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EXECUTIVE SUMMARY
 

The overall objective of the res.earch project is Lo 
establish biological control of cucumber mosaic: virus (CMV) 
with using a CHV satellite, namely CARNA 5 (CMV-associated 
RNA 5), on peppers. This research program wa:s implemented by 
A.S. Duriat, Y. Sulyo, R. Sutarya and A. Mhuharam. DR. J.M. 
Kaper from USDA, Maryland, U.S. who is the Co-Principal 
Investigator, is the conceptual father of CMV's satellite. He 
provided advices and guidances all activities. Day to day 

activities were under the supervision of Director Lembang 
Horticultural Research Insitute (LEHRI), DR. A.A. Asandhi. 
L.EHRI and a Ducth supported project (ATA-395) also contributed 

financial support for field tests especially after December
 
1.990 in order to complete the trials.
 

All rersearch activities related to the production of
 

,accine, attenuated CMV, have been acomplished. Protective
 
vaccine, mixed CMV-2 + CARNA 5, has been obtained and it gave 
promising capability to protect pepper plants against the
 
infection of other CMVs, its helper virus in controlled
 
condition. However , field trials in different pepper-growing
 
areas should be improved and continously investigated because
 
of the complexity of environmental factors in terms of the 
incidence of other aphid-transmitted viruses which commonly 
occurred in the field. ' 

As the consequence of this achievement, further research 

has to be continued so that this biological control effort 
can be applied in larger scales at farmer levels. This will 
provide important economic justification in terms of 
increasing national pepper production in Indonesia. In 

general, the technique will strengthen the development of 
Integrated Pest Management (IPM) Program. 

With the improvement of the Virology Section of LEHRI,
 
the Virologists of the Institute was able to adopt advanced 
technology of viral satellites. This is a new capacity for
 

developing research in biotechnology.
 

RESEARCH OBJECTIVES
 

Cucumber mosaic virus (CMV) which causes plant disease
 

are spread widely in various countries. The virus has an
 
extremely wide host range; it affects some 775 plant species
 
of 85 families (Douine et al. cit. Kaper, 1983). CMV can be
 
transmitted by more than 60 species of aphids, especially 
tp/,0h gLssjpii and N/.vzus ,erzsied' (Kennedy et al.. 1962). In 
addition, CMV disease is !:eed-borne in certain plants 
(Mardahar, 1978)_ This virus causes severe losses in many 
horticu~ltur:ml crops. The Prime example is pepper, which lack 
genetic sourcc, of CMV resistance (Greenleaf, 1986). In our 
trial indicated that iione of 49 accessions of pepper tested 
for resistance to CMV so far has resistant trait (Sutarya and 
Duriat, i991; Duriat et.al, 1991). Bpcause no effective 
viricide has beeni developed to control viral crop diseases., 

s,,ajch control of CMV has thus far been directed at the aphid 
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vectors by which CMV i-:. t.ran sm i tted in the field. This 

involves the use of incecticides, oil sprays and reflective 

rrface - Srch methods are cumbersome, expensive, and could 

adversely affect humnar beings and/or beneficial insects. 

This proposal, however-, suggests using a novel approach 

towards controlling CMV disease in horticultural crops. I|: 

proposes to develop a "vaccine" which can be applied to crop 

plants in the seedling stage. This vaccine will consist of a 

combination of live CMV and its associated satellite,
 

isolated from an indigenous source, arid will be designed to
 

produce a mild symptomless low-level infection in plants.
 

In laboratory experiments, several such combinations,
 

have been shown to effectively exclude new CMV infections of
 

the vaccinated plants. This principle will be tested
 

systematically on pepoer in a larger scale, first tinder
 

controlled conditions, arid later under field conditions on
 

severals location at the LEHRI.Finally, tests will be carried
 

out in different geographically separated areas el hiigh CMV
 

infestation throughout Indonsia. The results will be
 

evaluated in terms of decrudsed disease susceptibility o-f
 

the plants, improved fruit yield and quality. If successful,
 

the research will enable eventual dissemination of locally
 

produced vaccines to Indonesian farmers.
 

METHODS AND RESULTS
 

A. Methods
 

in LEHRI laboratories
 

at Lembang , Segunung Horticultural Research Station (SHRS),
 

and some in Microbiology Laboratory of USDA Beltsville during
 

the project period. Field trials were carried out in Lembang,
 

Segunung (Experimental fields for highland), Kramat, Subang,
 

Madura (Experimental fields for lowland) and Bekasi (farmer's
 

fields) .
 

Research activities were carried out 


a. Survey for Collecting Samples
 

Surveys were conducted in different geografical areas in
 

Java, South Sumatra and Lombok. Samples, tissues of diseased
 

plants with virus-like symptoms, were respectively collected
 

and stored in plastic vial containing a materialhygroscopic 

for further investigation. Symptoms on each plant were 

recorded

b. Virus Indexing
 

All samples were serological tested by rising enzyme
the CMV antiserum..
linked inmunosorbent assay (ELISA) agains;t 


to other viral antisera
Numbers of samples were also tested 


i.e. Potato virus Y (PVY), Tobacco etch virus (TEV), Tobacco
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mosaic virus (rMV), Altfalfa mosaic virur, (AMV) and Chilli 

veinal motLle virus (CVM).. 

c. Bioassay
 

Test plants used in this activities were : 1roww4ali, 

col'da', alnnuutim, C.'amaranticolow,t.Capsiculv C/ewl~npodiun albuml, 
C.. winiale. C'ucu1 is s t Yvus, 6ucui'bita pep, a ,tura 
s'tranon uam, (o11h'c11ena _lobosa, Lopsicca escul en turn. 
,Viuar,] dr' p tiana g a. giutinosa, A'.'a1 v iides, gld a ,IV. 
tabacun Havana 423, N. tabacumn White Burley, /V.tabacul? Xanthi 
no, 0hysalis a/u'laa, -'. /'loridana, and Solanum inelongyen:. 

