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ABSTRACT

Citrus canker caused by Xanthomonas citri subsp. citri (Xcc) has
been quarantined by many countries in the world. Recently, the usage of
methyl bromide should be limited, application by gamma irradiation on
the agricultural production is raised as an alternative method. In this
study, the level of gamma irradiation which could decrease of population
of Xcc in the suspension or on the surface of citrus fruit was
investigated. The Dip value of Xce¢, which i1s radiation dose required to
reduce the number of the microorganism, was 55 and 28 Gy in the
suspension and on the surface of citrus fruit, respectively. Furthermore,
disease severity was suppressed on the citrus leaves inoculated with
Xcc suspension pre—treated with gamma irradiation. Based on this study,
1t 1s suggested that Xcc on the citrus fruit could be eradicated by
gamma irradiation and the results of this study may be valuable for

application of gamma ray in quarantine activity.



ofrlo} FrE HUWS>  Xanthomonas citri subsp. citri (Xco) ol 23l
el EAskE Woltk (Parnall &, 2009). & AYHS T2 AA
TF& BT AAE Fstel HAE <, Al e 7HAel F sk
e WA (Schubert 5, 2001). AlFoA F2 Asts 242 5 %
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, 2001). 7] Hi¥ methyl bromide WAoo 2= A% Abh d
IEE oJAbsteb A e, phosphine &%, fA®, A g Fol At
A A kel e @b BEddsta olgtsl, EElAd w®ist W FAAS 9
Aol dgsiota e A gl Kwon &, 2002).

FH olst U= ZHel FEWL Qe Ado® 1980 World

o

r|

Trade Organization (WHO), Food and Agriculture Organization of the
United Nations (FAO), International Atomic Energy Agency (IAEA) oA
10,000 Gy °olstz= ZAbE AFS bdsithe arE A, 1986W Food
and Drung Administration (FDA) %! 19894 United States Department of
Agriculture (USDA)OIAME HYel d3o=r dFHY U sE=AxdAe 1,000
Gy olét o] &3} ol|yA ARE &g vk ok g 2002del= &1, v,
At & FTT 529 Jh=eolA o3k oyA] ARgol 7kl 200917]
ol ol&st olyA FAMAAEE olgste] A& WM o] dAFE
FRsttty Rad vk Qltd (Lee &, 20015 Seo &, 2008; Noh -5, 2001).
g, depdat Z2 o235k oAzl A Al BHES 8 o]fH

lom FHT 50 7T o]go] AEFef ol&s} ouyx] HELE s{rieta Utk
(Farkas 9} Farkas, 2011). o]&3} oUyYA = o5 7|49 A, 7l 21%9
At A, E+FY AAHE, sFES =dHol SF 5 udsiAl olgEH

Aow (Katia, 2012; Andres %, 2007; Froelicher 5, 2007) #gdlAM+=
Aupd Aol os) #HAL Furb AJdHI AR F HAY F-e F
FTFE Ry BuEY (Gihan %, 2010). 23y e APy 22
Aol i WAtel gk o] &3t oA E o] &% At obF 7bA| KLy

BTt dAdel guel gE APPEs AR sl EAsh:



Ak del A9 A& AAX BEF AT EsTlelA 10 ~ 15 s
AAEATE A& kA petri dish 8 /NS FH|EtY] 6 Aols dH5E UH A
2 Ml 22 1 % AERMER 899 70 % d¥EE 2 /3
Aok Age AFs o] 23k Aol HA dx

=)

=
benchol M A3t A=A FE el o <o o / A4

BEgow FEol b EI FHE W AR THEAEE =AHZR 39
Hgh AR ok 0.5 X 0.5 an? AVE 12 ~ 16 /A7 HES Adsigid
Aebel 0.5 cme AR <l HirE BAE o] g3t Abde] FhlE 1 %

AloARAGER FE oA 30 21 18] HAAFStY, HagolA 1 23
33l AlFskaL, 70 % ol®bEolA 30 23t 13] A &5, HifgolA 1 23t 33
AFE & dEdolHe] ddd o A 59 =715 AASL 1 % water
agartl Aol 4 7|4 x)74sk & 25 T incubatorellA 2 U3b #jeFstdTh water
agarvf Aol X]7gst ol A eA 72 AIZFEt vk wiA| oA TS wojuo]
Tryptic Soy Agar (TSA)®|A|AA =82 3+ F 28 T incubatorolA 72
AlZHERE Wik g F Alhulek skt

2. A8 wx|

W Al Xecs: Aeirnor HMualr] a4 semi selective medium

(SSM) Hi A& A &of o] g3ttt SSMS 1 dE 7o peptone 5.0 g, beef
extract 3.0 g, soluble starch 10.0 g, agar 15 g, CaCl 20.25 g, tween80



10.0 ml, distilled water 1,000 ml, crystal violet solutionat 1 % 150 w%E
wrebel Wi 121 TelA 15 &3F sk At Aty st Hard &9
cephalexin 50.0 mg, methyl thyophanate 10.0 mg ¥ chlorothalonil 10.0
mle  F7keE AEEA] Egds gkl 121 T2 15 E3F g

daete] Azttt (Cleci 5, 2009).

