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gEul, WARAAEH 4261825 3. VLPUA LTINS T/ R R AT e B TAF AR ZE L, TTIGHEDE 3300465 4. Al A FRHE b 5T WD P
AL, JEET 100125)

O BT AR TR E F AR XA O A (1988—2017 4F), RATEAMNECE (Fuzzy ) IEXKAE L)
R ATIEY, IF4E AT RALE T, TR KRS AR ) s s AR AR RRAE S HBE A R 2 . 3T 30 a SRAEEREX +
A B B3 LI (P<0.05), MATHA (1988—1999 4F ) ZHi#l (2000—2009 4 ) MM HIHZTH (2010—2017
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TR X AR e R 3 TSR (P<0.05), R AT =Ml (K=/M) MmXEartEfan bk, R 2R
TS A ERH SFI 2R IR, RS PRI/ A4FE, SFIEE2EFEE (0.61) BYXEL 50.2%.
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Spatiotemporal Variation of Fertility Quality of Chinese Paddy Soil Based on
Fuzzy Method in Recent 30 Years

HUANG Jing"?, HAN Tianfu', SHEN Zhe', LIU Kailou’, MA Changbao®, WANG Huiying*, QU Xiaolin®, YU Zikun®,
XIE Jianhua*, ZHANG Huimin' *'

(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/National Engineering Laboratory
for Improving Quality of Arable Land, Beijing 100081, China; 2. National Observation and Research Station of Qiyang Agri-ecology System,
Qiyang, Hunan 426182, China; 3. Jiangxi Institute of Red Soil/National Engineering and Technology Research Center for Red Soil
Improvement, Jinxian, Jiangxi 330046, China; 4. Center of Cultivated Land Quality Monitoring and Protection, Ministry of Agricultural and
Rural Affairs, Beijing 100125, China)

Abstract: [ Objective ] The spatiotemporal variation characteristics and driving factors of fertility quality of paddy soils in China
were studied. [ Method ] Based on the long-term monitoring data (1988—2017) of the Ministry of Agriculture and Rural Affairs
in the main rice areas in China, the fertility quality of paddy soil in the main rice areas was evaluated by the fuzzy mathematics
(Fuzzy) method, and combined geo-statistics with machine learning. [ Result ] In the recent 30 years, the soil fertility index (SFI)
of the rice area in China increased significantly (P < 0.05). From the prophase (1988—1999) to the interim (2000—2009) and
from the interim to the recent (2010—2017), the national paddy field SFI increased by 6.9% and 17.7% on average, respectively.
The characteristics of SFI varied in different time stages in the main rice regions. The rice regions in southwest China and the
middle reaches of the Yangtze River showed a significant increasing trend of slow in the early period (from prophase to interim)
and fast in the later period (from interim to recent) (P < 0.05). Also the rice fields in South China and the Yangtze River Delta
showed a rising trend of fast in the early stage (from prophase to interim) and stable in the later stage (from interim to recent).
There was a decreasing trend in the earlier period (from interim to recent) and increasing in the later period (from interim to
recent) in the Northeast rice region. At the recent, the distribution of paddy SFI in China showed a trend of higher in the north and
lower in the south, higher in the east and lower in the west. The area with SFI exceeding the national average (0.61) accounted for
50.2%. Compared with the SFI of the rice region in the interim, the SFI showed an overall upward trend in the recent. The
increased area accounted for 69.3%. The relative importance of soil organic matter and total nitrogen to SFI change
(19.4%—60.3%) was much higher than that of other indexes (0.1%—13.3%) in all rice areas in the prophase and interim (except
the middle stage of the northeast rice region). The relative importance of soil Olsen-P, available potassium and soil pH (except the
northeast rice region) increased in all rice regions, and the relative importance of soil Olsen-P content increased to the maximum
in the middle reaches of the Yangtze River. However, the relative importance of soil total nitrogen and soil organic matter content
was greater in all rice regions. [ Conclusion ] In conclusion, the spatiotemporal variation characteristics of soil fertility quality and
the changes of key driving factors at different stages and in different rice regions should be comprehensively considered. The
balanced fertilization measures should be optimized to prevent and control soil acidification and to improve the fertility quality of
paddy soil.