Inocul.tion was conducted by using a mechanical method.
 

d. CMV Isolation and Determination of Its Strains
 

Samples which positive to CMV were additional by treated 
with consecutive inoculatiol through certain indicator plants 

to differentiate symptoms. The indicator plants used for 

isolating CMV were Cucur-bita pepo (Zucchini) and IV. t 'acuml 

Xanthi nc.
 

e. CMV Purification
 

Purification method used was the method described by Lot 
and Kaper (1976), utilizing polyethylene glycol and 
differential ultracentrifugation. Quality of the virus 
preparation and the viral concentration was determined using 
spectrophotometry and calculated by this formula : 

Abs-at 260 nni x Dilution factor.
 

Virus Cons. = --------------------------------- ing/ml
 
5 (extinction coef.)
 

f. RNA Extraction
 

CMV RNAS were isolated by means ot phenol extraction
 
of the purified virus in solution of 0.02 M Na-phosphate pH
 
7.0 and I percent Sodium dodecyl sulphate (SOS) followed by
 

two cycles of ethanol precipitation. The following formula
 
was used to determine the RNA concentration
 

Abs. at 260 nm x Dillition Factot
 
R N A Cons . :: - - - - - - - - - ---.-... . . . . . . . . .
 

25 (extinction coef.)
 

g. Characterization of RNAs
 

Characteization of RNAs was carried ouit by electro
phoresis; of t.otal RNA or degraded vilius on a 22 composite 



po lyacry lam ide- .garIose or ".u rvey gelI" - (e I was run at 130-9)0 

Volt about 3-4 hours, just after- the blue color o1: 

(. roinophenol Blue (BlI[3) reached the bottom of 'Ie cell. rhis 

gel separated all genomic CMV RNA components and also showed 

the present of CARNA S. 

h. Separation of Viral RNAs and CARNA 5
 

Total CMV RNA was loaded on sucrose gradient. 

ultracentrifugation. Ey means of top fractionation CARNA 5 i

separated from RNA 4 and RNA 123. According to the size each 

RNA was separated inl different layer on sucrose in, gradient. 

The fractionator read a different peak of each RNA. By 
collecting the peak arid subsequent ethanol precipitation arid 

resuspension , each RNA fraction was recovered. 

i. Stimulation of Satellite RNA Development on Tobacco Plants
 

CMV isolates were maintained on tobacco (Xanthi nc). 

Every one or two week after inoculation (showing symptoms) 
they were reinoculated to the new healthy tobacco seedlings. 

The occurrence of satellite (CARNA 5) on infected plants was 

monitored by using total nucleic acid analysis (TNA) of 

White and Kaper (1988)- Symptoms were also observed. 

j. Introduction of S-CARNA 5 into Indonesia CMV isolates
 

Tomato Rutgers in two true leaves stage were inoculated 

by a mechanical method with CMV-4 (mild) and CMV-2 (severe).
 

Each treatment consisted of 20 plants. Two days later, 10 

plants of each were reinoculated .-jith 5 ug/ml of .S-CARNA 5 in 

0.03 i1 phosphate buffer. Occurrence of satellite RNA on, 

infected plants was analyzed by using the total nucleic acid 

analysis of White arid Kaper (1988) at 1. 2 arid 3 weeks after 

inoculation of satellite.
 

k. Evaluation of Candidate Vaccine Under Controlled Condition
 

Evaluation of the efficacy of candidate vaccines on 

peppers has been done by using 20 ug/ml purified vaccine 

(virus plus satellite) or 1/.0 sap of infected tissues. in 

inoculation buffer- Symptons developed on tie vaccinated 

plants which were chellenged with or without severe straini-s 

were observed. 
Experirrients were carr ied out in a glI:s.ihou:;e ,isinq pots 

wi th steri 1 ized soil or iln a nethouse ill .wlic1, treLtted 

plants directly planted in the soil. 
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1. Effectivity of Vaccine on Field Grown Hot Pepper.
 

l Ii%; experirllenll would I tow the el f icacy of vacc ItltC' I I 

na.Ltural condition. Fel)per plrit:., were cultivated accordiniq to 

local farmer practices. Before t ransplanted in the field, 3 

4 weeks old seedlings were vaccinated, and two weeks lat:er 

they were planted in the field. 
locationThe experiments were executed in different 

for highland area, arid Subanc],namely Segunung aid Lembarig 

Bekasi, Serpong, Kramat and Madura. for lowland areas.
 

B. Results And Discussion
 

Pepper
a. Distribution and Prevalence of Viral Diseases of 


Samples were collected from four different islands ot 

Indonesia. The :symptomis of collected pepper samples varied III 

every location and time. Itn some locations symptoms wer-e 

iiff icn lt to recognize due to symptomns caused by otlior 

.e insect pest and or fungal diseases..damaging agenLts 
were very distinctive,However, in the other areas symptoms 

easy to recognize arid to distinguish from other diseases 

(1:hoto .). Mosaic, mottle, curling, defoliation, sinousiLy, 
were considered to be virus symptom--;.necrosis arid rugose 

Common symptoms of CMV on pepper is chlorosis, elongated of 
may show slightleaves arid siriousity (Photo 2). Sometimes 

mosaic arid puckering. 

Photo I.	 Pepper I io Id nif farmer in East Java. 

Yellowing due to virus atLack 
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Photo 2 : Common symptoms of CMV on hot pepper 
cllorosis, elongated of leaves and 
iri.tiousi ty-


About thousand samples front different locations were! 
tested. Viral symptoms were identified by indirect Elisa Lest 

as caused by CMV, PVY, TEV, CVMV and other viruses. Some. 
c.amples did not react with any antiserum but some reacted 
with more than one ,-intiserum. Sample with the same symptoms!?. 
were sometimes diagnosed as having different viruses. ihese 

rusults mighL be due to different cultivars and different 
en Vi ronmertl a, con i tc ions

Pe(.pper viruses were widely spread throughout the 
production areas. Viral infection were fo*und in every 
location, but the intensity of its infection, varied. However, 
most of the crop showed 100% infection of some viral diseases. 

