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1. Background/Intraduct ions:

Product.ion of ginger (Zingiber officinale Rose.) in Thailand and other

ginger growing combries still faces a seriuos problem because of  bacterial

wilt disease caused Ly a soilborne ‘seudomonas solimacearum E.F.Smith. In all

ginger growing areas of Thai lamd, yield losses atbrilauted Lo Lhe wilt disease
vere steadily increased each yenr.  Severe disease incidence asually foud {rom
the repeabed growing fields more ofbem Lhian from Lhe rotated Fields. However,
the disease frequent.ly olserved in Lhe new ginger growing fields, also. This
disease cvidence suggest.od that, L.he important, primary sources of inoculum  vere
the infectad ginger phabing rhizomes and infestod growing Ficld =oils. In
addition, revious studies (Chanbaraotan, 19823 Thaveechai ot al, 1988)
demonstrated  Lhal. the Lacberial wilt pat.hogen is considerad a comrlex  and

variable orgmnism and also has a cross infection Lo crop plamts  obher  than

Ut

pecies of Zingiberaceac. Tentalive characterizat.ion and identification of
ginger strains collected  Crom sginger growing  areas  of  Thailand  in 1988
(Thaveechai el al, 1988) using Lhe standard phylolucberiological methods of
Schaad  (1988) and biovars delorminat ion mebhal of Hawad (1964) revealed  that

the pathogen is Pseudononis sulanacearum  Liovar 3 and 4 as Lhe smne reported

from other comtries Maward, 1986). Virulence of ginger will. bacterium  was
different among the strains Lul Lhere wias no o correlalion with geographical
areas and Liovars (Thavecchai, 1988).

Several  conbrol  strategios have leen developed mostly Lo conlat p.
solanacearum  of crops obher Llem ginger especially solanaceous  aml  musaceons
planbts.  The present. informal ion oi ginger will, in Thailand is very litt.le and
incipient,  stage of  ostab]islment. ol discase combrol. Basic and  appliel

research  progrims of ginger will, baclterion concerning wilh Lhe reliabile and
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effecbive  conbrol  measures sbill upen and urpently regquire, Therefore, an
alternative approach ror development. and screeniug resistant ginger cu'tivars
to the will bacterium is proposed in Lhis research progject..

Recenlly,  several ilvineod biolechnologies mad molecular reconhinant.
Lechnologies have boen estabilished mnl provided a promise alternative  approach
Lo overcome Lhee wi bl disonee problem, This  resciareh  progect,, Lherefore,
iniliatis  applicalion  of plhoml coll cultme  Loclmigques Lo prodies  dginger

resisbant colbivars and wsing hypersensibive renclion (HR) as a new  disense
poes fsalant, sererning moevhod, tmmunological  Lechniguess of cnzyme—| inkesl
imrunesorbent. ensny (KLISAY o dol. tmmmohimding assay (DIBA)Y for deleclion  of
telated  discieie pesisbanl, mebabolites wore olso imaposied Lo sereen disease
resisbini ginger hath in vibro cell cutbures amd intact, regencreatis] plant lols.
By using Lhesce modern Lechnologios, ginper resistant, Lo bacterial wilt, probahly’
oblain  casily.  Thas, Lhe resulls will definitely contrilmted to  resolve  Lhe

bacterial will. probilem of ginper.

2. Objeclives:

The major purpose of Lhis rescarch project. is bo develop an effeclive
in vitro manipulation sereening ‘discase resistant. Lechnigue for mroduct. ion
of  ginger cullivars vesistanl bo boctorinl will., Several  approaches  for
production  of resisbint ginger are somatoelonal varialion and  imnovement, of
resistinl. Lraits by inducad malation.  To develop a0 sensiliive and reliable
discase  resistant, scrcening melhod, B e detecbion of resistant, products Ly
cither FLISA/DIBA or PAGE (polyia y lamide pol elecbrophoresis) are propeosed.