3. &g AT 59 AvHd A

dd AFETS AAE EFO A HEdl FE FF 0 I
Ao A gt dFE ol &t E AFET 100 wE tryptic soy broth
(TSB; Becton, Dickson and Company, France)uj#|e] HE3d T 28 C
shaking incubator (HB—201SL, Hanbaek Scientific Co., Korea)°lA] 120
rpm OF 48 AZF Fob wjeF gk silth wikd e AET sEE
1.0 x 10" cfu/ ml 7k B%5 AEAL A3k

e A dgds AFdEa dAERET|EAF LY PCo A
ZAF ARl y —ray irradiator (C—188 irradiator, MDS Nordion, Canada) <
olg3te] 7hwbdE 100, 200, 300, 400 Gy & Hstlom upd s Ak

B gETE Are Ausd 9o PR AeEd dgas 4o

i

¢

AR o9& FF9 vpdgs A" AE Ay dgdy FA g
FHedo A 100 w A MHeEn)x] (SSM) o] HEsle] FIZE o] fdlo] FF
Tl 5 28 T oA 72



4. Zrg ARAe vk A

E ATl mHel £ e AopEire] of
o ARHE A dolns] 93 B APL AASAL BB AFe] Bjats
A4F 2719 5 W FE (59 ~ 60 cm) S TRIG] BEE Em Aol
ARstel Eulel Qi WA MARES BT AAT F Aol Azsigic

FE7F 1.0 x 107 cfu / ml Q1 FEAGEF A s A Fwe] ool

(1 | oF 22 %) 5= Idstdr dvpds AHskich, vk
g+ 0, 30, 50, 70, 100 Gy Aoz sgon #Anpds Az shx @
e el Bl
Aol Ale g A Z7h "W 150 mlZk =31 500 ml v]A
211 shaking incubatorolA 150 rpm? £EZ 2 AZF Fob AAHsF o,
HAYT = olEdE g 22 e4lo] s dLE: 4Ry YR
]_

FaATh ¥ AlH Y 100 wE A (SSM) el Fsto

o,

5. 7 &3 HF Dig valueAl



AESATE Dio value: £7] W% FE9) vwske] 90 % APHAZAY A

5ol vls] AAG7E 10 v A7) A"S Zett (Whitby 2F Gelda,

D,
Logio No — Logio N¢

Dip value =

D, = HeoA #Fo] #&EHE A% (Radiation dose)

6. A 2 ITS (Internal transcript spacer) @97 AE AL 3 3

AR oA AAE FFTES Setow fFo MA Rk Y] ZoF
Tsle] EAdH e R It MAS A 27IME B4 E E5HY
A5 ol i Scto® AFEAGH AR #AUFHE A4FS Y=

DNA FZ317] flallA] Agulfx] (SSM) ol sikd AaASH A oE F5HE

O ml Tryptic Soy Broth (TSB)el &3 ¥ 28 TellA 120 rpm
OF 48 AZF FF A wjFeSdtt. 1 F 1.5 ml AlFdEERS -80 T
Ultra Low Temperature Freezer (MDF—-U4086S; Sanyo Electric
Biomedical Co.,Ltd, Japan)°ll 10 &%t &3t ¥, A&x 5 3t - Fstal 4
T oA 10,000 rpme2 1 #3+ d4ligste] dedE AAStL 20 mM Tris
HCl, 2 mM EDTA, 10 % SDS, 20 mg / ml lysozyme= 43> lysis buffer
180 & AH7Fsk 3 vortexdt9ith. Protain K& 20 ul 2531 % t}A] vortex
sttt 1 & dedle] AL Buffer® 200 pb 3H7Fstal 56 C water batheflA]