Cucumber mosaic virus was the most common virus disease. The 

next was CVMV Followed by PVY arid other viruses. 

b. CMV Isolation and Determination of Its Strains
 

From tissue samples tesLed, C1V was isolated from mix 

infection of other viruses by using consecutive inoculation 

through Nic'ZCi'tana 4a -ba. Xanthi tic and "ucurt';i,- peo. 
[.olates of the virus obtained caused systemically chlorotic 
lesions on 6'. pep. a specific or differential indicator 

plan t of CMV. 
rTi-iee CmVs were grouped intIo 12 isolate&. Based on the 

intentsi ty, type of symptomti.t arid incubation pe iods on th-in 
ittdicatn. ip1 -r; they wet , d Let rl into 6 Lypes,Iir(1 namely 

CMV-1, CMV-?, CMV-1, CIIV-5-8--1(), CMV-.11 and CHV--12 (Photo 3).. 

*rhey wel 4 i so]I aL.s otit. of 12 lost their int t ctivi ties. 
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Photo 7 	 Symptoms of six isolates of 
CMV on iVYcotana ,tabaculn 
Xanthi nc 

c. Stimulation of Satellite RNA
 

Serial passage of six isolates on tabacco to develop 

satellite RNA were tested by PAGE analysis. Results showed 

that CARNA 5 band was detected after 5-6 serial transfers. 

The development of, CARNA 5 on infected plants clearly 

changed the symptoms of CMV-2 and CMV-4, but not on other 
wereisolates. The initial symptoms on CMV-2 without CARNA 5 

mosaic and yellowing on tobacco. At every step of transler 

the intensity of symptoms was gradually reduced. These 

symptoms were completely disappeared after CARNA 5 reach to 

(Photo 4 arid 5). When CARNA 5 containingdetectable level 
healthy tobacco induced very mild
CMV 2 was 	reinoculated to 


symptoms or symptomless (Photo 6). 

Photo 4. Stimulation of saeliite CARNA o n !serial 

passage to Labacco Xan thi : Symptom of 

original CMV is3 atLenuated by rising 

.atellite frtr m lelt to r iglnl, 
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0 	 b 

Photo 5 : 	 Composition of viral RNAs of CMV. 
a- From the plant with attenuatec 

symptoms, showed a peak of RNAs.
 

b- From the plant with original CM\
 
symptoms, no peak of RNA-5
 

a 	 b 

Photo 6 : Symptoms expression of CMV on tobacco
 
Xanthi a. without satellite
 

b- with satellite.
 

Tobacco plants infected by CMV-4 showed mild mosaic: 

5-6 passages, when CARNA 5 was detectable thesymptoms after 

and CMV-4 	 appeared to bcsymptoms became milder. Since CMV-2 

the best helpers for CARNA 5 multiplication, so the further 

studies have been focused on this two isolates. Later on due! 

to the better response of CMV 2 vaccine, thi,-; strain becomes 

a highest priority. 
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---- ---------------------------------------------------

----- --------------------------- ------------------------

d. Virus Purification
 

CMV-2 atridl c(:V-i st-ains were prol)aga ed on several hus; 

plants arid harvested at 10 to 14 days after inoculaLion . Lach 

virusn inocunlm was purified with Lot metLhod. rhe -esn I 
indicated that tie highest yield of purified CMV-2 was lourid 

pepperfrom tobacco (table J), while of CMV-2 + CARNA 5 from 

and tobacco which harvested at 11 and 14 days after inocula 

tion respectivelly. the yield of CMV-2 and CMV-2 I CARNA 5 

from tomato was low. Tomato appeared to be riot a good host 

for CMV-2 multiplication. However, the yield of CIIV-4 + 

CARNA 5 from tomato plants was higher than with CMV-2, with 

or without CARNA 5. 

1 : Yields 	of Virus and Vaccine PurificationTable 

Virus/ Propagative Harvest Virus yield Place 

Vaccine plant time (days) ig / kg 

CMV 2 	 Tomato (1x) 12 13.78 USDA 

Tobacco (lx) 14 29.20 USDA 

Tomato (lx) 30 0 LEHR1 

Tobacco (7) 14-16 5.0-140.0 LEHRI 

CMV2+C5 	 Tomato (2x) 12 7.6-10.0 USDA 

Pepper (ix) 11 464.6 USDA 

Squash (Ix) 8 16.34 USDA 

Tomato (1x) 13 0 LEHRI 

Tobacco (3x) 14 80-120 LEHRI 

CMV4+C5 	 Tomato (lx) 12 57.96 USDA 

( ) = Number of purification was done
 

e. Viral RNA extraction
 

The yield of RNA which was extracted from purified CMV 

of pepper- was lower than purified CMV of tomato. The bot:h 

yields were very low, concentrations were only 1.7 and 6.2 

percent from the initial weight of virus. This activity was! 

done in USDA. 

f. Fraction,.tion of CMV RNAs and CARNA 5
 

CMV-2 + CARNA 5 from pepper plants was used iii thi!.s 

study. Geniomic RNA 1,2,3, coat protein massenger RNA 4 arnd 

CARNA 5 were recovered from sucrose gradients by a mo 

of RNA weredification of Lot et al(1974). Up to 308 ug 


loaded on the sucrose gradienL, roughly 25, 35, and 40' woulc:
 

b,. respectively CARNA 5, RHA-4 and RNA 1.2 and 3. This
 
actlvity was done in USDA.
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g. Introduction of S-CARNA 5 into Indonesian CMV isolates
 

o r i ell' ic , I C. a L ill ou-t week .It ,WCMV1' + shwed'J t. 1
 

.11101c20 /l ion I 2 .t
u - . (nJ SI wi. deot-l..d. L weeks a
 
i 10(2111.l. i Oil A3. 3 weeks L I..ldlo (A . ,irl: I
- . Io' , i.L * ,l,i I 
CAR 5 was dole.c :I, iatud orn t:lhis; iresu-I both i tolIaLes call 
:%.ii)1por"I; <3-iCl-3Iqh3 S f'p I i ca t i oil

