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BIOLOGICAL CONTROL OF CUCUMBER MOSAIC VIRUS
 

(936.5542.5.254)
 

PROJECT ASSISTANCE COMPLETION PROJECT
 

INTRODUCTION. 

This Project Assistance Report for the PSTC Project, Biological Control of Cucumber 

Mosaic Virus, has been written to fulfill the requirements of section B.4 of Handbook 
No.3, Appendix 14 A. Chapter I contains a Project Overview consisting of the project 

background, purpose, inputs and administration. Chapter II discusses the current status 

of three project components -- technical assistance, procurement of commodities, and 
research activities. Project input contributions made by the AID are indicated in 

Chapter III. Chapter IV describes project accomplishments including achievement of 
project outputs and the project purpose. Chapter V presents the AID 's post-project 

monitoring responsibilities and evaluation. Lessons learned from the project are 

summarized in chapter VI. 

A list of cited references is presented in Attachment I. The references include the 

principal investigator' s progress reports and USAID project documents. 

I. PROJECT OVERVIEW. 

BACKGROUND. 

Cucumber Mosaic Virus (CMV) causes plant diseases which are spread widely in various 
countries throughout the world. Research reports indicate that the virus has an 
extremely wide host range and affects some 775 plant species of 85 families (Douine et 
al. cit. Kaper, 1983). Virus identification studies carried out by the principal investigator 

show that in Indonesia CMV is frequently found in horticultural crops, especially pepper 

and tomato--two important commodities in the country. Crop yield reduction of seven 
pepper cultivars which were inoculated with CMV at 5 weeks of age under screen-house 

conditions varied from 30% to 75%. 
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Several methods for controlling CMV in pepper plants have been tried, for example, the 
use of mulches of aluminium foil and plastic sheets, and pesticides. However, such 
methods do not completely protect the plants against the aphid-borne CMV. 

In this context, A.I.D. provided a PSTC grant to the Lembang Horticultural Research 

Institute (LEHRI) to control the cucumber mosaic virus in horticultural crops through 
vaccination of crops plants in the seedling stage. The Grant Project Agreement to 
implement the Biological control of Cucumber Mosaic Virus Project was signed on June 

9, 1987. 

PROJECT PURPOSE. 

As defined in this Grant Project Agreement, the purpose of the project was to develop a 
"vaccine" which can be applied to horticultural crop plants in the seedling stage. This 
vaccine will consist of live CMV and its associated satellite, isolated from an indigenous 

source, and will be designed to produce vaccination against CMV infections. 

PROJECT INPUTS. 

The total project grant inputs of US$ 149,328 from AID were to fund Technical 
Assistance, Commodities and Supplies, Travel, and Other Costs/Overhead. No 

counterpart inputs from the grantee were required under this project. 

PROJECT ADMINISTRATION. 

The project was implemented by the Lembang Horticultural Research Institute 
(LEHRI), with overall responsibility for general guidance and implementation vested in 
the Director of this institution. Day-to-day implementation was carried out by Dr. Atie 

Sri Doeriat, Principal Investigator, attached to LEHRI. 

II. CURRENT PROJECT STATUS.
 
The Grant Project Agreement was signed on June 9, 1987. The Project Assistance
 

Completion Date was December 31, 1990, and the Terminal Disbursement Date (TDD)
 

is September 30, 1991.
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COMPLETION OF PROJECT COMPONENTS. 

Project components included Technical Assistance, Commodities and Supplies, Travel, 

and Other Costs/Overhead. 

1. Technical Assistance. A total of 1.6 person-months (pm) of technical assistance 

from USDA was provided as indicated in Table 1. 

Table 1. Technical Assistance. 

Co-Principal 
Investigator Assignment Period of service P.M. 

1.Dr. J.M. Kaper Biochemist February 3-26,1988 0.8
 
USDA
 

2.Ditto ditto Feb.22-March 15,1990 0.8 

Total 1.6 

The Co-Principal Investigator was involved in assisting the Principal Investigator in 

implementing the biotechnological phase of project. This included "vaccine" preparation 

and testing, biochemical monitoring of disease resistant plants via total nucleic acid 

analysis, and checking the adequacy of major instrumentation (ultracentrifuge plus rotors, 

monitoring equipment, polyacrylamide gel electrophoresis). This person also conducted 

presentations on "Satellite Protection Technology for the Biological Control of CMV 

Disease in Tomato" and on "Satellite-Mediated Symptom Modulation: An Emerging 

Technology for the Biological Control of Viral Crop Disease." The first presentation was 

conducted at LEHRI, the latter was presented at USAID. 
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2. Commodities and Supplies. During the life of the project, a micro-computer 

plus associated equipment, miscellaneous laboratory equipment/glassware, and chemicals 

were purchased as shown in Table 2. 

