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ABSTRACT

TAKUSHI, T."*, TOYOZATO, T.", KAWANO, S.!, TABA, S.?, TABA, K.!, OOSHIRO, A.", NUMAZAWA, M." and TOKESHI, M." (2007).
Scratch method for simple, rapid diagnosis of citrus huanglongbing using iodine to detect high accumulation of starch in the citrus
leaves. Jpn. J. Phytopathol. 73: 3-8

We demonstrated a rapid and simple diagnostic method (scratch method) for citrus huanglongbing (HLB) by detecting high accumu-
lation of starch in the citrus leaves with the iodine-starch reaction. The average quantity of starch was 514.2 mg/kg in HLB-infected
citrus leaves and 85.6 mg/kg in healthy leaves (Welch’s ¢-test p<0.01), a significant difference in starch levels between diseased and
healthy leaves. Based on this result, we devised a scratch method using abrasive paper for HLB diagnosis. Scratch the surface of a
citrus leaf at least 20 times with abrasive paper, put the abrasive paper into 1 ml water in a vinyl pack, add to about 25 ul iodine solu-
tion 50 mM for dyeing starch. Iodine-reacted solutions show mostly ‘dark brown or black’ and ‘yellow or orange’ which are HLB-
positive and negative, respectively. The scratch method and PCR assay of field samples showed more than 90% agreement. In addi-
tion, the scratch method did not give false HLB-positive reactions for healthy, nutrient-deficient or other disease leaves infected with
Citrus tatter leaf virus and Hop stunt viroid. Therefore, the scratch method will be useful for rapid, simple detection of HLB in the
field.
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1988 1 YRl IR D A KR 5 CH) D TR O FAEDHER S
(Miyakawa and Tsuno, 1989), % ®#£1999 4% TicEEIbk
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HLB % JR 8 (‘Candidatus Liberibacter asiaticus’) % fili 3¢
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A B4 5700, 2 RUIBKE T 2550 5 5.
I o TRy TRE, 55 ICZKTE HRERIT OB RN
SBLino T\ 5.

HLB Tk, RN &0 7 v 7 v nRZE
L4 572 (Schneider, 1968; Hdiz 2y, 1974), FDH
RIEBLTCavET v 7 v RIGEFIA L HLB fi§i 58
EEDBFEE T &7 (Onukiet al., 2002; B3y, 2003;
Hong et al., 2003). W5 (2003) OB EHLIE 2 By g,
HWLCTEANDT v 7 iR AR T, BB v RER
BRI L CRODEES T X D FR OB EAHET 5 S O
T, PCRIEREWHE IS THSD. LrL, MK
DR EW, <17 v 7 v— 1t ~D LEROEAFICH
& FHAEL, #f (F~EfH) OV LHHATO
HIEDEHE LN E D, BUGHBITCOXRRITIXE->TED
T+, ILRAMBNARDON TS, Fie, TETHAMEE
Bz X 5 HLB BYIEN DO 7 v 7 VRO % B R L HERR
INTW5BHD (Schneider, 1968; HA (Z Ay, 1974), REHYLE
LRSI BT HEM T v 7 v DRI OWTIL
E TGS,

T I TR T, HLB P ECREEE T A7 v 7
VEEBEMNCHLCL, v FR=R—=%FIA L5
THEMED B B ZWHE (A2 5 v 515 DOBFEEFDHM
PEIC DT L 7.

