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Abstract

Peanut (Arachis hypogaea L.) is not only the main oil crops and agricultural products with export
superiority in China, but also a kind of food with high nutritional value and therapeutic function. It is an
economic crop can be used for both direct consumption and oil extraction. It occupies an important
position in peanut production in China and the world. However, peanuts are very vulnerable to fungal
infection and aflatoxin contamination, which poses a threat to human health and has become a major
constraint factor affecting peanut consumption safety and world trade in China. Aflatoxin contamination
can occur in the whole process such as planting, harvesting, storage, transportation and marketing. The
contamination happened in the field is not only the main cause of aflatoxin contamination of peanut, but
also the source of contamination during storage. Aflatoxin contamination control is a worldwide
problem. There are many kinds of peanut varieties, soil types and weather patterns in China. Therefore,
it is of great significance to understand the variation trend of aflatoxin contamination in peanut and
analyze the effects of variety resistance, soil types, aflatoxigenic potential of fungi and climatic
conditions on aflatoxin contamination. Thus, it is significant for scientific control of aflatoxin
contamination in peanuts to study on risk prediction model of aflatoxin contamination, develop the early
warning technology, and then adopt precise and efficient methods to make post-processing as
pre-prevention.

Based on the data of aflatoxin content in peanut and distribution of aflatoxigenic fungi of main
peanut production areas, as well as peanut variety information, soil information and climate data
released by authoritative agencies during 10 consecutive years from 2009 to 2018, the variation trend of
aflatoxin contamination and its relationship with influence factors were analyzed. A rule-based
pre-classification combination with balanced sampling and random forest model suitable for China was
established, which can be used for prediction of aflatoxin content in peanuts. It provided crucial
technical support for risk management of aflatoxin contamination in peanut.

The main research methods and results are summarized as follows:

1. The spatial distribution characteristics of AFB; in peanut were evaluated and AFB;
contamination map was generated. The main results were as follows:

(1) The distribution pattern of aflatoxin contamination in peanuts from China was carried out by
geostatistical analysis. It showed that there were significant temporal and spatial differences.

(2) The omnidirectional semivariogram was obtained by using GS+10.0 software. It indicated that
the content of AFB; in peanut had spatial autocorrelation, and the semi-variogram of AFB;
contamination from 2009 to 2017 was spherical model.

(3) The contamination map of AFB; was generated after the AFB; values in unsampled areas were
obtained by ordinary kriging interpolation. It revealed that AFB; contamination presented scatterred
distribution. It may relate with the different varieties, soil types, aflatoxin producing potential of fungi

and climatic conditions in these areas.



2. The trend of aflatoxin contamination of peanut in China during the nine consecutive years from
2009 to 2017 was analyzed. The effects of resistance of different peanut varieties, soil types, aflatoxin
producing potential of fungi and climatic conditions on the variation of aflatoxin contamination were
discussed. The main results were as follows:

(1) Aflatoxin contamination had annual difference. Aflatoxin contamination was heavier in 2017,
2014, 2015 and 2013 than that in other years, with total aflatoxins of 26.67+116.53 pg/kg, 17.49472.01
ng/kg, 15.33+87.19 pg/kg and 13.95+52.65 pg/kg. It was the lowest in 2009 (2.40+32.48ug/kg) and
2010 (4.32+35.15 pg/kg).

(2) Aflatoxin contamination had regional differences. The contamination level of aflatoxin in
peanut was the highest in the main producing areas of the Yangtze River Basin, with total aflatoxins
range of 5.59-37.15 ng/kg, followed by the southern areas (4.23-19.23 ug/kg) and the northern areas
(1.78-9.11 pg/kg). It was the lowest in the northeastern areas with total aflatoxins of no more than 1.00
ng/kg.

(3) Aflatoxin susceptible varieties, sandy soil, high aflatoxin producing potential strains, high
temperature had higher proporation in non-compliant samples than compliant samples. High
temperature regions were similar with high aflatoxin contamination level regions. The effects of
influencing factors on the variation trend of aflatoxin in peanut were verified. It laid a foundation for the
establishment of large-scale early warning technology of aflatoxin contamination in peanut.

3. A peanut aflatoxin prediction model suitable for China based on rule classifier, balanced
sampling and random forest was established. And then it was verified by data of 2018. The main results
were as follows:

(1) The main climatic variables finally were selected. According to the maximum information
coefficient between climatic variables and aflatoxin, as well as considering the multi-collinearity and
the comprehensiveness of the factors, the main climatic variables finally selected were latitude,
precipitation from 8:00 to 20:00, average air pressure and average air temperature.

(2) The rules for preclassification were made. By analyzing the relationship between the
distribution of the main climatic variables and aflatoxin content, it can be seen that the effect of
rule-making was remarkable in high latitude region (> 40 N), low latitude (<21 N) and low
temperature region (average air temperature < 16.8 <C). That was to say, in order to improve the
accuracy of the model, the samples in these regions can be directly identified as non-compliant samples.

(3) The results of the balanced sampling-Random forest model showed that the prediction accuracy
was more than 95%. Four main climatic parameters, resistance of peanut varieties, soil types and
aflatoxigenic potential of fungi were identified as the input parameters of the model. Balanced
sampling-Random forest was used to classify and predict the aflatoxin contamination risk. When the
classification threshold was 20 pg/kg and 5 pg/kg, the cross-validation results showed that the
prediction accuracy of samples with AFB; content below threshold was 98.94% and 96.97%
respectively, and the classification accuracy of samples with AFB; content below threshold was 100%.

Compared with other commonly used classifiers (Decision tree, Support vector machine, K-nearest

v



neighbor, Back propagation network and Radial basis function neural network), Random forest can
effectively separated the samples whether containing AFB; content more than limits (20 pg/kg and 5
ng/kg).

(4) Importance of the input parameters was analyzed. The importance of the input parameters for
the classification model was further analyzed. The results indicated that when the threshold values were
20 pg/kg and 5ug/kg, importance of the 8 input parameters in descending order was latitude > mean
daily temperature > precipitation from 8:00 to 20:00 > mean air pressure > peanut varieties > soil types >
aflatoxin producing potential of fungi.

(5) The model validation results showed that the prediction accuracy was 86.89%. The mean
content of AFB; in peanuts collected in 2018 was predicted by the rule classifier-balanced
sampling-random forest classification model. Considering pre-classified samples, when the
classification threshold was 20 pg/kg and 5 pg/kg, the results showed that the prediction accuracy of all

the samples was 86.89%.

Key words: Peanut, Aflatoxin contamination, Variation trend, Spatial analysis, Prediction model
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fe4: (Arachis hypogaea L.) & FRMME w1 HARE /7 DRe, A8 SGERMIEIR, BARATRIM
M —'W. Mo, AP ZRE IR, AT DLORFFE R DG . A, DRty “ KRR,
el TS ZMER L — CFHL 2017). EE SEAM (26-39%). JEli (47-59%). BR/KAL
EY (11-27%) FZr4EER (Jabeen 2012). AT EH ANEL TN 8 FHEFERR, HIHLHLER,
AR WS 2 Ik 90%. Hh iz R B A e = LR I IE R, B RN R T4 ZURE e % (2 2k 41 iy
RE G K CZ 7y, MR 2 Py b M EE Sy . AT S R, 4 A
MR TR, Ferh BRI S EARR RS, M MRS N B — b T AR . 84 IR
PR FLAT PR I A R L7 PR [ e K e R RAORRAD sl O B R A2 o AEAE e & 8 O ERR . SRk
B, A BT RRICZ  REGERE AL B TR o BRI SR TER 2015 4%, FLAR R HE,
S NTEERIATE M . AEA A 4R 23 B Rl i PR AT AEAE AR T A S 0 A v 2 WO R S R 2R
M ek A 35 W0 B AE A4 A 1) SR AR IR0 D B E T I A2, 2R T BRI e 1R R AR 28 GRS 5%
2011).

Br ViR EAR. BOKIL SRR R4S, WERNE S ZMMEERER, Wi mhi.
4 (42.0 mg/100 g). ## (705.11 mg/100 g). #: (3.98 mg/100 g). 45 (2.28 mg/100 g). £k (6.97
mg/100 g). % (3.2mg/100 g). # (10.55mg/100 g) FIM, LK% 4i4 % B, PP. A, C. D. E.
K %% (Nyirahakizimana et al. 2013). A& H 44 R C HFRIEEEMER, 7T LRI 5
A, v AL A AR O A E o AR AR I 4R AR R K B IR e A o e e A Al s ST R,
HEFRFEE, HRESE, GEFAN, BarE W ANEERD g, e MaEa s, WkEE.
IR K& KA GEHRL 55 20100, LA WE SHEDER, AR5 E. p—4 BRI
TV s S, Forh AR R — M ARSI AR S i 2 By RV o1, B BRI« Pl i
P LA K97 v 0 L 500 S5 AR A T RE (Sanders et al. 2000) .

T BN B S A Pt 4 i v iy, ATBVR &AM i R L, AR &S . AR A
HMEHILL R AT DR BE LR A i, e I/ CR AR, TR O ML 00 o« A8 AR ZEAR IR L A T b
feAE it 50 fi%, 6f 2 Fh i Mg ER o AR R AP R Th AL T E SR E, (RIS
LR HE g, Al BRI 5 (Nabuuma et al. 2013). FESRECEL (Ajay et al. 2012) LK
kL (Grosso etal. 1995) 5. fEAEMAZ. F. 58, W 25, WA, MBS HEE. &
BAEAMEN P O E T2, OUE. AR, DR, @i, B, TR, Bk, BRd 2.
EFRARAE, AT D AR TR B RIGA . BT, R AR R B2 AE AR
B GFreis 2004). EARARAEAEA LSRN S WE- S, SAFEEDER, HA
e R R R R i, MHEREE 8% E, AR S ESIE 5.2%, ZIrAshiEyEEt
wE ), dEER R Y S E S LB OPRIRAHIE L. thAh, AeA 2R E e B b
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1.1.2 BERZRFME

e R E EE MM 2 —, SRy 3R E R F R AR 5 ) BRI . ERRE ) R
KIRMEDF, TeAE M= 2 TSR B5EF . ZIRATEHRFE, AT E2E (B 1. #45
AT TR 5N T, mEZERREZE NP EMRE, At FRZ) 60%(1 164 - #
FHSRe M . 2014 AR B AR 204 (Food and Agriculture Organization, FAO) ¥ for, 164i/e
A SR, AR TR RS SR, SRR AR (FAO 2014). R[ETE
HFAE A A s A B, T SRR RE, EEAE SR E 1993 FLSk R
JE A A A A A 9% [ 2 8, 2017 AR sk F) 1715 JiiE (K] 1.2). 2016 Frf [EAEAE
HIOE 1L g, R AR L, #EOER 22 i, AR
1800 -
1600 H
1400 A
1200 H~
1000 H

800 -

FeE )

600 -
400 ~

] B
0 — ||

BHRRFF IR FACKT ST et

& 1.1 2016 SR E R KMEHEY~E
Figure 1.1 Production of five main oil crops in China in 2016

el okys: s N RILAIEE 54015 hitp://data.stats.gov.cn/workspace/index?m=hgnd
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Figure 1.2 Countries ranking the top ten in peanut production in 2017

B KIH: FAOSTAT http://www.fao.org/faostat/en/#data/QC

1.2 WIS HREXNEE AR
1.2.1 HHBFHEMRRE

VERN—Mhih N R EY), 184 52 BRI A &R R (Aflatoxin, AFT). #iHh%
FRLEMEFEME (Aspergillus flavus). ZFAHI% (A.parasticus) FIEIEHIE: (A.nomius) 25
TR O B B R TS AR B — 2R A AR A4 (lgbal et al. 2012). A 20 &g 60 AR E 75 H
KAGTET- A RAEVLK, HhERROLE T AR 5E (Stoev 2013). HETS&KIL T
20 P il A5 &, WA H i 5 7 X By (Aflatoxin By, AFBy). # il %5 & B,(Aflatoxin By, AFB;).
W E R G, (Aflatoxin Gy, AFGy. HHlIE# R G, (Aflatoxin G, AFGy), AR £ %
R i E R R My (Aflatoxin My, AFMp). EHIEEEE R M, (Aflatoxin My, AFM,). ¥ %
# 2 P, (Aflatoxin Py, AFPy). # i & & Q, (Aflatoxin Q;, AFQy) FIE i # & Gy (Aflatoxin
Gaar AFGyy) 45 (Baraetal. 20100, ‘BT — SRR AR LI RIRTAEY), A — DK
—ANEIRZEAER (RS R) (B 1.3). H, AFB;. AFB,. AFG, fll AFG, 2 e & WL TR H AR &
AR #ERE R (Ifeanacho et al. 2017). HHAMZRIAL SR, HMEFTR LG, FH
AT DU I 5 6 BTHEAT X 47, B AnAE S8 ARG ISR T AFBy 1 AFB, 2 (1520 ARG, B4 (053
AFG, RS EIOE. AFM BIEE A0 EHlER RIS A 5RO WE 1.1, HRE T
7K (10-30 pg/mL), ANETAEMAPERE R, Ve T iSRG IR s fl R, s T =
AR (Cole et al. 1981). EASA. BMIE pH (<3 8i>10) FSEMFIIEEMEKIE T, LA
S I E R R ARE . W S 2K AR, AT 5 & sk SRR I N 47 S 3 (IARC,
2002).
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Aflatoxin M, Aflatoxin M,

& 1.3 ®HhES% (AFB;. AFB,. AFG;. AFG,. AFM, 1 AFM,) BI{LZF5E4
Figure 1.3 Chemical structures of aflatoxins (AFB,, AFB,, AFGy, AFG,, AFM; and AFM,)

* 11 RHMBHRAE R FRIMNRIL

Table 1.1 Melting-points and ultraviolet absorption of aflatoxins

RO (LD

HihEEER T NTE B () T—T
Amax ("M) ¢ (L mol ¢m )
B, CisH,0¢ 3123 268-269 (i) 223 25 600
CRETEDD 265 13 400
362 21 800
B, CisH10s 3143 286-289 (i) 265 11 700
CRNETRE M- 1E R 363 23 400
G, CisHp,0, 3283 244-246 (S RIETE) 243 11 500
(RNETETHFHD 257 9900
264 10 000
362 16 100
G, Ci7H,0; 3303 237-240 (SRR FE) 265 9700
(RET 2R B 363 21000
M, Ci7HpO; 3283 299 (/IR 226 23100
CRETHED 265 11 600
357 19 000

vE: fHE O’Neil etal. 2001
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1.2.2 EHESEREKX

LA 5% 55 I () AN R B2 R B AN R, et i s B SUe e aete . BORAEME . BUm e F B0 1
% (Nesci et al. 2016), Ff H B G M| AL K #vE (Theumer et al. 2018). A+ AFB, 1t
ok, SEEAGET 10 fiF, BLAEY 68 fif, #ith S A SR RERT FEWLI BN — B0 Y (Huang
etal. 2017). Ub4h, IR R AT AIATEE SRV BH)ic ) (Duetal. 2017), BAREE AT, Bk
KAE YRR R I BACH (Rotimi et al. 2017), f&3 JLE ALK (Mupunga et al. 2017). #% il %5
BRIGRZHA N, BRAY (K. BK. M KFE. B, Wk 4. mHEZE. i
O BR GBI, B SE3. i, ) MRE . M. EUERE. k. o8
& HYEFAZEEE R ENERE, MG R MR, BRI

W B RS R I AR, SR ERMAT . Bk, BN R Z R
oA S B M S R T S BN & R B AR TR E S . 2010 AF [E 5T R U A B A A
TR IR A A 14 fx & R B R 5 2RI 2011 FE A I R R L 2N R e
LR T 77 KA R A VTR 2015 4F 11 H 16 H, JPRHE HVE X B 2
B R0 80 ik & AT HIRS, b 4 HLUOR &=y ARB, ARSI, HANEAE =
BN AEA T o HEARIE, S [ i R B o B B R A B B R TS M A kL b 23R T
21510370 EPRIIANES, HEEMEGE SR ESEIT R (Robens et al. 2003). H
T ih & w2 NIRRT R, 2 B O o i 5 25 31 10 SRk B PR & (Maximum residue limit,
MRL), JEFZFE 2-20 pghkg (GE 1.2). Hor, WEMIRERAER ™K, et mhESR
By A 2 ng/kg, BB R By By Gy Al G S A 4 ng/kg. fEREEAEBRH 5+,
AT i 25 75 20 A 1l 21 R R B S AR R SR PRSI 2248 (Rapid Alert System for Food and Feed,
RASFF) TR @R 464 = it E A N, 2017 48 5 e d i@k 2 i 27.4%. Fit, JFE
At B RS B A, BRI M R R P, R ORI i e 4, 4R
R A5 R 2 A Y5 oK .
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* 12 R RERMMBER=RHEMESRNRAKERE

Table 1.2 Maximum residue levels of aflatoxins in different agricultural products of different countries and regions

I o A MRL/ Cuglke)

AFB; W ESRAE
CCCF FINLHFTFEA. B, B - 15
ATEEEAMEGERERE, LR, H. BT% 20
EU EBEEHSEARRITEE. BE, FREH T ’ 4
mhy R EKFAROK LA I e A4 7=
FORFIK 5 10
B LAY 0.1 -
PR 5 10
US (FDA) il ChEREZEgD - 20
JIIEWN LS - 15
THHE PR 5 10
SR} B R S - 20
R HEEEHNES 5 10
AR HEZETHNTS 5 -
HEJE KINTEk 5 10
=5 JiiiN12 ATt - 15
HA i & 5 - 10
CAC Ko TAHEA - 15
R T K 3 =2 e R e iR - 15
o E FRAE KGN, fEAEMTEAERS, e, EBREE 20 -
KK, FEIRICK. &R 10 -
INFEL RFERI . Fah. S5 5 -
WHO 5 -
FAO/WHO AT RAEA RN e g - 15
TTHEEHESR (JECFA) - 10

CCCF: Codex Committee on Contaminants in Foods €& fii5 Ju4)ik #it 25 51 43 US: the United States 3%[E ; FDA: Food and Drug Administration
n 24 i B & B s EU: European Union B ; CAC: Codex Alimentarius Commission £ &y #7351 £ ; WHO: World Health Organization
S PAH

% 1.32007-2017 fFH[E|H O 7 & RASFF FE @R
Table 1.3 The bulletin batches of export products notified by RASFF during 2007-2017

B AFT MO HAE Qgﬁ%ﬁ&
I - AFT BB

gy BB RE gy AT BORIIE BRI

1 EA51% 77 AL R
L%
2007 314 57 37 11.78 64.91
2008 516 166 160 31.01 96.39
2009 317 60 40 12.62 66.67
2010 384 76 68 17.71 89.47
2011 594 76 63 10.61 82.89
2012 516 62 54 10.47 87.10
2013 367 63 46 12.53 73.02
2014 368 43 36 9.78 83.72
2015 401 124 104 25.94 83.87
2016 196 41 34 17.35 82.93
2017 263 79 72 27.38 91.14

Bl ks & itk R http://db.foodmate.net/rasff/index.php?cname=&Iname=&chanpin=&ctime



jafl3

e 6 2 16 5 %8 3|
1.3 X mHMEERERIETMESR

A 3 il B B R TS A2 BIWOGRAT . ORI RICER A 23051 2 IR, s S R
QPR RGVE TR WORATRE M 38 i 8 55 3R T5 M AR 2B e A il . R3S, J5
PRI . SRR St A& RWSCHRIN TR) L AEA= R 7K 7037 B AT R A& YOS 14 3 25
W BK R . WOGRE RS a0, BIAnRIR R . Bk, PA A R i s f R AR

BT

1.3.1 WERATR L MBS RSN EERE

1.3.1.1 T4 M

H 20 th4C 80 AT 4, 2 0t 77 i 4k 2 i th B 4= Qe o th 55 55 1 7 AR 0048 A i
(Azaizeh et al. 1989; Blankenship et al. 1985). UT4FEK, #FERFA O 2N T WA SR
TER AR IRIE ik, &8 Bt (Frm & AT ) FD8 1) B DR A 1 3 it A FE 3R T5 Jek
R KT IE Bt 145 (Ozias-Akins et al. 2002). Guo % (2008) %5 T 164 175 A4k ih 2547
P EE B 8 2 A AR eI SE R Giso ara h3 AT LEA), JFRAfF & 718 AEEE S H T % 2 P st h
FRGEMEIEEER (Guo etal. 2011). I6Ak, HiWi DLl EPT R ACA i Flth BE 6 2 25 PR AR L B 75
e kA2 (Mutegi et al. 2012). H17E 6 572 3 i XN FH )2 U0 R anfl, HAA IR R
PrE i Fm R RIT A PUEM . DURIERE 77, Ho 3 dh B2 85 21 AR PUiE 0 J5 I8 AT e =2 1l 55 1 v
O IE A F AR S BT (Liao etal. 2010).
1.3.1.2 HIEHER

TEAETT DAAEAN R I rp AR K, AR vb 4 AR, 155 Brb i LI A iR ih 5
il PP AE R 5380, R RAAEAKE G R EIR T R R, 184520 il 8 7 05 G KU
Bim. MR, TR R S B B R K Ty, RS2 B R a0 n] e MR, AT AT
DAY /D A0 AE B R 5 2 105 Gk PR E G 1) LI A AR A e R R IR AR R 2 B, G
WA R AL, Gy AR, NG i Ew RS (FHE 55 2010, thsh, milhiE
BRIGRCE IR ER L, HF DIEDRe, B LA RTARIN, MAEI R A driE ) 2 IR,
JEJT TR, LIER AR, REWEKEEAR, EREYR™ (FfER 4 2015).
1.3.1.3 TIEEHRLER

TR E E R, MACAEAE A TR ey, §hEh s R E A
EEHESL, WA S22 i m R R 5. AR LIRS SRR, & WA )8
(Aspergillus). HF#J& (Penicillium). #iitE & (Rhizopus) M JJH )& (Fusarium) (Gachomo
etal. 2004; Youssef etal. 2008). # {7 (Aspergillus flavus) F1Z74E %A (A. parasticus) &1z %%
A I A B M E H R By By Gy G 1 WL %5 J& 1% (Dorner 2002a; Vaamonde et al. 2003;
Mutegi et al. 2012; Zhang et al. 2017 Ho At 301 w175 55 7 NG T B 55 208 1 58 S P40 1) 1 k2> 3%
& # R4 (Hornetal. 1998). WAk, [F]—RAF A FTE A R A th 2= o ma 464 1) o th B2 2 R
R, Flanstha (A flavus), BRI, S L-Eik. #H7RRMBTHhE S MR K
ARSEATMERRGREVIMER, ML MERSEAERIESR A2 EEMCHE (Mutegi
etal. 2012). AN/ B 2 55 A0 27 AR 2t ] DLd e 58 4 1 4 3o 2 25 28 R AT AR B

7
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1.3.1.4 SEEMH

TV LR, RERCFRRAE 2B ER IS, 1970 LU IR, 20 tHa 80
ALK, ARG . AR LUFEE AT Re I B 1) RS A N ORI I AR A, UMk )i R
NAFRA WAL . Al o 445 F RIG EPRBUG W2 —, 7E 2009 FFF22%¢
ITHEFARRBIR AR RS b, B E S FEEEAE CRE, B, M. B s E
SR B B SRR R BEARRS AR E 7. 7 2013 42 9 H IPCCCIntergovernmental Panel on Climate Change,
WA I BRI S AR A B 1R ey ) KA TokvP Al e & 4 e, e £ 112 F 5
(1901-2012), £FERVHRTTE 0.89€, FHfa AR TURALNR PR 4k SE, 1) 21 LR TERELE
1850 £E % 1900 £E[H] LTt 1.5-2.0€ Ll Lo IR URA LB FEL, RAVRUEEZRAL,
T EAW T, BER AR .