30 =3+ mekakad

o

CHfekEl &g dle) 15 %7F votex 3FL lysis buffer 200

W= A7F 3 5 votex SFATE I & 95 % ethanolS Y1l vortexsto] AL



MEZS columnel] ¥& & 8,000 rpml®E 1 7 A4 B3t columnel A
87 G995 FHE T collection tube= wW#3FATE columne] AW1 buffer
500 wE 78k % 8,000 rpmo® 1 7+ AR5 3] columneollA
Ae)d §9S FHslar thA] collection tubeZ W3Hslal AWZ2 buffer 500 ul=E
w738k 4 CellA 14,000 rpmo 2 3 # &<t d4eE shalth ColumnelA]
Aed gAS FH3al MMZEL collection tubeZ w3t F 14,000 rpml.Z 1
= Y4&8 3kal collection tube WAl micro tubeE columnel] #2 % 60
C incubatorelA] 5 &I+ AZX AlZl & columnel| AE buffer 200 w=
H7bstal oA 1 B3 B2ask Hel 4 CeolA 8,000 rpme® 1 &3t
A2 3t column WE] 3 micro tube o &% DNAE AF&3FSith
DNAZY internal transcribed spacer (ITS)9 FA7IAMLES FZA]7]7] 98
primer—2 (5'=ACGGGTGCAAAAAATCT-3") 2} primer—23
(5'=TGGTGTCGCTTGTAT-3)E AH&33{tt (Shiotani &, 2009). PCR
HES-olo total DNA 1 o]l 10 pMol primer 0.5 pf, 10 X buffer 2 u,
dANTP 2 ul, Tag DNA polymerase (iINtRON Biotechnology Inc., Seoul,
Korea) 0.5 wE &£3%3t 3 YA volumes 33} SHTF=E 20 W= =43 &
PCR Thermal cycler Dice TP600 (TaKaRa, Japan)& AF&3te] 96 C 2
w3 Age $, 94 CellA 30 %, 55.9 TellAl 30 =, 72 CTelA 30
AP S 303 wHE I 72 TolA] 2 E7F Hste] DNAS ZZA AT}
%" DNA 5 wE 0.01 % ethidium bromide (EtBr)7} &2 1 %
agarose gelold A7]9E & 5 UVstelr T /55 skl DNA
elution& NucleoSpin® kits (Macherey—Nagel, Germany)©l 7|48 W]z
Tt DNA  sequencew +wAAEHAR}! Macro Genoll  2]Fsto]

B

A8l BA%¥ 28X National Center for Biotechnology Information
(NCBD 9] =9do]%]2] Basic Local Alignment Search Tool (Blast;
http://blast.ncbi.nlm.nih.gov/Blast.cgi) & ©¢]&3te] oln] TFH G7|HL3

FEHE vlaste] gEAPFe B



Photograph of bacterial colonies visually similar with
Xanthomonas citri subsp. citri (Xce) A2, B3, B4, Cb5, C6, D7
and real colony of Xcc (Al). The presented photographs

were Inoculated with 100 ¢ the bacterial suspension and
incubated at 28 C or 72 hours.



o

=
=

bl 17 7h4]

= =]
£ Ads

R

st 71A]

AR A AxrE A

=
=3

Hn

F Ederh A3 100 me

N

i

7]

g0 ]l

3L
=

o] of

70

e

wEE7E 1.0 x 107 cfu / mi7k 25 2Aegieh g w A 100

&

100, 200 Gy®= A g

HArbde 50,

]

=]
45

H4Ed= Al

7}t

ZA R R R e
=29 91 28 T2 100 % AU&EE7t 445

=

tween20 10 w=

°f

ml

FES.

ke 7 AT

S

dew chamber©] 4]

-
T

o

)

)

ofi

L —
R

olgstaich. A

=
=

e 7
tol  Duncan? ¥

S

S R S

KN
=

0.001)

P =

<
Analysis System (SAS Institute,

HlaLE

@ Aol

g

3} Ae)
o,

A
ax
program

Ak

version 8.02)

Statistical

AR

S
=



AT (Xanthonmonas citri subsp. citr) HAEAES A Ffstw
g7 ed T aoA  AHYses st vpde AE
AT NS AgulA] (SSM)el 100 w? FEske] 28 TelA 72
AIZE wiekst A, At AdTre vlwste] AbdE Aed Aol
Y AL 28] graekslyt (Fig. 2, Fig. 3).
Aukd 100 GyeE Agsddd = AFEe F=7F 1,0000 A%

FA5E gEdedRe b gassid

b g2 300914 400 Gy Abolel ®9jell SIAch (Fig. 4).
- q A

2719 oA 90 %] o] HAasheE AvpA A9l Dy valuer 53904

58 Gy Atole] A=l Aoz Yetyktt (Fig. 4, Table 2).



Fig. 2.

