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CONT'ENTS 

I. Q~clkgroundf/Introdluctions:
 

Ginger (Zinjjibhoffi iale Rosc.), a monocotyledon oftihe fna L[1 ZVingiberaceae, is an economic crop for local and 
ez orL ,tacketsw of several col:ltries around the world
nam c Ly: igeri a,y Sierra l,eone, Jamica, Bangladesh, India,Indonesia and Thai. land. Gi nger 
has been uscd for many
purposes such as veetablsc, spi.ces, and medicinal plants.
In industr.ializel couint:ries of Europe, North America,
Auslrnlia and Asia, ifnor is being used as raw material
for prserved food, candy, cosletic, beverage and 
medicine
 
(Hurkil I, 1966; Hi! l, 1976). Becaunse of multiple
utiliz t ion as agri.cu.Ltura and .indrusL:rial crop plants,
gin. elr is potilttina. Iy a valuable export comodities in many
s),,
inc luding Thailand. However, cultivation of ginger inthese countLrie frequently faces a disease problem that' 
cnus e s n ni,g f icant yi el red c t: on 

Sov-'ran1 pI ntL patlhogens such as iungi (Tripathi and
Grover, M")77, Vermn and 
Vyns, 1981), virus (Hayee, 1974),

nematode, (Shah and Rnju, 1977) and bacteria (Hayward,

1983) have been reported to infect ginger. Among these

pat:ho,-nis the bacterium 
 Psoucdomoras solanacearumn, a
soti agent wilt
cis .nrue ,ll of disease of crop plants, isconsiderod the most serious 
patlogen of ginger in Thailand
(Chntnraovan, 1982) and other countries (Hayward et al,

1967; Ishli.i and Aragnki, 1963; Quinon et al, 1964).

197,, this hacterLuM caused 

In
 
total losses greater than 40%
of ginger production in Thailand. At present, bacterial
 

wilt sti.l.I 
 he a serious disease of ginger in Thailand.Ginger infecting with this bacterium usually develo.ps
wi ting and yel.lowing syliptoms 
on the lower leaves then

expands upward until 
al.l leaves are affected. At the latestage leaves show upward rolling with brown necrosis andentIle plant die. Generally, water 
soak lesion can be seen

easily on youn, rlhizome and consequently the affected
 
t '55u10 dII ,iinteg rnte then becoming soft rot-like symptom.The rot lesion and vascular tissues of stem usually
assoc:iat:e with milky exudate (Chantaraof an, 1932; Hayward,
1983). 

Alt lnou,h substantial losses of ginger due to P.solanacen rm, few works have been done for development of
appropr]nl e control measures. 
Host control strategies have
been employ id to combat P. solanacearum on other crops 
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using crop rotation, cultural practices, cheirical anddisease rsistant cul.tivars, However, information on thecontrol, of bacterial wilt of ginger io less available.
Furthermore, several attempts using copper fungicides,
antibiot:ics, and sodiium clloride solutions treated rhizomeseed-picos before planting in nrti ficial infested soils were no! success (Clhantaraotn , 1982). The failure of:liesp exper imneLs prohab ly 'may he dlue to inappropriate
selecti(o" of simpl l, inocilum coicunrtrations and method of 
trent in, aml11les. Therefore, ne:' approaches for aneffect:ive and re. iahl. control method are urgently needed. 

Convnt:onal breeding for d isease resistant cultivarsSith pLtho, nicit, y test scrpen~inN, is time and labor
consumi ]. Furthermore, several factors are involved in,ilimtin< or [ree.in,. program such as source of genetic
tr its, i niter or intras p ci:li.(: cross, an( time for

of fs pring productio. I",Pr-''sonlly, many a(Ivancod

bi oteclhno Ioi.os 
offr an a I terLnat ive aspect to overcome
tlese proble,,s. To solve bacteiriul., wilt of ginger, a newaspect on twin, plant: col Is and tissues cultures for
 
prodInct: i or
of I.se'se resistance iincorporated with the useof hypersensitive react.on (HR) for d'sease resistantscreeniny has been proposed and carried out in this 
re -lo"ch projec t. 

2 . Obj ec WL es: 

lhe speci f[ic objeclives of this project include 
developanim t of a rnpid and reli able method for screening
ginger resistance froi eilher intact or culturedI plants andmaui u nLtiom of e'-netic improvement of ginger for diseasere; ,tance through p)lant: and ceal cultures technique. 