Key words: Paddy soil; Main rice region; Fuzzy method; Soil fertility index; Temporal and spatial variation; Boosted regression tree
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Jo P o T ER R RN A A AR T ) i A AR A
(AT 55, IR TEAG AL B 2 75 R 1T e ) 22
[HE

AR R A R SRR R E Y AR K TR Y
BRI IEE ), AR mEY R EER R, M
WAEL, SRR KRS = b TR 4 4D
LA IE SR AR AR AR 7, FRIE 2R IX 18 pH
AR BRI 30 a KRS A2 B 0 AR EE AR
KRGt Y (5.5<pH<6.5) 78 Jyom iR M
(pH<S5.5 ) WA AAI XS Fe i ke, B4R FRKIT
R TER S . AR X R R I 30 a
FEREX LIEAYLR (31.3~322¢gkg") FEE
(1.88~1.92 gkg') IEAFE, AHILFESEM
BRI ORI . B . ARdb . PERRITRIL
TR X, A LTS AR R T (0.09~0.12 gkg )
S TN B IR R i A R AT R R A X 1 b
A A5 Tl i it A AT PR A T o T e, R
BB AR 30 a FHR 2118 mgkg !, SEHIAERS
9 0.36 mgkg ', FEIT 30 alf], ZRALIXKAE 4
AP AR B E S TR =AM =M ) ARz,
HER IV R X, BEIAERR A IR, BR T KL
T A 7K SR A8 Ry Se kg JE AeE s ok, ARt
K = AR RN g DX OSOR F de H S SRR S RN i
VG R X G B AR DL R R A
TR DX HLIAE I 48 B A A B A O 4 4 T RR 2 AR
o AR g — IR BB S AR AR Y AR AL AL BE M —
E S R B - SRR D) (R AR FR AR, X DL 4T R AE £
SEAE Tyt . TG BRA 7 PR NS T AKCF R
25 AARAEAE, T AR TR FE B KRE AR TR IE] 2 )
AACHRAE B HGE PR R, S RO T L PR
WEEEHAEERZ L, Hik, AFRETRIAR
o A7 P ] 2 AR X4 K 3 o7 W £ (1988 —
2017 4F), &% (RSN ) VKR
F BT VEMR AR bR R Ay 2, SR BRI 2% ( Fuzzy )
EUECIRERRE H 0 B AT LR A Y, IR A
Gyt MpLER 22 2 S, DIVR AR E F B IX
T 30 a SR /KRR 4 I8 g o i s 25 AR AL AR AE K H 2 i [
E L% R B S L s S R e

1 MRS IHE

1.1 #ERIE
T A AR AT TR 4 [ A B B REAE X 35 Wl

R, AHIESE T BB E R R TR 30 a( 1988—2017
AP ) W A R S T i WSO ) K e T T SR
VR4 [ FEREX 322 A H I, Z5A X
WA RIS ROKREAR R I 22 5, KR E
WE TR N 5 RIXE: KIbX (BT
A (34, FHARE (74 il Ts (7 40)). K
THiEX (WA (18 4>). WIREA (454 ), 1P
A (51) LR (29 1)), K=MAX (11954 (36
AL WA (144 ) AR (3 4)), PR IX (1Y
JIE (30 4). =mEE (7 4), =7HE (74) M
FRT (9 4)) AUERIX (&R (33 4), wmg
A C124) RS FIAR X (114 ) (H65 5L
FONEAR (XL T ) Wi a8k o Wl M e iy b 2
PLE . BRERIRE . RHERR . R A A
BRI ST 28 XA B AR M . W i B
PRI B LB & R P,
1.2 TEREAEHITE