Edeistahl

Photograph (A) and description (B) of instruction for irradiation

of gamma-—-ray to suspension of — Xanthomonas citri subsp. citri

(1.0 x 10" cfu / ml). The gamma-ray exposed was 100, 200,

300, and 400 Gy and the distance was 50 cm between the

radiation source and the bacterial suspension.



Fig. 3. Photographs of semi, selective medium incubated with cell
suspension of Xanthomonas citri subsp. citri exposed by 0 (A),
100 (B), 200 (C), 300 (D) and 400 (E) Gy of gamma ray.
The presented photographs were inoculated with 100 ml the

bacterial suspension and incubated at 28 C or 3 days.
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Fig. 4. Number of Xanthomonas citri subsp. citri in the suspension by
treatment of different level of gamma irradiation. The
concentration of the bacterial suspension was 1.0 x 107 cfu /
ml. The vertical bars indicated the standard deviation of three

replications of the bacterial suspensions.



Table 1. Number of Xanthomonas citri subsp. citri (Xcc) in the

suspension by treatment of different level of gamma irradiation.

Treatment (Gy) Number of Xcé (Logio) Duncan®
0 73 + 0.1 a
100 3.8 £+ 0.3 b
200 19 £+ 10 C
300 04 + 0.6 d
400 0 d

“Values represent mean £ standard deviation of three separated
experiments. (The concentration of Xcc was 1.0 x 10”7 cfu / ml.)
PThe different letters are significantly (2 = 0.001) different according to

Duncan's multiple test.



Table 2. The Dio values of Xanthomonas citri subsp. citri (Xcc) in the

suspension.
Experiment D10 value (Gy) R
1 57 0.9546
Xcc 2 55 0.9064
3 53 0.9296

*The concentration of Xce was 1.0 x 107 cfu / ml.



2. Z4ukd Al ¢ 48 AHAY 4% &3}

g AYHAES 1.0 x 107 cfu / ml BER HETs g AT

Aepie el (Fig. 5SFOU 42 A Bdlel TAsE 4F ABYEol

Fo] S el wEk o A e AR
Aaskar 100 GyE Aesids o & AFE el AAbs i (Fig.
6, Table 3). 7ta& Aol EAst= g ASFE ol st Zvbd Do values
29914 31 Apol= yebsttt (Fig. 7, Table 4).
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Fig. 5. Inoculated citrus fruit (1.0 x 107 cfu / ml) was exposed by 0
(A), 30 (B), 50 (C), 70 (D) and 100 (E) Gy of y —irradiation.

inoculated with 100 pd of the bacterial

The plants were
at 28 T

suspension irradiated with the y —rays and incubated
for 3 days. The concentration of the suspension of Xanthomonas

citri subsp. citri was 1.0 x 107 cfu / ml.



Fig. 6. Suppression of colony formation of Xanthomonas citri subsp. citri

(Xco) treated by y —irradiation on semi—selective medium. The
suspension of Xcc was exposed by 0 (A), 30 (B), 50 (C), 70
(D) and 100 (E) Gy of 7y —irradiation. The plants were
inoculated with 100 £ of the bacterial suspension irradiated with
the y —-rays and incubated at 28 € for 3 days. the

concentration of the suspension of Xcc was 1.0 x 107 cfu / ml.



Table 3. Number of Xanthomonas citri subsp. citri (Xcc) in the surface
of inoculated citrus fruit (1.0 x 10" cfu / ml). The fruits
were inoculated with 100 gl of the bacterial suspension
irradiated with the 7y —rays and incubated at 28 T for 3

days. the concentration of the suspension of Xcc was 1.0 x

107 cfu / ml.
Tre?ér;;ent Number of Xc& (Logio) Duncan®
0 40 = 0.1 a
30 3.0 £ 01 b
50 22 £ 01 C
70 18 + 04 C
100 06 £ 0.8 d

*Values represent mean =+ standard deviation of three separated
experiments. (The fruits were sprayed with the suspension of Xcc in
the concentration of 1.0 x 10" cfu / ml and dried at the room
temperature.)

"The different letters are significantly (P=0.001) different according to

Duncan's multiple test.
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Fig. 7. Number of Xanthomonas citri subsp. citri on the surface of citrus
fruit by treatment of different level of gamma irradiation. The
citrus fruits were sprayed with the bacterial suspension at the
concentration with 1.0 x 10" cfu / ml before irradiation with
gamma ray. The vertical bars indicated the standard deviation of

three replications of the bacterial suspensions.



Table 4. The Dio values of Xanthomonas citri subsp. citri (Xcc) in the

surface of citrus fruits.