REMBELOAE

HEEY 20055 6 14 H bl It el G - i
MRRZENE v 2 —) WF 7 ABTREFEDY 4 —27 7 —
o v — (Citrus depressa) 9 %A (HLB JEL4), ~ 4 — 27 7 —
vy — 119K (L), Hvh v (C reliculata) 6 FK
(hvFEvyrr—9—79 412 CTLV &4, K& (C
amakusa: [Kiyomi (C. unshiu X C. sinensis) X C. unshiu Marc.
cv. OkitsuxPage (C. paradisi Macf. X C. clementina hort. ex
Tanaka)]) 6 FA (K v 7\ b 1 v 1 F : HSVd &4
B, #—1r— (Coto) 9% A (HLBEGH), +— 1+ —
9N (4R, Ky v (C reliculata) 9 F A (HLB
BYeRE), A b v 9FR () o&E X 0RE
EHaREE MRMEHEAL, EALORBEOIER 2 m 332 WIRZ
Wr IEAUZ 2y, 2003) W X v ERILL, 1% 1 #EHe
&L, Fie, 20054F 6 A11HICHREIL 5 2 F T AR,
2005%F108 7 R fidadi AR D 2 v 9 v (C. tankan) >
LIEFEIR, JREk, EOBE, MRREIFEAL, FLORERBIC
R, BPAMRIGUR & Ui,

PCRZE 27 7 v FETHRE LBl % PCR % CTHE
B L. PCRERE D DO, RO 1 Ko

Bi%~5, CTAB #: (Murray and Thompson, 1980) Chfitt L 7-.
PCR KUtk 186 o EBEHUEHT Jagoueix (1994) B DY
B 16S rDNA i/t 3~ 2 52 7 5 1 v — (011, Ol2¢) &
Ex Tag DNA Polymerase PCR G (% 5 5 34 +8L) %
nz, #—=<nr++A 27— (Applied Biosystems GeneAmp
PCR System 9700) 7% F\~"C, 94°C 5 53[0 B P 1%, 94°C
140 f, 60°C 1 %[, 72°C 2 73R & 404 1 2 n, 72°C
1057 R%Z 1914 722 Tlro7. PCREWIZ1%T »—
n— A Lk RCIEBERIKE 0K, Bz oY A THEIE
DNA ZEW) 7 4ett, | € HLB &G04 4 2 ) E L 1z,
BERNT T UEE0RE TS vERNECE, 2 v
FHmEa i (B1gss, 2001). H 52 U@ PCR
CTHELIy y — 27—y v—, *F—F+—, EvhvoD
flt4ds X ORI X D, MREEIR, GRAk OB, IR
wifb, HEALORERINCIEARL, 1Ko & 35X 1
k& Ui, &3k % 80°C T3 HmE &, I Fv—
T REL, BBF0.1 g W ZRE KA 10 ml iz, 100°C D
R T30 MBI 21T > 1o, O, Ak X 0N
EE (11,100 @ ATV, EEREHEIRL:. chic 1M
WA Sl & 0.05M 2 v HEER A 10 ulifm L TREXe
Tot&, )eeEE (HITACHI U-2000) 2 X D 660 nm D W
EHE A P L7

277y FE HEENEYOAE X0 MR, RE R
DRk, IREIEAL, F bkl 1 3EFO8IL, 1om
X2 cm PUS 128 b B - fefif KM v N =08 — ([ KA
PEFEAK Ttem #1584, #120) ZH\C, FEEXP D I EE
DX TR 7CZEDRM A HI B X 51200 - 7. £ D
FYRR=N—T=—Ny 7 (F+v7f) TAR,
Ilml OAGEREZRM LI, v FR—=—ffF Lk
B A KI5 L 5B CIBARE, 0.05M =2 v
FEW R 25 Wlilin L, KIS D Fett o5 i C HLB &
B e Uiz, @R, KEROBEOCESNTTY, o
R (BR2NEU %) 3 X ORI HLB BBk, ¥k X
OBttt L L (Fig D).