S"lrptorris of CMV- in f c; o_, .orlio pll ,[ .t withI or wi, ho,it: 

CARi3PII 5 were ild ii io.L-l-I (Iwvee' LIt r e wer two ouL o1 1:t01W 


pilan Li howed .1 ; [ li l (-i .:i I o 1.ic C.'y'lllI olls . 1 I l I I0:(:o t. i c 

reaction of Lliotue p,.Ln p.i.lar.ned to be catu-o'd by muIIal Ilt 
or IicLui e of irecrog n ic Cn |I'N A5 i tL non -irecr o,11.'11 i .- CARlNAifi .-

SynrilILoilI, of CMV- 12 inIoclted .o Ls CtRNAl.orrii p,,on wit Ih ouL I' , 
were rmosic adrid fe'rn leaf . Som11e neo i0 areasl c.:v.lo)e onl 
Ltho leatve:. of LtIe plants inf cL-,I wiLtI CMV-12 w if. cA 5'RNni 

rho ,COcCUr nce of 3- N A' oftfot-l:r-oJ ilthe syrrp 1ll:. caused 
by CMV-4 or CMV-12. CAhNi 5 r i LIt.too aLLe uatto ILr' vilip LoIrli: 

0I p lantrs irtfected by CMV-'. rlo;L ot 1.1h:e p1 riLa... iltouLed by 

CMV-1 showed mild Lo uoII.rl a L- ;yrlpWtr.Oll. ArfL:re i iLrodilcin1 
C.RFNA'l S t:o Lt . is.o:01.0 L o [I .yr llnIptlr. of infii: I1,I plainti 
became ilcIder. I" CMV- 12. CARt.h b [esrif jed LId yI-'lotowirlvl. 
symp ton on tobacco ard peppeo r Cal iJoI i 0i, WonIr. fr.h ne0crotic 
S ylrrp Lorsl. Irowover, appeared Lo be . ilri :_'ntl i rritieliiiia ted, : 
was redo Ced by the . (NiNAl"t on pe.)ppe0 r iii f-c Ledpr esence .f 5 I 

plants. The symrrpltomri of CMV-12 onr squash was also :rILtnitLeriatl 
.,y 	 the presence of CARNA 5. 

h. 	Evaluation of A Candidate Vaccine in Glasshouse
 

1. 	Evaluation of the vaccine for CMV disease protection on
 

pepper
 

rh main objective of Lhis e<per iienr t was to dcLer'irine 

the 'siorLest period of [lie vaccine Lo be ready to piroLocL 
pilants frorri 1rigedcallen inOc;lot. iOr. 

This expo-irrierit yiel ed filil. otl po,.ppe irocul,it.d with 
CMV-2 ;.lone slhowe'd sevele r ii' : at dI nli-oa ic. s.roIIrrpl;ro s. some 
pl it-;; died. I-However . [he pIlarit.s whic:hr re; vacci,:Lod witlr 
C 2i'IVf C ;rid .r ilip l .. ; i ' CHV-2 ir Lrwo week:;2 b( and [lien p n 
afLer vacciiaLioi (Proto 7) an, foir woo aoft[er vaccinatioi 
(P:hot:o 3) siowed very rrmilJ or ove cr0 :S.yrllr.Ollrr at all. 
D isease I rdex wasc InoL Iolvre Lhin 1. It w;n:. ,i tI i Ic L I:Lo 

ju.dri W LIe , I.f ct of W onu,:l jour it.ali -re week aftLeiciral ler r,:i 
v\aur ioLi on . Til rN'A .lll it" ,o . i i !,lw [haL A.NN(A 5 col : 

be deto c;ted ini lbrile ii ,IIOIIr a! Li:. .l.il_ 11. ril r . pir L ', 

tior l , i at tr:.t. orl' we.. ,it Icrl ,t1twe:eki-LiOlrr No Lerndiei.-,

(,l Ibhr(;il'. dowil 11 l lOll M 'A.-t:,:12! Vt:I r.Iir.IIf, 1 1.cwo? !. t t 

vi-CC in ra. i Oel 1 
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photo 7 : 	Symptoms expression of 
pepper plant inoculated 
with CHV2 at 2 weeks after 
vacci nation.
 
Left : without vacc:ine (VoC2)
 

Right: with vaccine (VZC2) 

'-,.!.iorl
photo 8 Symptomas expi of pepper" plant 
inoculated with CHV2 aL 4 weel" attCr 
vaccination 

Lett : with vaecinztion VIC4 
Right: witholit vacc iritiori VoCI 

2. 	Satellite protection for controlling CMV on bell and hot
 

pepper
 

Two illoculationI Ot vauccione (CMV-2 ft'IIfi r.,) rr.'irrj y 

p i' " eJ orii(i! (20 ug/lI in 0-0,5 IMNa21-11'0't anld crude :-at.. 
: s s (e (I pa r 1: InIected il .utl: ot .0., Ii rm,1.' ,Is I it tissue 9 

we re app] i ed to Be I aid Hot peppe; ;t .14 d.|(,rlllItdayt MI tel 

t.ion rwo w(!elkv later the infected -cedl il.v were .CId [( 11012' 

14
 



k'esu Its irdicated that almo:-L all treated pla.nts (each 
treatmert cor-r; isted of 50 plants) using purified vaccine 
looked healthy (Photo 9). One out of 50 treated plant:; of Bell 

Photo 9 :Almost nc diffc .nces between unvaccinated
 
plant (VoCo, Lert) and vaccinated plant
 

(ViCo, right)
 

pepper showed stein necrosis. From the infectivity test of 

inoculum on Zucchini squash indicated positive reaction were
 

occured for both vaccine and challenge inoculation.
 