The  obijeclives of Lhis reporbing period as proposed in Lhe  worlplan
are Lo collect and chavacborize Lhe bcberial will, palhosen, Lo stady host
pathogen inloractions:, Lo repencrate ol Tus and coell callures and Lo develop an

in vitro disease resistant, serooning Lechniogue,



3. Materials and Methods:

A. Characlerizat.ion of Bacterial wWill Pal.hogen:

Characteristics of Lhe previous and new  isolated strains of P.
solanacearvm were carried oul. Lo determine Lheir aul.hentic amd biovars by the
standard  phyt.u! wheriolugical  procedures as descr ilxxd by Schaad (1988) and
Hayward (19641), respectively.  In addilion, anbiserum against, membrane prolein

conplex  (MPC)  of Dbobh avirulent and virulent, strains of P. solanacearum was

produced by followed Lhe method of Thaveechai and Schaad (1988) in New Zealand
white rabbit,. Aubiserum  Liters were delermined by microprecipitation
plate method and serological relationship of each strain was analyzed by either
Ouchterolony double diffusion O, indirect immmof luorescent staining (1F)
or ELISA/DIBA technigues. Speciticily of antiserum and authentic of suspected

strains were also eveluabod before using in Lhe farther experiment.

B. Hust-Parasile InLeraclion:

Interaction of ginger and p. solangcearum, tLhe will.  bacterial

pathogen, especially hypersensilive react.ion (HR) of host response Lo pathogen
infect.ion was investigalod using cell suspension culture derived from ginger
callus  as  descriled by Adkinson el. al (1985). A 658 ml of . cell suspension
culbure oblained from catlus of stinger cultivar Yuak in  ligquid SH medium
(Schenk  and i ldebrandl,  1972) was placed in 125 nl  Erlenmayer flask and
incubabed al. 25 ¢ on rotary shaker al. Lhe speed of 130 rpm for one month, One
monlh old suspension culbure conbaining about, @. 4 am of cell/ml was  inoculated
with 1 ! each of 48-hr Incterial culture adjusted to @.2 O.h. (obkical
densilty). Bacleria used in Lhis oxperiment, were cunsisted of avirulent, md

viralenl.  sbraim: of P. solanacearum, P. fluorescens from soil and Xanthomonas
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canpesbris  pv. citri from citrus.  Afler inculmbineg Lhe ineculabtesd suspEnsion
culbure for 2,4,6,8,10,12,24,and 390 I, cach culbure was vashad wilh  assay
medium  conbaining 8,175 M mmitol, | mM HES Luffeor aljusted Lol 6.8 wilh
Tris.  The washed colls in assay moedium wore shaked For 29 min al. 25 ¢ sl Lhen
Ireczod., Nelo elecbrelyte loss of inocu labod cel b wass determined form  Frozen
cells by Lhawing in 10 ml of 1% Triton X-100 and Lhen stivred for al least, 2
hr. Uninoculabesd suspension colbure wos servied as # conbrol. Bef i frozen,
cells  were  olmerved  wnder  Tight, microscoper Lo ovaluale  cybological  amd
sbructural  chimpes, Populalion dynimics of hacler in in coll suspension  were
also determined Jy dilulion plabe counl. on KB med ium (King ol al, 1954).
Soluble  proteins especially enzymes £rom healbhy and  disease  ginger
culliivins were  comparalively  studied Ly SDS-PAGE of Laemmli Q197 . lLeaf
Lissues of each ginger were gromed in o mobar cvonbaining eold extraclion affer
then clarificd Lhe supernatanl, Jy low specd coenbrifugation al, room temperatuare
C aboul 2527 0 Phe =supernalanl, samplos were mixod with sample  buffer of
Lacwnli and Doiled For 3-8 min Lhen soljectod inbo Lhe pel and olecbrophoraesed
for 3.5 o al o cosliml, curves!, of 29 mA /i | . Gl wass removed Crom
clechrophorestis apparalus and stained over nighle in #.05% Coomassie brilliant.

Dlue 1 250 tond degbained For visualizalion of peplide profiles of cach sp e,

CooPevelopment of_cal lus/zCel ] Calture and Repencration:

Callus cullure oblained From Lhe provioms voporl, woere vsed for either
dirvect o inditecl repencrat.ion inlo comp lobe plant bels. in Lhe direct
tegencrabion,  collus culbures were radsod on BS med ium Murashige  and  Skoog,
1962)  plus (-85 ppn BA sl mainbadned @b 265427 € in Lissue enllure roon wilth o
16 he photopericad  from ool white Flusrescent. Gulwes. For indirect,
tesenerabion, callus  cullures were bransforeed inlo liguid S0 medium for

calhes Tormablion hefore regsencratad inlo planblelss. The fresh liguid  medium
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was replaced the old one for every 2-4 wecks depending on the desity of cells

in the cultures.