Experiment Do value (Gy) R
1 29 0.9327
Xcc* 2 31 0.9137
3 25 0.9618

“The fruits were sprayed with the suspension of Xcc in the
concentration of 1.0 x 10" cfu / ml and dried at the room temperature.
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Az EAgdo]l obd Zow #ukE Al lane 5 ~ 7S WEE
FAEA ot FHEAIFH o] obd Ao R YErT (Fig. 8).

AEAdHEFoRE THd9 72 sequence 3F9 Gene bankeolA ®H|w 3+ A
Xce 100 %9 454dS 2ot (Fig. 9). ©] WAFE Xee & L3t
B Eo)9lt}h (Schaad %5, 2006).



Fig. 8. Gel electrophoresis of PCR amplified 16S / 23S internal
transcript spacer regions from Xanthomonas citri subsp. citri
(lane 1 ~ 4) and mock bacterial strains (lane 5 ~ 7) using
primer—2 JS’%@&@@%%A@CT—B‘) and primer—3
(5-TGGTGTCGCTTGTAT-3). M : 1kb molecular size Ladder
(iNtRON Bio.)



Fig. 9. BLAST results on the NCBI based on the rDNA sequence of

citrus canker pathogenic bacteria Xanthomonas citri subsp. citri

™ i o0 100 110 e 1o "o 130 160 i 180 1%
WG TAE TOGATEAMCGATET CCTT CT CCATGACCE TOECGOCCTT CICTTOCG AGC T TEAGC B TTCGEGUCGCAGGTOAT CAGE CAGT TOCTEGGGGAMGTTGAAGATTTIT TGUACCCGTGTG

344 344 96% 3e-91 100% CPO044001
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Fig. 10. Disease severity on Satsuma mandarin leaves non—treated (A),

pre—treated with 50 (B), 100 (C) and 200 (D) Gy of gamma
irradiation at 14 days after inoculation with citrus canker
pathogen  Xanthomonas  citri subsp. citri  (Xce). The

concentration of the suspension of Xcc was 1.0 X 107 cfu / ml.
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Fig. 11. Number of lesions on Satsuma mandarin leaves pre—treated
with different level of gamma irradiation at 14 days after
inoculation with «citrus canker pathogen Xanthomonas citri
subsp. citri (Xcc). The concentration of the suspension of Xcc
was 1.0 x 107 cfu / ml.
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ZrFAEY T 7 At (Fig. 5, Fig. 6). ¥ A3 oA Dy value?} 30

Gy Amel vl % e Amrom vehdel mheh web 100 Gy o] nimow
Aelgrhd gE ARl gEAPEtel 4Ed HsHe W st
Bk AYE 100 Gy o4 Zvhde Austders 4@ AnAe) gaE,
AAE L Ar Fol AdaH @e ARAF Aol7h gl Aow vehy,
webd Aelsh e B 9%e mAA e Zow vehdth (daa
v

AAD. FEAFE TS g oA ddud s §H4 &E A =Ty
T+ S ot (Dewdney & Graham, 2014). 7=
ool gl W ool o] 2l

of d & v AEAYET AR e e 4 Avkds ol8E By

<
T

HA3 A2 F Qe e a1 38 AL

F9 FupXE 8 kA HaA e Ak 3T AR 7S
Aow HWFETE (Thomas, 1988). X3t 7Zupd AHuls AA = 79

A 71tk 8199 (Mahrouz 5,

AAANGL Huskdtt (Kim¥ Yun, 2014). %8 Fwpde 1,500 Gy
Fwo®E  ‘Nagpur’ mandaring 23t 3 7FA] #FFel g7l AH2stley
‘Nagpur’ mandarin oA+ H2skx] L2 st 7o H|3] Penicillium®l
o3t o S5 A YA 33tk (Ladanya 5, 2003).
ok e A FaEAgEas E Ao JES A controllM e 10°

~ 10" lesions / leafo] #FHY oMW, 50 GyE Agd ZEFASET A
oo HFsHPYY 10° ~ 107 lesions / leafO & WS 7} Zasts AS
AN 100 GyeE AHs AL 10" ~ 10° lesions / leaf o WiHE
FAdskelth (Fig. 100). 283l 200 GyE A3 d=gds HEFsk doA=



to] WhASEA] ok Qlo] ditkyE AHASIGIYE (Fig. 10D). ol& FepAdel
oo wWE Wkl AR Ko vk mA® 200
Gye AHE 389S Al Wyto] WASHA] X3 olf= Fwpalel o8 W=7}
gl wel AEs gaEdAddol Hax 2 Fxel 10° cfu / ml PAA
7] WEo® Hol Xt} (Kang 5, 2012). AE3 HadAdgdo] gdvpad
o8 WA Wkt dojueAel did oFe= ke AT A s
Aoz Ho] k. fepde] o8] gaEAdy 7o Uwrt fastEE vkek g
Az 3l 4
ANEE ojgfe Zom Bt uwebd gEAGHe]l wAsHA e HE