] R

HLB BAELBL2ECHITIENAT VT EE

BT PCRBIEIC L - T HLB S0 A5 fi 24 E L
fev 4 —27—vr—, F—b—, Hvhvo3IFETEH
T, 2 v RHOEC I HENT v 7 v EROHE R TT - 1.
FOFER 3SETIIC RV T G 4 EE - ik LT HLB
BEIETE T v 7V ERIRIE IR, 3 HOF 3
4T 85. 6 mgkg TH o 7-DITx L, FEPIETIL 514.2
mgkg LR 6 EREDEZFE LT v 7 vERBENRD D
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[0} L —
SRHOTRATOT Y 7 GRELET S L, B 2
T, MEEROEDF v 713 0~681 mgkg ORIFTHR  F ° [ -~
— L
MEh, SREETEED ot —h, EkopsET  © ,
& L 7 CN
1% 300 mg/kg LA ED 7 v 7y i@ bk, B, BREEHE £
=] -
L OEALDFIER DR D% < T 500 mgkg Ll Lofic = P my
- FRAIETI, ERR X OEERZ I 0= ' '
*ﬁﬁjéhf E ﬁé%A % ﬁ,{kjﬁl Uuﬁfﬁtz% & - 100-199 200-299 300-399 400-499  500<
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b bt -7: (Fig. 3).
PCREERY T v FEICEH(TD HLB BRI L E

H 0L PCRIEIC L - T HLB &G 0 % | 5E
Licy s =277 =2+ —DEXHNT, A7 7 v FHkE
PCR % & DERA % X OFEFR /K ZHER T D HLB #iHE
Wil w47 o 72, FOREE, HLB EHHE T34 L7238R
B 5 B, WEF O I X B HER B O R—EE 2 3
ROz, FofMoEClie THEN %L, 94.7%&
EWC—FER LR Lic, FERAICR, iR s X 0¥ bt %
nER TR e R ERm AR DL NI, Bl X
OIRMEEAL Tl TR CHEN—F Lic.  FfofiieiE
TiE, &ToRTHEEEC X A2 HEN—FL, BEEREX
T HEIERICE T, 227 7 v R L O PCR &

diseased leaves with different symptoms and in healthy
leaves.

N. no symptoms, PC: pale chlorosis, M: mottling,
CN: chlorosis with green netlike vein, Y: yellowing.

X BRI A S LR h > 72 (Table 1).

CTLV % X O'HSVd EJEE k1 2 {5 e Ty, £v
NV BEBIOCREDOWThOGEICKNTY, A7 7 v Fik
WX BRSBTS BT, £ ToRBHC R W TlE
B X BHEDN—F LT (Table 2).

WHREEL S 2 E OS2 2 v v s %
PCR#E A7 5 » 7k & © HLB ¥RHIE g Tk, 84
L 7224847850 D 5 %, 755Uk Tl I X % HIE S —K
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Table 1. Diagnosis of citrus huanglongbing by scratch method and PCR in Citrus depressa leaves

Positive (+)

Negative (-) Unclear () Agreement with

Symptom”  No. leaves
o PCR Scratch PCR Scratch PCR Scratch PCR (%)
N 10 1 0 9 10 0 0
Infected trees PC 10 0 0 10 10 0 0
CN 10 10 10 0 0 0 94.7
10 0 0 10 10 0 0
PC 10 0 0 10 10 0 0
Healthy trees - (g 10 0 0 10 10 0 0 100.0
Y 10 0 0 10 10 0 0

a) N, no symptoms; PC, pale chlorosis; CN, chlorosis with green netlike vein; Y, yellowing

Table 2. Diagnosis of citrus huanglongbing by scratch method and PCR in CTLV- and HSVd-infected Citrus leaves

Positive (+)

Negative (-) Unclear (%)

Variety Symptom”  No. leaves
PCR Scratch PCR Scratch PCR Scratch
N 5 0 0 5 5 0 0
HSVd” leaves  C. amakusa PC 10 0 0 10 10 0 0
Y 5 0 0 5 5 0 0
CTLV leaves  C. reliculata PC 10 0 0 10 10 0 0

a) N, no symptoms; PC, pale chlorosis; Y, yellowing
b) HSVd: Hop stunt viroid, CTLV: Citrus tatter leaf virus