Table 2. List of Equipment Purchased Under the Project 

Description 

Micro-computer:
 
- CPU 1MB, 21 H7 

- Color Monitor Super VGA 

- Harddisk 40MB 

- Printer Epson LQ 1050 

- Plotter Roland DXY 1100 

- UPS Elza 500 watt 

- Table 

- Chair 


Beckman Ultracentrifuge 
Beckman Rotor 
Beckman Fraction Recovery Sys. 
Beckman Microfuge-E 
ISCO Fractionator 
ISCO Absorbance 
ISCO Flow Cell 5 mm 
Stainless Steel Flask 
Blender 1 litre 
Power Supply 
Electroproresis Apparatus 
Waterbath Memmerth 
Tube Topper Sealer 
Container Liquid Nitrogen 
Screen House Frame 
Harddisk 20 MB 
Laboratory glassware 
Chemicals 

Unit 

1 

1 

1 

1 
1 

1 

1 

1 

1 

2 
1 

1 

1 
1 
1 
2 
2 
2 
2 set 
1 
1 
2 
1 set 
1 
-

Condition 

good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 
good 

Marked With
 
AID Emblem
 

yes 
yes 
n/a 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
n/a 
n/a 
n/a 
n/a 
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Table 2 shows that the equipment is still in good condition, useable, and that the 

equipment has been marked with AID emblems. 

III. PROJECT INPUT CONTRIBUTIONS.
 

The Grant Project Agreement called for grant project inputs of US$ 149,328 from AID.
 

Total AID cash contribution was US$ 136,353. This represents 91 % of the total
 

planned AID budget of US$ 149,328. Although the Grant Project Agreement did not 

require any counterpart budget from the Lembang Research Horticultural Research 

Institute, it was estimated that, during the life of the project, LEHRI made in-kind 

contributions of Rp.58,000,000 or US$ 33,142 1)for office and laboratory space, and 

staff time. 

The AID planned versus actual funding contribution is presented in Table 3. 

Table 3. AID Funding Contribution (US$). 

Project Component Planned Actual % 

Local Salaries 17,000 16,953 99 
Equipment & Supplies 71,728 71,537 99 
Travel 44,200 40,441 91 
Research in Indonesia 11,500 5,746 50 
Other Cost and Overhead 4,900 1,676 34 

T o ta 1 149,328 136,353 91 

1)USAID Project Officer estimate based on observation at the Lembang Horticultural 
Research Institute's project facilities. The dollar value was based on the exchange rate of 
1US$ = Rp.1,750 due to the exchange rate fluctuations during the life of the project. 



6
 

IV. 	 PROJECT ACCOMPLISHMENTS. 

ACHIEVEMENT OF OUTPUTS. The Grant Project Agreement called for eight 

major project outputs: 

1) Survey of plant tissues with virus-like symptoms in principal horticultural regions 

in Indonesia; 

2) Identification of: a)host range and symptomatology tests, b)serological test against 

CMV antiserum, and c)determination of CMV strain;
 

3) CMV purification;
 

4) RNA extraction and characterization of CMV and identification of different
 

variants;
 

5) Selection of variants and RNA combinations;
 

6) Biological control testing under controlled environmental conditions and
 

characterization of selected vaccine; 

7) Field tests of vaccine on important horticultural crops; and 

8) Selection of host plant for developing a commercial vaccine supply for farmers. 

Work related to these outputs has been accomplished. During the first year of project 

activity, the Principal Investigator and her associates completed the initial field surveys to 

establish the relative distribution and prevalence of CMV on important Indonesian 

horticultural crops -- pepper and tomato. Evaluation of vaccine was completed. This 

included the following activities: a) bioassay of virus and vaccine preparation brought 

from the U.S.A., b) evaluation of vaccine for CMV disease protection on pepper, 

c) satellite protection to control CMV on bell and hot pepper, d) vaccine protection to 

control CMV on two cultivars of pepper, e) testing on the effect of vaccine on chili, 

pepper in the fields, f) testing the efficacy of the vaccine on selected crop species, and 

g) studying the effect of mixed infection between vaccine plus PVY, and CVMV. 

Research on response of some hot pepper varieties and lines to inoculation with CMV, 

PVY and combination of these viruses was completed. Multiplication and purification of 

vaccine was also conducted. Field trials in five different locations troughout Java were 

conducted of the improved vaccines against CMV. 
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A copy of the final report by the Principle Investigator entitled "Biological Control of 

Cucumber Mosaic Virus (CMV), An Important Disease Causing Agent of Horticultural 

Crops in Indonesia" is attached to this Project Assistance Completion Report for more 

details (Attachment II). 

ATFI'INMENT OF PROJECT PURPOSE. There was no project evaluation 

during the life of the project given the life and size of the project. Notes of periodic 

visits made by the AID backstop project officer to the project site, and information from 

the Principal Investigator, however, indicate that the grantee demonstrated a constant 

commitment to the project and its purpose. However, reports of the U.S. Co-Principal 

Investigator show that the project lost six (6) months in attempts to deal with the 

problems of technology transfer from the U.S. to an Indonesian setting. This was true 

due, to some extent, to the late delivery and technical problems of setting up the 

ultracentrifuge which is very vital for producing the vaccines to control CMV. As a 

result, the Principal Investigator was not able to produce purified vaccines to control 

CMV. 

It is important to note that although the project ended on December 31, 1990, the 

principal investigator is still committed to this research area. Using the remaining 

chemicals bought under the project, the principle investigator still carries out research, 

work in this area. In addition, LEHRI received budget support from a Dutch supported 

project to continue some research activities in this area. 

Although there was no study on the impact of the project towards farmers income, 

information from the Principal Investigator indicated that the project has potential to 

increase farmers' income, provided that farmers apply the technology properly as 

recommended by the project. Also, there was a private company who showed their 

interest in commercializing the technology. 