D. In Vilro bisease Resistant. Screen ing Tech:i-me:

In vitro disease resistmt screening Lechmique was develooped to
evaluate ginper plantlels from sonatoclonal multiplication by drenched and
clipped inoculations of plant.lels either in bLissue culture vessels or ayuariunm
chamber. Two  concenbralions of Lhe pathogenic sbrain (PB21)  were used to
cobpare  Lhe discase reacbion For 20 days  after inoculab.ion whereas water
inocuiation was scrved as Lhe control. Ginger plantlels cv. Yuak were used for
screening discase resistance in Lhis experiment,.  Plantlels showed wilt sympt.om
were  reisolated Lo confim Lhe pathugen on  the seleclive medium  for P.
solanacearum, SM-1 medium (Granada and Sequeira, 1983).

1. Resulls/Discussion/Tables:

Characberizabion of baclerial will pabhugen:

All of suspected sbrains of Lhe new isolat.ion From ginger wilt samples
and Lhe previous isolal.ion showing Lypical colony characters on 17C  and SM-1

nedia  were P.  solanacearum, Lhe bacterial wilt, palhogen of  ginger. These

strains infecled ginger ad Lomabo plants  causing Lypical baclerial wilt
symplom when inoculated wilh 9.085 ml' of hacterial suspension containing 18"-10"
cfusml by micropipetle inoculalion Lechnigque.  Planls inoculated with the heavy
bacterial cells  (19°-18" cfu/ml) induced rvapid development. of  wilt, sympl.om
which was  approximately  5-7 days  afler  inoculat.jon. However, the low
comecenbral.ion  of colls wis preferal Lo use in Lhis experiment. Lo aveid giving

touv much  discase  pressure which nay lead Lo produce  uncertain or  atypical


http:synpt.om
http:t.-onceet.rt

on}

discase  sympl.oms. Characlerizalion inlo races amd biovars of Lhese ginger
sbrains were somogencous of race 1 imd bLiovir 3 or 4.
Using  wanbiserun of  fovmaldehyde fixad -cells for serological
determinat.ion of Lhe ginper sbrains eillicr Ly 0D or IF technigques showed L.hat
no serological different, wis olmervod amongi Lhem.  the ginger strains also were
sob differentialexd from Lomabo sbrains by Lhese serolugical tests but they were
serologically  different.  from  olhor plant.  palhogenic  bacteria, saproplytic
pseudomonads dd olher bucteria cradile 1) Only one strain of P.  florescens
showed  slighl, cross  reachion by IF Len. Therefore, it was  indicated that
ant.iserum Lo tormaldehyde [ixed-cells was high specific Lo Lhe pat.hogen.

“he MPC anliserum  agaisst P. solanacearam  was  jusl  oblained

therefore, the GLiter aud specilicily of anbiserum were not. Lested  in this

rescarch period. The achived resulte will report. in Lhe next. progress report,.

Host.-Parasit.c Int.oraction:

Interact. ion of  ginger and P. solmnacearum especially HR O and
pathogenicily was emphasized and carriad oul. in intact plants and cell culture.
G.ifmer planls  oblained  from rhizone and Gissue culture of iLwo comercial
culbivars, Yuak and Phed, were nol, developed Hie reaclion which il was indicated
that  either Lhe GLestod gingers were no resistant. charactbers  or environmental
condil.ions  were not, suilable Lo produce HR. Disease symplom was  observed  in
both  cullivars. Yuak cultivar from the Lwo somrees was  ho difference in
disease severily. However, Lhe Phed culbivar did show different,  of disease
geverily bLhal.  Lhe ginger plints from rhizone were lesser  severity bthan  the
gingers from Lissue culture (rable 2).