S NI PR PR, IR 2R & % 18
IR A A8 3 28 A R e DA B A AR AT 4 A 3 ot
TECHE AR B, ASIF 5% 28 FH 45 1 00 st % R PES DX 1)
T3 pH, HHLF . &R . BB FERE I 5 WifE
J IR 5 AWM IS H e bR, X 3R AR 0B
I 30 MENIN BRRE R AE , BIREASSE- 406 s = f5 b
WE2E, FEULIX B] LA BOE 35 2 R A Fig B
BOWI% (Fuzzy ) i 3 ) Bit . o 5t +
Herp 25 S PF 8 1 48 b g 7 AR R SR8 JE R, TR
SRR B . AR AR ) 8 AR X P 7 2 i 5
i 2Rk S5 B R R S YR £k TR P Fp S Y
HivaoLR ., 2% . AR50, #38E T S A (IE
AR ) SR R AL, pH B TR (BaRl ) R
JE B R A (MR AR SIS ) A
WS BRI r ARRIE , B 13 pH 7EHLH 4 ALk
Ja BE R 2R TP T A XL X2, X3 R X4 BHUE
SRR R 4.5, 5.5, 6.0 F1 7.0, HIEAMLR. 4
R AR RAIAE S RS 8 B ek gkt 2k b i iy
BUOXT R HUE S 9 10 gkg 'L 1 gkg
Smgkg ! Al 50 mgkg', X2 AR BUE 5> A
40 g'kg ', 2.5 gkg ', 40 mg'kg ' F1 200 mg'kg . ¥
IR g i HE bR A 53 A A SR B e T A5 SR
JREEME, RAMCRBOLTTAAE .

H s A5 2PN - 3EAE T 482X (soil fertility
index, SFI) WIZEEMETEPR(E, BD HIAC Ty st .
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EGEASWAF

SFI =Y Wix Ni (1)
Kb, Wi B Ni G35 KRS § FPIE D) BT i R AR A AL R
REBORSR R FEAE

1.3 LTIEE A= E S E %

7 2 BRBUEE GS'9.0 BAEIEAT ISR, AR Ui
FE R S5 K R 1% J 00 6 R AR A |, 28 K-S 46
%, 1988—1999 4 (Hi ). 2000—2009 4F (i )
F12010—2017 4F () 2 ERE XA S 475 IE
oA, MAEREX SFI A8 5ok U J A 2
BO(E D) AT, SPIRLE IS R BUNT 75%,

B 25 (B AH DGR R0, D REUFNER 25 A7 6w 3L
4 (Kriging ) #HEZR, XX 2 A6 E] [ B ag 135
NEJ1F8 %57 ArcGIS 10.2 H A T4 E 537 o
14 HBEFITERWHE

£ Excel 2010 #HUE4R 5, 1] SPSS 12.5 it
AT 225001, 45 FE X SFI ZEAS ] Bsf 18] B B 22 (] Y
EZRRHT/NEEZESS (LSD) Rl T 8 & adr
( P<0.05), &JH SigmaPlot 12.5 YE&l . % F 3G [a] 5
# ( boosted regression tree, BRT ) A -55 A [m] i}
] B B B 8 (R BERIZRE ). -4 pH . AHLST .
A AR A S A AR AR I SFI AR AR A AH X
BEEE, RAH RIEF M “gbm” HUE L IHHAXT

1 BEHMEELERBXTERAEHETREHEEREXSH
Table 1 Semi-variation function model of soil fertility index in National rice area and related parameters at each stage in time
it [l SRR HedeAH e Hes 2 MY AR P 2 W%
Time Theoretical model Nugget Sill Range/km Residual
1988—1999 4E (R ) © BRRBIRY® 0.0007 0.020 0.964 54 0.026 2.16x10*
2000—2009 4F ( Hhi) @ T B 0.009 0.034 0.734 582 0.416 4.12x10*
2010—2017 4F (iEH) © iy g Rl 0.0122 0.0329 0.628 966 0.909 4.00x10°3

(DNugget coefficient, @Determination coefficient, (3 Prophase, @Interim, (BRecent, @®Spherical model, (DExponential model.

2 45 R
2.1 i 30 F£FEHE L IEE S R E R E T SFIE

ARG XA ] [R] By Bt ) =398 IE 7 F6 4 ( SFI) A%
sk 2 fron . AiI4S RS IX SFI A2 fLya I 7E 0.41~
0.64, &FEFHH 0.48, LITirgfE XM, ARILHE
X dheimr, AR5 ZR B0 500 LAV e R DX s AR B AR X
Ak, A RIX SFI ZMLIEFIFE 0.41~0.64, 4=
FEF58 051, LIPS RAE X Ik, HEma s X e e
75 S ZOB00 0 DA VG e R X e e AR R R X iR 3T
W REIX SFI BLFEREIFE 0.52~0.73, 2EFH%
0.61, LAPHm AN = MRk, ARICHEIX s,
75 S ZOB00 0 DAV e R X e A AR LR X iR, 7
3 AR, & FEIX SFI ARk 132 90y rh 450 iy Ax
5 (CV>10% ).