T A AT X, A i s X (26 26-35°) ARG BIGIR M X A )z, 4K
A i B R RS YUl R ARSI 35 LA N IHLIX. (Logrieco et al. 2004), fEZHJE 45° DL L [FHh[X
JHER %M, (Klich 2002). Sanders 5% (1985) A sx M8 5 215 Y If A2 5 M B IR YL R B %
HHK. Cole &8 (1985) fRit, BMEUK ™MW RIS, NAMEZIHENNE (520
I 2T, BARAPUENHREITEE A KA R E AR E i EF R4, IEREZ SR
PR AR G4 I, WSO AT OR AT AR AR A B R R K 203 P2 R 2 DR AP A6 AR B R SR B AL ) R DR 32 7 42 D (Dorner
etal. 1989; Dorner 2008). fEfEAAKIR P E i EH R ANERMRE, +REAERHE
FEAEAE TS Y 2 55 R A B B Rl & (Cole et al. 1984; Sanders et al. 1993; Craufud et al. 2006) .
1A 25 S I B e A 3 S (522 °CO) 2> (i ik 3 il 5 75 3 75 44 (Rachaputi et al. 2002; Bankole
et al. 2006; Cole et al. 1982; Cole et al. 1989; Horn 2005; Rachaputi et al. 2002), XK AT 7
JoiE 5| AR Il 2 B S g, ATE N 1 b E #1077 42 (Barnett et al. 1966; Payne et al.
1983). AW ARG FEB A T ARA AL, 75T R TR Z B RS
Y™ H (Reddy et al. 2003). [Flith, 70 & 0P & ] DAzl sl D e AR s i s s R = 4. it
Ab, WG AT — AN L AT LS BRI S e A 5 e
1.3.1.5 REHTE

ANFACZHE T, BFERAE. BAE. Pl (e DLAGEBE A AEIS O, oo fe A 52 o i 55
(R G Es i B 5 R V54 (Torres et al. 2014), {E[F]— 3 b SR 16 A= 2 0 5 1 3 1R e
Ml s R RIS (Ortizetal. 2011, {EVIACAE, Fele 5A 5w ih & 8 =2 G EV e Ve vl e
IRE ARG % (Mutegi et al. 2012) . SR1T, VEVIFEAE XS 3 il 25 75 375 S e M Aok T MO A8,
B, e EEd, BT SRR A S AR AR m, VRS VE X E G I A S U AT e
1R/ (CAC 2004) . TEAVE F R HURI X, ARV P 2 FE O Bt EAS 24 AT Re 39 i s ith
FEERTT YIRS (Anderson et al. 1995). 3 dUnt s th &2 2 R TS Yl BV EEIEH, BIAER
BRTEAEA S, Ik 7 J R, BRI ES R ANE (Waliyar et al. 2008).
A7 BT T AR A HRR AN SR B 7R A 24 s R AR KA s i B R R 74 (D'Mello et al.
1998; Leeetal. 2001; Dorneretal. 2003). tbAb, TGN FEF, SEEMAE . BHFAHE hnsE HE) &
OO AE A B M R R TS AR AR L.
1.3.1.6 EIMBREN~%

TR R A AR S5 AR SR L A Bl & T BT . BARIEANTH & AP 75 2= 1AL

8




Hh ] AR 2 B 1 2 18 ST HoE 9E

PRI, (R STER B AR AR 52 B L AR e P A A Y P 2 (Aguamah et al. 1981; Wotton et al.
1985). FLfE 1972 bk 7GR ATIEAE 3 R0 H B I PTIE R B T KRR AL 2 KRBT
% (Vidhyasekaran etal. 1972), A BAEMYTiHRIIGE 1, WA spmiiEsiR
754 (Dorner etal. 1989). AT X4+ R MHa & I piss Ry E4F b, W KA m I ER R
154% (Dorner etal. 1989). /K731 B & s fe 4 P~ A AP RN E B R, TEAELE SRS
FAN (ay>0.97) BEWE ™A USRI BIRE R, AT 2 2 1 AR KA th B EE J 1 Ak . B
FAAFRL ay FIFEIG, KHIT5 (aw<0.95) SEALAF =AM E RN TR, HEk
Kk,

1.3.2 YRR RHESRSEANEERR

U SRAS S OREHUSOIR (2, 38 il 2 5 3R TS AT e 2 N EE (Heathcote et al. 1978;
Cole etal. 1995; Torres etal. 2014, F&A= FSCIR IS ] B ke T s 2 B AMSCI IR Ak 2% A1F

FEIE B BGA S SORAE AR R AR B, RO B BWSGRE  S B &b R it B = o
T+ (Diaoetal. 2014). b4, BT HEEEMBE M ERRRK ™, EIRBGROF TR ES
A7 (CAC 2004), CAHRFFERI, il m = g s th & 8 105 RACPAERUN . R EFFRL 5
TR FFRL (Sanders et al. 1981; Cole et al. 1982; Hill et al. 1983; Cole et al. 1985; Sanders et al
1985) ¢ XA T AR BAAE A AR MY B8 RS, T2 B4 52 B3 th 8 8 R 4. At
B R AE TV = A AP B R A AE T 5 A A X 3 i B 255 305 Yo A1 SR A 15 4Kt /1 ( Dorner
etal. 1989),

FEFRRASBER A A R EE Il ER R E, HREH KRR R TBGR e
(Kabak et al. 2006). FEHURISCHRFI BRI RS F& B H 10, 2 (A6 AE AR 5 52 3 BT 1R )R 28
M BB RIS Y (Heathcote et al. 1978) . 52 3 HUF (LA T 175 Yo 3 i B 255 21 10 XU . 3
TRBRAE AR R AEAR T A s th S 8 2 AR RN, W e A4
Pl 52 3 M 85 15 275 Qi) XU (Sobolev et al. 2007).

1.3.3 WREEMEERMESHSRNEREER

— R, GRS AR AR A K R T 10060}, G ek R R, B E A T
BEHORFFTE 22 A O KBRS, A B HIe A s B 55 5= 0I5 4% (Torres et al. 2014). Diener %5
(1970) i, YSCHK a1 A Bl T8 T AR RF a, KT 0.83 1J LA &bl 3% th & d R = 3%
ith B AEAEAE AR K IR AR B 7K 5 8-10%, PRGN LN 82% . 388 HFFRL & /K & T 10%0) 25
Sire i %2 % (Diener et al. 19700, HEREAE T LG R A EFURFUK M EBER, ki FEEE
AR M EERIGY. AU RIRIE RIS A i RS KRN 9%, T e84 fd K ik
PR KEN T%. EXFERIKSE T, WERIEAIRHE B RFFE 70%, IR LRFFIE 25-27 €,
] DARAIEAE AR e 4 i A7 —4E /24 (Odogola 1994; Waliyar et al.2007; Waliyar et al. 2008).

N T B TERE AR RS R s et i A R AR, AcE E R R 8 B AN AR 2% 4 (Dickens
1977; CAC 2004). JETdRw/K. i KA 24 5 B0 v Bk DL S AR B I J8 (1) A6 A 0 2 1 s i 7 3
)45 = (AP R K 43 (Davidson et al. 1982). [KIk, il R I i 2% 1142 4 i A6 A= 3 b 25 2 75 L)
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HIFE. Dickens (1977) @NAETH. T A (L8 8%) MM FIvgicd:, J A%
R E A2 E R ERNRE, XEASR S BRI .

fift B AT 70 129 5275 G IR A 2 ek 31 it 5 55 3R 7 AE (1945 &% 4% (Cole et al. 1995; Dorner 2008) .
AL A L AUE R B R BT A 18, A SR 2 B S WU S ST RIVRSG s R B R B PR AL ]I
BACESIANERR . T AR RN AN S TR AR, Fisid <R ORAE, FlanmA =%
el B —EAERF AR, R DA R EGRD B 3R 1 4E (Kabak et al. 2006).
Heathcote &% (1978) Hff 7848 H 3 i 470 P v CO, MR B2 2 1 3 i/ s B 3 W 7 A

1.4 eSS mHEEHSRMIEMRER

BT R R TR R S, A DB RNt . (B i ER R
P B, — R, W LALBREE At BT R, R AT
s SR T, TR R O B R A S Y KU AT T . TR A S H T AN A R AT
I, A BT IR A SR TS G AR AU SR  4 BE

1.4.1 YERGT

1.4.1.1 HEPIE

A WOR JE B S T AT oy Bk, B A T A . dudokn, RS R R BRIk
t, AMFHTEM. ZJaH o7k LRI O S BT Gebt i, X0 i1 T3 i & 3 K TS Je e it
AN, R R R DR T, TORER A AT B s Yo T HLIE R TS G S RS B
FEMBUOZERARK, BIa0Ts Bere it S ORR . BORBURAERE, Sizamfied EE M azR
R B i U 5 AT 70

B BT EAE TS . KNI 7 B el R 1 ik (Dorner 2008), HirbrA -
e 2 M e A6 AR I T ALl A B e A R 3 B O, 7T RAZ D 70% 1 3 1 %55 2= (Cole et al. 1995).
XM TTVEAFAE RIS L AL TE 73 5 H BORE i IR AN — 8 A 32 31 3 il 2 B 3R 75 4% (Waliyar et al. 2008).
IR, BARHE T REARGE] 7AW S, RMIFIETE Xt SR R R A A T
A, BILIZREARIFARE A LR i m R RIS . B, A 7 A RPERIE A i
TR R MBS R, It TR ARG e M L7 B 2 Ja HEATERYE (Dorner 2008). {H
T B R AR EE S, EE B A | TR R b R AR LR A R R R R RE L A5 (Dorner
et al. 2006),

1.4.2 LEFHIE

EAEH I E R R RR AT R R, HamaEs KB tofee, Wik, — B
AUIN L7 AR LR 1 o DRI, 7 BER OB K TR XS e il dE AT il 55 DA/ Hoxeh N A i B
RIS o A2 75 1 i 2 B A
1.4.2.1 FAEFIFREFNOER

A FH TR AR 0 A A S T 4 P 3% TR R 2 28 R bl e s, AT el B RHAR B O XU (EC
1999) . RTM % Bl 771 8 o A6 2 s UG R A6 26 1 1O S RCR A AN B . — S8 F R IR K B S
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R R AT DA B R ER A, SR TR B A PG R BUT R W PR AR, (AR R
KT REAN REERERRCR . U7 SRR AW S, Markoglou 55 (2011) A3 1%
A B R R e A purE & A th B ik, o w e T A R s ik .
1.4.2.2 REHE

Proctor %5 (2004) W7t 1 RAMAL BN fE A FIIEA K h e th & 2 R o, 25K R
AN RCR B i I T A A PR TR ) e e 3G . Herb i th & & R By M Gy IR i,
TEAAT IR AR 28 i T A o Bl AR BRI TR RE G, RN B8 it 35 25 I PR R AR IR, RIIE=
T T R A AR P 10-15min (1) A2 5 0 i S T A0S 8] P 1 B e 52 A (5], % 17 A G olet PR A 20 BE 22 35
de Alencar &5 (2012) JNIESER AN Wi EE R AWM EEM, BFF0 7 4EAAAE 13 1 21
mo/L I RLEIRE FALEE 0. 24, 48, 72 Fll 96h 2 JG M ER R . 45 BRI SLARE A szl fe A4
v B BV AR AR SR 21 mol/L AEERAEAERE S 96h J5 L VSRR 21 10%g.
1.4.2.3 mAKFIFHIE

I AAARE B AR B2 K5, FDA SOV BTG an T HE R R i A . T A e R RN 0 2 —
BRI BEVE N PUEE R, IF A N R LA Y o 1855 1R L1 S8 A 77 1) P 5 P DLAE IR 464k
PR WA T 2B AR AR A B H IR, 3 B O &7 R IR et ih 8 55 3 Ao th & (e A= h 43 31
BOUE . TR B & S TR = s A AR B A AR A, R AR AR AR R B AR P B R
Hotwm M Em W R e, JF AR 2] th# R (Passone et al. 2009). b4k, £ A AITH 2%
B R B 22 b AT ) T A DR SRR W AR S W Jo R A o 7 R TR R AR G R B R R R S
(Etcheverry et al. 2011),

1. 4.3 EYIFGE

1.4.3.1 NEHEREHE

FEWOGRHT, He T4 5 2 ith 8 AN 2 A2 th & BRI AE B Tk S A D B T KRR, I
HIg> 7 A it R b 3% fh 5 55 21095 4% (Dorner et al. 2002b) . X R 7V JE LR, 2478 L3k
AP EF AT, EATH S BRI R G800, SRR H 5o . it
Gb, B FOUE B LIRS 7 B BRI AT RE RN, A ek A AR L I ) 52 ot A R S
(Dorner 2004; Dorner et al. 2002b). & FiX—JFH, EE O RINEA =5 # ik AF36 Al Aflavus
K49 3 FH T F ) 264 R e AN oK 3 th & 3 X A2 P76 (Abbas et al. 2011b; Cotty 2006; Cotty
etal. 2003; Hornetal. 2000). [F#E, J& HFIEAIH 4 FRA ™ 25 0 25 Ak ) B A= B 770, 9F
fr 4 N AflasafeTM (Atehnkeng et al. 2008). fEfE4H, A= 50 il % H#k NRRL 21882 T2
AR AR, A RN Afla-Guard™ (Dorner et al. 2002b; Dorner et al. 1998; Horn et
al. 2009). Afla-Guard™7E 3 [ [ 15 U AE FHAE X 35 i B 2e R AR 8 T Thbids, AR R WAL PEA7
P R ECOT ) R D 85%, & Fe e o B RE A S B> R ik 98% (Dorner 2009). R
RIS 0 B AR S 55 [ SR AR X — ik B B T e AR i 3 i B 2 KI5 44pii (Alaniz Zanon et al.
2013; Pitt et al. 20060, H I, A 7 i % 5 ih 528 3R PP AE L LS A fer R AR P B i AR 4 b 2
NARHEAON A7, 2L 2 [ 5K — ELAEBEAT R A FH 1) 12056 ( Abbas et al. 2011a) . Horn %5(2009)
fiE 7w A TR ER B, JF FUEEIR R AE B AR A MEE AR (Moore et al. 2009; Olarte
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etal. 2010). HARBMEMA~HER ORI H TR E SR EYPE, A22FEREMH
HA T Re R AEFER RS, W5 B0 46 BRI 8 A% 2H RS i AR AR AL, T 3 Y i ot 5 i DR Y 1) 7= 5
T B FXHEMR G 7138 75 23— it (Olarte et al. 2012).
1.4.3.2 AFARHE

Kong 45 (2010) 7+ [E 1 5r 2945 B — bk B BU P 2R AOAT B, Rl i fk A0k P R B0 A 72
TSR S R A R I E ] . SRR, PN AR RE, R IR
W E R RAED A R aflR FEH AT aflS LM %A (Kong et al. 2010).

1.4. 4 £IE/HIE

fe A B M A B R G — M SRR, o N SR AL sy, RO T SR G )
AREK. ZHEmEAREmAERMESRGY, XEEHEFEMXZEFMIERZER . £
A BmBHERGRENER, CAPRIRE 76 R RS SR 5 (HR R 3 i 5
RIS YmT DUR AR . R, K. i85, BRI, AN RN B L LU AL
PRI R R, B TR G IE AR R M, AR HEBE. MR DL ROE R USGR
I e B AN [F) (R R AT A R s, AR ™ ot e 4 PR EE AR 28 il (R R U 2 380 A
m AR AR RS, SEIL AR B R MATEDE, XTI e B i E R R S L
1.4.4.1 BEF RFRAMNTEHIFRBHIEE

5 [ J 5 A AR R AR P RN T S I & T P NS T i i (I PR i E e — &
PA—MJFENY R, GG, IS A0 AR 85 5 TR B AR P AR T sk (CAC
2003). RIFLVFTE (Good agricultural practice, GAP) MJ™ SC_E 248 FH DL iR A = il e 22 4 Ak
b= AR = S O AR = R JE I LR ERER  5F A 2 AT RESEE R R (B 45 2009).
LORSAE (2012) A AEMORET A, LI FE DT R AW UFE PG, WOk 1k
SRISFIA], JRRRAC B R TIRE 7, ISR FOHEd . A E PR B SRR R R0, 7T LSS T GAP
X AEA B R R AT R4

FESEHE GAP JELG B I, TR EFRMFEHFEAE AR5, B NIRRT AR A AR
PR RIFAMETE (GAP)” 1X— A& 7= i 22 A4 il BRI 7R3 I &
1.4.4.2 £ RIFRENTEHI TR EHE

K I AF #17E (Good manufacturing practice, GMP) B3k £ i A= 7= Ak B 4% BT 19 A4 P2 4%
HHERVEF T, EHM ARSI IR RS, DAREE R L MR =R bt (FRNFR
2008). FIEFEEE (2012) WHAEAE BRI TE . g Fi B Rth IR 20 285 5 ik A7 25 )y T 4 Hh 4
T, ATLAE T GMP 0 fEA: g i i AT s . RS (2002) X t PR 4 R )
REXE s M 8 105 MR R AT 08, A A R T IS A, R E ST GMP,
DU 5 R PR EE IR S b TRy A6 A o i g R T5 4, (X — 5048 I R4S 31 50
1.4.4.3 BESHS X S

16 E 4T 5 Bk % ) A (Hazard analysis and critical control point, HACCP), 2483 it X £ 5
“ONHR BB A RE S T 1 AT, RS B i) 5 R s R T U7 A 5 R A, AN
IR BIREEAE AR P22 A ) B 1) (BR/NER 2008) . HARRA—FI RN Z LR a2 E R SR,
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H M 20 tHhed 70 FEARTESR ETE R BASK, BTt SR 2 E KA. HACCP 1E B i 2 A il
AR, AR B AT FH AT RGN 5 VEAL, 85 A HACCP vHRIA A, T2k iy
Tt AT IE, S — AR ASE N 2k TR, HEEm aH iR S f & i B
5 XU B 2 B (X (Park et al. 1999).

