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FOREWORD
 

This book is the proceedings of the FFTC seminar 'Virus Research of Horticultural 
Crops in the Tropics' held at Taiwan Agricultural Research Institute in September 1985. As 
the range of the seminar was not limited to tropical crops, therefore the book title has been 
extended to include subtropical fruit crops. Cosponsors at the seminar included the Taiwan 
Agricultural Research Institute (TARI), the Council of Agriculture (COA) and the Taiwan 
Provincial Department of Agriculture and Forestry (PADF). 

The material in the book has been ordered on a crop basis rather in order of pre
sentation at the seminar. The General Discussion section was particularly relevant to the 
control of papaya ringspot disease and thus the chapters on papaya ringspot are placed 
before the General Discussion. 

FFTC deeply appreciates the authors' participation at the seminar and their contri
butions toward this publication. Thanks is also due to Dr. RJ. Chiu for his proof reading 
of Chinese translations of abstracts. We further thank the cosponsors, whose support in 
staff and provision of facilities made the seminar possible. 

T.c.oruang/ 
Director/FFTC 



PREFACE
 

Virus diseases of horticultural crops in the tropics of the Asian and Pacific regionare part of a world wide picture in which the plight of citrus, papaya and banana growers
affected by various viral attacks on their fruit trees nave received most publicity. There is alarge amount of identification work to be done on many crops but it is becoming apparentthat viral diseases of the region are for the most part similar to those prevalent throughout
the world horticultural crops. 

The current situation of rice surplus in some countries of the region is necessitatingthat farmers diversify their output, turning rice over for horticultural crops. However,
where agriculturalists have led the farmers into new crops, it is frequently the case thatelated with the establishment of a new cash crop the disease situation has been neglected,
until too late. New crops established on clean ground with clean material could have 
assured a much better future. 

A comprehensive list of viral diseases of cucurbits is presented in this book with sources of resistance available, transmission factors and recommendations for control programs. They are a worldwide problem and specific mention is made of zucchini yellow
mosaic virus (ZYMV), believed severely damaging to pumpkin crops in Malaysia and theobject of much research and breeding programs in Thailand, Taiwan and Japan. So far all sources of resistance to ZYMV in cucurbits have been derived from tropical origins; the task
remains to breed these into commercially acceptable varieties. 

In solanaceous crops of Malaysia, viruses cause extensive damage to chillies (Capsi
cur spp.). In Thailand three viruses are identified as the main cause of crop damage tochillies, these are cucumber mosaic virus, tobacco mosaic virus and pepper mottle virusfound in mixed infection. Tomato crops in Malaysia and Thailand are affected by tomato
yellow leaf curl virus (TYLCV), causing a 10-100% disease incidence and extensive cropdamage. TYLCV transmitted by the vector whitefly, has been shown to have a wide host range. Futile attempts to control whitefly vector of TYLCV in Thailand have turned re
search to tolerant and resistant varieties of tomato. It is not mechanically transmissible.
Virus purification has been done successfully in Thailand. Extensive work has been done inTaiwan on viral diseases of tomato and Chinese cabbage crops with a view to breedingresistant varieties; plant breeders at the Asian-Vegetable Research and Development Center 
are working on breeding ToMV resistant tomato plants. In Japan the search for an attenuateform of CMV brought to light the strain CMV-SR isolated fronm a spinach plant, which pro
tected preinoculated tomato plants against the severe CMV strain. 

The families convolvulaceae and aroid include important root crops of the region,both sweet potato and taro traditionally having been stap!ps of some communities, and nowbecoming more prominant as sources of starch and alcohol for industry. In sweet potato in
Taiwan three sap transmissible viruses are relevant which often occur and act in complex. 



As leaf curl disease they cause significant crop damage. Japan has done considerable work 
on virus diseases of sweet potato and selected resistant varieties. A control program for 
dasheen mosaic virus in ornamental aroids is described; though performed in an idyllic 
situation in Florida normally unavailable for the Asian and Pacific taro growers, the dis
cussion following the paper offers ideas on adaption of the techniques used in limited 
situations for the region. 

Among fruit crops, grapes i said to be the most valuable on a world scale, and for 
the Asian and Pacific region it is the most rapidly expanding crop. Three phloem limited 
viruses, grapevine ajinashika virus (GAV), grapevine stunt virus (GSV) and grapevine leafroll 
virus (GLAV) are serious diseases of Japanese grapevines and believed widespread through
out vineyards of the globe. In grapes the ideal would be to identify the virus presence in the 
dormant stick. ELISA has been used successfully to identify viruses in the young plant and 
root stock phloem. Particle level observation has also been made, and could be used in a 
certification program. 

The field of virology is highly technical as sophistocated techniques in the labora. 
tory are essential for detection and identification of the viruses. This requirement often 
presents a significant obstacle to the less developed countriks of the Asian and Pacific region 
in tackling virus disease problems or even recognizing them. A simplified practical method 
was given for using the direct fluorescence detection method. The section may be cut 
without microtone and used directly. Tissue must contain a vascular bundle. The detection 
technique is valuable for detecting the presence of MLO at an early stage of plant growth. 

On citrus crops of the Asian and Pacific region, there is widespread incidence of 
citrus tristeza virus (CTV) affecting citrus sweet orange, buntans, Yuzu, tangelos, tangors 
and others. Symptoms are stem pitting and low fruit yield of small size. A large number of 
satsuma mandarins show no symptoms despite infection, and act as carriers of severe strains. 
Japan previously had a citrus industry based almost entirely (80-87%) on satsuma mandarin 
with trifoliate root stock. Consumer demand forced diversification on the industry, which 
led to the planting of many susceptible varieties of citrus. There is a great problem for self 
rooted trees used in breeding programs as these are particularly susceptible. Trees on the 
trifoliate root stock base though somewhat susceptible to stem pitting are not so susceptible 
to die back. In Korea the citrus industry of Cheju Island is exclusively foupded on trifoliate 
root stock, and 97% of the crop is satsuma mandarin. In this situation tristeza would not 
likely appear as a problem according to the Japanese experience. 

In Taiwan the disease 'likubin' has now been determined to be identical to the virus. 
like disease greening. Infected citrus are normally found to cerry mixed infection with 
tristeza. The vector psylla, Dixpborina citri, of the greening disease, is in fact a very ineffi
cient vector and the disease is bacterial rather than viral. It requires 21 days for the bacteria 
to develop in the gut of the vector; unfortunately however, control by insecticide spraying 
has to date proven impossible both in Japan and Taiwan. Through the means of top grafting 
Rusk citrange as an indicator, citrus tatterleaf has recently been shown to affect about 70% 
of Taiwan's citrus orchard trees. If the TLV virus could be eliminated from scion cultivars 
then the trifoliate rootstock can be used thus improving fruit quality. Methods of heat 
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therapy and modified shoot tip grafting are effective in cleaning the scion of TLV. Ponkan
and Tankm in past years had been thought incompatible with trifoliate root stock, this has 
now beer. proven caused by TLV infection. If the TLV virus were elimat,'d in mother-stock 
and certified budwood propagated, TLV not being a vector transmissible virus, orchard 
practices of dipping pruning shears in disinfectant may be helpful in control. 

In citrus crops it was seen that there were the necessary elements of integrated
programs in different places without their proper synthesis into complete programs; which 
was wasteful. In Japan there is great pressure for variety renewal to meet changing con
sumer demands which leads to the common practice of top-grafting. Without proper
certification programs this provides a means for the spread of virus diseases. Scientists call
for a certification program based on ELISA detection. Success is reported in eliminating
virus and virus-like diseases in some experiment stations but without the controls reinfection 
occurs in the field from other citrus and other sources. Consequently, Japanese research has
turned to development of cross protection with mild strains. A proposed program for the
propagation of preinoculated budlines requires establishment of virus-free stock, raised in a
screenhouse, with preimunized 'rees and also their first derivitives obtained through bud
propagation also maintained in the screenhouse. The F2 generation bud stock would then
be used for propagation to the fields. Without the additional protection of raising the first
derivitives in the screenhouse orchardists can expect aphid infection of the tree showing
mosaic distribution of mild and severe strains. 

Protection by mild strains is very host dependent; the most suitable variety of plant
must be matched with a suitable mild strain of a virus to achieve optimum protection.
Further mutation of severe strains to compete with the selected mild strain must be reckoned
with by continuing further trials of alternative mild strains for each host plant variety. In 
such programs it is possible that scientists are looking at 10-20 years of work, therefore
there is a search for a more expedient approach, enabling identification of the various virus
strains through techniques simpler than the biological indexation methods in practice. The
aim is to be able to identify viruses in early stages and check the severe strain infections. 

In Thailand protection by tristeza mild strains has been reported and work is
underway to propagate protected budwood. In the PhiL. ,ies it was reported to the

seminar that an integrated control program had been effective in one experiment station
producing a 'greening' free orchard. Unfortunately the program had failed after five years
of success when protection from insect reinfection was discontinued. 

Papaya ringspot disease is a major regional problem. In Malaysia it was reported as
widespread with orchards having 20-100% infection, with a similar picture in Thailand
where attempts to select tolerant varieties have been unsuccessful to datu. In the Philippines
the spread of a new disease with ringspot type symptoms is reported. General identifica
tion so far points to ringspot virus of some kind. The experience of other countries of the
region with this type of virus disease makes positive serological identification a priority for
Philippine virologists in order to efficiently tackle this problem. Taiwan researchers pro
vided a wealth of information on the ringspot problem specific to their situation. Taiwan 
has benefited enormously by cooperation in this field with American virologists, notably Dr. 
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D. Gonsalves. Less susceptible, tolerant varieties of papaya were initially selected though 
with lower yield than the preferred Tainung 2 variety. Mild strains of the virus utilizable for 
cross protection could not be folmd, but a mild strain was provided from Hawaii which is 
showing promising results in cross protection experimental trials using Tainung 2 variety. 

The potential for contol and eradication of the various viruses was a major concern 
to participants of the seminar. One approach is the breeding or selection of resistaixt varieties 
of plant. Another approach is eradication. In Khon Kaen Province northern Thailand 
attempts to eradicate papaya ringspot disease by burning all trees was unsuccessful. After 
six months of replanting the disease was observed in 80%of the new stock replanted. In 
Taiwan eradication of the papaya ringspot has not been attempted so far for practical 
reasons, including particularly the hostility of farmers to incineration of infected trees. 
Isolation is a third approach. Relocation of Taiwan's papaya industry on clean ground was 
attempted in 1980. The eastern lowlands, isolated from the traditional growing areas by a 
mountain chain were planted with healthy stock. Insufficient quarantine led to the inclu
sion of contaminated seedlings being planted in the area in the following year. Selection of a 
tolerant variety of plant had only fair success. Finally cross protection offers greater hopes. 
It is hoped that within three years the high producing variety, Tainung 2 now protected by 
mild strain preinoculation will again dominate Taiwan's growing areas. 

Scientists attending the seminar stressed the need for an integrated virus con
trol program, with eradication as the ultimate goal. In Hawaii on the island of Oahu, Dr. 
D. Gonsalves pointed out that control had been achieved on PRV through atrict enforce. 
ment of the Department of Agriculture's eradication laws. With papaya ringspot it is 
necessary to have the possibility of isolating the crop to effect eradication. Therefore the 
program was protected by strict quarantine and even a backup of attenuated strain develop
ment in case the virus did ultimately invade the growing areas. 

On an international level virus control programs need be coordinated, but the 
basis of ny such program depends on respective countries practising strict quarantine 
controls. The controls must not only be effective in preventing the entry of unauthorized 
plant material having pathogens which are not present or present only at low incidence in 
the country; but, also important is to extend to plant breeders a system of authorized 
importation of safe indexed plant material, In some cases this merely precludes the impor
tation of vegetated material and enables importation in seed form. In the case of the citrus 
industry it necessitates the establishment of a system for the importation of budwood 
that is pathogen free or which can be cleaned and indexed by authorities. The system now 
practiced in California as developed by Navarro et al. was reported to the seminar. As a 
system of excluding unauthorized plant material importation the extremely strict measures 
applied in Australia were recommended. 

Peter W. MacGregor
 

Information Officer
 



KEYNOTE SPEECH 

Chin-. hao Koh, Vice Chairman, Council of Agriculture, 
37 Nanhai Road, Taipei, Taiwan, ROC 

It Ismy great pleasure to have this opportunity to be with you this morning on the occasion of theopening of the Seminar on Virus Research of Horticultural Crops in the Tropics. Many seminars of asimilar nature have been held in the temperate countries, but this is the first one to take place here in theRepublic of China and to deal with crop disease problems important to the tropics and subtropics. Iconsider the holding of this seminar timely and useful because most countries in the ASPAC region are now
faced with a rice surplus and are converting some rice acreage into cultivation of vegetables and fruit. Thechanging emphasis in cropping is accompanied by the emergence of new pest problems, including those dueto viruses, which require research and extension work. I therefore would like to take this opportunity tocommend FFTC and the Taiwan Agricultural Research Institute, co-sponsors of the seminar, for their
insight and hard work in organizing this timely and purposeful scientific event.


I begin my talk with a 
quick sketch of Taiwan's geography that bears upon crop cultivation. Theisland of Taiwan has a total land area of about 36,000 square kilometers. The central mountain range runsfrom north to south, dividing the island geographically into two parts: the larger part lies on the west coast
where about 97% of the population reside and intensive agriculture is practised; a smaller part on the eastcoast with only 3% of the population is cultivated less intensively and less diversified. With the tropic ofCancer passing through around the middle of the island, nominally Taiwan has a tropical climate south ofChiayi and a subtropical climate to the north. The yearly average temperature is 200Cfor the plains, andthe total precipitation ranges from 2,000 mm to 2,500 mm for the plains, and is higher for the mountains.It is therefore not surprising that the major horticultural cro.,s of Taiwan include tropical, subtropical and
temperate crops. To list just a few, they include bananas, papayas, mangos, wax apples, sugar apples,litchis, longans, citrus, loquats, grapes, peaches, pears and apples. In recent years, the application of newhorticultural technology has made it possible for growers to derive two or three harvests from some of these crops encouraging increased planting; notable are grapes and wax apples, with a three fold and a ten fold

increase in planted area respectively, during the last decade. 
 Taiwan's agriculture may not be the specific
topic of this seminar, but I wish to point out the extremely wide variety of economic crops being grownhere and hence the complexity of pest problems that our researchers and farmers encounter.

Plant diseases caused by viruses are indeed a worldwide problem in crop production. Virus infection may lead to visually recognizable, severe symptoms or it may not be expressed externally. However, ineither case infected plants may suffer losses in yield and quality to varying degrees. Chemical controls have 
to date not proved particularly useful. Virus diseases are better controlled by prevention, by use of resistantvarieties, virus-free seed and stock and other preventive measures. A sound centrol program also calls forclose cooperation on district and regional levels in the selection of crops, their varieties to be grown, thetiming of planting, the suppression of vector activities, and the enforcement of field sanitary measuresfor the removal of infection sources. The involvement of government agencies is essential. I shall illustratethis point by citing two major virus control programs that the government of the Republic of China hasimplemented. First a field control program on rice virus and virus-like diseases during the 1970's; transi
tory yellowing due to virus and yellow dwarf due to an MLO caused great losses to the second rice crop 
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in the 1960's and early 1970's. Both are spread by the rice green leafhopper. A government-subsidized 
program aimed at the control of vector insects was implemented in 1971 and continued through to 1979, 
with 16,000-70,000 ha of rice fields aerially sprayed annually. By the late 1970's, these leafhopper-borne 
diseases were so insignificant that virtually no crop losses resulted from either. Variotai resistance did not 
appear to be a contributing factor in the reduced disease incidence because no useful resistance sources 
were found or utilized. This program is now discontinued. Second a program for citrus virus and virus-like 
diseases with the goal of supplying healthy seedlings of commercial varieties for use by growers in Taiwan. 
Two parallel approaches have been taken: the establishment of nucellar lines, begun in 1976 and use of the 
so-called micrografting technique begun in 1981. Some of the better nucellar lines have already matured 
and are ready for multiplication. From the micrografting program, about 8,000-10,000 young healthy 
seedlings of four major citrus varieties will be released in 1986. Thus growers will have access to planting 
materials certified free of virus or virus-like organisms. 

Plant quarantine is another important aspect of government involvement in virus disease control 
strategies. In the past we have witnessed the invasion with some frequency of plant viruses devastating our 
crops. The papaya ringspot virus is the most noticeable case. The virus was not known to Taiwan's papaya 
growers until 1975 and then spread to nearly all papaya orchards in the main production areas in less than 
three years. It has been a focus for research activities and control programs ever since. However, our 
concern about plant quarantine is not only because of past experiences but also because of the increasing 
risk of invasion and dissemination of plant viruses associated with the growing quantities of plant materials 
that are imported and exported. According to recent statistics, Taiwan is exporting 700,000 kg of vegetable 
seeds to countries in Europe, East and Southeast Asia and the Americas annually, while it is importing 
600,000 kg annually from these areas. A strict enforcement of plant quarantine procedures will be of 
great benefit not only to the plant industry of Taiwan but to our trading partners as well. It is in this 
context that the Council of Agriculture has taken steps towards further strengthening plant quarantine in 
both regulatory and operational aspects. 

Close cooperation between plant virus researchers internationally has proved mutually beneficial. 
Sources of virus resistance in plants can be exchanged for use in breeding programs. Virus-free stocks 
shipped as test-tube plants can be propagated in any country, a technique of immeasurable value. Mono
clonal and polyclonal antibodies with specificity to a virus or virus strain produced in one laboratory will 
find application elsewhere. Fragments of viral genome or their complementary sets are among the most 
powerful probes for the purpose of virus identification and disease diagnosis. Their shipment is simple. Of 
late, mild strains of plant viruses have been shown to be capable of protecting host plants under field 
conditions against superinfection with severe strains of the same viruses. Exchanges of mild strains are 
very much to be urged between laboratories, institutions or countries concerned with common virus prob
lems. Cooperation of this kind exists between Cornell University and agricultural institutions in Taiwan. 
Two mild strains that were artificially induced from a field, severe strain of the papaya ringspot virus at 
Cornell University have been introduced into Taiwan for field control trials. Although it is still too early 
to say that the mild strains may be an answer to the papaya ringspot problem, two years of field experi
ments demonstrate a level of disease control that surpasses any other control measures presently available. 
We released a total of 200,000 mild strain-protected papaya seedlings for fall planting in 1984. For planting 
in this fall, 710,000 such seedlings are to be released. I urge more international cooperation nf this kind 
in the future. 

We must give due attention to research of a basic nature based on plant virus materials. Plant viruses 
provide opportunities for researchers in their quest into basic biology. Viruses are of great value in the 
stutdy of gene actions, and have potential as a vehicle for desirable genes to be incorporated into plants of 
economic importance. Those with interest in genetic engineering may find many other uses for plant viruses. 
As far as plant virus research is concerned, we in the government strive to maintain a healthy balance 
between what is problem-solving and what is basic pure research. 
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SECTION I
 

NATIONALPLANT VIRUS SITUATIN KOREA, MALAYSIA AND THAILAND 



VIRUS DISEASES OF HORTICULTURAL CROPS IN MALAYSIA 

The Late Abu Kassim B. Abu Bakar 
Miscellaneous Crops Research Division 
MARDI, Serdang, Selangor, Malaysia 

SUMMARY 

Many horticulturalcrops in the Solanaceae, Clucurbitaceaeand Fabaceaeare seriously affected byvirus diseases. Some viruses are widespread throughoutthe Malaysia. However,diagnosisoridentification
of most of the viruses involved are incomplete and long overdue. More informationon their transmission
characteristicsand ecologicalrelationshipshave to be obtained. Controlmeasuresaregreatly lacking. 
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VIRUS DISEASES OFHORTICULTURAL CROPS IN MALAYSIA
 

The Late Abu Kassim B. Abu Bakar
 
Miscellaneous Crops Research Division
 
MARDI, Serdang, Selangor, Malaysia
 

INTRODUCTION 

Horticultural plants in Malaysia comprise 
more than 50 vegetable, 100 fruit and numerous 

8ornamental (including flower) speces .9 .1.JB. 
However, only a small number are planted on an 
intensive or commercial scale. Most occur in 
mixed cropping patterns of less than a few 
hectares3'4 . 

Among the virus diseases listed in the 
country, 20 or so are associated with horticultural 

. ,plants' s 2 Lately, a few more have been added 
13,24,25 and this may increase further if a thorough 

survey is conducted 6.10. With the import of seeds 
and other planting materials increasing each year 21 

the problem may further be aggravated by the 
inadvertent entry of other viruzqs through such 
sources. 

Much of the information available on the 
local virus diseases so far are incomplete. In many 

cases the etiology and mode of transmission 

(including vectors involved) have not been suf-
ficiently studied. There has been very little work 
done on epidemiology and control. Within the last 
few years the problem appears to have escalated 
especially in solanaceous, leguminous and cucur-
bitaceous crops. The diseases have become severe 
and widespread. Heavy losses have occurred in 
crops of chillies20 and cucurbit fruits. A more 

systematic approach to the whole problem is 
justified, 

CROPS STUDIED FOR 


VIRUS DISEASES 


Solanaceae 

Chillies (and peppers), Capsicum spp., often 

suffer from very destructive diseases. Field 
symptoms are at times complicated by mites, 
thrips or other insect infestations. Various forms 
of mosaic-mottle, leaf distortion or malformation 

and necrosis are often seen. Symptoms on the 
fruit range from chlorotic to necrotic patterns, 
skin roughness and distortion or deformation. 
Flowers may also be malformed or aborted. 
Therefore, both yield and fruit quality can be 

affected. 
The incidence of virus infections in chillies 

seems to be widely distributed throughout the 
country. The early virus reports include cucum. 

ber mosaic, tobacco mosaic and pepper (chilli) 
. sveinal mottle viruses" - . Current observations also 

suggest the presence of tomato spotted wilt 
virus 13 , an unidentified potexvirus 2s and potato 
virus Y6 . Isolates with symptoms and certain test 
plant reactions similar to alfalfa mosaic and 
potato virus X are presently also undergoing further 

tezts. Mixed infections of different viruses appear 
to be of common occurrence. 

Transmission studies so far confirm aphid 
vectors of pepper veinal mottle and cucumber 
mosaic viruses1 s . In the case of other viruses 
affecting chilli, despite much speculation of seed 
transmissability and the involvement of other 
vectors, especially arthropods like thrips, white
flies and mites, there appear to have been no 

attempts to confirm these so far. For pepper veinal 
mottle virus, the importance of winged aphids 

and differences in transmission efficiencies among 
seven aphid species have been demonstrated1 6. 

Reflective mulches have been shown to be effec

tive against the spread of the disease but their 
disadvantages still outweigh their usefulness 14 . 

Lately, more attempts to search for resistant 

3.
 



strains to the virus have been reported". 
In tomato, Lycopersicon esculentum Mill.,

various syndromes similar to those caused by virus 
infections have been observed in the field. These 
include various degrees of stunting, top bunching 
or bushiness leaf curling or cupping, twisting, 
malformation and necrosis. Symptoms may also 
appear on fruits and fruit size may be affected, 
The disease caused by tobacco mosaic virus was 
recorded some time back' s . Recently, however, 
potato Y, cucumber mosaic, tomato spotted wilt 
and tomato yellow leaf curl diseases have been 
recognised or suspected. A disease similar to that 
of potato spindle tuber or tomato bunchy top in 
symptoinatology and host range reactions has also 
been detected. It was found to occur in about 5% 
of tomato plants raised from imported seeds. In. 
terestingly, although pepper veinal mottle virus 
is widespread in the country, it has neither been 
isolated nor infective to tomato, contrary to 
widespread reports of this type of virus elsewhere 7 . 

In eggplant, Solanum melongena L., tobacco 

mosaic virus infection was reported 1. Recently,
another disease showing mosaic and necrotic ring-
spots was observed. Cucumber mosaic virus is 
believed to be associated with the syndrome 
(Fujisawa,personal Comm.). Current observations 

have further showed that plants inoculated with an 

isolate of potato virus .Y from chilli also produce 

systemic reactions. These appear as mild mottling 

and faint chlorotic ring and line patterns. Certain 

African strains 
of pepper veinal mottle virus are 

known to infect eggplants as well7 , but the local 

isolate apparently does not" , 17 which therefore 

may be quite similar to the isolate reported in 

India'g" 


In terms of ecological relationships, it is not 
unusual to find virus infected or susceptible weed 
and alternative crop hosts in the field but their 
role in epidemiology of the diseases have not been 
elucidated. Virus infections (like 'cucumber 
moscaic and tobacco mosaic) have been detected 
to occur naturally in the weed, Physalisminima L. 
Other weeds suspected to harbor viruses include 
Solanum nigrum L., Ageratum conyzoides L., 
Commelina nudiflora L. and Amaranthusspp. 
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Cucurbltaceae 

Cucumber mosaic virus is probably common 
throughout the country but apparently seldom a 
problem in cucumber, Cucumis sativus L. Re
cently, pumpkin, Cucurbita maxima Dcne., with 
severe mosaic symptoms has been observed. It is 
believed to be associated with zucchini yellow 
mosaic virus (Fujisawa, personal comm.). Severe 
mosaic mottle and stunting syndromes have also 
been seen in watermelon, Citrullus lanatus 
(Thunb.) Mansf., and squash, Cucurbitapepo DC. 
Limited tests seem to indicate some similarities to 
watermelon mosaic virus infections. An incidence 
and spread of a chlorotic.necrotic spot disease was 
recently found in a trial plot of introduced 
muskmelon, Cucumismelo L., varieties. 

Fabaceae 

A review of virus diseases of legumes has 
been presented elsewhere 2. Yardlong bean, 

Vigna sesquipedalis (L.) Verdc., has been seen to 
suffer from a number of virus infections. 
Symptoms observed include various forms of 
chlorotic or yellow mosaic mottle and distortion. 
An aphid-transmited virus causing the disease 
'longbean mosaic' was reported to be seed-borne 
up to 50%15. Another virus isolated recently is 
the blackeye cowpea mosaic' 24 which is vectored 
by aphids and also seed-transmissable at a low rate. 
Current observations seem to suggest that certain 
other unidentified viruses may also be seed-borne. 

French bean, Phaseolus vulgaris L., appear 
to be fairly free from destructive virus infections. 
However, sporadic incidences of a mild mosaic 
and a crinkling stunt diseases have been seen. 
Etiology of these diseases has not been studied. 
A severe rugose mosaic isolate from bean which 
when sap-inoculated onto chilli produced mosaic 
mottle symptoms has been studied recently. A 
chilli isolate from an adjacent plot was also 
infectious to bean producing similar symptoms as 
the bean isolate. Studies are continuing to de. 
termine whether the diseases are of the same 
etiology. 

-




Leafy vegetables 

Virus diseases of leafy vegetables have been 
mentioned in previous publications' s ,21. Addi-
tionally, mosaic mottle symptoms have been seen 
in Chinese spinach (Amaranthus spp.) and sweet 
shoot (Saurapusalbicans Blume) but so far their 
distribution has not been determined and etiologi-
cal studies have yet to be made. 

Citrusand otherfruitcrops 

,Previous publications" 2" have listed most 
of the virus diseases found in the fruit crops. 
Presently, they appear to be of little concern to 
the growers. 

Ornamentalandflower crops 

Very few virus diseases have been found in 
ornamentals' 5 ' and they do not seem to ad-
versely affect the plants. 

CONCLUSION 

A systematic approach and a more intensive 
effort are required to solve virus disease problems 
in Malaysia. Urgent attention should be given to 
virus identification or diagnosis, transmission 
characteristics, ecological relationships and control 
measures. 
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SUMMARY 

There are at leastfive importantvirusdiseasesofhorticulturalcropsin Thailand. Tomatoyellow leaf 
curl, tomato fern leaf, tristezaoflime andringspotofpapayaare causedrespectivelyby tomatoyellow leaf 
curl virus, cucumber mosaic virus, citrus tristeza virus and papaya ringspotvirus. Mosaic andlittleleafof 
pepper is caused by mixed infections of cucumber mosaic virus, tobacco mosaic virus and pepper mottle 
virus. Although, eradicationis shown to be a possible control method for papaya ringspot disease, it is 
probable that such results will only be obtained with cooperation of understandinggrowers. So far 
no resistantplant varieties exist among those crops, researchersare lookingfor mild protective strainsof 
those viruses. Mild strainsofcitrus tristezavirus in lime have been reported. 
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Ministry of Agriculture and Co-operatives, Bangkok, Thailand.
 

INTRODUCTION 

Six viruses identified to cause considerable 
yield losses in important horticultural crops in 
Thailand are tobacco mosaic virus', cucumber 
mosaic virus"- 3.17.18, pepper mottle virus' s . 

tomato yellow leaf curl virus" 4"2 6 citrus 
tristeza virus 3 and papaya ringspot virus 2 '.6.9, l0 . 
Current researches on these viruses are reviewed in 
this paper. 

Tomato Yellow Leaf Curldisease 

Caused by a geminivirus 12 it causes greatyield loss in tomato crops growing in Bangkok, 
Nakhon Pathom, Samut Sakhon, Nakhon 
Ratchasima, Khon Kaen, Chiengmai, Lampang
and Prachuab Khiri. Khan Province4.1 2.16. Be. 
tween 10 to 100% of this disease incidence was 
reported in these tomato growing 4areas . Tomato 
yellow leaf curl virus causes curling of young
leaves and they remain small. Lower leaves are 
curled, twisted, puckered and become yellow. The 
plants become stunted and bushy. Flower buds 
abort 4. The virus is transmitted by the white 
fly, Bemisia tabaci in the persistent manner', but 
not by inoculation with sap. In transmission 
using the vector, the experimental host range is
limited to three species in solanaceae, i.e. 
Lycopersicon esculentum, Nicotiana glutinosa and 
Datura stramonium16. No resistant varieties of 
tomato were found among 14 varieties tested' 4 , 

Fern Leafof Tomato 
Fern leaf disease cf tomato is caused by a 

virus serologically related to cucumber mosaic 
virus Y strain13 . Found in all tomato planting
areas in Thailand, it has become epidemic since 
1981 in Chiengmai, Lampang and Nong Khai 3 . 
The virus has a wide host range and is transmitted 
by the aphid, Myzus persicae in the non-persistent 
manner and by inoculation of sap but bynot 
seed i". It causes systemic mosaic, narrowed leaf 
laminae (fern leaf) and stunting of plants. Yield 
of infected plants is decreased and fruits are 
small' 3 . Commercial tomato varieties growing in 
Thailand, i.e. Porter, L22, VF 145, VF 134-1.2 are 
all susceptible".' 3 . 

Mosaic and Little Leaf ofPepper 

Commercial varieties of pepper (Capsicum 
spp.) growing in Thailand are infected with at least 
three identified viruses. Cucumber mosaic virus 
frequently occurs in pepper in mixed infections 
with tobacco mosaic virus and pepper mottle 
virus' 1 S'.17'18 . These viruses occur in peppers 
throughout pepper growing areas usually with high 
rates of disease incidence, causing systemic 
mottling followed by curling and distortion of
 
leaves. Young leaves remain 
 small. Fruits are
 
distorted. Infected plants surv.ve but yield is low.
 

Tristeza ofLime 

In Thailand, tristeza is the most destructive 
virus disease of lime (Citrus aurantifolia) which is 
grown as airlayers. The virus causes vein clearing 
pattern (enation) and cupping of leaves. Diseased 
trees show dieback of twigs, dulling and dwarfingof foliage, and reduction in size and number of 
fruits3. According to Knorr et al.3, because of the 
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widespread distribution and high population levels 
of the efficient vector, Toxoptera citricida in 
Thailand, it is likely that all citrus trees in the 
country contain the virus of tristeza. It is believed 
that passive immunization may occur naturally. 
For control they suggest that growers select only 

the best trees for making airlayers. 

PapayaRinesnnt 

Papaya ringspot, caused by papaya ringspot 

virus (PRV)10 is the most destructive disease of 
papaya (Carica papaya) which is grown mostly 

.9 throughout the Northeast of Thailand 2. 
1 . A 

survey conducted by Prasartsee et al.6 showed that 
that papaya in 15 of 17 provinces in the Northeast 
of Thailand were infected with PRV and the disease 

incidence varied among fields 20.100 percent. In 
papaya, the only natural host, the virus causes 
mottling and distortion of leaves, streaks on 
stems and petioles, rings and spots on fruits and 
stunting of plants. Yield of infected plants is 
much decreased 2 "6 . PRV is transmitted by three 
species of aphids, Aphis gossypii,A. craccivoraand 
Hysteroneura satariae, in a non-persistent manner 

.9 .but not through seeds 2.5 All attempts to select 
PRV resistant varieties were unsuccessful. All of 
22 varieties of papaya tested were susceptible6 . 
An eradication program was conducted at four 
severe PRV infected villages in Khon Kaen 
Province s-6 . All papya plants growing in these 
villages were incinerated. After four to five 
months healthy seedlings were introduced and 
replanted. The results showe.l that six months 
after replanting only one of those four villages was 

absolutely free from PRV infection. 
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DISCUSSION 

Q. 	 (M. Koizumi)
 
To what extent do you think that greening disease is responsible for the decline inllmes?
 

A. 	 (S.Attathom)
 
The situation of greening in the limes, is not as serious as in sweet orangewe have put some greening
agent into the limes ani they appear to be very resistant. So theAecline in lime not expected due 
to greening disease. 

Q. 	 (M.Koizumi)

The symptoms of Mexican lime seedlings inoculated with tristeza virus in Thailand do not seem severe.
This suggests that there are pathogens responsible for the decline 
of acid lime other than tristezawhich should be considered. Greening disease is wide spread throughout the region in citrus andcombined injury due to tristeza and greening is possible. To what extent do you think greening maybe responsible for the decline seen in acid limes in Thailand? 

Comment: (C.N. Roistacher)
The symptoms shown of tristeza did not appear too severe, I would have expected vein corking andstem pitting. Do you see the severe vein corking symptoms ,Thailand?I 
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A. 	 (S. Attathom) 
We do not see much stem pitting in Thailand, except in some pomello and mandarin trees that show a 
minor stem pitting symptom. The CTV symptoms on limes seen in the slides shown were only of 
young seedlings. We do see severe symptoms in the orchards and dacline of trees. 

Comment: (M. Koizumi) 
I have had some experience with greening disease seen in Bangladesh, the acid lime can be resistant 
against greening, but that plant usually carries the disease in the tissues. There the symptoms of 
greening appeared severe during the hot season and it was responsible for the decline of trees. In 
Thailand since symptoms of tristeza are not severe, there is need to concentrate research work on the 
combination of the two and their relationship. 

A. 	 (S. Attathom) 
What Dr. Koizumi is suggesting is that lime is perhaps a reservoir of greening in Thailand. We will 
keep an eye on that. 

Q. 	 (F.W. Zettler) 
I noted that the distribution of cucumber mosaic virus in tomato was in the north near the boarders 
of Burma and Laos. Is that also true of pepper, and is there any correlation between the distribution 
of CMV and the cooler climates? 

A. 	 (A. Chandrasrikul) 
It is in fact spread very widely; however, we have not surveyed this thoroughly as we lack the facility 
of a quick test. 

Q. 	 (O.S. Opina) 
In the Philippines we have a problem of papaya ringspot virus., What i the status of research on 
papaya ringspot disease in Thailand? 

A. 	 (A. Chandrasrikul) 
We recommend that farmers noticing the disease, incinerate'all infected plants and reintroduce clean 
plants after three or four months. At this stage we have no resistant variety. 

Q. 	 (O.S. Opina) 
Papaya ringspot is not seed transmitted to papaya; however, you have mentioned that it can infect 
cucurbits (water melon). In these is it seed transmitted? 

A. 	 (N.Deema) 
No, it is not. 
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TROPICAL CROPS IN KOREA
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ABSTRACT
 

Cutivation of tropicaland subtropicalcrops In KoreaIs mainly limited to the Island ofCheju. Virusdiseases of citrusare a minorproblem, those Identified includesatsuma dwarfvirus, exocortisand tristeza,however, a programis plannedto keep these in check. Bananasandpineapplesaregrown undergreenhouseconditions, though quality is poor due to climatic restrictions. Kiwi fruit,a newly introducedcrop shows
promiseon higherslopes. 
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TROPICAL CROPS"INKOREA 

Duck Young Moon 
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INTRODUCTION 

The cultivation of tropical crops in Korea is 
limited to the Island of Cheju and the southern 
coast of Korea. 