T 30 a R4 FERGX SFI A 3% FIHEI( P<0.05 ),
58 DX AEAS [R) B8] B B i A8 AL R A AR AH R 1),
AT P A P = e, 2 EREX SFI 3
BT 6.9%F 17.7%, T 230 I A3 ik B2 KT

AT P, PR R X NATHA = ], SFI L%
A, NI R, SFI BERE T 31.2%
( P<0.05 ). fEra R X AT P 1, SFI 3 L T
21.2% (P<0.05), M=, SFI B&AT T R
KAL R ORI Z= 48], SFT 8.3 BT T 20.6%
( P<0.05), M2 m i, SFI B 1 ( P<0.05),
HATEWEAT T I (6.2% )o K = AR X A FTH 2 b 3 A
M 2, SFL 43513 T 3.8%F1 4.4%, T 30
ERIINY) 8.2%, KikFIRE EFKF . RILFREX )
SFI FHXTHAREX, b TRk, AT E i,
SFI ZRfLmEAT e, PR R 8.6%, Mz irtl, SFI
WEERINT 25.0% (P<0.05).
22 HEBEHIEERARESETHIFE
A ERX SFI R At @ik, AR s ik
(1925 (B 3 AR AR . SFI it 4 EF34ME (0.61) [ IX
B 50.2%, FEA> A E AR A B R VT A AN AR
B RITHIRH R A TP . VR S R A R
MAE R ER XA PR A6 1X, HALREIX SFI
KR T EFE, JFHAMNAIEE . HEEK .
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Table 2 Descriptive statistics of soil fertility index at different time stages in each rice area
PRk 1] X B FEA%L IR/ME ST NN 1y P i 22 8 R AL K-S 1656 {5
Time Region Samples ~ Minimum Maximum Average SD CV/% K-S check value
1988—1999 4 SW 14 0.21 0.75 0.41 0.15 36.7 0.25
Qi SC 15 0.29 0.72 0.54 0.14 26.4 0.13
Prophase ) MYR 95 0.14 0.75 0.47 0.14 29.4 0.09
YRD 26 0.21 0.74 0.48 0.15 31.9 0.15
NE 7 0.50 0.81 0.64 0.12 18.2 0.20
WN 157 0.14 0.81 0.48 0.15 30.6 0.04
2000—2009 4 SW 228 0.13 0.83 0.40 0.15 373 0.07
(3 Interim ) SC 35 0.32 0.82 0.65 0.14 21.4 0.18
MYR 395 0.19 0.89 0.57 0.17 29.2 0.08
YRD 32 0.23 0.79 0.50 0.16 313 0.10
NE 9 0.32 0.76 0.58 0.15 26.4 0.21
WN 699 0.13 0.89 0.51 0.18 34.8 0.06
2010—2017 4% SW 73 0.17 0.85 0.52 0.18 33.6 0.10
(T4 Recent) SC 101 0.29 0.92 0.60 0.15 24.2 0.07
MYR 558 0.14 0.96 0.60 0.17 27.5 0.07
YRD 116 0.15 0.90 0.52 0.17 333 0.07
NE 134 0.31 1.00 0.73 0.15 20.6 0.06
WN 982 0.14 1.00 0.61 0.17 28.8 0.05

H: SW: Pim; SC: 4Emi; MYR: KVL¥; YRD: KIL=#/M; NE: &dt; WN: 2H,
Note: SW, Southwest of China; SC, South of China; MYR, Middle of the Yangtze River; YRD, Yangtze River Delta; NE,

T

SD, frifEfi2e; CV, 25 R H

Northeast of China; WN, Whole National; SD, Standard deviation; CV, Coefficient of variation. The same below.