TkFEHE (2005) 1ZH HACCP JRBE, M7= St e 35 7= AR i SR Rl DR s 1) s (1 ff S2 AR 4%
il e ) B B = A BTG T H DA B i R R R 1 A AR AT TR . 1 S (2007) B
Fi HACCP JF 3, Xtbhilfe st “ AR TH ) MRy 7t EHZRNaFE o, e
TR, JRIR T B AR . Gorayeb 4% (2009) 7E LG SRR A S Ak, K
HACCP i1-&ilig FF Mt e R eH el 81 2 sefe b s i) A 72, JRffie 1 s s Rk e, 0.
TETgER, e A A T SR D it 2 o il 3 P ) DY 3 ot 2 25 3R I DGR o o, AT
B B DUARUE Y 9 22 42

FEWGRAT . R G TR A7 A5 1 KA ATE (GAP), FEANIRN = b fn T An4 H5 B Bt
R RIFEEAERLIE (GMP), HACCP RGN UL TE S35 1 RIF A HTE (GAP) 5 RIUFHAE#
i (GMP) Al (25357 45 2012),

1.4.5 FEHR AR

H 1960 4 “ kXY X7 $F)E, EE M EERIT gL R 8 7 et A ) iz ok, B
A FLBEAT AT AR VIR — MR, TFREAEAEAN IR 0 i B 2 KT 9 e TE BRI I, £ 540
RIFFREATIRET AT DA RO AR L i b o o i B 2 iR T5 0t R AR T B 2 R 75 Qe (1Y
T B WA T — AN 7 I R R i A ORI e SRR W], T e L B i 3 175 4yl
P JE B AT, ERAREZ . AFEMIX . AR SR RS R R S
RSN, R [ —Hubk o e A B e i B e Ay AR M B, Hr B I AE RN E SR, Rl
HENIRRY . R AT BOR R, AR K. RGTFRAF . AFFAIEA i i B R
GRS KN TR AL S R AT R TT, PRUIIEAE o0 i 2535 R T5 e oR B IR TT 55 0B 4%
i, I T 2HE L fEE W i B R RIS YA A B T R A A B S K
X PR BEATRCHERMEIE, LGS AR, AN FFRTIEA 3 M 5 3 R P R 58,
K2 e A e h B2 3 TS BORWT FT 10 MR JE T 17 o

MEREAKL, Il B FE TR A R AR Biln,  — R s s 1 it S Sl 3, A
fE R e R A, A B B JE B e A e s AN REFE AR R, RIERCKE MR P (Chauhan et al
20100, PAIIEAR I A} oA T 25 R BEAT B R R By 2R 2R B i B 25 S B ) e e R AT R U5k, O
FELE T B R 3R TS Qe T TR AT R RN 3 Sk A R S B A 05 e g ih B 7 K 0
o N EIHIE AT IR RS, DU I e R RIS ) B i RS R TS R, AT
PR TV, o I AR s T 45 SRAE SRR AR IO BRI  ER S AR 0 T, Ok E AT TR
VR S P TR A A Yo B 3R O XUy o R A 2 7 3R P R AE DA A M L
AR G I8 AR, O i R A B A IR R S AN S A A AR R R i
AT RN 5 734, 24 H B o B 2 AR (R BT IR AN USRI R 47 445 il LA B B it B i i
D BH R BUR 55 . AN AR 7 il G 5 A 7 TV R U P R, RETTE AR
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T 20 tHh4D 80 AFAX,  H.Z A TR A & A S (0 FROI F0 o  Bl E  A0]  RAR T T
P FEEAL, & SR S TR 2 A TE T AL S R 2 k0 . ARYEIEAE R . AR K A B S AN (]
BB, KA A B it 2 2 R (N T 7R 2 WSO T AR T

1.4.5.1 YERAIMITE 5%

ARG AR AR PR ) 38 25 A2 (R B B fe AR B th G g s e E R R . E NS
BRI, ORI R T R R A6 AR 5 v it R AR G R B it A SRR S R AU R T
(Blankenship et al. 1984; Craufurd et al. 2006; Cotty et al. 2007). 7EUSERHET 4-6 F, RIFEAELE 3%
W, TR (22-35 €) sl AL A s i B R 35 Y 2 (Hill et al. 1983; Cole et
al. 1985; Dorner et al. 1989; FKE & <5 2006; %258k 1996; K%k 4% 2010). HeFIXLEHF LR,
L ORI AE [ 5K E T AN R S HUAR 2 S 500 2 1 B[R] B AR B it 25 2 2 U e
Ao R TSR, R DORE SR DR B R B AT G U T B R, TR e XU 1 AT TR
e, R T 2 S TR EURH L ) AR 2 e g 1 AR B it R TS AR

FEFEIE, 1990 4F Thai S8 78 K IMAET R0, st # R i5 Jud #2 BRIl — % 8i3h /)
gk, HARKBERRRTRAEMRR (H8ERZEDIT 2.54-5.08 cm) H3REE, (H DL 71
BB T2 P LIRS, HIRAS 2SRRI . 1997 45, Parmar R AN T#&
PO 268 01 2 1 ] 1 7 9 v o o B B RV e TR Y, B S A B R IIR A . TR R AR
I [A]FIRR IR o 45 SR B T+ SRR Y 38U 2 I 25 € 9 N T A 254 8 MMEGEl= T,
HEEIRY Ft) )1 6 S AN IR 42 1 1k 52 Z2 %K (Coefficient of determination, R?) 43 %k %] 0.9250 1 0.9522.,
2000 4, Henderson SR 10 4% S0k SR AL R #2245 732 (Genetical gorithm/back propagation
neural network, GA/BPN), F|FAHF IS4 T LA BT RIS, "Ly GA/BPN
H AN S E, SR T3 E AR A B A R G e 1A b B M A i 4 gt AT 2 5 b T, T
R EHE MR R AR A IE, B A B i 5 55 2% OB A 7R 56 (B I RS BHE R

SFE[EE 1998 4 kA T CROPGRO #i%, Mo+ CROPGRO-peanut #&— ™ fJ LLAR 4 fan A\ (1)< 5
S IR . R AR KRR B R AE A K P S R B IR L A R R
FERME YR K ERIHEEL (Boote et al. 1998), LA 45 3 TG B M AL KA = |40, R
P AR LR R S e A s B R RO R T AT s dh i R B &, JER A T e HR I
B A E R KT (Craufurd et al. 2006). 1% CROPGRO-peanut #78 ff  FH,  #R 4 25 h 25
RBETESEEMAAESH (FKE. BIKR. SR B fXR, DESLE T AHEE
il ER RS EN RS ST (Boken et al. 2008).

WRHFE 2010 PR T A TR SE A6 A 1) o it 8 85 R S TV 78, T HAE N PEARAE
Al mHE RGN FERR . BL 2Ry TEMEKEN T (Agricultural production
systems simulator, APSIM), FIFMEERAEL. &, FFKE & LIRS AR 78 7
FH 1) A2 A B A AE 38 25 25 5 G TN, A P n] DK H Bk & PRERIR B A T30 FE R N —
AN HMAZ HITE— “AFLAMAN”, APSIM ({48 4 5 i 25 2 2005 G PO A w5
TOI, SR FE b B S R | R R il B B TS Y A B IS “ AFLAMAN” R4 A P
DB A P SR EURE 2 () T 4576 (Chauhan et al. 2010), IR 78 K R IV /N Bl X 3815 81 52 e J3
H, ARSI A FETAUN, TR s —, TeAE S R/D, POBR I EANIE & rp B R 1)
oA F = KE
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UEAh, A B E AR BWCR T BB AR AR DG 9T, Battilani 55 (2013; 2016) KA EE R
A AFLA-Maize, HRIEYCHR AT AR/ NI AR A X A B K R T 1 BRI R KR /N 22 1 3
B RITYXK . Chauhan %5 (2015) M APSIM HSHLRLFIUN 5 & 7 Hh DXk A oK A 3% ith
HEFRITYA . Salvacion 55 (2015) FIJ FH SN2 45 5002 U0 =4 A1 5 6 ok g AR Al ot oK et it
BRI . Damianidisa 5 (2018) F AT 5 2 F 541 (the agricultural reference index
for drought, ARID), #4852 o4 ml A A0 FoK b i ih B 3 RS Jedb AT i, H5E ARID it
FHMSEH B[R HsR . SR FKE. XIS W28 R BUR 8RR PR 4R 5
. Smith & (2016) FI A <R M B EEE . AE S (A — b5 %R~ , Normalized
difference vegetation index, NDVID). T3ERE CHNUR & &, pH. HhEECHun g, 3HhE. A
FIERAD) SR A S T K B E R Y. (RIS AT 2 i 25 2 R AT 0 4k v SR B T
PER ZHE 0, AW ST BRI 7 G s g F L DR H AT Fe i e
1.4.5.2 WIREMTME R A

VSR G T 7 iR AL 4 -

(1) =B

e M E R RV RAOTRAAEVGRET, REFMES, ERCR)E 8. AN 55
WA R H WA LUR & i 3 Bk AR m il & d R, PN g (Brown et al. 1999).
O A A A2 35 00 FH T00I0 5 A= 40 25 7 B S [ AR 88 2 R T AR A v (7= B B B g S 1 Tl
B, — BHIRBLE SRR, R DURIURB T, R0 R B 2R AR

Troeger 5 (1989) MRt 548 AL ML AE AL TR0 Bk Jo8 1o R v P UK T 28 B2 SR AP B AT 4, AR
PR TR IR B RAEAAE L (K & A, AR E S H R A KME R AN, B4 i
EHa78. Whitaker 25 (2002) HIFFL 1 H 7 Hi R B TN AE At I 5S TR peid AR b A6 A v
HERRNEES M, AT G5 e A i T8 3. 2575 (2007) A Boltzmann F1 Logistic
PR REAL, 1 At ) 3 2 ) A AR, JRWP IR R T H S il ER R SR C R, Al
ki AR T 15€ . AHXHZEEAR T 85900, ] LACRIEAEA 8 b o ith 2275y, Tl s th & 8 17
4. Zhang 55 (2011) F7RZHAHEERIEEE 73 #1745 ) 100-190 € %4 MEA R I ER R )
FIEERERY, FRIAE 5 RBCTME 5 5 0.857 A110.750, AR AL A LARRIh R A T8 AR #oin g e e
M E R R TUE .

FERREE MNP AR M N R, H B A A A B 2 5 R R R A k2
b, PRIGHSOR 5 7 2 TRUE Y ORI L3
(2) RIARTE

BT AFBy ARIEENE, o MR RaT, R BV & B iR 58 1= A0 %
PIFRHI AL &8, I Bz SR S wkaill, 50 BA N, RS 1E
AT i T RS AT TR A R R .

Atz A (Versicolorin A, VA) 3 AFB, IZEVI & AT RY), A&3m il & 2 s AW 5 o
FEH A B 1 2 B ORI IR AL A o 1R P9 Ahxt DA i B 7 3R 2B & T AR It/
AFB; HITUERINBEAT T HIEHT T . BEFRER], VA Befigdiin AFBy A4 HERIEEL AFBy /D, K
MT7db e 4. WiE, KT LUEFIHE AFB, I H I GERH 20100, JrBHE (2008) @i
W R WA S RS I, | W RHR B MR RE FR 2 . R E B SR AR h B 7R s i B A AR h
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I 2 0 1k 7T DAAE. AFB, PR BT RS Y VAL EREER (2010) #RIS T B #h 2/ 25 A i 25 7 55 10 T
AR S AEINRED T, S RRIIRER T VA FI AFB, SR (B AA R (R?=0.405), If
H 45 VA BB R, AFBy & EEUIKET, 7EIRE N 80%, ¥ 28 @GN E 10d 5 AFB;
&S 10d BTAEAR T VA &R IZMRC R, MK AR R=0.615. Kt VA fE i &+
R TR 2 T2 7. Alkadri 55 (2014) FRHEN MBS RNATAY, HEOMER
(Sterigmatocystin, ST) AJ LLTEfg N AL h i i B R
(3) FME

W E TR TG FE A TP B, HATx AFBy 5> BV 78 35 2L il i /K 43 F1
TR Xt 4 o R B 2R i B OB R R R I R 2B Kl e R o i 5 B R 7 A P S M R 5 A R R 1) 3R
ILES AFBy IMISRPE. Schmidt 5% (20100 WFFTR WAL aflR/aflS [k &2 H iR X
IR FE 2 A AS EAE ARG, 1Z LR AFB, Fr& s (Schmidt et al. 2009; Schmidt et al.
2010), MJFVERTN A FIX PR RS E . Medina 28 (2015) J8d G Luedeking-Piret
BRI IE 7R R A B IR KSR E A E KSR S E MG R AR R R XM
EAERE T IR A N T 5 i R R R A BORAS AR OCEE R 2 [ oG &R, I BT i ik RE A
KA 8 TIA R B IE. B AFB; & R IAREE K2 S AL I, (HiXH A
I P 3 R 3T T 7 R AR AL 7 — A R

1.5 XREMRBEHNSEX

1£4= (Arachis hypogaea L.) J&F&[E &yl FH L PHAEW AR 3 AR P2 &, 78 [ R 5
A A EE AL . SRTTAEAE 2 2 H R BT AR i B i R, SRR e E e AT
T AR G 1) E AR R . 1A 8 55 2 0035 e ] DUR AR FEAR A AR = I & AN 36T, J
HSCGR T R]5 G0 AR BE R A0 AR Tl 25 5 3005 e M R B R R, R ey s e sk i 3R AR
ERMEZ, THSRRRIRERR SR, AR A AP SRR BB PR R ) SR
IS S At 0] 2 it 8 B BB AT T, SR VSCIR A A R A 3RS e T A AL, e v it
FERE RV RAB I = 8T By, 2 B TR A J5 38 1 55 5 3R 15 GeAss dil BB 78 10— A8 7 I A R
AR TR 2 AR A R 1 — D EE m A A P AR R R R, O MR R R 7 R e AR
AR, MAEA S F B TR R 2 A A ORRR 2 47 2 DL B bR 57 5 S 0 A B

=3
1.6 RREEZMRAR

AVRAB T T A 2 1 EAAE U =870

1. ARG M ANl v AR EL, 2] P EAE A B I B 2 SR Ts Y A&, 0 drfe A B
BT ARV YRS AV AR, WIS S v AU [X e S BT 3R

2. YW 2009-2017 FELS A4 T M B KT R ARG S, T A RITE A SR R
FRPR 77 35 7 B AR 3 i 2 3 205 Gl AR R 525

3. ETHRAOGRERE, @71 @EH E RN 2 R— 1 B —BEHLAR AL A= 3 il B3 7 3K T
B, ST xR A A R A E ME T .

16



jafl3

rh A R 2 e 1 2 1R ST

1.7 KRR LE

AR B LN s -

2009-2017 fEA: 3 B 55 =15 Je /K F
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Hh AR B 1 2 e ST O b A R i R R AR TS Qe A A

F_E hEEEEHESESETEN N
2.1 3|5

BT 98 A6 A B0 i 2 5 3R 1 s () AR St B 75 () 20 A AR AIE T 4 s A6 A2 B 8 B 3R 0 G 1) 72 1) A1 R0
A, AR T I AT e T ) RS A AN i o I S B LR L, R A RACR
FESRNEG . v 5 B F0RS A TN A o il B 7 29 L4 (0 SRR . A vl B F R I A A A
BIE—EMHIX N, TER—BE . AR A M E SRR AR ZE 2. 1
A ERRIGERES R RGEER TR, WA MM, DIRNRHERSE, 15
FAEIX oA EAFAEAR R I A ek . S (AR S ) B ATV . ARG Giih 057k, Mgt
. PSR 4S (Geographic information system, GIS) Al Ge 145 & 177125 LA K 38 Jgk
W77 (F8229E 55 2018) . GIS MG i #AH 45 & (177722 H A % - 7772, H Matheron
et LG, MGt B G381 Tz N SR, 1R R 7 Ak Jm @R DL S B e A Rk Ry
fE EBARE . T GIS 7273 [ B a8 B LA SRS HE rT AL ik B3, B AR 4G LA
MR AR R 2 (B AR AR (SF22%E 55 2018)

GIS &Mt HHIEMIK 7%, nTUAREHERALSR (RERLEED RES . fifF. MHFME
1~ H#E (Battilani et al. 2006) . GIS AL 731 R] DL RAIA L 70 #7 A e 7 22 A & (14 25 8] 7 A
IR G2 AR R KRR, FEARISBR R 8. X Rk O &N T 2 R4k, 45 1
2~ (White et al. 1997). [ H2% (Byrne et al. 1996; Liebhold et al. 1993). EE24E H1%~ (Nicholsona
etal. 1996) FIEYH L% (Jaime-Garcia et al. 2001; Nelson et al. 1999; Wu et al. 2001). Hh4iit
SFORT DL SRR 7 (B] B 2R, DMERVF 2 H AR R ABURAME, JR45 & 2B Git BIHEOR fh
THAREUFEAL B (1H (Cressie 1993), i H. 23 [HE LM AR AL T AR R T HE M AHf e . 2
A2 R (Variograms) Wi 725 (8] F AR, A8 57t pR A BRAIG, 25 18] B RH 5% B ) 4 2 P bk
7% (lsaaks et al. 1991),

v Bl E Y (Kriging) J2 B SR GETH TR, 20 H [ 377 9200 25 (8] 30 ) s HEAT i 1))
J7i, HAEGE VAL () Bt b AR R R 0 0 o AR BURE RO s g AT BCEIRE, ARHE k1T
E /MU T RBURE BRI A A (Borgeltetal. 1997). 4¥¥E /0 A & LK, 70 H 4
R ARG T 7, il e e (VR R R B BONT 2 ) — R (CBER &5 2016), WIARYE
SRFERL B 2 [A] )2 T7 22 RO e A . MGt A ik D B A TR AT (Chellemi et al.
1988; Gottwald et al. 1995; Larkin et al. 1995; Lecoustre et al. 1989; Stein et al. 1994; Webster et al.
1992; Wu et al. 2001). &5 #¢ & HLIX XU PFOT (Nelson et al. 1994). 5 J5 A4 1) 18 44 45 14

(Jaime-Garcia et al. 2001). B % LA UMI B i 5 75 V5 QL A0 AR 4L (Orum et al. 1999).

ARG 7575 (Nelson et al. 1999) 5 GIS & A 7770 M THEAF BT RN
AR M, DR EE A m B R R 00T . BRI GS+10.0 B #EAT 38 5 pR # oy
B, BT TR, RE R RS EE (Kriging) SRR BUREHL X 1)1, 15
BTl THE A B AME IR ZE T 22, Ak AR e AR e M 2 5 R s (B e A s 1, e 1 st
FRRTG Y mE MR, PR E A 58 th BB R TS Y R B A R 5 B8 T B A B
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2.2 ¥E

2.2.1 EMHm

2.2.1.1 BRI SIREE

ST AURERAY | IESAY AR SRR 77 TR ZE S, K [ AR AR P X A DY
SRR EFAX CEREREEITA . HHREALCTE). b7 /7 X (BHREMILE . R A Fe
A KILHEBESX (EIETHE. g, 4. WimEg . WHbg g fiEh
PEX CEHETRE S IR EVR AR RS (B 2.0, fEABEIE R 56 0 K Ae 4 77 X,
FHEAAE 2R RE 0 78 o5 rp I AE AR A P2 A TR A 949 DA K S = B 96% . K 43 IE BEHLEURE 771, 7F
B> 37 B Fb R T AR A = B Rl X 10-30 A3 AEAERE T, BEMFE AL 30 AT . NHIEURIAE AR AR RE
A ARE LI XA M B R 2RI JR, RV E B, 2/ fURERE i 3kg. TEHNFE
T B A M T SRR S R CEUFEARAE AR S AR R SR AR, ISR AR L
JEFNEE) . KA SRR R — F NI 2K S BT L% Fiz 2l =s, i
A TR RIAEE, Al ER RS &,
2.2.1.2 EEHmIHIE

gt k. XA RbseE, BUIRYIA (RN 0.5cm), FERE SRR, Bz
WL 0.9mm FLARMIFE ST, SRJEROB RS (R B TRE RO A€ fffE, R & RORUH ik
(High performance liquid chromatography, HPLC) il h & &% & &.
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Figure 2.1 Sampling provinces and counties of peanuts from 2009 to 2017 in China
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Hh AR B 1 2 e ST

; O A B I A RS G W A

2.2.2 LEE5F

Agilent1200 JRAH IS4, LT AL A
PIAHL

FE SRR

HLF TR T

e A 2

7 I e AR

CT6E & E LAl

T IGEIRAX

Hh o E PR AR

FL R XL T A

0.45 pm A HLHH JE

Nova-pak C18 fiifi#: (3.9mm X 150mm)
HHEHEK B, B,y Gy Gy bnifkFE s
HlE, ikl

O, ikl

SRR, hTal

FihEE (60-90 ®) , rifral

=S ke, il

T R R A

2.3 A&

2.3.1 HEEHMESERN X

F[H Agilent A 7]

TR T AR AU BR A W]
HZA NIKAI AR 2 A
fH[H Sartorius 2\ 7]

B ARF| VELP 2]

B LT A A PR A
HA HITACHI 2]
b\t B A PR A
B AR AR A PR A
RS A PR A R T
ibaay P A i T L
F[H Agilent A 7]

% Sigma A F

B 24 £ L SR IR A A
B 24 £ L 2R IR A A
B 24 £ L 2R IR A A
B 24 4 b SR PR A A
B 24 4 b SR TR A A
UG = F ]

FE 538 o S 5% 1 E BT Clmmunoaffinity chromatography, 1AC) —HPLC— % )it & il %

(Fluorescence detection, FLD) #4774 AFB,. AFB,. AFG;. AFG, &M, AN,
HUE B JE A (59D, FH 15mL 4%/ NaCl /KA HL . @A HEEL (50T, 10min) J5 FXUZ 1818
ERIEAGT UE, FIE (3mL) URERTE SomL B0 E . SRS 8mL WA/K (dd-H0) RA,
BN YR 3mL LW, P 8mL Ak HFRE . SREUILL 1 /s B HE I G0 % o A AT 40
1, SRJGFH ImL FEEVERE, RO A UL (0.22 um) i3E)5, #EAT HPLC &5 HT.

HPLC £ SOR M (o 248 (Agilent 1200, NYSE: A, PaloAlto, CA, USA) T,
TR W 28R I K AN S K43 5 2 360nm A1 440nm . 7E Capcell Pak C-18 {734} (4.6 mm
x150 mm x5 pm) AT B, DIK—HEE (55:45) AahtH, FE Ay 0.7mL/min, S
N 10pL.

GITE R, WEFRIERIEIVELS, NAREICE Y 95%-105%, AHXTARHER 2 <10%. ¥
AR R IR IR A 3 5 EMetl, AT R (Limit of detection, LOD) 43JlA: AFB;:
0.01 pg/kg, AFB,: 0.01 pg/kg, AFG;: 0.09 pg/kg, AFG,: 0.05 pg/kg, o FE P92k 55 2 BT,
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o B R B P 2 B i B o R B e ) A

R?>0.999,
2.3.2 mHiESETETEM AL

KGR A A AR S I B R A AR e, R GIS = Il A VAL H B th & R
)M AT I o T SRR R i 40 BT 3 225 0 e 5 B RS R AL R R o BEREARNR R DK N SR,
e P R4 LR B MR R, DMEE NI (240 BRI ERFEA B 2 5
IFEES (Jaime-Garcia et al. 2003). #A/5 A GS+10.0 (Plainwell, Michigan, USA) X8 fh &R &
AR AT IEZS 0 Ak B AN BB A TR 34T A8 S ek B oA, 930 A E S8 S m iR 72 R4
HZ%, FIH ArcGIS (version10.2 for Windows; ESRI, Redlands, CA) 78]/ Mk B b )4 3
o B AT A A4 1

fE G, AR REAEET HERE, EENESENEHRA L R XIREE
Z (x) 1EI R I FARREAE R R T, R KB AAE. £ R0, ErE SN N
X PE—4E x il ARG, XIRAR R Z () 7E 8 x Al x+h AIME Z (0 5 Z (x+h) ZEfJ5 % —
g O AR Z 0 1E x 7 BRI Rk R w s e (h BiEEARy GBS
2018):

r(h) =1/ 2E[Z(X) — Z(x + h)]? (AR 2.1

A BB PR AR A = T R BROIRAE AL . FREOIAY . R Y | ARG AR R AR 1A
TEEEEBA, H
(1) BRIRAEA! (spherical model) HI—f AR :

0 h=0
“h):{CO+C[3h/Za'1/2(h/a)ﬂ O<h<a (A:2.2)

CotC h>a
A, Co NG HHL, CotC NHEGIEH, C N, a NER. BRIRBALEH T =40, 2
Mgt N B AR (K] 2.2). 24 Co=0, C=1H}, FRANFREBRIRIER,
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A
C+CO0

C0

[ 2.2 BROIRR 2L o7 2 (2]

Figure 2.2 Histogram of spherical model

(2) $E¥AHA! (Exponential model) f—fARA:

0 h=0
- _ VAN
r(h)= {co+c <l—e " d) h<0 (2 23)

T Co M1 C 2 XA L, d s 44 07 1 223 1] Y L 1) P 28 25 80, AN T 55 228 B AH D1 58 43 2K
2 h=3d I}, r (h) ITREET Co+C, KIMLFREBA AR — MBI 3d. 24 Co=0, C=1 I, R hx
HETR B

(3) EriiAl (Gaussian model) f)—fARN:

0 h=0
r(h):{C0+C (1_e-(h/d)2) h>0 (/A\:—Et 2.4)

K Co Al C & XA L, 24 h=v3d I}, r(h) IS T Co+C, R R 70 g AR A — M /3
(4) AN ) — A N

(0  h=0 I\
r(h)_{CO b (A7 2.5)

X Co Ml C & XA I
(5) LiMEA RS ERA R — A N:

CO h=0
r(h)=1{Ah O<h<a (A5 2.6)
CotC h>a

A Cofll C & XA L.
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(6) LTI G EBAN— R a A N:

h=0

I\
hs0 (A 2.7)

®=(3

i Co fl C & XA E.