Cheju Island, the largest and southernmost 
island in Korea, is located about 100 kilometers 
south from the mainland, lat. 33"N. Mt. Halla, 
1950 meters high dominates the center of the 
island. The mean annual temperature is around 
150 C and winter minimum temperature 2.30 C. 
The annual rainfall ranges 1,440 to 1,718 mm, 
the number of days with wind velocity of more 
than 8 m/sec damaging to some tropical crops is 
90 to 150. Infertile valcanic ash soil with a high 
coefficient of phosphate absorption predominates 
Cheju's soils. 

Despite these u',f-i3rable environmental 

conditions, some tropical and subtropical crops 
are successfully grown on the open field or in 
heated plastic houses during winter. These crops 
grown on an economic scalp in Cheju Island 
include citrus, pineapple, kiwi fruit, and banana; 
while feijoa, pepino, papaya and guava are experi. 
mentally grown. 

SUBTROPICAL & TROPICAL CROP 
CULTIVATION IN CHEJU 

Tropical and subtropical crops occupy a 
large percentage of Cheju Island's cultivated 

acreage (below 300 m). The acreage of tropical 
and subtropical crops amounts to 35.5%of upland 
croping area of which citrus occupies 99% of the 

total (Table 1). 

Table 1 Use of drable land btow 300 meters above sea level on Cheju 

Item Total Upland crops Paddy P e Others 

fields'. 
Tropical & Others Total 
subtropical 

Area (ha) 122,667 17,180 31,272 48,452 1,059 '39,298 33,858 

Ratio (%) 100 14.0 25.5 0.9 32.0 27.6 

Upland Crop Ratio (%) (35.5) (64.5) (100) - - -

Cheju Province Statistics 

Citrus citrus production (Table 2). 

Satsuma mandarin (Citrus unshiu Marc.) 
Historically, Cheju Island has supplied introduced about 70 years ago now represents 

citrus fruits to the mainland even before 1053 A.D. 97% of the citrus industry in Cheju. Trifoliate 
In the late 1960's, many more farmers joined rootstock is used exclusively. 
the commercial citrus industry of this island, Citrus growing is the leading industry in 
and since 1970 there has been a great increase in Cheju and a major Korean fruit crop. (Table 3) 
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Table 2 Increase in citrus production 

Year 1970 

Production (1,000.ton) 4.9 

Acreage (1,000 ha) 5.0 

Productivity (top/ha ) 0.9 

Cheju Province Statistics 

Table 3 Fruit Industry statistics 1983 

Apple 


Citrus 


Pear 


Peach 


Grapes 


Others 


Total 


Ministry of Agriculture and Fishery 

Acreage 

41,297 ha 

14,838 

9,802 

10,732 

14,165 

14,635 

105,469 

The most troublesome diseases and insects 
are as follows: 
Insects: Major - Citrus red mite (Panonychus 

cirri McGregor) 
- Red wax scale (Ceroplastes 

rubensMaskel) 
Minor - Citrus leaf-miner (Phyllocnis. 

tis citrella Stainston) 
- Citrus rust mite (Aculops 

pelekassiKeifer) 
- Citrus whitefly (Dialeurodes 

citriAshmead) 
Diseases: Melanose (DiapirtheOtri Wolf) 

Scab (Elsinoe fawcetti Bitan Court et 
Jonkins) 

Canker (Xanthomonascitri) 
Virus diseases 

All are effectively controlled by agricultural 
chemicals except the citrus red mite which shows 
strong resistance to the available chemicals, 

-

1975- 1980 1984 

81.1 

10.9 

7.4 

187.5 

141. 

13.3 

261.0 

17.0 

15.4 

Production Ratio 

586,023 M/T 41.9 %: 

330,623 2.3.6 

106,304 7.6 

99,199 7.1 

131,111 9.4 

146,448 10.4 

1,399,708 100.0 

Citrus viruses have been studied in Cheju 
Island since 1980. The characteristic symptoms 
caused by citrus viruses show that about 4.5% of 
the citrus trees have satsuma dwarf virus (SDV) 
disease; symptoms of boat-shape, spoon-shape and 
rosette-type leaves were observed. Tests with 
indicator plants such as sesame proved that those 
symptoms were caused by satsuma dwarf virus. 

Exocortis viroid and tristeza viruses were also 
observed. When Hassaku trees infected with 
tristeza virus were treated for 50 days at 400 C 
day and 30"C night temperatures the shoot-tip 
of the treated tree was virus free to fluorescence 
microscope inspection. 

Viruses are not yet recognized to cause 
serious problems in the Cheju citrus industry; 
however, a program is planned to overcome the 
possible diffusion of virus diseases, including the 
establishment of virus testing and the maintenance 
of virus-free strains. 
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Banana 


Banana was first introduced into Cheiu Island 
in 1977 when a farmer imported dwarf cavendish 
from Taiwan to cultivate in a 500 m2 plastic 
house. Its cultivation has been increased remark-
ably since (Table 4). 

The farmers must grow bananas in plastic 
houses heated during the cold winter, 

The production cost is offset by cash sales to 
tourists, and acreage of banana cultivation is 
expanding. 

The typhoons in July and August, and high
winds during winter sometimes demolish the 
plastic houses, destroying the farmers whole crop. 
Farmers plant windbreaks and are improving the 
plastic houses. 

Table 4 Increase in banana production, Cheju 

1981 1982 

Production (ton) 10.2 36.0 
Acreage (ha) 0.5 2.0 
Productivity (ton/ha) 20.4 18.0 

Cheju Province Statistics 

The short history of banana cultivation 
means the crop is relatively free of any insects 
and diseases. The first investigation of the nema
tode density performed this year, however, has 
warned us to forestall the prospective danger of the 
banana nematode (Radopholus similis) (Table 5). 

Banana virus diseases are suspected. Some 
large.scale farmers are raising banana seedlings by 
means of tissue culture, replacing their old plants 
and supplying other farmers. 

Pineapple(Ananascomosus Merr) 

Pineapples grown since 1%6, are now plant. 
ed in. about 90 ha of plastic houses (Table 6). 
Leading cultivars are special Amarelo and Sarawak 
(Table 7). 

1983 1984 1985 

58.0 319.0 , -
3.8 13.0 _ 30.0 

15.3 , 24.5 . -

'Table 5 Density of banana root nematode in 100 g of banana orchard soil (1985) 

Banana orchards 
A BC D Ma 

161.4 165.4 245.6 21.0 148.4 

Table 6 Pineapple plantations 

'1981 1982-: 1983 1984 
Production (ton) 2,0.15,., 2,6201-- 1,653 3,172
Acreage (ha) 92 99 i7 90
Productivity (ton/ha) 21.9 26.5 .19.0 35.2,, 

Cheju Province Statistics 
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Table 7 Acreage of pineapple cultivars, Cheju 

arawak + Special
. A. arelo 

Acreage (ha) 45.6 . + 35.8 
Ratio (%) 52.4,. 41.2 

Cheju Experiment Station 

Fruit quality is not good, however, fruits 
being sourer with high acidity, low sugar and light 
in weight (Table 8). 

Pineapples are simply protected by two or 
three layer polyethylene films without heating in 
the winter, which is not sufficient to keep air 

temperature above 16°C, the minimum growth 
temperature for pineapple. Reduced solar radia-
tion due to thicker polyethylene film is a contri. 

buting factor to the low quality of pineapple 
grown in Cheju Island. 

Tourists purchase pineapples as souvenirs 
rather than for table. To improve fruit quality 

an economic heating system using solar energy 

Table 8 Pineapples cultivar fruit quality 1979-1983 

Sarawak 

Sugar cont. (%) 13.1 

Acid cont. (%) 1.68 

Fruit wt. (kg) 

Cheju Experiment Station 

Table 9 Yearly production of kiwi fruit 

981' 

Production (ton) 

Acreage (ha) 3.9 

Productivity (ton/ha) .0'.7 

Cheju Province Statistics 

-- 17 

Tae-Nong 5 Perote Total 

5.5 0.1 87.0 

16.3 0.1+, 100.0 

effectively needs to be developed. 

Kiw Fruit (tctinidla chinensis Plench) 

Kiwi fruit is one of the most promising 
newly introduced fruits. Grown since the end of 

1970, it was only in 1980 that cultivation began 
on an economic scale. 

Kiwi fruit production is increasing (Table 9). 
It can be grown on fields 250 to 300 meters above 
sea level where citrus can not survive. At this 
altitude wind damage is a problem even to the kiwi 
fruit without wind protection the plant will not 

yield fruits economically (Table 10). 

Special Amarelo Tae.Nong 5 

15.1 11.0 

1.64 1.32 

1.34 1.43 

1982 1983 L 1984 

7.8 25.0. 62.0 

:1.0 28.0 71.5 

0.9 0.9 



Table 10 Kiwi fruit typhoon damage 

Typhoon Kity Typhoon Lee 
(Aug. 9-10, 1985) (Aug. 13-14, 1985) 

Wind velocity 

Shoots & Twig damage 
17.3 rn/sec 

2.8% 
16.7 m/sec 

unrecorded 
Leaf damage 41.6% 44.2% 

Cheju Experiment Station 

DISCUSSION 

Q. (M.Koizumi) 
You have noted that there is virus in :the citrus crops on Cheju iuiid; what method.'do you use to 
prove this? 

A. We index through sesame. 

Q. 

A. 

(.Koizumi) 
Which is the type more noticeably infected withSDV, the early'or ordinaryvariety of satsuma? 

The early type. 
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VIRAL DISEASES OF CUCURBITS AND SOURCES OF RESISTANCE 

R. Provvidenti

Department of Plant Pathology, New York State Agricultural Experiment Station
 

Cornell University, Geneva, New York 14456
 

ABSTRACT 

A number of viruses areknown to Infect cucurbits,here attentionis given to those ofgreateconomicimportance, and sources of resistance thatare presently available cre listed. Forconvenience, the virusesare grouped accordingto theirvectors, andsourcesof resistancewill be given forcucumber,melon, squash,
watermelon, bottlegourd,loofah,and waxgourd. 
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VIRAL DISEASES OF CUCURBITS AND SOURCES OF RESISTANCE 

R. Prowidenti
 
Department of Plant Pathology, New York State Agricultural Experiment Station
 

Cornell University, Geneva, New York 14456
 

INTRODUCTION 

Most of the cultivated cucurbit species 
o,.iginated in tropical and sub-tropical regions of 
Africa, the Americas, and Asia. They constituted 
very important crops at the beginning ofagriculture 
and continue to contribute substantially to the 
welfare of many regions of the world ' 2 . Like 
many other cultivated plants, cucurbits are con-
stantly subjected to adversities, pests, and diseases, 
Some of the most damaging are viral diseases, 
which often reduce the quantitj and quality of 
their yield. However, the incidence and severity 
of these diseases may vary through the years, 
depending upon the complex relationships among 
viruses, hosts, vectors, and environmental factors, 

For years, eradication of overwint6ring 
hosts of the viruses and chemical control of the 

vectors have been the principal means of control. 

These methods continue to play an important role, 
and will supplement other biological and cultural 
practices, but it must be recognized that they 

are only partially effective and need to be repeated 
yearly, adding to production costs. Consequently, 
given the difficulty of controlling viral diseases 
by adopting preventive or curative measures, it is 
logical to expect that heritable resistance is the 
ultimate solution. 

Sources of resistance to viruses can be found 
in: 

1) existing cultivars, 

2) primitive cultivars or land races, 
3) cloyely related species, or 

4) other genera of the same botanical family. 
The first two sources can be quickly ex-

ploited and thus are more appealing, whereas 
those deriving from other species are often difficult 
to transfer because of genetic incompatibility or 

close linkage with undesirable characters. How
ever, increasingly we are forced to rely upon wild 
cucurbit species as sources of resistance to viruses. 

In contrast to sources of resistance to fungal 
and bacterial pathogens, genes conferring resistance 
to viral infections have been proven rather stable. 
However, in some cases, resistance is viral strain
specific. Thus, a resistance gene may confer 
resistance only to a specific strain (pathotype) of 
a given virus, necessitating an accumulation of 
genes for the control of all known pathotypes. 
When possible, the search for resistant germplasm 
should be made before these diseases reach cata
strophic proportions, since the incorporation of 
resistance into horticulturally desirable cultivars 
requires several years of intensive breeding. Fur
thermore, unless the nature of resistance and its 
limitations are well understood, considerable 

wasted time and effort can be expended by 

cucurbit breeders. 

VIRUSES TRANSMITTED BY APHIDS 

Cucumber Mosaic Virus (CMV) 

A cucumovirus. with 3 functional pieces of 
single-stranded F.NA included in 3 classes of 
isometric particles about 28nm in diameter, it is 
transmitted in a stylet-borne manner (non per
sistent) by more than 60 aphid species, which 
acquire the virus within 5-10 seconds and retain 

it for about 2 hours. CMV is easily transmitted 
mechanically and it has been reported to be seed
borne in 19 plant species, however, none in the 
Cucurbitaceae. This virus is of worldwide distri
bution, thus it occurs in the tropics as well as in 
temperate and cool regions, where it is able to 
infect more than 800 plant species. A number of 
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strains, pathotypes, and serotypes have been 
described. In cucurbits, it causes a prominent 
mosaic, leaf reduction, cupping, rugosity, and plant 
stunting. Fruits are also affected by distortion 
and discoloration' • 

Resistance: 

Cucumber (Cucumissativus) 
The first evidence of resistance to CMV was 

reported in 1928, in the oriental cucumbers, 
Chinese Long and Tokyo Long Green 38 . Research 
on the inheritance indicated that resistance was 
conditioned either by 3 dominant s 6 or 3 partially 
dominant 2 3 genes and possibly some modifiers, 
Conversely, another study concluded that resis-
tance was due to a single dominant factor 6 7, to 
which the symbol Cmv was later given4 9 These.
 
studies have pointed out 
 that in breeding for 
resistance, it is possible to select plants with 
varying degrees of resistance depending upon the 
number of genes involved. In general, CMV 
resdstance in cucumber is better expressed under 
field than greenhouse conditions. Currently, most 
of the American cultivars are resistant to this virus. 

Table 1 Viruses and plant breeding 

Melon (Cucumis melo) 
Resistance to CMV was first reported to 

occur in oriental melons, particularly in the 
pickling types (C. melo var. conomon)9 . One 
study, involving the cultivar Freeman's Cucumber, 
indicated that resistance was conditioned by 3

2 1recessive genes . A second study with two 
Japanese cultivars revealed that resistance was due 
to 2 or 3 complementary recessive genes s a. In 
France, using a melon from Korea, it was deter
mined that resistance was oligogenic anC reces
sive 4 8 . Additional research clearly indicated that 
resistance is strain specific2 6 . Resistance in most 
oriental melons is strongly influenced by tempera. 
ture. It was reported that at high temperatures 
(28C) inoculated plants were symptomless and 
there was a limited viral replication. Conversely, 
at lower temperatures (190 C) plants developed 
symptoms s 9 . Hence, this resistance is very suitable 
for 	warm areas of the world, such as the tropics. 

Squash(Cucurbitaspp.) 
Tolerance to CMV, reportedly conferred by 

two recessive genes, was found in C. pepo (PI 
176959 and PI 174192, Turkey)3 1 . However, this 
tolerance has not been used because it is strain 
specific. A high level of resistance was located in 

1. Resistance can take a range of forms: hypersensitivity, tolerance, resistance to virus spread, extreme 
resistance or Immunity. 

2. 	 Most of the single major genes for resistance have proved to be rather stable. 
3. 	 In several cases, resistance is viral-strain-specific, One gene for each specific strain.
4. 	Resistance controlled by multiple gene systems is usually difficult to transfer.
5. New viral strains can arise from point mutations, deletions, or recombinations of existing strains.
6. 	Classification of virus strains based upon a range of characters tend not to coincide with grouping based 

upon ability to be controlled by specific host geutis.
7. Only resistance genes can effectively differentiate these strains (Pathotypes). In most cases, serology

cannot be used for this purpose, since serotypes and pathotypes rarely coincide.
8. 	 Resistance-breaking strains of viruses usually have biological defects that may prevent them from 

becoming prevalent.
9. It is desirable to be alert to possible changes in prevalence and severity of viral diseases when new crops 

or cultivars are introduced In agiven area. 
10. 	More Information is needed regarding crop losses caused by viruses, but reliable and practicable surveys 

are usually difficult to design and conduct. 
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Table 2 Viruses-affectlngcucurbits: 

TRANSMITTED BY APHIDS 

Cucumber mosaic (CMV) 

Clover yellow vein (CYVV) 

Muskmelon vein necrosis (MVNV)
 
Watermelon mosaic 1 (WMV-1) 

Watermelon mosaic 2 (WMV-2) 

Zucchini yellow fleck (ZYFV)
 
Zucchini yellow mosaic (ZYMV) 


TRANSMITTED BY BEETLES 
Squash mosaic (SqMV) 

TRANSMITTED BY FUNGI 
Cucumber necrosis (CNV) 
Melon necrotic leafspot (MNLSV) 

TRANSMITTED BY LEAFHOPPERS 
Beet curly top (BCTV) 

TRANSMITTED BY NEMATODES 

Tobacco ringspot (TRSV)
 
Tomato ringspot (TmRSV)
 

TRANSMITTED BY THRIPS 
Tomato spotted wilt (TSWV) 

TRANSMITTED BY WHITEFLIES 
Squash leaf curl (SLCV) 
Melon leaf curl (MLCV) 
Cucumber vein yellowing (CVYV) 
Cucumber yellows (CYV) 

TRANSMITTED BY UNKNOWN VECTORS 
Cucumber green mottle mosaic (CGMMV) 
Cucumber pale fruit viroid (CPFV) 

Table 3 Resistance to viruses InLagenariasiceraria 

Virus Year, Author 

CMV 1978 Greber 
1981 Provvldenti 

SqMV 1981 Provvldentl 

WMV-1 19811 .Provvidentl 

WMV-2 1981.. Providenti 

ZYMV 1984 Provvidenti et al. 

Sources of resistance 

One Australian cultivar 
PI 269506 (Pakistan), PI 271353 
(India), PI 391602 (China) 
All the accessions are resistant 

PI 188809 (Philippines), PI 271353 
and PI 288499 (India), PI 280631 
(S.Africa), PI 391602 (China), and
 
cv. Hyotan (Hawaii)
 
PI 271353 (India), PI 391602.(China),
 
and cv. Hyotan (Hawaii)
 
PI 271353 (India)
 

Table 4 Resistance to viruses InBenincasahispida 

Virus Year Author Sources of resistance 

WMV-1 1977 Provvident PI 391544 and Pi 391545 (China) 

WMV-2 1977 Provvidentl Tolerance In PI 391544 and PI 

391545 (China) 
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wild species (C. cordata,C. cylindmta, C. digitata, 
C ecuadorensis, C. ficifolla, C. foetidissima, C. 
gracilior,C lundelliana,C. martinezii,C. okeecho-
beensis, C. palmata, C. palmeri, and C. pedati-
folia)". Using interspecific crosses, resistance 
from C. riartinezii has been transferred into C. 
pepo", in which it appears to be partially 
dominant. Recently, good sources of resistance 
have been found in a few accessions of C. 
moschata and C. maxima from South America 
(unpublished). 

Watermelon (Citrullus lanatusand Citrullusspp.) 
Species of the genus Citrullus usually 

respond to CMV inoculation with only a localized 
infection, hence they are considered to be resi-
stant. However, there is a specific strain of CMV 
which is able to infect them, causing prominant 
foliar and fruit symptoms 22 . This strain appears 
be of rare occurrence, 

Bottlegourd (Lagenariasiceraria) 
Resistance was reported in an Australian 

cultivar 4, and in PI 269506 (Pakistan), PI 271353 
(India), and PI 391602 (China) 4° . No information 
is avialable regarding the inheritance of resistance, 

Watermelon Mosaic Virus I (WM V-1) 

A potyvirus with flexuous rods about 750 
nm containing a single strand of RNA, it is spread 
by 19 aphid species in a stylet-borne manner and is 
easily transmitted mechanically, but is not seed. 
borne. WMV.1 natural host range is confined to 
Cucurbitaceae, but experimentally can infect 
locally Chenopodium spp. This virus is of 
common occurrence in t'he tropics, where it is 
often very destructive. Occasionally, it occurs 
also in temperate zones. Foliage of infected plants 
are severely affected by mosaic, distortion, and 
show very narrow lamina. Fruits are malformed, 
exhibiting color break and knobby overgrowths. 
WMV.1 is closely related to papaya ringspot virus 
(PRSV), consequently, in the future it will be 
known as a strain (pathotype) of this virus (PRSV. 
W). WMV-1 is not able to infect papaya17.47.6273. 
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Resistance: 

Cucumber (Cucumis sativus) 
Resistance and tolerance were found in a 

few cultivars from Asia, South America, and 
Hawaii. Inheritance studies using the cultivar 
Surinam (Suriname) indicated that resistance is 
conditioned by a single recessive gene (wmv-i-I) 65 . 
This cultivar responds to infection with mild 
systemic symptoms usually confined to 1 or 2 
leaves. New growth and fruits are free of 

symptoms'. A number of oriental cucumbers 
respond also with a mild, but persistent moitle. 
However, their fruits may be affected. 

Melon (Cucumis melo and other Cucumisspp.) 
A very high level of resistance was found in 

PI 180280 from India7 . In a breeding line 
deriving from it, the resistance was established to 
be monogenically dominant (Wmv-J)7. A second 

allele at the same locus (Wmv-1 1 ) was located in 
another Indian melon (P1 180283)50. However, 
the second gene has no practical value, since iA 
conditions a lethal necrotic hypersensitivity '. 
A very high level of resistance to WMV-1 was also 
found in an accession of C. metuliferus from 

South Africa (PI 292190)42 in which resistance 
also is monogenically dominant (Wmv) 43 . Probab

ly this gene is identical to that found in C. melo. 
Resistance to WMV-1 in melon seems to be very 
stable ana not strain specific. 

Squash (Cucurbitaspp.) 
Cucurbita ecuadorensis, C. ficifolia, and 

C. foetidissima were found to possess a high level 
of resistance". Recently, tolerance was located in 
a C. maxima from Uruguay and resistance in a C. 
moschata from Nigeria 41. 4

6 

Watermelon (Citrullus lanatus and other Citrullus 
spp.) 

A recent report has indicats,. that resistance 
may be available in PI 179662 and PI 179878 
(India),and P1295848 (South Africa)3. Egusi, an 
accession of C. colocynthis, appears to be tole. 
rant s . 
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Table 5 Resistance to'viruses in cucurbita species 

VIRUS YEAR 

CMV 1960 
1978 , 

1985 

SLCV 1984 

SqMV 1978 

WMV-1 1978 

1982 

1984 

WMV-2 1978 

1982 
1984 

ZYMV 1981 
1984 

VI RUS YEAR 

CMV 1928 
1942 
1961 
1969 

SqMV 

WMV-1 1984 

WMV-2 1971 

ZYMV 1985 

AUTHOR 


Martin. 

Provvidentl teal. 

Provvidenti 


Mc Crelght 


Provvidenti et al. 


Provvidenti atal. 

"Provvidenti 

Provvidentl etal. 

Provvidentl at al. 

Provvidenti 
Provvidenti etal. 

Lecoq et al 
Provvidenti etal. 

SOURCES AND GENETICS OF RESISTANCE 

C peop, 2 recessive, strain specific 
C. Ecuadorensis, C.martinezii and II 
other wild species 
C. maxima (Argentina), C.moschata (Nigeria) 

Some tolerance In C.pepo, C.moschata 

C.ecuadorensis, C.Martinez/i, C.okeechobeenss. 

C.ecuadorensis, C.ficifolia, C. foetidissima 
Tolerance in C.maxima: Zapallito Redondo 
(Uruguay)
 
C.moschata (Nigeria) 

C.ecuadoreAsis, C. ficifolla, C.foetidlssima, 
C. pedatifola. Tolerant: C.gracilorand-,
 
C. sororla
 
C.maxima (China)
 
C.moschata (Nigeria)
 

C.ecuadorensis
 
C ecuadorenss, C.moschata (Nigeria)
 

Table 6 Resistance to viruses In Cucumis sativus 

AUTHOR 


Porter 
Shiffries etal. 
Wasuwat & Walker 
Kooistra 

Wang & Provvidenti 

Cohen etal. 

Provvidenti 

SOURCES AND GENETICS OF RESISTANCE 

Chinese Long, Tokyo Long Green 
3 dominant genes and modifiers 
Single dominant (Cmv) 
3 partially dominant 

Most cultivars are resistant 

In Surinam (Suriname), sipgle recessive (Wmv..1) 

In Kyoto 3-ft, single dominant (Wmv) 

Iin
TMG-l, single recessive (Zym) 
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Bottlegourd (Lagenariasiceraria) 
PI 188809 (Philippines), PI 271353 and PI 

288499 (India), PI 280631 (South Africa), PI 
391602 (China), and the Hawaiian cultivar Hyotan 
are resistant 4° . 

Waxgourd (Benincasa hispida) 

PI 391544 and PI 391545, both from China,
are resistant-". 

Watermelon Mosaic Virus 2 (WMV2) 

A potyvirus with filamentous rods about 
750 nm, containing a single strand of RNA, it is 
spread by 20 or more aphid species in a stylet. 
borne manner and is easily transmitted by
mechanical means, but not through seeds. WMV.2 
natural host range includes most of the Cucur. 
bitaceae and many leguminous species, thus it can 
be easily found in the tropics, as well as in tern. 
perate regions. Generally, the symptoms caused 
by this virus are less severe than those incited by 
WMV.1, however, they may vary considerably, 
depending upon the species and viral strain in. 
volved. Symptoms include green mosaic, leaf 
rugosity, green veinbanding, and chlorotic 
ringspot3. Fruits are not distorted, but some 
colors are adversely affected. Although this virus
shares the same rame with WMV.1, arethey 
distinct entities. Eventually, WMV.2 will be

known as WMV 17.47 62 73 . 
. . 

Resistance: 

CbyCucumber (Cucumissativus) 
Many of the oriental cucumbers seem to be 

resistant or tolerant to WMV.2. A study has 
established that resistance in the Japanese cultivar 
Kyoto 3-feet is governed by a single dominant 

3gene (Wmv) .49 . 

Melon (Cucumis melo) 
No adequate level of resistance has been 

found to control this virus. Some cultivars seem 
to possess a low level of tolerance, which is strain 
specific (unpublished). 

Squash (Cucurbitaspp.) 
The wild species C. ecuadorensis,C. ficifolla,

C foetidissima, and C. pedatifoliawere reported 
to be highly resistant"4. Tolerance was detected 
in C. gracilior and C sororia". A selection from a 
a Chinese cultivar of C. maxima (PI 419081)
possesses a good level of resistance 41 . 

Watermelon (Citrullus lanatus and other Cir,.llus 

spp.) 
Line WMR-4, a selection from the Nigerian 

cultivar Egusi (C colocynthis)is highly resistant6 9Tolerance and resistance were recently reported in 
several other lines, including PI 182934, PI 
295848, PI 38174033. 

Bottlegourd (Langenariasiceraria) 
PI 271353 (India), PI 391602 (China), and 

the cultivar Hyotan from Hawaii are resistant 4° . 

Loofah Gourd (Luffa acutanqula) 
Resistance was in offound one accession 


this species' s .
 

Waxgourd (Benincasahispida) 
Tolerance was detected in PI 391544 and PI 

391545, both from China39 . 

Zucchini Yellow Mosaic Virus (ZYMV) 

A recently recognized potyvirus (1981) with
 
filamentous particles about 750 
nm containing a

single strand of RNA, it is efficiently transmitted
 

a number of aphid species in a stylet-borne
manner. ZYMV is e'lso easily transmitted by

mechanical means, and although there is circum.
 
stantial evidence of seed transmission, it has been 
difficult to prove this avenue of spread. ZYMV 
was found almost simultaneously in Italy (squash) 
and in France (melon) and is now known to occur 
in 14 countries on 5 continents. This is one of themost destructive viruses occurring in cucurbits in 
the tropics as well as in temperate zones. The 
severe foliage and fruit symptoms incited by this 
virus strongly resemble those caused by WMV-1; 
thus, it is often difficult to differentiate the 
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Table 7 Resistance to viruses in Cucumis melo and other C.species 

VIRUS YEAR 

CMV 1943 

1975 
1977 
1977 

OGMMV 1979 
1982 

SqMV 
1978 

WMV-1 1962 
1977 
1971 

1983 
1974 
1977 

WMV-2 

ZYMV 1984 

,1984 
1984 

Table 8 

VIRUS 'YEAR 

CMV 

1971 

SqMV 

WMV.1 1984 

WMV-2 1977 
1984 

ZYMV 1984 

AUTHOR 

Enzie 

Karchl etal. 
Risser etal. 
Takada 

Kroon etaL. 
Nijs, den 

Provvidenti etal. 

Webb & Bohn 
Webb 
Quoit etal. 

Pitrat & Lecoq 
Provvidenti & Rob. 
Provvidenti & Rob. 

Pitrat & Lecoq 

Provvidenti etal. 
Lecoq & Pitrat 

SOURCES AND GENETICS OF RESISTANCE 

Oriental Pickling Melons (C.melo var. conomon) 
Freeman's Cucumber, 3 recessive genes 
Korean melon, 2-3 recessive genes 
Japanese melons, 2-3 recessive genes 

Several wild Cucumis species 
C.angufla, single dominant (Com) 

C. melo, no resistance isavailable 
C.metullferus, PI 292190 (S.Africa) 

C.melo, PI 180280 (India)
 
PI 180280, single dominant (Wmv-i)
 
C. melo, PI 180283 (India)
 
PI 180823, single dominant (Wmv-i)
 
C.metuliferus, PI 292190 (S.Africa) 
PI 292190, single dominant (Wmv) 

C.melo, no resistance isavailable 

C.melo, P1 414723 (India), single 
dominant (Zym) 
PI 414723, immune to most American strains 
Resistance strain specific 

Resistance to viruses in CYtrullus lanatus and other C.species 

AUTHOR 

Komuro etal. 

Munger efa. 

Webb 

Munger etal., 


Provvidenti eta. 


SOURCES OF RESISTANCE 

Most C.species are resistant. 

One specific strain can infect 

Most C. species are resistant 

Several Pl's appear resistant 

Egusi (C.colocynthli) from Nigeria. 
Several Pi's appear tolerant 

Egusl (C. calocynthis) from Nigeria 
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symptoms incited by theso two viruses under field Egusi, an accession of C. colocynthis46. Preli
conditions. In tropics,the ZYMV is often as- minary data indicate that resistance is inherited
sociated with WMV-1. A few strains and recessively and is strongly influenced by
pathotypes 6f ZYMV are already known, temperature. At 20 0C. there is some systemic
complicating breeding for resistance. ZYMV is infection, whereas at 300 C. plants are highly
serologically related to WMV.2 and bean yellow resistant (unpublished).
 
mosaic virus (BYMV) 17 . .29.".
2S 

Bottlegourd (Langenarlasiceraria)Resistance: PI 271353 (India) is highly resistant 46. 
This line is also resistant to CMV. SqMV, WMV-1Cucumber (Cucumis sativus) and WMV-240.
 

Resistance and tolerance have been found in
 
oriental cucumbers. A single plant selection 
 OTHER CUCURBIT VIRUSES

(TMG.1) of the cultivar Taichung Mou Gua TRANSMITTED BY APHIDS
 
(China) is presently used for breeding purposes46.
 

Preliminary data indicate that resistance is Clover Yellow Vein Virus (CYVV)

monogenically recessive with one strain and (formerly severe
the strain of BEAN YELLOW 
partially dominant with another strain. However, MOSAIC VIRUS)
 
since fruits produced by heterozygous plants react
 
with symptoms to both strains of the virus, this 
 A potyvirus1 7 of common occurrence in gene should be considered fully recessive, for legumes, in which it causes severe symptoms. In
breeding purposes (unpublished). the northeastern USA, this virus is frequently 

found in yellow summer squash (C pepo) causingMelon (Cucumis melo) numerous chlorotic leaf spots which tend to
A high level of resistance was found in some remain distinct 45 . However, the intensity of thisof PI 414723 (India), which are also resistant to leaf spotting is influenced by environmental

WMV-137 . Studies indicated that resistance is factors. Fruits are not affected, but seed produc.
conditioned by a single dominant gene (Zym) 37 . tion is reduced 45. CYVV was also found in squash

However, there are isolates of ZYMV that are able 
 grown in Italy 28 . Most of the Cucurbitaspp. are
to overcome this resistance27 , clearly indicating resistant to this virus, however, a bush C. maxima

that it is strain (pathotype) specific. 
 (cv. Gold Nugget) proved to be susceptible45 . 

Squash (Cucurbita spp.) Zucchini Yellow Fleck Yirus (ZYFV) 
The multiresistant wild species C. ecua

dorensis is resistant to all known strains of A potyvirus 17 that occurs in the Mediter-
ZYMV 2S'46 . An additional source of resistance is ranean area, particularly in squash (C. pepo)
a Nigerian squash (C. moschata)". Preliminary grown in Italy and Greece 63. It incites foliar pin
studies have indicated tl t in this latter species point yellow flecks in squash and fruit malforma
resistance is partially dominant (unpublished). tion in cucumber".
No sources of resistance or tolerance were found 
in cultivars and land races of C. pepo, a species Muskmelon Vein Necrosis Virus (MVNV) 
which is devastated by this virus2S.29.'" . 
Watermt~on (Citrulluslanatus and Citrullusspp.) A virus with rod-shaped particles of about 

Most of the cultivars of watermelon are 674 nm long, that appears to be restricted to very susceptible, however, a good source of Cucumis melo, and its botanical varieties reticula
resistance was located in the Nigerian cultivar tus, inodorus,and chito in which it induces a dis. 
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tinct veinal necrosis in all but the apical leaves of 
affected plants. Petioles also become necrotic, 

together with a necrotic cork-like streaking of the 
stems. This virus is able to infect numerous 
legume species and it is serologically related to red 
clover vein mosaic virus (RCVMV)1 2 . 

VIRUSES TRANSMITTED BY BEETLES 

Squash Mosaic Virus (SqMV) 

A comovirus with isometric particles about 

30 nm in diameter, in which the single strand of 
RNA is divided into two functional pieces 
(M-RNA and B-RNA), it is mainly transmitted by 
seed and efficiently spread by striped and spotted 
cucumber beetles (Acalymma spp. and Diabrotica 
spp.). These insects acquire the virus within 5 
minutes and can retain it for about 20 days. 
SqMV does not multiply in the vector, but can be 
recovered from regurgitation fluid, feces, and 
hemolymph. In nature, the host range of this virus 
is limited to Cucurbitaceae, particularly squash 

and melon species, in which most of the infection 
can be traced to infected seeds. "ITwo pathotypes 
have been characterized: a) Strain I causing severe 

symptoms in melon but mild in squash, and b) 
Strain II which causes severe symptoms in squash 
and mild in melon. These two pathotypes are also 
serotypes, thus they can be easily distinguished by 
using immunodiffusion tests. Plants infected with 
SqMV may show a variety of symptoms, including 
mosaic, ringspots, green veinbanding, and protru. 

sion of veins at the foliar margin. Under certain 
environmental conditions, squash may develop 
prominent enations on the underside of infected 
leaves 2 . 

Resistance: 

Cucumber (Cucumis sativus) 
Although SqMV can infect cucmber and 

related species, symptoms are usually mild and 
there is no malformation of fruits, thus this virus 
is not of economic importance. 
Melon (Cucumis melo and Cucunis spp.) 

No resistance has been found to either strain 
of this virus. However, some land races and 

botanical varieties of C. melo are tolerant to the 

squash. strain, but not to the melon strain. 
Resistance was reported in C. metuliferus, which 
responds only with chlorotic local lesions, making 
this species a valuable assay host 42 . 

Squash (Cucurbitaspp.) 
Tolerance was reported in the wild species 

C. ecuadorensis, C. martinezil, and E., okeecho
beenis4. 

Watermeon (Citrulluslanatus and Citrullusspp.) 
SqMV is not of economic importance in 

these species. 