07 | o | s N =l [ 17 1| P 1 N v =
SFI MR TH iy 4 3 ME (0.51), Frdimieyy
21.4% (&l 2),

MR AT, A ERE X SFI AR FFb s,
SFI AN X8k 15 69.3%, FEMMHAERILAEX . K
VLR AR DR PG R A DR A Xk, R T T R
IIXEE 30.7%, A mMrERm X . K =M
DX VT A8 FIVG R A XA U1 48 B AR IX R (&L 3 ),
2.3 HEKEIERAREBTH R IEF R EMEXT

BEEM

ARG T 48 b3 52 A 45 7 [X. SFI 2R Ak i AH X H
BV X 22 5, R B S A e ] B B AR AL RE
fE (KL 4). PURgAEIX, Firi A ) 4 e AL BT R 4
R a g SFI ARfb AT E 2 S ek, 2 4
T AR AR X B 2 AR TR 40 69.3%

F 86.8%, HAhAS H5 b 28 T I T r 1 %) A 0] i 2
RARERG /N, BT, AP AR SR A
XPEEMERIRE TR, 2000 17.8%H 20.8%, 4
BE . GREE . pH. 7B AR 2 SFT AR L A
XPEZME, SHriME R, WA RFERER LT
ARG X, AN o A AL R A B R
SFI A5 Ak B AR Bk 5 LA oK, 2 AN FE b A X 2
B Z MITERT A TR 430 82.7% 1 74.4%, M
HOT S R, A LB 0 A X
49.6% R 19.4%, 384 FORHE R 1A X 8 2
P IN 33.1%F1 2.7% T+ 5 55.0%F01 9.7%. 5Tl
WA P AR e, AT ARG AT PR A AUA R
AR B E 4 IR 18.4%F1 18.6%, £ .
. pH. A0 A AL 52 SFI AR Ak i) AH X
FLEAT AR o VTR X, /AT R I SFI
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Fig. 1 The soil fertility index of each rice area changed in different time stages
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This map is made based on the standard map No. GS (2016 ) 1554 downloaded from the standard map service website of National Administration of

Surveying, Mapping and Geographic Information, without modification of the base map. The same below.
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Fig. 2 Current situation of paddy soil fertility index in recent in main rice areas

http://pedologica.issas.ac.cn



361

ETHMIE: (Fuzzy ) 09 P EUKAS A8 ) BRI 30 4F (19 23 28 AR AR

&

H

=]
H

B

2 3

7
=
=
(o}
D o
— S E
= =
m R R RRBRRRIRRRRRRIIRRRS n_v =
2 g=
]
£
. g 2
% =) s Il
W I ol &
4 : .\IJ “— o KN
R AT = = -
. - . % m w w
L~ (8 F < s o
—
4444444 Z KN
- =X 8 777,
.......... BEESEEERN Lv
~ = e,
a8 Y =
~ - O L 1&
= B C
S ~ -8
, D
% 9m m w2
= A = 7000000, <\
= R o RIS .ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.w
N\ = 9 78
X8 = & NS
RN H = IRN
&8 5
=S g £
] % = mE
=23 3 RIS atstatstetetetetetettinttetets st
m% p & E fa) 1| o
g = E z o = s
HE S H £ % ~ -
£ g XE T2 T % % = %
=3 sl == =
— o
jis ] | Rsssss 91
== H =y s C M
o B S —
83 Sy « & 3 &
iz =
v ulils) a o
3 4 a2 M 3 el 2
8 s S o S
(=3 (=) 7 Iral = a < Q
T8 v o s NA nﬁ
4 & Z g E
<< 10 | I == E
o @ m _H_
o0 5
= sz 2
% I, =
) R SRR RIS |
0
0
j<a] N
2 Z 2
(=3 (=3 (=3 (=3 (=3 (=3 (=1 0_ (=3 (=3 =3 (=3 [=3 f=4 (=}
[ Nl sl < N N — Nl wy < N [l —

9%p/20uriiodw IANRINY 77 Hi fX [y

Lo, La, SOM, TN, AP

R AR . Note:

available phosphorus and rapidly available potassium respectively.