As proposed in the researci activities plan, major
works or this repo-tin, 
 per io wee performed on
 
preparat ion of research 
 facilities such as procurements ofnecessrrmy e(Ji pents and renovati on of laboratory andgreenhouse . Smrvevi. n aind collecting of g:inger and ginger
relal d plants includi n'q bacterinl wilt pathogen were

Lnv'ee t-i" -i, I mprovemint of somaclonal
t cc!. p)ropagation

techn i qtie for ptithogen-froe ginger through 
 tissue culture
 
wias alIso ii ia ted.
 

3. hato r ian1 s and lh. tlhods: 

A. Wrnivation of laoratory and "reenhouse: 

, .iivatlion of ]iaboratorits and greenhouse were doneat the Dflptnr iitment of W)ant Pathology, Kanilphaengsean campus,
Nakhion PaIn.l LaaboraLories and greenhouse were modified 
to be temttperature conLrol laboratories and greenhouse inorder to ita lita in teniperatiire of about 28 C and to reduce 
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conLainina ti on of. c u 1 tu res ()hne ialhoratory was used for
 
.[s;iie and cell. cu. tures production and others were
 

bact:eriol ogy and 
 general ;ini I ysi s laboratories. For 
8 r oee iI ioIit i.L 01 !- e 11 i - eqI I i. ) 1pet! w(i t h a t e in1peria tu r ee , wL nd 
contIrol. tuin to ,,,row Li.s..ue u ILitre regenernted plantlei~s,
and :nI.ti Li1C.1 1-ii)n of g iglo iand .in - r related plants for 
prodict ion of resistant cult ivars -including production of
pthog n t1ree plint s. 

1. lFroc re Cen 1: 0Ltltofiel I t0eInC 

A 1 1 i.;'I,(tilli S;I liiti pliln- ;'s proposed in the project
P1) s l r (' p roc u rod nil i u rc Iesed f ron ei iter 'Local or 
a)-oad. ''llieobta ined equilp ents were al.located mainly at
K ailin euI ;'.:saenIcaIl,is whIi. lo tie loss were at ]Bangkhen 
ca ill)nI. llIov ire i tICu atir s, r efrigerator, freezer,
 
circtl at: i n,, 
 baLh, 1)hnLiti',,- bath , ,,el electrophoresis
 
a1pl: raii l-
 itc l.tiIi.itg I!ower su l y, lV ill.uininat-or an d
 
L~rnn:;b lot cliIih.-r. li'thf_,"e 
 nre ot.her requested equipmllents
 
w I i i . I)e,) l, t-(i:Ii cd inl the ie:t period such as
 

.i:ri,ll[vii i.ronmeii tan] slti:or atld shal ing bath. 

C. (o] Iectiot of' bacterial )nLtho-eni ginger and ginger
 
rel;,!ted ] an ts:
 

'1 (v,,yirii, aind col.I cti itg oif bacterial l)atlhogen,
 
: !.. .r!,, a i iin ,r related cropz including other hosts
 

i lfccted r.,,iL th i.s hact:errins i.'ove carried out in the major 
0:;,,t, areas of nc)rtLh, northeast, central antd south 

of 'Its i l ind i t: neotAnu<;:s I o l)ecember, 1987. Teit 
pro)viiuc '.10 -r MI-veyed for tie col.ectLion of hacteria and 
Si.i .er )11 t:; . 'l'h ey we(,re .binn li Ia i1. Clhi lang Rai. 
['ie t1c7hnbll i,i,lo a iico ,:, ,onthahiiri., G nhant hanihuri, Nakhon 
Pa t. mll,, tai Klt i.ri Kli n Ir:iii! Ciitolthott. Sa inf)I es of 
gi.n,,er and r-,,atnd pItiL: 'itlii and( witiout bacterial wilt 
syn)L oi,,; ( ICliantnrsottI n, I 'W2) were col lected at least 5-10 
;ajile<os per fie'l.dn... Al I. cml)ls were placed in polyethylene 

f t,,,sit-aor" i.ou aind i. so.lated for the bacteria]
patL110',un< either at [KaIl)h ne 1gsae tt or Bangklten campus. 

rv for]n tin. iv s feys field res is tant g inger to bacteria].
wl1t wer, ;aIso done and su.spected gingers were collected 
for furt:her teslinp of di setse escape in the greenhouseSampuit ha en ; sa en cuitinpuis. at 