The prut'ection experiment with crude sap showed that the 

vaccine can protect peppers from severe strain infection. 

However, some of vacccinated plants exhibited symptoms. The 
possible reason of this fact is the inhibition of satellite 

multiplication at lower temperatures. 

3. Reaction of selected plant species to the candidate vaccine
 

The objective of this study is to determine the possibly
 

adverse influence of the vaccine on various commercial crops. 
Inoculum of the vaccine used was sap from infected tobacco
 

tissues homogenized in 0.03 11 phospate buffer (1/10 w/v). 
Results (table 2) showed that symptoms of CMV2 + CARNA5
 

on most of cucurbit plants were more severe that s .mptoms 

caused by CMV2 only. Local symptoms on V.i.g".na; raciata and 

Clhenopodiuait juinoa were also intensified by the presence of 

CARNA 5. This finding is not common for most CMV + CARNA 5 
reported from other countries. In China (Tien Po et. al., 
1987) the vaccine could reduce the symptoms caused by CMV on 

various plant species from different families. [n our case 
perhaps low ratio between satellite and CMV-2 in the inoclunM 
and low temperature in the screenhouse during the :xperiment 

are the possible reason. More plant species should be tested. 
A purified or partial purified vaccine s:.hould be i sod for 
further tests. 
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-----------------------------------------------------------

---- ------------------------------------------------------

Selected Crop Species to Inoculation
Table 2. Reactions of 

with CMV-2 Without and With CarnaS
 

..........------------------------------------------------------

S y at p t o n
 

-

Plant species 


CMV-2 CMV-2 + CARNA 5
 

- Vygnd 1'adidtd LL LL +
 

CUrlil.jS sa ti Vus
 

(Lokal Cianjur) Cl M + 

- Cs, M( Armenian ) 

Cs, M 

- Cs, M 
- C. mveo Cantalope Cl 

- cumtlUis"') 

- O'jcurbitd'epo
 

Cs, M 4.(Zucchini squash) Cs 
Cs 	 Cl, M - 6'ucur'i // a.Xiliad 

-. ico tid',w td/,dc'um 

(Ha'ana) YM Cl
 

- Cien opodiur quinod LL LL +
 

LL = local lesion, M mosaic, - - no symptom, YM = Yellow
 
chlorosis, + = Intesified.
mosaic, Cs = chlorotic spot, Cl 


induce symptoms on Pliaseolus
Both inocula 	could not 
 edro t'vulga ris, Vig'.na sesquipeda 1 "s, ap.iu/rn gra V~oldns, Oducus 

Looffa cyLnIdrica,Cucurbita tnosc/iatd, Noiardzca cha'antea, 

t*itrulus lanatus, Lycopersicot esculentuln, Solanuin tuberosulm, 

corn), B'dssicd oletacea, 0'.S. ivelonqena, Zea imays (Sweet 

c/;'hnet's s, c/tl.ysant.:ernum stlp, .4 "ulufistulosuni.
 

Effects of CMV 	vaccine to PVY and Indonesian CVMV
4. 


showed the possible synergism between
This experiment 


the vaccine with c',her pepper viruses such as CVMV or PVY
 

: Effects of CMV Vaccl-ne to The Infection of PVY and
Table 3 

Indonesian CVMV on Pepper, Segunung 1990
 

Fruit yield Yield increase
Treatment 	 Disease 


index *) 9/plant (1)
 

0.33 965.5 	 + 11.6Vaccine+O 

1.92 479.8 	 - 44.5Vaccine+CVMV 

0.13 899.0 	 - 3.9Vaccine+PVY 


0 41CVMV 1.75 
 635.5 	 - 26.5 

0.17 501.0 	 - 42.10 + PVY 

865.0
0 (Control) 0 


-7--------------------------------

Disease index 0 - 5
 
0 = no symptom. I = ::nlorosis, 2 = mild mosaic
 

3 = fifty percent of plant showed mosaic
 

= mosaic, leaf malformation and stunted
 

5 - severe symptom : mosaic, heavy necrosis and died
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(Table 3). Infection of CVMV alone or together with Llhe
 

vaccinu induced the highest disease indice, but the disea.;e
 

index was sligthly lower if only CVMV alGne. Tr;'nsitory
 

symptoms apoeared on some vaccine t;-eated plants. On the 
other hand the vaccine exhibited antagonistic reaction
 

against PVY, and had considerable protective capability to
 

this virus infection.
 

i. 	Field Tests of CMV Vaccine
 

These experiments would show the efficacy of vaccine in
 

natural condition. Pepper plants were cultivated according to
 

local farmer's cultural practices. Before transplanted in the
 

field, 3-4 weeks old seedlings were vaccinated, and two week%.s
 

later they were planted in the soil.
 

1. 	Control of CMV disease on pepper cv. Cipanas using
 

satellite mediated cross protection under controlled field
 

a 

screen tunnel. Four treatments were applied namely vaccine of 

CMV2 + C5, vaccinated then challenged with common severe CMV, 

This experiment was implemented as micro plots under 


(no vaccine and
inoculated with common severe CMV and control 

Table 4, indicated that
 no 	challenger). Results summarized in 


could protect pepper plants from superinfection
CMV vaccine 

the severe strain, even from other natural virus infection
of 


(compared with control). Pod production of vaccinated plants
 

was the highest, while pepper plant infected with severe
 

strain showed the highest disease intensity and the lowest
 

height arid the lowest pod production.
 