8 

V. POST-PROJECT AID MONITORING RESONSIBILITIES AND EVALUATION. 

Besides implementing the Biological control of Cucumber Mosaic Virus Project, the 

Lembang Horticultural Research Institute has received a short-term training grant 

funded under the GPT II Project. The overall program, entitled "The Application of 

Bio-technology as the Basis of Seed Potato Production in Indonesia", will be completed 

in June 1991 -- thus AID will be able to monitor post-project activities of the Biological 

control of Cucumber Mosaic Virus Project at least up to that time. 

VI. LESSONS LEARNED FROM THE PROJECT.
 

A number of lessons have been learned from the implementation of the Biological
 

control of Cucumber Mosaic Virus Project. The Principal Investigator and the USAID
 

backstop project officer agreed that the following should be noted:
 

1. While recognizing that the small size of PSTC grants makes it difficult to 

include formal evaluations, it would be advisable for AID/W to include a 

requirement in PSTC grants for modest interim evaluations of PSTC projects to 

help ensure attainment of project objectives. 

2. It is important to establish close collaboration between public research centers 

such as LEHRI and private sector companies in order to disseminate research 
results on a commercial scale efficiently, and to assure project sustainability. 

3. Provisions need to be made in PSTC projects to ensure that the Principal 

Investigator does not need to spend an inordinate amount of time handling 

administrative/financial details. In the case of this project, project delays could 

have been avoided if such provisions were made. 
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EXECUTIVE SUMMARY
 

The overall objective of the research project is to
 
establish biological control of cucumber mosaic virus (CMV)
 
with using a CMV satellite, namely CARNA 5 (CMV-associated
 
RNA 5), on peppers. This research program was implemented by
 
A.S. Duriat, Y. Sulyo, R. Sutarya and A. Muharam. 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.
 
LEHRI and a Ducth supported project (ATA-395) also contributed
 
financial support for field tests especially after December
 
1990 in order to complete the trials.
 

All rersearch activities related to the production of
 
vaccine, 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. .owever , 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 o'f
 
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 
Aphis gossvpi! and Yvzus pet-sicae (Kennedy et al., 1962). In 
addition, CMV disease is seed-borne in certain plants 
(Mandahar, 1978). This virus causes severe losses in many
 
horticultur-al crops. The Prime example is pepper, which lack
 
genetic sources of CMV resistance (Greenleaf, 1986). In our
 
-trialindicated that none of 49 accessions of pepper tested
 
for resistance to CMV so far has resistant trait (Sutarya and
 
Duriat, 1991; Duriat et.al, 1991). Because no effective
 
viricide has been developed to control viral crop diseases.,
 
s,.ch control of CMV has thus far been directed at the aphid
 



in the f"ideld fhi'­vectors by which CMV is tLrris, i LLed 


involves the use of incecticides, oil sprays arid reflcti.vec:
 

surf ace. Such methods are cumbersome, expensive, and cou l d
 

adversely affect human beings and/or beneficial insects.
 
This proposal, however, suggests using a novel approach 

towards controlling CMV disease in horticultural crops. It 

proposes to develop a "vaccine" which can be applied to crop 
i.plants in the seedling stage. This vaccine wil] consist of 

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 pepper in a larger scale, first under
 

controlled conditions, and later under field conditions on 

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

out in different geographically separated areas of high CMV
 

infestation throughout Indonesia. The results will be
 

evaluated in terms of decreased disease susceptibility of
 

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

the research will enable eventual dissemination of locally
 

oroduced vaccines to Indonesian farmers.
 

METHODS AND RESULTS
 

A. Methods 

Research activities were carried out 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
 

f:ields). 

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 hygroscopic material
 

for further investigation. Symptoms on each plant were
 

recorded.
 

b. Virus Indexing
 

All samples were serological tested by using enzyme­

linked immunosorbent assay (ELISA) against the CMV antiserum. 

Numbers of samples were also tested to other viral antisera
 

i.e. Potato virus Y (PVY), Tobacco etch virus (TEV), Tobacco 
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mosaic virus (THV), Alfalfa mosaic virus (AMV) and Chilli 

veinal mottle virus (CVMV).
 

c. Bioassay
 

Test plants used in this activities were :£vwwa,'a 

co'da'ta, CaPsicuffl &nn1UUl, Chenopodu/ al/5u/a? C.ama'ranticolor, 
e". /urale; Cucumis sa t-w V4s, Cucurbi ta pepo, 0atur. 

st r'aiorniurn, Gomp/rena globosa, Lycopers icont esculer tun, 
l ug ca, t/Vosa 

tabacum Havana 423, Al. taa culn White Burley, /V. ta,bacumn Xanthi 

n(c, PhkvsalIs angulata , P.. flor'idana, and Solanum meloargena. 

icandra pvsalodes, lvicotiana a /V . g lsu A'. 