I so]. tion:; o_ hitceria] wilt pathogen were performed
by using fimplosFrom itfectcid stems and rhizones showing
typical- will ,lls)tom. Three replications were done for 
eaci sari).i '. Thelii ,ai) les wore .as(hed under running tap
wnt.o r for 5 mit n ind blotted ott papecr towel. s . Small tissue 
segillent. (;ppro.:. Latel y 1-2x' -I i:i) were excised from margin
of lesion;, sur face-st cri.Li.,I v,[lh a fresh preparation of
0.57 I'a()'CI (C(loro%) i o,r1. v/v),n (1:1.), for 2-3 tmin and 
wasled it ;terile di.s. l[loeu water (SI)W). The tissue was,; 
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colinuted in a drop of Sil.! on a ster:ile petri dish and 
a
 
loopfu, of the suspension streak 
onto SH-1 (Granada and
 
Squ .eira,1933), KB (Ling et al, 1954) and TZC (Kelman,

.1954) iedia each of two) pli;ts. Piates were incubated at
 
27-30 (: FIor 24-72 hr d eiidin on ithe uediu;m. Colonies
 
i.L ili 
'Ivy id('ii il il :HieI'. noliacen nrtim on TZC and 811-1 
siowIi . HI iiMi OI , iii I.ky wii li pi iik al cruLen r were purified by 
s L ic a ki iiq ' 1 ndii , iiiui kptl in V1 s I anit n t 4-5 C in
 
rC7fri go rnaioir for filr ther 1. I and ulses.
 

Pi:Lt.ho gen i(ci.t:y t:est.wasA 1perf oried with standard
 
method as tlcscribed (Schiiand, 1980). Inocula were prepared

by iiociilgiLiuf a ioopful of a 24 hr culture from KB plate
 
into Ii.qiid iedium 523 (,ado and !He kett, 1970) and
incubhating for 2i hr on a rotary shaker at roori temiperature
(27-30 ). Suspension was ald jisLed to an )pticaldensity
((),1).) of i.1 at (/O ni and i.LI uted to 10- . Ginger and 
toliato p lants were use-d Fir Lest Lu pathiogenici ty of the

suspected bacteria by injecting approximately 0.1 ml of
 
bacterial. susiipinsion iitio rhizo:ie. O 
 s tei using,
 
microli uLt.ic tip tecin:ique. Plants were placed in
 
green iouse for 
o)servi.l s yllptoml devc loj-inlent, 

1). Tissue aid cl.l cu~lures of ginger: 

a. ilImrovellemet of soicL onal propaation of pathogen
free giiger hroup h L.issue culture: 

Solitac olaial iropalatLion (f pathogen-free ginger
 
were lerlrlied by m1o(dif ied the plrocedure of tiosoki and
 
Sagawa (1977), 
Vacin anid Wlnt (19/9) and IHurashige and
 
Skoog (1962). 
 Various plant growth regulators at different 
colcent-raLti s 'erc added solely to the basal medium or in 
colnhitlaLJons with others. Plant growth regulators
ilncoriorat.ecd in the expleriment:s were (-Blenzylamninopurine


lBA), 1-Nalil-it laone acotic acid (NAA), 2,4-Dichlorophenoxy 
acet ic acii (2,-i-)), and inet.in (KIN) for a rapid

stin ula Linq root and shoot d(eveiIJ lpmenitS. Several types of
 
ging;er tissues such ;a 
budas root, .l. , rhizome and stein 
were iLnc Iil od ill the exlper iiei Ls. Plant cell culture 
tucniqi i of Hutand Wong (0983) were folLowed to obtaine a
goi performanco. ExpllaL tI1ues of ginger from various
 
parts were cxc ised , suiface steriliz . with 0.5% sodiunmliylIochtlorifo (Clorox) at INZ pltus 0.1% Twcen 20 for 15-20 
m[in then rinsed L'i*.'icc wi Lii 3;P,. The tissues were dissecL.;ed
 
int:o 
2-. smal;la pieces under talliaiar flow hood and placed 
oa-LoI the test media. Lxception for bud that the whole bud 
wns used by reoililved only the oltr buidscales. Ginger
ci ut t w.(er; cio t d for 1,rowtLh and deve ionlll undOre wi i i 
conltillno(l ! 1hi. 01.liL a hon L 2 .i. klu:x in titsslie cnul ture room 
at iit)e iti. iLre oI 24-27 (. Nlillilbers of plantlet obtained 
froIll o11e p i o f Li.ot; s u we'lre re corded and compared to 
evaluaLe the eFficency of the media. At about 10% of 



plantleLs firoi the same clone were randomly tested for
 
Wic lerinl wilt in feet. toil by sero)logi.cal method of
 

en;'yiuie-I ink d imlimiuno.riOl,)nit assny (ELI A) 
arnd for virunesI)y vi: n a l :iiii ('I ('€'I. 'cliii3 ii 'r::'jcJ ,01"Xliii lii t. iOTi S 

h. (W1 I NS inductioCl; ()n: 

O rio'is iss::llues ) I gerg0 were used lto induce
 
c1 ins I'run .i.n by molif i(,d from the 
method of Mlurashige
and Skooig (1962) and Schenk and lHildebrandt (1972).