Pepper cv. Cipanas under
Table 4 : Influence of CMV Vaccine on 

Controlled Field Condition
 

Disease Plant Increase Fruit Increase
 

Treatment intensity height of height yield of yield 

(%) (cm) (%) g/plant (%) 

b +22.8
Vaccine 0.0 a *) 100.2 b + 11.3 239.4 


Vac+sev.CMV 5.0 a 92.6 
b + 1.8 195.9 b + 0.5
 

b 67.9 a - 25.3 99.2 a -49.1
Severe CMV 75.3 

0 194.9 b 0
Control 8.7 a 90.9 b 


*) rhe -same letter indicated not significant different at 5' DMRT 

2. 	Effect of CMV vaccines on field grown pepper
 

Field experiments were done in different locations using
 

some CV--vacines arid some cultivars. 
Results were summarized
 
iLn table 5. Expression of the plants varied among locations
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Table 5 : Influence of CMV Vaccine on Oi:&ease Intensity and
 
Field Production of Pepper (1990/1991)
 

Location and Treatment Disease Fruit yield Yield 


pepper cultivar intensity ky/lO plants [iicr'aso 

a. Lembang
 
cv. 	Tit Super Control 2.30 2.337 0
 

CMV2 + C5 4.38 2.697 + 15.4*
 
CMV4 + C5 4.60 2.447 + 4.7
 

CMVS + C5 3.03 2.562 + 9.6
 

b. Subang
 
cv. 	Barito Control 34.7 0.937 0
 

CMV2 + C5 33.9 1.524 + 62.63",
 
CMV4 + C5 31.4 1.067 + 13.84
 
CMVS + C5 	 30.5 1.220 + 30.18
 

c. Tegal
 
cv. 	Jatilaba Control 24.64 0.090 0
 

CMV2 + CS 30.82 0.096 + 7.01
 
CMV4 + CS 27.77 0.117 + 30.08
 
CMVS + C5 27.96 0.095 + 5.98
 

d. Madura
 
cv. Jatilaba Control 53.41 1.113 0
 

CMV2 f C5 53.52 1.289 + 15.77*
 

CMV4 + CS 54.79 1.200 + 7.84
 

CMVS + C5 52.84 1.279 + 14.90
 

e. Bekasi
 
cv. 	Cipanas Control 28.93 1.305 0
 

CMV2 + C5 16.00 1.847 + 41.5*
 
CMV2+C5,chal 17.75 1.472 + 12.7
 

Challenger 19.09 1.317 + 0.9
 

f. Segunung
 
cv. 	L 1603 Control 19.82 2.414 0
 

CMV2 + CS 12.41 3.146 + 23.2*
 

cv. L 2175 Control 12.18 1.998 0
 
CMV2 -rC5 6.89 1.628 - 18.5
 

cv. L 1559 Control 20.53 1.880 0
 
CMV2 + C5 11.83 2.324 + 23.6*
 

cv. L 1689 Control 37.48 0.716 0
 

CMV2 + C5 20.28 0.750 + 4.7*
 

cv. L 2320 Control 24.52 1.486 0
 

CMV2 + C5 11.21 2.818 + 89.6*
 

cv. L 1492 Control 28.46 2.126 0
 

CMV2 + C5 22.02 1.516 - 28.6
 

cv. Jatilaba Control 11.00 2.344 0
 
CMV2 + C5 8.25 2.788 + 18.9*
 

cv. Cipanas Control 20.98 2.064 0
 
CMV2 ' C5 12.76 2.702 + 30.9*
 

cv. 	Hot Control 28.25 2.708 0
 

Beauty CMV2 + CS 21.99 2.654 - 1.9
 

cv. 	 Keritirng Control 22.53 2.156 0 
genjah CMV2 + C5 21.80 2.292 + 6.3* 

CMV2 + C5 showed better protection 
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and pepper cultivar. It: may be due Lo different: coiidit:ions 

and other cinterferences (othcr diseise_ and pests) i) e.ii, 

CMV- In Subang, Tegal and [ekaisi experimenL plots were highly 

attacked by nhitc and thrips. However, comIpxrini to cottrol, 
vaccination always gave better fruit yielIs, except: in 

Segunung for cultivar LV 2175. LV 1492 and I-lot Beauty. IIn 

general, vaccine of CMV 2 + CARNA 5 was better Lhan two 
others (CMV4 4- CARNA 5 and CMVS + CARNA 5). 

On-farm research should be continously carried out to 
support the improvement 01 the method in large scales. The 

variability of pepper ciltivars grown by farmers and the 

differences of micro climatic conditions in pepper- growing 

areas are the main consideration to establish succesful 

application of the vaccination. Besides that, the next future 
work has to be concentrated in how to develop methods of rapid 

propagation of the vaccine to be used as a ready-product for 

farmers. 

IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER
 

Peppers are grown in large range of climate from lowland 
to highland in Indonesia. In 1987 pepper production areas 

recorded was up to 264,000 hectares (Dir.- Bina Prod., 1987), 

and the average yield around 2 ton/Ha. It was very low 

compared to its potential yield 8-15 ton/Ha. 

Until now virus diseases on pepper is the second. 

important problem aFter fruit-rot antracnose. Cucumber mosaic 

virus has been one of the major constraints in pepper prodic

tinn in Asean countries. The application of biological control
 

by using protective CARNA 5 against CMV on peppe -s would be
 

very useful in the field in which this virus, is prevalent. It
 

may be useful for other pepper virus like PVY. This find*ing 

is not only beneficial for Indonesia but also for other
 

countries which have similar problem.
 