I cell cuiture experiment., only Yuwak cullivar was investipalixd Ffor
clectrolyte  Joms, cvlolugical and structural changes, and pevnlat.ion  dynamics
of  Lacteria al perisdical Limes From 2-390 he afber inoculation into Lhe cell

calbure.  Avirnlent sbrain induced n preal, difference of electrolyte loss  from
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virulent. , other Lacteria such as plant pathugenic and saprophytic bacteria at
4 hr after inoculabion (fable 3. Elecbrolyte loss  in Lhe Lreatment of
avirulent. strain was tLwo and Lhree Limes preaber Ghan virulenl, ad plant
pathogenic or saprophylic sbrains.  Noninoculated control treatment showed no
change of electrolyte leakage. Cylological observal.ion of cell  suspension
found that aviralent, Lrealment, showed GLhe mosl darkening and clumping of
cytusol  after  inoculalion For 2 I virulent, Lreatment induced  clumping of
‘-':il organclles  and dark cyltosol more Lhan Lhe oLher Lreatments whereas  Lhe
control was =bLill normal . The longer inculabion  GLhe prealer numbers of
alnormal  and unpbly colls were olserved. After incubalion for 6-8 by ot.her
trealments startod showing cell lysis and no cyboplasm excepl, plant, pathogenic
and  control  Lreatmenls were normid. Cell numbers of  avirulent sbrain were
significanbly increasod sireaber Lhan vivelenl strain and vlbher bacteria at
19-12 hre after inoculalion siradual by declined Lo nearly equal numbers.  The
virulent. strain and olhor bacteria sbarbing incromsid Lheir populalion numbers
afler 24 hr (Table 1),

Preliminary inlv(::;i.i;g:xl.j_(;yl on melidolical chanpes especial ly enzymes
related Lo disense resisbanl. was carriod oub using  ginger Yok cullivar
inoculabed  wilh palhogen and noninocn lale served as conbrol. SDS-PAGE  of
soluble proLein oxbractod From infecbod and noninfectod singer  leal  tGissues
showed  similar polypeptide profiles for all sampels (Plabe 1), Loading  plant
extracted sample Lo GLhe pel all 1 or 15 microliler providaod an oplimm  intenge
pepbide bands. However, Lhe gel system will e improved by using obher syston

or modified From Lhe exisling melhadology .

bevelopment, of C:g!ll_;_:‘;_/_(_f_(_.-_l_l_‘(_f_l_vl_'l_l,.l_lvl'(::i; and Reggencral.jon:

From  Lhe previous reporbing pericsd, callus of sginper cv.  Yuak was

successful ly oblained. The cnllus cullures were consecul.ively sed to



regenerate  into complete plant.lets on MS medium plus -5 ppm Bi, however, all
of these formulalions were not stimulated callus diffrentiation into plant.let.
But, only rooted callus was olmserved after raised on MS plus § pym BA Tor 2-3
monlhs, The suceessful establishment of cell cullure of ginger was done by
shaking mobher callus  in liguid SH mediun under 16 hr phot.operiod. After
showing slighlly Lurbidily of el tculture, Gthe mobher cal lus was removed  from
Lhe  culture which was alboul. 3-4 weeks afLer cultivation. Initial ¢clumping of
cells  and microcallus formation were olserved in Lhe 2-monbh old culture and
the callus gradually enlarped Lo dimmeler of B.4-9.6 mm within 2 monbhs. Some
calli were rovtad whercas Lhe ol her developad a done-like sbructure similary Lo

form shoot. (Plabe 2).

Developioent, of bisecase Resisbanl Screening Technigue:

Ginger plmllets oblainal from Lissue culbure were used Lo test for
their somaboclonal variation Lo resist Lhe pathogen at the early stage either
in Lissue cultlure vessel or in Lransplanting aquarium chamber (Plate 3). Leaf
clivping  Lechnigque  using Lwe bactorial concenbralions of 9.6 and @.16 0O.D.
pracducesd  will, symplom ol 19 and 200 days after  leal inoculalion while ULhe
combrol  Lreabment, inocutabed with sterile disbillod walter showed no  symptom
(fable 5). Inoculalbed leaf developed inilial will symplom Lhen extended to

obher leaves and finally Lhe whole plimbiet, died (Plabe 3).