Sur ac--s;i'nriized gin ei" tissues were raised 
on the media
 
incorporatel withL iffercnL concentrations of plant growth
ry;utlators. The cul tures were kept in tissue culture room 
with the sn:im' envi ronmlnltal con(itioI as of somacloual
 
prupagnti on. (Cifn1s forma:it ion was observed 
and recorded.
 

4. U se.,-.I "/Iiss;cussi-on/T lles::
 

RplolivaL ion of I;aiira Lory and yrceinliouse 

ALer graint apijproval , I.aboratories and greenhouse
 
were iiiuo dint ely renovatel and the works were 
finished 
withiin 3) d sK. Laboratories were used for tissue culture 
invest Ln,iti.ol , genernL bacteriology, biochemistry analysis
and ins lI inion f eqijpi nentLs whereas greenhouse was used 
for grow ,, InM u cultui-r pi.:antlets. and vegetative 
proil a'ngatin, of ginger (llate 1). Although the limitation
of s;Iaces, I ;ibiirt tory conwditi ions were generally good and
 
(i ,,theh roenirch eso ' imini 
 iin these laboratories was 
suitable and effic:ient. The renovated greenhouse showed a
good p)e rfCi' raiInce on t epp raLuri-cl onLrol-, however, the
 
greenhou se sti ll 
 need to le equi.pped with lig t and
 
humidifyiun, unit for 
n good plant growth conditions since
 
our first two lots of ginger plantiaLs from tissue culture
 
of about 4)) plants were 
died according to insufficient 
Iumi i. ty ani ligh t. TIirefore, installation of automatic 
mist sprnyer or httii ty chalber and artificial light 
sources wi. I I prohably sol vel these problemiis. 

ProcurelLt o1 eqt ,iilpieiit,s 

Diuri.ng tiis r,,lporLing periol, two procurements were 
carried out ito obtain 
the requested equipments. The first 
set of n'qiJiplolts was eo is ii ed 6c incuators, 
reOriei-i ,i( , frceezer and reliovatiOli of laboratories and 
•reenhi ni: . AIl I or these v ujipments were installed and 
eqnL iiped it Nnmpl oinelsacii campus except one incubator was 
placed nt nni:iehon ci mltts. Those liuiliments were routinelyiusod tli, :; upn -I. e rosearic oxperL- imoe ts stch ias storage of
bcterial c" Ic'rm , enzymies, 

Snm;a le . KPI vlect ro phoresi s appi a)ratus anid necessary 
accesso ow: were olb tainieid from tlhe 

oiiicz antisera and plant 

second lprocurement

includinq ihoi- Hont-al and vertical gel electrophoresis 
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chnambers for agarose and ncrylamide gels, power supply, UV
il .uminaLor, transbIot chamber, refrigerated circulating
bath and heating bath. These e(luipments will le used for 
characterization and detection of metabolites produced in

infected susceptible and resistant cultivars. These
 
equilnments are being checked 
 and adjusted for a good
 
operation. Soome equipments were shown in Plate 2.
 

CollecLion of bacterial pathogen, giLnger and ginger
 
rea ted plants:
 

Bacterial wilt pathogen of ginger were surveyed and 
col lected from ten provinces of ginger growing areas of 
north, northeast, central and south of Thailand from August
to )ecember, 1987 (Table I). The diseased and healthy
sampl es in infected f ields were collected forv.isolation and 
1)ropagated For testing field resistance. Field resistant
testing was noL performed in thi s reporting period since 
there were lack of large numbers of suitable growing stage 
pl.an tie t s. 

acterial wilt symptoms of ginger were observed in 
22 of 31 fields surveyed. A total of 18 fields was
 
demonstrnted pos:iti. 
 i-so.'.ent ion of P. solanacearum. 
ctrains of pathogen isolated from these fields were proved
to be pnthogen on both giger 
 and tomato. However,
vi r lence of: these sLrains:; was different. For severity of 
symptom nnd Hiseas. (leveloplment, the virulent strains 
caused a )ronoulnced vlwi. Itii g, and plant death within a short
 
peri.od a t.er infection w.i,ereas the less virulent strains
 
,L1(iuced a so, wilting/ symptom 
 and some case plant death 
was not occured. These strains aro being characterized for 
races, biov.-iars and sorotype:s. 