Bottlegourd (Langenariasiceraria) 
All the accessions of this species were found 

to react only with small and distinct necrotic local 
lesions without systemic infection, thus they are 

° considered as highly resistant < . Since some plants 
tend to respond with numerous lesions, this 
hypersensitivity can be exploited for quantitiative 
and qualitative assays. 

VIRUSES TRANSMITTED BY
 
LEAFHOPPERS
 

Beet Curly Top Virus (BCTV) 

A geminivirus with isometric particles about 
20 nm each, occurring singly or in pairs, containing 
a single strand of RNA, this virus is restricted to 

the phloem and it is transmitted mainly by the 
leafhopper Circulifer spp., in which it circulates 
without multiplying. BCTV posseFsses a wide host 
range causing yellows-type diseases and a pro
minent leaf curling and distortion. Cucurbit plants 
are generally severely stunted, showing upward 
rolling of the leaf laminae and rosetting of apical 
growth. Fruits are malformed. This virus occurs 
in the arid and semiarid regions of America and 
Eastern Mediterranean Basin where it apparently 
originatedWo. No information is available regarding 
sources of resistance. 
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VIRUSES'TRANSMITTED BY is of common occurrence in wild squash. C.
NEMATODES cylindrata,C. digitata, C. ecuadorensis,C. gracillor, 

C. palmata, C. palmeri, and C. sororia". TheTobacco ringspot virus (TRSV) and tomato following accessions of Lagenariasicerariaare alsoringspot virus (TmRSV) belong to the nepovirus resistant: PI 188809 (Philippines) and PI 271353 
group, with particles about 28 nm containing two (India)4° .
 
pieces of RNA (RNA-1 and RNA-2), which are
 
essential for replication and pathogenicity. These 
 VIRUSES TRANSMITTED 
viruses are mechanically, seed, pollen, and BY THRIPS
 
nematode transmitted. The nematodes Xpihinema
 
spp. and Longiduresspp., after acquiring these two 
 Tomato Spotted Wilt Virus (TSWV
viruses, can retain and spread them for months.
 
However, these 
 viruses do not multiply in the An RNA containing virus with membrane
vectors nor are they transmitted though eggs. bound isometric particles about 70.90 nm inVirus particles are associated with specific sites diameter, it is spread by Thrips spp. andof the alimentary tract, such as the stylet lumen or Frankliniella spp. and is also transmitted mechani.guiding sheath, or in the esophagus. TRSV and cally. TSWV occurs mostly in the tropics where itTmRSV are distinct entities and not serologically infects a large number of plant species, whichrelated, but they share a large host range inciting usually respond with chlorosis, necrosis, stem
similar symptomslS. 4.S.5

streak, and wilting' 8 . 

Tobacco Rlngspot Virus (TRS V) Resistance: 

Cucumber and melon are particularly Most of the cucurbit species respond onlyaffected by this virus. Newly infected leaves with local infection, thus they can be consideredusually exhibit a very bright yellow mosaic (acute to be resistant. However, recently a silver mottlephase). Although subsequent growth shows less disease of watermelon was found to be caused by

prominent symptoms leaf size 
 and internode this virus1 9.
 
length are considerably reduced (chronic phase).

Fruits tend to abort'or remain small and mottled. 
 VIRUSES TRANSMITTED
 
In squash infected with TRSV, symptoms 
are BY WHITEFLIES
 
usually mild and transitory, but the virus is still
 
present in symptomless growth. 
 TRSV is seed Squash Leaf Curl Virus (SLCV

transmitted in Cucumis melo. 
 Resistance was

found in several Cucurbita spp.44 
 and in some A recently recognized geminivirus (1981)
accessions of Cucumis anguria (unpublished). 
 No with particles about 22x38nm containing a singleresistance has been reported in C sativus, C. strand of RNA. It is spread by the whitefly
melo, or Ctrullusspp. Bemisia tabaci in which it is circulative with a 

relatively long latentTomato Ringspot Virus (TmRSV) period. This virus can be
transmitted mechanically, provided that an 
adequate buffer is used. In squash, it causes reduc.This virus is able to cause severe symptoms tion of leaf size, thickening of veins, upwardIn summer and winter squash (C. pepo. C mazima, curling, enations and plant stunting. Serologically,

C moschata, and C. mixta), but it causes only it is related to bean golden mosaic virus andmild and transitory symptoms in cucumber melon, cassava latent virus. SLCV has been found inwatermelon and other cucurbit species. Resistance Southern California and Mexico, where it causes 
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severe economic lossesS., 

Pcsistance: 

Tolerance was reported in some cultivars of 
32 C. moschata,.d C. pepo , but whether it can be 

exploited remains to be seen. Apparently, this 
virus is not able to infect cucumber, melon, or 
watermelons. 

Melon Leaf Curl Virus (MLCV) 

Virus particles appear to be identical to 
thosr of squash leaf curl virus from which, 
however, it differs serologically. This virus affects 
melon, watermelon, squash, cucumber, and bean 
and it is spread by Bemisia tabaci as well as 
mechanically"2. 

Cucumber Vein Yellowing Virus (CVYV) 

As a rod-shaped virus with long particles 
about 740-800nm consisting of a double-stranded 
DNA, it is therefore, unique among plant viruses, 
since the other DNA-containing plant viruses ex-
hibit spherical symmetry 3 . CYVVis transmitted by 
Bemisia tabaciand also mechanically. However, 
experimentally, both methods of transmission 
appear to be inefficient. CVYV can infect many 
cucurbit species. 

Species and symptoms range from chlorotic 
or necrotic dots to severe vein yellowing and 
stunting. Originally it was found in Israel and 
named bottlegourd mosaic virus 4. No sources of 
resistance are known. 

Cucumber Yellows Virus (Cu YV) 
I 

Probably a closterovirus with long flexuous 
particles about 1000 nm, mostly confined to the 
phloem, it is transmitted by the whitefly Tri-
aleurodes vaporariorum, but not mechanically 74 . 
It was originally reported from Japan 74 where 
It infected cucumber and melon. CuYV was also 

°found to occur in melon in France . Symptoms 
consist of interveinal chlorotic spotting along the 

veins. Eventually these spots enlarge and become 
golden yellow, but veins remain green. There is no 
major reduction in size of the main stem, ":ut the 
number of lateral shoots is drastically reduced. 
The host range seems to be confined to Cucurbita. 
ceae. No information is available regarding 
resistance. 

VIRUSES TRANSMITTED
 
BY FUNGI
 

CucumberNecrosis Virus (CNY) 

A virus with isometric particles about 31 
nm in diameter containing a single strand of RNA, 
it is soil-borne and transmitted by the zoospores 
of the chytrid fungus Olpidium cucurbitacearum, 
and also mechanically. In nature, CNV is usually 
found only in greenhouse cucumbers, but ex. 
perimentally can infect a wide range of plants. 
Sympcoms consist of chlorotic spots with pin.
point necrotic centers, which usually fall out, 
leaving shot-holes of various sizes. Leaves may 
be severely deformed, occasionally showing dark 
green enations. Fruits remain small and green 
mottled, and plants are stunted. During the 
summer, symptoms are mild or indistinct. No 
information is available regarding sources of 
resistance 6. 

VIRUSES WITH UNKNOWN
 
BIOLOGICAL VECTORS
 

CucumberGreenMottle Mosaic Virus (CGMMV) 

A tobamovirus with rod shaped particles
about 300 nm. containing a single strand of RNA, 
it is easily transmitted by foliage contact, soil 
contamination, and through seed. No biological 
vector is known. CGMMV has a restricted host 
range, involving mainly cultivated cucurbits. 
Several strains have been reported which can cause 
a variety of symptoms ranging from a mild foliar 
mottle to a very prominent bright yellow mosaic. 
Leaves and fruits may be distorted and reduced 
in size. The watermelon strain can induce internal 
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discoloration and decomposition o$ fruits. This major cucurbit growing areas of the world in order
virus has been reported from Europe and Asia, to monitor the occurrence of new viral diseases.
particularly in green house grown plants' 6 22 . . Because of increa-ed knowlege of plant viruses and: 

more effective international cooperation amongResistance: researchers, it is now possible to accomplish more 
in less time. For example ZYMV was unknown 5

No resistance has been located in cucumber years ago, but now it is recognized as one of the
and related species, but several Asian cucumber most destructive and widespread agents occurring
cultivars remain symptomless following viral in cucurbitsS.29 " 
infection. Unfortunately, these cannot be consi- Excellent results have been obtained in
dered as tolerant, because the reduction in yield breeding for resistance to diseases of cucurbits s '.
is similar to that of known susceptible cultivars. However, efforts must continue to locate sources 
Several Cucumis species were proved to be of resistance in those species for which no resistant
resistant14 . In crosses between the CGMMV- gerniplasm is presently available. For example,
resistant C. anguriawith the susceptible C. myrio- little is known regarding resistance to viruses 
carpus, it was established that resistance is con- occurring in Benincasa, Luffa, Momordica,
ferred by a monogenically dominant factor Sechium, and Trtchosanthes that are extensively
(Corn) 3S . cultivated in the tropics. With concentrated 

efforts results can be rapid and rewarding. Once 
CucumberPaleFruit Virold (CPFV) again ZYMV is an example. Because of research 

conducted in Geneva, NY (USA) and Montfavet
This viroid has been reported from the (France), significant progress was made in locating

Netherlands 61 and Japan s Comparative studies. sources of resistance to this virus in less than 3 
have shown that CPFV, in its biological pro- years. Cucurbit breeders have now at their 
prieties, to be identical to hop stunt viroid s ' . disposal factors for resistance in Citrullus, Cu
lthas been found in cucumber grown under green- cur.i Cucurbita, and Lagenaria2 s. 29.46. It is
house conditions and the main characteristics of worthwhile to mention that all the sources of 
the disease are pale green fruits and crumpled resistance ar derived from plants of tropical origin.

flowers, with foliar rugosity and chlorosis. In In developing viral resistant cucurbit cul.

melon, watermelon, 
 and waxgourd the disease tivars, it is advisable to incorporate resistance
 
appears to be more severe. These plants are 
 genes into well known local varieties. In so doing.
stunted with a bushy appearance and eventually the main horticultural characteristics of these
die prematurely. CPFV is more in thecommon lines should be preserved, assuring their accepta
spring planting, and can be transmitted with sap 
 bility by the local markets. Eventually, the same 
during pruning and grafting. The host range breeding programs will lead to new generations of
includes many Cucurbit species61. high performance cultivars, which will replace the 

established varieties. 
Resistance: Finally, genes for resistance can be efficient

ly used for virus identification. Laboratories in
It was reported that one Japanese watermelon developed countries are usually well equipped,

and a cultivar of Cucurbita moschata were not which makes virus characterization a relatively
infected by this viroid5s . A Momordica spp. was simple task. Since facilities are very limited in 
also not infected by CPFV61. most other countries, very specific tests can be 

FUTURE REQUIREMENTS accomplished using host plants possessing single 
genes for resistance. These tests are perhaps the

Systematic surveys should be made in the most useful of those based upon biological 
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response, and in most cases, offer the only op-
portunity to identify viral pathotypes. Resistant 
plants are also useful in separating individual 
viruses from mixtures. 

This review of 
shown the need for 
viruses and additional 
has .also demonstrated 

the literature has cle. rly 
more research on cucurbit 

sources of resistance. It 
the value of international 

cooperation in solving problems affecting cucurbit 
crops. 
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SUMMARY
 

Bottlegourd plants showing mosaic symptoms were collectedfrom Taichungand luallen in 1982. A 
rod-shaped, sap-transmissible virus was isolated. This virus was Identified as cucumbergreen mottle mosaic 
virus (CGMMV) by electron microscopy and bioassay. Virus particlesarestraightrods at 300 nm in length 
and 18 nm in diameter. They form crystalline inclusions in the cytoplasm of infected cells. This is the 
first record of CGMMV in Taiwan. Unlike the seven known strains,ourvirus isolatecausedsmall, chlorotic 
local lesions on Chenopodium amarantdcolor, symptomless infection on the inoculated leaves of both 
Daturastramonlum and Petuniahybrida, and no infection on other test plants. This isolate, therefore, is 
considereda new strainofCGMMV. 

A.-(Cucumber Green Mottle Mosaic Virus, CGMMV) o . . - . o 

,4 t (Oenopodun amarantic lor) -LA "IRURW I. X.'T4 j ftA (Dturastramonium)& 
4+4- (Petuniahybrida) _L4[k ,%,&.* o*, -6 1S-Z(CGMMV)-7/[ * .kL#Z. 

.,, , ,X(Watermelon strain) 40bA , ! T _ , X pXf-,,kC(lndian strain C) 

1982*-1;;kYU 40kLk '-r 44- &14iA4 )3~Yb);biu 
4L- Oi 4 j 7, AfL tL 1 l. 09cucumber green mottle mosaico) ft 

virus H.XI LI:o ' 4 A-,7,.lt:lti/uIA -k& 300nm rP18nm "tL. -.&,, 

o *A. *A ( t 0 7 ItChenopodium amaranticolorK ts chlorotic7 lJUL . 4 -n, '1, 

local lesion ;-4'r 0, Datura stramonium t Y Petunia hybrida ®04kIr-*€A.0 
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INTRODUCTION 

Bottlegourd (Lagenaria scieraria Standl) is a 
popular cucurbitaceous crop in Taiwan. Some 
bottlegourd plants showing mosaic symptoms were 
collected from Taichung and Hualien in August, 
1982. A rod-shaped, sap-transmissible virus was 
isolated and identified as cucumber green mottle 
mosaic virus (CGMMV). This virus is a member of 
tobamovirus 3' 1 and was first described as cucum-
ber virus 3 '. It infects cucumber, watermelon, 
bottlegourd and muskmelon and causes severe 
yield loss of these cucurbitaceous crops in Japan, 
India, and Europe3. 5. 9 .". Seven strains of the 
virus have been recognized; most of them are 

9 .hosted in cucurbitaceae 3. East European 
isolate of the aucuba mosaic strain is an exception 
among them which infects tobacco cvs Samsun 

and Xanthi-nc 2 . The virus strains can be dis-
tinguished by differential hosts such as Cheno-
podium amaranticolor,Datura stramonium, Pe-
tunia hybrida, and other indicator plants3. S. 11 . 
Attempts were made to determine the strain char
acteristics of our virus isolate by electron micros-

copy and bioassays. 

MATERIALS AND METHODS 

Virus sources: Diseased plants were coTlect-
ed from Taichung and Hualien in August 1982. 
The virus isolate was obtained by single lesion 
isolation from a mechanically inoculated C. amar-
anticolor. It was then propagated on bottle-
gourd plant for the following experiments, 

Electron microscopy: Leaf extracts were 
negatively stained with 2% phosphotungstic acid 
(pH7.0) and examined with JEM-7 electron 
microscope. 

Healthy and virus-infected bottlegourd leaf 
pieces (1mm x 5mm) were fixed in 5% glutaralde. 
hyde (in 0.1M phosphate buffer, pH7.0) at 40C 
for two hr., and post-fixed in 1%osmium tetrox
ide at 40 C for another two hr. Following fixa
tion, the tissue pieces were dehydrated in 2,2,
dimethoxypropane, and embedded in LX 112 
epoxy resin6 . Ultrathin sections were cut with a 
glass knife fixed on a Leitz Fernandez.Moran type 
ultramicrotome. Thin sections were then double
stained with uranyl acetate and lead tartrate 7 

and examined with JEM-7 electron microscope. 
Bloassays: One gram of diseased sample was 

ground with 10 ml of 0.114 phosphate buffer 

(pH7.0), then inoculated onto the leaves of the
indicator plants Chenopodium amaranticolor,C. 
murale, Datura stramonium, Petunia hybrida 
and Citrullusvulgaris. 

RESULTS 

Sympromatology: Virus-infected bottle
gourd leaves developed a well-defined mosaic 
symptom in the field. Blisters were occasionally
found on dark green areas of infected leaves 
(Fig. 1). In addition, shortened internodes, stunt
ing and smaller leaves were also apparent on the 
diseased plants. 

Systemically infected bottlegourd leaves, 
which had showed a slight mosaic symptom 
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earlier, developed mottling symptom within two 

weeks after inoculation in the greenhouse (Fig. 2). 

In the later stage of disease development, a well-
defined mosaic was formed and the size of leaves 

was significantly reduced. On an infected cucum-

ber plant (Cucumis sativus), young leaveshfirst 

turned dark green, which was then followed by 

vein-clearing. At the late stage, the size of leaves 

was also reduced (Fig. 3). 
Electron microscopy: The negative stain of 

leaf extracts by PTA indicated that the virus is a 

straight rod with a normal length of 300 nm and 

a diameter of 18 nin (Fig. 5). Crystalline inclu-

N1
 

Fig. 1. 	 Yellow and dark green blister mosaic symptoms 
on a bottlegourd leaf naturally infected by 
CGMMV 

sions containing virus particles were found in the 

cytoplasm of infected cells (Fig. 6, 7). Accumula
tion of starc'l granules in chloroplasts was also 
common (Fig. 7). 

Bloassays: This virus caused chlorotic local 

lesions with a diameter of 2-3 mm on inoculated 

leaves 	of C. amaranticolor (Fig. 4). It infected 

symptomlessly on inoculated leaves of D. stramon

ium and P. hybrida, on which the infection was 

determined by electron microscopic examination. 

However, the virus was not able to infect the other 
test plants, C. murale and C. vulgaris. 

2. 

Fig. 2. 	 Systemic mottling symptom on a young bottle
gourd 	 leaf 13 days after inoculation with 
CGMMV 

,4
 

Fig. 3. Systemic darkgreen and vein-clearing symptoms Fig. 4. Chlorotic local lesions on a leaf ot .'lzenopoatumn 
on a cucumber leaf 15 days after inoculation amaranticolor inoculated with CGMMV from 
with CGMMV from bottlegourd 	 bottlegourd 
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Fig. 5. CGMMV particles negatively stained with 2% phosphotungstic acid. Bar represents 500rnm. 

DISCUSSION 

According to the results of bioassays and 
electron microscopy, this virus has been determin-
ed to be CGMMV. CGMMV was found only on 
cucurbitaceous crops. Several strains have been re-
ported, and most of them possess restricted host 
ranges. The type strain reported in United King. 
dom (UK) and Europe, causes leaf mottling, blis-
tering and distortion with stunted growth on 
cucumber. The yield caused byloss this strain 
can be as much as 15%3. The aucuba mosaic 
strain reported in UK, Europe and India, causes 
bright yellow leaf mottling, slight leaf distortion 
and stunting of cucumber. Infected fruits devel-
ope yellow or silver.colored streaks and flecks, 
especially at high temperature 3. The watermelon 
strain recorded in Japan, causes slight leaf mottling 
and dwarfing on watermelon, but its infection on 
fruits induces serious internal discoloration and 
decomposition of the fruits which are bitter 

to taste3 .4 .s*1°. The muskmelon strain in 

Western Germany, has affected 70 to 80% of 
9muskmelon plants in different years . The Indian 

strain C from bottlegourd in India, causes blister
mottling, stunting and yield loss of the 3 . 4crop . 
Consequently, the virus is an important factor in 
production of quality cucurbitaceous crops. 

So far, seven strains of CGMMV have been 
recognized mainly according to the results of 

. 3. sserology and differential hosts' .2 . The type 
strain does not normally cause symptoms on 
cucamber fruits. It only produces a few local 
lesions in C. amaranticolorunder certain condi
tions. It does not infect D. stramonium or P. 
hybrida'.3 . The cucumber aucuba mosaic strain, 
which is the same as cucumber virus 4, induces 
striking symptoms on cucumber fruits, local 
lesions on C. amaranticolorand systemic mottling 
on C. murale. But it does not infect D. stramon
ium. East European isolates of this strain have 
been reported to produce chlorotic local lesions 
on tobacco cvs Samsun and Xanthi nc 2. 3 . The 
watermelon strain infects watermelon and induces 

40.
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Fig. 6 & 7. Crystalline inclusions (CI) of CGMMV particles in cytoplasm and accumulation of starch granules (S) in chloro

plast of infected cells of young bottlegourd leaves which showed mosaic symptoms 15 days after inoculation. 

Bar represents 1,000 nm. 
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local lesions on C. amaranticolor, but not on 
4 .D. stramonlum3 . The Japanese cucumber 

strain causes severe fruit distortion on cucumber 
and induces local lesions on D. stramonium, but 
not on C amaranticolor3'.4. The Yodo strain 
from Japan causes fruit distortion on cucumber 
and local lesions on C. amaranticolor,D. stramon. 
ium azid P. hybrida3*. 1 0 . The Indian strain C 
causes local lesions on C. amaranticolor,symptom-
less infection on leaves of D. stramonium while 
no infection on tobacco or P. hybrida3 . The 
muskmelon strain neither infects C. amaranticolor 
nor D. stramonium9 .". Unlike known strains, 
our isolates of 	CGMMV cause small, chlorotic 
local lesions on C. amaranticolor, symptomless 
infection on leaves of both D. stramonium and P. 
hybrida,but no infection on watermelon or C mur 
ale. These properties show that our isolates are 
neither watermelon strain nor Indian strain C. 
This virus, therefore, is assumed to be a new strain 
of CGMMV. 

This is the first report of CGMMV on cucur-

bitaceous crops in Taiwan. 
 CGMMV can be 

transmitted through seeds, 
 soil and mechanical 

'4 "s means . It is a limiting agent for growing 
bottlegourd, cucumber and probably other cucur-
bitaceous crops. Controls are needed to prevent 
the spread of CGMMV in Taiwan's cucurbitaceous.. 
crops. 
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ABSTRACT
 

An Isolate of zucchini yellow mosaic virus, ZYMV- 7, was purified and an antiserum producedfrom 
leaves of inoculated zucchini plants taken 9-10 days after inoculation. Yields ofpurified virus were 18
22 mg/lO0 g of leaf tissues. A 260/280 from severalseparatepreparationsrangedfrom 1.27 to 1.31. The 
reciprocal titer of antiserum against homologous antigenswas 4096 in ring interface precipitin tests, and 
16 in SDS-immunodiffusion tests. Antiserum to ZYMV-7 producedprecipitin bands with the eightother 
ZYMV isolatesidentifiedfrom Taiwan, and theZYIV-444 isolatefrom Florida, Serologicaltests indicated 
thatZYMV isolatesfrom Taiwanare different from the WMV-2 Floridaisolate#486 but have some serolog
ical relations to certain types of WMV-2, while ZYMV-7 has no serologicalrelationship to WMV-1 and 
WMV-2 (Floridaisolate #486). 
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INTRODUCTION 

More than 25 viruses, including seven be-
longing to the potyvirus group, are found naturally 
in cucurbits. 16 22 Among them zucchini yellow
mosaic virus (ZYMV) first described by Lisa etal. 
in Italy, 1981, is a relatively new potyvirusi s .
The virus has also been reported to occur in 
France' 1 , the United States 9 22 . and Lebanon13.
In Taiwan, cucumber mosaic virus (CMV)4. 27 , 
watermelon mosaic virus type-1 (WMV.1)12,
cucumber green mottle mosaic virus (CGMMV) 26 

and loofah mosaic virus (LoMV) 3 have been 
reported infecting cucurbitaceous p!ants. In 1982, 
we observed a disease which produced severe 
mosaic and rugose symptoms on leaves and 
distortion and malformation of fruits of cucumber 
plants. On the basis of symptoms, host range and 
serological relationships, we proposed that 
zucchini yellow mosaic virus was the cause of the 
disease 9. Recently, in screening of 54 cucumber 
cultivars/lines for resistance cucurbit viruses,to 

Yang27 found that ZYMV is the most destructive 

to cucumber crops.


5Lisa et al.1 had characterized and purified
ZYMV. Recently, Provvidenti et al.19 have also 
purified the cytoplasmic inclusion proteins from 
ZYMV infected plants. However, because of the 
tendency of the virus to aggregate, difficultiez are 
often encountered in purifying the virus, especially
for a high yield. In comparative studies, Huang
Hseu1° found that different ZYMV isolates greatly
influenced the virus yield under same purification
procedure, although these isolates appeared to be 
serologically identical in SDS-immunodiffusion 

tests9. This paper deals with a selected ZYMV 
isolate which we purified and consistently gave
high yields of purified virus by modification to 
the procedure of Gonsalves and Ishli8 . 

MATERIALS AND METHODS 

Source and maintenance of the virusisolate 

The ZYMV isolate used in this study re. 
ferred to as ZYMV-79 was originally obtained 
from leaves of infected cucumber plants grown in 
the experimental field of Taiwan Agricultural
Research Institute. It had passed through three 
serial transfers from a local lesion host, 
Chenopodium amaranticolor,to zucchini plants.
The isolate produced severe mosaic and leaf 
distortion on zucchini, and latent infection on 
Pisum sativum, Alaska. It was generally
maintained and propagated on zucchini plants 
throughout this study. 

Determinationof virus concentrationin zucchini 

To determine the time required for the virus 
to reach highest concentration in systemically
infected leaves of zucchini plants, leaves were 
sampled from three inoculated plants at two day
intervals. About six discs (0.5mm in diameter) 
were taken from each leaf by a cork borer. Then, 
the leaf discs were pooled, weighed, and ground in 
0.05M potasiuM phosphate buffer, pH 7.5, with 
1:10 ratio (w/v). The crude extract was in.
oculated on two C. amaranticolorplants to test for 
local lesions. The relative virus concentration in 
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systemically infected leaves was estimated by overnight against 0.05M phosphate buffer to re

counting the number of lesions on lesion host move Cs salt for spectrophotometry, or it was given 

10.14 days after inoculation, another cycle of isolpycnic centrifugation. 
The purity and quantity of the purified virus 

Purification 	 preparations were determined by a Hitachi 

9pectrophotometer (Model 220S). In one trial, 

The purification procedure for ZYMV was a the absorption profile was measured at 254nm 

modification of that described by Gonsalves and with UV monitor (Gilson LC detector, Model 111) 

Ishii8 for purifying papaya ring-spot virus, coupled with Gilson CRP fractionator for virus 

were harvested from sample from the second cycle of isopycnic centri-Systemically infected leaves 
greenhouse-grown zucchini plants 9-10 days fugation in Cs 2 SO 4 . 

after inoculation with ZYMV. The tissue was 
homogenized with a Waring blendor (Model Productionofantiserum 

31BL42) in 0.25M potassium phosphate buffer 

(2ml/g tissue), containing 0.01M disodium All antisera to ZYMV-7 were produced in 

ethylenediamine.tetraacetate (EDTA) and 0.1% one rabbit by injecting virus purified after one 

sodium sulfite (Na 2SO 3 ), pH 7.5. Chloroform and cycle of isopycnic centrifugation. The rabbit was 

carbon tetrachloride, each at 0.5ml/g tissue, were given a series of four intramuscular injections at 

added slowly as the tissues were being ground, weekly intervals, and a booster at six weeks after 
washomogenate was centrifuged at 5,000 rpm for 5 the final injection. The immunized rabbit 

min., and the supernatant centrifuged again at bled weekly, starting one week after the last 

8,000 rpm for 15 min. in a Hitachi RP-12 rotor. injection. Antibodies reacting with host proteins 

PEG (polyethylene glycol, MW. 6,000) was added were removed by adding 2% of bovine serum 

to the supernatant at the rate of 8g/100ml. The albumin (BSA) (Sigma Co.) to the sera, and 

mixture was stirred for 1-2 hr and was centrifuged usually incubating the mixture overnight at 4"C. 

a All -20 0 C in the presence ofat 10,000g for 20min. in Hitachi RP-16 rotor. sera were stored at 


The resulting pellets were resuspended in O.1M 0.04% sodium azide.
 

potassium phosphate buffer plus 0.01M EDTA,
 
pH 7.5 and stirred for another hour. Before the Serology
 

second PEG treatment (5% PEG + 0.3M NaCl),
 

the resuspended virus was spun at 4,000 - 5,000 The titer of antisera was determined either
 

rpm for 10 min. to remove the host constitutes. by ring interface precipitin test', and or by SDS.
 
test 14. 20 

The virus was precipitated after second PEG treat- immunodiffusion against homologous 

ment, and the pellets were finally resuspended in virus. Serological reactions were made among the 

0.05M potassium phosphate buffer, pH 7.5, and following ZYMV isolates: ZYMV-1 to ZYMV-9 

stirred overnight, from Taiwan 9, and ZYMV-444 from Florida. In 

Upon isopycnic centrifugation, the virus sus- addition, WMV-1 and WMV-2 (Florida isolate 

pension was mixed with 26%cesium sulfate (w/w), #486) were also included for the purpose of 

or of 30% cesium chloride. Centrifugation was comparison. Both ZYMV-444 and WMV-2 were 

performed at 38,000 rpm for 22-24 hr. at 60C in a kindly provided by Dr. D. E. Purcifull, University 

Hitachi RP-65T roto" (w 2 t = 1.28x1012 rad2 /s). of Florida. The agar medium for immunodiffusion 

After centrifugation, the virus zone was collected tests consisted of 0.8% Noble agaz, 1% sodium 

by a small pipet. The purified virus suspension axide and 0.5%dodecyl sulfate sodium (SDS) 14 22, 

was diluted to five times its volume With phos- In some cases 2% bovine serum albumin was incor

phate buffer, and again centrifuged at 10,000g for porated into the medium to remove the non 
20 . 23 

10min. The virus preparation was dialyzed specific reaction 4. . Crude antigens were 
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prepared from fresh leaves of inoculated zucchini 
plants by grinding lml/g tissue in distilled water,
followed by adding 1ml of 3% SDS, and filtered 
through cheesecloth. Generally, the whole 
procedure was completed within one hour. 

RESULTS 


Virus concentrationin zucchini 

Zucchini leaf extracts prepared from in. 
oculated systemically infected plants were assayed 
for virus concentration (content) by inoculation to 
Chenopodium amaranticolor. The local lesion 
produced on C. amaranticolor showed that virus 
content increased gradually in zucchini during the 
first six days, and then it increased rapidly. A 
peak virus concentration was reached in systemi-
cally infected plants about 8-10 days after inocula-
tion under growth chamber conditions (25 0 C)
(Fig. 1). Therefore, leaves were usually harvested 
at this time and used for virus purification and 
serological studies. 
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Fig. 1. Virus concentratijn of zucchini yellow mosaicvirus in relation to the time of infection in zucchini plants
under the constant temperature at 250C,the relative virusconc. was estimated by counting the local lesions pro-
duced in Chenopodium amaranticolor. 

Purification 

In our earlier purification attempts, virus 
suspension was mixed with 30% Cs2 SO4 for 
isopycnic centrifugation. The virus zone appeared 
at about 1.5cm below the meniscus after centrifu.
gation for 22.24 hours using Hitachi RP-65T rotor 
tubes. It was close to the host green componentsand needed great care in collection by a small 
pipet. Later, the virus suspension was mixed with26%Cs 2 SO4. After isopycnic run the virus zone 
was located just below the middle of the tube and 
was well separated from the green materials. The 
purified virus was easily collected from Cs salt 
gradient.
 

The purity and quantity of the purified virus 
preparations were analyzed by spectrophotometer. 
Virus recovered from the first isopycnic centrifu. 
gation was found contaminated with host proteins.
Prowever, a second cycle of isopycnic centrifuga. 
tion yielded highly purified virus (Fig. 2). There 
were no significant differences in UV spectra of 
the purified virus preparations from one or two 
cycles of isopycnic cantrifugation. The absorp. 
tion of several separate preparations of the 
purified virus showed the min.at 246-247 nm and 

max. at 260 nm, and the O.D. ratio of A2 6 0 / 2 8 0ranged from 1.27 to 1.31 (uncorrected for light 
scattering). Assuming E0 1 2.4 for tobacco 
etch virus21 , yield of the purified virus was
estimated to be 18-20mg/100g leaf tissues. 

one additonal trial for comparing virus
in cesium sulfate and cesium chloride
 

solutions, the virus suspension was mixed with Cs
 
salts. After isopycnic centrifugation, virus

from both Cs salts were inoculated to 

C. amaranticolor after dialysis. At O.D.
 
0.593, the purified virus from CsCI gradient
 
produced 1835 lesions/leaf, and0.528, that from Cs2S0 4 

at O.D.2 60 = 
lesions/leaf. gradient produced 1378These results indicated that ZYMV.7 

is stable in both Cs salts. 

Serology 

In ring interface precipitin tests the recipro. 
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Fig. 2. Absorption profile of the purified zucchini yellow 
mosaic virus from the second cycle of isopycnic centri-
fugation in Cs, SO4. 

cal titers of antiserum, taken from the third 

bleeding, against homologous antigen in crude leaf 
extracts and purified preparations were 2048 and 
4096, respectively. This antiserum reacted with 

Reacting
healthy plant extracts at 1:4 dilution. eagar,
with crude antigen in SDS-immunodiffusion gel, the 
antiserum had a reciprocal titer of 16. There was no 
precipitin band formation when it was tested 

against healthy plant extracts. However, antisera 
collected from several bleedings reacted with host 
proteins weakly (Fig. 3,b). Generally, we added 
2% BSA into the agar medium to remove the 
nonspecific reactions (Fig. 3,a). 

ZYMV-1 to ZYMV-9, and ZYMV-444 

appeared to be serologically identical in SDS-gel 
diffusion tests. Except that ZYMV.2 sometimes 
formed a weaker precipitin line, they formed strong 
precipitin bands without spur reaction when tested 
against antiserum to ZYMV.7 (Fig. 4,a,b) or 
antiserum to ZYMV-Italy (Fig. 4,c) (provided by 
Dr. V. Lisa). There were no serological relations 
between ZYMV.7 and WMV-1 and between 

ZYMV-7 and WMV.2 (Florida #486) (Fig. 3). 
However, an antiserum to WMV-2 obtained from 
Dr. D. E. Purcifull which reacted with WMV.2 
Florida #486 strongly, also formed precipitin 
bands when tested against ZYMV-4, ZYMV-7 and 
ZYMV-444 (Fig. 4,d). This result indicated that 
ZYMV isolates from Taiwan were serologically 

related to certain types of WMV.2. 

Fig. 3. Serological reactions of zucchini yellow mosaic 
virus (ZYMV), watermelon mosaic virus-i (WMV-1), and 
watermelon mosaic virus-2 (Florida #486) with antiserum 
to ZYMV-7. 
The central wells (A-4) contained antiserum to ZYMV-7 
collected 4 wks. after the last injection. 
The peripheral wells contained SDS-treated antigens:
1: ZYMV-4; 2: ZYMV-444 (Florida isolate); 3: ZYMV
7; 4: WMV-2 (Florida 486); 5: WMV-1; 6: leaf ex
tracts for..i healthy zucchini plants. 
The medium for pattern (b) consisted of 0.8% Noble 

0.5% SDS, and 1%NaN,, whereas medium for 
pattern (a) consisted of the above constitutents plus 2% 
BSA. The non-specific reaction was observed in (b), 
however, it disappeared in (a). 

DISCUSSION 

Aggregation of virus particles during purifi. 
cation has been a limiting factor in obtaining 

s . higher yields of purified virus in the PVY group 

1S.17.24.25 ZYMV, a potyvirus recently reported 
by Lisa et al.15 , is no exception. The use of 
chloroform for clarification or of high molarity 
buffers for resuspension did not improve the yields 
of the virus' s . In our initial purification attempts, 
an isolate designated ZYMV-49 was selected and 
the yield of purified virus was low, probably due 
to the losses of virus from aggregation during 
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Fig. 4. Serological comparisons of zucchini yellow mosaic virus isolates and watermelon mosaic virus-2 (Florida#486) in SDS-immunodiffusion tests. The central wells (A) contained antiserum to ZYMV-7, (B) antiserum toZYMV-Italy (kindly provided by Dr. V. Lisa), and (C) antiserum to WMV-2 (kindly provided by Dr. D. E. Purcifull).The peripheral wells contained SDS-treated antigens from zucchini leaves infected with: XYMV isolates Nos. 1-9from Taiwan; 10 =ZYMV.444 (Florida isolate); 11 :WMV-2 (Florida #486); 12= healthy zucchini squash leaves. 

purification; however, when ZYMV.7 was pro. 
cessed by the same procedure, quite a high yield 
of purified virus was obtained, suggesting that 
different ZYMV isolates greatly affect the yield 

°of virus in purification l . 
The addition of EDTA to extraction or 

resuspending buffers to reduce virus aggregation 
2S
had been proposeds.s.24. . Deigado.Sanchez and 

Grogan5 obtained an UV absorption spectrum 
typical of nucleoprotein for purified virus 
resuspended in borate buffer plus O.01M EDTA. 
Our initial experiments showed that the additon 
of 	Na-EDTA at 0.O1M in purified virus prepara-
tions changed the UV spectra. It also affected the 
value of O.D. 260/280. Therefore, while EDTA 
was used to prevent virus aggregation, its effect 
on spectrophotometric measurement had to be 
taken into account. 

