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Assessment on the introduction risk of Bactrocera dorsalis Hendel through

imported fruits with fuzzy mathematics
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Abstract  The introduction risk of Bactrocera dorsalis Hendel through imported fruits was assessed using fuzzy
mathematics. An assessing parameter set was established which included 5 primary parameters species of imported
fruits  volume of imported fruits injury rate of imported fruits survival of B. dorsalis during the shipping and efficacy
of quarantine and 9 secondary parameters occurrence degree in the production area control efficacy in production area
disinfestations before shipping shipping period condition of shipping limiting factor occurrence during shipping
percentage of sampling injury rate of checked samples and effects of quarantine treatment . The weight for each
parameter was calculated through weight-analyzing method and a fuzzy decision model was developed to determine the
introduction risk of B. dorsalis. Simulation results show that disinfestation treatment before export and quarantine
inspection to imported fruits arrived at port are very important to reduce risk. The volume of imported fruits and the
limiting factor occurrence during shipping also contribute significantly to the value of introduction risk.
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2 Table 1 A scheme of assessing parameters for introduction

risk of Bactrocera dorsalis through imported fruits
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2.2

~
WO = W N -

= Vy Uy V3 Uy Vs

v,=0 0<9,<0.25 0.25< v; <

5 1
0.5 0.5<v,<0.75 0.75<vs<1 2
3

2

2

Table 2 Grades of assessing parameters for introduction risk of Bactrocera dorsalis and their membership degree

Grade and membership degree

Assessing parameter No risk Low risk Medium risk High risk Highly risk
v =0 0<v,<0.25 0.25<v3<0.5 0.5<v,<0.75 0.75< vs<1

Species of import fruits

Volume of import fruits 1~ 500 501 ~ 3 000 3001 ~ 5 000 5 000

Occurrence degree in  production
area

9
. ) . o . 100 91 ~99 51 ~ 90 20 ~ 50 <20
Control efficacy in production area
% 100 91 ~99 51~90 20 ~ 50 <20
Disinfestation before shipping
Shipping period
Condition of shipping
Limiting factor occurrence during
shipping
%
. 100 2.1~ 99 1.6~2 1~1.5 <1
Percentage of sampling
% 0 1~10 11~30 31~80 81~ 100
Injury rate in checked samples
%
100 91 ~99 51~90 20 ~ 50 <20

Effects of quarantine treatment
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2.3 6
1985 Table 6 Judging matrix of the secondary parameters
1988 concerning quarantine treatment and their weights
fu' u; fui u/ tlj U3_P5j PSI PSZ P53 W(jight
’ Ps, 1 1/3 1/5 0.0972
=fy ow fi oy T= 1 Ps, 3 1 /5 0.2021
M Ps; 5 5 1 0.7007
M Ps; Sampling percentage  Ps, Injury rate in
checking sample  Ps; Effects of quarantine treatment CR
= 0.08 < 0.1 Meeting the requirement of examining
n ordinal consistency of judgment matrix.
M; = t; i=12 n j=12 n
[ 2.4
W- M 1/n 5
n 5
W= wiNW
=1 5x5
3~6 =y, =12 5 j=12 5
3
3
Table 3 Judging matrix for the primary parameters W= w, w, wy wy ws
and their weights V=UWV = wu u, us u, us w, w, wy; w, Ws
U U, U U. U.
1 2 3 4 5 Wei ght =+
U, 1 1/3 /5 1/7 1/9 0.0329
U, 3 1 1/3 1/5 1/7 0.0636
Us 5 3 1 1/3 1/5 0.1295
Uy 7 5 3 1 1/3 0.2637
Us 9 7 5 3 1 0.5098
U, Species of imported fruit U, Un = r. = Fa T T
3= 3713 — 3 32 33 3 3 33
Volume of imported fruit Us Infestation rate of P Ps P2 P ] 2
imported fruit Uy Survival rate of flies Ug = PaT4 = Par Pa Pa3 Ty Ty Ty
during shipping  Us Efficacy of quarantine CR = _ _
0.05<0.1 Meeting the requirement of examining ordinal Us= PsTs = Pst P2 Pss Tsi Ts2 Ts3
consistency of judgment matrix. ry 4~6 Dy
4 4~6

Table 4 Judging matrix for the secondary parameters
concering the injury rate and their weights

Us-Ps Py Py Py Weight
Py, 1 1/3 1/5 0.0915
Py 3 1 1/7 0.1702
P33 5 7 1 0.7383
Py Occurrence in original production area Pz,

Control in original production area P
Disinfestation treatment before shipping CR = 0.09<0.1
Meeting the requirement of examining ordinal consistency of judgment
matrix.