(i.u,,er and oiniger rel.nted plants were collected for
further investigati, ons on development of disease resistant 
cu tLvars (Ta ble 2). These plants were vegetatively
l)ropagated in greenhouse or somaclonal-y propagated through
t:.LsslIe cutLre in thne laboratory. Five cultivars of. ginger
(.Zillil)er officinale) were obtained from different 
provincens for disease re:.-istant screening. The collected 

Srelated plats were Roe (Alpinia allughas), Galanga
(A. lan,,n),, Krachaai (EBoesenbergia pandurata), Turmaric(Curcuma donestica), P.lai (Z. cassumunar) and Wild ginger
(Z'I. ;'ernIheL). These plants will be tested for the 
expresio, of disease resistant reactions by hypersensitive 
reaction test. 

Tis.sue and celt cultures of gaingr: 

The technique for somaclonal propagation of
patho,,en-free ginger was successfully developed by using
bud tissues. Three ginger cultivars of Yuak, Ta Dang and 
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wore nted 

severa hni'dred of tissue:'culture plantJlets within a month. 
Nodi:lied media of this e:xl riment provided a rapid 
form( it n of root nd1 hlboo! I 'beLtvrhn ( so and a 

Ar:;tral , prop by Iisr technique and obtained
 

ti Ho kL Sa,' wn's 
mId i o mm tand th P 1 t of'l'i1n ii i r 1oiicie( me tr i. on s 


au oii or S a kawn mediu hbut
Micr n i o ul r 1vnil ii Ii)211: iii 

II, 0 '1.1 l I ,, iir I ype Cndi Irn:
hIor l ol l tcl i(1n of pinnt
 

,r1,.,' Iru In t r . Tlie I J ll w.'
'ii '1s a men iided w ith a 
(:coil iiit ivin (r" 1 AA , PA , ,gid , 6-) a t concentrat ion of 0. 5 
L) : pp . !S, li. i n:inysis this wi 1.1ic or experirment he 
doui , aLi tor v,,i) ltl L,, I ', o b ::ai.11 d I: hat expoctIcd to be 
iin ihe to:r p(ort ii, pe 1ri((. For (eve.loping Ll e iiedium 
. i iu inLi:; 1th, mi!umli of Schenk andIi' ForLianLioli, 

li debr ditI(1972)) 'was oi Idiicd by add .ing 2,4-I), CPA and 
ki": ,in:s. Kiner tIs;ues frw bud developed into callus 
aftl: er ro"i)np lii In (11 Iu)m davs. mei.umnlie urn 1 -15 A modified 
ofp X :li,, anid 1k:I1 ( 2.) by ad ding 2,4-), IiAA and BA 
i! u)L inreu Irit 1i)1 Cii ,iriiu' , - I I t. i) . l showed goodppii a 
C;MI I dlov,\e ti .h thiI l ie'med I.um con toain ld 0.52 ,,Ii,:"InpNo I ; 

P ,'-. P. ,..;2,vpr, 
conwi Iuroil odior to ohli r i uort p Ie o iioto anil reCsul.ts. 

PP i r !l(( I ti i ,$',X:vri[(1 "1. st i..I. need Lo ie 
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Trable 2 . (Cinqo~r cliC v iU ; .inor.1d i roiiL ii plunksi.

collucted in Thilandi WWtI! Auju~iL to )Acenher, 1937 

cu!.Livar 
 Thai~ i. n a lv ( 1)1 o v iii (. ) 

A\ 'i io I 1 ii;iin Rosc N:!o Ch ntha h i-


P r a r hiu a p Khi r L Khbai 

(ovenher-'i niCpyn igr Lt U rrac haoL()I. 
 li dhi u Pa t:oii 

(iirc ii viI~~;i [ca Val A' haiu r inc gi AGo. !c1,
 

,JiiiLjje rc-,i ;iq ax qi a q r. a p I a 
 Li lon i iii-i
 

cv. Yuak kall;knok, 

C2hi aniig NO , 

Pait III;]T 1:1i 

cv. TanDn Ata
20 u h uHr 

cv . Aust r ali.aa Onngko!,
 

c v P et1:Chfu on
mph 


Z. z*eumbet SAO \idOl (;ini''r doniLhlhuhi 



5. ,o tc: L. i. On / InR na rk : 