The purified virus prepared from either the 
first or the second isopycnic centrifugation gave an 
identical UV absorption curve; however, the virus 
preparations from one isopycnic centrifugation 
were still contaminated with host proteins as 
previously observed by others'-8 .24 . The value of 
A260/280 ranging from 1.27 to 1.31 in our studies 
was a little high, presumably due to contamination 
with host nucleic acids by the use of phosphate
buffer 6' 2 1 , but it fitted into the range of 1.2-1.37 

. 18reported for other potyviruses . 

Our ZYMV isolates and the Florida isolate 
ZYMV-444 appeared to belong to the same 
serogroup in SDS-immunodiffusion tests. They 
were not serologically related to WMV-1 or WMV. 
2 (Florida #486). Lisa et al 15 found that ZYMV 
reacted with two antisera against Italian isolates 
of WMV-2. Purcifull et al.22 pointed out that 
antiserum to WMV.2 collected at late bleeding 
could react with ZYMV (Florida isolate 1119) 
antigen. In our studies, an antiserum to WMV-2, 
provided by Dr. D. E. Purcifull, reacted with our 
ZYMV isolates but formed spur reactions. This 
result confirmed that ZYMV isolates were 
serologically, but distinctly, related to certain 

.isolates of WMV-2 as reported previously 15 .22
Since ZYMV has not been Lxtensively in. 

vestigated in Taiwan, the collection of more ZYMV 
isolates from different crops and study of their 
serological relationships to WMV.2 are necessary. 
ZYMV has been reported to be the most destruc. 
tive virus to cucumber plants 27; breeding programs 
designed to develop ZYMV-resistant varieties 
should evaluate cross progenies against a wide 
range of ZYMV isolates. 
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VIRUS DISEASES OF SOLANACEOUS PLANTS TRANSMITTED BY WHITEFLY
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SUMMARY 

The whitefly-borne eggplant yellow mosaic virus (EYMV) was transmitted by mechanical inocula
tion. Host range of'EYMV was limited to seven plant species In the family Solanaceae. Host range of 
tomato leaf curl disease agent (Tm LCDA) was similar to that of tobacco leaf curl virus (TLCV). Each 
purified preparation fron EYMV, TmLCDA or TLCV.infected plants consisted ofgeminate particles about 
18 x 30 nm in size. The aggregates of virus-like particles were observed in the nuclei ofphloem cells of 
leaves infected with EYMV, TmLCDA or TLC. 
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INTRODUCTION 

In recent years, whitefly-borne virus diseases 
have become important and severe on bean, 
mungbean tomato, chilli and tobacco plants in 
various parts of the world and particularly in the 
tropics. During our studies on the identification 
of legumes virus diseases in Thailand, we detected 
whitefly-borne mungbean yellow mosaic virus, a 
member of geminivirus 3.14, -i.d soybean crinkle 
leaf disease, the causal agent is possibly a member 
geminivirus4 . We also observed eggplants with 
yellow mosaic, tomato plants with leaf curl and 
tobacco plants with leaf andcurl enation 
symptoms. Preliminary studies in the laboratory 
revealed that the diseases were all from whitefly, 
transmissible agents. 

In this paper, we report host range, transmis,
sion, purification and electron microscopy of 
whitefly-borne viruses of solanaceous plants and 
indicate that the causal agents may be a member 
of the geminiviruses. 

MATERIALS AND METHODS 

Virus sources and maintenance. Eggplants 

showing yellow mosaic, 
 tomato plants showing 
yellow leaf curl and tobacco plants showing leaf 
curl symptoms were collected from fields in Nak-
hornpathom Province of central Thailand, 
Lampang Province of northern Thailand and 
Nongkhai Province of northeast Thailand, respec.
tively. For theeach causal agent of eggplant 
yellow mosaic disease (EYMD), tomato leaf curl 
disease (TmLCD) or tobacco leaf curl disease 

(TLCD) was isolated from eggplants, tomato and 
tobacco plants naturally infected by whitefly
transmission and the agent then maintained in 
eggplants, tomato and tomato plants, respectively. 

Mechanical transmission. Sources of the 
inocula were collected from systemically infected 
young leaves at 10-14 days after whitefly or 
grafting transmission. Then each inoculum was 
prepared by grinding young leaves in 0.1 M potas.
sium phosphate buffer, pH 7.8, containing 0.1% 
thioglycolic acid. Inoculations were made by
rubbing carborundum-dusted leaves of the test 
plants with a cotton swab soaked in the crude 
sap. 

Seed transmission. Seed samples were 
harvested from EYMD-infected Nicotianatabacum 
'Xanthi nc' and Datura inetei. Each group of 50 
matured seeds were individually germinated in 
earthen pots containing steam-sterilized soil in 
an insect proof greenhouse. The percentage of 
seed transmission was determined by the symp. 
toms on germinated plants. 

Host range. Host range of the causal agents

of EYMD, TmLCD and TLCD 
were determined
 
by whitefly, 
 Bemisia tabaci Genn., transmission. 
Acquisition and inoculation feeding periods ranged
 
between 24 and 48 hr. 
 The causal agent was 
transmitted by 10-15 viruliferous whiteflies to 
test plants. H-ost range of EYMD was also deter
mined by grafting and mechanical transmission. 

Stability in sap. In sap extracted from 
EYMD-infected N. tabacum 'Xanthi nc' leaves,
thermal inactivation point (TIP), dilution end 
point (DEP) and longevity in vitro (LIV) of the 
causal agent were determined using D. stramonium 
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seedlings as test plants. 
Virus purification. N. tabacum 'Xanthi nc' 

infected with the causal agent of EYMD and 
Lycopersicon esculentum infected with the causal 
agent of TmLCD or TLCD were used for virus 

purification. Systemically infected leaves were 

harvested 2-3 wk after transmission by grafting or 

mechanical inoculation. Healthy leaves were used 
as controls. Leaves were processed by previously 

reported purification methods of mungbean 
yellow mosaic virus3. Resuspended pellet; after 

centrifugation in polyethylene glycol reverse 

concentration gradients and followed by ultracen-
trifugation, were used for electron microscopy, 
absorbance spectrum analysis and infectivity 
assays by mechanical inoculation to test plants. 

Electronmicroscopy. Purified virus prepara-

tions for electron microscopy were mounted on 
collodion-carbon-coated grids and stained with ,% 
sodium phosphotungstate (PTA), pH 3.5, or 2% 

uranyl acetate. 
Infected leaf samples for ultrathin sectioning 

were collected from inoculated plants 10-20 days 

after inoculation either by whitefly or by graft-

ing. Pieces of the infected leaves were fixed with 

4% glutaraldehyde at 50C for 1.5 hr, and were 

postfixed with 2% osmium tetroxide in 0.1 M 

phosphate buffer, pH 7.5, at 5°C for 3-5 hr. 

After washing and dehydration, they were embed-

ded in a mixture of low-viscosity epoxy resin' 2 , 

Ultrathin sections were cut with a glass knife in a 

LKB 8800 Ultrotome. They were double-stained 

with uranyl acetate and lead citrate before 

observation. Leaf samples from noninoculated 

test plants at comparable age were similarly pro-

cessed and served as controls. Observations were 
made with a Hitachi Model H300 or H500 

electron microscope. 

RESULTS 

Symptomatology and host range. Among 

the 28 plant species belonging to five families used 

in whitefly transmission tests, only six species of 

the family Solanaceae were infected with the 

causal agent of EYMD (Table 1). In systemically 

infected leaves of eggplant (Solanum melongena) 

(Fig. 1A) and D. mete, small irregularly shaped 

chlorotic spots along the veinlets appeared at the 

early stage and developed into yellow mosaic 
symptoms. Capsicum annuum, D. stramonium, 

L. esculentum and N. tabacum 'White Burley' 

showed irregularly shaped chlorotic spots along 

the veinlets of infected leaves and young leaflets 

curled downward at the edges. Infected plants 
were usually stunted. N. glutinosaand N. tabacum 

'Xanthi nc' were infected with the causal agent of 
EYMD by grafting and mechanical transmission 
but not by whitefly transmission. 

Among the 28 plant species belonging to six 
families used in whitefly transmission tests, 
Phaseolus vulgaris 'Top Crop' of the family 

Leguminosae and D. stramonium, L. esculentum, 
N. glutinosa and . tabacum of the family Solana

ceae were infected with the causal agent of 
TmLCD (Table 1). Symptoms of the infected 

plants consisted mainly of leaf curling and stunt
ing. Systemically infected leaflets of tomato 
became yellow at the edges and curled upward or 

downward (Fig. 1B). 
Host range and symptomatology of the 

causal agent of TLCD were very similar to those of 

TmLCD (Table 1) except for appearance of ena

tions on the lower surface leaves of P. vulgaris 

'Top Crop', N. glutinosa and N. tabacum 'Xanthi 

nc' (Fig. 1C and D). 
Mechanical transmission. The causal agent 

of EYMD could not be transmitted by mechanical 

inoculation in preliminary experiments, however, 

in later trials the agent could be transmitted using 

modified inoculation techniques of mungbean 

yellow mosaic virus3 . The data of Table 2 shows 

that the causal agent of EYMD could be trans
mitted mechanically. L. esculenturn and N. 

tabacum were relatively good sources of inoculum 
giving 50% and 100% infection, respectively. As 

test plants, N. tabacun, D. stramonium, L. 

esculenturn and D. metel were relatively good, 

however, S. melongena were not susceptible 

(Table 2). 
When around 20 edults of B. tabaci were 

left for 48 hr on mechanically infected D. metel. 

D. stramonium and L. esculentum and then 

transfered for 48 hr inoculation feeding on D. 
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Table 1. Host range of causal agent of eggplant yellow mosaic disease, tomato leaf curl disease or tobacco
leaf curl disease (via whitefly) 

tested Symptoms1 ) 
Plants 2 )DEYMDA Tm LCDA 3 ) TLCDA4 ). 

Compositae 
Ageratum conyzoides
Eclipta prostata
Zinnia elegans 

- . 
Cucurbitaceae 

Cucumis sativus -
Leguminosae 

Arachis hypogaea
Cajanusca/an
 
Cassia tora
 
Dolichos lablab
 
Glycine max 
Phaseolus anguralis 
P. lunatus 
P. vulgaris -LC'St En, LC, StP/sum sativum 
Vicia faba 

-

Vigna mungo 
V. radiate 
V. sesquipedalis 
V. unguiculata 

Malvaceae 
Abelmoschusesculentus 
Malvastrum coromande. 

lianum 
Pedaliaceae 

Sesamum indicum 
Solanaceae 

Capsicum annuum ICS, LC, St 
Datura metel ics, YM 
D. stramon/um ICS, LC, St -CS,'LC ICS, LCLycopers/con .. L C 

esculentum ICS, LC, St LC,;St, Y LC, St. YNicotiana glutinosa ICS, LC, St. En,. ICS, LC, St 
(CS, LC, St) 5 - t.... En, L,N. tabacum 'Xanthi nc' " L "P : .... 
(ICS, LC)ICS,N. tabacum 'White LC, St En ICS, LC, StICS, LC ICS, LC, St EnJCS, LC, St

Burley'
Petunia hybrida
Solanum melongena ICS, YM 

1) Key to symptoms:
En =enation; CS - chlorotic spot;ICS = irregularly shaped chlorotic spot; LC - leaf curling;
St = stunting; Y = yellowing;YM = yellow mosaic; no symptoms;
 

= not tested.
 
2) EYMDA - eggplant yellow mosaic disease agent.
3) TmLCDA - tomato leaf curl disease agent.
4) TLCDA = tobacco leaf curl disease agent.
5) Symptoms after grafting or mechanical transmission. 
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metel, D. stramonium, L. esculentum,N. tabacum 
and S. melongena, they could not transmit the 
causal agent to any of the five plant species. The 
causal agent of EYMD was transmitted from 
mechanically inoculated plants to healthy test 
plants by grafting. All attempts to transmit the 
causal agent of TmLCD or TLCD by mechanical 
inoculation failed. 

Seed transmission. None ofthe 50 seedlings 
grown from seeds harvested from EYMD-infected 

D. metel or N. tabacum 'Xanthi nc' showed 
distinct symptoms. 

Stability in sap. In sap extracted from 
EYMD-infected tobacco leaves, the causal agent 
showed TIP of 250-300 C for 10 min, DEP between 
10" and 102, and LIV of 1 day at 200C. 

Virus purification. Partially purified pre
parations obtained from EYMD-infected tobacco 
leaves consisted of geminate particles about 18x30 
nm in size (Fig. 2). The preparations with gemin-

Fig. 1. Symptoms of infection with whitefly-borne viruses. (A) Yellow mosaic in eggplant. (B)Yellowing and leaf curling
in tomato. (C and D) Severe downward curling and enations on the veinlets of the lower surface leaf of tobacco. 
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Fig. 2. Geminate particles of eggplant yellow mosaic virus 
observed in purified preparations stained with 2% 
uranyl acetate. Scale bar = 100 nm. 

ate particles had an ultraviolet light absorption 
spectrum typical of that of nucleoprotein (A26/ 

A 280 value of 1.3-1.4) (Fig. 3). When employed 

for mechanical inoculation, the purified prepara-
tions 	proved infective in one out if six tomato 
seedlings and four out of four tobacco (Xanthi nc) 
seedlings. Symptoms obtained were similar to 
those 	shown by tomato and tobacco plants infect-
ed with the causal agent of EYMD by whitefly 
transmission. 

The corresponding preparations from 
healthy tissue treated similarly failed to show 
geminate particles and infectivity. 

Geminate particles about 18x30 nm in 
size were detected in partially purified prepara
tions of TmLCD- or TLCD-infected tomato plants. 
Both preparations had an ultraviolet light absorp
tion spectrum characteristic of that of nucleo
protein (A2 6/A2 o8valu3 of about 1.4). 

Electronmicroscopy. In ultrathin sections 
of EYMD-infected leaves of S. melongena, D. 
metel and L. esculentum, loose aggregates of 
small spherical virus-like particles were detected 
in the nuclei and the vacuoles of phloem and 
adjacent parenchyma cells. The aggregates varied 

Z 0.5 
0 

n 

0 

CO 
"< 

0 
A

240 260 280 300 
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Fig. 3.	Ultraviolet light absorption spectrumof purified 
eggplant yellow mosaic virus preparations. 
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Table 2. 	Mecahnical transmission of eggplant yellow mosaic idsease agent using different sources and test 
plants 

Source plants of inoculum 	 * 

Plants tested Datura Datura Lycopersicon N/cotiana Solanum Totl Infection 
metel stramonlum esculentum tabacum melongena % 

Datura metel 4/13* 2/11 5/ 8 -* 3/20 14/ 52 26.9 
Daturastramonium 7/18 20/57 24/49 6/20 57/144 39.6 
Lycopersicon 

esculentum 0/18 9/40 26/45 0/10 4/14 49/ 127 38.6 
Nicotianatabacum 0/10 1/15 12/15: 10/10 2/5 25/ 55 45.5 
Solanum 

melongena 0/23 0/19 0/17 ' 0/23 0/ 82 0.0 

Total 11/82 32/142 67/134 20/ 20 15/82
 
Infection
 
% 13.4 22.5 50.0 100.0 18.3
 

•NtI:nber of plants infected/Number of plants inoculated;** - not tested. 

!r
 

Fig. 4. Aggregate of virus-like particles (V) occupy almost the total nuclear volume of phloem parenchyma cell of eggplant
affected by eggplnt yellow mosaic disease. 
NM =nuclear membrane; M=mitochondrion. Scale bar = 500 nin. 
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in size and shape, and sometimes occupied almost enations on the lower surface of infected leaves. 
the total nuclear volume (Fig. 4). These aggregates TLCD was divided into two groups according to 
were observed in nuclei whether the nucleoli the symptoms on tobacco plants in Sri Lanka7 . 
were present or not. The diameter of the in- The first type, TLCD-1, shows typical leaf curl 
dividual virus-like particles was 15-20 nm. The and enations on the lower surface of leaves, while 
ultrastructural changes observed were hyper- the second type, TLCD-2, develops no enations 
trophied nucleoli of some phloem cells. No but vein curvature and rugose symptoms. It 
ultrastructural changes or virus-like particles were seems that TLCD observed in Thailand belongs to 
found in comparable healthy tissues. the first type and TmLCD is related to the second 

In ultrathin sections of TmLCD- or TLCD- type. The experimental data in the past indicated 
infected leaves of L. esculentum, N. tabacum and that there may be a number of strains of TLCD 
P. vulgaris, similar spherical virus-like particles responsible for the development of the leaf curl 
were also observed in the nuclei of phloem and disease in tomato9. '3. S. 17 .1
adjacent parenchyma cells. The virus-like particles Further studies are necessary to identify and 
were either scattered in the sieve tubes or as classify whitefly.borne viruses among the causal 
loose or paracrystalline aggregates. Hypertrophied agents of tobacco leaf curl, tomato leaf curl, 
nucleoli and fibrillar bodies with the shape of tomato yellow leaf curl and tomato yellow mosaic 
either solid circles or rings were occasionally diseases' .11.13 .16 
observed in the nuclei of phloem and adjacent 
parenchyma cells. LIST OF REFERENCES 
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TOMATO YELLOW LEAF CURL VIRUS IN THAILAND 
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Our studies on tomato yellow leaf curl disease indicated that TYLCV was the cause of this most 
seriousvirus disease of tomato in Thailand. Tomato yellow leafcurlvirus is differentfrom tomato golden 
mosaic virus in Brazil and tomato yellow mosaic virus in Venezuela as the latter two can be mechanically 
transmitted' . The rapidincreaseof the whitefly populationand lack ofa TYLCV resistanttomato variety 
resultedin severe outbreaksof thisdisease throughoutThailand. 

4A *
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INTRODUCTION 

Tomato is becoming an economically 
important crop in Thailand. The total tomato 
planting area throughout the country is over 
5,000 ha. with average yield of 1,820 kg/ha. 
Plant diseases and pests are the major factors 
affecting tomato production in the tropics. Among 
plant diseases, tomato yellow leaf curl disease is 
considered the most important virus disease of 
tomato in Thailand, and many other countries1, 

The objectives of this paper are to report 
research findings and observations on tomato 
yellow leaf curl virus (TYLCV), the causal agent, 
and discuss its disease control program in Thailand. 

TOMATO YELLOW LEAF CURL 

Symptomatology 

Infected tomato plants observed showed 
characteristic symptoms of leaf curling, yellowing 
of interveinal area, severe stunting, and flower 
dropping. Symptom severity depended on varieties 
and ages of tomato plants. Generally, table toma-
toes were severely affected by the disease, especially 
when infections occurred prior to flowering stage. 
Infections of young seedlings may result in 80. 
100% yield losses in most of the commercially 
grown tomato varieties. Symptoms of tomato 
yellow leaf curl disease in Thailand were similar 
to those reported in Israel s . 

Cytopathology 

Light and electon microscopic observations 

of infected cells revealed an excessive proliferation 
of phloem cells in veins, veinlets and petioles (Fig. 
2A-D). Fibrillar rings as well as virus particles 
were found in nuclei of infected phloem cells 
suggesting that TYLCV was a nember of gemini. 
virus group 14 

Transmission by Vectors 

The whitefly vector, Bimisia tabaci Genn. 
is commonly found in Thailand and other tropical 
and subtropical countries. It has a fairly wide host 
range of approximately 74 plant species' 0. Our 
study showed that B. tabaci can be readily estab
lished on Nicotiana tabacum, N. glutinosa,Datura 
stramonium, Capsicum frutescens, Cucurbita mos
chata, Gossypium hirsutum, Ipomoea batatus,and 
Lycopersicon esculentum. 

The whitefly lays a cluster of eggs under. 
neath the leaf. The eggs are slender, yellow in 

color, and attached to the leaf by short stalks 
Scanning electron microscopic observation of the 

first instar lavae revealed an excretory orifice and 
two seta at the posterior end which are character
istic of the species. The adult whitefly has two 
pairs of wings with 1-2 veins per wing, and a 
piercing-sucking mouth stylus. 

Virus-vectorRelationships 

Tomato yellow leaf curl virus is transmitted 
by the whitefly in a circulative manner 4 . The 
acquistion period is 15.30 min., the incubation 
period 21.24 hr , and the transmission period at 
least 15 min. Symptoms develop on inoculated 
seedlings 2.3 wk after insect feeding, In Saudi 
Arabia, it has been shown that the incidence of 
tomato yellow.leaf curl disease depended on the 
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whitefly population8 . No transovarlal passage of 
the virus was observed from viruliferous white-
flies4 , 

TOMATO YELLOW LEAF CURL VIRUS 
(TYLCV) 

Transmission 

TYLCV can not be mechanically transmitted. 
It can however be transmitted by tissue implanta
tion and whitefly vector1 4 . No seed or soil trans-
mission was observed' *7 

HostRange 

TYLCV can infect only solanaceous plants. 
Datura stramonium and N. glutinasaplants could 
be experimentally infected with TYLCV by tissue 
implantation method. Infected plants showed 
leaf 'yellowing, curling, flower dropping, and 
stunting'4 

Virus Purification 

A modification of the purification method 
described by Osaki and Inouye 12 provided satis-
factory results; extraction of frozen n:fected 
tissues in 0.2 m borate buffer, pH 8.5 containing 
0.1% 2-mercaptoethanol and 1% antifoam A 
emulsion, the crude sap was expressed through a 
two layer chzesecloth filter and clarified with 
10% n-butanol, after low speed centrifugation, 
the virus in superaitant was precipitated by 
adding 6% polyethylene glycol (MW 6000) and 
1% triton X-100, followed by low speed centri
fugation, the resuspended virus suspension 
 was 

subjected to one cycle of differential centrifuga.
 
tion. This method yielded purified virus 80 

ug/100 g tissue (E260 = /.7). The A2 6 0 / 2 8 0 
ratio of purified virus suspension was 1.48. 

ParticleMorpholery 

Virus particles were readily degraded when 
stained with 2% phosphotungstic acid (PTA). 
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Glutaraldehyde fixation and uranyl acetate staining 
satisfactorily preserved virus particles for electron. 
microscopic observations. Geminate particles, 
18x30 nm in bize were commonly observed in 
purified virus suspension. However, single particles 
(18 nm) and trimer particles (18x42-45 nm) were 
also present in virus preparations. Morphologicai
study of TYLCV, particles strongly indicated that 

it was a member of geminivirus group. 

Immuno-electronmlcroscopy(JEM) 

The IEM methods including clumping3 ,
Derrick6 , and decorate 9 were tested with TYLCV 
using the antiserum produced against the Thai 
isolate. Positive reactions were recorded in all 
tests. Derrick method proved to be the most 
effective and useful method for TYLCV detection. 

CONTROL
 

Tomato yellow leaf curl disease in Thailand 
can be classified into two categories. First, control 
of the whitefly, B. tabaci by applications of 
systemic insecticides by soil drenching and regular 
spraying during the seedling stage. Second, cultural 
practices, escape cropping is used successfully in 
some areas. Roguing of infected seedlings is 
effective in reducing the spread of the disease. 
Tolerant tomato varieties such as KU-porter and 
SVRDC.4 have been planted in the areas of high 
disease incidence. No commercial tomato variety
 
grown in Thailand is resistant to TYLCV.
 

CONCLUSION 

Chemical control of the insect vector has not 
been effective and possibly causes an environmen. 
tal hazard. A modern plant disease control scheme 
including the production of TYLCV resistant 
tomato plant by genetic engineering and the 
immunization of newly developed plants by 
using an attenuated strain of TYLCV or segment
of its genome able to give cross protection should 
be developed. 



REFERENCES 

1. 	 Anonymous. 1983. Pest Controlin Tropical 
Tomatoes. 60.61. Centre for Overseas Pest 
Research, London, UK. 

2. 	 Anonymous. 1984. Annual Reporton Plant-
ingArea and Vegetable CropProduction1983/ 
84. 43-49. Department of Agriculture Exten. 
sion, Bangkok, Thailand. 

3. 	 Ball, E.M. and M.K. Brakke. 1968. Leaf-dip 
serology for electron microscope identification 
of plant virus. Virology 36: 152.155. 

4. 	 Cohen, S. and F.E. Nitzany. 1966. Trans. 
mission and host range of tomato yellow leaf 
curl virus. Phytopathology 56: 1127-1131. 

5. 	 Cohen, S., F.E. Nitzany and T. Vilde. 1962. 
The tomato yellow top virus in Israel. Rev. 

Appl. Mycol. 41: 484. 
6. 	 Derrick, K.S. and R.H. Brlansky. 1976. Assay

for virus and mycoplasma using serologically 
specific electron microscopy. Phytopathology 

66: 815-820. 
7. 	 Makkouk, K.M. 1978. A Study on tomato 

viruses in the Jordan Valley with special 
emphasis on tomato yellow leaf curl. Plant 
Dis. Reptr. 62: 259-262. 

8. 	 Mazyad, H.M., F. Omar, K. Al.Taker and M. 
Salha. 1979, Observation on the epidemiol
ogy of tomato yellow leaf curl disease of 
tomatq plants. Plant Dis. Reptr. 63: 695.698. 

9. 	 Milne, R.G. and E. Luisoni. 1977. Rapid 
immune electron microscopy of virus pre
paration. Methods in Virology 6: 265.281. 

10. 	 Maresh, J.S. and Y.L. Nene. 1980. Host 
range, host preference for oviposition and 
development and the dispersal of Bemista 
tabaci Genn., a vector of several plant viruses. 
Indian. J. Agric. Sc. 50(8): 620-623. 

11. 	 Nitzany, F.E. 1975. Tomato yellow leaf curl 
virus. Phytopathologla Mediterranea 14: 
127-129. 

12. 	 Osaki, T. and T. Inouye. 1978. Resemblance 
in morphology and intranuclear appearance 
of viruses isolated from yellow dwarf diseased 
tomato and leaf curl diseased tobacco. Ann. 

Phytopath.Soc. Japan. 44: 167-178. 
13. 	 Osaki, T. and T. Inouye. 1981. Tobacco Leaf 

Curl Virus. CMI/AAB Descriptios of Plant 
Viruses No. 232. Holywell Press Ltd, Oxford, 
UK. 

14. 	 Thanapas, V., P. Poolpol, T. Sutabutra and S. 
Attathom. 1983. The Cause and Some 
Important Properties of Tomato Leaf Curl 
Disease. KasetsartJournal 17: 65-73. 

DISCUSSION 

Q.(C.N. Roistacher) 
Has this disease been reported in the same form with the geminivirus anywhere else in the world? 

A. Yes. According to our information this disease is very similar to the disease spreading in the Middle 
East, In Isreal, Saudi Arabia, Lebanon and other countries. We have not done any serological tests as 
yet but from the reports I am fairly sure that they are more or less the same. 
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SUMMARY
 

A virus isolatedfrom spinach plants showing rugose symptoms was identified as cucumbermosaicvirus (CMV), and named CMV-SR. The virusdid not show any symptoms on system I(ally infected tomatoplants, therefore, the virus seemed to be usefulas attenuatedCMV for controllingCMV diseaseson tomato
plants. Ingreenhouse tests, CMV-SR effectively protectedagainst infection of virulent strainon tomatoplants in sap inoculationand also aphidtransmissionof virulentstrain. In field tests, thepre-inoculationof
CM V-SR reduced the percrentageofmosaicand spinalleafdiseaseson tomato plants. 

;,4 CMVSR* o 444i r.t 
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INTRODUCTION 

Tomato plants are grown in fields in spring 
and autumn in Japan. Cucumber mosaic virus 
(CMV) diseases causing mosaic, spinal leaf and 
necrotic streak are one of the most important 
diseases of tomato plants. 

Farmers spray insecticides to control aphids 
that are vectors of CMV; however, the control is 
ineffective because aphid vectors immigrate into 
tomato fields adjacent areas, and also the transmis. 
sion mode of CMV by aphids is of a non-persistent 
type. 

For these reasons, researchers have looked 
for an attenuated strain. This paper describes a 
mild strain of CMV found for use as an attenuated 
virus in the control of CMV disease of tomato 
plants. 

MATERIALS METHODS AND 

RESULTS 


A virus isolated from spinach plants showing 
rugose symptom in Saitama Prefecture, Japan, 
was identified as cucumber mosaic virus (CMV) 
based on host range, aphid transmissibility, 
particle morphology, and serological relationships. 
The virus was serologically indistinguishable from 
CMV-P strain'; however, electrophoresis of RNA 
of the virus revealed four components showing 
minor differences in mobility from the com-
ponents of CMV.Y and CMV-P. From these 
results we proposed the name of CMV.SR for the 
virus2. 

The virus infected. 20 plant species of seven 

families, among 38 species of 13 families tested by 
sap inoculation. The susceptible plant species, 
Spinacia oleracea, Beta vulgaris, B. vulgaris var. 
flacescens, Nicotiana clevelandii, N. debneyi, 
N glutinosa, and N. tabacum cv. Samsun showed 
mild systemic symptoms, including mild mosaic 
and rugose, however, these symptoms were milder 
than those caused by other CMV strains or isolates 
reported in Japan. And also, the virus infected 
systemically without symptoms on Lycopersicon 
esculentum (tomato), N. tabacum cvs. Bright 
Yellow and Xanthi nc. Cucumis sativus, Gom
phrena globosa, Chrysanthemum coronarium, 
Zinnia elegans and Petuniahybrida.Chenopodium 
amaranticolor, C quinoa, Vigna sesquipedalis 
cv. Kurodane Sanjaku, and V. unguiculata cv. 
Black Eye showed small local lesions in inoculated 
leaves. Tetragoniaexpansa was infected with the 
virus in inoculated leaves without showing 
symptom. The other 18 plant species of 9 families 
were not infected with the virus (Table 1). 

The results of this host range study sug. 
gested that the virus might be a useful attenuated 
virus for controlling the CMV diseases of tomato 
plants. 

CROSS PROTECTION OF 
CMV-SR TO VIRULENT STRAIN 

Tomato cultivars used in these experiments 
were known to*be resistant to tobacco mosaic 
virus (TMV); this was to avoid TMV contamina. 
tion. Inoculation of virulent CMV in crude juice 
of N. tabacun cv.. caused bright yellow leaves 
about seven days after inoculation. 
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Table 1. Host range of CMV-SR 

Symptoms
Plant 	 inoc. non-inoc. 

Beta vulgar/s 	 1 LC 
B.vulgaris var. flacescens 1 LC 

Chenopodium amaranticolor L -

C. qunioa 	 L -
Spinacia oleracea 1 R 

Gomphrena globosa 1 s 

Tetragonia expansa 
 1 -


Brassica oleracea _ -


B.pekinensis 	  -
B.rapa 

Raphanus sativus 

-

-
Glycine trax_ 
Phaseolus vulgaris
 
Vicia faba _ 
 _ 

Vigna sesquipedalis L: -
V. unguiculata L -
Capsicum annuum 1 M 

Lycopersicon esculentum 1 s
Nicotiana clevelandii 1
N. debneyi 1 m 
N. glutinosa 	 1 m 
N. tabacum cv. Bright Yellow 1 s 
N. tabacum cv. Xanchi NC 1 s 
N. tabacum cv. Samsun 1 m 

Petunia hybrida 
 L 
Solanum melongena -


Hibiscus esculentus  -

Sesamum int'iucm  _ 

Citrullus vulgaris - _

Cucumis melo - -
C.sativus 	 1 s 
Cucurbita moschata 7

Chrysanthemum coronarium 1 
 swith 
Lactuca sativa s 
Zinnia elegans 1s 
Daucus carota  -
Allium fistulosum  -LoliumLorgiummultiflorummul/ru _ 

Sorghum vulgare-
Zeamays 

L: 	 local lesion LC: leaf curling 
R: 	rugose 

M: mosaic m: mild mosaic 

no infection 
1: 	,symptomless Infection. s:symptomless infection 

on inoculated leaves on non.inoculated 
leaves 
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Experiment . 

Inoculum of CMV-SR was prepared by 
grinding N. debneyi leaves showing mosaic 
symptoms with five volumes of 0.05 M phosphate 
buffer, pH 7.0, containing 0.02% KCN. This 
inoculum was tested by inoculation to leaves of 
C. amaranticoloron which it produced more than 
2000 local lesions. 

The CMVSR was inoculated to cotyledons
 

Tw ucof two week old tomato seedlings and did not 
cause any mosaic or spinal leaf symptoms on these 
tomato plants. However, inoculation by CMV 
virulent strain to two week old seedlings did cause
these symptoms. 

In two further treatments of the CMV-SR 
inoculated seedlings, two groups of twelve plants 
were inoculated with virulent strain at 10 and 26 
days after the initial CMV-SR inoculation. In the 
10 day-post-inoculation treatment no plants

10dy.pstiocltonteamntn-pat 
developed mosaic or spinal leaf symptoms in result 
of virulent strain inoculation, and, in the 26 day
post-inoculation treatment twoonly plants
developed the symptoms. This result revealed that 
the pre-inoculation with CMV-SR gave strong cross 

protection against infection by the virulent CMV.
 

Experiment I. 

In three treatment groups of two week old 
tomato seedlings, their cotyledons were inoculated 
w 

inocula of purified CMV-SR made up to 3, 6
 
or 30 ug per ml, respectively. A control group was
 
maintained (Group IV).
 

In a sap inoculation test, two sets of twelve 
plants from each of the first three groups were 
inoculated with virulent strain 14 or 23 days after 

CMV-SR pre-inoculation. Two sets from the 
controls (Group IV) were similarly sap inoculated,
six plants at 14 days and three plants at 23 days,
respectively. A further set of six plants from each 

of the first three treatments were maintained as
 
controls. 

These latter three sets showed no symptoms, 
being inoculated with CMV-SR only. Of those sets 

sap inoculated with CMV virulent strain at 14 



days, in the CMV-SR 6 and 3 ug pre-inoculated 
plants one plant in twelve showed mosaic and 
spinal leaf symptoms; however, in the 30 ug pre-
inoculated set three plants expressed symptoms, 
whereas in the control group all plants showed 
symptoms. Of those sets sap inoculated with CMV 
virulent strain at 23 days, in the CMV.SR 30 and 3 
ug pre.inoculated plants one plant in each set of 
twelve showed symptoms; however, in the 6 ug 
pre-inoculated plants three of twelve showed 
symptoms, whereas again all plants in the control 
set showed symptoms (Table 2). 

Table 2. Cross protection of CMV-SR to 
sap-inoculated virulent strain 
(Experiment II) 

Virus Infection Rate 
Group 

Date April May May' June 
20th 4th 13th 21 st 

I-1 CMV-SR 
30 

- - 0/6 

1-2 ,, CMV - 3/12 
1-3 - CMV 1/12 
I1-1 CMV-SR - - 0/6 

112 
11-3 

1-1 

6'pg 

cMvSR 

CMV 
dpg 

-

-

" 

1/12 

0/6 

3jg .IV 

111-2 3 CMV 
-

- 1/12 
1 

IV-1 _ CMV - 6/6 
IV-2 - - CMV 3/3 

Infection Rate No. of diseased plants 
No. of tested plants 

Aphid transmission tests were carried out by 
using Myzus persicae reared on turnip plants 
(Table 3). Aphids after fasting for two hours in 
glass beaker, were transferred to diseased tobacco 
plants for acquisition access of 15 min. Then, 10 
aphids per plant were transferred to sets of six 
tomato plants taken from the pre-inoculated and 

control groups fourteen days after pre-inoculation, 
for inoculation acoiss of one day after which the 
aphids were removed by spraying insecticide, Of 
six tomato plants with no pre-inoculation, inocu
lated with virulent strain by aphid transmission, 
two showed mosaic and spinal leaf symptoms. On 
the other hand, tomato plants inoculated with 
virulent strain by aphid transmission at 14 days 
after the pre.inoculation of CMV-SR (3, 6 or 30 pg 
per ml) showed mosaic and spinal leaf symptoms 
on 0, 1 and 1 plants among each 12 plant group, 
respectively. Again pre-inoculated controls show
ed no symptoms. 