Table 3. Diagnosis of citrus huanglongbing by scratch method and PCR on field samples from Citrus tankan

Positive (+)

Agreement with

Negative (-) Unclear ()

No. trees  Symptom® No. leaves PCR (%)
PCR Scratch PCR Scratch PCR Scratch Trees Leaves

N 23 0 0 23 23 0 0
Uruma cit PC 25 1 2 24 23 0 0

Hma ety 24 CN 23 1 1 22 22 0 0 927 962
Y 7 2 2 5 4 0 1
5 0 0 5 5 0 0
PC 8 1 1 7 6 0 1

Ishigaki city 7 M 3 3 3 0 0 0 0 100.0 90.0
CN 2 0 0 2 2 0 0
Y 2 0 0 2 2 0 0

a) N, no symptoms; PC, pale chlorosis; CN, chlorosis with green netlike vein; M, mottling; Y, yellowing

L, BIHr BIOES ) O—FKITTh L9l 7%, = 5=

96. 2% L EMEE R L, EfomiEk & bR, IR
#Ak, FEALORERIECEBE B & e (Table 3). 7
AR EROHICALE T 5 AET O X VI L e % v )
VIR IR B WIS LB O K5 R, SRR U7 7 12050k o
5 ISR CHliBER I X A HEN—F L, BHih R
O¥dh 1= h O—FE T LN L 1100%, 90.0% & @\ MET
Bote. FIERNCILRR, TRLBRETORMBEL
2 X BB OGRS Hivte (Table 3).

ARWFFE Tld HLB BGIE S R s\ ¢, ENICEE
THT vV ERYERNCHERG L. £offE, HLB
YBT3 500 mg/kg DL EOEETT v S v MR & R,
fEATE L IR L TR T v 7 v DNERT 5 2 L2 B2
Eieote. F7- HLB BESEE T, MAER & Ml L CGRAS,
OB X OIRME(LOER AR LETT v 7 v E
DHIMARD Bt —F, EIFEC KT HEER D O
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WCHEBRZEXR LICETILT v 7 v O RERITIED S
Nichote, 2O END, Tv 7 voREERTHLB
DB X - THEMICEZ 2B L TH D 2 LRI
#, Schneider (1968) % X OXHIHR B (1974) Ot & —
H LT, FAEROPERIETT v v ERBRELST LS
EDb, IEROMETICHNT v 7 v EEELHINL T <
EDNHEE I e, HLIBRPIC L H2ENT v 7 v ERED
BRECOWTIE, ST THL - TWhig\nh, Hp
b (1974) %, A v VIBRIEC R TR DB,
Ik AN & T b 2 NS EERRA NI T v 7 v NS
THEHELTCE, ZDZEnD, Tv 7 voRyERE
1%, HLB DOEFBEGHC & 2 FMLEY ORI X - <
&k Z &N 5 aEEMEAVREE & 7z, F o Schneider (1968)
X, BRIECER TS T v 7 vk X o THRERALRR D AR
L, ChIZX W ERENEES R, FECHERN NS Z &
BIRBELTWAS. ThbDZ D, ENCETLT v
VER A S = A a3, HLBIC X AR IR < < B
LLTWwabDEELZBRS.

AWIETR LI A 7 7 v FHE, KT Y F_—ri—
THERARE PN ER LT v v 2 Hl v A 2 2k b
IVBRILK T T v TE L EDFE > T
. ZhC Xy, fEkoEEL (2003) OREDL TR
RH5~2057 [HRE DR Z B L fcowex L, A7 7 v Fik
TIRERR O & B2 A S 2 5 [EIEAN T ORE
WHTREE T o To. 1o MUE I A T e BIE OB B AR 1
WAL, LofKaxsroffifh Lo