Inoculation was conducted by using a mechanical method. 

d. CMV Isolation and Determination of Its Strains
 

Samples which positive to CMV were additional by treated 

w:ith consecutive inoculation through certain indicator plants 

to differentiate symptoms. The indicator plants used for 

isolating CMV were Cucurbita pepo (Zucchini) and A'. tabacum 
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 nm x Dilution factor 

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

f. RNA Extraction
 

CMV RNAS were isolated by means of phenol extraction 
of the purified virus in solution of 0.02 M Na-phosphate pH 

7.0 and 1 percent Sodium dodecyl sulphate (SDS) followed by
 

two cycles of ethanol precipitation. The following formula
 

was used to determine the RNA concentration
 

Abs. at 260 nm x Dilution Factor
 
RNA Cons.­

25 (extinction coef.)
 

g. Characterization of RNAs 

Characterization of RNAs was carried out by electro­

pliorosis:s of total RNA or degraded virus on a 2% composite 



pI I yovE&' "i .1ll l IO--, I i k " .lJl'V y (.-e l w -. 1 .1 ,.Lo ; ')(c.I". . t
 

Vol t. ath I.t 3 1,ur"&. ju -. t a1:teI tlh, I e c.oI1 ot
4 il) , 

Eromoplienol B ue 'l r eacho'd the bottlorii of the -eI I . fi'.
 
gel separated all clutiomic CMV RNA coriiporierts and alI ;o ; Io,'e.:::I
 
the present of CARNA 5.
 

h. Separation of Viral RNAs and CARNA 5
 

Total CMV RNA was loaded on sucrose gradier L 
ultracentrifugation. By means of top fractionation CARNA 5 i::­
separated from RNA 4 and RNA 123. According to the size each 
RNA was separated in different layer on sucrose in gradient. 
The fractionator read a different peak of each RNA. By 
collecting the peak and subsequent ethanol precipitation and 
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 with 5 ug/ml of S-CARNA 5 in
 
0.03 M phosphate buffer. Occurrence of satellite RNA on 
infected plants was analyzed by using the total nucleic acid 
analysis of White and Kaper (1988) at 1, 2 and 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,/10 sap of infected tissues. in
 
inoculation buffer. Symptoms developed on the vaccinated
 
plants which were challenged with or without severe strains
 
were observed.
 

Experinments were carried out in a glasshouse using pots.
 
with sterilized soil or in a nethouse in .which, treated
 
plants directly planted in the soil.
 

vi!
 



1. Effectivity of Vaccine on Field Grown Hot Pepper.
 

Thi- ,xper iraicraL would -sto%., the et f i cacy of vaccine iii 
n..itural cond ti on . Pepper plants were cul.Livated according t~o 
local farmer- practices. Before tranisplanted in the field, 3 -­
'1 weeks old seedings were 'vaccinated, anid two weeks later 
they were planted in the field. 

The experiments were executed in different location 
namely Segunung and Lembang for highland area, arid Subang, 
EBekasi, Serpong, Kramat and Madura. for lowland areas. 

B. Results And Discussion
 

a. Distribution and Prevalence of Viral Diseases of Pepper
 

Samples were collected from four different islands of: 
Indonesia. The symptoms of collected pepper samples varied in 
every location and time. In some locations symptoms were 
difficult to recognize due to symptoms caused by other 
damaging agents i.e insect pest and or fungal diseases. 
However, in the other areas symptoms were very distinctive, 
easy to recognize and to distinguish from other diseases 
(Photo 1). Mosaic, mottle, curling, defoliation, sinousity, 
necrosis. and rugose were considered to be virus symptoms. 
Common symptoms of CMV on pepper is chlorosis, elongated of 
leaves and sinousity (Photo 2). Sometimes may show slight
 
mosaic and puckering.
 

Photo 1 Pepper field of farmer in East Java.
 
Yellowing due to virus attack
 



Photo 2 Common symptoms of CMV on hot pepper
 
chlorosis, elongated of leaves ard
 

s inousi ty. 

About thousand samples from different locations were 
tested. Viral symptoms were identified by indirect Eliza Lest
 

as caused by CMV, PVY, TEV, CVMV and other viruses. Some
 
samples did not react with any antiserum but some reacted
 
with more than one antiserum. Sample with the same sympto.ir-m 
were sometimes diagnosed as having different viruses. These 
results might be due to different cultivars and differen; 
environmental conditions. 

Pepper viruses were widely spread throughout the
 

production areas. Viral infection were found 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 and other viruses.
 

b. CMV Isolation and Determination of Its Strains
 

From tissue samples tested, CMV was isolated from mix 
infection of other viruses by using consecutive in1oculation 
through Vicot'aia' tabacum Xanthi tc and AveurZl'ta'eo. 
Esolates of the virus obtained caused systemically chlorotic 
lesions on C. pepo, a specific or differential indicator 
plarit of CMV. 

Tlhese CMVs were grouped into 12 isolates. Cased on the 
intensity, type of symptoms arid incubation periods on their 
indicator plants they were determined into 6 types, namely 
CMV-1, CMV-2, CMV-4, CIIV-5-8-1O. CMV-11 arid CMV-12 (Photo 3) 
They were 4 i-solate!: out of 12 lost their infectivities. 



A' ,
 

Photo 3 :Symptoms of six isolates of
 
CMV on Nicotiana tatacun 
Xanthi nc
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c. Stimulation of Satellite RNA
 

Serial passage of six isolates on tabacco to develop
 
satellite RNA were tested by PAGE analysis. Results siiowed
 
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
 
isolates. The initial symptoms on CMV-2 without CARNA 5 were
 
mosaic and yellowing on tobacco. At every step of transfer
 
the intensity of symptoms was gradually reduced. These
 
symptoms were completely disappeared after CARNA 5 reach to
 
detectable level (Photo 4 and 5). When CARNA 5 containingj
 
CMV 2 was reinoculated to healthy tobacco induced very mild
 
symptoms or symptomless (Photo 6).
 