Table 3. 	Cross protection of CMV-SR to 
aphid-transmitted virulent strain 

Virus Infection Rate 
Group 

Date April20th May4th Junei21st 

1-1 CM V-SR -0/8 

igg
 

I-2 CMV ;1/12 
CMV-SR -' /6

2/ '11-2 ,, CMV 1/12 

1.1 CMV-SR - 0/6 

111-2 	 CMV 0/12 

.. 	 . - CMV 2/6 

Ten aphids per plant
No. of diseased plants 

Infection rate - No. of tested plants 

These results showed that the pre-inocula
tion of CMV-SR protected against infection of 
virulent strain on tomato plants even if the con. 
centration of CMV.SR in inoculum was as low as 
3 pg per ml; however, protection was not com
plete. Therefore, the inoculum containing 100 pg 
of purified CMV-SR per ml was tested. 
Experiment 111. 

Inoculum containing 100 jg of purified 
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CMV-SR per ml was inoculated on cotyledons of 
two week old tomato seedlings and these tomato 
seedlings wer6 inoculated in different groups of six 
with virulent strain by sap or aphid transmission at 
5, 10 or 21 days after pre-inoculation of CMV-SR. 
Six other plants were inoculated with virulent 
strain only. 

Tomato plants pre-inoculated as seedlings 
with 	CMV-SR did not show any symptoms. In sap 
inoculation tests of virulent strain, the six tomato 
plants inoculated with virulent strain all showed 
mosaic and spinal leaf symptoms. On the other 
hand 	 of six tomato plants in each group ino
culated with virulent strain at 5, 10 or 21 days 
after 	pre-inoculation of CMV-SR 0, 0 and 5 plants, 
respectively showed mosaic and spinal leaf 
symptoms. In the last case, the concentration of 
virulent strain in inoculum might have been too 
high. In a parallel test using aphid transmission of 
virulent strain, tomato plants with out pre-inocula-
tion inoculated with virulent strain by aphids 
showed mosaic and spinal leaf symptoms on 4, 3 
and 3 plants, respectively. On the other hand, 
tomato plants inoculated with virulent strain by 
aphids on 5, 10 or 21 days after pre-inoculation 
of CMV-SR did not show any symptoms. 

FIELD TRIALS OF CMV-SR 

PRE-INOCULATION 


Glasshouse tests suggested that CMV-SR was 
useful as attenuated virus for controlling CMV 
diseases in tomato plants. Inoculum containing 
100 jg of purified CMV-SR per ml was used in 
field tests and inoculated to cotyledons and first 
foliage leaves of tomato seedlings. Field tests were 
carried out in spring to summer and summer to 
autumn. 

(1) 	 The concentration of CMV-SR in tomato 
plants. 

Tomato plants at first foliage leaf stage were 
inoculated with CMV-SR (100 pg per ml) on April 
6 and August 9. The inocula produced 178 and 

2137.7 local lesions per Cm on inoculated leaves of 

C amaranticolor, respectively. The concentration 
of CMV-SR in the upper leaves of tomato plants 
inoculated with CMV-SR was analyzed by number 
of local lesions on inoculated leaves of C. amaran
ticolor. The leaves were ground with 10 volume of 
0.05 M phosphate buffer, pH 7.0, containing 
0.02% KCN. Juice from upper leaves of these 
tomato plants produced less than five local lesions 
per cm2 on inoculated leaves of C. amaranticolor 
up to about 80 days after the inoculation of CMV-
SR, showing the concentration of CMV-SR in 
tomato plants to be low. 

(2) 	 Control of CMV diseases on tomato plants 
In field. 

Tomato plants inoculated with CMV-SR 
were 	 transplanted to the field, and observed for 
symptoms for about 80 days after transplanting. 

In the spring to summer experiment tomato 
plants, transplanted in the field on May 15, 
showed mosaic and spinal leaf symptoms on 58% 
of the plants about one month later, and the 
percentage of plants showing mosaic and spinal 
leaf symptoms reached 75% in middle of July. 

Although, tomato plants pre-inoculated with 
CMV-SR (100 pg per ml) showed mosaic and 
spinal leaf symptoms about one month after 
transplanting in field; however, the precentage of 
diseased plants was very low about 7% at one 
month, and 19% by the middle of July. Moreover, 
the number of fruit showing abnormal colour 
was only half of that of tomato plants in the 
controls. The growth of tomato plants inoculated 
with CMV-SR was slightly reduced in comparison 
with that in controls at the early stage; however, 
after one month growth was almost same as in 
controls. 

In the summer to autumn experiment 
tomato plants transplanted in the field on Septem. 
ber 7, showed mosaic and spinal leaf symptoms in 
16% after one month, and the disease incidence 
increased to 48% by end oi November. 

Tomato plants pre-inoculated with CMV-SR 
also showed mo3aic and spinal leaf symptoms one 
month after transplanting, the percentage of 
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diseased plants was lower than that in controls and 

the percentage of diseased plants at end of 

November was only 12%, about one fourth of that 

in controls. The growth of tomato plants in-

oculated with CMV-SR was reduced slightly in 
comparison with that in controls; however, after 

one month was almost same. 

DISCUSSION 

As described above, the pre-inoculation of 

CMV-SR on tomato seedlings reduced the oc

currence of CMV diseases causing mosaic and 
spiral leaf symptoms, and also tomato plants 

inoculated with CMV-SR produced normal colored 
and a higher quantity of fruit than controls of 
which 48.75% were infected with CMV showing 

mosaic and spinal leaf symptoms. 
Some of tomato plants inoculated with 

CMV-SR showed mosaic and spinal leaf symptoms. 

In these plants CMV-SR infection may not have 

taken, because back inoculation to C. amaranti-

color showed that these plants were only infected 

with virulent strain. Therefore, inoculation tech. 

nique of CMV-SR must be improved. 
CMV-SR is not able to be applied in the field 

around spinach or pimiento crops because CMV. 

SR is transmissible by aphids and causes rugose 
and mosaic symtpoms on these plants. More 

detailed host range studies should be conducted 

before the application of CMV-SR pre-inoculation 

in farmers' fields. A non aphid-transmissible 
attenuated CMV, would solve this problem. 
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DISCUSSION 

Q. 	 (H.J. Chiu) 
Your data seems to indicate that the protective strain offers the tomato better protection against the 

severe strain in summer than in winter. Is the period of protection longer in the summer than in 

winter? 

A. 	 In the summer the farmers cultivate in the open field where as in winter they cultivate in plastic 
greenhouses, and so in winter there is no serious infection problem. 

Q. 	 (H.J. Chiu) 
But is your data then from these greenhouses? 

A. 	 No. The data indicated 'field', is all open field. Crop protection only was tested in the greenhouse. 

Q. 	 (Simon W.Y. Wang) 
After inoculation of CMV-SR strain and then CMV severe strain challenging Inoculation, could you 

isolate both strains from the inoculated plants; or could you only isolate the CMV-SR strain? 
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A. I inoculated the CMV-SR strain, and then later challenged with the virulant strain, and after somedays I checked the tomato plants for inoculate, in which case we can detect only SR strain or severe 
strain, we cannot detect both strains. 

Q. The reason that I asked the question is that Iam interested in the mechanism of cross protection. Inthis case if we cannot isolate both strains from the inoculated plant, is that because the protection
was to suppress the second strain in replication or were both viruses replicated in the plant but only
the symptom suppressed? 

A. 	 I cannot answer that. I do not know the actual mechanism, but we think that the challenge virus is
supressed in virus replication in the CMV-SR inoculated tomatoes. 

Q. 	 (H.J. Chiu)

Does the phenoma of cross protection have anything to do with the satellite RNA of CMV? 
 Is itpossible that the protecting strain has a satellite RNA, which the severe strain does not have? 

A. 	 This virus strain does not have a satellite virus. SR strain has only four RNAs, not five. 

Q. 	 (S.D. Yeh)
You mentioned that the SR strain has only four RNAs. After you inoculated the virus to tomato
did you check again whether an additional RNA 5 could be found? 

A. 	 I do not think there is an RNA 5. 

Q. 	 (S.D. Yeh)

I ask because we know that there is 
one strain found at New York State Agricultural ExperimentStation, a bean strain of CMV, which also causes symptomless infection in tomato, and this straindoes contain RNA 5. RNA 5 there suppresses expression of the severe symptom. So Iam not surewhether the result is due to a cross protection between your protective strain of virus and the chal.lenge strain or is due to the interference of a similar RNA 5. Sometimes with these CMV associatedRNA 5 you cannot detect them in certain hosts. They have to be passed through potato, tomato 
or certain cucumber squash, in order to be detected. Do you think your protection is due to the 
cross protection mechanism or do you think may be there issome effect of RNA 5? 

A. 	 I expect that there was no change in the virus RNA content. 
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SUMMARY
 

The most important viruses of tomato in Talwan are tomato mosaic virus (ToMV straln 0 and 1), 
potato virus Y (PVY) and cucumber mosaic virus (CMV). Potato virus (PVX), tobacco etch virus (TEV) 
and agemini-type virus causing yellowing and leaf.curlinghave been isolatedoccasionally. Another, possi
bly a new potyvirus, is also present. Turnip mosaic virus (7uMV) and cucumber mosaic virus (CMV) are 
the only viruses, reported from Chinese cabbage. The four known strains ofTuMV and anew strain, C-.5, 
have been isolatedfrom Chinese cabbage and other Brassica crops. At AVRDC breeding for resistance to 
ToMV Isunderway, as well as asearch for sources of resistance tc PVY and CMV. One wild type tomato, 
L. hirsutum has already been found with immunity to PVY. AVRDC's Brassica sp. germplasm collection 
Is presently screened for resistance to TuMV and sources ofresistance to one or severalstrains have already 
been identified insome Chinese cabbage lines. The resistance mechanism is under investiatlon. 
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INTRODUCTION 

Tomato and Chinese cabbage are two im
portant vegetable crops in Taiwan. Of the total 
232,655 hectares of land under vegetable produc
tion, 15,545 hectares are planted to Chinese 
cabbage which includes both the heading and the 
non-heading types. This is the second largest area 
planted to a single vegetable crop, second only to 
that of bamboo shoots, which comprises the 
biggest production area of 24,118 hectares. The 
area grown to tomato (including fresh market and 
processing type tomatoes) with 12,394 hectares 
ranks third2, 

Both tomato and Chinese cabbage are 
affected by a number of diseases many of which 
are effectively controlled in Taiwan by chemicals 
and cultural practices 47 . Virus diseases on the 
other hand are still abundant because of the 
continuous presence of the viruses, their vec-
tors and host plants. This is in part due to the 
intensive and continuous multiple cropping 
farming system, which has been traditionally 
practiced in Taiwan, and because of the lack of 
varieties with resistance to the particular viruses 
(and strains) which are endemic under Taiwan's 

agroclimatic conditions 47 . 


VIRUSES OF TOMATO 

A number of viruses have been reported on 
tomato in Taiwan, the most important and widely 
distributed ones being TMV, PVY and CMV. 
Of the other viruses known to affect tomato, only 
potato virus X (PVX), tobacco etch viruc (TEV) 
and a leafcurl virus have been found occasionally, 

Another, possibly a virus ofnew the potyvirus 

group is also present. 

Tomato Mosaic Virus (ToMV) 

ToMV is known to occur as a number of 
strains. In the USA and Europe, five major strains, 
ToMV-0, ToMV-1, ToMV-2, ToMV-1.2 and 
ToMV-22 have been recognized, the most common 
being ToMV-0 and ToMV 16.12.1 7. Little in. 
formation is available on the strain situation in 
Southeast Asia. 

In Taiwan, tomato mosaic virus was first re. 
ported in 19441. Later, in 1975 intensive elect. 
rortmicroscopic investigations of ToMV infected 
tomato were conducted 19 and unusual angled 
layer-aggregates were found, which differed from 
those previously reported for TMV. It was sug. 
gested then that the isolate used in this study was 
a new strain of TMV, closely related to the aucuba 
strain. 

Tomato mosaic virus (ToMV) is quite 
prevalent on tomato in Taiwan. It was found in 
50% of the leaf samples with virus-like symptoms
collected during 1980-19823 from fresh market 
and processing tomatoes in 10 out of 15 counties 
surveyed (Table 1). Strain classification, based on 
Rast's three L. esculentum differentials,49 CSTMW
18, Delissa and Perou 2 (Table 2) indicated that 
ToMV-1 and ToMV0 are the two most common 
strains, occurring in almost equal frequency. Of 
the 223 ToMV isolates strain-typed, 50% were 
ToMV-0 and 49% were ToMV-1. ToMV-2 was 
found to be present also, but in very low frequen
cy. It was accidentally isolated from three 
samples originating from Tainan county, which 
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Table 1. Occurrence of ToMVin the"tomator 	 were'infected with leafeurl virus3 . To obtain the 

production'areas ofTaiwan leaf curl virus without the contaminating ToMV, 
the tomato cultivars Delissa (genotype Tm22 /Tm 

Counties surveyed 10 22) and Moperou (genotype Tm2/Tm2), both 

Counties where ToMV was detected 10 resistant to strains 0 and 1 (at that time the only 
ToMV strains detected in Taiwan) were grafted 

Total no. of samples collected 587 onto the leafcurl infected tomato plants for the 
(fresh market and processing elimination of contaminant ToMV. However, 

type tomatoes) the Moperou scions developed mosaic in addition 

Samples containing ToMV 223/587 (38%) 	 to leaf curl symptoms and ToMV-2 was sub. 

Samples containing ToMV 112/223 (50%) 	 sequently isolated from these plants3 4 . ToMV.22 

and the other known strains of ToMV have notstrain 0 
Both ToMV-1 and ToMV-0 were

Samples containing TcMV 108/223 (48%) 	 been isolated. 
also found in sweet pepper and chili pepperstrain 1 

ToMV.0 was also found in Solanum3/223 (1.4%) samples.Samples containing ToMV 
nigrum3"strain 2 

Samples containing ToMV 0/223 (0%) 
strain 22 

Samples containing other ToMV 0/223 (0%) 
strains 

Table 2. The reactions of Rast's L. esculentum differentials to eight strainsoffToMV 

ToMV 
Differential cultivars 

1.2 1.22 2.22 1.2.22(genotype) 0 1 2 22 

GCR(tm/tm) + + 	 + + + 

cSTMW-18 (Tm-i/Tm-i) - + - - + +-+ 

Delissa (Tm-2 /Tm-2) - - - +-	 + ++ 

Perou 2(Tm-2/Tm-2) - - + - ' - + + 

Virus infected seed and plant debris in the fields at various locations in Tanan county, one 

soil are generally considered the most important of Taiwan's major production areas of processing 

sources of ToMV 6 . This is true also for Taiwan3, tomatoes3. The surveyed fields either had 

where 19 of 23 seedlots of tomato cultivars, tomatoes growing at the time of sampling or had 

originating from the major commercial seed been planted to tomato at various times prior to 

companies and AVRDC, were found to be con- sampling. hterestingly, ToMV was detected in 

taminated with ToMV strains 1 and 0 (Table 3). the soil only up to 5 months after the tomato 

The same strains were also recovered in 18 soil harvest. In soil samples of fields where tomato 

samples taken up to a depth of 20 cm from 85 had been harvested 6.16 months prior to sampling, 
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ToMV was not found (Table 4). In countries of 
the temperate zone, survival of ToMV in the soil 
is reported to be much longer, up to several 
years6 7 . The reasons for the comparatively short 
survival of ToMV in the soils under southern 
Taiwan conditions are not clear. The type of soil 
is known to affect survival of ToMV in the soil2 . 

Higher 	 soil and atmospheric temperatures and 
different crop rotation patterns which often 
includu flooding of the soil during a paddy crop 
may be responsible for this short survival of ToMV 
in th6 soil. In preliminary studies, however, time 

Table 3. 	Occurrence of ToMV on seed of commercial 
cuitivars and AVRDC breeding lines 

Seed' Cultivar No. of local lesions ToMV 
source produced on half-leaves of strain

N. tabacum 'Xanthi'2 

A 	 1 50 .0
 
2 50 01
3 	 4 1 
4 50. 
5 -50 
6 11 1 
7 1 	 1; 
8 0 

B 	 1 2: 1 
2 1 1 
3 0. 
4 	 0 . 
5 2. 0 

1 21 0 
2 	 46.11 

.27 . 

D 	 1 1-, 
2 1 0 
3 .2 0 

E 	 1 10 
2 	 1 
3 	 0 4 	 4 0 

Commercial seed companies of Taiwan and AVRDC
Average 
no. of local lesions produced from four samliles

of 100 seeds, each Inoculated on two half leaves of N.
 
tabacum 'Xanthl'
 

of survival of ToMV did not differ much between 
non-flooded soil and artificially flooded soil 
amended with ToMV infected plant debris 3 . 

ToMV was detected in the flooded soil up to 6 
months after the amendment in January, and in 
the non-flooded soil up to 5 months. Large 
amounts of ToMV were found up to 3 months in 
both flooded and unflooded soils. A sharp decline 
in ToMV presence in both soils occurred after the 
fourth month which coincided with the onset of 
warmer air temperatures. After 7 months, no 
ToMV was detectable in either soil. 

Table 4., Survival of ToMV in agricultural soils. 

Sampling No.'of fields with ToMV/ 
time- . No. offlds sampled 

1 
02 7/8 

*.. 2/3 
2"1/4 

3-	 4/7 
4 3/11
 
51/
 
8' 0/4
 
7, 0/3
 

9 -0/110 	 0/3 
0/2 

12 	 ..0/26: 

13 	 0/n 
14, 	 0/1 
16: 	 0/2 

Months after the tomato harvest. 
At cropping time. 
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Considering the practical impossibility of presentS. For this reason many French F, 
ToMV control in tomatoes by preventive measures, hybrids carry both resistance factors, Tm.2 2 and 
it is logical that breeding for resistance is the best Tm-i1 in the homozygous and hetrrozygous state 
solution of the problem. ° respectively- . 

Three single dominant genes for resistance, Several efficient mass-inoculation methods 
Tm-1, Tm-2 and Tm-2 2 , originally from the green have been described". At AVRDC, we have 
fruited species of tomato L. ptruvianum, and L. adopted and modified the air pressure method for 
hirsutum, but also from L glandulosum, and L. mass screening. We use a 1:50 dilution of infected 
pennellii41 , have already been transferred to L. plant tissue in phosphate buffer (0.01 M, pH 7.0, 
esculentum and are available in many commercial 2% Celite added) and apply it to young seedlings 
cultivars grown in temperate areas, at the first leaf stage at a rate of 0.5 ml per plant, 

The Tm-1 gene offers resistance to three of using air pressure of S.5 kg/m3 at 10 cm disance. 
the five major strains: 0, 2 and 22. It does, Among the great t"-. :jer of Tm-22 resistant 
however, permit limited multiplication of the material available, we have selected a number of 
common strain'*. 42. The gene Tm-2 2 and its cultivated varieties, e.g., Ohio MR-13 as "-e donor 
allele Tm-2 on the other hand, give a high level of of the Tm-22 gene for our breeding program, 
resistance to the two most commonly occurring mainly because of their gcod agronomic charac
strains 0 and 1 es. ters. Most of AVRDC's promising heat tolerant 

The mode of action of the Tm-22 gene and tomato lines already carry this gene in the 
its allele Tm-2 is not clearly understood, but it is homozygous state. It has been introduced through 
thought to either limit ToMV multiplication within conventional breeding methods, such as pedigree,
cells or prevent cell to cell r.ovement s1 . SSD, bulk and more recently, by backcross. The 

There are differences of opinion regarding incorporation of the Tm-i gene into these lines 
the breeding policy to be followed. The Tm-2 has also begun recently. However selection in 
gene alone is rarely used by the breeders because segregating populations of genotypes carrying the 
it reduces fertility3° and favours selection of strain Tm-2 2 and Tm-i1 genes together is difficult using 
TMV-2 which does occur naturally at very low inoculation with the presently available strains 
frequencies in nature. TMV-0, 1 or 2. 

On the other hand, because strain Tm-22 Effective selection of the above genotypes is 
almost never occurs in nature, the gene Tm-22 only possible by inoculating the segregating plants
is preferred by breeders since it is not likely with strain TMV-0 (N2 2 )21. This strain is a TMV
that it will favour selection of TMV-22 .a. Many 0 strain which is necrotic on plants carrying the 
commercially available hybrids, notably genotype in homozygousF, the Tm.2 2 the condition. 
Dutch ones, now carry the Tm-2 2 gene for It will not attack plants which carry both the Tm
resistance in the homozygous state. However the Tm-i1 and the Tm-22 gene in any combination. 
use of the highly effective Tm-2 2 resistance bears However this pathotype of ToMV strain 0 
two disadvantages: has not yet been found to occur in Taiwan and it 

1) The Tm-2 2 gene is associated with is not certain whether quarantine regulations will 
reduced fertility of the plant a° . permit introduction of this strain for use in the 

2) A necrotic reaction occurs at elevated AVRDC screening program. 
temperatures in heterozygous plants and to a lesser 
extent in homozygous genotypes in response to CucumberMosaic Virus (CMV) 
infection by common strains of the virus 0 .11 .12 . 

30.43.4S.49. CMV has frequently been found in surveys
The necrotic symptoms will not appear of tomato plantings in Taiwan 3. . Of a total of 

however when an additional Tm-1 gene is 913 leaf samples collected from 1983-1985, 33% 

http:30.43.4S.49


were found to contain CMV 4 . The symptoms 
associated with this virus were mottle, mosaic, and 
various kinds of leaf deformation, often so 
extreme that the leaves consisted of little more 
than a central rib. Often, infected plants were 
stunted and had small leaves. Infection could take 
place at any time during the growth period even 
when plants had already reached maturity and 
were bearing fruit. This was evidenced by the tip 
of the plant, or one of the branches, suddenly 
developing clearly recognizable symptoms. 
Farmers will usually rogue out young infected 
plants and replace them with healthy ones. 
However plants in which CMV becomes apparent 
at a later stage, particularly at the fruit bearing 
stage, are often kept in the field and thus consti. 
tute continuous sources of inoculum. Fields with 
more than 50% infection have been found, 
Infection as high as 100% was recorded in one 
isolated planting, surrounded on all sides by 
deisely plaoited bananas. 

This virus is.generally not considered a major 
problema of tomato in the temperate r.)ne, 
however, in the tropics and subtropics, where the 
vectors, weed hosts and cultivated hosts are 
present year round, continuous sources of 
inoculum for this virus are almost guaranteed. We 
have collected more than 30 isolates from tomato 
and have attempted to strain-type them according 
to Marrou's system 3 6 . However symptom 
development on the differential hosts was in. 
consistent and erratic under our greenhouse 
conditions and we were only able to roughly 
group our isolates3. One of the isolates clearly 
can be classified as the legume strain because it 
systemically infected both Vigna sp. and Phaseolu 
sp. 

Genes for resistance have so far not been 
located in tomato and its wild relatives. Tolerance 
was found in Solanum lycopersicoides and L. 
peruvianum which are both symptomless carriers 
of the virus 28 

4. A search f c possible sources of 
resistance in the AVRDC germplasm collection, 
was initiated in 1984. Mainly wild type Lycoper 
slcon sp. such as L. pimpinclllfolium, L. per. 
uvlanun, L. hirsutum, and L. glabratum were 

screened. The plants were subjected to two sub
seuent artificial inoculations with an isolate that 
produces severe shoestring symptoms on tomato 
(CMV-PEET). All the tested lines were suscepti. 
ble 4 . However, among these was one line of L. 
Peruvianum which upon inoculation with the virus 
had only 50% of plants developing symptoms of 
infection. This line will be rescreened with a dif
ferent CMV isolate. While the search for resistance 
in AVRDC germplasm is ongoing, six hairy tomato 
iines are being evaluated as a possible source of non 
preference or deterrence to aphids, the vector of 
CMV. In a laboratory study we had found that 
the total probe time and the total probe numbers 
but not the individual probe time were significant
ly reduced on the hairy tomato lines3 (Table 5). 
This led us to assume that CMV development in 
these plants might be slowed down in the field. 
In the spring of 1984, these hairy tomato lines 
were planted in the field and exposed to condi
tions of natural infection. By the end of the 
growing season, the disease incidence had reached 
almost 100% in the nonhairy check, whereas for 
the hairy lines it ranged only from 33.8% to 
76.3%. The infection rates (r) (the rate of disease 
increase per unit time sensu van der Plank) of 
the hairy tomato lines were significantly lower 
than that of the nonhairy line (Table 6)4 . However, 
in a second field test in the spring of 1985 using 
the four best performing hairy lines and three 
nonhairy controls, these finding: could not be 
repeated. At the end of the growing season, 
disease incidence of the 4 hairy lines ranged from 
81% to 91% which was not significantly lower 
than that of the nonhairy ones, which ranged from 
89 to 100%. There was also no significant dif
ference observed in the rate of disease increase of 
the hairy versus nonhairy tomato lines. No 
correlation was found betweeen hair numbers of 
the upper or lower leaf surfaces at different 
growth stage and the disease development. The 
failure of the hairy tomato lines in the second ex
periment to support a lower rate of disease dev. 
elopmont which was evidenced in the first field 
trial is thought to be due to a higher disease and 
vector pressure in the field. 
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Table 5. Hair density of hairy and.non-hairy tomato and its relation to the feeding behaviour of aphids 

Leaf. Hair no. 
position (per 44.18 mm2 ) 

Leaf 1 
Hairy 523 
Non-hairy 56, 

Leaf4 
Hairy 545 
Non.hairy 89 

Leaf 6 
Hairy 378 
Non-hairy 32 

Total 
-probe time, 

(Mn) 
probe! 
no. 

1.85 
4.16 

0.97: 
2.04 

1.03 
2.60 , 

1.61 
3.74 

0.47 
1.67 

1.03 
2.53 

Factor value,of difference between hairy and non.hairy
 
Factor leaves and significance for each parameter 


Leaf 1 12.91* 3.92*" 3.99"** 
Leaf 4 12.60*** 3.61*** 5.82** 
Leaf 6 9.54*** 2.53* 446*** 
df. 59 179 179 

Z)Values are weighted average for each of the 3 groups of 10 apids. 

Y)NS - P>/0.10,. -P <0.05, * 3-P<0.001. 

Average Z) 
probe duration 

(Min)
 

1.97 
1.90 

1.60 
1.50 

1.53 
1.50 

Y)
 

0.41 NS 
0.22 NS 
0.03 NS
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Table 6. Reactions of Taiwan tomato PVY isolates on three hosts usedto distinguish 
potato strains of PVY. 

Differential Taiwan'Tomato Isolates Common Potato Strains 

host Group A IGroup B Group C pVyO pV'yn ppyC' 

P. fioridana M or Mo N, St. Mest N Mo N 

N.tabacum M M M Mo N Mo 
'White Burley'. 

S.tuberosum .LL LL LL - LLr 
'Dukeof York', 
(detached leaves) 

N , necrosis, M - mosaic, Mo - mottle, St - stunt 

Potato Virus Y and veinclearing of the leaves. It has been re
.portea on tomato from North America, South 

In the past, this virus was generally not America, Europe, Asia and Australia 13.14.11.16 . 19 

considered very important on tomato, because 20.24.33.35.37.38.51.S3.S4.s5. However, it is only in 
of the mild symptoms produced such as mottle Brazil and Australia, that PVY has been considered 

- 77 

http:20.24.33.35.37.38.51.S3.S4.s5
http:13.14.11.16


a threat to tomato production, because of Its 
frequent occurrence and the considerable yield 
losses associated with its presence. 
In both countries, breeding for resistance has been 
initiated. In Brazil, where several strains of the 
virus, including one that produces necrosis on 
tomato, have been recognized, tomato cultivars 
resistant to both PVY and TMV have already been 
developed . In southern Europe, the need forbreeding PVY resistant tomatoes has lately also 
been recognized, because of the high incidence of 
this virus in recent years3s . Commercial seed 
companies are so far not yet engaged in breeding
PVY resistant tomatoes. 

In Taiwan, PVY was first isolated and 
purified from tomato in 1979 4 . Later, from 
1983-1985 a survey was conducted in Tainan and 
Kaohsiung, the two major tomato production 
areas and also in Changhua, Nantou and Pingtung 
to determine the frequency and distribution of 
PVY. Incidence of PVY in Taiwan was found to
be as high as that of CMV 4 . The virus was 
recovered from each of the surveyed areas and in 
34% of a total of 1,608 leaf samples collected. 
Frequently, plants were found to be simultaneous-
ly infected by CMV and PVY. Twenty-eight pure 
PVY isolates have now been obtained and are 
being subjected to strain-typing. The symptoms 
produced on three differential hosts Physalisfloridana, Nicotiana tabacum 'White Burley' and 
Solanum tuberosum 'Duke of York', which are 

used to distinguish the three common potato 

strains of PVY, are shown in Table 6. On the basis 

of symptoms on 
 Physalis floridana the PVY 

isolates from tomato 
can be classified into two 
groups, Group B isolates resembling the PVYc

strain, and Groups A and C isolates which do not 

seem to belong to the three most common potato

strain groups of PVY. 

Further grouping of these isolates is now 
underway on several Capsicum annuum cultivars. 

We have noted differences 
 among the isolates in 

.symptom development on Capsicum annuum 
cultivars Yolo Y and Florida VR-2, suggesting that 
different pathotypes may be present, similar to 
those described by Gebre Selassie 2° for pathotypes 
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of potato virus Y from sweet pepper and tomato. 
A search for sources of resistance in the 

AVRDC tomato germplasm collection has been 
initiated in 1984, using PVY isolate 1103 which 
belongs to Group C. Because of the mild 
symptoms produced tomato,on we have de
veloped a screening method which enhances 
symptom expression and facilitates the evaluation 
and rating. It consists of two inoculations, thefirst of the newly expanded primary leaves when 
they are just expanded, and a second one of the 
newly emerging side branch, after cutting of the 
stem at the three leaf stage. 

We have so far screened a random group of 
92 L. esculentum accessions and its wild relatives 
and 16 Lycopersicon species all reportedly
resistant to PVY. Of these, only one line, L. 
hirsutum PI 247087 was found resistant to the 
PVY isolate used in the screening4 . This line is 
also reported resistant to a PVY isolate from 
Australia5 3 . 

Crosses between this line and susceptible L. 
esculentum are now being made tn study the in. 
heritance of resistance and to develop breeding
strategies to incorporate resistance to PVY into 
AVRDC's heat tolerant tomato lines. 

Leafcuri Virus 

Leafcurl virus was first reported on tomato 
in Taiwan in 198320. The symptoms of the leaf
curl infected plants, which were found in Tainan
 
County in 
 southern Taiwan were stunting, mild
 
yellowing and reduced 
 leaf size. In leaf squash

preparations gemini-type particles of approx. 30
 
nm in diameter were found3.22
 

The virus could be transmitted by grafting
 
and by whiteflies, but not by mechanical inocula
tion. Whiteflies transmitted the virus after a 
minimum acquisition feeding time of one hour on 
an infected plant and a latent period of three 
hours in the vector. One whitefly was sufficient 
for transmission. The host range which was deter. 
mined by grafting and whitefly transmission in
cluded Datura stramonium, Petunia hybrida,
Physalhs floridana, Solanum melongena, Solanum 

http:found3.22


tuberosum and Lonicerajaponicn 
We have attempted several methods of 

purification that have been used for the isolation 
of other geminiviruses, but none have been suc-
cessful so far. Comparative serological tests4

0 

indicated that the Taiwan tomato leafcurl virus 
is related to the Japanese tomato yellow dwarf 
virus, another geminivirus, which causes stunt, 
yellowing leafcurling and reduction of leaf size of 
tomato in Japan 3 ' 4 . 

The short latent period of three hours in the 
whitefly vector, which is very similar to that of 
the Japanese tomato yellow dwarf virus, dis-
tinguishes the Taiwan tomato leafcurl virus from 
another whitefly-borne geminivirus, tomato 
yellow leafcurl virus (TYLCV) which is very 
destructive on tomato in the Near East and Africa. 
TYLCV has a latent period of more than 20 hours 
in the whitefly vector 9 .  

Active programs for resistance to the tomato 
yellow leafcurl virus have been in operation mainly 
in those countries where this virus is endemic and 

45 .also in France29. 34 
. 

Cultivars tolerant to this virus have been 
developed, usizg two wild species, L. pimpinel 
lifolium Line LA 12145 and L. peruvianum29.33. 

The tolerant character of Line LA 121 is controlled 
by a single incompletely dominant gene and is 
expressed by a long latent period of four weeks of 
the virus in the plant, slow symptom development 
and mild symptoms. The tolerance, which has 
been introduced into commercial cultivars is suf-
ficient to permit good fruit set and growth under 
high vector population and high presence of virus 
in the field. These commercial cultivars however, 
are not yet available for distribution outside of 
Israel where they have been developed. 

A better source of tolerance has recently 
been derived from crosses of two sources of 
L pervianum which are completely symptomless 

virus2 9 , carriers of the Infected plants do not 
produce any symptoms within four months after 
inoculation. Highly tolerant materials from inter-
specific crosses developed by Makkouk and 
Laturot are now available for field testing. 

No information is available, as to whether 

those TYLCV tolerant cultivars are also tolerant 
to those geminiviruses, causing leafcurl symptoms 
on tomato in Asia. We have obtained one such 
cultivar, LATYLC which will be screened for 
resistance to the Thailand tomato leafcurl virus 
throgh the AVRDC Thailand Outreach Program 
and to the Taiwan tomato leafcurl virus at 
AVRDC. At AVRDC, 3creenings will have to be 
conducted by grafting t3 leafcurl infected N. 
benthamiana and L. esculentum under controlled 
greenhouse conditions. Field screening is not 
feasible in Taiwan because the virus occurs only 
very infrequently here. 

UnidentifiedPoty Virus 

In surveys for tomato viruses, several poty 
virus isolates were recovered which have not so far 
been identified 4 . 

The isolates were transmitted by aphids 
in a non-persistant manner. The host range was 
identical for all isolates and was mainly confined 
to the Solanaceae family including Daturametel, 
D. stramonium, Lycium chinensis, Lycopersicon 
esculentum 'GRR', 'Delissa', 'Perou', 'CSTMW-18', 
'Bonnie Best', L. pimpinellifolium LA 121, Univ. 
of Missouri Acc. 160, Nicandra physaloides, 
Nicotianabenthamiana,N. clevelandii,N. debneyi, 
N. glutinosa, N. sylestris, N tabacun 'Xanthi', 
'Xanthi N.C.', 'White Burley', 'Samsun NN', 
Petunia hybrida 'Grandifolia Minstrel', 'Pink 
Cascade' and Solanum nigrum. All isolates pro. 
duced systemic infection in these hosts. Only two 
local lesion hosts have been identified so far: 
Ocimum basilicum and S. tuberosun 'Duke of 
York' (detached leaves). 