5
Table 5 Judging matrix for the secondary parameters
concerning the survival rate and their weights

Us-Py; Py Py Py Weight
Py 1 1/3 1/5 0.1047
Py 3 1 1/3 0.2583
Py 5 3 1 0.6370
Py Shipping period Py, Conditions during shipping
Py Limiting factor during shipping CR = 0.03<0.1

Meeting the requirement of examining ordinal consistency of
judgment matrix.

1997
0.25~0.49
0.5~0.75
0.75
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Table 7 Simulation results for different assessing parameter combination
Injury
Parsht® Specics of Volume of Occurrence Control in (0™ Shipping Sipping  Limiing  Sanpling [0 b Qe
nation lmpf)rted lmpf)rled in produc-  production <port period condition  factor percentage sample % risk value
fruit fruit tion area area % % occurrence % %
1 Favorite  Large Medium 8170 019 e Good Notlmg 1672 11-30 91-99  0.4607
2 Less Large Medim 8170 019 e Good Notlong 1672 11-30  91-99  0.4525
favorite
3 Selective | Medium 81790 019 e Good Notlmg 1672 11-30 91-99  0.4443
favorite
4 Favorite Very large Mediom 5 "% 91" Nolong  Good Notlmg 1672 11-30 01-99  0.4926
5 Favorite Small Medim 8170 19 e Good Notlong 1672 11-30  91-99  0.4448
6 Favorite  Large Less BL=90  O1=99  \ i Good Notlong 1672 11-30  91-99  0.4578
medium

7 Favorite  Large Hemy 5170 1= e Good Notlong 1672 11-30  91-99  0.4667
8 Favorite  Large Medim 0780 1= e Good Notlmg 1672 11-30 91-99  0.4663
9 Favorite  Large Medim 217 % O e Good Notlong 1672 11-30 91-99  0.455
10 Favorite  Large Mediom 81790 70780 e Good Notlomg 1672 11-30 91-99  0.5086
a Fovorte  Lage  Medim 0070 310 Noilong  Good  Notlong 072 H1730 91~990.4847
12 Favorite  Large Medim 81790 =99 Good Notlong 1672 11-30  91-99  0.4469
13 Favorite  Large Vediom 1790 91=99 Good Notlmg 1672 11-30 91-99  0.4677
H Favorite Large Medium 81~90 o~ Not long  Average Not long 1.6~2 11~30 91 ~99 0.4437
15 Favorite  Large  Medium 0020 21" Notlong  Poor Notlong 1672 11~30 91~99 0.4267
16 Favorite  Large Mediom 8170 19 g Good Long 1.6~2 11~30 91~99  0.3767
17 Fooite  Lage  Mediom 5% 21" Nl Good  Nome 1.6~2  11~30  91~99  0.5027
18 Favorite Large Medium 81~90 o1~ Not long  Good Not long I~1.5 11~30 91 ~99 0.4731
19 Favorite  Large Medim 8170 01 e Good Notlmg <1%  11-30 91-99  0.4855
20 Faoite Lage Medim 5P 2P Nle Good  Notlmg 672 1710 9199 04350
21 Favorite  Large Medium 8170 019 e Good Notlmg 1672 31-%0  91-99  0.4865
2 Favorite  Large Medim 81700 019 e Good Notlong 1672 11-30 8190 0.5501
23 Favorite  Large Medium 8170 019 e Good Notlmg 1672 11-30  70-80  0.63%
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4.4
4 3~4
20%
4.1
250
12
Psidium guajava 1.. Averrhoa carambola 1.. “ "
Mangifera indica L. Annona squamosa L. mo ”
Canarium pimela leenh Clausena lansium 0.5027 0.4677 0.3767
Lour.  Sk. Eriobotrya  japonica  Thumb. 7
Lindl. Manilkara zapota L.. van Royen 4.5
Syzygium samaragense  Blue Merr. & Perry 29°C,
Butyrospermum parkit Don  Kotschy Citrus sinensis 35 g/m’ 3 h 30 g/m’ 3.5h
L. Osb. Citrus reticulate Bl. 1998 100% 46°C
60 min 100% 1 kGy 60
Kalia and Srivastava 1992 1.5 kGy
100% 50 s 100%
3 2002
2
4.2 70% ~80% 81% ~90%
91 %
0.6394 0.5501 0.4865 7
2001 ~ 2003 4.6
1934 403 286 0.500 ~ 0.700
272 101 176 107 0.7001 ~ 0.8000
61 28 20 0.8000
1997
5 0.25 ~
7 0.49 0.50
4.3 ~0.75 0.75
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