AW FE R B BRORBERY Co Fon B TJ5 72, 5 BEHLIR 3R 51 1 25 18] 5 B 1 s C Ron &5 7 72,
e RGR RGBS 7T EEE C+Co HR RGN ML Cf (C+Co) FRAFERN,
Fon i HHSSE 5B AR AR GRABIRL 55 2013). AR I JE RN YR /N T o) 4% [1) 38
FPEHET /39, 4 Cl (C+Co) MIME/NT 25%HKT, FRIRAFE A F AR, XL s
57 FARIN R IR, Cf (C+Co) FIMEAE 25-75% 2 [, FRoRAD 5 HA &7 15 10 23 ] [ A ¢
P, XA EZ NNRRMEARE RS 2 C/ (C+Co) MIE KT 75%i, ForiEA
AR B AR, XA E EERZ AR RN (R 55 2016). BRIREIYAIATE
AR R BUA B G E R RREE R, [AIFRE R >a Jo, XA & 45 ) B A SR TE 2%

2.3.3 BRFEITHE

AEPHPFEMER NEARTFE, R — R A E R SRR DLz =4 .
2.4 GRE S
2. 4.1 ETESE AFB, =81 Z FAFE

o [ PR A8 A o 8 2 3T e — NI LE 1 i) &, A Kolmogorov-Smimov 4 43 71 X 4
SEMTEAE AFBy FHMEIHMTIES ik, HEAmoAMm, masfeti)s, FaESsafm, i
ARG T 25 1F . FEAES ELEURE s 2845 B FIAE I AFB 308 207330 N\ GS+10.0 3,
HATHLSE T2 4T . HE4E5R 2 (Residual sum of squares, RSS) i/ NEREFFIHE R (R?) A
TFRJEI,  2009-2017 4F AFBy “FIME M B AEL SRR AU BOIRIE Y, BRI RSN E 2.1,
A R ALK 2.3,

MFE 2.1 ATLLEH, 2009-2017 4Er E A AFBy FHME ) C/ (C+Co) [RIMETE 50-70%2 [H],
Fon BA SRR RS EAE DG, ULRA R ETEAE AFBy IS AR AR SR MR R (- 438
A, HIEREF . A, MRS RIBENUER R (CnfeAE R, Aol ORI 5 20, BEHER
PRFE NG L i AE R BURE 73 BT AR 2545 (R R ST 25 2007; RyF 4% 2011) FLFEME ), H1F C/(C+Cy)
(AR ER /N 32 S5 55 LSRRI R RIS K, R b 5 SR B S0 2% A o A 2 8 i 25 25 31T R £
FIRIRT R . 2017 4FEMIEE G E RN 6.77, KW AFB, & &2 (BRI K, 2016 FEE G E KN N
1.05, KB AFB, &2 A /N B IS EIS /N THGH, R AFB, &2 H &
(ISRELEENA o ST T AR DX 34 AR B (1 23 A AR SpARRAIE, AR AT A S 7 X 3 Py sl ) PO AT 144K
o 2017 FEIARFE A K v 5110000m, 1] 2016 1] AFBy 75 &t (1A F2 e i 28 107000m, T RAE
ST U B AN R R I A R e B AR AR, HLER AT U RS RO B R AR FRAE Y 14 & 172 CRER
55 2016), [RIHAm A5 IE] B R 2% 18 i B 9 26750-53500 .
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%< 2.12009-2017 S 1E4 AFB, FHEENT R REFEILRAISH

Table 2.1 Variogram model parameters of mean AFB; content in peanut during 2009-2017

s Mgk el el SVRRE R? RSS
C/(C+Cy)
2009 BRORAB Y 4.12 8.24 0.500 5110000 0.325 5.22
2010 HORBIA 563 11.26 0.500 4513000 0.432 10.6
2011 BRORIERY 5.70 12.11 0.529 4868000 0.385 24.9
2012 BROIRAB Y 3.64 11.57 0.685 5110000 0.518 15.0
2013 BRR IR 4.07 9.90 0.589 5110000 0.525 8.40
2014 BRORIER 6.17 15.48 0.601 4600000 0.314 53.8
2015 BRI 474 9.48 0.500 4110000 0.082 18.6
2016 BRRAE R 1.05 3.478 0.699 107000 0.122 38.0
2017 BROIRAB Y 6.77 13.55 0.500 5110000 0.233 17.9
JERAN HRIER 461 17.22 0.732 6110000 0.861 5.23
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20082 20108

FREDH

0.00 §45235.12 1090470.24 1635705.36 2180940.48

54523512 109047024 163570536  2180940.48
i) iz
20115 20128

FREDH
FREDH

0.00 607068.71 1214137.42 1821206.13 242827484 0.00 588549.72 1177099.44 1765649.15 2354198.87

fis: fis:
20135 20145

7

0.00 620919.54 1241839.08 186275861 2483678.15 0.00 57792299 1155845.99 1733768.98 2311691.97

i) i)
20182 20162
79 Lo}
5 5% °
i 3951 o o
# ° o ©
198 ¢ o
o
+ 0.00+
0.00 439068.96 878137.92 131720687  1756275.83 0.00 412261.18 82452237 123678355  1649044.73
fis) fis)
20172 2009-20172F

i

0.00 606665.58 1213331.16 1819996.74 2426662.32 0.00 627652.26 125530453 1882956.79 2510609.05
i i

2.32009-2017 1% AFB, R 2 FHENT R EH
Figure 2.3 Variograms of mean AFB; content in peanut during 2009-2017
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o [ A LR B T 2 B i S ot EEE M B R R M
2.4.2 hETESE AFB, TS HbE

HE LA AFBy IR 5w BG4 (B R ] AFBy ~F 35075 G U 52 I B #5201 AR, RV IAT AK
PAR B sl X 0 A, EAFAEAESE I 25 (UK 2.4). Mos BLediE S A b EE 4 AFBLYS
Je R PUARI R, BAARSKUIAE 2009-2017 4, KYLysk 37~ X IR &« TLPU4 M2 B DL
B PR AR RIUEC E G RRRE TARAE R IX ) AFBy TG YRR — EARIR
Bo R EHE KW BoR L AFBy Bl 25 AN T R4, eV ISR X ) e
4, 2009-2010 Fi 2012-2013 PUAFEHAR R R HAEL S 1) AFBy V544K, 2012 4R 7= X AR R
B HEE I AFBL V5 K. REEAE AFB, I 2400 2 R B i th B B R Is 2 L PR &
(P55 25 5200, 54 2009-2014 K YL 7= X (AR A AFBy V5 e f ™ B, {H 2015 455 /™ B Hh[X
N EFE X, EFRGLS K E R IR RS A G . BRI R T DAL AFBL 5 B
HABRE, GINAFRREEEA . NEMEEMF . AR =HEM . = HEMA AR
/) (Battilani et al. 2006) LK AN A 4% R RIS RIS [A] 25

[&] 2.4 2009-2017 S E A AFB, EIERE B &iHEE

Figure 2.4 Kriging interpolation map of mean AFB; content in peanuts from China

2.5 ig

HAET, RZ2ER ARG GIS 45 A 15 12k R FEX R A 2 (B4R S50, @it X £
B 28 B A R AR st AT v BL A A, wT DA e A X 3 B A 22 A 4l ] 78 (Nelson et
al. 1999; Jaime-Garcia et al. 2001; Nelson et al. 1994). Jaime-Garcia £ (2003) #f5% 7 1997-2001
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FETEAE e B N R S B AR i B R R P IE S B R KT 20 png/ke MURE S 23 L) 23 1]
AT, KIS AR REESME, Bife 7 Ea X, vl SMmERREhHEER
B R R A, HERAEERRZESRME, a2 R R Oy ERIREE A . Casado 5 (2009) #if
T /NEP A S R T (Deoxynivalenol, DON) A7 2% A (Ochratoxin A, OTA)
2 R o3 A AFAE, 25 R 3R W] DON 245 (A LE A, OTA RNl Habber bR 1/ Z 25 B
FERECRSL, T S AL S, DB 3 AT 52175 44 /KF. Casado 5§ (2010) FH
G F VR T iR B ok R B8 2 B, (Fumonisin By, FBy) AR EEZ B, (Fumonisin B,
FBy) [ oA, 45 REHIPIMR S8 Z A E AR E. Kerry &8 (2017) A GIS S5t
SRk 2 G TR AL T 5 AR A M e 0 R oK A 3RS Y K 2 . Battilani 55 (2006)
I FH MG T2 7 v W e A DA 51 (1 4 B i85 (Aspergillus Section Nigri) R (A
carbonarius) 5B R B LT T 2 180T . WA R B0 S i I A AR S 5 4 N4 i R
EHK, BHEAFEENMZES, WK ERT 24 EEnm B Ernom. A%Ed AFB, F
P R4 BETA) 22 e R B SZ AR R Pl . 3, USRI . X SRR AR, RS2
Ji 5 AR R - 45 A AR A B, T DU O e R X ek, o XU T SR A R S . AR
H AR E 7 N 2 o0 T Rl (3. EE&ES) . RN (BKE) RRARTE
gy (PM2.5) 45, 8 iih 8 55 2 2% (8] 28 S PR A it AUl oK WA

2.6 RENG

HE TR AFB, S0 E IR R RIS ) 22 5, RS RKILIRI = X M 7 F = X i i & f &R
TR E,  H R ORHR 3 M X A6 A B 7 15 3K TS QKRR . B SR o 5 SR R e AR
AFB, “F-HE] C/ (C+Co) {HTE 50-70%: 2 [7], 3B EA Hh & FE FE I 25 (/] FAH G, 2 e 45t PE A
A IR SR, MBI ES RBENLER R CnfeE A Rl IR
B B I A S HORE A AR 22 55D JL RIVEH, HL32 UM S A i A R AR AR - 2009-2017
EAEE AFB, AR AU ERIRIE AL, 2017 SEH) AFBy & 28 048 R tE e K (B &N 6.77), 2016
EAFB; FESA R MR/ GEEMEN 1.05). AR pREES/NTFREGHE, RHAFB, & &
R R PR S SR EN S . 2016 A H)AERE /N 107000m, i 2017 AR AR FE A K 5110000m.
SRR AR AR AT AR DT 7 DX A2l A 00 ol T B85 PR A R, E T SR A ) B A e R B 2 B R AR AR
B 14 52 1/2, DReAR s A)RE N 2% 18 B B Dl 26750-53500 m.

2009-2017 4 [E 6 AE AFBy T34 ME 1) oo B AT B IR ] AFB 75 B4 XU 52 30 B Hi07 A 1R A
ARAb T A X B i A 5 RS P AR, VLRI e = X R g 7 32 72 X P o 2 7 305 e U %
e X EAFEIM X PR S fl . IR AR AR SRR ARG e AR R A
i B B 2R 5 Gl i XU b X g E 4 e DX SR S it By e i, 8 5 A B s e v it 5 i R VRt
TR, Ml ER RSP, KETSGREERE, R A5 MR AT P15
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r R MY s e 1 A 2 AL 1 FEo PEEAEEMERRTRE KA
E=8F FEAEEHESE SR EKT LR
3.1 5|8

TerE i o 2 s B R e F 7 AL s M B E R I A ™ i 2 — (Horn 2005; Monyo et al. 2012;
Murphy et al. 2006; Maetal. 2014). &I RIT 42 2 PRI, BT & LA
(225, ANIRD B i 33 2 Ro i 38 (B A7 1O3G 58 . A8 AR SRR B It 2 R 3R B AR G K o i
BRI, [E BRI S H R 2 (R B i B R A VS K. R LB e T AR I
AR R, 15 R OUZ B H T E RN R R o it R s 4k 4 (Aspergillus
section Flavi) [ #k=4: (Matthias et al. 2009). H A& W= B H A A (A flavus).
2 E & (A, parasiticus) FIEIEHEE (A nomius), TiHEIEHIZE (A, nomius) AT 5 NZE I
(Houshyarfard et al. 2014; Ehrlich et al. 2007). LR E R~ =H/ ). BE7 4.
W AZ TGS TR S 7 AR E IR R 2 5. —fekul, #thdE (A flavus) H774: B s %
FR, wFAEME (A parasiticus) FIEIEHZE (A nomius) BERTLAM™E B s ih & & & LAl L™=
A GREIMESR. mHLEFEE A4S (A parasiticus) )4 8= 11777 71 (Astoreca et al.
2011; Donneretal. 2015). ¥ li% (A. flavus) A4 G RE I HH/ R (AFGL M AFGy), f2HA
W R R G R A > 1.5-2.2 kb kR, S8 G REMER R G L FIEER cypA 1
B (Ehrlich et al. 2004). t4h, Sge AAKBIEHIE (A flavus) HIREIZIEA, (HZAXIELLFE
WA B A G Rt &R R . AWTFUIRY, Sec ERZM LB T3 ihE (A flavus) Ay ith
F (A. parasiticus) {4337 (Torres et al. 2006). 1H/2 Sgg IR 22K A& M A B (Matthias et al.
2009). WHFLRM, EEACHIREFA T (—EEHRN)D, G RuMEf R ABRAREL, Mk
WEPRERMTT, G ihE s R (Schoroeder et al. 1967), M EfEAEMR PR3 H
Iy A5 3 H & (A flavus) F127 4 #1 25 (A. parasiticus), H.22 %04 #h 25 (A. flavus) (4585 2018;
fKYIE 2013),

SRR E (B MR R A B (Wu et al. 2016) . #EikiE < fEL
B mEEYZEihE (A flavus) BRGMEIIEFHFRITGS (Medina et al. 2014). V215K
T, WCHAEARE B AR AR M R 3 2 AU SR RS, AR KRR SR R e
I AE A B A B R AR (Hill etal. 1983) . fEF 25 4F T, MR br L3R E A 29.6-31.3€ KT,
e vs Jesk ih B R KB s (Cole et al. 1985). Williams %5 (1983) &I A4 K5 W7
B E Ry 25.7 B 27€ B, ATLAFEAE R AR . Klich (2007) BFFTR = fH W ALE T 2 X
fo, AAEAE 169 35T IRME X 2, T 45 A i EE e A A = R, HAU R
FEAE Rl ISR R, B b [ AR AR B i B B R TS Y KT SRR R, 0 SR H S B A
Fa V7 B o A R TR RN S oA M B 4a B A B ORI R T R I R
W 0 s i B RIS REZ M . ZAEYT A IRIE, BlinEK (Pleadin etal. 2014; Abbas
etal. 2002; Pleadin et al. 2015; Kos et al. 2013), {f£4 (Waliyar et al. 2015; Rachaputi et al. 2002;
Bircan 2009) Hy5 4y XU 23 it A B Y & 1)k 1T 3G 00 . >y T e B S R v IR 5 AR Y 3 B
R RV Qs R AL, 2 EE AT T — R . B —FBE KD e SR A
BRI R TR, T X PR B AR 2 T R RIS M s A 37 AR th & - A s i i i
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Hh AR B 1 2 e ST =5 EE A I RS A KRB

XL LR AT ReAE N B W BRI, Rk G et &R R . I0F S RE A, ET R
26N, MY i M E i K AN NS, PR R, e RiENE . WORETIE A T E )
PUEER I AEIH] 7 B E R E I SR R R, S SKMEEEVIMG. KT 24
TEAEI aw BRI BIAS B A PUEE 2 KSF, TG s th & 2 R/~ . tboh, T ihE R
A, ATCAEM IR (25-42°C) AUMKMIZKSr (-2 3] 32MPa) FAEK, &R E
EH BB EFH A 4 (Bircan et al. 2008). K, A M5 41t H: A2 15 A BA R B4
s A B R R 0TS QKR

AR LA S 2 AT AN A6 AR B i AR K I A SR L, o il R RIS Y K AR A AT
GINT, RN T AEAE A ISR L BB R ) B S A L K AR R R

3.2 ##

3.2.1 TEEHSA

[ 2.2.1,
3.2.2 NEFEB5RF
[ 2.2.2,

3.2.3 T4 mF I BUE

A WA PSR Sk B B X Ae A s ot Chitp:/iwww.peanutdata.cn). R EA BRI
Be AU HUE U, AREERENCE A E M ER RO e, B K=k

3.2.4 HIEARBIHIE

e FE = B0y E RS Bk B [ 38505 % (http://vdb3.soil.csdb.cn), AR 4 A [A] 1 ri
0-20cm KA EFiHh, FH A anb . R AR 1 =2k,

3.2.5 BB HEE

FEARSEG = A A TAESERE I R85 2018), K6 A MR PR b Bk Gt i 85 5 25 4R i 85
(#1755 71 (pg/kg AFBy /g 38D 4 A7 v AR =2 o rh i 7 8 0 BT T 77 42>100000 pg/kg AFB1/g
3, thRE IR 24 10000-100000 pg/kg AFBy/g 3%, 77 ) K T 42 <10000 pglkg
AFB./g T3,

3.2.6 Siz¥ikE

2009-2017 “F4[H 140 2N REGRATRKE. HPFRE. HEm RS H s
Pk V5 T o S R HE W Chttp://data.cma.cn/site/index.html ) — [ i 1 04 %80k} H 48 25 48
(V3.0),
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A [ A bR B i A 2 A 18 S H=% PEEAEEMERRIT KBS
3.3 F&

3.3.1 fEEEHMEFERN

[ 2.3.1.
3.3.2 HEMD

K FH SPSS 4ttt /3y Hr#ft (1BM SPSS Statistics Version 20, 1BM Corporation, Armonk, NY,
USA) IHLIRIZRTTZ /0 #T (One-Way ANOVA) KW 22 3 B 3, 24 P<0.05 I N ZE R R #H . A
= RME IR AR .

3.3. 3 xETHINRE

HIHS SPSS B fExt AFBy & - IE SWGRHET 14> H L 2 /4N A 3 AN H B K& H ~F <R Y
FREBEAT Z Te AR R IR

3.4 RS540
3.4.1 hEAEMESESEISTN

M 2009 3| 2017 4, H 15 MNMed 774 337 M 177 T BRI AERE ML 12980 173, 1R
PEFRE AN, R FS R AE AN T B L 10-30 (0 Ff il . SRAE R R4 E )y 20-46N,
ALFEAF SRR, ) il s S AN AR S . 2009-2017 AEAN[A) 44 fy A6 2E 35 i 25 55 3105 G
K R B KA G 3.1 fvs. 45K, 7E 12980 i AEARE i i KR 4 6 A s 75 15 3R
SEMTEBR, SRS EEEHER 2082%, AEEHT, HEEMEEELE

(AFB+AFB,+AFG+AFG,) 1 F¥#{fi+rifE 2 (Standard deviation, SD) & 11.54+67.18 pg/kg,
B KA B 978.07 pg/kg. 1R 4E (GB 2761-2017 5 24 [ bRl & it b E 1 8 R IR &) HUE,
164 AFBy S & ECKR B IR (MRL) A 20 pug/kg (GB 2761-2011), NIFBARFE SN b7 B FE S &
i) 5.41%.