i

r
-
o
1
)
o
ok
=N
s
i
24
o
iy
&
o
Anj
I
b
o
it
of

ARl #5292 Dig valueE vluwslH™ X+ Aspergillus spp.2] W+
210 ~ 320 GyWeEr 1L Penicillium spp. AEL 240 ~ 420 GyE Yepdttw
A 9t} (Naznin 5, 2013). Al+#<l Bacillus spp.= 820 ~ 980 GyE

Micrococcus spp.= 700 ~ 860 Gy, Staphylococcus spp.= 590 ~ 890

Gy¥E Streptococcus spp.i= 930 ~ 1,200 Gy9 A=FelA Dyo value”k
FAAE =Y He] Xees= 53 ~ 57 GyolAE Dio valueZb 10 ~ 20 v &2
Fo] vebsth w5k A o W F4o s T A% WSl <ol Do
value7}b /4=l WA ZAbe] e BRAIAEYE SHH] Yot = AEE
2I7F AT ol FAEAHSC &@8E A ERY BxAl A glo] HAwbAd
ZALERE Bt AE] witel HAe e (HEstE EEE ¢ S JoR
kAt (Blank 9 Corrigan, 1994).



&I

3

goll o

Ll A o]

n o
t}. L methyl bromide? 7S A] ALgo] A

1§ o= A

| —
R

ek

3

Xceeoll 9

o
>

OO]:

|

i

=3

K

1o et

Cige

L
R

1ol A

®

—

Xcel] -

e

o] £

A
=

Fee A AFH I A

El ol
-

g

e
R

)

¢+

# Ay dpyjelld 72k 55 9128 Gy

s

e ol 3

&

=

-
R

A=l Xeell Dig value

elel oa)

bo} Zeat %

= =]
s &9

%]_

(e

A

=

Jol A= St

=139
=

sty

q 3=
SE

17k SAekaL

of &-gst=tl 7hx

=E



Andres, V. S., Ortego, F. and Castallera, P. 2007. Effects of
Gamma-—Irradiation on  Midgut Proteolytic  Activity of the
Mediterranean Fruit Fly, Ceratitis capitata (Diptera : Tephritidae).
Arch Insect Biochem. 65 : 11 ~ 19.

Aquino, K. A. S. 2012. Sterilization by Gamma Irradiation, Gamma
Radiation, Prof. Feriz Adrovic (Ed.), ISBN : 978-953-51-0316-5,
InTech, Available. URL http://www.intechopen.com/books/
gammaradiation/sterilization—by—gamma irradiation.

Behlau, F., Belasque, J., Graham, J. H. and Leite, R. P. 2010. Effect of
frequency of copper applications on control of citrus canker and the
yield of young bearing sweet orange trees. Crop Prot. 29, 300-305.

Blank, G. and Corrigan, D. 1994. Comparision of resistance of fungal
spores to gamma and electron beam radiation. International Journal of
Food Microbiology. 26, 269 ~ 277.

Borrely, S. 1., Cruz, A. C., Del Mastro, N. L., Sampa, M. H. O. and
Somessari, E. S. 1998. Radiation processing of sewage and sudge. A
review. Prog Nucl Energ. 33, 3 ~ 21.

Cleci, D., Antonio, C. M., Jose, O. M. and Renata, C. C. 2009.
Semi—Selective Culture Medium for Xanthomonas axonopodis pv.
malvacearum Detection in Cotton Seeds (Gossypium hirsutum L.).
Asian J Plant Pathol. 3, 39 ~ 49.

Dewdney, M. M. and Graham, J. H. 2014. Florida Citrus Pest
Management Guide : Citrus Canker. IFAS Extension, U Fla. 1 ~ 5.

Eckert, J. W., Eaks, 1. L., 1989. Postharvest disorders and diseases of



citrus fruits. In : Reuther, W., Calavan, E., Clair, Carman, G. E,
Jeppson, L. R. (Eds.), The Citrus Industry., revised ed. University of
California, Division of Agriculture and Natural Resources, Oakland, CA.
179-259.

FAO. 2003. Guideline for the use of irradiation as a phytosanitary
measures. International Plant Protection Convention, ISPM No. 18,
Rome, Italy.

Farkas, J. & Farkas, C. M. 2011. History and future of food irradiation.
Trends Food Sci—Tech. 22, 121 ~ 126.