Photo 4. Stimulation of satellite CARNA 5 on serial
 
passage to tabacco Xanthi Symptom Of 
original CMV is attenuated by rising 
satellite from left to right 

N () 



a 	 b
 

i 
Uj 

Photo 5 Composition of viral RNAs of CMV.
 
a. 	From the plant with attenuated
 

symptoms, showed a peak of RNAs.
 

b. 	From the plant with original CMV
 
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 the
symptoms after 

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

the best helpers for CARNA 5 multiplication, so the further 
two isolates- Later on duestudies have been focused on this 

to 	the better response of CMV 2 vaccine, this strain becomes 

a higtest priority.
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d. Virus Purification
 

C-V-2 arid CMV-4 strains were propagated on several host 
plants arid harvested at 10 to 14 days after inoculation. Each 

virus inoculum was purified with Lot method. The results
 

indicated that the highest yield of purified CMV-2 was found 

from tobacco (table 1), while of CMV-2 + CARNA 5 from pepper 
and tobacco which harvested at 11 and 14 days after inocula­
t:ion respectivelly. The yield of CMV-2 and CMV-2 + CARNA 
from tomato was low. Tomato appeared to be not a good host
 

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

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

or without CARNA 5. 

Ta,.-ble 1 : Yields of Virus and Vaccine Purification 

Virus/ Propagative Harvest Virus yield Place 

Vaccine plant time (days) mg / kg 

CMV 2 Tomato (Ix) 12 13.78 USDA 
Tobacco (1x) 14 29.20 USDA 

Tomato (lx) 30 0 LEHRI 

Tobacco (7) 14-16 5.0-140.0 LEHRI 

CMV2+C5 Tomato (2x) 12 7.6-10.0 USDA 
Pepper (1x) 11 464.6 USDA 
Squash (1x) 8 16.34 USDA 

Tomato (Ix) 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 both
 

yields 4ere very low, concentrations were only 1.7 and 6.2
 

percent from the initial weight of virus. This activity wa;
 
done in USDA.
 

f. Fractionation of CMV RNAs and CARNA 5
 

CMV-2 + CARNA 5 from pepper plants was used in thi:: 

study. Genomic RNA 1,2,3. coat protein massenger RNA 4 and 

CARNA 5 were recovered from sucrose gradients by a mo... 
dification of Lot et al.(1974). Up to 508 ug of RNA were 

loaded on the sucrose gradient, roughly 25, 35, arid 40'. would 

be respectively CARNA 5, RINA-4 an.d RNA 1T2 and 3. Tis 

activity was done in USDA. 



g. Introduction of S-CARNA 5 into Indonesian CMV isolates
 

"u J L itrdi c::t. . . ., I . i i I ec:(: w itI-! ',-P: -. d it: 	 iL,- d IM 
,,I . o d I , p L O c. a I. on L e . ' j :-'. y.:. y iii 	 e ,.I I(:e 

irIocu [LiU. i.on CIARN¢t( wP.a' do L..-c Lc!d aL 2 weels al Ltu 
joci Iat i on - A: wee Is a 1 t:e r in ocu I ,t:at io , dou I t.tra ded 

CARIN(A 5 was detected. Ba:;ed on this result. both iso,-LLes calt 
:3i.[pporl S-CARNA 5 repl icati on -

Symptorwm, of CMV-4 infected tomato plant-- with or wILhout: 

C'RNA 5 were mild mottle- However, there were Lwo out of teri 
plants showed systemic necrotic symptoms. The necrotic 
reaction of those plants appeared to be cau;ed by mutantL 
or iicture of necrogenic CARNA5 with non-necrogernic S-CARNA 5. 

Symptoms of C1V-12 infected tomato plants wi thouL CARNA 5 

were mosaic and fern leaf- Some necrotic areas developed oil 

the leaves of the plants infected with CMV-12 with CARN- 5. 

The occurence of S-CARNA 5 affected the symptoms caused 
by CMV-4 or CMV-12. CARNA 5 tendcz to attenuate the symptom:. 
on plants infected by CMV-4. Most of the plants infected by 

CMV--4 showed mild to moderate symptoms. After introduci.rng 

C-RNA 5 to this isolate, the symptoms of infected plants 
became milder. In CMV-12, CARN,(- 5 intensifi ed the yeliowin9rl~ 

symptom on tobacco and pepper California Wonder. The necrotic 

symptonis, however, appeared to be eliminated, ard stunting 

was reduced by the presence of CARNA 5 on pepper infected 

plants. The symptom of CMV-12 on squash was also attenuated 

.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
 

The main objective of this experiment was to determine 

the shortest period of the vaccine to be ready to protec't 

plants from challenged inoculation. 
This experiment yielded that Bell pepper inoculated with 

CMV-2 alore showed severe mosaic and necrotic symptoms, some 

plants died. However, the plants which were vaccinated with 

(NIV-2 + CARNO 5 arid then superinfected Lv CMV-? in two weeks 

after vac'-ination (Photo 7) and four weeks after vaccination 
(l:-hoto 8) showed very mild or even no symptoms at all. 