N

>

BAPL

I5F[E] Time
R 1 AT 7 85508 A p A X B

Fig. 4 The relative importance of fertility indexes affecting soil fertility index changes
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AL EEE RN FIEAIR AR SR, 2 e
i B AE X R A FT A AT R 391 20 50k 92.4%F11
84.5%, i, EEA RS EAAHXT E D |
T2 12.8%, HoAATE bR R A0 0 0 A X
PERARIRE /N . A S AT PR e, R
HUR AR SR WA EZEEC 5 FHEE 14.7%
M 19.7%, 2P . G, pH. 43 %08 Rl R 52
SFI AL R AR EEVER A EA . K= MR, i
WA R IR SFT AR Ak i) 322 K R e HLS R
SRR, 2 AN EAR AR X I 2 L A A
WArR 92.2%F1 81.2%, MATHIZE T, +3Ef
MUR & AT BB 44.3%F% (8% 20.9%, +
BARSGEM pH FAXT EZEEC 2HH 47.9%F
1.1% T+ 60.3%F1 8.7%. E UL ], £ F85FR52 M SFI
AR AR R X T B Y o B 2E 2 RN, o
2T, 3 pH AAHXTEZEM: (16.9% ) (UK T L
A RMA YL &R (20.0%H 18.0% ). ZRILFREIX,
RIASZ M SFI A8 biy B R N LAV . 2K
FlpH, 3 DIEFRAGAEXTE ZEPE 5 ik 84.1%., &
W, 52 SFI AR iy R RN B3R AU
FA BT &, 3 A4 bR iy A X B s
90.6%, SRTHIAN LA, 3k R 5 ik A X
PEROIM T 2 30 fi5. Zill, &8, 4%, pH. A
LT, 2% AR A2 SFI AR 6 i AH X
HEEME (9.2%~21.4%) 25—/, BRI
T, SRXAERHAT CRACRE X A IR AN )
YRR A LA A EO S SFI AR Ak i AH X
FEME S (19.4%~60.3% ) it K T H A3 bR
(0.1%~13.3%), ML 5 5~603 fi5. Zirl, Ar
A FE XA A8 AR SFL AR TR A ARG 82 o b 22 R
i/ (7.4%~26.8% )o 25 FE X ZE R A b i 1 = 8
ot ZERING IR I ECE AW OR AN O X f O PR
di b (10.3%~60.3% ) i K FHAFE AR (0.1%~
39.3%), ZATHWA, JIrA R XA FE A ma AT g 48 Fis
AL B AN A G (7.4%~26.8% ) ZRE4E /)N,
% - 9 BT A 4 R0 B A AU B AN ) A
RABAR IR B 2 oh (14.7%~21.4% ), HAFEFRIY
AT EAERRNY L (7.4%~26.8% ), SHEIX 11
A B R i MR AR AR X A+ pH 454K
O i DO I R | B W B SEANG B 2] P we
Tl P 2 A R O B MR AR