FIFH 7 20y Hral fn b B AR SR i B R SHX R 22 7 3% (P<0.05) . F& 2016 4 A
B B E AR R LASL, DURh B th i R AR AR A R . 2017, 2014, 2015 A1 2013 43
5 RIS YK T, BB N 26.674116.53 pg/kg. 17.49472.01 pg/kg. 15.33487.19 pg/kg
F113.95452.65 pg/kg. 2009 A1 2010 43 it 25 85 275 YK T B AR, 250008 2.40432.48 pg/kg
F11 4.32435.15 pg/kg. 1M 2009 4FF1 2011 435 85 25 2 B4 tH 2 A s, $5KT 30%. 2014 471 2017
AR R B, SN 9.36% 1 8.61%. mhANE A KL, BIILE Ria it AFBy, ARG R
frth AFBi. AFB, Fll ARGy, HAhA (UM h B RE R AR . & R E KL 3 7 X
BIRE A YLVEA . ZBE . VU REE T 2= X RAE . T PN ™EH . 2009-2017 4[],
XL X 3 i R R B R EE T 20 pg/kg. dLT5 X CEIETRT RS S AL E ML RS
(it S RV R, BETEEN 2.22-9.11 pgkg. BIFERITE. SHEAL TFEENBE
JbF XG5 ecdn, W& R L EY AR 1.00 pg/kg.
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3.12009-2017 FEFRE LA 7% AFB, JEIKIT(L#E%8

Figure 3.1 Variation trend of AFB, content in different peanut production provinces of China
3.4.2 FMEMESRERINSEUNEERE

i R AR B A RS Y R IR S X R 2 S 1 R R B A AU -
SRR, MRS R B SR . BARR I
3.4.2.1 e @M

HETEAE P2 RE, A & 300 ZANEA MR, BREAY. TE. G818, FIE. R, =
fo A BAG RAF. e, R, Bh. BUhEEIE 30 MR i EE R E
BTGB 7 GORM AT 2, Mide R P R R 2 (R 4 s e 16 A S RO Sl B R R e . ARYEAE
Ao R R (U B SRR AT B, F R AR AR R S I B R R P N E. R &=
%

AR5 AR St oot 2 i B 2 R B A FE ST RE A R B (B 3.2) mlan, R
FRFE L B B R R S YU R S R (18.61%), ZUNEEARFERE 1.5 % (8.51%); FRyLshFp
EOAE Y, TE R B ARRE S S AR S LGN 4T.77%F0 48.94%; KT Bl 7E R bR AR
(42.55%) w5 LU TR HbRFE S (38.61%). BEAh, RS, &, PO SR fd 3 B Rl
T it P R A T R 22 R B B AG,  AATT 5 BUX Setth [X 3 il 35 7 305 YR I . (R 2
SRR BIAEAE W hons 2 i B R AR DU RS T AR AR B R A R TS YKo
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Figure 3.2 Proportion of varieties with different resistance to AFB; in compliant and non-compliant samples

3.4.2.2 HigEAHA

MR F AR = 5 0-20cm KA Z MY, LR b b AR R =2k AldRE
HEFR SR BEAREE F R [ A L (8 3.3) TR, EAREE A IR bt b L
(4.33%), TAMFRFESN (0.81%); HEFRFE S5 AR 3L S HAE S, 7070 61.94%
F162.90%; Ffi KRR RFBIRFES F HEE (36.29%) & T#BFsFE R (33.72%). BT HES M
U, PR (EJEHSE 2012), FrblesmE A st s nis gy, ML iEar A .
R sht 45 SR B - 3 AR 2 5 e 4 A i 5 3 (175 KR

Ew = L EEIH L

100 5

90—-
8()—-
70:
60;

50 A

"otk ©o)

40

30+

20 H

KA RES ' AT RES,

& 3.3 AFB, i@fr SR @r MBI TR LR HLE

Figure 3.3 Proportion of different soil types in compliant and non-compliant samples
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3.4.2.3 WHTHEN

IRYE AR S AR SR AR =R 0wk GafhES A4S bt (B 3.4) w1, K
REFRIE i IS B B PR H EE (33.33%) T HEARAEh (23.08%): 1. R EE ) RIS FE M AR
P HEE %, 43R 53.85%F1 23.08%, 1EAEEFRFF i o i b 433l 50.00% 1 16.67%. 7
MR LI B AR =  y2fom TAeA R I BB R ITE JoK . TR IR = X 1) 3
ARt EREN RS AFB, 78 7), HIGER T F/7 X, MR XD CRiFks
2018). BLAb, VEPERERT. VPRI, 2 B0E B m T B AR AT HBIX DT AR X L X
W E RIS BN .

E==Eal 1+ =

100 5

90 H

80 4

70 H
60
504

40 4

Bk @)

KR B ' AR RES

& 3.4 AFB, s 5 R BRI TR ~=F HEK S
Figure 3.4 Proportion of fungal strains with different aflatoxin producing potential in compliant and non-compliant

samples

3.4.2.4 BiE&H

SRR E (BB M EE R A BE M. B e HEH T EMERRINC
BRI T, BT 3 b SRR I S ) S SR AR e AR B i R TS AR
(1) HHhESHRITEXENIANHE

B TSR HT 4-6 F il (25.7-31.3 T) ATl 2 g e AR s 22 8 15 4L i R 4B (Wu
etal. 2016), Xt AFBy & & T ¥H 5T R4 NUGRAT 1 M H . 2 AN H 34N B Ry &A1 H
SRIRHAT 2 AR RIS, LU E ], AR E R (RD S5 3.5 Fis. 45
BRPUGRET L ANA (7 A PSR S AFB SR P IHMEM AR, BIGRET 1A H AR
AN AFBy 5 KT RS IR eK

ACSY
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3.5 TEIFTHAIESIRE S AFB, S EMEIRERY
Figure 3.5 Multiple regression determination coefficient (R?) fitted by the AFB; content with average climatic conditions

in different periods of time (Hunan province)

(2) SEEGMAEMSESRSENETM

R 2009-2017 FEAeE F P2 X /K E (K 3.6) 5HTFHSE (B 3.7) ATLLEH, AFByi5H
T X AR AL B R T R X . 2013, 2015 5 2017 FEHIER TR RSERAEE% AFB, 5
YA oh ™ H 5 2009 4F 5 2012 4F H PSR R (<30€ ), 2009 4E 5 2010 4Ry /K 787, K 2009,
2010 K 2012 4 AFB V5 QL FR B HMK: 2016 4F B H P RRE S, (HFFKKRZ, {115 AFB 54
HA TR PR EARILRIR T 7= X R mE 5 3 X AE AR OR AT IR S R <, s 52 0] 2 o6 34 i
BERE AR VTR, T AR AL 5 X IR R AR T e s W AR K L s i B s s =2,
Tk 7 v it A A R T .

34



Hh L A 2 1 28 S =5 EE A I RS A KRB

2010

2013 2014

3.6 2009-2017 FrhEfEE =Xk E (WRAT 30 RFEHE) REEHHER
Figure 3.6 Kriging interpolation map of precipitation (mean value of 30d before harvest) in peanut production areas of

China

3.72009-2017 FFhEEE E =X BFHRIE (WIRAT 30 XFHE) REEHER
Figure 3.7 Kriging interpolation map of average air temperature (mean value of 30d before harvest) in peanut production

areas of China
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(3) FEEF~EXSMEFUXARMBEZRISENZI

K 2009-2017 HESLAEIL Ty E77 X RILHIRE ™ X ARG J5 327 XHCGR AT 30 K&K E HF
PR H s R A H SRR K E S IEE AFBy (PR & BT KR, 45 R A1 3.8 i

No
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60.00 - 60.00 .

;o * 40.00 e
0004, R 2000 ‘,: ¢ o FlERREE
20.00 — g : v e

. B - . . R '__,
000 et Lnam mbedt Voss 0.00 T T ,
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38 (a) ZKREFXHE AFB, 2 E5MKE (WERAT1 MAFME) MWXER; (b)) ZXE~XTEE AFB;
LESHTHREMNRXR; (© ZKEZXTE AFB, FE5ARKSE (WEkHEI 1 NAFHE) HXER; (D
ZREEXEE AFB, 2 ES5ARSSIE (WIKRAT1 MAFEHE) HMXFHE
Figure 3.8 (a) AFB; content in peanut varied with the precipitation (the average value of one month before harvest)
in 3 main production areas; (b) AFB; content in peanut varied with the mean air temperature (the average of one month
before harvest) in 3 main production areas; (c) AFB; content in peanut varied with the minimum air temperature (the
average of one month before harvest) in 3 main production areas; (d) AFB; content in peanut varied with the maximum

air temperature (the average of one month before harvest) in 3 main production areas

3.8 (a) f7R T72009-20174E i E A F e A F 25 (XL 1) FRAAFB & &5 K E (IR
RTINS HFMED 2RISR R, SRBPAFB & B /KEMBAD MG Z, HBEKE/KT4mm
B, R R Kk B R 5220 pg/kg B AT REMER K .

3.8 (b) /R T 2009-2017 FrpEAFE AL F~E (X, W) 4 AFB &5 H T
AR CBCRAT 1A HPRMED Z SRR, @ REMAEITT 37X, 2 H PSR 20€ 1,
AFB; &N ERILAEE=X, MHPHREREL 21€ K, AFB, &®=I8N; 7EM 5 E7~
X, MHPRSRIEBEL 24€ B, AFB, &r&EIEIN. £ TR0, YH PSRN 15-25€,
17-25€ A1 21-28€ B, Jb7 72X KyLiss = X AT 7 327 X i KR IR &= 20 ng/kg
(AT BT EK
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Kl 3.8 (¢) 7x 1 2009-2017 - EAFEBfEAEF = E (X, 1) 4 AFB, & &5 H K
A CBCRAT 1A HPMED Z IR R, SREWAEIT 377X, 4 HRRSIRZL 17€ |,
AFB; SEIIN; ERILHREF X, Y HRCURER 19€ K, AFB, F&IGMN: £/ 5 5~
X, Y HBRKREEE 21€C B, AFB, &I, T 24T, U H&IRSES 0N 13-21<€,
15-24€ 1 17-26€ B}, A7 /=X, KILaik 3= X AR 4 577 X o K7k B IR & 20 ug/kg
[T BRI EOK o

K] 3.8 (d) 7R 1 2009-2017 Er EAEKfEA T~ (X, ) f64E AFBy &S Hi s
AR CBCRAT 1A HSPMED Z IR R, SREMAEI T 37X, 2 & Rk 27€ i,
AFB, & &I IN: AERKILARE "X, 4 HE&EREL 31€ b, AFB, & &IIN: e 737
X, Y H&&ESRRZEE 32€ i, AFB, &I, T 254, U H&&ESES N 22-29€,
20-30€ Al 25-33€ i, b F/= X KT = X AR 7 327 X s KR IR & 20 pg/kg
[T BRI EOK o

SRSKUL, BEEFEKERRD, PR ELD 23€, AmCURER 202, Hifm R
il 29€ BF, AFB IS EF M. T REFMT, HHFHREE N 15-28€, HLARTE
Iy 13-269€, H s i [l 20-33€ I, {642 AFB AR I ARG HLR . 45 R WIeA 3 ith 5
B RV YRCP 5 R R VIR

3.5 g

A0 i A R TS Y I B At R 2 M R A . AE S SRTPEE, Leong &F (20100 KK 14
BT e AR R, 42.9% 5 e I BT R, AFB. IS EHIEE Y 15.5-618 pglkg. FEI5RIEM
EEMVZR 5B, 93/100 fAEAERE Mtk t s HE B2 RE 2, PHAEAE & Hh sl 2 X YE ] Jy 15-11900 pg/kg (Chala
et al. 2013). Wzt B 8 KI5 P BNV E, 97% ML ERERIS A M EmE R, R K
SEYIME N 47 pglkg, HOKMEEE 210 pug/kg (Abiaetal. 2013), fEELFH, 29/359 FITEAERE TS Yt
WhERR, HEBEE N 7.9-1496 pg/kg (Andrade et al. 2013). 7EE A, 18 (316 Eke 5
H3mk i ESE R, SEUEN 6.6-622 pg/kg (Mupunga et al. 2014). fEfRHiTe, 54464
FEM ARG i i TS 2, S8k 782 nglkg (Thalij 2015). 78 HAFE, fe/f s iEHEN
Kt 2400 39.29%, BHPERE & b ith # f R B B S R VE AP IME 2 5 0.4-2076 pglkg
216.14496.7 pg/kg (Oyedele et al. 2017). FHELLA BAFSE, KRB HA 5.41%0F 5 AFB, &%
Fm T 20 pglkg, AHGREAARTS PR T HARE R, UHRMERTIEMER. X5&AE KX
Bo. AR, 3L TEAEMF AR ZHEEE 2 R R N T BRI E R RIS RO, RN
S R AF A H I ERAE, LG EAAE . IR AL, SEEE . Biia di. S OR A4
TR B it b DA B A FH 3% BT 7R B AR R B ) & DAY /D 7= 5 LR AR G S o it B B R K 7 R

YT R EARAEMERAT, fEEMR, RHERA, SERBELRF LR, ARG R N
BOE BN — MERER 8. AFRS TARFEACAE ST, LA BR8] UM%
F S5 EMERRIGRIKRR, R 7P EARSEA 377 X B & # R S B S YoRET 14
HHPEAE. HEMRRIER. HEmSRMBKEZ MR R, B3] AREEA 27 X &5 % 5
i8R RS QiR A VE ], (R AR T H A SR IR E s, R AT p it ER R
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e [ A Ml A 2 B 2 A8 S Sp =g pE TR T R T Y KR
SRAERT, W UM R R AN S0 S A AT #5517 o S AR AE B SRS R 7 A o

FERNSEEIGRAT LA IERR, 1R A IR T RO T 2 15 A
HARR EEE L.

3.6 AE/NG

KRE SN T 2009-2017 FELLJUAFEARA S I B RIS P KA, R R
RGeS FIH[X (7] 25 5, 2017, 2014. 2015 Al 2013 £E#5 M 758 R 49K & T H e 40,
2009 4FEH1 2010 4E M B85 25 YR P  KVT I 7 X IR A 3% i 85 3 R 75 oK P i s,
B 5 FE = XA 7= X5 Gk, ZRAEE = X BTG5 Rk ik, R A 7R R A S
Ptk LSRR BRI RE ) B S X B i A A R KRR e, 4 AR B i
FRPUAAN . WL SRR ERRLE AR R R S LUEBOR, iR T R XIS AT G E X
WEA, BT K mERA R IEE R, BEER T AEAM SR ER KT Y
IR R, e TUWGRAT 1 /N H BISES AFB 15 Bk PRI K . MK =R T 4mm B, i
ORFR PR 20 pg/kg MITTRETEECR . FET R 440 T, 24 H PR3 ML 20€, 21€ 1 24€
B, Jb7 F X KIDRECE = X AR 7 P2 X R4 AFBy S &N, 24 H P3R5l
15-25€, 17-25€ il 21-28€ W}, b5 /=X KL XOR g 5 327 Xkt e Kk B PR
20 pg/kg FIFTREMERC R 4 H BRAIR > BEE 17€. 19€ il 21€ i, dbr /71X, KLk
F X FIEG T E X AR A ARBy BN, 7E T R4 T, 4 H B AR5 h 13-21€, 15-24€
AN 17-26€ B, dbJ7 F/=IX L KILRIE = XOR R 7 3 7= X I e Kok B R = 20 pg/kg AT REME
B M H AR BIEE 27, 31€ M1 32€ i, Jb5 E/ X KD E = X wg 7 177
XAEAE AFBy & &8N, £ R0 T, 2 &R 22-29€, 20-30€ Fl 25-33€ i,
677 F =X KL A = R Rg 7 =6 7= X i i KR R B 20 pg/kg 1T BEPEETR .

AR LT RRIE 2 G AR A R R AT P AT KR A DL RO R s R 2 (REAE R B
TR BRRPERE ) SRR R AR, REFEATCRAER VIR R, NELIGR
AR A 38 5 7 3T P R W TR R B9 58 T Al
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FNE WEREREHMESE B isRMERENME
4.1 5|15

B2 A ) AN B, T B 7 2 HTS YL sE R & SRR B B, ARV 2 sz B TG
7E (Lakeetal. 2012; Miraglia et al. 2009; Tao etal. 2011; Wheeler et al. 2013). H T A RNHELL
FAMEEA R, T R AR B R S Qi R AR U, AT AR TR ) AR AR B 45 4
WSS VR A K R 5 28 RO A/ e B A A R 2 R, X
BT RARIL S AEAIE 2 B EAE (Moore et al.2015). WF BB & R MR M EA
HEME TR L.

e i R R RN R RIR S, O EERA, e mM . ARG, 3R,
PR R . RE . ARFAME REHEN . MYTER. KGR BERNTRI M55 (Torres et al.
2014; Diao et al. 2014). i, "R 2O 7 55 5B A TR R 45 1) b o il B 33 SR TS AL 1 0L
I Gn7E 2 BT J0 75 D 2 i g 2T e RS R W » 3 A Skt s i I 3 it 25 25 R 175 4 (Piva et al.
2006 Dobolyi et al. 2013: Levic et al. 2013) . SR AIE 2 RV EW A KK B T AT B dL ik 30,
T 52 1 2 ot 25 ) 19 BRI T 5205 G e o FE AR 10-20 42, KR CO iR FEFITT LA 1.5 pmol/4E 1)
B, I e = SRIKRERE N, 2R L 0.03 @AFEMIEEK, XKl
mVEPIR A (Magan et al. 2011), T B TH =R R AR RIS TR a2 4. EREPER, +
FXS R E R, Bilhn, £ RhE A SRR i EE RN EAMEA, miiEER
FRT G SR 23 G0 7 i B8 R o ke o FRAR IR m L S At 181 5 o W1, 1 Wallemia
sebi. XWfU%Z (Xeromyces bisporus) F1# % & (Chrysosporium spp.) Z5EH, AeEdEH T
M AR (aw N 0.65-0.75), HABTTRERCAR Y& o I = 254D (Magan et al. 2007). HH
— LG ELTR U W. sebi 7] LA AL S A 444 B 14K walleminol 1 walleminone( Pieckova'et al.
2002) . AW TR, FEN TR 55 IR AU P2 WIAE W 1 B 18] 1) 5 A FH b R %4 FH (Leong
etal. 2011). XLEEIYESRIEY) AN BA E S PR, DOE RS2 1L .

FI R A AR 35 i B2 3R T BOR PR s R B Y T, S8 [ a7 1 it A% SR R I AR F 4
L8R (GAIBPND, (HIZFE ARFIREAE R REAEAL A A = A3 BT 12 B s SR EITE 1998 42K AT
T CROPGRO #i#Y, HepfEfbAdiMmE, HFHAEGHEEMEAEKM RN &4 T,
CROPGRO-peanut 7] LIR#E i Hi H i3 &8 5 EHAURSH (FKE. RIRE. Heii iR
B R RTEA G R RS, (U R Y HIE A o SOCRITE B+ 22 KR FEY)
A KAALL 771 CAPSIMD, B S7 1 AU R DR - S5 0T FH ) A= K B B A A e it 25 23 3005 e T A 2,
B PR AEAE AR T AN, AU R B, BT ET R i 10 AS T2 A, 1R Ak
EH TR T EEEME AR, PIXEA R 20° Db, AR, HHESRARITEAE
PhEEZ, LA EE AR i R R TUE AN T e A P e U B R
R AT et TSR T 5164 AFBy &2 FMEZ IR, RIS o KA
BAREOS ARAR R AT IR E, FT IR )5 i R AR 7 4 S0 A e . R K
BARER, @ VdE T E A i SR R TR, DU A o i R e R
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gt AT RAEBR AR, R T 2018 R H 61 MEA L E 1181 31
AERE Al AFBy B R TN, 38 I 23T I R 2E VPG AR B B M LR ST AR R A I 1) S 7T
¥ 2% S PR T % A6 AR AFBy B 5 IR 1 R

4.2 ¥ #l
4.2.1 Eﬁﬁ%

4.2.1.1 eSS

[7] 3.2.3.
4.2.1.2 HIEHER

A 3.2.4.
4.2.1.3 BT H

[F] 3.2.5.
4.2.1. 4 HIBS5SEHE

2009-2017 4 [E 140 ARl 9 HE BORRIE B T R E R —r (=3 iU BERkH
HEHESE (V3.0). ZHEHE 3 NI B S5 454 (Latitude, LAT). 4% (Longitude, LOND.
o E (Altitude, ALT) K& 19 MRS K& (Evaporation, EVA)., ~F¥Hi5 < (Mean
soil surface temperature, GSTmean) |- &% =172 < iff: (Maximum soil surface temperature, GSTmax ).
H & A3 (Minimum soil surface temperature, GSTmin). 20-8 i f#/K& (Precipitation from
20:00 to 8:00, PRE20-8). 8-20 i} [#%7/Kk#& (Precipitation from 8:00 to 20:00, PRE8-20). 20-20 HJ[#
/K& (Precipitation from 20:00 to 20:00, PRE20-20). “F¥JJXi# (Mean wind speed, WIN). #k
KiE (Maximum wind speed, WINmax). %K Xi#E (Extreme wind speed, WINext). H %L
(Sunshine duration, SSD). “F¥5 & (Mean air pressure, PRSmean). H & E (Maximum air
pressure, PRSmax) . H 5 1% % (Minimum air pressure, PRSmin). H *F-#/< i (Mean air temperature,
TEMmean). H &< (Maximum air temperature, TEMmax). H &< (Minimum air
temperature, TEMmin). “FIJFXHEE (Mean relative humidity, RHUmean ). /N X B

(Minimum relative humidity, RHUmin).
4.2.2 TEEMHmR
A 2.1.1,
4.3 F3 %
4.3.1 ZEHLEMIOHT

AT G A A SPSS20.0 X AR 7 HEAT 1 2 EILLLNEC M, BARRIEERDY: ot
— A= —G RIS .
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4.3.2 HHEMSH

FH IR RBOE RPN BN B 2 [ 2R AR G REFE 1 — N GE T bR, AFEF| A matlab 2014a it
HEZERSHWWEEMNMHXRE. N TEESER T 5164 AFBL ZRIFAHK KR, HAEMAA
[F ) 7572 (Pearson. Spearman Al Kendall) il IEAHER%: Hik, FARKHEE R
(Maximum information coefficient, MIC) ki & i & 5 B AR & 2 [ AR A M, ¥)
A SRR B I A AR A5 A B [ (1 2R 1t A G 1 B AT AR B e, e E AU A
T

4.3.3 BfEgE

AR TR N 73 Pl U —BEHLAR ARV, BL 2009-2017 S8 1t BEat, I FHAEA:
Mgt HESRAL GRS RE N I B R T PRI AFBy E R IR (BL 5 pg/kg AT 20
ng/kg NBIED, It — o T ZHAE S R P R TR AR RN . B SRR, 5%
HI7r TR T8 CGREER . SCRFIAENL. K—IE4Ri%k. BP MR MZE ., f2ln) B s B2 46 ) BhAT
SERLLEL, IR 2018 R BEAT AL IGIE .