The following hosts are immune to this 
virus: Beta vulgaris, Brassica juncea, Capsicum 
annum 'Delray Belle', 'Florida VR-2', 'Yolo Y', 
'Yolo Wonder', C. frutescens 'Tobasco', 'Greenleaf 
Tobasco', 'McIlhenny', Chenopodium amaranti.. 
color, C. quinoa. C. murale, Cucums sativus, 
Gomphrena globosa, N. tabacum 'V.20', Physalis 
peruviana, Pisum sativun 'Perfected Wales', 
Solanum demissuin x S. tuberosum 'A.6', So
lanum melongena 'Pingtung Long', S. tuberosum 
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'Cardinal', 'Kennebec', Tetragonia expansa, Vicia crops including Chinese cabbage in Taiwan.fiba minor, Vigna ung.iculata 'Black' and Zinnia 
The 

other viruses, commonly reported to infectelegans 'Bright Scarlet' and 'Totra Ruffled Jumbo'. BrassIca crops in temperate countresS. 26.27, suchIn ISEM serological tests, the isolates were as cauliflower mosaic virus (CAMV), radishtrapped by antisera of poty viruses commonly enation mosaic virus (REV), turnip yellow mosaicknown to infect tomato or other Solanaceous virus (TYMV) and turnip crinkle virus were not 
crops, such as tobacco etch virus, Perou tomato detected.
 
virus, pepper mottle virus, pepper mild mottle
 
virus, pepper veinal mottle virus, potato virus A,

wild potato mosaic virus, Columbian datura virus, TurnipMosaic Virus (TuMV)

henbane mosaic virus. 
 It was also not trapped to
 
turnip mosaic virus4 . On the basis of host range 
 Turnip mosaic virus has been reported fromand serological tests, it is believed that this group Chinese cabbage in Taiwan as early as 19441.of isolates represent a new virus so far not des. Ircensive electronmicroscopic studies were con.cribed on tomato. ducted by M. J. Chen in 19758. Following

The importance of this virus on tomato in comparative host range studies, conducted with sixTaiwan is presently being assessed. Preliminary TuMV isolates originating from radish, peitsai,findings indicate that it may be of minor im. cauliflower, sprouting broccoli, cabbage and leafyportance only. Of the economically important mustard, TuMV isolates from Taiwan were dif.crops grown in Taiwan, it only infects tomato and ferentiated into two groups, Group A which.:jbacco. On the two major hosts, tomato and produces virulent reactions on common cabbagetobacco, symptoms such as mottle and vein- and kale but not on radish and Group" B whichclearing are mild. Furthermore, in a survey of reacted in the opposite way32 
. When Provvidenti'sseveral tomato growing areas in Tainan, Kao- differential set of nine Chinese cabbage cultivarshsiung, Pingtung and Nantou Counties (using for the identification of different strains of thisELISA and antiserum to isolate 697), the virus was virus became known47 , attempts were made bydetected in only 4.85% of a total of 557 leaf researchers at AVRDC and Taiwan Agriculturalsamples tested. The virus is also not seed. Research Institute (TARI) to characterize the dif.transmitted. ferent strains on this island2' .23,31


A search for 
 Fources of resistance in L. At AVRDC we had already suspected theesculentum and wild species is ongoing, but presence of several strains when we observed anbecause of the relative insignificance of this virus apparent loss of resistance of Chinese cabbage
on tomato, a program for incorporating resistance 
 germplasm and breeding lines previously found tointo AVRDC's heat tolerant tomato lines is not be resistant to TuMV. The presence of fieldconsidered at the present time. strains of TuMV, other than the strain used in the 
screening tests, was suspected 3 . This and Prov-Other Viruses videnti's finding of strain specific resistance in 
Chinese cabbage prompted us to conduct anTobacco etch virus (TEV) and potato virus island-wide survey to detect as many of the strainsX (PVX) have been reported from tomato54 of TuMV as possible and use them for the developbut do not occur frequently' ment of TuMV resistant cultivars. 

We consequently found TuMV present inVIRUSES OF CHINESE CABBAGE all of the nine major vegetable production areas 
surveyed 2 ' 2 3 The virus was recovered fromOnly TuMV 3.. 21. 23. 31.32 and CMV (Lin, cabbage, Chinese cabbage, cauliflower, broccoli.C. C. personal communication) were found in a kohlrabi, radish and leaf mubtard plants showing

survey conducted for viruses occurring in Brassica mosaic, mottle, black pinpoint spots, sometimes 

.8o. 
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ringspots, and, also from symptomless plants. All 
our isolates produced mild symptoms on N. 
glutinosa and on B. campestris subsp. capitat, 
indicating that they all belonged to the common 
strain group which occurs worldwide, but par. 
ticularly in Asian countries, and not to the 
cabbage strain group which isconfined to Europe, 
America and Australia23 . All four strains 
described by Provvidenti were detected, with 

. 23 
.strain 4 being the most prevalent strain21

Strain TuMV-CI was detected only in one sample. 
This clearly differs from the situation described by 
Provvidenti in North America where strains TuMV-
C1, TuMV.C2 and TuYiV-C3 are most wide-
spread". In addition, a fifth previously un. 
described strain was found to be piesent in 
Taiwan 2l '23. This new strain, tentatively named 
TuMV-C5, was isolated from five Chinese cabbage 
and mustard samples collected in southern Taiwan. 
In its biological, physical and serological pro-
perties, this new strain cannot be clearly dis-
tinguished from the other four strains. However, 
consistently lower ELISA absorbance values were 
observed with strain C.5 than with the other 
strains23 . The results of recent screenings of 
AVRDC Chinese cabbage accessions and breeding 
lines for resistance to the five strains indicated 
that resistance to TuMV-C1 is found frequently 
in Chinese cabbage. Resistance to C-2 and C-3 
has so far been found only in a few lines, 
However, resistance or immunity to C4 and C5 
seems to be rare in Chinese cabbage. So far we 
have been able to identify only one line, AVRDC 
accession 730, an F, hybrid oiginating from 
Korea, with immunity to all five strains of 
TuMV 4.23 . This line did however, include a small 
percentage of individual plants .susceptible to 
TuMV-C5. Later F2 'sof this accession were found 
to be impure with respect to their reaction to all 
five strains except C-3. The resistance mechanism 
to the five strains in Acc. 730 is presently under 
investigation to determine the mode of inheritance 
of the genetic factor(s) involved and assess their 
potential for use as a source of resistance for 
AVRDC's Chinese cabbage improvement program. 
Preliminary studies suggest that resistance to 

TuMV is . partiallyor incompletely dominant and 
that resistance to the five strains is not controlled 
by a single gene. 
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SUMMARY 

Sweet potato feathery mottle virus, sweet potato latent virus, and a whitefly.transmitted sweetpotato virus have been identified in Taiwan. These viruses often occur together in nature. The locallesion transfer is an efficient way to isolate them from the complex. These viruses are readily distinguishableby their symptomatology, host range, transmissibilityand stability in saps. The causalagentsof two other diseases, sweet potato leafcurl and sweet potato mosaic,have not been identified. Leafcurlor disease complex involving leaf curl caused significantyield losses. Effects of the whitefly-borne virus 
havw not been determinedyet. 

**4sA1*--*sweetr1* potato feathery mottle virus, sweet pota
to latent virus '4tA**Ji ., * ZZJA [. 
1f#Chenopodium quinoa 10f -.- it . 

Y1 '7 TI sweet potato feathery mottle virus, sweet potato latent virus L 3 
"% # A ±t0) sweet potato virus b FI *L J:k C *.t-0l ; J, LI IQ4 -Ct'7j[. 

Ucc,o r L 9j ,fo . ,6Y4 Z Ir Itlocal lesionl( 1b 

sweet potato leaf curl A3..Ysweet potato mosaic OA.ft i t tf * Z -C,0
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INTRODUCTION 

Sweet potato is an important feed and 
subsidiary food crop in Taiwan, with a total 
acreage of 36,000 ha1 . The cultivation of sweet 
potato is scattered all over the island, and is of 
special importance in areas where irrigation is 
limited. 

The occurrence of virus diseases of sweet 
potato was first noticed in Taiwan in 197223. In 
a general survey, Liao (1978) observed suspect 
virus and virus-like symptoms in 280 out of 320 

varieties in the varietal collection at the Chiayi 

Agricultural Experiment Station (CAES). 
The survey was followed by a series of 

research efforts to characterize and identify those 

viruses which were encountered, to derive virus-

free clones of major commercial varieties from 

meristem culture and to determine the effects 

of different viruses on sweet potato yield and 
6 13"14 quality s ' . . The present article reviews the 

state of our knowledge of sweet potato virus 

diseases in Taiwan. 

SWEET POTATO VIRUSES DETECTED 
IN TAIWAN 

Three sap-transmissible sweet potato viruses 

have been reported under the designations of 

SPV-A, SPV-N and whitefly-borne virus disease. 

The first two are referred to in this article as 

the sweet potato feathery mottle (SPV-A) and 

sweet potato latent virus (SPV-N) respectively, 

and are wide spread; while the whitefly-borne 

virus is found only occasionally8..; 

SweetPotato Feathery Mottle Virus (SPFMV) 

This virus originally designated as sweet 
potato virus A (SPV-A) was isolated from sweet 
potato cultivar Tainung 635.14. It causes sys
temic interveinal chlorotic spots on Tainung 63 
and typical feathery mottling on Ipomoea nil. 

Roots of infected Tainung 63 do not develop 

russet crack or internal cork. Virus particles are 

flexuous rods 850-900 nm in length and with a 

coat protein of molecular weight (Mw.) 37,600. 

The virus was easily transmitted by sap inoculation 

or bygreen peach aphid (MyzuspersicaeSulzer)and 

cotton aphid (Aphid gossypii Glover) in a non. 

persistent manner. No transmission was obtained, 

using corn aphid (Rhopalosiphummaidis Fitch) as 

vector. Seeds of virus infected , nil, . setosa and 

sweet potato did not transmit the virus. The host 

range is restricted in Convolvulaceae and Chen

opodiaceae. In I. nil sap, the dilution end 

point of the virus was between 10 . 3 and 10 " , 
the thermal inactivation point was between 550 

and 600 C, and the longevity in vitro was less 

than 24 hrs at room temperature. Three 

characteristies are consistent with SPFMV 
.described by other investigators 3 '4 '11 ,19,20 This 

virus has been further identified as a strain of 

SPFMV by serologycial tesL. It reacted positively 

with antiserum against SPFMV.common strain. 
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The discrepancy in root symptoms may possibly...- showing foliage symptoms of mottling, chlorosis
be due to different cultivars or virus strains and dwarfing8 . Symptoms were more striking
tested 3"19"20 ' at low fertilization conditions or at low temper. 

atures. The diseased plants had poor root sys-Sweet Potato Latent Virus (SPLV) tems and produced unmarketable fleshy tubers. 
The chlorophyll content of virus-infected sweetThis virus originally designated as sweet potato leaves aboutwas 50% less than that of 

potato virus N (SPV-N) was isolated from healthy leaves 8 .
 
Tainung 
 63 having mixed infection 

4 
with Virus particles are flexuous rods 750 nmSPFMV s ' . It did not cause symptoms in most in length with a coat protein of Mw. 33,000.potato varieties. Virus particles are flexuous The virus could be transmitted by mechanicalrods 700-750 nm in length with a coat protein inoculation with sap and by the whitefly B.

of Mw. 36,000. The virus was sap transmissible. tabaci (Chung et al. 1985). For successful
No vector has been found. All transmission transywission the vector insect needed an
experiments using M. persicae, A. gossypii, R. acquisition feeding of 8 hr or longer and the abi.inaidis and Benzisia tabacias vector gave negative lity of transmission persisted up to 9 days.results. Seeds harvested from infected I. nil and Attempts to transmit the virus by green peachNicotiana benthanianadid not transmit the virus, aphids were unsuccessful. The hosts of this
The host range was mainly limited in Convol- virus included species mainly in Convolvulaceae
vulaceae and Chenopodiaceae, but some and Chenopodiaceae, but Gomphrena globosa,
Nictoiana species were susceptible to this Sesainum orientale,Daturastrornoniumand Cassiavirus 4 "5 . In N. benthamiana sap, the dilution occidentials were also susceptible. In sweet
end point was between 10.2 3and 10" , the potato leaf sap, the dilution end point was bethermal inactivation point was between 600 and tween 10.6.10.7, the thermal inactivation point650C, and the longevity in vitro was less than was between 850 and 90 0 C, and the longevity24 hours at room temperature. SPLV did not in vitro was longer than 7 days. The formation 
react with antiserum against FMV-C. The protein of cytoplasmic inclusions in the infected sweet
fractions prepared from SPLV-infected N. potato leaves was elucidated by the ultrastructural 
benthamiana by low speed centrifugation 2.24, study8 .
 
contained tyicpal cytoplasmic-inclusion protein

and nuclear-inclusion protein as revealed by SDS-
 SWEET POTATO DISEASES WITH
polyacrylamide gel electrophoresis. UNKNOWN CAUSAL AGENTS 

SPLV appeared to be distinct from all
 
sweet potato viruses reported so far 3. 1

0. 
18 .21. Sweet potato leaf curl and sweet potato
It resembled the sweet potato mild mottle virus 
 mosaic are two sweet potato diseases with


(SPFMV) in that both caused mild to symptom- pronounced symptoms found in 
 Taiwan.
less infections in sweet potato'0 . However, Attempts to isolate the leaf curl agent were unthere are some major differences. Unlike SPFMV, successful. Information on sweet potato mosaic
SPLV was not transmitted by whitefly. More- is still very limited. 
over, SPFMV caused vein clearing, leaf curling
leaf curling and distortion on N. ghionsallo Sweet PotatoLeaf Curl 
which was not the host of SPLV' 4 . 

A disease showing leaf crinkling and upwardA Whitefly-transmissibleSweet Potato Virus rolling symptoms was observed on Tainung 63 
sweet potato plants9.' 4 . The symptoms were

This virus was isolated from Tainung 63 prominent on young infected plants or shoots in 
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the summer time only and became masked in 
other months. The diseae agent could be'trans, 
mitted from infected Tainung 63 to sweet potato 
and I. nil by whitefly B. tabaci or by grafting. 
Successful transmission was obtained only when 
20-100 insects were used per test plant after 24 
hr or longer acquisition feeding. 

The host range of the disease agent was 
limited in Convolvulaceae9 . Attempts to isolate 
disease-related proteins and dsRNA, and to purify 
the disease agent have been unsuccessful so far. 
Ultrastructural studies revealed short rod-shaped 
particles approximately 18 nm in width present 
in the cytoplasm of phloem cells9 . However, 
these were indistinguishable from P-protein in 
normal cells. 

Apparently, a similar disease was also re-
ported in Japan22 . No research findings have 
confirmed the viral nature of sweet potato leaf 
curl. 

SWEET POTATO MOSAIC 

Sweet potato mosaic in Taiwan appears to 
be distinct from that reviewed by Martin (1957). 
The disease causes leaf mottling, rugose, dwarfing 
and distortion. Infected plants have shortened 
internodes and retarded growth. Sprouts from 
fleshy roots of harvested infected plants ap-
peared normal in the hot season but showed 
symptoms in the cooler months. Only a few 
sweet potato varieties, including Okinawa 100 
were found to show mosaic symptoms. This 
disease is now of minor economic importance 
because farmers have stopped growing these 
varieties. The disease incidence was very low in 
the field. The mosaic symptom could be induced 
to I. setosa by grafting, but in others we were 
unable to reproduce the disease symptoms by 
grafting diseased L setosa to healthy sweet potatoes. 

EFFECTS OF VIRUS DISEASES ON 

THE YIELD AND QUALITY OF 


SWEET POTATO 


Screenhouse and field experiments to 

compare healthy and virus-infected sweet potatoes 
were carried out. The healthy stock were virus
free, meristem tip cultured sweet potatoes grown 
under a program initiated in 1978 in CAES 13 14 

In a field test, the fleshy root yields of .2ultivar 
Tainung 57, Tainung 63, Okinawa 100 and 
Hong-hisn-wei infected by a virus complex were 
24.5, 35.6, 30.5 and 31.8% less than those of 
healthy controls7 . 

In a field trial to compare the virus-free 
plants with those of individual and mixed in
fection by SPFMV and SPLV, Liao et al. (1983) 
observed no significant differences between 
healthy and virus infected plants in crude protein, 
soluble sugar and starch content in the roots and 
tops on a dry matter basis. Yields of both roots 
and tops were neither affected by infection with 
SPFMV or SPLV alone nor by a complex in
fection of both viruses. However, yield loss of 
fleshy root has been commonly observed in 
growers' fields. 

To investigate the possible effects of sweet 
potato leaf curl diseas6 (Lc) on yield, virus-free 
Tainung 63 was inoculated with Lc alone or 
in complex with SPFMV and SPLV. The results 
indicated that the yield of sweet potato was 
considerably reduced if the plant carried Lc. 

Effects of the whitefly-brone virus have not 
been determined yet. Obviously, it appeared to 
be the most detrimental disease on sweet potato 
in Taiwan. 

DISCUSSION 

Some major cultivars of sweet potato have 
been progapated by farmers for many years with
out renewal on this island. Vegetative propaga
tion provides a highly efficient mechanism for 
the perpetuation and dissemination of virus 
diseases. The high incidence of virus diseases 

was seen in a survey made by Liao who examined 

320 varietal collections at CAES, and observed 

virus symptoms on 280 varieties. Chung found 
about the same magnitude of the disr;ise problem 
when she indexed sweet potato plants from
commercial plantings by grafting on . nil or I. 
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sctosa, 86% of the test plants revealed positive Since the whitefly-borne virus infected 
reaction. plants and plants with 'mosaic symptoms produce 

Among the three filamentous viruses sprouts which appear abnormal, growers usually 
identified by us, SPFMV apparently is a member discard them during planting. However, SPFMV, 
of potyvirus. Both SPLV and whitefly-borne SPLV and the leaf-curl diseased plants might 
virus resemble potyvirus in particle morphology easily be overlooked and used in field plantings. 
and in inducing the formation of cytoplasmic Plants derived from the meristem tip culture 
inclusions within tissue of infected plants, but which have passed repeated indexing should be 
none were transmitted by aphids 9 '5 . The the source of stock plants for renewal planting. 
taxonomy of these two viruses is therefore up- Although the healthy controls used in field 
certain. The failure to demonstrate the aphid trials were not resistant cultivars, most ot them 
transmissibility of SPLV could be attributed to remained symptomless at the time of harvest. 

1the intrinsic property of the virus itself, the need ing7 . . This suggested a slow natural spread 
for a 'helper' virus or the loss of aphid trans- of sweet potato virus diseases under Taiwan's 
missibility evolutionarily. Comparisons of some conditions. A high degree of sweet potato virus 
properties of SPFMV, SPLV, whitefly-borne virus disease control should be achievable by a 
and SPLc with other known viruses of sweet- combination of virus-free seedlings and certain 
potato are listed in Table 1. Further information cultural methods, such as planting in the field 
such as biochemical properties and sc ological with low inoculum potential and avoiding the 
relationship are needed for classifing these period of high vector population. 
viruses. 

Table 1. 	Comparison of some properties of SPFMV, SPLV, W-SPV 8 and SPLc with other known
 
viruses Insweet potato
 

Properties SPFMV SPLV W-SPV SPLc SPFMV.Cb SPMMV C 

Transmission 
Mechanical means + + + - + + 
Aphid + - - + _ 

Whitefly 	 - + + -

Host range 
Amaranthaceae - - + .... + 
Chenopodiaceae + + + - + + 
Compositae - - - _ _ + 
Curcurbitaceae - -" : "
 
Convolvulaceae + + + +
 
Solanaceae - + - - _ +
 

Properties Invitro 
" DEP 10-3,-10-4 10"2-10 3 10-6_10 "7 10"-10 4 02_10-3 

TIP (250C) 65-60 60-65 85-90 60-65 65.60 
Aging (day) 1 1 7 1 3.7 

Particle length (nm) 850-900 700-750 760 800-850 950 
Coat protein (Mw.) 37600 36000 33000 

'a) whitefly-borne sweet potato virus
 
b) reported by Moyer and Kennedy (1978)
 
cI reported by Holllngseta/. (1976)
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DISCUSSION 

Q. 	 (N.Namba) 
In Japan Dr. Yamashita succeeded in isolating small bacilliform virus particles from leafcurl diseased 
sweet potato and whitefly inoculated test plants. Have you investigated this? 

A. 	 We have not had much progress in isolating the pathogen from leafcurl diseased sweet potato or any 
other hosts 

Q. 	 (N.Namba) 
In your work have you been able to observe such bacilliform particles under electron microscope? 

A. 	 No particles were found in quick leaf-dip preparations of infected sweet potato. Electron microscopy 
of ultrathin sections of diseased sweet potato revealed that virus-like, rod-shaped particles, approxi
mately 18 nm in width were present in the cytoplasm of phloem cells. However, it was indistinguish
able from P-protein in normal cells. This needs to be ftrther investigated. 
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SUMMARY
 

Dasheen mosaic virus, a potyvirus initiallydescribedin 1970, infects cultivatedaroidsthroughoutthe 
world. Technological advances have made the control of this virus possible through seed propagation
and/ortissue culture. However, to apply these control measures commercially,a carefulevaluationof the 
horticulturaladvantagesto be gainedand the costs invo.ved must be given for each aroidin quest'On. 
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INTRODUCTION 

The family Araceae comprises more than 
100 genera and 1500 species including one, Pistia 
stratiotes, which is an important waterweed. 
Most aroids are beneficial however, and some are 
of considerable significance economically, parti. 
cularly in the tropics. Two, Colocasia and 
Xanthosoma, are especially important as food 
staples both in the new and old world, although 
Amorphophallus, Cyrtosperma, and Alocasia are 
also used for this purpose in certain locales. 
Aroids such as Aglaonema, Caladium, Dieffenba-
chia, Philodendron, Scindapsus, and Syngonium 
account for about a third of the foliage plants 
grown, certain species of Anthurium, Richardia, 
and Zantedschia are important cut flower crops, 
and Cryptocoryne is one of the most widely used 
aquarium plants. Most cultivated aroids, including 
all the aforementioned, are routinely propagated 
vegetatively, and as such are especially vulnerable 
to chronic virus infections. 

VIRUS DISEASES 

Several viruses and virus-like diseases are 
known to infect aroids. These include tobacco 
necrosis virus of Dieffenbachia47 , cucumber 
mosaic of Arum and Colocasia, tomato spotted 
wilt of Zantedeshia, and the bobone rhabdovirus 
of Colocasia16 . 16 . Other less well defined reports 
include the banana bunchy top5° and "almoae" 
diseases of Colocasia, the "chirke" disease of large 
cardomon, which infects Acorus, and unnamed 
viruses of Anthurium, Monstera, Philodendron, 
and Zantedeschia6° .f. None of these viruses, 

however, infect as many aroids or is as wide 
spread as dasheen mosaic virus (DMV), a potyvirus 
first described in 1970. This virus occurs through
out the world and infects at least 14 aroid genera: 
Alocasia, Ag!'onema, Amorphophallus, Anthuri
um,Arisaema, Catadium,Colocasia, Cryptocoryne, 
Dieffenbachia, Philodendron, Richardia, Spath
phyllum, Xanthosoma, and Zantedeschia. Al. 
though certain nonaroids are susceptible, the 
natural host range of DMV appears to be restricted 
to the family Araceae5 2 7 

DasheenMosaic Virus 

Dasheen mosaic virus symptoms may differ 
considerably according to the aroid infected and 
the season in which it is grown77. In some aroids 
such as Richardia,Zantedeschia, and certain Dief
fenbachia cultivars, symptoms can be quite severe, 
whereas in others, such as Aglaonema and 
Spathiphyllum, they are usually much less evident. 
In many colocasoid aroids (Tribe Colocaicae), 
including Caladium, Colocasia, and Xanthosoma,
conspicuous "feathering symptoms" are typical2 • 
8.12.13,53.56.76 A characteristic of many aroids 
is that DMV symptoms are intermittently ex
pressed, often making detection difficult 6. 47 

. 

66.73.77. In some instances, such as with Dieffen
bachia, symptom expression is seasonal, most 
often appearing on foliage produced during the 

. 2 .S4 . 7
fall and/or spring months9 18 5 7 Some 
aroid cultivars more readily express DMV 
symptoms than others. The Caladium cultivars, 
'Candidum' and 'White Christmas', for example, 
are much more likely to exhibit symptoms 
throughout the growing season than the cultivars 
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'Frieda Hemple' and 'Carolyn Whorton'. Similar. personal communication). However, these are not 
ly, under the same greenhouse conditions, plants necessarily satisfactory for indexing purposes. 
of the Hawaiian Colocasiacultivar, 'Mana Lauloa', Philodendron verrucosum is not readily available 
produced leaves with DMV symptoms much more eithb: as seed or vegetative material, and because 
frequently than a cultivar grown in north Florida it is a rather large plant, it may be inconvenient 
USA and locally referred to as "dasheen". to maintain under greenhouse conditions. The 

The Properties of DMV have been sum- susceptibility of non-aroids appears to vary 
marized previously 77 . Like other potyviruses, according to where and under what test conditions 
DMV has a mean particle length ca. 700-800 rum, the work is being conducted. For example, in 
induces cylindrical inclusions, and is transmitted contrast to European studies5 2 (A. A. Brunt, 
by aphids in a stylet-borne manner. Also, its personal communication), attempts at Florida 
capsid protein is serologically related to those of USA 76 and Venezuela 12 to infect non-aroids have 
certain other potyviruses, including blackeye not been successful. 
cowpea mosaic, tobacco etch, and araujia Since DMV is the only ascertained potyvirus 
mosaic29 . 77. The cylindrical inclusion protein to infect aroids 42 , detection of cylindrical i
of DMV is serologically related to that of the clusions either by light or electron microscopy can 
araujia mosaic potyvirus2 9 , and the helper be taken as circumstantial evidence for its 
component protein of tobacco vein muttling presence7 7 . However, the possibility of previously 
potyvirus is related to in vitro synthesized gene unidentified potyviruses infecting aroids can not 
products of DMV 31 . About 93% of the estimated be discounted, and thus some caution should be 
coding capacity of the DMV gene has been ac- exercised in making specific diagnoses of DMV by 
counted for, and the proposed gene map for DMV these methods. Should other aroid potyviruses 
is similar to that determined for other potyviruses: be found, morphological differences in the inclu. 
5' end-proposed helper factor protein-cylindrical sions induced may bei found which may be of 
inclusion protein-unknown protein-47K nuclear in- diagnostic value, as has been shown for other 
clusion protein-56K nuclear inclusion protein- potyviruses" .3°. Likewise, since it is the only 
capsid protein-3' end (J. Nagel & E. Hiebert, definitive flexuous-rod virus known to infect 
unpublished). aroids, the detection of such virus particles by 

Aside from the characteristic symptoms it electron microscopy can also bo used as evidence 
induces, DMV can be diagnosed in a variety of for DMV. However, the same precautions noted 
ways, including bioassay, serology, and/or above for inclusions should be taken. Any doubts 
by light and electron microscopy. Bioassay has in this regard can be.eliminated, however, through 
been widely used, usually involving Philodendron the use of DMV capsid antiserum and immuno. 
sellouni seedlings as assay plants 77 . Seeds of this specific electron microscopy techniques, such as 
plant can be commercially obtained in the United those used for detecting DMV in Dieffenbachia9 -1 . 

States, and they are extremely susceptible to this Various other serological methods, using 
virus, giving mosaic and vein clearing symptoms either capsid or cylindrical inclusion antiserum, 
on the first 1-2 leaves expressed following inocula- can be helpful for diagnosing DMV infections 77 . 
tions. Other aroids such as Anthurium spp. can The techniques and immunodiffusion medium 
also be used when seedlings of P. seiloum are not described by Purcifull and Batchelor 49 have been 
available 2-. 3.4.4.71 . A limitation in the use of frequently used for this purpose as has the im-
P seiloum and other araceous assay plants is that munodiffusion medium of Tolin and Roane 65 , 

seeds do not retain their viability long2S.-. Local which contains 0.8% Nobel agar, 0.2% scdium 
lesion hosts exist, including the aroid, Philodendron dodecyl sulfate, 0.7% NaCl, and 0.1% sodium 

67 7 3 verrucosum , and the non-aroids, Chenopo- azide. Immunodiffusion methods have been used 
dium spp.5 2 and Tetragoniaexpansa (A. A. Brunt, to demonstrate the presence of DMV in Europe 47 

. 
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52, Latin America' 1 3 (J. Escudero, J. Bird &F.W. 
Zettler, unpublished), Africa2 

.14.71, (F. W. Rey.
senbach, personal communication), the People's
Republic of China (F. W. Zettler & J. H. Tsai, 
unpublished), and California USA 39 . Although 
not yet widely used for DMV, enzyme-linked im-
munosorbent assay methods also can be used for 
diagnosing DMV (unpublished); however, the pos.
sibility of the existance of serologically distinct 
strains of DMV should be considered when using
direct double antibody sandwich methods, which 
arc relatively strain specific 68 . That different 
DMlV strains may exist has been indicated in 
studies by Abo El-Nil et al.3 and Wisler et al.73. 

Regardless of the diagnostic technique used, 
virus titer variabilities should be taken into 
account when negative results are obtained. 
Systemically infected P. selloum seedlings support 
very high DMV titers shortly after plants are 
inoculated, but titers appear to drop considerably
in successive leaves formed thereafter, despite the 
presence of conspicuous foliar mosaic and 
distortion symptoms 3 77 . . Similarly, considerable 
titer differences between symptomatic and asymp.
tomatic tissues of individual Dieffenbachia leaves 
were noted 9. While definitive quantitative studieshave not yet been conducted, some aroids such as 
Caladium, Colocasia, Xanthosona, Zantedeschia,
and certain Philodendron and Dieffenbachia 
cultivars in general seem to support much higher
virus titers than others, such as Aglaonema,

Anthurium, and Spathiphyllum. 


Dasheen mosaic virus appears to be common 

wherever aroids are 
extensively cultivated, most 

commonly infecting Colocasia, Caladium, Dief-

fenbachia, Zantedeschia, and Xanthosoma 
 Prior 
to 1978, it was known to occur in the Caribbean, 

Florida USA, Egypt, Europe, Japan, India, and 

Oceania 77 .
 Since then, it has been rf ported infec-
ting 1)Aglaonemain California USA 39 , 2)Alocasia
in Brazil53, 3) Cyrtospermain the Gilbert Islands ss 

4) Dieffenbachia in Florida USA 9, the Untied 
, 

Kingdom 32, Denmark 47, and Belgium S4, 5)
Philodendron in Florida USA 7 3 , 6) Richardia in 
ItalyS2, 7) Zantedeschia in the Republic of South 
Africa (F. W. Reysenbach, personal communica. 

tion), and 8) Colocasia and/or Xanthosoma in 
Brazil"3 , the Cameroons 14 , Costa Rica"1 , the 
Dominican Republic (J. Escudero, J. Bird,.& F. W. 
Zettler, unpublished), French Polynesia 33 , Gilbert 
Islandsss , Guam (G.Beaver, personal communica. 
tion), Nigeria 71 , Papua New Guinea56 , People's
Republic of China 13 (F. W. Zettler & J. H. Tsai,
unpublished), and the Republic of South Africa 
(F. W. Reysenbach, personal communication). 
Although the virus is widely distributed in aroid 
plantings throughout the world, exact figures for 
yield losses are usually not available. However, 
in studies involving the ornamentals, Caladium, 
Dieffenbachia, Philodendron, and Zantedeschia, 
quantitative yield losses of more than 60% were 
recorded1 . 4.38.73. 78 . 

The cosmopolitan distribution of dasheen 
mosaic virus can be attributed to several factors. 
The first is' that DMV typically induces chronic 
rather than lethal infections in their hosts, unlike 
the alomae disease of Colocasia,which is confined 
to certain locations in Oceania' 6 5 6 . Where DMV 
does induce lethal symptoms, such as with certain 
Dieffenbachia cultivars (D. x Bausei and D. x 
memoria-Corsii), it is self eliminating, and as a 
result, surveys of foliage nurseries for DMV.infected plants of these cultivars revealed no in
fected plants9.
 

A second important factor in the wide-spread

distribution of DMV is that, like most potyviruses,

it is readily transmitted by aphids'5 

.36. 44 . Two 
aphids, Aphis gossypii and Myzus persicae, which 
are known to be vectors of DMV, can be found 
wherever aroids are cultivated. Another species,
Pentalonia nigronervosa, apparently cannot 
transmit this virus, however, even though it is 
a pest of certain aroids". The rapidity with 
which DMV infections can spread by aphids under 
field conditions was illustrated in an experiment 
conducted on Caladium in Florida USA. A popu!.
ation of DMV-free, tissue culture derived plants 
were planted adjacent to commercially grown
stock, and although the tissue culture derivatives 
significantly outyielded their diseased counter. 
parts, all tissue culture derived plants were 
infected within two months after plantingm . 



Thirdly, widespread incidence of DMV is 
abetted by the necessity of propagating 
aroids vegetatively. Although DMV is apparently 
not seed-borne77 , obtaining seed poses special 
problems for most aroids, thereby precluding this 
approach towards virus control. For Caladium, 
Colocasia, Dieffenbachia, Philodendron, Xantho-
soma, and many other aroids, a condition of 
protogyny oxists in which the stigmata are recep-
tive prior to pollen shed. This characteristic 
prevents self pollination within the same infloresc, 
ence. Moreover, the period of time that the 
stigmata are receptive is very brief, usually a 
matter of a few hours 2 . 3

5 
. 4 3 . 69 Three other 

problems with the use of true seed for aroids are 
that 1) many horticulturally desirable aroid 
cultivars flower infrequently, although this 
problem can be overcome by treating plants with 

9 .2 7gibberellic acid 4 . , 2) the viability of aroid 
seed is usually of very short duration25 . 62 
and 3) the seedling progeny of most cultivated 
aroids exhibit considerable phenotypic variability 
since they are not true-breeding 26 .63 .70.72.74.75. 
Philodendron selloum is exceptional in that it is 
routinely seed propagated commercially, and as 
might be expected, DMV incidence in this species 
appears to be very low 73. 

Finally, the horticultural importance of 
aroids as food staples and ornamentals has 
been a major factor in the distribution of DMV 
throughout the world. Taro (Colocasia), for 
example, is believed to be among the earliest 

plants to be cultivated. As such, this plant 

accompanied early erplorers throughout the 

Pacific Basin in prehistoric times, and in Egyit 

it has been grown perhaps as early as 500 B.C."8 


Xanthosoma, an indigene of the neotropics, has 
also been widely distributed since ancient times, 
Since then, it has been introduced into many 
places in the old world, including Equatorial 
Africa where it is an important food staple 4 . 

In more recent times, the ornamental aroids have 
been also internationally distributed. Caladiums, 
native to the Amazon Basin, are highly prized for 
their attractive foliage and have become a specialty 
industry in south central Florida USA, where they 
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currently constitute an eight million dollar 
industry. Similarly, foliage aroids such as 
Aglaonema, Dieffenbachia, and Philodendron 
collectively comprise about 30% of a 300 million 
dollar industry in the United States. In sharp 
contrast to the edible aroids, which are not are not 
widely exported commercially, ornamental aroids 
are shipped throughout the world in large volume. 
This transcontinental interchange of foliage plants 
has been especially apparent in recent years due 
to the "foliage boom'" of the 1970's. The number 
of foliage plants imported into Florida, for 
example, rose from 2.8 million plants in 1969
1970 to 136.7 million in 1979-1980, primarily 
from the West Indes and Central America. In turn, 
Florida now exports over 10 million foliage plants 
to over 50 countries throughout the world S7 . 

A related factor in the spread of DMV and 
other pathogens has been through international 
exchange of germ plasm. Caladium, Colocasia, 
and/or Xanthosoma germ plasm collections in 
Hawaii 8, Puerto Rico 6, Venezuela12 , and Florida 
USA (Zettler, unpublished) have been surveyed 
for DMV infections, and incidences were very high 
in all instances. Jaclson and FirmanM have re
commended guidelines whereby the international
 
distribution of aroid pathogens through germ plasm
 
collections can be reduced.
 

Although attempts to eliminate DMV from
 
Xanthosoma corms through heat treatment 
were
 
unsuccessful5 , virus-free plants of several aroids
 
have been obtained through seed propagation and
 
tissue culture°'.20 255 8 6 9.O7 
. . . Also, careful
 
selection and exclusive use of symptomless cut
tings for propagating material has been used
 
successfully to control DMV infections of Dieffen

5 4bachia in Europe 47. (Hakkaart, personal 
communication). In Dieffenbachia, DMV appears 
to be intermittently distributed in infected plants, 
which makes it possible to obtain healthy plants 
when care is taken to avoid using cuttings with 

8DMV symptoms'°. 7 , Similar observations were 
made by Wisler et al.73 for Philodendron oxy
cardium. No true genetic resistance to DMV is 
known, although some cultivars of Dieffenbachia
and Xanthosoma7l seem to be more tolerant than 

-
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others, 

CONTROL OF DMV 

Theoreticaliy, the use of tissue culture 
would be the most practical solution for control-
ling DMV in the majority of cultivated aroids. 
This approach has proved successful in obtaining 
virus-free, genetically uniform plants from diseased 
parental stock and in many instances has th. 
added advantage of being an efficient means of 
rapid plant propagation. The first aroids to be 
successfully propagated in vitro were Caladium2 2  

and Colocasia4". Since then, tissue culture 
methods have been improved and successfully 
applied to many other aroids, including 
Anthurium, Dieffenbachia, Philodendron, Spa-
thiphyllum, Xanthosoma, and Zantedeschia, all of 
which are susceptible to DMV (among others:'' 
17.20.28.37.40.46.59.61 .64.79) To date, however, 
certain other DMV-susceptible aroids have proven 
much more difficult to culture in vitro, such as 
Aglaonema. 