AA7 7 v FEOBRBRERE, BEEEY O 4T oBEHC
BT OB FoE—FEKTPCREE —FK L. Fio,
BERRZIC X HFELHER 7% 5 O CTLV 3 X O HSVd &3
R NTHRZ Ty FHERL DTV 7 vt DG
IR BT, HLB EEHHE & (2 IRE R I TTRE T H -
7z,

HLB BEYFE T, MWK & i UCGRE, T2 BER,
DRIE AL DFEIR O I BETENT v 7V ERIE T D,
A7 Ty FHIC LB HLB GRS & F A 2R L.
O ED, RLWik CIERIIFIC B T 5 oWk
ZMIPEETH D EE 2 DR IS (2003) 1%, TR
R k1) % HLB O EIER B b2z L, & v b v T
R oL, IRREAL, R OHBE, FERO a2k
L O0H LD SIER CEVCERERC e s Z ARG L. &
7z, Ohtsu et al. (1998) & FHRICF /% — L O FHE LA v
25 DEFEIEER D D, EIRD RO 288, IR
b, FEWRD 2 v 7 {3 fER TDNA 2274 { PCRZ
T A WS L., b END, HEAER X

LHAIRZW BRZEIZA, 2003) & A2 T v FELRHEHT 5
CricXh, AEHBICECCEWCEE COZENAEET
HbHEEZ BN

Lo L, KMk Tk PCR#E & DHED—FK L Ta\Ly,
F iRt O E SR EE IR OFEL S TSRS b
NTCW5S. Lo TAREXHCIZMCHI-> T 18 Ly
BRI OFEIRIEABE L, BEMCREOEEAYET S
CEDNEEND. FRHEEL (2002) 1%, YV a2 i
VIR B, WO RAKYEE 2 E RAHSLFERIC X -5
THET L ExWDc L, AL (2003) 1%, Khc
Lo CTHABHEDKENET T2 ExRMLTWh. K
WH3e1 6 325107 & TORBRIARIN TIT - e EfH R T
B BHIc, 4%, HLB G F L O 2B &1 5 FH
Al L7eBENT v 7 v ERBROFEHIEB WAL L, 2
WrkSEE e\ THRET T D LB D 5.
DLEOEERLS, A7 v FERIVEFY 7 ) —=v )
WORE ZEWEE LTHEATH Y, FFEIERIC X %
WIRZHr GFZE2s, 2003) Lot Xy, FHAMOS
WIS W E L CRIACE 5 EE 2 bt

1 =

hvFRv 7 ) —=v 7% (HLB) ORIREPICEE LR
T 57 v 7 EHIC X BRI B2 Wik DR A 1T - 1.
B 52U PCRBEIC L - € HLB BG4 k2 )58 LT
V4= V= —, A= —KBIORVH VD IFITE
W, avRIABEC LI 2ENT v 7 v ERL LR
B, 3L b4 EE L R L C HLB R IETH W EE O
T v 7V I E R, FISEIREAHED 85. 6 mg/kg TH -
Fo DR L, RYHECLE 514. 2 mg/kg LR 6 EDE LT
v DERBENRDO DN IOMREYL LT, EHNT
Tt Ao, YV RX—=R—=Ff A Ty
FREERE L. T, EREY v FR— = T20MEEE
o, 209y FX—=R—=ZKImlDAs7z=—1%y
ZWAND., FOH, 50mM D= v EERY 25 pl BsinL
PO X 5. KEENECZTEF B chriuihs
WOE B OTHIEEME LD, Bltho HERIL 73
kheksid s 27 5 » 3 & PCR 2 & o HLB Fei ) g
AT o TR, BRXOEBLY L 90% L EoEn
—HERIBEDO NI FRBERERZERTRLCERS LD
CTLV, HSVAd EH§IETIE, A7 7 v FE1c X 5 HLB %
FIGIERD b Teh -7z D EOKER, 2275 o 512
Bk ashvEy 7 ) —= v ZROREB S ZWIEL L
THEREEzZ LRI
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