Adimii srti n l ) I t i r e,nlr ri p)rojo, l. anI r osearci
expt.or1F'InL:s Irarp a inali r proh ioi, linoover, afitcr, (vflit l.C Oil till I1:2 i (11 1.' I tl :: ''1.i 1 ii ( IIf' . 201 , I l Ft(r1)1 0 ii ".'a : 
cos30t 'I V' nn itw h cap-rF i * e IIi saIC 1o vn nICIL2 lh (!I. prn i10lv we ('s hout
ve, t.' dii rnitlyiil,,'. All Pq li., ( i IobtaineI w ' asI.< 

wI' i (I h,tL a Fn (,, i ii -'i "ii,d. s L L11i I ii i I. L i .' . h"Iia: i io I d 2I a q I ir "ri-i1]c ll Ii A 1 e ( I11tv i 11o 
i. l' l(iI rt il i ii i l't 9 ' niiC i ,' I,_r tA iiail n a.
 
hotte', , ',,).i. ,I tIl i1]1
l o1 LI 0 tt ri I p Lie 

,iI ithir;:; i"i a d1 I i N d i n nI oLI .: 2ou1 
 h.
 
Cil di i ,y cpus'o.'i i , PIl.: a'lV t", l,?lt 1 ti li l h21: nCf
ll. 

rpi dl y.LtI ii'<' 0i<tdi ()lll i l lons .ort' I n12hO avy 11 I t 0, l ith r 

i una tio' 2h02a', 


f (I1 dI, i C0H1". I tIh l t 


dis seI nl , oi, in' 'cle,<'Linomlp, or inlesil d 
I isI coIr' 1l1 I l," a . i Hi p rC iirCy 

s:ource OiF ii lilot,.. It ij p:, lhoqe frirm i iV- Lh, e :111111";1 in 

now i t 1pa Fing[ C i 1. L foa t Is t.'. i. ni. i.ri ,ll r 

itOirGiii f c odh, ,cr I Hn I0I I n11 :t i<:i, t s iwa 0 I oly1i] to i'0n r1i. 1 V2Cl< :1 Oi ','llo(iii2:1 ( -i c'-o(0 s2 ii 1. in'll' Fo o Lh . 
tlisuI 
 s'' 2' lt r I 1 ip'0 li : ; ,, i nlt C) , I i-2lir'. r ,<, ; s (ul" eii Liqi1 {21.1 
ciulI!,lI. ti .1 'i 1 i:: Ti ; Wi n'..'" n ii i an 1O 2i ' o i1 (r 

m11(di..' id l Vi n or L: :1(I" I', (.1 :i(Pl 1'(11 1 - ( I 2 hl I o rl oot. 
.ji l l ;i 8. ;1Cr'' ::". li C:]l, I,.,,,, I'vorl 011,.' ',] 'i o V)1 ' F o1 H:ll~Ii 112WO 

in:) L. itt of C8;ll nn! ; oiil , F (01111. 1t0, 02 1i 2w.l ' i: I iilt(C!1l Lii it .1'{V' . ;,' i Il , I. 1 1i <) I Il 2 (I li i 82?a awn (I) 1 

io li Ti'_ i l ",,- i,,ihI i II' ;Oil) '.0(1V~Ct -2 11 1 1 Ii",)HXl+ 0 CIl' :i:Iin" 1ol.Fur ln i Li n (1 iF1 . llor a . in iiun o,,r, hndI ti i.02:; 

nger.cs>; l~';!itodif Ci of :111 hi' 2s 
formi on'c medofgiia F 5chpi oil: i 1 I (19')72) and(
iH irnshi anII.5.:, (19 , ll over A ' V 2). M , ml i ed mildti of 
c n i k nd tifh il n v rhlIa il81(,l i, lL I ad '221 nl'll' IFor t n 
r i" I.',iK C Ind Thi.s is th,a l. lil r Ht Mii UM or ons Ii - i"ol i , 

f0 irstI rror 2~o thei suceson fu 
 OF callusF
 



II
 

6 . i io I ii E(ro l e nexL pri :
 

In thie nen:l pur'in,, 
 r,."ev rchl icLiv m es or':t)hi.;
 
project oi.l
perform'ed ; h,.IpI';: in th, a c[:1viL y plLa;.n
that: has :uititiitA L i tI)been M 
 the ULA l"v. :;,v',rAl research
 
activitie; of t. ne, l:t io 
 Foll 


:a. Col lectlion nind <scr,.,e in,, of7 


p ,riod 	are . . owed: 

Fic, d res;i.s-tant
 
giJngor alnd ginje,,o M C Al.,:spprips.
 

b. Ii!I (psi :, -pa I.Lne,;i 	 ii s 12 i t12,raL ion.Ol.s artd
 
h yp e rse iis i. v i Ly rec;i on.
in
 

c. iD[vel, inie1t "f i sease res isLtnt c;[ lQ;iLj 

Leclii I lj .
 