Disease Index was not more than 1. It was diFficult to 

jud,q..e Lhe effect of challenged inocu lati on :it one week after 

vacc i r ation. Tle TNA analysis -exhibited that, C R'.A 5 could 
be detect-ed in r.e ai,oiri t at. L:his :-ta':ie- Th.s mean-, f rot:;­

,.ion b~eqari at 1eastJ onet week' al'.ton vac:c:n u 1 oie I:.,1 

e. Lp:rote-Lin .l.se rved 1 

vacciiaLiori. 
(A: b.r'a, ; dow r. " wa 	 II i ,rel:- af L.,I 
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Photo 7 	 Symptoms expression of 
pepper plant inoculated 
with CMV2 at 2 weeks after 
vaccination.
 

Left : without vaccine (VoC2)
 

Right: with vaccine (V1C2)
 

Photo 3 	 Symptoms expression of pepper planit 
inoculated with CMV2 at 4 weeks after
 
vaccinati on 
Left : with vaccination V1C4
 
Right: without vaccination VoC-1I 

2. 	Satellite protection for controlling CMV on bell and hot
 
pepper
 

a1.).. ioc.u 't iol of vaccine (CMV-2 4 C RN 
ji r- if iud onIEe 2k. tU,. i I i 0. 03 M Na2HP'0 ) arid criud:'Le 

H ected _ issue- I i ) i"r": of -­pepper

ac' i to II ai id HoL pepei at. 14 days afterr qcriria.:p ed 

Lio.Sal e pLh irf ectedrleedlin s wer c llaiicicd 



Results indicated that aliio::.L all treated plaritc (each 

treatment consisted of 50 plants) using purified vaccin(! 

looked healthy (Photo 9). One out of 50 treated plaritc, of Bell 

.4 

Photo 9 Almost no differences between unvaccinated
 

plant (VoCo, left) and vaccinated plant
 

(VICo, right)
 

pepper showed stem necrosis. From the infectivity test of
 

inoculum on Zucchini squash indicated positive reaction were
 

occured for both vaccine and challenge inoculation.
 

The protection experiment with crude sap showed that the
 

va: ccine can protect peppers from severe strain inection.
 

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 M phospate buffer (1/10 w/v).
 

Results (table 2) showed that symptoms of CMV2 + CARNAS
 
on most of cucurbit plants were more severe that symptoms 

caused by CMV2 only. Local symptoms on Vigna radiata and 

chlenaoodium quinoa 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 o, 
various plant species from different families. In our case 

perhaps low ratio between satellite and CMV-2 in the inoculum 

.nd low temperature in the screenhouse during the experiment 

are the possible reason-. More plant species should be tested. 

A purified or partial purified vaccine should be used for 

further tests. 

- 5^
 



Table 2. ~e.acion- of Selected Crop Species to Ifloculation
 
with CMV-2 Without arid With Carna5
 

S y II,p t o m 

Plant species--
CMV-2 	 CMV-2 + CARNA 5
 

- viga "ad"ata LL 	 LL + 
- Ck l/'nis stilvus 

(Lokal Cianjur) Cl 	 M +
 
( Arrenian ) - Cs, M 

- '. m&'&o Cantalope Cl Cs, M 

-- C'Uculnzs ).Sv- Cs, M 

-. 6"ucu"L'ta pepo 
(Zucchini squash) Cs Cs, M + 

- [ucur,'ta m1.Kdaa Cs Cl, M 
- icotana tabacum 

(Havana) YM Cl 
- C'heropodium quilao LL LL + 

LL = local lesion, M mosaic, - no symptom, YM Yellow 
mosaic, Cs = chlorotic spot, Cl = chlorosis, + = Intesified. 
Both inocula could not induce symptoms on Phaseolus 
vu]ga-ris, Vigna sesquipedalis, ,4pium graviolens, £aucus carota 
Cucurbt.a' mos c/IA ta, tYomardica c/Iartantea, Loofa cyv]indrica, 
Citlru Ju4s ]atia tus, Lycopersicon escuvlen turnt, Soianm tuberosuan, 
S. nelongena, a inays (Sweet corn), Brassica oleracea, 8. 
c/bhfnens is, Ch ,ysanthtenun spp, 11tZum f is tulosum. 

4. Effects of CMV vaccine to PVY and Indonesian CVMV
 

This experiment showed the possible synergism between
 
the vaccine with other pepper viruses. such as CVMV or PVY
 

Table 3 : Effects of CMV Vaccine to The Infection of PVY and
 
Indonesian CVMV on Pepper, Segunung 1990
 

Treatment 	 Disease Fruit yield Yield increase
 
index *) g/plant (o)
 

Vaccine+O 0.33 965. + 11.6 
Vaccine+CVMV 1.92 479.8 - 44.5 
Vaccine+PVY 0.13 899.0 + 3.9 
0 + CVMV 1.75 635.5 - 26.5 
0 + PVY 0.17 501.0 - 42.1 
0 (Control) 0 865.0 

Disease index : 0 - 5 
0 = no symptom, I = chlorosis, 2 = mild mosaic 
3 = fifty percent of plant showed mosaic 
-= mosaic, leaf malformation and stunted
 

I = severe symptom : mosaic, heavy necrosis and died
 



---------------- ----------- ----------------------
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(Table 3). Infection of CVMV alone or- together with the 
di- uase indice. but the diseasevaccine induced the highest 

index was sligthly lower if only CVMV alone. Transitory 
symptoms appeared on some vaccine treated 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 accor-ding to
 

local farmer's cultural practices. Before transplanted in the
 

field, 3-4 weeks old seedlings were vaccinated, and two weeks
 

later they were planted in the soil.
 