4.4 FERIRE
4.4.1 N 4rEeE

4.4.1.1 &%
AR )RR AT BGE R R= (Ve V), Hod RZEMINAE, 1 &2 ZH0 N B HL
B8
MR FRERDT: e GRIFED Sy
RN 23O RR Fy RN AT T4 o B2 JE M ) & B
A i= (Aropve) A (Apopvy) Aeee /A (Agopvy) (A 4.D
Hrr (A, v ZEIEER, op REEIEHST, MALE{= + <, >, =, =} I
JETEIA (Ajop v RN —ASE BT, RUNA A RR BN S, B TSR yie
DA ¢ BT AR E S x BB PEVCHED, AR r 855 xo 24 r R4 AR, FR r SR
aifih . FEE PN B B AR AR AR 35 (Coverage) FIVERfZE (Accuracy). 4 E¥iiE4E D
A3 A e Ay, FU )R 55 2248 D A B v B s P o5 I ER A HERf 2R Bl B AS R
FEFRAA r B AR T T y BC T & B E A
Coverage (r) =|Al/|D]
Accuracy (r)=|ANyl/|A] (A 4.2
Horb AR T 2 R TR IC AL, | ANy |37 RIS 2 RUU ARG A S AR id k%, D RoR
A ISt
4.4.1.2 FTHN 57 222094 E
BT RN 3 A5G R A
(1) HEER R RE LT T O sems, PRy SEms a] DU LR fl 55 28 AR SE R . ik

41



Hh AR B 1 2 e ST FIUE o E AR R By VR

TR 73 SN RS 7 ST AN JR Ve AT B4k 7y, IPRSRIRIR BRI 0. SR, 2R
SEF U150 288 SCVE— 20 Al R 22 2 MU0, el DA IS — D BN 2% (R ST 5

(2) FEFHUI ) 73 S5 08 5 W IR A 58 5 1 R (R R PR T, T AR R F) 1R e 0 AT 5 s
B SRR

(3) HAR 2 2 T 73 S48 TR 2 1 SR BN 3 Fr 7 kAR T A SR M A AT 1)
LEITE S

4.4.2 xKREEERH

BKHAS B AE (MIC) Ji H 2011 4F Reshef Z57F Science A #H—F &, ‘& /&R E &AL
BHERR (. ELESERED 4R MIC FIEFEE B AL NES N TiES:
BB o W2 TTVEAN T 0 AT AT AT AL, (8 W] Al A8 B () IR AH S CEAB 2R MERI RS,
PR 6 T DA S T ISR i v, I AnfE Bk BB I RGu R nlt, JEZMR AR,
A FREOC R

HE AR R R R IEA B RE (B #HC &% (Pearson product-moment correlation
coefficient). Hif/RE (FRik, 54 I ZREL (Spearman's rank correlation coefficient) DLk
5E 28 (Coefficient of determination) 5. K¢ /RIEMH I B H T i () MK REL
=T LR Z AR, Horb 1 R BB TR, 0 £R&MHET KR, -1 RRTBEFAMK.
YA R TR M R, (HEAREE EEM I RIIRR U AR LM R, AR M AR E
EREOC R WRORE (FRIR, 590 MOCRE, BHE X A n MO EIFES, 45 X HHE
TEAMIE, W Xi BRI A, WIS X Bt R RRIR e A, FEAE Y TR
BRIk B, A Ml B Z I8 HI R REFSE 2 X 5 Y Z a8 B R BAHE R 5. Wil /R 2R
KA AE— @R B 3 ARG R, 45 Y & X P ifidm () %,
Hr B2 IR BARAR R REUZ-1(+ 1) o AJ TR RBOEFEBC Y5 SR WUIMEL, £ A2 2k [m] 50 2 ) FUINMAEL (F; (X,
Xos e, s X)), M RZEAUAEE (Goodness of fit) —ANGiit&, J2 48 a1 B 28 ) 0 I Fro 4
AFERE . RGBT 1, TiHA [E1) B2 X W (90 A FR P RRAT (2 22 v el SRR A L AR 1 20
PTG CEAR) ;s R, RO BT 0, A B L I IS R A (R AR 2 e
RETY A L ARRE B0 2 P o EE ERBR /N

MIC & T K315 B IES 3t (Maximal information-based nonparametric exploration,
MINE) %, HTHEMAZE X MY WEsEdE& kg . MIC e BAEENE, HAMY
AT LUR AR S (] 2R R BOR R, ICRE R IMAEERMER B R (F85n, AR AMUAE R I A&
ERMREBCR, LRRIIERECR (MWW EOCRMZ M, BFEA@RMERLERD. MIC B
HHALENE . 0T [F R K RO R AER O R, MIC JEERAIEUIE. Bred
MIC JEE A AT LR 0] FE AR [F]—FH G 5C R IR B, 38 AT DA SRS [n] B ASEAN [ 5% SR IR iR B
MIC FEEITE N ITER: B D ZERFXNMARES, B D={ (x, y) [x 5y fHREAHHKY. n
FoRBAE4E D s, B n=|D]. D H) x K7 s 47, y BRI 70 5 t s TER s Xt B A%
R B A1), AEVEAESE G AT B | IEAE Dy DG RUCAH IREESE DcR2, s, t NIE
LESAE

I*(D, s, t) = max I(DG) (A4.3)
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HoA BAZ B K s Xt A% K4, 1(DG) 2 DG 32 HAF S (Reshef et al. 2011). A log2 min{s,
AT H— A0, FFAERE FE R TSR R

1*(Dgs,t)
M(D), =————— (i 4.4)
(D log, min{s, t} B
e, WEREMEH— L HAS B RN #EE, /E8 MIC B EE
MIC(D)= max{M (D), } (AR 45)

Hrh RS I R IR H N s, t< B(n), H o(1)<B(n)<O(nl—¢), 0 <e< 1. ##fi4E D 1) MIC 14
TSR D h A2 x Ay Z R ARG . MIC EBRCR, x Ay Z IRl AR SRl . A
MIC %€ X AT %1, MIC FI{EFE (0, 1) X2 (Reshefetal. 2011),

FMH MIC EFPIERRZ AR KR ONH T2 U8, 17K 448# (Shao et al. 2016). %)
FERIH2: (Zhouetal. 2012). ZE#)%% (Liuetal. 2016) LLA3A8E (Eiler et al. 2014) 5751 .

4.4.3 ETNRFINTETE

NURS 2% 2] 2 B 70 el 8 o 40 1 2 o) R 0 R4 H & iz A tERe . fETFENLR G,
LG RN DL BT IR, BRIk, HLER S I BT AT R A AR G TE T AL B L
Parp et R (Model) 5LV, BP “2231505” (Learning algorithm). JE i XS #1488 2% > 77 ik
(AR TS, WEAA B TR A0 B 5 O AR R R, AR RN R S AR B B, X ARIAE N
ANJrMH: (1) 22J6877 (Learning): FE i KRG B % R G KiET A S HIHRE,
IS B 2 RAE I S HO% R 7 R BRSO AN B AT SR A R (2) T2 AR
(Generalization): Z3d %% > J5 AR L H RS, GBS RBRIE BH i AN B8 247 IR o328,
B 2 ST BT SR A8 RO AR, MR AR AN BB AE 1. HLBS AT BRI R B L, vk semt. Rk
AL, MEMA. BENLARASE, AR COT DUBR I T SR e . XA F TR R,
T EIE A GRS S Bk (3K 2017).
4.4.3.1 REWMFE

M (Decision tree, DT) @MLas o T3 8 — Mok, e T-0 G5 1) SRour 4 G 5
AT 43 FRIXME U N ZIAE T e 6 ) R A7 R SR IR 1) — o | SR M AL B AL, B ) L ) B — AN
ENAAF AT PN B A B3 i) L 4518 GIRREMS 2018) o AR v SR 27 ] BRI AR AT R A2 A
if-then X F2 DUBR my T et wR SR G & 4.1 Fiow

— BRI AL S — MR AT R AT R NE T R R SRR,
TN SOZBIER AT REHUE, BN R SRR B M BUE AN F 7] R AR R — N0 3. PRI
OO T AR 5, K L S 1 e LA AR T RO — B A T a4 40 T B0 30000 e Ak 0 v
J& TR . PRI AETE— IR I 2 240 FE (A AT B R A A, (HIEA LB IA R 4R
Ao BT ALE S iR el A v, Al e A R A 5 R B A R H .
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JEME LG 50
JEMEAE 1 JE MY 2 JEPEAE 3
Fl 1 Fl 2 Z 3
Bt i 1 Rk 2

e 4 e 5

& 4.1 RIRHHEBILEH

Figure 4.1 Typical structure of decision tree

4.4.3.2 Z¥FEEM

S FEFEML (Support vector machine, SVM) & —Fil H 2 W8S, BB HSZEL T 450K
for e /ME AR . SVM @4 N 1] B B B — ANy 4E B RFAE 2 (8], AR RRAE 2% 1] P AL i e AR 40
KM, & REE B AE 2 J2 AT ) 4 G B IR ) — 28k A, JF HBRUERA 7. 1% FH A3 1 gt
BRI, K 22 Bt N\ 2 (R G A AN 1T 43 19 i) LR AR ALE 25 ) P DA AR R P A 43 il R AR v ikl =
2006),

TR ENE LT BERFE: (D /MR (2) AR I B < MR AL R B J=) 3 S 2
(3) Wmith, STk E RN A E, N EE 1) R B FE SE m
TIZEAR R E L (4) BEHAL AT LA 7 O R . — ANl )2 IR S B ) A 56
iz 3 (5) AR FREHS TN, RAAZRESEFN (BRERD RHEa ) LR,
4.4.3.3 k—iE4RE

k—iIT4R% (K-nearest neighbor, KNN) JEAL#% 2% > —Fh ) sy H AR R B EE, &
Fe BT ARVEY R oK . B AR WA 70 RE A S RHIE R & 5 U SRR T A REAS s ARFAE SR
BIMEE—FEEEE, NARES SR MR SR B /IR AR sUBT I8 28 7 BV R AR5 8 6 AR A )
SREER . AR TEEPRN S, IGRERRESTRAAERER, LA NG
AT ABVER B 5 Fr 23 SRR AR B8 Bl I e AR BRI AR 22, SERR 54 20 R A EE B
L R UIZRFEATEA SR AR AT P B IR 0 A R O T B AIK 3R XU, gt T AR S 15 43
TR B BIL M Z AN NEREAR, SRE AR 7 kAT RS T AN 2 Bk tH PR B B i) — A, ik
J& k—iE4RiE (ZFig 2015). KNN 7p20770 —FEES 8 o KR, ST RERIEHE EA 4
(s v LI s ) o SR %, B RS &) T S0lSEE 240 Al (AR tA7EAE 4 S5
PR TSR R AR AR R Tod AR R 5 2 A DL P P 2 2 B AN 3 P 5 1l R
4.4.3.4 NITHEMLE

NT 2% (Artificial neural network, ANND, 5 faiFR A HILE P28 BRISHIZ /2%, R 20
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4 80 AR AR T2 REATIR IS EL [ AF 70 A0 o T AT J2 A A P8 6k N A 28 70 X 28 SR AT 3 2
BT SRR B, A R T A RN 25 . ANN 2 — PR 2R S iy, geig st
PUE R R R AR TR, SRS B S ST Zh. MRS S5 4, OB TR R
AEZeME R i+ 24K, ANN FIBFE TAEARBIRAN, CEBS TR KM, HARK
WA BHEENLEE A AshiEhl. AT A, E%. S E R AR v T Y2 BRI
SENUAME AR DL (SRR el 8, SRBLH T R IR R

BP #1£:#4% (Back propagation network, BPNN) #& M Fll#¢) 32 [l —F ANN (f57E%F 2016),
- H Rumelhart 1 McCelland 55 N#&H, B % ST FIAAfl XS A\ —fy H A X/ BUs ¢ &, T
AN T B R X R S e R BB FE . BPNIN {3 B et T Bkt AT 24 3], 85 e AL R R AR
WU X 2 BB AT IR, A28 R ZE A T My, — REFE A E . RS EMmLE, B
HREZMEER, ENRMHETZ BATER (K 42). BPNN ARG EE: (D &EIFT
P, HABAEIIRE, () mEARLMEMESTE, (3 BORMESEAE; (4 REMEE. H2
BP HAAEAELL FmMRIE: (1) MG IIZRIIRSCERNE: (2) MEKIIZRE S N R/ IME A
(3) W22 I FIEAZAFEE s (4) WZSIRR S 2 0 2 HOA AN B B 2 17 SO B A o8 B
iR T, SREL2ERFE, K@k LERR, MEfedRP ™ ERENTIR, MM
IT 5 IR0 B TA]

R AR

X1(Kk)
Xi(k)
Xn(K)
hin(k) hon (k) Y0, (K)
LTINS S 2
___________________________________________ >
= BAE [ A2 R

4.2 BPNN £5#9]
Figure 4.2 Structure diagram of BPNN

R H 2 M 4% (Radial basis function neural network, RBFNN), 7£ 20 k4 80 sEARK
1 J.Moody FI C.Darken #& i FJ—F & R R E R s M 4%, & — M EARIRER H BTt
2% . FIEN RTINS 1) BP 4 Jmid e Mgt tk, RBFNN B R AR : (D S5HFE 5, M
i BRI O R, BT M. SEORTIE S I R SCEE R (2) A
AR RN F A R AR G SR I T RE, ZERT 1) 25 Hh RBFNIN J2 B2 8 56 R S5 Dy e S f10 14 I 2%
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45K; (3) RBFNN (52> EpR, Higt b /Rt e, (4) BERS Sl “sha&na>1"; (5)
A DA I SR 7 IR B R ) O, ORI T N 50 1 S B AR . B : (1)
ToV AR A R FR R HE AR I s (2) AgEm P B B, T B SR A R R
PR 268 i TCVE AT TAE: (3) fE—Y) i) @ P RFAE A A N E T, 0 — DA e A,
GERBBREREE: (O BRMFPJHEREER T —PmEMES: (5) RBFNN A TR
P 22 G0 SR T AR L OB o) LR AR AN HIE e . T AMRIE IS AR 2 IR R S IR
4.4.3.5 BEHLFRH

BEHLARMR (Random forest, RF) 48 2 H 2 BB 0 FEACHEAT YIS IF 00 1) — P oy 2% . ok
T A R A T I SRR AR S R — R, BB SRCR ER, TE AR B E T LA
2SI — KA S —4E2E 2] (Ensemble learning) J5¥k. WRIRRHZE—FTELE R, HA A WE
W RFAR B BN, A SRR AN, A SRR M. BEVLAR AR
FOLMAEE A 4.3 FoR. # LGRS H5AT C4.5. ID3 1 CART. Sk i@ i @ ar J LA
TU2H B SRAR R B — PR T0N 10 o B 1 AR SRR AR i A 4 AR, 25 ST b 2 SR H T
Mo IR LTI fe J 245G T, DR AR T AR AT — N B R A T o BT AR AR B 1A 2T
— TR, BERETREN MR EE R RGN KR BV — M EZER AT
Bagging MIEERLY: >1 J7v5, AT AR SR 2. Bl 55 il .

BENLARMA V2R (1D BARERAESRR, (2) BIWERSIN, EREIRKRAS 51
A HEBRIFOPIEFEE S (3) REACFRIRE4EE IEME, JF ARSI LR (4 BEREA
PR BORAE, AR A B S AEE, BARAE LTI (5) AR, W RIS AR E Tk ek
Js (6) RESEIIFATI . BENLARARII B S 2 (1) FEHLARAR R PSR N UR Z 0, IR
TS (RIS T 23K (20 BEMLARMBALE G Y 2 R RRE )y, A a5 R G

BEATLAR AR 1) 5B (7] R A A2 o 326 3 e A0 P N AR AE I H AR DO A 1) 7 3 BEAR AR TS 41
BiR# (Out of bag error, OOB). FENLARIA —/NEEHR S, WA DBEXE T3 XEE
B H — AL IR AR R AR ZE ) — AN To Al v o &R DAE BB EAT P4, 3t 2 EAE AR A
H AR Pl A] AR Z AL — AN ettt o FER R R I, B T INZRER1E 1 AN F] ) Bootstrap
sample (BENLHABEHAIEO . Fr LA TR0 S (RBO T3 kK BRD, KRE4H 13 1l
THEASEE K BRI, BAIRRAZE kK BRI O0B #i4. BTHE R F: (1 X4
MFEA, THEEAEDY OOB FEARIBIX B 73 2R IE ML (£9 U3 BIMD; (2) A5 LT B 2 Bk SR Ak
RNGREARM 7 REE R (3) BJa AR B AR A S 80T EE 3 AR N BENLAR AR 1) OOB 243 %

BENLARAMRINAG )2 S AT 5%, H AT 28 T (De et al. 2016). % /& (Belgiu et al. 2016)
A=W 5E 2 (Finely et al. 2013) . & i B2 (Zhang et al. 2016) Fil 4 ffi {154 (Chasidim et al. 2016).
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Figure 4.3 Algorithm schematic diagram of RF

45 ER5 9
4.5 1 §IxT 2 ik

4.5.1.1 HIEES

(1) SEEFE5E AFB EH S EZERXR
BT B R BRE], SR E 7 (ZERE. 20-20 BFFEKE . H TS0 &SRS B
D HUWA P XAEA: AFB PRI S BHUS KIS AK 4.4, K 4.4 RYAURE T 5164 AFB, 11

R AFHEEARE R R R .
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Figure 4.4 Matrix scatter plot between mean AFB; content in peanuts and climatic factors in China from 2009 to 2017

(2) SIREFRZEHEMERT

Gt Z EILE MR AR R AAFAE MM . 2 A B (A AEAE m FE AR GRS, 3
AN REAEH I B A T — N B AR RS S s gg e . Rtk R ORAEE R RS R R, AT
Jexf SRR 7 HEAT 2 LA MEARR S, ISR AR 4.1, 3R 4.2, Gt IR IS ) T AR
& CRHIE(E 7, FEHFERME AR RENE . BT RN a8 8 3 AR 2 R D¢ RBUGERE,
SRIGTHEAH A BRI RHEAE, B R BAHRIR . —MRIEIL T, BB & bkl f5 7 28N 1,
DA M — AMRFEAE AP DU R — A BB — @ L sy« 4R s R 10 B, IAHK
H AR & 2 (A (A4 2 IR

AR SRR 7 2 IR SR (R 4.0 AT RPER 4 4B 5% AR R 5IME N 8.747, $:ik 10,
55 4R R SIME Y 11115, KT 10, UEHIAREE T SRR T2 B AEAE B R I R . Bk
42 1. R T AMFHEE S IR T 0.01 FIZEEE, 0.02 A K E: 25 8 MFFE /3 AIffRE T
0.01 4%, 0.76 Iz K&E: 5 9 MRHEE 73 IR 1 0.04 L, 0.03 [ KXI#E, 0.02 1
ANFEXHRESE . MAIFAAESE 2 ANEL BRHIE(E, W R 2 AR, U AR 7 2 MAfEEE
—EMZ EILL.

N TSR - [A) 1 22 B L 2R 2 7 2 s AR AL PR RS B P, AR B gk — 20 A DR - 2 )
(ARSI 7B F . [RIAER SPSS 20.0 B THE SRR T2 A ARG R4, #REE RN T
— AKX, MHRREEE R IK 4.3, @ik 2N 0.01 LK 0.05 4%, HE 4.3 TS ES
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B A A BRI RN A SRR T2 8] 1 2 B AL 2R 2 S @ i A (R

* 41 SIREFEEHEMISHR

Table 4.1 Multi-collinearity diagnostic table for climatic factors

P Gidis FHIEE FMRG
1 1 19.023 1
2 0.768 4.976
3 0.531 5.986
4 0.249 8.747
5 0.154 11.115
6 0.13 12.116
7 0.081 15.358
8 0.028 26.005
9 0.014 37.228
10 0.01 43.628
1 0.006 58.471
12 0.003 81.628
13 0.003 85.45
14 0.001 153.56
15 0 222.651
16 0 241.411
17 0 278.216
18 7.38E-05 507.856
19 2.29E-05 912.44
20 6.76E-06 1677.074
21 6.87E-08 16645.487

* 42 SRR FSEHE NS —HEL I

Table 4.2 Multi-collinearity diagnosis-variance scale of climate factors

GST GST GST WIN PRS TEM TEM RHU

T LAT LON EVA - - -
mean max min max max max min min

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0.01 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0.08 0 0 0 0 0 0 0 0

0 0.01 0 0.02 0 0 0 0 0 0 0 0

0 0.01 0 0.76 0 0 0 0 0 0 0 0

0 0 0.04 0 0 0 0 0.03 0 0 0 0.02

0 0.02 0.08 0.1 0 0 0.01 0.02 0 0 0 0.02

0 0.15 0.01 0 0 0.03 0.01 0 0 0 0 0.01

0 0.53 0.04 0.02 0 0.02 0 0 0 0 0 0.02

0 0.03 0.69 0 0 0 0.01 0.57 0 0 0 0.01

0 0 0.09 0 0 0 0.36 0.33 0 0.02 0.01 0.23

0 0 0 0 0.02 0.01 0 0 0 0.05 0.02 0.07

0 0.09 0 0.01 0 0 0.06 0.01 0 0 0.02 0.02

0 0.06 0.02 0 0.01 0.03 0.35 0 0 0.14 0.17 0.47

0 0.06 0 0 0.72 0.69 0.07 0.01 0 0.08 0 0.07

0 0 0 0 0.24 0.21 0.07 0 0 0.7 0.77 0.03

0.97 0.02 0 0 0 0 0 0.02 0 0 0.01 0.01

0.02 0.02 0.01 0 0 0 0.06 0 1 0.02 0.01 0.02
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Table 4.3 Correlation coefficient table of climate factors

I v EE A B A R By FUE U

LAT LON EVA GSTmean GSTmax GSTmin  WINmax PRSmean PRSmax TEMmax TEMmin RHUmin
LAT 1 -0.094**  -0.222** -0.759**  -0.532** -0.359** -0.124** 0.334** 0.344**  -0.736** -0.856** -0.549**
LON -0.094**  1** 0.412**  0.202** 0.286**  -0.117** 0.928**  0.018** 0.019**  0.179** 0.065**  -0.088**
EVA -0.222**  0.412** 1 0.582** 0.677**  -0.340** 0.367**  -0.103**  -0.106** 0.563** 0.386**  -0.226**
GSTmean -0.759** 0.202** 0.582** 1 0.890**  0.070**  0.178**  -0.298**  -0.309** 0.965** 0.924**  0.264**
GSTmax  -0.532** 0.286** 0.677**  0.890** 1 -0.233**  0.243**  -0.211**  -0.218** 0.832** 0.667**  -0.093**
GSTmin -0.359** -0.117** -0.340** 0.070** -0.233**  1** -0.020**  -0.065**  -0.074** 0.024** 0.295**  0.898**
WINmax  -0.124** 0.928**  0.367** 0.178** 0.243**  -0.020** 1 0.022 0.023 139** .067* 0.003
PRSmean 0.334** 0.018**  -0.103** -0.298**  -0.211** -0.065** 0.022 1 1.000**  -0.307** -0.331** -0.163**
PRSmax 0.344**  0.019**  -0.106** -0.309**  -0.218** -0.074** 0.023 1.000** 1 -0.318**  -0.344** -0.172**
TEMmax -0.736** 0.179**  0.563**  0.965** 0.832**  0.024**  0.139**  -0.307** -0.318** 1 0.912**  0.189**
TEMmin  -0.856** 0.065**  0.386**  0.924** 0.667**  0.295**  0.067* -0.331**  -0.344** 0.912** 1 0.522**
RHUmin  -0.549** -0.088** -0.226** 0.264** -0.093** 0.898**  0.003 -0.163**  -0.172** 0.189** 0.522** 1