Froelicher, Y., Bassene, J. B., Jedidi—Neji, E., Dambier, D., Morillon, R.,
Bernardini, G., Costantino, G. and Ollitrault, P. 2007. Induced
parthenogenesis in mandarin for haploid production : induction
procedures and genetic analysis of plantlets. Plant Cell Rep. 2007. 26
0 937-944.

Gottwald, T. R., Graham, J. H. and Egel, D.-S. 1992. Analysis of foci of

Asiatic citrus canker in a Florida citrus orchard. Plant Dis. 76,
389-396.
Gottwald, T. R. and Timmer, L. W. 1995. The efficacy of windbreaks in

reducing the spread of citrus canker caused by Xanthomonas
campestris pv. citri. Trop. Agric. 72, 194 ~ 201.

Gottwald, T. R., Graham, J. H. and Schubert, T. S. 1997. An
epidemiological analysis of the spread of citrus canker in urban
Miami, Florida and synergistic interaction with the Asian citrus leaf
miner. Fruits. 52, 371-378.

Gihan, A. M., Kareem M. K., El-Tobgy and Abo—El—Seoud, M. 2010.
Application of combined biocides and gamma radiation for keeping
good quality stored grapefruits. Arch Phytopathol Pfl. 43, 712 ~ 721.

Gottwald, T. R., Hughes, G., Graham, J. H., Sun, X. and Riley, T. 2001.

The citrus canker epidemic in Florida : The scientific basis of



regulatory eradication policy for an invasive species. Phytopathology.
91, 30-34.

Graham, J. H. and Gottwald, T. R. 1991. Research perspectives on
eradication of citrus bacterial disease in Florida. Plant Dis. 75 : 1193
~ 1200.Graham, J. H. and Gottwald, T. R. 1991. Research on
eradication of citrus bacterial disease in Florida. Plant Dis. 75 @ 1193
~ 1200.

Holmes, G. J., Eckert, J. W., 1999. Sensitivity of Penicillium digitatum
and P. italicum to postharvest citrus fungicides in California.
Phytopathology. 89, 716 ~ 721.

Hyun, J. W. 2012. Sensitivity of Penicillium digitatum and P. italicum to
postharvest citrus fungicides in California. Publication of citrus—jeju.
Jeju city citrus—agricultural cooperative association. 198 : 40 ~ 45.

Hyun, J. W., Kim, H. J., Yi, P. H.,, Hwang, R. Y. and Park, E. W. 2012.
Mode of Action of Streptomycin Resistance. in the Citrus Canker
Pathogen (Xanthomonas smithii subsp. citr) in Jeju Island. Plant
Pathol. J. 28, 207 ~ 211.

Katia Aparecida da Silva Aquino. 2012. Sterilization by Gamma
Irradiation, Gamma Radiation, Prof. Feriz Adrovic (Ed.), ISBN
978—953—-51-0316—5, InTech, Available from
http://www.intechopen.com/books/gammaradiation/sterilization—by—gam
ma—irradiation.

Kim, J. H. and Yun, S. C. 2014. Effect of gamma irradiation and its
convergent treatments on lily leaf blight pathogen, Botrytis elliptica
and the disease development. Res. Plant Dis. 20, 71 ~ 78.

Kwon, J. h., Kang, H. J., Jo, D. J., Chung, H. S., Kwon, Y. J., Byun, M.
W., Choi, S. J. and Choi, J. U. 2002. Effects of Gamma Radiation and
Methy Bromide Fumigation on Quality of Asian Pears. J. Korean Soc.

Food Sci. Nutr. 31(1) : 57 ~ 63



Ladaniya, M. S., Singh, S. and Wadhawan, A. K. 2003. Response of
‘Nagpur’ mandarin, ‘Mosambi’ sweet orange and ‘Kagzi’ acid lime
to gamma radiation. Radia Phys Chem. 67, 665-675.

Lee, H. J., Oh, S. W., Lee, J. S., Chae, H. J. and Moon, J. D. 2007. A
Case of Polyneuropathy Associated with Methyl Bromide Intoxication.
Korea J Occup Environ Med. 19 (3) : 238 ~ 243.

Mahrouz, M., Lacroix, M., D’ aprano, G., Oufedjikh, H., Boubekri, C. and
Gagnon, M. 2002. Effect of y —Irradiation Combined with Washing and
Waxing Treatment on Physicochemical Properties, Vitamin C and
Organoleptic Quality of Citrus clementina Hort. Ex. Tanaka. J. Agric.
Food Chem. 50, 7271 ~ 7276.