At this moment the field tests of CMV-vaccine has not 

been completed due to interference by other factors, so the
 

application trials of the vaccine should be continously 

through integrated plant protection with other approach to
 

establish a sustainable of vaccination. A consistent result 

of large scale trials will warrant to get the proper applica

tion of vaccine. 
as the
The researhers involved in this project and LEIHRI 


primary Indonesian Goverment Institute for horticultural 

crops have taken benefits of the technology transfer during 

the project period in terms of the improvement of knowledge 

and 's-upporting equipment for research purposes. This 

project has generated a conceptual consideration for 

developing biological control of other plant.virus diseases. 

The virologisL- of the institute have obtained additional 

capacity of research methodologies and technologies of
 

molecular plant viruses. The project provided a first opening 

towards the newly emerging biotechnologies. In the longer 

termn this could also mean that Indonesian scientists within 
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their own agricuittural recearcli organizaLions would have an 
incert-ive to cooperaLe iii this; mole baLsic efforts will tlhe 
U.S. institutions. 

PROJECT ACTIVITIES/OUTPUTS
 

A. 	Meeting/Training
 

a. 	Overseases Training and Seminar
 

Date and place Title 	 No. of LEHRI's
 
participant
 

Jun.88 - Jtll.89 Molecular plant virus 1 
USDA Maryland, US 

May 31-Jun.27, 89 Workshop of pepper 2
 

AVRDC, Taiwan viruses
 

June 5-July.17,39 Molecular plant virus I
 

USDA Maryland, US and TNA analysis
 

Oct 1990 ( 3 wks ) Training of plant viruses 2 

AVRDC, Taiwan 

March 15-J., 1991 AVNET ; Pepper viruses 1
 

Kualalumpur
 

b. 	Local Iraining / Seminar of Using Viral Satellite for 

Controlling CMV 

1. 	November 24-26, 1987 in Surabaya : Congress of Indonesian 

Phytopathological Society IX. Speakers : Duriat and Sulyo. 
Participants attended 40 persons. 

2. Februari 10-24, 1988 in Lembang, Bogor, 	Yogya and Malang. 

Seminar - Viral Satellite of CARNA 5. Speakers : Kaper, 

Duriat, Muharam. Participants attended 30-40 persons.
 

3. 	December 7-9, 1989 in Denpasar, Bali. Congress Indonesian
 

Phytopathological Society X. Speaker : Sulyo, Duriat, 

Sutarya-. Participants attended 40 person

4. .March 1990 Segunlrn'. Training : Analysis.3-9, in TNA 
]ns -ructor : Kaper and SUIyO. Participants attended 3 
per-sor fromla LEHRI. 

5. 	 March 10, 1990 in LEHRI, Lembang. Seminar - Progress 
ReporL of CMV Research, and Successes of Recent Field 
lest of CARNA 5 in Italy. Speaker : Duriat and Kaper. 

Participant attended 20 person from LEHRI and ATA-395 
Project . 
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MMarcl I .. , 1990 in USAID Jakarta. Sont irar :F-rogru-:-. I'epor t 

of CMV Research. arid SaLel li t.-mediaL ed Symptom 1l-oiI iatiOin 

Sjleaker : Kaper and Duriat. Pa-ticipailiLs attended / i)1-on 

7. 	 June 11-December 11. 1990 iii AARD. Bogor- Training : Flant, 
Biotechnology. Instructor : Duriat, Sulyo and Sutarya. 

Participants attended 12 person from other Research 
1risti tutes. 

8. 	 September 8-10, 1990 in Balittas, Malang. Seminar 
Control of CMV using CARNA 5. Speaker : Duriat. 
Participants attended 30 person from Tobacco Research 
Institutes.
 

9. October 1, 1990 - February 28, 1991 in LEHRI, Lembang. 

Training Purification of Virus and Vaccine CMV. Instructor
 

Duriat and Sutarya. Participant attended 1 person from
 

Tobacco Research Institutes (Balittas) in Malang.
 

on
10. 	May 16-30, 1991 : in Bogor : Regional Training Course 


Screening against Disease and use of Biotechnology for
 

Detection of Pathogens. Speaker : Duriat. Title of presen

tation: The use of Biotechnology of Crop Disease management
 

The case of CARNA 5. Participants attended 25 persons from
 

Asean Countries.
 

1.1. May 21-24. 1991 in Bogor : Workshop on Agricultural 
biotechnology. 	 Speaker : Duriat. New approach of plant
 

on
Biotechnology for controlling Cucumber Mosaic Virus 


Pepper. Participants attended about 110 persons from 
various institution in Indonesia and other countries.
 

c. 	Technical Assistance (1.60 PM)
 

1. 	February 3-26, 1988. Technical Assistance : Dr.J.M. Kaper.
 
Institution : USDA. Expertise Biochemist. (0.80 PM).
 

22 	 - March 15, 1990. Technical Assistance2. 	February 
Dr.J.M. Kaper. Institution : USDA. Expertise Biochemist. 

(0.80 PM)
 

B. 	Publications
 

A.S., Y_ Sulyo, and Agus Muharam. 1988. .. 	 Duriat, 
of 	 CMV on field-grown
Distribution and prevalence 


peppers and tomatoes. Internal Report LEHRI. 

arid 	R. Sutarya. 1990..uriat, A-.S., Y. Sulyo, Agus Muharam 
anBiological control of cucimber mo-saic virus (CMV), 

important disease-causing agent on horticultural crops 
Lembang,in Indonesia. Presented at a seminar in LEI4RI, 

10 March 1990. 
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3. Duriat. A.3. 1989. Status of pepper virus dimeases in 
Workshop in 

AVRDC Sian Hua, Taiwan. 
Indonesia. Presented at The germp laslI 

4.. Sulyo, Y. 1989. Control of CMV on Tomato through Cross 

Protectioil (Pengendalian CMV pada to,,at dngan proteksi 

s-,.ilang), Proc. 10 th Congress IPS, Denpasar, Bali.
 