3 1 ®

31 E30FEEHITERNAREEMEETL
TIEA DL R SRS T R Y A R R
FI R T A A B A 9 AR 3R 4 B G 2 RN
A R A AR i R, RMERA
AR R T B A ) KO B s 25 R
O, ST 30 a KA EFFIX SFI AL W% Ty,
FEEH TE 30 a £ ERFEMZ EHEAPLE . AL
RIS AT S B A KRR X
T A | KRB ENTEER, F
5 HERE Sy i R AR fRRRAE 45 5 o P RS AR R RS X 1Y)
T LA AR S KA VT 30 a WEEARTE (& 1), AfE
J2 i TR (1988—1999 4F ) SFI #AK, 435110 0.41
F10.47, MBEE TR BB AERE N, JCH 20
7 80 AR AR A, % 2008 4F, LT
BARIR . B, 850 LRI T A T iif X 4
F, IXAT 4 EARIR T 2N 56.7%, TH T HL
XA . B, FOOTE SR S EER 11.1%, BRI
TRV e DA AL IR A R A AL, A
SER 19.2%F01 21.6%1"7, il i K FR A B 1)
o, e HEANURM KRR & e, Mgt
T ENE TR FBHE 2010 F 2 )5, i
(2010—2017 4 ) Bl i bm o AR 358 1) 3 PRl 5
Jifi, SFI BYHGIRAH LLETHIE K, ARk, K =fMAte
FAREIX SFLiT 30 a R ZRARE (Bl 1), &R
Je#E X SFI R KBS T, MG 2 o
(2000—2009 4F ) FFET £ 8.6% (K1), nlfEEHH
F T AR AR b S RS T R AR RGN, T e R A PR
SRS IR AR E RN R, RAEB X
FHEFHKT 5 45, f8H £ HA 0 80
i (R ) e HUY, 2010 4R 2 )5, BEE AR I KRR
T AR A — A5 B U A - i AR R A AT AL
R TSI H ST, A P AR RS FF AR H RE6S
ek SFI -T2 AE R REIX. SFT S 5L TH R Ry,
ROIZE ] SFI B3 EJF (P<0.05), il =i
SFI (AR fb A5 2 i /K (& 1), v B T i
Bt MR B A BRI, 1A HLT R R R A
W, AR AT 22 ) 1 R
B A FT K AT B A 52t , AR HE A S AR L
Ivi) S} [ 2 o o) B LA FE A B A AE AL, A ML
RHA B R T T REMTS SFI BSA MK, K =
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FEIX T 30 a SFI 2 FFHE#, (HRILBE2ZR (K
1)o FTREBSE T X SK RS £ 32 %8 by 38 A S AH
SR [ SN M 3 o 5| RN/ e 20 - = 119 A S S
WIEEFEE N T KIEEA “fEin” BERALZEE L)
KPR KRG P [, %R X AR AR
KR IFFTER KT, IR T R 22 S AR R R4 7k
PRV S i LA B o - e g 0
32 EBERIFERENRETEOTUZMEEZRE
HEEM
2010—2017 4E 4 [EFE X SFT £ M AL e 11k
R PR S M A REAE . B2 R TR KR+
TS R AR R R €S 0 8 PN
FEUE T EE, Nz iz XK R R 2 R DAt AT
+, EEK WAL, pH BUR, LW LsE
AR E, RARRME RS RLD, HEAPLRWY
YR, AR S R R AR iy e X Ak
LB YLK R, AHUR AL 5 R
e R (e, R pH 4@, PERIREIX
FREUEOENE, ZREREEmN, $a+ 42
W K BRI E, RKIREIERE 122 . IR
R RERT 28 1 PO, R ) B AR T A KR £ T
UL, b S SAE L B TR R A R N
B4 [ TR IX A IR e S A G Y S R 25 5
JKAE By 2 BEOK B H FArfe X 25 5, IR,
R DX IR I SR BT o M it R L R IR £
HERARUERY, AT E A, VERE . fER . KD
TR = R X 2 LA HILS A 2 & R ) SFT A%
ARG B M L K T AR bR (&1 4 ), X 0]
A5 24 i 45 A8 X Rl AE RS it oG, 3 I g T i A
K, GAE. FYEVE . B E FE0E AT AILAC A A e
A AT B G, DUl SR AR AR R 32
A2 RE it FH A9 352 /0N, 9 L5 A8 B4 R i P A L
W . B I ) b AT SR A AR T 2728 A ek 2 g o —
T AL 2 LAA MU A2 EE 2, S BOY W SFI
A EEE R AR AR &R, AT
], ARG X R e - AR ) AR A R
A LT A S B AR AL T A FUR S
(& 4), X 0T RES AR 0 DX K R A T B A B 4
AR G, R XK FE AR AL 2001 4Ry
271.64 71 hm* ¥ K ZE 2017 4E1Y 604.33 J7 hm**,
ERAKFMT, AR BEERZ, Hghuiasctt
W, R AR A AL, I Y e FH A A