Table 1. hmmmof luorescent, sbaining () reaction of ginger will, stiraing  and

obher lacleria using antiserum Lo Formaldebyde fixed-cells of . solanacearum

st.rain LL6Y

acloerin HSheain Hosl/7Gource I Rencl ion
P. solanacearun LIGY Ginger (NRRE
PB21 Ginger b+
PB71 Ginger 441+
CRh#¥2 Gingor R
DR11 Ginger 1
i Crag Ginger ‘NN
’ Ciet Ginger 144
| CM31 Ginger EEE:
PS-A Tomial.o Ik
W5/1 Polalo 14
w572 ‘ Potal.o XE
P. cepacia - - -
P. fluorescens ‘BA Sugarcane Soil
A. Lumefaciens - - -
Bacillus sp. - - -
E. coli - - -
C. michiganense - - -
X. campesbris bR Kale -
Unknown P-1¢ Pepper -

e = strong fluorescenl, 1 = wesh f luorescent,, - = no 'l rescent,
anbiserum dilobion of strain LLEY = 1764,

FITC conjugated anliserom  dilution = 1/64
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Table 2. Hypersensitive reaclion and Pathogenicily of ginger ol.ained from

rhizome aid Lissue culture of cv. Yuak and Phed invculabed with P. solanacearum

strain LLGO

-~

. ¢ . 2l «g . . b
Type Cultivar Pabhogenicily Hypersensil.ive reaction
Tissue cullbure Yuak 1.7 Nep
Phed 3.0 Nezxgs
Rhizome Yuak 1.7 Nep
Phed .3 Neg
a = Pabbogemicily was conducted Ly injecling a 100 microliter @ncl) of Lhe

pathogen al.  1.6x1¢° cfa/ml  into basal stem Ly nmicropipette  technique.
Pabhogenicily was  recorded using disease severily scales from9-3 : @ = no
disease, U will of 1-2 lower leaves, 2 = will of half plant, 3 = whole plant,
will..

L = HR reaction was carried oul, by infiltrating a 40 mcl of bacleria at.
1.6x19'" cfu/ml inbo the 3 rd and 4 th leaves from the top. The HR reaction,

was recorded as negative (Neg) and posilive (Pos) uplo 10 days after inoculation.
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Table 3. Electrolyle loss of ginger cell suspension  after Lreatbed with

avirulent and virvienl, strains of P. sulanacearum amd other bacteria

Baclberia Elecbrolyle loss unhos) at,

2 hr 4 hr 6 hr 8 hr 15 he 12 hr 24 hr 39 hr

A ND 220 11a 110 100 160 199 150
v 90 110 89 . 50 100 91 4 199
r 20 ¥ 19 109 100 60 4/ 3
X -8 ) 50 50 1% 50 ¢o 50

A = P. solanaccarum (avirulenl sbrain), V = p. solunacearum (virulent strain),

=
i
T

fluorescens, X = X. campesbris py. cibri, ND = not. deternine

Tuble 4. Populalion dynmics of Liacteria in cell suspension al, 19, 12, 24 and

39 I after incuialion

Bacteris Bacterial colony on NGA medium (x10° cfu/ml)
19 hr 12 h 24 hr 30 hr

A 1.99 2.25 1.17 1.25

v 1.35 1.16 1.50 TNC

F .33 g.19 1.26 'TNC

X .18 .15 #.59 2.10

Bacleria were Lhe same as descrilad in Table 3. TNC = Lo numerous to count,
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Table 6. 1ln vibkro disease resistant screening  of ginger tissue culture

plantlets Ly clipping technigque willh twe bacterial concentrab.ions

Treatment Disease development afler inoculation

#day 65 day 19 day 15 day 28 day

P. solanacemrun PB21, A.50 0.D. - - ] i i
0.15 0.p. - - - = "
Comtrol (walt.cr) a.¢8 O.h. - - - - -

a

= all teratmenls showsd will symptom and P. solanacearum was recovered from

the will pinger.  Each breatment, conbiainad 5 repl ical.ions.
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6. Conclusion/Remarks:

Biological and serclogical characterizations of ginger wilt strains
collected from ginger growing areas in Thailand demonstrateal  Lhat, the wilt

bacteria were P. solanacearum and scrulogical homolosy. The ginger will strains

were  slighlly different. in Lheir virulence and biovar. Dbegrees of virulence
varied from mild Lo severe whercns Lwo biovars of 3 and 4 were found.
AnLiserum Lo formaldehyde fixed-cells was high specificily to Lhe pathogen.

Althrough no IR reaction in inlLacl plantlels, cell culture suspension
may be used for (IR invesligal.ion bhecanse electbrolyle loss and darken cyloplasm
of cells treated wilth avirulent, sbrain  was significanl.ly high at. 4 hr  after
inoculal. ion. This pussibly indicaled Uhal, incompal.ibie reaction was occured
belween  avirulent, strain and host.  If resistant. ginger cell cultbure  oxisted,
incompal.ible reaction of virulenl sbrain and resistint host may e observed by
this Lechniyue.