A.S. 	 Duriat. 1989. Preliminary study5. 	 Sutarya, R. and 
Berlian (UjiEfficacy of Vaccine CMV-2 on Tomato Variety 


Pendahuluan vaksin CMV 2 pada tomat 
 Berlian). Internal 

Report, LEHRI.
 

6. Duriat, A.S. and R. Sutarya. 1989. The Influence of CMV
 

Variety Keriting and Barito 

isolat CMV terhadap pertumbuhan (Jan 
Vaccine on Host Pepper 

(Pengaruh vaksin dan 
cabe 	varietas keriting dan Barito). Bull. Penel.
produksi 


Hort,LEHRI (in press).
 

7. 	Purbadi, supervised by Y. Sulyo. 1990. Effect of The CMV 

Vaccine Inoculation on The Disease Index of CVMV and 

PVY in Peppers (Pengaruh vaksin terhadap infeksi CVMV 

PVY pada Cabai). Thesis, Sekolah Tinggi Pertanian,
dan 

Bandung, West Java.
 

8. Duriat, A.S. and R. Sutarya. and N. Gunaeni. 1990. Respons
 

of 	 33 selected accession of hot peppers to the inocula

them. Internal Report, LEHRI.
tion 	of CMV, PVY and mix of 


Sutarya 1991. Virus Diseases
9. 	Duriat, A.S., Y. Sulyo and R. 


Research of Pepper. Paper presented in mid-term Workshop
 
Cameronof Asean Vegetable Net-Work. March 15-16, 1991 in 

Highlands Malaysia.
 

10. Sulyo, Y. 1991. Satellite RNA for CMV Diseases Protecti-


Sending to IMPACT, Scientific magazine in AVRDC.on. 
Taiwan.
 

1.. Sulyo, Y and Suyatno. 1990. Effect of The Candidate
 

Internal Report.
Vaccine on Selected Crop Species. 


and E. Korlina. 1991. Vaccination12. Sutarya, R., A.S. Duriat 
Pepper plant cv. Jatilaba in
of Weak Strain of CMV on 


Kramat, Tegal (Vaksinasi dengan menggunakan strain lemah
 

cv. Tit Super di Kramat, Tegal).
CMV pada tariaman cabai 


Manuscript for. Bull. Penel. Hort. 1991. 

Duriat and H. Gunaeni. 1991. Influence13. Sutarya , R., A.S. 
Three Weak Strain of CMV on Pepper cv.
of Vaccination of 


Barito in Subang (Pengaruh vaksinasi dewlgari mengguriakaii 

strain CMV lemah pada tanaman cabai varietastiga macam 

jatilaba di Subang). Manuscript for. Bull.Hort. 1991.
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1.4. 	 Sulyo. Y. , (. Muharam, S3uyatno. 1991. Control of CMV 

Disease on F'epper by Using Satellite Mediated Cross 
Protection. Manuscript for. Bul. Penel. Hort. 1991.
 

15. 	Sulyo, Y and Suyatno. 1991. Effectivity of Three Different
 

vaccines on CMV disease Protection on Field Grown Peppers
 

Internal report. 

16. Duriat, A.S., R. Sutarya and E. Korlina. 1991. Influence 

of CMV Vaccine on Pepper in Margahayu Lembang (Pengaruh 

penggunaan vaksin CMV pada cabai di Margahayu, Lembang). 

Manuscript for Bul. Penel. Hor. 1991. 

17. 	Duriat, A.S., Y. Sulyo., R. Sutarya and A.A. Asandhi.
 

1991. New Approach of Plant Biotecnology for Controlling
 

Cucumber Mosaic Virus on Pepper. Paper presented in
 

Workshop on Agricultural Biotechnology, CRIFC Bogor May
 

2.1-24, 1991. Indonesia
 

18. Sulyo. Y., A. Muharam., R.Sutarya and A.S. Duriat. 1991.
 

Effect of CMV vaccine on 10 hot pepper varieties. 

Manuscript for the Congres [PS XI in Ujung Pandang. 

Indonesia 

PROJECT PRODUCTIVITY
 

LEHRI requested USAID to extend the project assistance
 

completion date (PACD) from December 31, 1990 to June 30, 1991
 

in order to enable LEHRI to complete the planned project
 

objectives which were, at that time, behind schedule due to
 

the delays in the procurement of majcr laboratory equipment
 

and technical problem of the main unit of ultra centrituge.
 

Unfortunatelly, USAID did not approve this request. this 

project had previously been extended twice. Since September 

1.990, most of the laboratory activities stopped arid were 

succeded by field trials to evaluate candidate vaccines. 

Not 	 all the proposed objectives of the project
 

activities during the life of tire project: were achieved 

successfully such as RNAs extraction and separation of 

CARNA 5. However most of the activities were accomplished.
 

Although it is realized that CMV is the important
 

results of the field trial-s.
disease-causing agent of peppers, 


clearly showed that natural virus infection was not caused
 

only 	 by CMVbut also by other viruses in addition to suckin<. 

insecL and other diseases. The vaccine was able to protect 

the plants against CMV and to inhibit PVY inifection, but wa, 

riot effective against other pepper-infecting viruses- rhe 

field trial in Madura exhibited a phenomernon that inter

cropping of vaccinated peppers with other crops such a: corn 

decreased the infection of other aphid-transinited viruses 

( o:Iheto 10).1 
Studyiirq of CMV-RNAs and integrated efforts of the vac

cinration witi the cultural techniques and control measures of 

aplid vectors is interesting to be further studied. 
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Photo 10 	 Corn incombination with CMV vaccine
 
may reduce the infestation of other
 
sucking insects.
 

FUTURE WORK
 

LEHRI continues research activities related to the
 

production of the vaccine and the application of the vaccina

tion at the farmer level. To support a smoot flow of techno

logy transfer from the institute to pepper growers in terms of
 

the vaccination concept, the involvement of the private
 

sectors and other agricultural institutions such as Education
 

and Extension Service is essential.
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