d. v" u ip.um( L of1 iaii cel. .: i I.L L r e aniii 

cc .1 ii'i. Lii cl ' [i :L !,rc-. D)evP' (iopHent of7 d iseasie,. r ,'-i.st;nl v I.Liroulhl pla nt:
 

ii id il ioit to thie r .sr'a rch atlivi[i,,s iii. Linmen ]

above,C' 21 I''rom'pi 'r , , i i1'i nl I
Pn( r'1 o!"r tLe p'rvviv nl 1 'pro, od
 
wi 1 lhe (7(1L. i1liii)'!'1 to -1, v1 pork11,einc1 p' cI IV o I' n :;,* In einr'ral 
Oilr pr ('Vi 21 a -17i iex oil: dul a d I eed
 
notL 
o L just or ,odi y :in the aclivity plan. 

7. 	 . I " Ii122p,; 

P~itik !i~ 1 '1. W h~, A1, .	 ,\ 
i.'t!i, niry Ki thl,. ,oconomlic 
pirodi i 'n of L ,,iii a IW P .yi i:; ]a. iinF : 0F A r icul Iture 
aad (.,)1)C j raLiv,, P";'I Liii, ti . V I, A (I-.';)
 

Ci;iinLaPl .n , 
5-, 1 ,.!, i.As eI , tr; auate 
S clioo. I. a set: 2 , r l: [IaU ive1rsi Ly, Q nSin:':o , Tini la nd, 

ti-glia 	 , 1;,.A . , aid S eq , i ra , I. 190'i 
 P l aLt 
l)isease 67: IUKA'- s ,',. 

Ha y.,a rd, A K. I 'I 55. n .e:; 1.11- l1 II 1iii: a: 
biacteri aa I I i ,i1<:. .\ i Io io:;t i l i. d i 	 It.P. (.. PA , anad . 
J. Pers;1c,yy, ed s. A17 doi'i, I i: Pi'res ., N(w Yori:. 

lay ward , A. C. , 0 tU t.L , A .L., nid 01g, N.1967, queti ni~ ninl Al Aqrl". Aimi. AL.'{. 2:.! 1-5 . 
C. 

'.
I 1 , A. 1)7 (i, i rono'" ir 1 it; . iA Iext ltUoIZ of 
i s vf a I p Lt. producti s , TnlaLaiil lcC raw E: (a 	. d . , i,,.! 

0oso01 i , 	 T. , and Sa'nw. , Y. 1077. HuILt . Sc ience 1.2: 
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451-452. 

l~i and
Ii , N'., Arn:',n l,, M 
. 190,3. Plant ])is. Reptr.
 

47: 	710-713.
 

Kado, C. T., and HIesket t, [. C. ]97)0.

Phytopat:hol og. 60: 9 9-97.3.
 

Kr .man, A. 195!. hlyktuaLhiol,,y W4: 693-695. 

Uin,. , K. 0., 'nrd, J. K., and Ai,'ny, M. R. 195'. A
 
Lah. Cl.in. led. 44: 301)-307.
 

ti-iyee, 	 C. ). 197/4. Indian P'l;topn!nLiol. 27: 609-610. 

"r -a.<; ~:i.c , T. , and Nkoo!,, I". 1962. PlySEi o1. Plan t. 
15: 	4;37-,Q7.
 

,uinon, V. 
,., Ara 	aki,i I., arid I:;lirt1 , A. 1964. 
Phytop~thology 54: 1096-1099.
 

c anl , V '0. (0d.) 198(). U,;rl tnory g>uide for

idnnl fi icL oior "f p 	 Il.ho.,onic
p1 n L 	 bic o rina. The ,American
PityLopn1Lhololical 
SocS l.y, St Piaul, iK i. III.0'ota. 

Src Irnk, R. U , And Hi ldebran dt, A. C. 1972. Can. A
 
BoL. t0: 199. 

cjthi, J. J., and ;aju, S. C. 1977. Pihyton (IIi N) 18 
(1/2): 79-24. 

'lri.pa L i., N. N., nd Grover, N. .. 1977. Indian 

PhytopaLill . 30: 222-223. 

Vac in, E., and Went, F. 19/;9. Mot. (az. 110: 
605-613. 

Vornra , . ,., ail Vyas, S. C,. [ .9 1. indian J 

ilycol. 
Plant Pa lhol. 11: 14-16. 

ex 1 c
8. An /Pk ii r : 

Pl1a t( I. Rcnoir ;ta on or d 
Knaplaen'S;ien campl)uls, 

lahor t0ri o, an-, ro irherr so at 
Nakhor PaL.horn, Th;a:i.land. 