TE: **AE 0.01 KF EEFEMR; *AE 0.05 KF EEFEMRK.
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TEIL 2 H AN A AFBy & B IAE AR SR S E A B (B 4.5), WIRIKZ) 85%FIFE i
AFB; & 3 [ 4 0-5 pg/kg, M E KR ERME (20 ngkg) MR G HIRIC, K298 10%.
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Figure 4.5 AFB; distribution histogram

A UL B TR, A BAR RS R AR = R (D SRR T 5164 AFB SR
A R IAER H R R (2) [MER T2 MFEERIRA 2 B, (3D HihEE
RIS YT ZA ARG B ) 25 2F R BORE St ) B A7 AE 5 Y B A s, TEid i 5 At e &
T HARAS A S B PR FEAR B K T ARBIR AR, TE(F &G0 288 i, SORTCIA IR
UEo PR S 5 B SR AR AT e s LI, D 77 SREDUSE G (0 JRURG TR0 A R, 7E TR B DA 4
M A R R A TV i P Ok TR PR A TN AR B D SR o SR T A 280 PR e R AR 1)
TR AERA L o R, AHTREAR G T AR R AR, 52 37 5 T A8 BR A AR 73 A1 B () 0
5 2K2%, FERLAR EARUE A B PR RE A HER B I 2B RE TR FFE — N KT IR, SR T4l
BER 57, EREEHIERAEA, SEBEEEARESRBRAAREKAY, HEBRERAE
ARHE . IXFEM B R TE S 28T B, B BREA IR, AT TE P R A 1 FE A8 411
XAk, O FE 2 (REA T N BRAE A o SAE AT LUARAIE 8 R A A F90 00 Fr) o A8

BT UL B R, ARFRAMN A, PRI S & BRI E, RIREAE S burE. &
B HE R I E AR e A AFB, S TR (LA 5 pg/kg A1 20 pglkg Nor2K
) AT . A% SRR AORE R B, 7ERI I BEAIAR MR B S BRI EAT 7 28 UIRE, 5% H
(IR 772 (REER . CRFENL. K—IEARi%. BP MM, 1Rk Mg ) ity
GERLLEL, HE—B 0 T 8 A8 BT o AR 1 STk KN
4.5.1.2 WIBS5SETE7FiE

HTEHES BT ERE, W 22 NS4, FEeRERYE, BOTEN . Bk
AR LA A
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(1) XM
N T EESSEE T 5164 AFB Z I HIFHR K &, B %6 HAE 7772 (Pearson. Spearman
Al Kendall) SRt AN R B @ i 5T R3], AR S B R SR AROC R ARG,
ZHHAAL 0.1, AT LUHANE S BHEEES AFB, & B2 AIANEAELMEM > (£ 4.4). Spearman
FHOR R O] DAE— R B BRI AR PE DG R, AR 7t o Spearman AH ¢ R4 Pearson £ %A
Kendall Z %, WalE—ERE LR EIERES AFB, S B AFEIRR IR R
(2) ET MICHITEEN LI
FIH MIC XA 5 H bR AR a2 (AT AR LR AR OG0T, mIf90n: A RS AFB, &
Z B HAH G B B ARATI AR LU AR, S R BRI R IR bR () R AH DG FE AT SR AN w7, 5 R b R A M P K.
SEARAE LA MIC REGHET, FTUE HiZREUL R T UE—ERE L RS FE RS AFBy Z [FIAH
KE (WK 4.4,
RAEFTE TR MIC REUEHET , 5B AT, VIES 200 8 MER . 4% (LAT).
PRSI (GSTmean). H kRS H (GSTmin). 8-20 HfPE/KE (PRES-20). “F¥JS /%
(PRSmean). H&HALAE (PRSmin). H-F#HSiE (TEMmean) FH& &SR (TEMmax).

*® 4.4 FIATENEMBAX 2T SIELEEX ST R

Table 4.4 Comparison of coefficients by different linear and non-linear correlation analysis

ZH MIC Pearson Spearman Kendall
LAT 0.1654 -0.0742 -0.1757 -0.1297
LON 0.1373 -0.0754 -0.1624 -0.1189
ALT 0.1367 0.0690 0.0294 0.0205
EVA 0.1492 0.0861 0.0822 0.0574
GSTmean 0.1632 0.1034 0.1688 0.1194
GSTmax 0.1492 0.1092 0.1334 0.0932
GSTmin 0.1542 0.0826 0.1513 0.1090
PRE20-8 0.1459 -0.0173 0.0554 0.0392
PRE8-20 0.1573 -0.0448 0.0738 0.0526
PRE20-20 0.1293 -0.0355 0.0706 0.0498
WIN 0.1305 -0.0100 -0.0185 -0.0133
WINmax 0.1297 -0.0182 -0.0710 -0.0509
WINext 0.1342 -0.0066 -0.0765 -0.0558
SSD 0.1406 0.0382 -0.0206 -0.0147
PRSmean 0.1709 -0.0678 -0.0456 -0.0334
PRSmax 0.1391 -0.0680 -0.0481 -0.0352
PRSmin 0.1556 -0.0684 -0.0441 -0.0325
TEMmean 0.1726 0.0966 0.1606 0.1141
TEMmax 0.1554 0.1055 0.1407 0.0993
TEMmin 0.1421 0.0871 0.1591 0.1141
RHUmean 0.1353 -0.0633 -0.0417 -0.0304
RHUmin 0.1309 -0.0295 0.0397 0.0281

(3) ETH&MBEXMXTEHITHRAIFIE

WL TRk 21 8 MERAIRKRZ , #E— D/ X Lo ife 0 & 8] i AH ¢ R 8 i o R I
A LA, a2 < (GSTmean) . H &Il <R (GSTmin) . H-F%< i (TEMmean) .
Hf il (TEMmax) Z J8] R LR VEM SR, P35 (PRSmean). H#&{K L (PRSmin) Z
[ AH SR o, MHOC R R 0.8, Bt 097, 45ir 1, BAZEILA M, XA iy ar i —
AR (W3 45).

HT AL EYS Hin B EZ AIAHKEA LR, SRR E RO EEE R, WEHE
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MIC REVEHTAMEEALE . FKkE. [RERRMEm R L, RE&EFRESEEEN:
i (LAT). 8-20 if[%/K& (PRES8-20). “F¥J<JE (PRSmean) F1H PS5 (TEMmean).

R 45 TEEEBZEMZEMEHEXIH

Table 4.5 Linear correlation analysis coefficients between different variables

GST GST PRE PRS PRS TEM TEM
LAT - .

mean min 8-20 mean min mean max
LAT 1.0000 -0.7539 -0.8620 -0.5352 0.3401 0.3339 -0.8120 -0.7316
GSTmean -0.7539 1.0000 0.9173 0.3381 -0.2986 -0.2927 0.9655 0.9645
GSTmin -0.8620 0.9173 1.0000 0.4913 -0.3602 -0.3510 0.9743 0.9045
PRE8-20 -0.5352 0.3381 0.4913 1.0000 -0.2353 -0.2306 0.4409 0.3760
PRSmean 0.3401 -0.2986 -0.3602 -0.2353 1.0000 0.9997 -0.3195 -0.3088
PRSmin 0.3339 -0.2927 -0.3510 -0.2306 0.9997 1.0000 -0.3120 -0.3042
TEMmean -0.8120 0.9655 0.9743 0.4409 -0.3195 -0.3120 1.0000 0.9685
TEMmax -0.7316 0.9645 0.9045 0.3760 -0.3088 -0.3042 0.9685 1.0000

4.5.2 MW 53 H—FEEUE—REN R R R B2 37

4.5.2.1 EFHMUETRH 2

VUG 12 15 2 1) SR AR B 5 4 R S AFBy R FRAE b 2 1) R 2 A A L i R
(1) BSESHRITHXER

B2 23R8 AFBL & 550 4 5 ng/kg 1 20 pg/kg MFHBRIE 2R, BT AFBy & &id KIHFE
R EUN, A TOEIRBER, B EIR#E 9 60 pg/kg.

M 4.6 HATLAEH, KESFEMAERTE R LR BEX, B E-28 BE IX ) (R o B AT DA
47 gt — AR R, EEERFES R e e ES, DhgEmX oy E. W5 E (B 4.8)
gy TR T AEREAF3 DX 1) A AR PRURE ot o5 DX R BT RE T R, P DA iZ X R B 22 . (X ]
Hmﬁgﬂhﬁ#mﬁwimﬂﬁ~ﬁﬁ AR PATE A FE ML X S B f 2, T I e b X A
AR R, B AsET 40%. MR ARG X, HR A X, FERERERN
0.

EA] e o} 8 AR s R R U 1) g s K v B2 X3 (40N RIMIRA FE X (<21 N B L 4%
T2 AR RBBRAE s D R PR AR, PRI 2 2R
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Figure 4.6 Scatter diagram of AFB; in peanuts with different latitudes
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Figure 4.7 Histogram diagram of AFB; with different latitudes
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Figure 4.8 Histogram diagram of proportion of samples with AFB; >5 ug/kg and >20 pg/kg in all samples and according

interval with different latitudes
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Figure 4.9 Scatter diagram of AFB; in peanuts with different precipitation (from 8:00 to 20:00)
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Figure 4.11 Histogram diagram of proportion of samples with AFB; >5 ug/kg and >20 pg/kg in all samples and according

interval with different precipitation from 8:00 to 20:00
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Figure 4.12 Scatter diagram of AFB; in peanuts with different mean air pressure
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Figure 4.13 Histogram diagram of AFB; with different mean air pressure
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Figure 4.14 Histogram diagram of proportion of samples with AFB; >5 ug/kg and >20 pg/kg in all samples and according

interval with different mean air pressure
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Figure 4.15 Scatter diagram of AFB; in peanuts with different mean air temperature

0.35

0.3f

0.25

0.2

0.15

B i B 2y L (%)

0.1

0.05

15 20
HP3 A (CH

25 30 35

4.16 TR HFHSIEXEHEMREEE

Figure 4.16 Histogram diagram of AFB; with different mean air temperature
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Figure 4.17 Histogram diagram of proportion of samples with AFB; >5 ug/kg and >20 pg/kg in all samples and according

interval with different mean air temperature
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i LRy, RAA ARG SR BH e, f8 54T, @ THE. BAABNA:
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CHAPEAR <G FHRIED —FF & R R
4.5.2.2 HARRESD R REE

BT RO ) 7 225 BLAR AT DU R B B A BT M PR, (HR A MR L AR YL PR A AR it
KT RABIRFEAERN S, FEZLL 20 pgkg ABIME, 20 F M HFH5E (B 4.18).
2 E A 8-20 I BE/K R (K] 4.19) FIZ 53 E (& 4.20) PIPIAE &2 6 AR B PR FE AR R
FEAR I A 1 DL o
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Figure 4.18 Sample distribution based on latitude and mean air temperature
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Figure 4.20 Sample distribution based on latitude and mean air pressure

ME AT LAE Y, A FRREAS I SR A = AN Xk, (E 2 LI AR AR A th 723X 0 TR 48,
BT AR EEAR R A I I AR A, TR AR G0 7 B B, SR TCIEARIE. T i eix /> i)
A, TR AR THEE R, SRR, AR A S E S R ARE KA Y, H
Z L RAB AR AR R . 7R 5> FS T A BT A 3 OB AR AR AR, AR E P AR AR i FE RS A IX
BN, $EEZREARIAGE EEARFE A,  IXRE R DUORAIE R AR E A TR P AL A 5
4.5.2.3 FEHLARIR

PRAE B RS 5 AR B RRAE S A A FLAZ SRR a2 R il 28 10 2 2R s AT H 41,
M BENLARAR AR — 2L TN RS 0 KB B AL A 5. A SR SR, 4E0r2a
— AT B VLR 4 SaE o SE T I H ORI 32 B SR IR (6B 8-20 B R /K & PSR
HV 58, SaEmMPittsATe, HRBAHRBEMER~ 810K 8, FIFLE
WUARMBEAT S T VLA SR Rk, SRS XIERI 735 FEARBENL > 10 43, HL 8 17
ONGREAR, ERBENIARAR, SR)5 2 MR, e R e o

TR T

JRAGREA 937 A, 24 AFBy & & HIME N 20 po/kg H
(1) R 4> 0B 152 N ARABIRFEA K 0 15 2 7025
(2) FIRFEA 7854, H A AK@BIFFEA 680 />, EFFFEA 105 4
(3) EEEHIARFES 5 I, BFFEARIEE] 630 4, HARE 5 RBERFEAH 4;

(4) FIFHBENLARM CRAMEUE Y 50), AT 70 KT

N T TRIIAE A RE S AFB & B 75T 20 pg/kg, BEHLARAR S SRR 40 ) £ 252 H1 63
FERAPE N RINEREE . AR TRIBHIFER IR 4.6, WABIEES, RERFEARSH
TRIAERA 2 98.64%, HBFRAEA 73 ZUERR 24 100.00%, &L IFEAR 7> S0 AERH 24 99.21%.
MR PRGBS R IR 4.7, WREAESE R, RBIRFEAR S TN AESZ R 94.44%, HbR
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FEA 2 UERZ Y 100.00%, st FIREA > ST VER %y 96.83%. ZEaFN 7y 2806 A, REBIREE
AT AERf 2R N 98.94% , ABFRFEAS 73 SSUERI 2 A 100.00%, KL IAEAS 2 2R TR VHERA R 99.07%.

4.6 4 AFB, S 2H{E 20 pg/kg B, VIGHEARIREER
Table 4.6 The OOB error of training set by RF classification of samples with AFB; threshold of 20 pg/kg

AFB, 7 <20 Lg/kg AFB, 77 i>20 g/kg OO0B fi%
AFB, £ <20 pg/kg 145 2 0.014
AFB; % £>20 pgkg 0 105 0.000
it 0.008

% 4.7 L AFB, S EHI1E 20 po/kg B, UIRAHEARRR B
Table 4.7 The OOB error of testing set by RF classification of samples with AFB; threshold of 20 pg/kg

AFB; & <20 Lo/kg AFB; 7 #>20 py/kg OOB i#HF
AFB; & §<20 pg/kg 34 2 0.056
AFB; & #2>20 Lg/kg 0 27 0.000
Mt 0.032

2 AFB; & & HIME 5 polkg I
(1) FIFHFIN > 252 131 M AMBIRFEA ) 0 22502,
(2) FIRFEA 806 4>, HA REMRFEA 629 />, EIRFEA 177 4
(3) HEEGHIFEIRAES 3K, BIRFEAEE] 708 4>, A 5 A FRAEAAH 4,
(4) FIFHBENLARMR CRAMEUE 50), AT KT
T TRINAEAERE S AFBy S BRI 5 olkg, BENLARAR > SR 3 53k 4% 275 F1 68
FERAE ISR RIS . HERGZR AL 20 pg/kg A IR KAAHE 2 o I ZRAE A R VRV 1 P 45 SR WL
4.8, GBIESET, RBIRFEA > BN AER 2N 97.08%, HEIRITEA 7> K HERI %y 100.00%,
SRIREA 7> T HE A 22 0 98.55% . MNAREAKIRIGHEPELAE R WK 4.9, MREHEES, KR
FEAR S TN AER A 85.29%, ABFRFEA /> FEAERI 2N 100.00%, A IREAR o FETM HERf A
92.65% « Z5A FILN 73 SRAE AR, A8 FRAE A TI0I HERFI 22 96.97%, BB AR 73 2R ERf %2 9 100.00%,
SRR 73 I HE A 25 97.49%.

#* 4.8 4 AFB, B =H{E 5 no/kg B, VILHEARREER
Table 4.8 The OOB error of training set by RF classification of samples with AFB; threshold of 5 pg/kg

AFB, 7 <5 Ly/kg AFB, £ 55 |g/kg 00B 2 }%
AFB; ##<5 po/kg 133 4 0.029
AFB, % &8>5 Lg/kg 0 138 0.000
Bt 0.015

# 4.9 % AFB, S E5ME 5 no/kg BY, MRAEARRYEBIEME
Table 4.9 The OOB error of testing set by RF classification of samples with AFB; threshold of 5 Lg/kg

AFB; & &<5 Lg/kg AFB;, & &>5 Lg/kg OO0B R H|
AFB, 7 iit<5 g/kg 29 > 0147
AFB; #>5 pg/kg 0 34 0.000
Bt 0.074
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4.5.2. 4 MANBSRES LER D TIKEHF

R LA B AT, OB TIN5 R—PET I — BRI ARG 7 BRI 7 (4B,
8-20 I [k & L PN P3RS R B B e A AFB & R
MBI 7> R TRIARE Y o E T8I 75 43 28 38 I BN NS HOATHE R e A IR
AFBy 73 20 A AR X DTRRRIUT . F ] 4.21 FE 4.22 aTLLEH, 24LL 20 pglkg A5 pglkg
B, 7 AMSERIAR S AE BEALARAR > AT b () DT iR ZeHE AR O 26 B> H P35 >8-20 I FE K
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Figure 4.21 Features ranked by their contributions to classification accuracy (Classification of AFB; content in peanut

with threshold value of 20 pg/kg)
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Figure 4.22 Features ranked by their contributions to classification accuracy (Classification of AFB; content in peanut

with threshold value of 5 pg/kg)
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4.5.3 MM T RIRBSHE S RERBELE

NS TR I BE L AR AR 2 RS T R, DL 2009-2017 4F [ %5cd 3Eal, 80% 1% 1F M
WZREE, 20%HIFE VR NIINRER, 3 AR 7 (DT KR ENL (SVM). k—4BiE 5
7% (KNND. BP f#HZ:M%% (BPNN). RBF #i£2 /4% (RBFNND X% St A7 B A48 A, 00 0 ) Fof
Hed R 50 FASFE LTS B . 24 LL 20 polkg A1 5 pg/kg N or SRMELR, IR AR T 45 SR L3R
4.10 F15E 4.11.

HH# 4.10 751, AN[EJTERHE AR S S AR EAREE i R RS ZEA T 1 AFBL ST EBIE N
20 g/kg IF, WPREEAREES KDL, KNN A RBFNN (K40 KM iy 100.00%, HkE RF
(94.44%). SVM (94.44%) F1 DT (88.89%), BPNN 73K IHER R fe (K N 80.56%; FIHAFRFE T
KAt » RF 43 2 HERf 2R B¢ 51 A 100.00%, FL 7/ DT(88.89% ). BPNN(81.48% )il SVM(11.110%),
RBFNN FI KNN [f17> 251K 51K h 0.00%; S AKBE, RF 70 8HER R SN 96.83%, I
& DT (88.89%). BPNN (80.95%). SVM (58.73%), KNN F1 RBFNN 4325 [ v fify 3R f {45
N 57.14%. 4 AFB; &= RIME N 5 polkg B, 5185028 BIME N 20 polkg 458l (R 4.11). %)
AR PRAFE S oK 15, RBFNIN [ 73 5 26 B 519 100.00%, L2 SVM (97.06% )+ RF (85.29%) .
DT (76.47%). BPNN (73.53%), KNN )70 KHIHEM F AN 0.00%: X BRSO, RF A
KNN 43 2 HEmf R e o 100.00%, k& DT (94.12%). BPNN (82.35%). SVM (8.82%),
RBFNN 7> B UHER R R ACA 0.00%; SRR, RF M0 RHEMER RSN 92.65%, HLXk& DT
(85.29%). BPNN (77.94%). SVM (52.94%), KNN 1 RBFNN )4 25 [ #ERH % 5 /KA 50.00%

FH T8 PR 5 AR BRAE A 5 20 A A B 224X, BPNN A RBFNN S A R BR A i 23 R 55
72, SVM X FEE T EAEAN M 2R (1 73 2K 0 7 O RFTHr 4, BRI BE T i) 732628 (DT KNN
M RF) W R RN . Zid xRk, 45 BRI 2 B OR ovEAR 1715
AR LA — R TN 3 R B B A & 505 . B A 2RISR, 445528
FEHR— SRR T AN TR 73 2K s
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410 2 AFB, ZEFERN 20 ng/kg B, FEHLARMS LR SHE S FKIEREELL

Table 4.10 The error of testing set by different classification methods of samples with AFB; threshold of 20 pg/kg
DT SVM KNN BPNN RBFNN RF
2 bR 1 2 AR L 2 BME 12 BME 1 2 gHE 1 2 B
¢ 32 4 0.111 34 2 0.056 36 0 0000 29 7 0.194 36 0 0.000 34 2 0.056
2 3 24 0.111 24 3 0.889 27 0 1.000 5 22 0.185 27 0 1.000 0 27 0.000
IS 0.111 0.413 0.429 0.190 0.429 0.032

a: 037K AFB; & <20 po/kg; b: 1 %R AFB; & #>20 o/kg

* 411 5 AFB, FEBIER 5 nokg B, BELARM D EERSHE S RRBEE LR

Table 4.11 The error of testing set by different classification methods of samples with AFB; threshold of 5 g/kg
DT SVM KNN BPNN RBFNN RF
P2 AR 1 20 BAE 1 2 AR 1 2 BEE 1 2 BH%E 1 2 BRHE
1* 26 8 0.235 33 1 0.029 0 34 1.000 25 9 0.265 34 0 0.000 29 5 0.147
2* 2 32 0.059 31 3 0912 0 34 0.000 6 28 0.176 34 0 1.000 0 34 0.000
J5) 0.147 0.471 0.500 0.221 0.500 0.074

a: 037K AFB, & 5<5 pg/kgs b: 1 /R AFB; & 8>5 Lolkg
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4.5, 4 {RAIIGF

R ST B0 2018 A2k H 61 ANEA 3277 B 1181 46 AE A i AT 3Rk
TR T
JRUEFEASLE 61 4N, 24 AFB, & EIE 20 po/kg -
(1) FIHF 528520 10 AN AHARFEA T 0 182 532K
(2) FRFEA 5L
(3) FIH LI BEHLAR AR FUEARAY, I8 IEAEAS & R AR 3T 43 2 T
BUEREAFIRE FERE 45 R WAR 4.12, BoubEdm R, AREFRFEAR 7 PN HERE 2 84.44%,
FEARE A U2y 83.33%, b IFEA R TN HER 2R 84.31%. LEAMINI A HBHEA, K
PRFEAS PRI LR 22 0 87.27%, AR IEAS 73 FEHE Z2 0y 83.33%, Jak IR AR 73 FE T HERA 2 0y 86.89%.

