. 10.81%~14.48%*_ fij
L SN NS SIS B2 I E A L R S0 N o
b FBE R Ak 2R 25 R L, R AES RS
AN B A 0 il 28 X AT BIL B AL 27 5 A8 4 ol 28 52 g
L2l N

AL, ARFFEEIRFEY] . 70F30M ., 50F50M .,
30F70M = Fofjife A2 A 3BT 488 55 1 A MLA 1 S 4544 1)
FasE e, Horp 30F70M pyfesE i . X AN
WA AR B XA Y RN TR P DA B A b T
M2EF M. B, NEAIIEER G T FME
AR AR AR K25 (CK 1.98 thm 2, 100FOM
2.82 thm™?, 70F30M 5.67 thm 2, 50F50M 7.49 thm 2,
30F70M 8.81 thm?), #EA AR ER, 44
RETEAR, FEOFER . e H AR
SR SR A ZE S R, WMAY (HRETELL
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M2, PLFYERSE), M5 Em (ARE. 17). b
et (AT, ARRRIT . BT ) SEARRUE Al o 7
Iy ERTIA R B R B ROk, DR 5 AR e I
TR 5 i 1 0 Bl 2 v T e Sk o AT ALt FH £ 1 184
by ISR T I T B R A LR, DA It
T R | BRI (2R oA
VIl . PYERMG . FEVERGR B-AUATHE I ) MR
FERE , JRdEA HURR FE A R, T, B A HL
EERAR LU B R 3 in, - A8 AL A e M 348 i

BEAh, e 9 2 3 5 5 M e A B B
SRS I R 4225 W ML B 5 A o0, an pHL RRAR,
B 3 e s B AT LB M B A it 2 2 A A
RO ik - A MU S B A A i, i S
Tl W A5 MRS 1) i sl R AR, b U RT s
SN A ) S AT T R A MLAR B 0 fi -
(1) AEEMEE, MY AIERES . X F
RSN, fedba LR AL B, (2) A& B ]
P ECT 48 v I A Bl R SR A A TR Y 3 T AR
AT AR 00 P A oA, AR AR A 43
fift, MR A HLBR AL A A ™, (3) A&
1o PR 1 5 5t ik 9 R 95 0 SR R (IR R R %)
G5BT B MERE M Y 22 RIS 0T (AnmsIRSE ) RNy

PO CEC i MU 5 U UK AR AT SR A, A
FTA BL I [ A7

4 4 ik

3 XL P A KR K R 0 S AT AL
FIE AR A A Ak B 8 A7 LB 4 43 B ik Pl 27 485 W) O B 5
T, TR HLAE A A0 L &b 3 T L3 i 4 4
AARAE M . BN S &, H 30F70M BCE
P T =3 & AR . AN FEAA LB LT
A HURR I Ak 2= S5 A R AR R, AN ) 28 78 sk 7 AR
XA AR SR . JF ik (33.28%~
37.79% ). KiFER (27.81%~31.19% ) &, bEA
fik (16.19%~20.10% ). I ( 10.35%~12.07% )
JEd, RIERK (2.52%~5.75% ) Ffk. AHBF5EH
30F70M Ab BRI % Hh 9 e L AL R B Fe A1 . ME
Pl bbb, 5, 5 FaimE e, Al
ENERAE . pH (P<0.05) il CEC ( P<0.01 ) 2%
Ml 3G MR 5 A R B R, pH. CEC. AN, fdk
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DR E 25 F T 30F70M ji A Ak # 584 F F - 3EH AL
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