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

satellite mediated cross protection under controlled field 

This experiment was implemented as micro plots under a
 

screen tunnel. Four treatments were applied namely vaccine of
 

CMV2 + C5, vaccinated then challenged with common severe CMV,
 
(no vaccine and
inoculated with common severe CMV 	and control 


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

CMV vaccine could protect pepper plants from superinfection
 
even from other natural virus infection
of the severe strain, 


(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 and the lowest pod production.
 

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

Controlled Field Condition
 

Disease Plant Increase Fruit Increase 

Treatment intensity 
(%) 

height 
(cm) 

of height 
(%) 

yield 
g/plant 

of yield 
(%) 

Vaccine 0.0 a *) 100.2 	b + 11.3 239.4 b +22.8
 
b + 1.8 195.9. b + 0.5
Vac+sev.CMV 5.0 a 92.6 


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

90.9 b 0 194.9 b
Control 8.7 a 


*) 	The same letter indicated not significant different at 50 DMRT
 

2. 	Effect of CMV vaccines on field grown pepper
 

Field experiments were done in different locations usinrg 

some CMV-vacines and some cultivars. Results were summarized 

in table 5. Expression of the plants varied among locations 

0 



Table 5 : Influence of CMV Vaccine on Disease Intensity and 
Field F'roductiorI of Pepper- (1990/1991) 

Location and Ireatment Disease Fruit yield Yield 
pepper cultivar intensity kg/10 plants Increase

(%) 	 (%) 

a. Lembang
 
cv. 	Tit Super Control 2.30 2.337 
 0
 

CMV2 + C5 4.38 2.697 + 15.4*
 
CMV4 + Cs 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 + CS 53.52 1.289 + 15.77*
 
CMV4 + C5 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+CS,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 + C5 12.41 3.146 + 23.2*
 
cv. L 2175 Control 12.18 1.998 0 

CMV2 + C5 6.89 1.628 - 18.5 
cv. 	L 1559 Control 20.53 1.880 0
 

CMV2 + CS 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 + CS 11.21 2.818 + 89.6* 
cv. 	L 1492 Control 28.46 2.126 0
 

CMV2 + CS 22.02 1.516 - 28.6
 
cv. Jatilaba Control 11.00 2.344 0
 

CMV2 + CS 8.25 2.788 + 18.9*
 
cv. 	Cipanas Control 20.98 2.064 0
 

CMV2 + C5 12.76 2.702 4 30-9*
 
Cv. 	Hot Control 28.25 2.708 0
 

Beauty CMV2 + CS 21.99 2.654 - 1.9
 
cv. 	Keriting Control 22.53 2.156 0
 

genjah CMV2 + CS 21.80 2.292 + 6.3*
 

* CMV2 + C5 showed better protection 

<76 



and pepper cultivar. It may be due to different conditions
 
and other cinterferences (other diseases arid pests) beside:.
 
CHV. In Subang, Tegal and Bekasi experiment plots were highly
 
attacked by mite and thrips. However, comparing to control.,
 
vacciratiorn always gave better fruit yields, except in
 
Segunung for cultivar LV 2175, LV 1492 and Hot Beauty. In
 

general, vaccine of CMV 2 + CARNA 5 was better than two
 
others (CMV4 + CAthA 5 and CMVS + CARNA 5).
 

On-farm research should be continously carried out to
 
support the improvement of the method in large scales. The.
 
variability of pepper cultivars 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 produc­

tion in Asean countries. The application of biological control
 

by using protective CARNA 5 against CMV on peppers would be
 

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

may be useful for other pepper virus like PVY. This finding
 

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.
 

The researhers involved in this project and LEHRI as the
 

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 supporting equipment for research purposes. This
 

project has generated a conceptual consideration for
 

developing biological control of other plant.virus diseases.
 

The virologists 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
 

term this could also mean that Indonesian scientists within
 



their own agricultural research organizations would hive an 
incentive to cooperate in this more basic efforts with the 
U.S. insti tutions. 

PROJECT ACTIVITIES/OUTPUTS
 

A. 	Meeting/Training
 

a. 	Overseases Training and Seminar
 

Date and place Title 	 No. of LEHRI's
 
participant
 

Jun.88 - Jul.89 Molecular plant virus I 
USDA Maryland, US 

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

June 5-July.17,89 Molecular.-plant virus 1
 
USDA Maryland, US and TNA analysis
 

Oct 1990 ( 3 wks ) Training of plant viruses 2 
AVRDC, Taiwan 

March 15-16, 1991 AVNET ; Pepper viruses 1
 
Kualalumpur
 

b. 	Local Training / 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, Bo'or, 	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 8-9, 1990 in Segunung. Training : TNA Analysis. 
Instructor : Kaper and Sulyo. Participants attended 3 
person from LEHRI. 

5. 	 March 10, 1990 in LEHRI, Lembang. Seminar : Progress 
Report of CMV Research, arid Successes of Recent Field 
Test of CARNA 5 in Italy. Speaker : Duriat and Kaper. 
Participant attended 20 person from LEHR] arid ATA-395 
Project. 

http:31-Jun.27


6.. 	 March .L3, 1990 in USAID Jakarta. Seminar : Progress Report 

of CMV Research, and Satellite-mediated Symptom Modulation 
Speaker :Kaper and Duriat. Participants attended 7 person. 