I viltro discase  resisbanl screoning by leal  clipping of  intact
plantlets is requirad  for further improvement,. Somatoc:lonal  propal.ion  of
ginger by Lissue culture may nalual ly induce genelic change from suscept.ible to
resistant. Thus Lhe mebhod  nay provide a  rapid methad for wass disease
resistant.  screening. Prel iminary study of polypeptide profiles using  SHS-PAGFE
of ginger cullivies  inoculabed and noninoculaled with Lthe pathogen was no
sigarificant.ly different, among Uhem. However, several madifications will e done
in  the next period which may possibly suceess to detect, metalolites relat.ing
resistant, vreact.ion.

Resieneralion of callus cullures form cells culture or lad culture were
not. achieved al. Lhis periol, bul, cal lus Crom bolh gources was rooled on MS plus
5 ppm BA or liquid SIF mexdia afber growing for 2-3 months. In lHquid s medium

some callus differenliatbed to form organ  similar Lo shoot.. fFurther
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modification of medium recipes will certainly concentralte for product ion  of

complele plantlels  which may be possible in Lhe nesr future,

6. Workplin for Lhe Nexl Poriod:

Research  workplin for Lhe next period will Ie carrvied oul, ng in the
sulmitbod research acbivities.  The aclivitics of Lhie next reseavch period are
sumnarized wi follows:

. Collecl, and screen for ficld resistant ginger and relal.od species.

L. Study on host—parasite inlerachions and hypersensil.ive react ion.

co Develop Lechnigque for screening disease resistant, ginpgor.

d. Manipulabe and regencrate resistant ginger plant./cell cultbures.

In general, Lhe next periold will have research Lopics similar Lo Lhis
reporting  periad which are our cenbral rescarch acbivilios. The:  expreriment
will e cmphasized  on resencrabion of  callus  inbo cuanplele  plant lels,
manipulalion discase resistant, cal Hes/cel | culbure and development. of screoning
Lechnigue. AlLhrouph Lhere were some difficull ios cohcerping regencral.ion
callus  inbo  plinbiebs, Lhe promising results should be obbained in Lhe  near
future by  sone modificatioms.  One of Lhe migjor timiling factors is a slow
srowlh  of  callus aed coll cultures Lhat ad ol Lhe development,  of  resisbant
ginger. However,  scveral basic informalion Lo help solving  problems  were
carvied oul. paralle! 0 I conclusion, Lhe rescarch work is slighly behind  Lhe

schedule espocially development, of resistant culbivir and sereening technigue.
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B. Ammex/iticbures:

Plale 1. Shs-PAGE of proteins from infectal and noninfect.el ginger
cultivars.,
Plate 2. Ceoll suspension cullbure and cal lus regenctral,ion.

Plate 3. In vily sureening for diseunse resistanl.
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Plate 1. SDS-PAGE of proteins from infectel and noninfected ginger cull,ivars

Lanes from left Lo right: lane 1, standand molecular weipght. proteins
of 66, 45, 36, 29, 24, 20.1 and 14,2 Kd (from tob Lo bottom); lane 2 and 3,
coat pl‘btein of papaya ringspol. virus (PRV) conbained 19 and 15 mirryyiter
(mcl) of sample as references, lane 4 Lo 6, noninoculabed ginger cv.  Phed
contained 5, 10 and 15 mnel of samples, respeclivelys lane T to 3, noninoculated
ginger cv. Yuak containexd 5, 18, and 15 mcl of samples, respsctivelys lane 10,

inoculated ginger cv. Yuak containel 10 mcl of sample.






Plate 2.

Cell suspension culbure and regeneral jon

Calli development From cell suspension culture after cullivated for

3 months

Inlarvgement, of callus from cell
structure of shool

Inlargement. of callus from cell

formal. ion

suspension culture showing dome-]ike

suspension culture showing root,
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Plate 3.
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In Vil.ro_screenimz for discase resistant

Aquarium  chinlyp usal for l.ransplzml.ing of ginger plant lets
before incculat.jon e her Ly drenching op clipping techniques
Clipping inoculabion of stinger plantilot, ¢y, Yuak in tissue culture
veaj%\e-l. Noninoeu Latexd showing healthy (right) and will discase (left)

after 15 dnys of incubat, jon
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