Myung, I. S., Hyun, J. W., Kim, K. S., Lee, S. C. and Lim, H. C. 2003.
Evaluation of Shiranuhi, a hybrid of Kiyomi tangor and Nakano No. 3
Ponkan, for resistance to citrus canker in growth chamber. Plant
Pathology J. 19 (5).: 253 ~ 256.

Naznin, A., Fahmida, B. A., Md, A. M. and Asaduzzanman, S. M. 2013.
Radiation Response of Bacteria Associated with Human Cancellous
Bone. Journal of pharmacy and Biological Sicences. 6, 79 ~ 84.

Noh, M. J., Kwon, J. H., Kwon, Y. J., Huh, E. Y., Kwon, Y. S. and Byun,
M. W. 2001. Comparative Effects of Gamma Irradiation and Methyl
Bromide Fumigation on Disinfestation and Physicochemical Properties
of Mung Bean. J. Korea Soc. Food Sci. Nutr. 30(3) : 444 ~ 449

Palou, L., Usall, J., Mufoz, J. A., Smilanick, J. L., Vinas, [. 2002. Hot
water, sodium carbonate and sodium bicarbonate for the control of
postharvest green and blue molds of clementine mandarins.
Postharvest Biol Tec. 24, 93 ~ 96.

Parnell, S., Gottwald, T. R., Van den Bosch, F. and Gilligan, C. A. 2009.
Optimal strategies for the eradication of Asiatic citrus canker in

heterogeneous host landscapes. Plant Pathology J. 99, 1370 ~ 1376.



Ristaino, J. B. and Thomas, W. 1997. Agriculture, methyl bromide, and
the ozone hole : Can we fill the gaps?. Plant Disease 81, 964 ~ 977.

Schaad, N. W., Postnikova, E., Lacy, G., Sechler, A., Agarkova, I.,
Stromberg, P. E., Stromberg, V. K. and Vidaver, A. K. 2006. Emended
classification of Xanthomonad pathogens on citrus. Syst Appl
Microbiol.29 : 690 ~ 695.

Schubert, T. S., Rizvi, S. A., Sun, X., Gottwald, T. R., Graham, J. H. and
Dixion, W. N. 2001. Meeting the challenge of eradication citrus canker
in Florida—Again. Plant Dis. 85, 340 ~ 356.

Shiotani, H., Uematsu, H., Tsukamoto, T., Shimizu, Y., Ueda, K., Mizuno,
A. and Sato, S. 2009. Survival and dispersal of Xanthomonas citri
subsp. citri from infected Satsuma mandarin fruit. Crop Prot. 28, 19 ~
23.

Smilanick, J. L., Mansour, M. F., Mlikota Gabler, F., Goodwine, W. R.,
2006. The effectiveness of, pyrimethanil to  inhibit germination of
Penicillium digitatum and to control citrus green mold after harvest.
Postharvest Biol Tec. 42 (1) @ 75 ~ 85.

Thomas, P. 1988. Radiation preservation of foods of plant origin. Part
VI. Mushrooms, tomatoes, minor fruits and vegetables, dried fruits
and nuts. CRC Crit. ReV. Food Sci. Nutr. 26, 313 ~ 358.

Whitby, J. L. and Gelda, A. K. 1979. Use of incremental doses of cobalt
60 radiation as a means to determining radiation sterilization dose.
Journal of Parenteral Drug Association, 33, 144-155.

Yang, J. S., Kang, S. Y. and Jeun, Y. C. 2014. Suppression of citrus
canker by pretreatment with rhizobacterial strains showing antifungal

activity. Res. Plant Dis. 20 (2) : 101 ~ 106.



AR 3L

A==N{CN

ARE 7190]

bofe] AlRES
==

o
i

o

Azolggye) 29 Atk g
719 et

-

R

7]

A}
“

A

-

R

Wz}

A

Azre]

o

P

SRl T

£

HojFA 31

[ R= =

=3
R,

shad gk
7

Yk,

1

;OH_

ojiy

2 e vk

o]
e

]

A AR

wpARg )

o
=

3L
[¢]

HE a1

=
T

= opgglel

5
N

o}

N\

[e)

g
=

st .

s 3k

1

kel
=

A% A=

of A% itk e eyt

o] HolFi A% $9 ob7IX
g

=

[e)

5

1=
J=R=1

A

1t

3

=

1

°
9

o

°
9

=

[}

o] WolE A= 9l 4% oA, @ el

]

<)
=

NS

o] FUL}. AjAkaky

L —

[e)

=
o)

H

[e)

A ER O R o oM

57 CIRTA
ul FellA
7= HolH]

2 v,

:

s o]



	...


<startpage>10
...
</body>