7. 	June 11-December 11, 1990 in AARD, Bogor. Training : Plant 
Biotechnology. Instructor : Duriat, Sulyo and Sutarya. 
Participants attended 12 person from other Research 

Institutes. 

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.
 

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

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.
 

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

Biotechnology for controlling Cucumber Mosaic Virus on 

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).
 

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

(0.80 PM)
 

B. 	Publications
 

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

peppers and tomatoes. Internal Report LEHRI.
 

2. Duriat, A.S., Y. Sulyo, Agus Muharam and R. Sutarya. 1990. 

Biological control of cucumber mosaic virus (CMV), an 
important disease-causing agent on horticultural crops 
in Indonesia. Presented at a seminar in LEHRI, Lembang, 
10 	March 1990.
 



3. 	 Duriat. .S. 19891. Status of pepper virus diseases in 

at The germp l as, Workshop inIndonesia. Presented 

PVRDC San Hua, Taiwan.
 

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

Protection (Pengendalian CMV pada tomat derigan proteksi
 

Proc. 10 th Congress IPS, Denpasar, Bali.
silang), 


Duriat. 1989. Preliminary 	study
5. Sutarya, R. and 	A.S. 

Tomato Variety Berlian (Uji
Efficacy of Vaccine CMV-2 on 


CMV 2 pada tomat Berlian). Internal
Pendahuluan vaksin 


Report, LEHRI.
 

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

Vaccine 	 on Host Pepper Variety Keriting and Barito
 

isolat CMV terhadap pertumbuhan dan
(Pengaruh vaksin dan 

Bull. Penel.
produksi cabe varietas keriting dan Barito). 


Hort,LEHRI (in press).
 

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

Vaccine Inoculation con The Disease Index of CVMV and
 

PVY in Peppers (Pengaruh vaksin terhadap infeksi CVMV
 

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

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

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

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


Research of Pepper. Paper presented in mid-term Workshop
 

of Asean Vegetable Net-Work. March 15-16, 1991 in Cameron
 

Highlands Malaysia.
 

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

on. Sending to IMPACT, Scientific magazine in AVRDC,
 

Taiwan.
 

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

Vaccine on Selected Crop Species. Internal Report.
 

A.S. Duriat and E. Korlina. 	1991. Vaccination
12. Sutarya, R., 

plant cv. Jatilaba in
of Weak Strain of CMV on Pepper 


Kramat, Tegal (Vaksinasi dengan menggunakan strain lemah
 

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


Manuscript for. Bull. Penel. Hort. 1991.
 

Gunaeni. 1991. Influence
13. 	Sutarya , R., A.S. Duriat arid N. 


of Vaccination of Three Weak Strain of CMV on Pepper cv.
 

(Penrgaruh vaksinasj dengan 	 mienggunakanaBarito in Subang 
tiga macam strain CMV lemah pada tariaman cabai varietas 

jatilaba di Subang). Manuscript for. Bull.Hort. 1991. 



14. 	 Sulyo. Y. , A. 1uhrlar', . 'iV*.yLrio. 19'91. Control ot CMV 

Disease on ['epper Ly UJ: ing Satellite Mediated Cu-zs 

Protection. Manuscript for- Btu1. Penel. Hort. 1991. 

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

vaccines on CMV disease Protection on Field Grown Peppers
 

Internal report.
 

16. 	Duriat, A.S., R. Sutdrya 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.
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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
 

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


the delays in the procurement of major laboratory equipment
 

and technical problem of the main unit of ultra centrifuge.
 

Unfortunatelly, USAID did not approve this request. This
 

project had previously been extended twice. Since September
 

1990, most of the laboratory activities stopped and were
 

succeded by field trials to evaluate candidate vaccines.
 

Not 	 all the proposed objectives of the project
 
achieved
activities during the life of the project were 


successfully such as RNAs extraction and separation of
 

CARNA 5. However most o'. the activities were accomplished.
 

Although it is realized that CMV is the important
 

disease-causing agent of peppers, results of the field trials
 

clearly showed that natural virus infection was not caused
 

only by CMVbut also by other viruses in addition to sucking
 

insect and other diseases. The vaccine was able to protect
 

the plants against CMV and to inhibit PVY infection, but was
 

riot effective against other pepper-infecting viruses. The 

field trial in Madura exhibited a phenomenon that inter... 

cropping of vaccinated peppers with other crops such as corn 

decreaised the infection of other aphid-transmnited viruses 

(:hoto 10). 
Studying of CMV--RNAs and integrated efforts of the vac­

ciriaLiori with the cultural techniques arid control measures of 

;:tlhid vectors is interesting to be further studied. 



.... .' .. . . 

Photo 10 	 Corn incombination with CMV vaccine
 

may reduce the infestation of other
 

sucking insects.
 

FUTURE WORK
 

the
related to
activities
LEHRI continues research 


production of the vaccine and the application 
of the vaccina-­

at the farmer level. To support a smoot flow of techno­tion 
 terms of
 
logy transfer from the institute to pepper growers in 


of the private
involvement
the vaccination concept, the 


sectors and other agricultural institutions 
such as Educatio
 

and Extension Service is essential.
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