Currently, commercial aroid tissue culture 
is done primarily for puroses of rapid propagation, 
rather than for the control of DMV per se. Also, 
tissue culture is largely confined to such foliage 
aroids as Dieffenbachia,Philodendron,Spathiphyl 
lum, and Syngonium, which are typically green-
house rather than field grown. The deployment 
of tissue culture technology for aroids has been 
extremely rapid and coincided with the 15-fold 
expansion of the foliage industry since the early 
1970's. Through tissue culture, for exampk., 
a single shoot tip of Dieffenbachia can produce 
up to 70,000 cuttings or more in one year 28 

compared to only 10-30 cuttings per year by con-
ventional propagation methods. Application of 
tissue culture technology not only helped to meet 
the sudden consumer demand for foliage aroids, 
but it also produced a product of unusual quality 
and uniformity. Dieffenbachia, once apparently 
ubiquitously infected with DMV 23 , is now largely 
free of this and such pathogens as Erwinia chry-
santhemi wherever tissue culture derived stock is 
employed 9 "1° .  Since these foliage aroids are 

normally greenhouse-grown, reinfection by DMV 
can be prevented when usual pest control practices 
for foliage aroids are employed. Many tissue 
culture operations have been established in recent 
years. The largest in Florida are Hartman's Plants 
Inc., Oglesby Plant Labo-atories Inc., and Weyer
haeuser Tissue Culture Center, each with the 
current capacity to produce 6 to 25 million tissue 
culture explants annually at an estimated wholesale 
value of $US 0.10-0.20/explant. Other major 
tissue culture facilities in the United States are 
located in California, Tennessee, Texas, and Utah. 
In other countries, major tissue culture labora
tories are located in Belgium. England, France, 
Israel, Japan, and the Netherlands. 

Tissue culture has not been as widely applied 
for such field-grown aroids as Caladium,Colocasia, 
and Xanthosoina, although the potential exists 
for these crops as well. Hartman 2° demonstrated 
that these plants could be freed of DMV and that 
rapid propagation as noted above for foliage aroids 
could readily be achieved. However, because they 
are field grown, the problem of reinfection must 
be considered if a successful control strategy is 
to be implemented. Fortunately, there are rela
tively few reservoirs of DMV inoculum. Many 
aroids occur as weeds, but these tend to be much 
less common and aggressive than weeds in othei 
plant families, such as the Commelinaceae. As 
pointed out be Rana et al.12 , nonaroid suscepts 
of DMV are unlikely to be epidemiologically 
significant since most are local lesion hosts. 
Accordingly, primary sources of DMV inoculum 
which could threaten tissue culture derived 
healthy stock is likely to be solely from diseased 
plants of the same or related species which have 
not been processed through tissue culture and are 
growing nearby. Thus, if conditions of isolation 
are provided, DMV control can be expected. 'Yor 
example, a 2.4 hectare field of virus free, tissue 
culture-derived Caladium plants isolated by about 
65 Km from the nearest diseased commercial 
stock was manitained free of virus for over three 
years (R. D. Hartman & F. W. Zettler, unpub
lished). Similarly, none of over 5000 seed-derived 
Caladium plants, which were isolated from com
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mercial stock in north-Florida, became in-
fected with DMV in a 4-year period7 4. 

Although tissue culture technology has been 
refined whereby large numbers of DMV-free 
Colocasia, Xanthosoma, and other edible aroids 
can readily be produced, special problems must be 
overcome if this approach is to be applied 
commercially. One of the most obvious is that the 
edible aroids tend to have much lower cash values 
per plant than their ornamental counterparts. 
Moreover, these crops are usually grown in 
countries where growers can ill afford to buy the 
relatively expensive tissue-culture derived stock, 
Finally, as pointed out by Plucknett 48 for 

Colocasia and Morton for Xanthosoma, the 
edible aroids are an exceptionally diverse group of 
plants, consisting of innumerable cultivars grown 
by many different ethnic groups throughout the 
world, each on relatively limited acreages. To im-
plement a tissue culture program for any given 
plant, a very large initial expense is needed. The 
construction of a tissue culture facility requires 
an initial investment capital of $US 20,000-
250,000, depending upon the scope of the 
operation 21 , and modern, up-to-date facilities are 
likely to exceed to US$ 1,000,000 to construct. 
In addition, to prepare each new plant for develop-
ment, an initial expense of $US 2,000-10,000 is 
required. Obviously then, enough sustained orders 
must be forthcoming to justify the initial expense 
involved in tissue culture, and unfortunately this 
appears not to be the case at thii time for most of 
the edible aroids. 
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DISCUSSION 

Q. 	 (C.N. Roistacher) 
Has heat treatment or thremotherapy been applied to eliminate DMV in the aroids? 

A. 	 No, as it has not been necessary. 

Q. 	 (D. Gonsalves) 
What strategies would be suitable for transferring this technology to developing countries which are 
dependent on taro as a staple food? 

A. 	 It is a question of investment of your time which is important. To apply this in a developing country 
there are several key points. Number one is that you need the contact people; !or example here in 
Taiwan there are excellent facilities like COA. This is the level of people we need if ever it were to 
be applied, someone right on the spot. Number two is the ard of the crop, Hawaii may be a good 
place, a large area crop is needed to work on. But in Hawaii there is a massive proliferation of varieties, 
almost a separate one for each religious festival, where as in Taiwan the problem would be simplified 
as there are only two main varieties of taro. Number three is how to do it. I would expect that an 
example would have to be set up, a model experimental plot for the growers to see and encourage 
them to accept the idea. Then there are the problems of inertia and finally the economics of the 
crop. 

Q. 	 (D.Gonsalves) 

Is trying to get a resistant plant a viable approach? 

A. 	 We tried that, we got a form of resistance in certain ornamentals, but I do not believe this was re
sistance to true mosaics. In the ornamentals we can control DMV so easily with tissue culture that it 
makes no sense to spend research on resistant varieties. 

Q. 	 (S.K. Green) 
Using these techniques of tissue culture as control, do you see any danger in losing the genetic diversity 

of these crops; particularly if applied to taro in developing countries? 

A. 	 I fell very strongly about genetic diversity. I think what happens in this type of program is that it 
Is accompanied by a search for genetic material as a basic and though ultimately what the consumer 
gets may be more limited,the breeding program behind its development may actually have increased 
the genetic diversity of the basic material. 

Genetic diversity, I strongly advocate, particularly as the environment takes away natural habitats. 

I also know that there is a great danger in the importation of plants because I think that this is how 
the viruses have become very widespread. It is prinuipal that what the consumer receives is only what 
he needs, but the breedingstock is increased by collection. 

Q. 	 (C.N. Roistacher) 
What is the incidence of natural infection? Should one gro-w virus free material, in native areas where 
patches of taro are being grown, or alternatively there may be infection from native wild vegetation. 
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A. It is a matter of proximity, growing aroids in isolation requires an efficient rapid tissue culture programso that the plants can be propagated under field conditions faster than the virus can spread. Aroidsare a little easier in this respect than perhaps citrus or cucurbits, because the virus is essentiallyrestricted to the aroids, and the aroids are not agreesive weeds. So in many areas we can Isolate thom,even in places like Taiwan and Florida, helped by this narrow cultural range. 
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RECENT RESEARCH DEVELOPMENT IN VIRUS DISEASES OF GRAPEVINES 

Dennis Gonsalves and Francis Zee
Department of Plant Pathology, New York State Agricultural Experiment Station
 
Cornell University, Geneva, New York 14456
 

SUMMARY 

Despiteextensive researchthe etiology ofgrapevine leafrolldisease, the most widespreadandseriousvirus disease of grapevines,remains unclear. Recent researchindicatesthat at least two closterovirus-likeparticles are associated with the disease. Their identiflcatlon will enhanceprospects for determiningtheetiology anddevelopingarapiddiagnostictechniquefor the disease. 
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INTRODUCTION 

Grape is the most widely grown and economi-

cally important fruit crop in the world. Like 

many other fruit crops, however, grapes are af-

fected by numerous diseases, viruses being among 

the most important. Grapevine leafroll is the 

most widespread and important virus disease of 
.grapes on a world wide basis8 

The establishment of vineyards with virus.free 

vines is the initial and most important control 

measure for leafroll ar I other grape viruses. This, 

in turn, is dependent on having a reliable method 

and mostfor diagnosing the disease. Leafroll 

grape virus diseases are diagnosed by indexing on 

woody indicators that show characteristic 

tests have been very useful insymptoms. These 

detecting virus diseases in symptomless rootstock 

and scions and have been the foundation on which 

many grape industries have developed certification 

which have helped to increase cropprograms 
several shortcomings areproduction. However, 

First, they take anywhereobvious in these tests. 
to complete. Second,from one to three years 

because of the expense and labor involved with 

these tests, it is impractical to do large scale 

indexing to determine the occurrence of the dis. 

ease in vineyards. Third, since these tests rely on 

symptom manifestations, it is conceivable that 

certain strains of leafroll would not be detected 

by these indicators. 

Despite the economic importance of leafroll, 

has not beenthe causal agent(s) of the disease 

identified. This lack of information has prevented 

the employment of indexing techniques which are 

more rapid and less expensive than the present 

ones. For example, the enzyme-linked ir. 

munosorbent assay (ELISA) test has proven to be 

extremely useful for diagnosing numerous fruit 

tree viruses which previously required the use of 

long term tests with woody indicators, e.g. trist

ezal. Clearly, information on the identification 

and properties of the causal agent(s) of the leafroll 

disease is a fundamental prerequisite for obtaining 

a better understanding of the disease, for develo

more rapid and reliable indexing procedures,ping 
and for developing more efficient methods to 

control this serious disease of grapevines. 

ONHISTORICAL BACKGROUND 

ETIOLOGY OF GRAPEVINE 

LEAFROL L DISEASE 

Grapevine leafroll is a graft transmissible, 

for which the etiology has notvirus-like disease 

been demonstrated. Affected grapevines show a 

a reddeningdownward rolling of the leaves and 


of the interveinal 
 leaf surface on varieties with' 

with light.coloreddark-colored fruit. Varieties 

fruit also show rolling of leaves but develop in

terveinal chlorosis. Economic damage is primarily 

due to reduced yield over a period of time and to 

the significantly lower sugar content in grapes 

can be distinguishedfrom diseased vines. Leafroll 

by its characteristic symptoms (rolling of leaves 

the woodyand interveinal reddening of leaf) on 

indicators Mission or Cabernet Franc
8 

A number of investigators have associated 

virus.like particles with leafroll. These include 

isolmetric particles12 , filamentous particles. 

resembling a potyvirus 16 and filamentous particles 

• • . Recent.re:.--bling costeroviruses 

ly, a viroid with similar nucleotide homology to 

for the first timehop.stunt viroid was isolated 
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from grapevines". However, no effort was made 
to correlate it to leafroll or any other grape
disease. So far, none of the above reports have
shown that the observed particles can cause leaf-
roll symptoms on inoculated grapevines. 

However, an increasing amount of evidence 
is accumulating to support the idea that leafroll is 
caused by one cr more closteroviruses. Namba et 
a. 13 first observed closterovirus.like particles in
cells and extracts of leafroll infected grapevines
but not in healthy vines. Since then, other 
workers have also observed closterovirus-like 
particles in the phloem tissue of grapes infected 
with leafroll3 .6.1 7 . Another closterovirus, which 
was originally from a grapevine showing stem
pitting symptoms and was subsequently trans-
mitted to Nicotiana clevelandii,has been isolated 
and characterized 2 .5 . Although the virus can be
mechanically transmitted from N. clevelandii 
to N. clevelandi,it has not been transmitted back 
to grapevines nor has it been transmitted from 
grapevines to N. clevelandii again. The virus,designated as grapevirus A (GVA), is 800 nm long,
has a single-stranded RNA genome, and is raported
to be transmitted by mealybugs 2 .'4 . Recently, 
Milne et a 11 showed that GVA is present innumerous diseased grapevines. Also, they found 
another shorter closterovirus.like particle, which is
serologicaily distinct from GVA, in many of the
grapevines. The association of one or both of 
these particles with grapevines infected with leaf.
roll was about 50%. 

RECENT RESEARCH INFORMATION 

ON ETIOLOGY 


OF LEAFROLL DISEASE 


Very recently in Switzerland, Gugerli et al.9 

showed a close, if not 
perfect, correlation of the

leafroll disease 
 with closterovirus.like particles
either 1800 nm or 2200 nm in length. The
particles were detected in clarified and con-
centrated grape leaf extracts from infected but 
not healthy vines. Antiserum was prepared to the 
2200 nm particles and used in ELISA to diagnose
the disease in vines known to be infected with 

leafroll. Since the antiserum did not react with 
leaf extracts of infected. grapevines containing the
1800 nm particles, they concluded that there may
exist two strains of closteroviruses associated with 
leafroll in Switzerland. Although a number of 
reports have associated closterovirus-like particles
with leafroll disease, arethere conflicting data 
(summarized in Table 1) on the length of particles
which are associated with the disease. It is con
ceivable that the leafroll disease syndrome may be 
separately caused by one or more of these virus. 
like particles. In fact, the work by Gugerli et al 9
indicated that this may be the case, since they
found 1800 nm and 2200 nm particles separately
associated with leaf roll disease. Recently, wehave isolated closterovirus-like particles from 
known isolates of leafroll from California and New 
York' 8 . The methods we wereused those of
Gurgerli et al.9 or a modification of them (un
published). Studies are underway to characterize 
the isolated particles. 

FUTURE PROSPECTS FOR 
DETERMINING THE ETIOLOGY OF 

LEAFROLL DISEASE 

Indexing with grape indicator plants is the 
current accepted method for diagnosing leafroll. 
The enzyme.linked immunosorbent assay (ELISA)
technique 4 would be gooda alternative for

detecting the disease. 
 The recent work by Gugerli

et al 9 is the only published report which uses
 
ELISA for detecting leafroll-infected vines.Antiserum to the 2200 nm particles were used in 
ELISA to detect the virus in leafroll diseased vines
 
in which 
 the 2200 nm particles were present.
 
Although antiserum has been produced to GVA5
 ,there are no reports which show that GVA can be

detected by ELISA infected
in grapevines. We
have recently produced an antiserum to one of our 
leafroll isolates and are testing its usefulness for
detecting the virus in grapevines (unpublished). 

Given the possibility that leafroll may be
caused by more than one type of closterovirus-like 
parti~le, it is imperative that specific antisera be 
produced to these particles. Unfortunately, these 
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Table 1. Summary of data associating closterovirus-Ilke particles with leaf roll. 

Particle Characterization Antisera reaction 
Origin (plant) - length (nm) (E.M., isriated) GVA 2200 

Japan (grape) 1000 E.M. NT NT 
Italy (grape, 800 E.M, Isolated + NT 

N. clev.) 400(?) E.M. - NT 
Germany (grape) 2000 E.M. NT NT 
Switzerland (grape) 1800 E.M., isolated 

2200 E.M., Isolated 	 + 

E.M. = electron microscopy, NT not test, + positive, - negative. 

different particles have been detected in the same 
plant". Since the leafroll agent has not been 
mechanically transmitted there is no way to biolog. 
ically purify the isolates through mechanical 
transfer. The use of monoclonal antibody tech-
nology' 0 would be valuable for selecting anti-
bodies which are specific to each virus type in a 
heterologous virus population. 

There are no published reports on reproduc-
tion of leafroll disease by mechanical inoculation 
(excluding graft inoculation) of grapevines, 
However, unequivocal evidence on the causal role 

of closteroviruses (or any other aqents) to the leaf-
roll disease will be obtained only when this cond. 
ition is satisfied. Until then, investigators will be 
limited to determining the 'association' of virus, 
like particles with the leafroll disease. It seems 
that mechanical transmissic t of leafroll virus may 
be possible using the "knife slash" method which 
has been used to transmit tristeza virus7 . 

With the isolation and purification from 
grapevines of at least two types of closteroviruses 

associated with leafroll, mechanical inoculation 
experiments can now be done to critically 
determin) the role of these viruses in the leafroll 
disease. In summary, the prospects are bright for 
developing more rapid methods for diagnosing 
leafroll and for determining the etiology of this 

widespread and serious virus disease of grapevine, 
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SUMMARY 

Grapevine alnashikavirus (GA V), grapevine stunt virus (GSV) and grapevine leafroll virus (GLR V), 
importantin Japanese viticulture,areallphloem-limitedviruses. GA Vand GSVare smalland spherical,ca. 
25 nm in diameter. GA V was purifiedand diagnosedwith ELISA. GSV was found to be transmittedby 
g.apevine leafhopper (Arboridiaapicalis Nawa; Cicadellidae). Cicadellidaeis a new insect vector ofplant 
virus. GLR V is a long, flexuous, rod-shaped particle,approximately Ix ,000 nm, which Is a probably 
a member of the closterovirusgroup. Infections of these viruses are detectable by the directfluorescence 
detection(DFD)method. 
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GRAPEVINE AJINASHIKA by grapevine leafhopper (Arbordia apicalis
VIRUS (GAV) 0 17 Nawa) 1' . GLRV is a long, flexuous, rod. 

shaped particle, ca. llxl,000nm, a possibleIn Japan, GAV, GSV, and GLRV are the 2 3member of closteroviruses 4 . . Grapevine
most important of grape viruses; other viruses, ajinashika disease is the most important viticulture
grapevine corky bark virus and grapevine fanleaf virus disease in Japan 20 . Diseased trees show novirus etc., cause almost no symptoms on cultivars. visible symptoms and can be recognized only byBoth GAV and GSV are small and spherical, a marked decline of sugar content in their fruits. 
ca. 25nm in diameter. The location of both Diseased fruits can neither be used as table grapesviruses are restricted to phloem cells (Fig. 1,2)' 9"  nor for wine. In this section we report the
20.21 Recently, GSV was found to be transmitted purification and some properties of GAV. 

~1O00nm 

Fig. I. Crystallines of GAY particles in phloem corn- Fig. 2. Concentric membrane layers containing GAVpanion cell. particles in phloem parenchyma cell. 
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Fig. 3. Absorbance patterns of GA, purified from In-
fected grapevine tissue, after sucrose density gradient 
centrifugation. 

Purificationof GA V 

Several purification schemes were tested for 
GAV. The enzyme extraction procedure using 
fruits resulted in the highest yields of virus and 
also gave cleanest preparations. Virus peak was 
obtained upon UV scanning of sucrose density 
gradients (Fig. 3). 

Buoyant density of virionsin CsCI 

Isopycnic centrifugation in CsCI resulted 
in highly purified monodisperse preparations (Fig. 

0t 10. 

CC 

• 11
 
5 


4). . The buoyant density of GAV in CsCI2 was 
about 1.38g/cm. The UV scan of purified 
preparations was typical of that of a virus. 

Analytical ultracentrifugation 

Purified preparations of GAV sedimented as 
single components with sedimentation coefficient 

of ca. l0s. 

Electron microscopy 

The virions of GAV are isometric with a 

diameter of 25nm in preparations negatively 
stained with PTA (phosphotun tic acid) (Fig; 5,6). 

Nucleicacid 

Unmodified nucleic acid of GAV gave single 
bands when electrophoresed on 2.5% polyacry
lamide gels. The molecular weight was estimated 
to be ca. 2.3x10 6 (Fig. 7,8). Nucleic acid of GAV 
was susceptible to digestion by RNase, but not 
DNase. 

Coatproteinsubunits 

Electrophoresis of GAV coat protein in SDS. 
polyacrylamide gels revealed one major band and 

C1.5 

1.3.
 

10
 

r ' Fractions 
= =
Fig; 4. Distribution of G" after centrifugation for 30hr at 36,000rpm in CsCI, (p 1A4 g/cm in a Hitachi RPS40 rotor. 

The gradient column was analyzed using an ISCO UA-5 ultraviolet analyzer (smooth curve) and refractive indices (from 
which densities were calculated). 



Fig. 5.Purified preparation of GAV. Fig. 6. High magnification of Fig. 5. 

A B 
Fig. 7. Polyacrylamide gel elec-
trophoretic analyses of RNA pre-
parations. (a) 23S RNA (tool. 
wt. = 110) and 165 RNA
(5.6x10 s ) of E. coil ribosome and 
RNA (2.05x10') isolated from 
purified tobacco mosaic virus, 
(B) RNA isolated 	 from purified 
GAV. 

3-

GAV 

2 T2V 

23S
 

16S 

,
 

0 	 0.2 0.41 0.6 0.8 
Relative electrophoretlc mobility 

Fig. 8. Determination of molecular weight of grapevine ajinashika virus RNA byelectrophoresis on 2.5% polyacrylamlde gel. The line is obtained by plotting the
molecular weights of marker RNAs against their relative mobilities. Abbrevia
tions are: TMV, tobacco mosaic virus RNA (2.05 x 10'); 23S RNA (1.1 x 100)
and 16S RNA (5.6 x 10s) ofE.coil ribosome. 
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minor band (Fig. 9, 10). Using markers the 

molecular weight of GAV coat proteins were 
estimated to be 23,000 (major) and 24,000 
(minor) respectively. 

Detection of GA V by immunosorbent electron 
microscopy 

In this procedure large numbers of virus 
particles were trapped and all of them were de. 
corated with homologous antibodies (Fig. 11, 12). 

Double diffusion tests 

Antiserum to GAV had titers of 1/1,024 

when tested against purified GAV in double dif-
fusion tests in agarose gel (Fig. 13). In tests with 
partially purified GAV preparation from 125g 
of fruit, the GAV antiserum (diluted 1/16) reacted 
with it at dilutions up to 1/4 (Fig. 14). The tests 
using GAV antiserum and its homologous antigen 
failed to detect any serological relationships 
between GAV and the following viruses with small 
polyhedral particles: grapevine fanleaf virus 
(GFV), barley yellow dwarf virus (BYDV) and 

potato leafroll virus (PLRV) (Fig. 15, 16). 

DISCUSSION 

GAV was purified, sedimented as a single 
component of ca. 110S, had a buoyant density of 

ca. 1.4g/cm 3 (CsCI2 ) and estimated nucleic acid 
content of ca. 30%15. GAV contained a single 
species of nucleic acid estimated mol. wt. ca. 
2.3x10 6 .16, which suggested it was a single strand-
ed RNA. Mol. wts. of GAV coat proteins were 

estimated to be 23,000 (major) and 24,000 
(minor) respectively. GAV was detected from 
diseased fruit by immunosorbent electron micro-

scopy28 . With this technique, it is possible to 

detect diseased trees. Biological and physicochem- 
ical properties were similar to luteoviruses. But 
GAV had no serological relationships with BYDV 

and PLRV 16 . The following several small spherical 
viruses are isolated from grapevine: nepoviruses, 
tobacco necrosis virus (TNV), tomato bushy stunt 

virus (TBSV), broad bean wilt virus (BBWV), 
sowbane mosaic virus (SBMV), grapevine Joannes-
Seyve virus (GJSV), Bratislava mosaic virus (BMV) 
and grapevine stunt virus (GSV) 2 . In symptoms 
and physicochemical properties, GAV is diffarent 

from all of them except for GSV. Nepoviruses are 
of three types of isometric particle ca. 28nm in 
diameter with angular outlines, sedimenting at 
ca. 50, 90-120 and 120.130S and containing 
respectively ca. 0, 2740 and 42.46% single. 
stranded RNA. Two RNA species, mol. wt. ca. 
2.4x30 and 1.4-2.2x10 are both necessary for 

infection. Each 'particle contains a single poly

peptide mol. wt. ca. 55,000. Virus particles 
occur systemically in tissues and are not phloem

restricted 8 . Antiserum of GFV, a member of 
nepoviruses, did not react with GAV in agar gel 

double diffusion test. TNV, TBSV, BBWV, 
SBMV, GJSV, and BMV are also different from 
GAV in morphological, physicochemical and 
biological properties (Table 1)2.31. GSV has some 
points of resemblance in particle morphlogy and 
location in plant tissues, but not in symptoma
tology. GSV causes marked stunting on vine but 
not decline of sugar content in fruits. GAV causes 

marked decline of sugar content but not stunting. 
So the two viruses differ. GSV was transmitted 
by grapevine leafhopper (Arboridia apicialis 
Nawa), it would be interesting to know the vector 

of GAV. 

ELISA DETECTION OF GAV 

Many growers attempted to control this 
disease by removing diseased trees. But it is 

difficult to replant healthy stock, because it is 
impossible to judge whether new nursery stock is 
healthy or not, until fruiting stage. Attempts were 

made to -diagnose grapevine ajinashika disease 

by graft inoculation test with indicator test 
varieties of grapevine29 . It has been suggested that 
fleck symptoms of St. George closely resemble the 

disease2; however, as more than a year is needed 
to diagnose by graft-inoculation test this is not yet 
confirmed. Recently GAV-antiserum was 
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Fig. 13. Gel diffusion serology. Well (V): 1 pg of a Fig. 14. Gel diffusion serology. Well (AG): GAV anti
purificd preparation of GAV. The dilutio,,s arc indicated serum; well (D,H): partially purified preparations of 
by a number: 4 means 1/4, 16 means 1/16, etc. GAV infected and healthy grapeving fruit core, respec

tively. 
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Table 1V Comparative properties of small spherical viruses detected from grapevine 

Particle 

size (nm) 

RNA % of 
particle 
weight: 

Sedimen. 
tation 

coefficient 
(S20,w1) 

Buoyant. 
density 
(g/cm3)
(CsC12) 

Mol. wt. 
of major 

polypetide
(dalt.) 

GAV 
GSV 

TNV 

25 
25 

25-30 

30 
... 

18-21 

110 

112-133 

1.38 

1.399 

23,000 

30,000-33,000 

TBSV 
BBWV 

30 
25 

17 
33,22 

-140 
63,100,126 

1.350 
1.40,1.44 

1.43 

41,000 
42,000 
19,200 

-

-

SBMV 26 20 104 
GJSV 26 . 
BMV 30 

prepared from purified preparation of GAV 6. 
With agar gel double diffusion test, it is possible 
to detect GAV by extraction from fruit. However 
it would be more useful if it were possible to 
detect GAV in the young vine or dormant stick, 

Enzyme.linked immunosorbent assay 
(ELISA) is a sensitive technique for the detection 

30of plant viruses 4- . This procedure is capable of 
detecting low-titer and tissue-limited viruses, 
which would be difficult to assay by conventional 

1means . This paper reports the successful applica-
tion of ELISA for detecting GAV'8 . 

SensitivityofELISA In detecting GA V 

In preliminary test with purified GAV 
preparations, various ELISA absorbance values 
were observed with gamma.globulin dilutions of 
1:100 (10pg/ml), 1:200, 1:400, 1:800, 1:1,600 
and with conjugate dilutions of 1:100, 1:400 and 
1:1,600. The sensitvity of coating gamma-globulin 
and conjugate to GAV in the experiments are 
shown in Fig. 17. The figure plots ELISA 
absorbance values obtained in test reactions 
between various concentrations of coating gamma.
globulin and various concentrations of conjugate, 
For all further tests, coating gamma-globulin at 
2.5/pg/ml and conjugate at 1:400 were routinely 

Mol. wt.
 
of.nucleic In plant
 

acid isspes

(0 dalt. ise 

2.3 Phloem-limited 
- Phloem-limited 

1.5 Systemic 

1.5 Systemic
 
20,1.53' Systemic
 

1.3 Systemic 
Systemic 

- Systemic 

used. Under these conditions, we tested the possi. 
bility of detecting GAV in purified virus prepara
tions and extracts of leaf ve1s, petioles, young 
shoots, barks, young fruits and matured fruit 
cores. Purified GAV was detectable by ELISA at a 
concentation of 5ng/ml, and ELISA absorbance 
values gave a linear relationship to virts concentra
tion over a range of values (Fig. '8). GAV could 
be detected in the experiments from 10.2 to 10. 3 

dilutions of matured fruit cores from infected 
grapevines (Fig. 19). 

Detection of GA V in infectedplants 

A series of experiments was done to
determine the reliability of ELISA for detecting 
GAV in infected plants. Many plant parts (leaf 
veins, petioles, current shoots, bark, young fruit 
and matured fruit cores) were sampled several 
times in each season. It was easiest to detect GAV 
from matured fruit cores (Fig. 19), and second 
easiest to detect from current shoots (Fig. 20). It 
was a little difficult to detect GAV from leaf veins 
and petioles. Young fruits were not suitable for 
ELISA to detect GAV. Almost all vines infected 
with grapevine ajinashika disease gave ELISA 
absorbance values high enough to diagnose and 
distinguish them from healthy vines, which gave 
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Fig. 17. Effect of concentration of coating y-globulin and conjuigate 
on ELISA absorbance values Fig. 18. Relationship between ELISA absorb-
Substrate solutions are diluted 1:4 in distilled water before measuring ance values and concentrations of purified GAV 
colorimetrically at 405nm. Substrate solutions are diluted 1:4 in distilled 
Dilutions of conjugate: o,o-1:100; -,o.1:400; Ai-1:1600. e,,A: water before measuring colorimetrically. at 

purified GAV preparations (2.9 ug/ml); o,oA: healthy grapevine 405nm. 
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Fig. 19. ELISA absorbance values for GAV in diluted Fig. 20.. ELISA absorbance values for GAV in diluted
 

extracts of grapevine matured fruit cores infected (e)and extracts of grapevine current shoots infected (0) and
 
healthy (o). healthy (o).
 
The precoating -globuUn and conjugated globulin were The precoating a -globulin were used at 2.5pg/ml and
 
used at 2.5 ug/ml and 1:400 dilution of the stock, res- 1:400 dilution of the stock, respectively.
 
pectively.
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low ELISA absorbance values. Rootstocks were
aln, tested for GAy. 

GSV has been assumed to be related to GAV.In Teleki 8B and Teleki 5BB, And 
which have been used as rootstocks in Japan for a 

fleck symptoms of St. George were suggested to beclosely related to GAV2long time GAV was detected. . For these results, thereEven Teleki 5BB,
which was distributed as virus free rootstock, was 

might be several reasons, perhaps virus concentra. 
revealed to be infected with GAV. 

tion in tissues might be too low to detect byFurther GAV ELISA,was detected from S04, which was also believed to 
or there might be a large enough antigenic

differencebe "irus free. to fail to give a positive reaction withTwo samples, Campbell Early in- ELISA.fected with grapevine stunt 
We are researching these relationships byvirus and St. George

showing fleck symptoms were tested. 
sampling from various plant parts in grapevine atThere were various stages and seasons.no clear differences in the ELISA absorbancevalues between these samples and healthy ones. GRAPEVINE STUNT VIRUS (GSV) 

DISEASE SYMPTOM ANDDISCUSSION 
TRANSMISSION 

The ELISA test can be successfully used fordetecting GAV in extracts of matured fruit cores, 
Stunt disease of Campbell Early grapevine(V. vinifera Linn.) has been observed in Okayamathe extract of current shoots and purified prep. Prefecture for aboutarations from grapevines. Extract dilutions of 1:10 

ten years. At first known
only in Okayama Prefecture,were most effective to detect GAV. recently it wasMatured fruit recognised incores were Oita, Fukuoka,most effective, Akita and Saitamabut small young fruits Prefectures. were not Diseased grapevines tendgood for detection. to setGAV is thought

to be partly derived 
smaller leaves which roll downward, and to developfrom grapevine rootstocks. dwarfed shoots. Recently, the disease was shownIn this study we tried to detect GAV from several

rootstocks, to be transmitted by the grapevineamong them Teleki leafhopper,8B and Teleki Arboridia apicalis Nawa, and to be caused by a5BB which have been in long use, and Teleki 5BB small, spherical virus, which was named grapevineand SO4 which were necently distributed as virus stunt virus (GSV) 9 2 1 . .free rootstocks. The former two proved 
The grapevine leafhopper is 

to be widely spread all over Japan.infected with GAV; however, of the latter two,while GAV was not detected from Teleki 5BB, it Symptomswas found to be in SO4, supposed virus free. Theseresults suggest two possibilities. The first is that
GAV was not successfully eliminated from SO4 . 
There are no symptoms upon sprouting, but
later growth is remarkably reduced.The second is that SO 4 , had been virus-free but In spring,

developmentbecame infected with GAV while planted in the 
of shoots is remarkably inhibited,


resulting
nursery, in much shorter internodes.which must be investigated further, Diseased
vines tendELISA absorbance values depend o i plant parts in 

to set smaller leaves which roll down.
ward, thegrapevine, and so, for 

tissue around the margins often beingdiagnosis of GAV, low
concentration and phloem-limited virus, we must 
dried up and browned (Fig. 21). Later, severely

affected leaves drop.take ELISA absorbance values for each plant part. 

The flower clusters on vines
 
The feasibility of using results from ELISA tests to 

with stunt disease are usually smaller than those
 
on healthy
control vines; theygrapevine ajinashika disease shell badly, and poordepends on clusters areits suitability to the rule. In advanced cases the vinetest dormant wood for propaga- fails to set fruit andtion. Niether Campbell Early budwood infected 

the flower clusters wither 
away. Even if they set fruit, they set smaller fruitwith GSV non St. George budwood showing fleck which may fail to sed. Symptoms of new shootssymptoms reacted with GAV antibody in ELISA. develop most markedly till about late in June, 
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from when on, newly expanded leaves show no 
visible symptoms. These symptoms show more 
prominently in young grapevines (1-4 years old). 

"77 .ultrathin 

Fig. 21. Leaf symptoms of grape ine infected with gra-
pevine stunt disease. 

Detection ofcausalagent 


Small spherical virus particles were detected 
in negatively stained dip-preparations from dis. 
eased leaves of grapevine (Fig. 22). Since these 

particles were small in number, their detection was 
not easy. The particles were about 25nm in 
diameter. 

Intracellularappearance ofvirusparticles 

The virus particles were also found in 
sections prepared from both naturally 

and artificially infected plants of grapevine (Fig. 
23). Their presence was always restricted to 
phloem parenchyma cells, companion cells and 
sieve elements. No virus particles were observed 
in other cells such as mesophyll cells and 
epidermal cells. In virus-infected cells the virus 

particles existed singly or as aggregates in the 
cytoplasm. They were not found in control 
prepartions from healthy plants of grapevine. In 
addition to the appearance of virus particles, virus
infected cells were characterized by the develop
ment of small vesicles containing fibrous materials 
in the cytoplasm or vacuole. The virus particles 
were always associated with these vesicles. 
However, the vesicles were not always ac

companied by the virus particles. *The small 
vesicles, about 60-100nm in diameter, were 

surrounded by a single-layered membrane, con
taining fibrous materials resembling nucleic acids 
so far reported in plant cells infected with some 

Fig. 22. Negatively stained GSV particles Fig. 23. Phloem necrosis and GSV particles 
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viruses. Virus particles were often observed in 
plasmodesmatas connecting to neighboring cells, 
Phloem necrosis was usually observed in diseased 
plants. It seemed to cause the accumulation ofstarch grains in chloroplasts in the mesophyll cells. 

Transmissionof the virus. 

(1) Mechanical transmission Attempts to 
transmit the virus to healthy seedlings of grapevine 
and several indicator plants by inoculation of sap 
were unsuccessful. 

(2) Transmissionin soil Healthy grapevines 
(Campbell Early) and diseased ones were planted 
respectively in unglazed pots or concrete boxes
filled with soils from diseased orchards. Within 
a year, stunt symptoms were observed on original. 
ly diseased grapevines, but no symptoms were 
observed on originally healthy grapevines.