N, T TR AR R A i . LR AR R AR
Bleml . BT, FEAR R ORERE, BEA AN PO,

I, AR . B KEAMARIEREX, 1
DL A BRI 4 R s R SFT A8 4K 14 AH X 8
BV K (B 4), ARG XA SC R 78 45 SR
T, X W A A LR S R B — A
R F I 2 32 Fan PR, R
30 a FEEAEY) R G0 IR AR J7 048 v 3 R R
AR A R VI, B KA
FIZRIEAEIX 2010—2017 4F -4 ML 4R Z 18]
B A& R B W 0.696 9 (n=212). 0.703 6
(n=388). 0.500 9 (n=311) FI 0.455 (n=182), ¥
R EIR R 2 IE A SE K (P<0.01), £5F6 X 4 Hem &
EHBG R BRI ). Hik, @RS
IX. 32 2% SR L 3 A LY R A3 i 1 A AL
Fa i, MR T R D) i . JUHX T SFI TR
FEMIAEREREIX . K = RS DX VA8 PG pg R X1 1
JIAEJCEB IS, o S G Tt AT AILAE . o S I R A
FF a8 H A5 2 Fp it 20 24, DU e e MU & B
AR B, T SE B 255 BE 1 KF 1 4T
I, BT R DX A TS b i i AE ) FE B Ak 4 AR X
HEVE G LN, B SEA LR A A
AFGT E B AN [ A2 B PRARAE AR B i 2 5, &R X
T B AR RO M bR AR AR X Ah 3% pH SR4E
B BAR X EEZE PRI (& 4 ), X 25 AR
T A B i AR AR AR S, A 2009 AEFFLR, PR
KA P 5 7 BUR A BRI S, 2T
)~ e 7t S £ ] 3 5 0 AR 00 - 540 T Jre AN [
REE L “RECH . AN X EE AR BT 5
N, A AL R IR, R TR RFOR AR A B
AL > 15E, BCAEHEARYA . B, BRI E TR
Pyt e, TR A B, 3 30 a3k
KRG 1 3% A R e AR B R, 4R N2 R
(5.5<pH=<6.5) 58 NsmmrE (pH<5.5) AN
AT R R, FEE PRI T . B
AAERG X B mEst iR AT RE S 80 I SFI
AL 25 FE AR A R ., Hrp R
WERE X, 34 R A 52 m SF AR 1k i A X 2
PR e SRR (B 4), 5% X /0 A e
SEIRCORAMRL, TRESE TR IR (iRg . BIdE Ry
V) K FERAE G BBl R A TR LR IX, M RE
AR I, HITHANE . AV ERAR . F
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e 60 %:

BERE S0, S3CT HEA SOR O i MR ARET . AT
FERA 56.6% W A0, FAT R A BHR TIX X
KRG LA RO 2 I (17.4 mgkg ') BT I,
UK TP R X AT SR A L TE AL AR e It
St AL S AT A, LA - A R i A
IR EARNECT . B, AR RARYE A X KRS
H 7 S A IR S HE bR A AL, 38 B4R E AR
%, WRKRE P R RS IR AT s R R

4 & ik

I 30 a KA E ARG X AR ) B R AT (R
i) JE (=), BARE FHEE,
A5 X AR T B B AR AR AR A4S S, P R R
KAT AR X R A8 P 2 LT s, Aem
K= MR R RERN LT, KA X 2AT
W Je THR AR AL Ra B o AT 3] 4 DR T 4 39 A o R
G =N (N = A Ao 121 W I T -
NE e B0 4 EPF YA (0.61) BYXIR L 50.2%.
IS A A, 4 R X AR ) B AR
LTt BN XY 69.3%. FEOKAS AL
JB 5k AR A ) 45 B 3 48 A 1) ARG B B2 A7 A 15 [ A
X225 4R XA Fi U A b 2 S 8 A LR
14 GERT 5 i JE 7 56 28 A A G R M LR
FHAbFERR . LI, A G X A P8 bR 2 i AE g i
ARAL B AR B A L 22 B N, B AT AL RN
AR kRN EE B N [ A R PR AP SR B v 2
A, AR X - A SO A AR B bR AL AE X A £
H pH SFFEAR AR E MR I, Hoh KV A
X 4 A R A A BRI B K. A REIX
IO 38 ik B HLAE . RhAEZRAE RS AR I, X TR
TR I A DX T 325 214 e 2 W8 I 55 22 T it of 442
o A LB R A A, B Rk,
VTR T R S i, LARR R KRS 7S K RS £
JE 3 o W] R R R
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