Plate 2. Sor o quiPH.Y r:.S and ini 'til..Lion in 
1.',i' r tor i ,s at Knmphae n ,ar,n c:ampu.; 

Plate 3. 	 Ciniger g ro'inq field, o curnnrcc of hacterial 
wi L in the I eild and i 2crod rhizomes. 

Pl.ate 4. - 'i c lonnl prnpa , ii,.oni o igir r 	 bud Li ssu.ies 
lhro"i, h t:issrio culture and callus forninl;ion.
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Pla~te 1.i Re I~o ulO i idWh Iorr ri p anFi Irconiho e n L 

a1. Renlovated'( 1 1 1 oraL.')Fie of YN~-VII. pinj research 

(Forey r n 1) for irn 1:r Nh I.Ljoii of rpeFri2 rna r, 
Frvpzv'C'r , Oni rnii~ .ViTUIC! ike r upI coii [ tiiles 
BnLpeI (F[Uin ~y and( t is o MiiII tie ho ra o r i e were.iFC'1 
vn Lie fair Ileft aniid r 'it irespct iveI 

b). A rnno'a led jrvhny I:;~ pedFCC'Jit with toC lpe FlLiire 
coiLroF) "i jt for' 1oin ji tissur en I ni- pInni tlets 
of pinqur and Mahr rolnLed spv'c io. 



..... Ai 

It 



Plate 2. SoMei equip monLs and inlstnlatlin 
at iKa1miplhaeng. ,nr n camlrpu;s 

in lab(ratoris 

a. Gel elpr trnphornrsi, ,ppnrI I ind Ac(s ;i; r i s.uSincluded U(l0(1rnI ile t to rigLt) Mi ri',,rate'd 
c irctl]vlinq, hnuI], vo:rLicA and, hnrij:,nLtnl notl 
crlectropihnr usiq ch nnh, rts , po er sutpply l'iu, 

t-rans hiot rha hmber aid hentin, Wl 

h. T['.s 9.9 c"i. ft. inrtl n~tor:s (c t p,,) intl 
in hacrterinloly labnra:n nry fnr in ilal inl 
bac-eria cu].t u rvs a L tLemperaLire ratgin g
.I 5- 0 C . 

lation 

from 

c. '. ssitl rulture she]ves 
] i-glhits; and! :i me r plar in 
equ i ppe d w i tl a i.r c n i 

contlainin!, ri1 nrescenL 
,,~ in Li sui rulttre room 
t i.oni.n n i L., 
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Plate 3. Ginjer I o iq fielrd, o cii r antc o f hiact. Pri 1 wilt 
inVie f ieP1~ ldand infr tI I i1 7 ( . i 

cNx. jinj rpro.'n a a i!' ~as 1n U O il,i a a or 

(:lOPL~ Patdvm sL I vd w i I L i""a';iiI ni a" pI 2 o( nw1 

ti or ; a n d d e(I ( 1 I 1 r !; ~ aU ;i I VPI ~ i2 

c . I cii II v plip o f Ii forloI i njeua i-lijznmpe: , a 2 a 
so rc If ii ~~i n FC di a I no)1i( i' forinoI 2 m J i orF I -VPr1 . 
w ILt, vhn)i ;"' roL.('ii i s iCe an1( dis2 C(M I U (Mr Flie 
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P Late 4. 	 Soinc"Itoial propaga tion o i njer bud tissues 
throuh tissue culture and callus formation. 

n. Geram.1.naLed ",ig or buds FTrom rhizome after 
incnu hatn, at room I:emperature for 2-3 weeks 
read i I y for t issie cul ture tropagntion 

h. 	 Id I i esu ct].L uri g oin a m(,di. oed( Unrashi ge and 
Sko , ,medii devimlOl. ii' roots and shoots. 

c. 	 (2a llun of ,.i ge r t i; sues from 1)ud inducing by
cul turin. modified eion a t . um of S'chienk and 
IIi. I d o hran d L. 

(1. 	 ain.m:e cu.lture planLlets of ginger obtaining by 
,roin a sing e bud Oil modi fed medi(um of Vacin 
and Whi:t [or 6-6 week.s in tissue culture room 
havitir, 12 hr ti';htin , a day. 

,,rn. jeii p1int let ohltnji (I rom tissue culture of 
uud ,rnwini.. in I in. plasti c pat containing a 

m i. :t , of "steriliz 2edl so il, sand an d coconut husk
dust 9t 51:1:! ratio for 4-5 weeks in 	 greenhouse 
ait eraliie ,Ip of 24-27 C. 
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