*4.12 5 AFB, S EHI{E 20 po/kg B, IERFARDRIBER
Table 4.12 The OOB error of validation set by RF classification of samples with AFB; threshold of 20 pg/kg

AFB; £ 5<20 py/kg AFB; ¥ §>20 pg/kg O0B i#H%
AFB; £ 2<20 py/kg 38 7 0.156
AFB; #&>20 Lg/kg 1 5 0.167
Hat 0.157

4 AFB; ¥ EBI{E 5 polkg B
(1) FIFHN 53 S5 9 AN RABBRFEARM 0 22503
(2) FIRFEA 52 1
(3) FIFEE ST I BENLARAR VALY, 50 UF AR A2 75 PRI AT 40 2R T
IEFEAHIRVE FE RS IR L4 4.13, BuEBRgert, AR IR A ) ST HERG %y 83.33%,
FHEBRAEAS 7 R UERA 29 90.000%, L IFEA /R KT AERA % 84.62%. LxE RN 73 2BFEA, Kl
B A FRLIU R B % 0 86.27%, iR B AT AR 73 S5 HER 22 90.0006, sk FUFEAS 43 SR FRIIAER %y 86.89% .

% 4.13 % AFB, &2 51E 5 |o/kg B, WIEMEARASE B
Table 4.13 The OOB error of validation set by RF classification of samples with AFB; threshold of 5 pg/kg

AFB, & <5 Lg/kg AFB; & #>5 Lg/kg OOB R¥|F
AFB; & <5 Lg/kg 35 7 0.167
AFB; #&>5 pglkg 1 9 0.100
it 0.154

MRYEIAELE (2018 SEHHE) PRSI IR T Jn, BERYHERS R BRSO RAK, HATRE S #:
A AT AN 5], BURE S 73 AAs DR 2 DA RGO AR B 5 AU 5%

4.6 71t
[ 1960 4E “ KX X 57 FAEIG, 16255 2 e i R T A e, (A
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0 HAT A RAERIIR R — A, JFRET SopppitE, LHERA. HE /&, G R,
SRR G5 2 TR 2R A6 A i B 2 R KRS XU T A Y % 5 T 7= B AH A IR ) o0 F TV
ARBEF, e E i E S RGN s T B, RS GRS S R R flE AR A —4
Hog AR . SRR BRI, LA RO e A KO s i A R R g, IR
AT B A

AR H RS B b, AmkBEA: AFBy S BTN, BRI A E AR E
PrAERRYE AFBy (IS BREATHIE . IR, T/hER (2011) BRFTAIL AFBy FIE i E &R A8 A
AIRGFIAHGME, MR RBOARE] 0.99. Fk, THEEAEFZZHE (Aflaws) FE%, JEH
W (L #HihdE (A flavus) 38574 B mih&E# R, F4 0% (Aparasiticus) FIAEIE I 2
(Anomius) MY =2k B i th & & 3, 16774 G J 15 th 2 2 % (Ehrlich 2003; Ehrlich et al. 2004;
Nagarajan et al.1973), AR P& A [ (1) 28 it 25 55 2575 Be R AL mT DAl Benf e b (B T A 52 A% L1 7= 25
AR, () fEEtERFRAMES T, AFB MR H R E N 89.12%, JHLIUE AFB,. AFG;
A AFGy, BAVERE S H 543518 59.60%. 13.73%F1 7.70%; (3) (EF B RIAMERE M, [
W59 AFBy FIl AFB,, 25 WIS 432, 29 S FRIERE S 37.99%. U Ak AFB,
(36.40%) (ULIE 4.23), BPpgaRZHre i EithEE R RN %574 h%E (A parasticus) Fl
et E (Anomius) [TEFIANST . IXLe R ERA Z 2w ihE (Aflavus) WfREs, =&/ 4E
B ER RN EEEM . SEP TR, EAEFEAS SRt E S R EWh R
3 i 2 (A. flavus ) (Joffe 1969; Lisker et al.1993) . Mutitu %(2004)#f 77 % W27 4= il 2 (A. parasiticus)
e hd (A flavus) MR H &7 b4 7 BB FZE A . R E TR 436
ke, B (A flavus) 2 FERESAEE (Mutegi et al. 2012). ARG, fE4H
4y B A5 B ) 3= B a2l OB N A (A, flavus) ATEF A2 B 22 (A, parasiticus) (Martins et al. 2017).
FEEIE (Mohana et al. 2016) FIEFEMrIH (Jabeen et al. 2012), 4277 b2y B8 2 (44 E
W R A H I (A flavus). XEHF R RFEHE (Aflavus) RRIACAER T BB HE, Hikoe
AWM (A parasiticus), Ti7EWMZA M (A, parasiticus) FEAMR D3 Hi. AW TR WAL
HE, SRR (A, flavus) R FPREAEA 1 L3 0 32 B 38 I B R H A (GR 4.14). 5K Y1 (2013)
R, E0BARIMEAE R EEEY, Bl (A flavus) B& 5 94.2%, a4 dha R
5 5.8%, REAEKITREMX, mrradiiE (A flaws) B, P HMAFSEEkEZ, H
e MR RV AN AR ), I HAFAE 35 I 4 2 [|] 22 5= (Ding et al. 2012; Ding et al. 2014).
FIEGE (2018) X% FE VY KA 771X 1 580 43 16 AE M bR LI EAT T WAk B . 4tk Ll
B AR E, HEARIEINE (A flaws) 470 ¥k (HATEEHERN 98%), 24
ME R 7tk Db ERA 2 G i th B R RV PR B, AR AFB, & &LHET TI0 i
FEmihERRARE.
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* 414 FERRRE X LIEFEMBNEER S~ 1KTE
Table 4.14 CFU (Colony forming units) and aflatoxin producing potential of Aspergillus flavus isolated from soils of

different peanut production regions in China

AFEFEFIARTFEMERE (%)

Ho[X CFU/g B AR (%)

A7 iK™ 5 A R
U 11 9(81.8) 4(36.4) 3(27.3) 1(9.1) 3(27.3)
g ? 85 73(85.9) 24(28.2) 30(35.3) 4(4.7) 27(31.8)
S0 127 126(99.1) 51(40.2) 46(36.2) 17(13.4) 13(10.2)
JUAHRE 121 117(96.6) 19(15.7) 26(21.5) 9(7.4) 67(55.4)

Ak (2013)

mB1,B2,G1,G2 mB1,B2,G1 uB1,B2,G2 "B1,G1,G2 mB2,G1,G2
EB1,G1 mB1,G2 uB2,G1 B2,G2 B1,B2
uG1,G2 mB1 B2 Gl G2

1%

2% I_3% 2%

7%

[&] 4.23 2009-2017 FEhEEE SRBEHMEZT ET R LA L

Figure 4.23 Proportion of aflatoxin chemotype co-occurred in peanuts collected from China during 2009-2017

FEVSER IS B4 B 53 330 AT U ok I R B T P A 2 it AN I 48 gy LKy 177
AR 2 . (B T R S AR R R R AR R, HEiiESER 5 TR B 7 RE
2 (R R B, WORATIE AL e RS LA E X EthX, e AR s 2
AR, BIE, 8T RO A £ i 22 4 (52 K D SCER TR i B 1 R TS e, 1B V)RR B AL
B AN Rl 3t DXAIAN [ AR A B 3 i 7 2 SR TR

4.7 KRB

R E LA 2009-2017 A EUE N EEAY, 4 3 IR RS HUHT AR R E, 8 R YE AR
B (1 JEidAHtE (Pearson. Spearman Al Kendall) A al %0, &S% KT 5764 AFB;
Z AR EAR 2 R BB AEH AR (ZEHEAL 0.1), HATLUNE RS EBIEAES AFB 582
FIAAEAELNMEA G (2) I MIC X FTE SRR S B bR & AT AR 2R A O/, mlAn
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HEE—2fRE E RS R RS AFB, & [MIMAH M. ARYE MIC REUEHTY, HRFERNAT
Y, VIEGRIN 8 MR N A, PRSI H R KRS 8-20 BT FE/KE . P kK.
HEAMSUE. B PSEM B &S SIR; (3) BTt yIE ik it 8 ANE Bt AT FR IR
i, fEEIE MIC REUEHFFAEAE . ok, RRSFR RN RMHVERAL b, Sk
SARAR A R 8-20 I RRKE. CPHIAE. HTPAIE.

Fok, HET RG] E S REAAT I 26 R 4 N EERBER RS DA AFB i3 3 A
B RS AT I L, N AR R X (A AR AR A AR AR 5 L R B — B, BAAER—XIEE
FRRRAE S IO, AT RS E . AL XA (40N RE XK (<21ND) SR X 5
(HPRE<16.8€) #EMMNBCR EE, 8-20 &K BRI T B AE &2 M. BAR I
PSR

(>R VvV (GE<IEFRG ) —FE iR R

CHAP3AR <G SRR —FE i A R

e, DATRIEAREIN 4 D EESERT (B, 8-20 B fF/KE. P HPFESED.
oA SRR IR R B R R N SR AR . B PR A R T AR R R A
e R, 0 B A i 2 5 HOORE J5 ) P B AR AR BEAT 43 SR T30, B R AR A B0, £R& I 43 K
A, AENEIRAELE R, B0RBME N 20 uglkg I, RBFSFEARTIAERZ A 98.94%, HBIRFE
A GrZRUERGZR A 100.00%; 453 2REEN 5 o/kg I, A BRFEA TN AERG %N 96.97%, HFRFE
ARGy FRUERHZ Y 100.00%. T3 BRI 73 28— P URE—BEN UMY, 3k — B0 # TH
SHAE S A R DTk T . 5 IRR I, 4Ll 20 pg/kg A5 po/kg HBIERS, 7 NSEAER
HUARIR S AR H ST R HE P 350 . 4> H P38 >8-20 B B /K & >-F 15 S > Fhpi > - 1
KAMSAHBE P H S, FHAME %28 (DT. SYM. KNN. BPNN. RBFNN) #Ltt#;, RF fig
RO BRI S AR, HEARm TR R, s &0 e RF RIEG F E 84w i
RPN . N T AR (A 2k, Xt 2018 SRR IIAEE AFBy S BEHEIT TN, 45R %
BZR A U 20 2RAEA, 2423351 N 20 polkg AT Spglkg I, FEAS 73 K1 R 15N 86.89%

W
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FHhE ENXER

1 BTGttt 5 BeAmE L] 7 st &R sy R i K, R E R4 AFB, 23
BE M AR 2R . BRI

(1) HhGeit o #r st R HTEA AFB, FIIMEN C/ (C+Co) IMEAE 50-70%2 ], HAT 125 FE
FER S (B E A, R R M B R RGP EMMERN R (R T HERER . S E. H
e MEENUER R CnfedEfAh . Rl R 7. BHEE BERS b 5EAE S BURE A
ZERE) JLEMER, B2 SR SRA RE AR P AR OR o

(2) 2009-2017 A4 AFBy 38 B AN BRCIRIE AL, 2017 4F 1) AFB, 7 7% [ A8 S M dse K
B G1HN 6.77, 2016 4F AFB, &2 BRIt e/, HEG{H A 1.05. HER G ESL /N T IS
f, T AFBy & 852 B ila] B & (3R F1 50 . 2016 £E AR FE /N A 107000 K, 1 2017 £E(K)AR
TR KN 5110000 Ko 5 5 AR T4 At 5 X 3 pAY s 003 () B PO AT S0, /R TSR AR R I i AT
AR B ROZON S FE I 14 B 1/2, PRIAT s A)R% B 2% L8 5 2 26750-53500 m.

(3) 2009-2017 “FHETEAE AFBy ~FHAE 1) v B 40 {8 I 2R I AFB 5 4% XU 52 30 B #i o0 A
e e, ARAE 37 X 3 i 2 7 R e A, T VL 3 ™ XM R 77 57 X ) 3 i B 2 R TS
PR o X A X AR b, RIS B AR R SRR e
SE B B i B T RS Y R R X O F A S 4a X R SRR s 1 e, Bl S5 A S s e i B R
M EVIBEATRAE, PRSI B R R b i, KNGS ER, FIHA 5 th & w49
B 5

2. 43HTT 2009-2017 L U AR AR B 8 B 2 TT YUH KRGS, IR T AN FITEAR SRR
PR BRI BERREE ) B SR AR H AR . RSB

(1) o5 Hh B 85 275 Yo A7 /0 45 B () FHh X J|) 22 5%, 2017 2014, 2015 1 2013 4E 85 i B8 K15
JoK e T HEES, 2009 FFAT 2010 455 #5575 3175 Rk PR KU~ X e 4 i it
BRSO PiE, HUOR T F P2 XML E77 X, RACEF X 175 3K PRk

(2) Bl HE/RMPUMFN . WL LR, &8RRGS SR, iR T RIX
GRS R B X A, IO UE T %5 PR 3O AR A o A A 3RS G KR R

(3) WOIRHAT 1 AN H A 523 it/ 85 2105 RO I, R 24N R 3 77 X 5 &) %2 34 it 27 5
TV G 1) B N LRSS RT REB AR Y L

I 2 o ARZR I R E TSGR 1 AN H PP SUERT AFBy V5 RIS IR R R, R IR
TARAEFEA ST B R RIS R M R B MK AR T 4mm B, i KAk B BR & 20
ng/kg HIFTREVERCR . FEH 44T, HHFES L 20€. 21€ I 24€ i, L7737~
X\ KILHIE P2 X MR 7 F P2 X A AFBy S & 10: 24 HF/ SR 4 15-25€, 17-25€
A 21-28€ B, dbJ7 Er7IX . KILIEE F= XRRE 7 3 7= X i e Kk B IR = 20 pg/kg FRATREME
BOR. 4 HBCIRS DR 17, 19€ M 21 i, b7 F77 X KD 377 X g 77 17
XAEAE AFBy & &8N fET R0 T, 2 H AR 8 13-21€, 15-24€ I 17-26€ I,
677 F 7= X KT 2 7 R RE 7 7 X i e K5k R BR 5 20 pg/kg AT e PEBCR . 4 H e
SRS AR 27€, 31€ H1 32€ I, Jb77 77X KL 7 XA 77 77 X 4E A4 AFB,
TEMN ETREAET, MHEESES AN 22-29€, 20-30€ fl 25-33€ B, Jby AKX
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KT 7= XA 7 3277 DX 3 5 K Bk B PR = 20 pgrkg R RT REME K o A r IR a6 A6 25 i
FRE RS PR L M B AE BE e T LAl

3. G 1A E RN 43 ST ORE—BE HLAR AR A 2 B 2 3 TR, JR X B gk
17T IAIE, TR 2N 86.89%. EEALIBUWIT:

(D fE T B AR B i 25 B R TR R 0 = S AR . DL 2009-2017 “EHiE N ALAth, 73
3R AURS B AT AR, MRS, 8-20 WA /KE. FHAE. HFW/RIE &L SR
. H, WidM%ME (Pearson. Spearman il Kendall) Z»#7ml%n, &< xH 1 5464 AFB, 2
[AIAEAELNMEAR G, R, i MIC XTSRS & 5 B R & (AT IR 2R A O A0 AT, 19
F 8 AVIELR: 4. FIHERAE. HEMHRSE. 8-20 B /KR, P K. HEMIES
JE. HPBSAEMH s A e, BT YRE L) 8 MR ST I, &
KPR AT BN . 8-20 WK E. PSS, HFHSIE.

(2) BN TR R B AT 4 A T BERRAR S SREA L AFBy {5 Y REAR S 1)
KER, MTHRERAREXI (40N KA X (<21N) SREXE (HTPH5HE<16.8€) #H
FEBRAEA AT, R T SR ARG B m o b DXIRE i B A e A AR B A

(3) EALPHTHURE—BEN AR AR TIUEAR Y, X TEAE AFBy A2 756 PR T RS FE 1k 95% LA |- DATH
EAFEIN) 4 DN FBAERE T (FRE. 8-20 I fE/KE . PR BP0 84 R,
AR K BB AN S HCE R . B0 R BR R A B (I T AR PRAE A S [ R, o PRAE
i B HURE IS A RE #4770 K900, AR g 50, ZR-E RN 73 RFEAR, 28 R IESS K
W, 2493 2B R 20 pg/kg i, A FABFRFEAS TR HE R 2y 98.94% , AR FEA 73 2R UERT R A 100.00%:;
Y RBEN 5 polkg BF, AR FRFE AT AERA 260 96.97%, FHEFRFEA 72Kk Z 4 100.00%.
A HoAth 3 FH 73288 (DT, SVM. KNN. BPNN. RBFNN) #HL#:, RF B8 R 28R 5 R AR
FESh, HEABEOTRNRE, NI R&HE RF NIE & E 1A 35 i 53 R P i iy 2.

(4) By 7B NS HON IR AR AFBy 70 2R TI0I B) STk e HE P 45 5 o T 15 20 B 43 28—
ST EURE— BN, E—20 00T T AN SEHE S R R I STk HE Y . 85K, 4L
20 po/kg 15 polkg NEMERS, 7 DS EAEFENIRM 3 BB STRR A HE T 3 A H PR
1>8-20 I B 7K &>~ 35 U > St R 1> 3 SR AR>S BT 77 5 )

(5) WIPEAE T B TR, HIRAER % 86.89%. 4 1 S bR AL i 2t I
ST TR 32— EORE — BE AL AR AR TR B AL % 2018 SRR IIAEAE AFBy S BEHEAT T, 245583
BZR A U 20 2RAEA, 2423 351N 20 polkg AT Spglkg I, FEAS 73 K1 R 15N 86.89%.

H 1960 F “ k3% X i FfbiG, e m it d fis Qe @z 3] 7 At ATz o0E, A
Ao FLHE AT A A AR — MR . AR, TARE SR B R R A U, SeBL T R A
A AR ISR L BRI EAG SR A vt R TS Gk AT T H Y, (R
P AN R e 2 b o AR SO R KA 5T B FAEAE A R Z AL

(1) Z5E T 2 R F AL AR AR o il 8 20 i PUE AR . s m 18 A 3 ith 22 2 75 i R 3R
%, BT AR BIAEA SR IERAY . B R IR R, IR R
DARCHEAR. HEWE. #e1E. BAE. BRSER M. SR BT AR 8, 28R R
ITREFACAE T, &RV 245 AN SO HRBUBCE: B AR 807 . kAN A AR CO, ik FE
e i & R M54 (Schmidt et al. 20100, Rt T H2 &7 i PR R (RG22 6
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B2 1) R Z R R AT A I AT 2 AT R o

(2) @ Ae B MR R e ER M . AR T e i B2 207 A s R, SR
L B R BRI RAS DI WA AR L, KB EE s i B i R b, REAE
AEANIRI R T 3 A B B R 75 Qe TR BT 7T . R P R P AR A L AR IO 0BT, 45677 e
B R St i ], AT DAAT R A 2R B Lt it (4 2 T B B R TS Gt

(3) HAE G A F X764 T G R B G EOR . T A T 25 K5 4 i
Lo Ja PUEWT FURE AT, (ERARE S AR A FEIATIEE 3 85 175 Y i R
R R AR, AU A — SR [ B s th & sl Ay AL i &, Ko s e R =R .
DRl e B ST R i R BB R AN SR, R RGUT AR M. AR i R 4
R RANR] TR AL S B AT T, SRR B 5 B 305 GO A T 1 G % )
R T B L S T M R AR TT AR SO AR B S R B A R AT R E A Z 1L,
FENLIE A A FEHX . AP A 5 B R s E AR S EOR

(4) FILEET PRI IRI 7> TIESOR Tk, BED TEMZERRERE,
W [ TIESARG R 1) 2 % . IR E AT 200 70 FARicy, 8 id S AL A Bk
RGARY D (K 3R5E X o i B 23 FREAT U, mT DA R e 2R R Ll it s i e 2 g, IRl
PiaE SHIEE e o

(5) AT RN BER AR, BT ST M VA, &R A SRS 0l iaymiE
ikt R C. BMEAR. RS LR LEFBEAKRS . XA IR A8 % B
BHREMGH (Sulyok etal. 2015), PRI T Hir (A4 (1 T AR A 2 P A1 o th 23 3R T 5 AT 2K
AR JE BB FT T 17 S R

(6) B R NGRS EHE T 6. EIEHEFNTG, WFEHNMAHER,
[ A% BRI RS B R RS L V5 R XU B SERRMR TR TT 58 IRl REUA ) K S st TS
Rk R AR, AR AT BL 1 R T () AR ROR L, BT BRI . 22358, 1
RO IS, TR SRR i AE I T ATE i 72 v XU

LR PR, ARG R RS FIUE BRI T R AR A . SRR i KPR S A % AU 1Y
AN TUE 1, AL SEB A ™ fh A 2 et R A L. EW. 71 SR
AR GACH P Vs SR A RO, ANOURT LS HERf S TN AN 7 b X 5 2 23 R T5 e MU, th
ONTEAE R LB AR TS Qe XS I T B 3 1
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