(3) Graft transmission Clones of diseased 
and healthy Campbell Early vines were selected in 
Okayama, 1979. Diseased clones showed some
variation in symptoms that ranged from mild to 
severe stunting. Healthy test plants were taken 
from the Foundation Plantings, Okayama Prefec-
tural Agricultural Experiment Staticn, Okayama. 
In 1980 and 1981, healthy root cuttings, nursery 
stocks and mature trees were inoculated by chip. 
bud grafting with several clones of the diseased 

Campbell Early. Readings 
 for symptoms were 

made in 1980 and 
1981. The plants were ex-

amined for stunting. In less than a 
 year rooted 

cuttings 
 and nursery stocks inoculated with 
diseased clones showed stunting symptoms (Table 
2,3) while mature trees showed symptoms about a 
year later (Table 4). All of tested plants in-
oculated with healthy clones showed no symptoms, 
Table 2. Graft inoculation test by chip-bud 
grafting to rooted cuttings 

Inoculum No. of trees infected/tested 
Exp. 1 (1980) Exp. 2 (1981) 

Diseased* 17/26 23/56
Healthy . 2 0/22 0/25 

"1. Clones of diseased Campbell Early
•2. Clones of healthy Campbell Early 
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Table 3. Graft ihoculation test by chip-bud grafting 
to nursery stocks 

No. of treesInoculum 

Diseased*1 4/11 
Healthy 2 

0/5 

"1. Clones of diseased Campbell Early*2. Clones of healthy Campbell Early 

Table 4. Graft inoculation test by ch ;p-bud grafting 
to mature trees 

N.o re
Inoculum i. infected/testedNo. of tres 
Dseased*I 5/12 
Healthy* 2 

0/3 

*1. Clones of diseased Campbell Early
 
*2. Clones of healthy Campbell Early
 

(4) Transmission by grapevine leafhopper 
The virus was easily transmitted to healthy gra
p6vine (Campbell Early) by viruliferous insects of 
the grapevine leafhopper (Fig. 24). Acquisition 
feeding of five days followed by inocu!ation 
feeding of seven days is necessary for infection. 
The first symptoms of setting smaller leaves which 
roll downward appeared on the inoculated vine 
about a year after inoculation, and later various 
symptoms appeared on shoots and clusters. These
 
symptoms 
were all the same as those observed in
 
naturally infected 
 plants of commercial orchards.
 
In addition, the virus particles were also detected
 
in ultrathin sections from these artificially infected
 
plants. 
 The details of virus vector relationships are 
now being studied. Both these symptoms and 
cytological changes were also observed on diseased 
grapevine with graft inoculation. 

DISCUSSION 
Orapevine stunt disease occurs almost every. 

where Campbell Early grapevine is planted. GSV 
was transmitted by grafting and by grapevine 



5", 

.. 

Fig. 24. Grapevine leafhopper (ArboridiaapicalisNawa). 

leafhopper (transmissibility was about 50%)io' 7. 
Cicadellidae is a new insect vector of plant virus, 
GSV is small spherical and phloem.limited virus. 
It's properties are similar to GAV. But GSV 
reacted little with GAV in ELISA test18 . We are 
now trying to make GSV-antiserum to detect the 
relationship between the two viruses. GSV was 
also detected from Ebizuru (Vitis thunbergii) 
by electron microscopy and tested with grapevine 
leafhopper. Ebizuru grows wild in Japan and may 
be one of the sources of infection. GSV was 
diagnosed by direct fluorescence detection (DFD) 
method22 , 

GRAPEVINE LEAFROLL VIRUS 

Leafroll of grapevine occurs widely in the 
world and is an important problem. Foliar 
symptoms of the disease are usually evident after 
early autumn. The leaves roll downward and turn 
red (or yellow) progressively. Diseased vines have 
smaller clusters, fewer clusters per vine, and the 
sugar content is decreased, although the decrease is 
not so remarkable as that in case of the grapevine 

20 ajinashika disease19 . The leafroll is transmitted 
by grafting, and considered to be a virus disease. 
The causal virus, however, has not been detected 
in diseased iines under the electron microscope. 
Tanne et al. (1977)27 reported that the grapevine 
leafroll virus was a potyvirus, but this has not been 
confirmed by other researchers. In 1979, we 
reported that the grapevine leafroll virus (GLRV) 
was a long, flexuous, rodshaped virus, which 
existed only in the phloem tissue of diseased 

S23.
vines 

In Japan, the disease was first recognized in 
196626, and recently the disease was shown to be 
widespread in most grapevine cultivars. Terai and 
Yano (1979) detected the leafroll in fourteen 
grapevine cultivars by indexing tests on LN.33 
vines28 . In our study a number of vines were ex
amined for the presence of the GLRV under the 
electron microscope. Leaves and fruits from 
diseased vines of nine cultivars (Koshu, Kaiji, 
Lungen, Gros Semillon, Cabernet Sauvignon, 
Cabernet Franc, Flame Tokai, Campbell Early and 
Kyoho) showing the typical leafroll symptoms 
were collected in Yamanashi, Nagano and 
Okajama prefectures in 1976, 1977, 1978 and 
1979. In the same years, leaves and fruits from 
diseased vines of three cultivars (Koshu, Cabernet 
Sauvignon and Pinot noir), which ad been proved 
to be infected with the leafroll by indexing tests 
on LN-33 vines, were collected at the Yamanashi 
Fruit Tree Experiment Station. As controls, leaves 
and fruits from healthy vines of six cultivars 
(Koshu, Pione, Delaware, St. George, Campbell 
Early and Kyoho) showing no leafroll symptoms, 
were collected in Yamanashi, Nagano and 

Okayama Prefecture in 1976, 1977, 1978 and 
1979. In the same years, leaves and fruits from 
healthy vines of two cultivars (Fuefuki and Pinot 
noir), proven free of the leafroll by the indexing 
tests, were collected in Yamanashi Fruit Tree 
Experiment Station. All these leaves and fruits 
were used as materials in our study. In 1977, 
diseased leaves from Pinot noir vines infected with 
the leafroll and healthy ones were collected from 
the same cultivar in California, U.S.A., prefixed in 
5% glutaraldehyde, and brought to Japan for our 
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Fig. 25. GLRV particle in negatively stained Fig. 26. Phlocin cells '.wing necrosis, and aggregated masses of 
dip preparation. GLRV particles in sieve tube. 

study. Long, flexuous, rod-shaped particles, ap. diseased vines, phloem necrosis and accumulation 
proximately llxl,000nm, were consistently of starch grains in mesophyll cells, and long,
observed (Fig. 25) in negatively stained dip- flexuous, rod-shaped particles, approximately 9x 
preparations from diseased leaf materials and in 1,000nm, in all the diseased materials and never 
the prefixed preparations of diseased leaves from in healthy controls. 
California, but not in healthy control preparations. These results strongly suggest that GLRV 
Leaves, peduncles and fruit cores from diseased is a long, flexuous, rod-shaped particle which is 
vines were fixed in 5% glutaraldehyde, postfixed restricted to phloem cells and transmitted by 
in 1%osmium tetroxide, embedded in Epon 812, grafting. This, along with the intracellular ap
thin sections cut, stained with uranyl acetate and pearance of virus-infected ceils, suggests that 
lead citrate, and examined under an electron GLRV may be a member of closteroviruses. 
microscope. Controls were prepared from healthy GLRV is not transmitted by inoculation of sap 7 . 
vines in the same way. In all thin sections from Transmission by mealybugs was suggested, but 
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Fig. 27. Development of vesicular structures associated with GLRV particles in phioemn companion cell. 

there is no conclusive evidence 

Tanne et al. (1977) detected a potyvirus 
in Nicotiana glutinosa plants mechanically in. 
oculated with phenol extract from leafroll-infected 
grapevine leaves2 7 , but they did not succeed in 
detecting this virus in diseased vines. In Japan, 
two potyviruses were isolated from grapevines to 
herbaceous test plants. One was isolated from 
grapevine showing mosaic leaf symptoms' 1 , and 
another was from that showing ring pattern mosaic 
symptoms on fruit 1 2 . Both were also detected in 
phloem cells, and further, sometimes particles 
were observed passing through the plasmodes, 
mata, which were thought to correspond to those 
detected in dip preparations. The particles 
sometimes existed as aggregated masses or crystal-
lines in the cytoplasm of sieve tubes, phloem 
companion cells or phloem parenchyma cells, 
which usually collapsed to show the phloem 
necrosis (Fig. 26). The distance from center to 
center of two neighboring particles in a crystalline 
array was about 9nm. Characteristic vesicular 
structures containing fine fibrils were often 
observed in phloem cells (Fig. 27). The particles 

were also found in diseased leaves from LN-33 
indicator vines infected with the leafroll in 
indexing tests, but not in healthy ones. In 
summary, the particles were detected in grapevine 
tissues. 

Recently studies have been done on clostero
virus-like particles and high molecular weight 
double-stranded RNA found in leafroll-infected 
grapevine cultivars3.14 Closterovirus-like par
ticles were observed in phloem tissues of leafroll. 
infected vines, but not in those of virus-free ones. 
Particles had a modal length of about 1,400nm 
in negatively-stained preparations. Double
stranded RNA, which has a mol. wt. of about 8x 
106, was isolated from diseased grapevines, but not 
from healthy ones. In a further study of grapevine 
virus A (GAV) and grapevine virus B(GVB)' 3 ; 
GVA was shown to be a closterovirus, diameter 
11-12nm, pitch of 3.6-4.0nm and a modal length 
near 800nm s , closely related to grapevine stem
pitting diseases and transmitted by Pseudo
coccidae mealybug (Pseudococcuslongisplnus)2 5 ; 
and GVB a closterovirus type, of the same 
diameter and modal length unknown but probably 
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larger than GVA. GVB is closely related to 
grapevine leafroll disease' 3 . 

These findings suggest that grapevine leafroll 
virus occurs widely in the world. Further studies 
should clarify whether these long flexuous, rod-
shaped viruses are identical or not. 

DIAGNOSING GAV, GSV AND 

GLRV BY DFD 


The fluorescence microscope is widely used 
not only in biology but also in medicine, 
chemistry, bioshemistry, pharmacology and 
industry. In plant virology the fluorescent anti-
body technique (immunofluorescence technique) 
and staining methods with fluorescent dye, 
developed in medicine, are used to observe plant 
tissues infected with viruses 6 and MLOs24 . 
However, to date, the transmitted light fluo
rescence microscope technique by the conven-

tional tissue preparation embedding, cutting with 
microtome and staining is a tedious procedure.
 
Direct Flourescence Detection (DFD) method is 

a simplified method for diagnosing various yellows. 

type virus diseases and mycoplasma diseases 

caused by phloem-limited agents (viruses and 
MLOs)2 2 . When observed under a reflecting fluo.= 
rescence microscope (RFM), fluorescent cells 
distinctly showed a yellow fluorescence in their 
phloem tissues, never seen in cells of healthy 
plants. By electron microscopy of the same 
materials, the fluorescence was proved to originate 
in necrotic phloem cells. 

Plactical DFD method 

(1) Sample materials used for diagnosis. 
Leaf vein, petiole flower peduncle, fruit peduncle, 
core and current stem are all useful for diagnosis. 
Since dormant branches can also be used, it is 
applicable for diagnosis in nursery stocks, 

(2) Preservationof samples. Frozen (-200 C 
to -70 0 C) as well as refrigerated samples can be 
used for diagnosis. Frozen samples can be stored 

at -20 0 C for up to several months and at -70"C 
for up to several years. Tissues can be fixed with 
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100% ethanol or 2% glutaraldehyde solution (in 
0.1M phosphate buffer pH7.0). In 100% ethanol 
samples can be stored almost indefinitely and also 
investigators can exchange samples by shipping in 
a fixing solution. 

(3) Preparation of samples. Cutting thin 
sections with microtome, fixing or staining is 
unnecessary. The sample mounted on a slide glass, 
can be of any practical thickness (Fig. 28). First, 

a tissue sample which contains a vascular bundle 
such as leaf vein, petiole, shoot, stem, root, flower 
and fruit etc. is cut and mounted on a slide glass 
with water, and then a non-fluorescent cover glaos 
is placed over it. Any razor blade may be useful 
to cut sections. The slide can be frozen for preser. 
vation. 

CUTTING ,,Razor blade 

,Samp\ 
MOUNT 

Slide glassI Cover glass 

Reflecting 

OBSERVATION 	 fluorescence 
microsope 

Fig. 28. Procedunr of DFD method. 

(4) Diagnostic method. When observed 
.under RFM with a blue excitation light, samples 
distinctly show yellow to green autofluorescence 
in the xylem and green in the phloem fibre. 
Samples. of infected plants show yellow to green 
color fluorescence of shrunken cell groups in 
phloem tissue, while such fluorescent cells are 

never found in healthy tissue. By electron micros
copy of the samo samples, causal agents (virus or 



MLO) were observed in phloem' Ils and adjacent 
to phloem cells, whichwere: fluorescent under 
RFM. 

DISCUSSION 

Using DFD method, it is possible to diagnose 
virus or MLO infection of plants in its early stages 
even in dormant or early growth stages, enableing 
early detection of diseases. It is especially useful 
for diagnosis in plants such as fruit trees or 
potatoes for vegetative propagation. This method 
can expedite diagnosis of GAV,GSV or SLRV. 
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INDEX IN AND CrONTROL OF CITRUS VIRUSES AND VIRMUSLIKE DISEASES 

C.N. Roistacher
 
Department of Plant Pathology, University of California
 

Riverside, CA 92521, U.S.A.
 

ABSTRACT
 

Conceptsfor the controlof citrus virus diseasesinclude quarantineand eradicationprograms,use of 
nucellar lines and more recently thermotherapy and shoot tip graftingas a better means of obtaining 
virus-free citrusstock. A citrus industry today must be based on indexed virus-free mother orfoundation 
stock which is extended to a budwood certificationprogram. 

Recent developments in laboratorytesting of citrus include culturingSpiroplasmacitrifor detection 
of stubborndisease, the development ofELISA andotherserologicaltechniquesfor the detectionof tristeza 
and other viruses and the detection of ds RNA by electrophoresis. However, viruses can be missed by the 
ELISA test and thereforeplant indexing remainsthe means ofcriticalevaluationfor certification. 
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INDEXING AND CONTROL OF CITRUS VIRUSES AND VIRUS-LIKE DISEASES 

C.N. Roistacher
Department of Plant Pathology, University of California
 

Riverside, CA 92521, U.S.A.
 

The history of citrus production throughout orange stock were destroyed and are still being
the world records many dramatic upheavals and destroyed. Once tristeza is established in an area,changes directly attributed to diseases. The dis-
asterous Phytophthoraepidemics of the mid 19th 

there is a continual search for new rootstocks to 
replacecentury were responsible the 

the sour orange. Unfortunately,for worldwide
destruction of citrus seedling 

randomly selected propagative budwood was latertrees 0, and trans- found to contain 'nther ':;ruses'* whichformed the industry based on seedlings to 
caused 

one other problems. Exocortisbased on Phytophthora.tolerantor resistant root-
is destructive to

Rangpur lime, trifoliata, sweet limesstocks. and manyThe sour orange stock, first used in Spain, citrange stocks;was cachexia is destructive toadapted successfully in those areas of the Cleopatra mandarin, sweet limes,world where tristeza (then unknown) was 
Citrus macronon-

endemic. However, 
phylla, and tangelos; tatterleaf is destructive tosour orange was found to be trifoliata and many citranges.incompatible with sweet Even when tristezaorange, grapefruit or is well established, new strains may appear or bemandarin scions in many parts 
 of Asia, South imported; they may superimpose on
Africa, Australia etc., and budded trees would die 

existing 
within strains and new declines can occur.a few years after planting. Only after the Another equally seriousdiscovery of the Mexican or Key lime as an 

citrus disease is
currently destroying millions of treesindicator for tristeza33 did it become evident that in Asia,
Africa and areas of the Pacific. This is thethe tristeza virus was responsible for this incompa- greening disease itstibility. However, in some 

with psyllid vectors whichareas of the world, must be consideredspecifically in Argentina and Brazil, 
as one of the most serious andwhere vast potentially destructive disease problems of citrus.plantings of citrus were predominantly or sour It presents critical problems wherever present andorange stock, epidemics occurred, and millions of even where it is not present, its threat is ominous,trees were destroyed. The presence of an efficient for it is moving and it can adapt to new areas andvector for the virus (Toxoptera citricida)plus the new situations5 .presence of the more virulent seedling yellows The rapid spread of a psorosis disease instrains of this virus complex created a disaster un- Argentina suggests that a normally non-vectorparalleled in the history of fruit-tree production 2 3 transmissible virus. . can change its character andThe disease also developed in southern California, become highly transmissible. This disease now isFlorida, Spain, Israel and more recently in

Venezuela where many millions of trees on sour 
a serious threat in this region and presents a good
argument for the elimination of trees with psorosis 

'The general term 'viruses' will be used to Include the vlrolds, mycoplasmas, Spiroplasma cftri, greening organisms, and 

other virus-like pathogens. 
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lesions in countries where psorosis-A is present pathogens must be considered as serious pests and 
but not spreading naturally, should not be allowed to be distributed inadver-

The mechanically transmissible 'viruses' such tantly in newly released budwood. 
as exocortis, cachexia, tatterleaf, infectious Today, techniques are available for the 
variegation, satsuma dwarf (and its related viruses) relatively rapid detection of most citrus 'viruses'. 
can 	disseminat.q rapidly within an area by normal Also, techniques are now available for the effective 
pruning and fruit picking practices. These elimination of perhaps all citrus 'virus' diseases 

THE MAJOR CITURS VIRUS DISEASES - WORLDWIDE 

Citrus virus diseases may be classified as follows: 

Diseases 	 Organisms 

A) 	 Primarily vector transmitted 

1. Tristeza Complex Closterovirus 
- tristeza sweet/sour decline 
- seedling yellows tiisteza
 
- stem pitting tristeza
 

2. 	Greening disease Gracillicutes bacteria 
- Asian 
- South African 

3. Stubborn disease 	 Spiroplasmz citri 
4. Vein enation 	 probable virus 

B) 	 Primarily mechanically transmitted (and also bud transmitted) 

5. Exocortis 	 Viroid 
6. Cachexia (Xyloporosis) 	 probable viroid 
7. 	 Infectious variegation ilarviruses 

- satsuma dwarf (26-33 nm) 
- navel infectious mottle 
- natsudaidai dwarf 

8. Tatterleaf 	 virus 

C) 	 Primarily bud-graft transmitted (by man) 

9. 	Psorosis.A probable virus 
ringspot virus 

10. 	Concave gum (oak-leaf patterns) probable virus 
impietratura 
cristacortis
 

D) Serious diseases of unknown etiology which are spreading
 

11. 	 blight unknown 
12. 	 fruita bolita (misiones disease) unknown 
13. 	Argentine psorosis unknown 

A more detailed and Illustrated description of these diseases can be found iBov6 and Vogel's execlient slide collection and 
4 1 4 

text	 or In Wallace . 
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from propagative budwood. This paper will review 
virus and virus-like diseases of citrus from the 
viewpoint of their detection and elimination from 
propagative budwood. 

CONCEPTS FOR CONTROL OF 
CITRUS VIRUS DISEASES 

Quarantine anderadicationprograms 

The importance of strengthening quarantine 
laws cannot be overemphasized. Nearly all citrus 
diseases have been transported from one area or 
country to another inadvertently without 
knowledge of their potential pathology 2. 3 . Today 
there should be no excuse for disseminating 
diseases by individuals bringing in infected trees, 
soil or propagative material. Concepts and proce-
dures have been developed for importing citrus 
budwood30 . The potential dangers from illegally 
introduced pathogens and pests are immeasurable, 
One can well imagine the consequences and 
problems which would follow if the Asian greening 
disease and its vector Diaphorina citri were 
introduced into a new area where the disease is not 
present and climatic conditions are suitable for 
the vector. It could well result in the destruction 

of the citrus industry of that region. 


Use of nucellarlinesfor virusfree citrus 

With the recent advent of thermotherapy 

and shoot 
 tip grafting for the elimination of 

pathogens from old clone citrus budwood, and the 

uniform true-to-type progeny obtained by shoot 
tip grafting 2' the need for nucellars as a means of 

bypassing 'viruses' 
 may now be outdated. There 
may be very few advantages in developing nucellar 
budlines today. Nucellar lines take from four to 
eight years to come into fruit and many lines do 
not bear fruit. The fruit quality of nucellar lines, 
with some exceptions, may be poorer than the old 
lines from which they were derived. Such 
characters as looseness of core, coarsr flesh 
texture, thicker, coarser, puffier and pebbled 
rinds, tapered and furrowed stem ends and larger 
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columellas may take years to disappear, and some 
of these characters do not completely disappear. 
Other undesirable juvenile characteristics as
sociated with nucellars are: excessive thornines, 
upright growth habit, excessive tree vigor,
alternate bearing, late flowering and fruiting, 
unequal fruit distribution and a more rapid 
deterioration in quality of fruit on the tree, 
especially with navel oranges. 

Thermotherapy 

A number of techniques are available for 
heat-treating budwood. These have been reviewed 
in detail by Roistacher 29 , and will be only briefly 
summarized here. Preconditioning of plants prior 

25 to their use, is vital to success . Plants should 
be grown (preconditioned) at warm temperatures 
(32-400 C day and 26-300 C night) for one to three 
months prior to budwood treatment. A preferred 
method of heat treatment 2 9 (Fig. IC) involves 
treatment of buds grafted on tolerant stocks in 
a lighted chamber. Buds cut from preconditioned 
plants are grafted to heat-tolerant rootstocks such 
as Troyer citrange or Rangpur lime7 . The budded 
platr 're placed in a chamber at high humidity 
and at an initial temperature of 38/300 C (38°C for 
16 hours with lights and 8 hours at 300 C in the 
dark). After one week the temperature is raised to 
40/300C. The budded plants are held at this 
temperature regime for 8 to 12 weeks, aftcr which
they are removed to the greenhouse and the buds 
forced. New growth is then indexed to verify 
virus inactivation. Another thermotherapy
 
method is the treatment of preconditioned
 
budsticks in an incubator. Budsticks 10-12 cm in
 
length are placed in a plastic container with a small
 
quantity of water at the base and held in an in
cubator for 3 to 22 hours at 50 0 C (29, Fig. 1B).

Other techniques for thermotherapy may be used
 
and are described and illustrated elsewhere 7 29
 . .
 
Thermotherapy has successfully 
 eliminated the 
viruses of the tristeza complex including seedling 
yellows and stem pitting, psorosis-A and B, 
concave gum, impietratura, infectious variegation, 
vein enation, tatterleaf and Asian and South 
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African greening. Thermotherapy has not 
eliminated the exocortis, cachexia, yellow vein or 
stubborn pathogens from citrus budwood. 

Shoot Tip Grafting 

The grafting of a very minute shoot tip 
consisting of meristem 2 to 4the and leaf 
primordia measuring 0.14 to 0.2 mm has success-
fully eliminated nearly all of the known citrus 

viruses 1 2,24,28,31 . This is especially important
for the exocortis and cachexia pathogens which 
are extremely heat tolerant and are very difficult 
to eliminate by thermotherapy. Plants derived 
from shoot tip grafts cannot be assumed free of 

'viruses' and must be indexed to be sure 'viruses' 
are not present. This holds equally true for heat-
treated plants. A combined procedure using ther-
motherapy and shoot tip grafting should assure the 
elimination of perhaps all known citrus 'viruses'. 
However, intensive and complete indexing is an 
absolute prerequisite, 

Indexing 

Fundamental to any program for the control 
of citrus 'viruses' is a sound indexing program and 
facility. Dispite dramatic advances in biochemical 
and immuno-assay technology, the plant still 
remains as the eyes through which we can see and 
identify most citrus 'viruses' (Table 1). Therefore, 
any program for the eradication of citrus 'viruses' 
must include a plant laboratory with facilities for 
producing the finest plant growth 20 . 27 . It is 
important that indicator plants develop vigorous 
clear leaf flushes free of micronutrient deficiencies 
or excesses, and be maintained as free as possible 
of insect pests. Temperature control is important 
since good virus detection is temperature 
dependent. Certain viruses i.e., psorosis, tristeza, 
concave gum, infectious variegation, vein enation 
etc., are best seen in plants grown under cool con-
ditions while other pathogens i.e., exocortis, 
cachexia, stubborn etc., are best seen under wacm 
conditions. An ideal facility must therefore have 
provisions for a cool room or a section held at 

26-300/18-20 0 C, a growing section at 28.300/ 
20-22 0 C, and a warm section at 32.400 /24.30 0 C. 
(Maximum day temperatures/minimum night tem
peratures.) 

A good growing media and a balanced 
supply of plant nutrients are the heart of good 
plant production. At the University of California 
it Riverside we have studied and modified the UC 

7 9 .20 mix for production of good cit.:us plants1 .1 . 
It consists of mixing equal parts of fine sand, 

Canadian peat moss and wood shavings (equal 
parts of fine sand and peat moss are acceptable). 
To this inert mixture, the macronutrient salts 
of calcium, magnesium and phosphorous plus 
the micronutrient salts of copper, zinc, iron, 
managanese, molybdenum and boron are added. 
A pH of 5.0 to 6.5 is maintained by balancing 
ammonium and calcium nitrate in the liquid feed. 
Potassium is also supplied in the liquid feed as 
muriate of potash. The importance of developing 
a good plant laboratory for detection of citrus 
viruses cannot be overemphasized. 

Recent Developments for Laboratory Testing of 

Citrus 'Viruses' 

There is a valid need to replace the plant as 
an indicator for citrus 'viruses' because of the time 
requirements, difficulty and expense in main. 
taining a good plant laboratory. There has been 
a continual search for alternatives and progress is 
being made. Two areas of success are noteworthy. 
The culturing of Spiroplasmacitrifor detection of 

.stubborn disease" 32 and the development of 
ELISA (enzyme-linked immunosorbant assay) and 
other antigen-antibody techniques for the detec
tion of tristeza 1. 12 This has permitted large-scale 
indexing for tristeza in areas where the virus has 
not become endemic, such as in the central valley 
of California, Israel and in southern Spain. In 
Japan, the ELISA technique has been used in a 
nationwide campaign to certify satsuma mandarins 
free of citrus mosaic virus' 6 . If and when citrus 
viruses can be purified and antiserum produced, 
the ELISA and similar immuno-assay techniques 
will be most helpful and desirable to have as 
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Table 1. Major citrus virus and virus-like diseases and their detection 

Disease 

Blight 

Cachexia (xyloporsis) 

Concave gum 

CristacortIs 

Exocortls 

Greening 

Impletratur 

Infectious variegation 

Psorosis-A 

Ringspot (sporosls) 

Satsuma dwarf 
(citrus mosaic)
(Novel Infectious mottle) 
(Natsudaidai dwarf) 

Stubborn 

Tristeza 

Tristeza (seedling yellows and 
stem pitting forms) 

Tatterleaf 

Vien entalon 

Plant Index (by bud transmission)' 

none 

- Parson special mend. forced on
 
avigorous rootstock (i.e., ro. le.);
 

- Orlando tangelo sdlgs.
 

- Dweet, mend. or sw. o. sdlgs. for oak
 
leaf pattersn
 

- Orlando tangelo sdlgs. for pitting
 
- Dweet or sw. o.sdlgs. for oak leaf patterns
 
- 861 .S.1 citron. A clonal bud forced on a 


vigorous rootstock (ke., ro. le.) 


- Sdlgs. of Ponkan mend., Madam Vinous sw. • 
or Orlando tangelo.bud transmitted or
 
phyllid transmitted
 

- Young gft. tree for fruit symptoms.
 
- Seedlings of Dweet, Mend. or sw. o. for oak


leaf patterns
 

- Citron, lemon or sw. o. sdilgs. 

- Sw. 0., Dweet, lemon, citron or Mexican
 
lime sdlgs;


- psorosis-B lesion challenge In sw. o. sdigs. 

- Duncan fgt., sw. o. sdlgs. 

- Citron, lemon, satsuma or 

other mend. sdlgs. 


- Side or leaf graft to madam 

vinous sw. o. 


- Mexican lime, Citrus excels. 
or C.macrophylla sdlgs. 

- Gft., sour o. and lemon sdlgs. for 
seedling yellows 

- Gft. and Madam Vinou, sw. o. for 
stem pitting 

- C.excelsa, Rusk or other citrange sdlgs. 

- Mexican lime or sour o. sdlgs. 

Other Indexes 

- Water uptake 
- Zinc accumulation in bark
 
- Amorphous plugs in xylem
 
- Phenolic content In bark
 

- Electrophoritic gels 
- mech. transmitted to Gynura for

certification 

- Flourescent markers in fruit 

- Mach. trans. to cowpea 

- Mach. trans. to Chenopodlum 
quinoa 

- Mech. trans. to cowpea or
 
white sesame
 

- ELISA 

- Culturing Spiroplasma citri In 
aprepared media 

- Leafhopper vector to Vinca or
other weed hosts 

- ELISA 

- ELISA, S.D.S. 
- Immunodiffsuion, inclusion bodies 
- Electron microscope 
- Fluorescent antibodies 
- dsRNA gel 

- dsRNA gel 

'Mandarin (mend.), sweet orange (sw. o.) rough lemon (ro. le.) trifoliate (trif.)grapefrui (lift.};Dwet tangor (Dweet}.Mechanical transmittion (mech. trans.); seedlings (sdlgs.) u .... et w 
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indexing tools. However, there are certain limita-
tions in any antibody technique which should be 
recognized. A most critical consideration is that 
citrus viruses usually exist in very low concentra-
tions in the tree, may be irregularly distributed, or 
be temporarily absent during periods of warm 
summer temperatures. 'Viruses' can be missed by 
ELISA. A prime advantage of the biological test 
using plants is that even a single or a few virus 
particles may replicate in the indicator plant and 
will show its presence as symptoms in the new 
flush of growth. At present, the plant should still 
be 	used for critical evaluation of heat.treated or 
shoot-tip grafted budwood and for indexing of 
important foundation blocktrees. 

A 	recent technique for testing for presence 
of viruses in citrus is by the detection of double-
stranded RNA using electrophoresis on polyacryl-
amide gels. This technique is currently being 
studied for separate analysis of tristeza and 
seedling yellows and perhaps stem-pitting triseza9 . 
It 	has had marked success in detecting avocado 
viruses8 13, and the possibilities of its use for 
identification of other citrus viruses is being ex-
plored. 

Budwood CertificationPrograms 

Once clean stock is produced, a program for 
its long-term maintenance and for the distribution 
of certified budwood to growers must be 
developed and financed. Certification programs 
will be varied depending on a countries specific 
needs. The programs in Spain23 , California' 8 

or Florida6 may be studied and used as models. 
Basically they involve a nucleus or bank of select, 
virus-free, indexed, and true-to-type mother or 
foundation trees from which buds are collected 
for increase in a certified increase block. These 
increase blocks are usually maintained for a 
limited period ot 18 months to 3 years to protect 
against chance off-type mutations and possible 
reinfection. New collections are repeatedly made 
from the nuclear or foundation block trees for 
new budwood increase blocks. Mother trees 
should be continually indexed for the presence of 

'viruses'. 
Buds from the increase block trees may be 

distributed to the grower or may be used to grow 
certified trees by the government for distribution 
to 	gr9wers. There are many problems in develo. 
ping,' maintaining and protecting a foundation 
planting. Prevention of reinfection by insects or 
by 	man via mechanical transmission is foremost. 
Also, if tristeza-free budwood is produced 
in 	tristeza endemic areas there is the question of 
what protective isolate or strain should be 
reintroduced for cross protection. 

A decision to develop a foundation block 
with its supportive indexing facility must be well 
supported and adequately financed as a long-term 
program. There should be policies for education 
and publicity to inform growers and the public 
of the dangers of viruses and the benefits of virus
free stock. Other considerations which must be 
faced are adequate facilities, government regula. 
tions, quarantine provisions, isolation, grower 
involvement, trained technical personnel and the 
logistics associated with budwood collection, 
storage, record keeping and means of budwood 
distribution to growers. The long-term positive 
benefits from avoidance of viruses in 
propagative budwood by a good certification 
program make all efforts worthwhile from both 
the economic and pathological points of view. 
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CITRUS TRISTEZA VIRUS ISOLATED FROM ACID LIME IN THAILAND 
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SUMMARY 

Citrus tristeza virus (CTV) was isolatedfrom naturally infected acid lime plants in Thailand. Thevirus was identified on the basis of host range, symptomatology, particlemorphology and transmission.Host range of CTV was limited to 14 plant species in the family Rutaceae. The virus caused cup leaf,vein clearingand vein corking symptoms in acid lime. It is transmitted by aphids, Toxoptera aurantiland T. citrlcldus,in a non-persistentmanner,.and by grafting. Partiallypurifiedpreparationsand leaf-dip
samples containedthreadlikeparticlesofabout1,700-2,000 nm in length. 

40, fk .. t) o-t1,b- ( -#V -- 40i 4kV.,Jo4& 
4*44Nk1 IZ4k-Rf 
and T. citricidus) 

%tlt* A 4ildi*TA (Toxoptera aurantli 

*&'*- 1700
2000 nm o 

-f4II©N Ut=manao(acid lime)hi G A,' 4 A i t, 0)-host range, 
AA, fkP , 114t, , Gcitrus tristeza virus L IIt ftt: L®host range (I 

U t, U0:o. 7"5 A /, Toxoptera aurantii;J-YT. citricidusi-J,-.) -C ,,. -

1#44L tl, 1tz k*,1r 4 3 $tlt.kJ, U lea1f-dip36X.0)tI-01,700-2,000 

136



CITRUS TRISTEZA VIRUS ISOLATED FROM ACID LIME IN THAILAND 

Nuanchan Deema, Maitree Prommintara,
 
Kittisak Kiratiya-angul and Kruapan Kittipakorn
 

Plant Virology Group, Division of Plant Pathology and Microbiology,
 
Department of Agriculture, Bangkhen, Bangkok 10900, Thailand,
 

INTRODUCTION 

Citrus cultivation originated in tropical and 
subtropical regions of South-East Asia, later being 
distributed all over the world. Thailand is very 
suitable for citrus growing, the commercial varieties 
are mandarin (Citrus reticulata), pummelo (C. 
grandis), and acid lime (C. aurantifolia), grown for 
domestic and export markets. Recently, diseases 
and pests have decreased production, tristeza being 
the most serious it threatens the future of the 
industry. First described in South America in the 
early 1900's, since then, it has been reported in 
various South.East Asian countries: India 7, 
Taiwan' 5, Indonesia8, and the Philippines4 . 

Tristeza symptoms were found in Thailand 
in 1971 on acid lime in Thayang District, Phetcha. 
bun Province as a severe infection' 6, and later 
identified as tristeza disease caused by citrus 
tristeza virus (CTV) by Kunakorn in 1982 14; 
however, the virus has not been studied in detail. 
This paper reports the results of an investigation 
made to characterize the CTV isolated from acid 
lime in Thailand. 

MATERIALS AND METHODS 

VirusSource andMaintenance 

The virus was isolated from naturally infect- 
ed acid lime plants collected from central Thailand 
in 1971, and maintained by successive graft trans-
mission in an insect-proof house at Bangkben, 
Thailand., 

HostRange 

Host range of CTV was determined by graft 

inoculation to 14 plant species in the family 
Rutaceae. Virus infection was confirmed by back 
grafting to healthy acid lime plants. All inoculated 
plants were maintained in the greenhouse for at 
least three months, during which an insecticide 
was sprayed periodically. 

Virus Transmission 

Seedlings of acid lime used for transmission 
tests were two years old. Leaves and bark tissues 
from new growth of systemically infected acid 
lime plants were used to prepare the inocula. 

Mechanical inoculation was made by a pro
cedure modified from that of the knife-cut used 
for exocortis 1. The petioles and branches of 
receptor plants were cut (20 cuts per plant) 
individually with freshly contaminated shears. The 
shears were contaminated by cutting infected 
manao branches or stems. Inoculated plants 
were then kept in the greenhouse where pests 
were carefully controlled. 

Aphid transmission test was done with 
virus.free aphids, Toxoptera aurantii, and T. 

citricidus, reared on healthy acid lime plants. The 
aphids were starved for about three hours and 

allowed an acquistion access of one hour on 
infected acid lime plants. They were then trans
ferred to healthy acid lime plants (30 aphids per 
plant) and allowed a one-hour access inoculation 
feeding. Feeding of aphids was terminated by 
spraying with an insecticide. 

Graft transmission test was done by leaf 
grafting and side cleft grafting from diseased to 
healthy acid lhine plantss . 

For dodder transmission test, virus-free 
dodders, Cuscuta sp., were allowed to establish 

on infected acid lirme plants for one week. After 
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that dodder stems attached to CTV - infected
acid lime plants were trained to healthy acid lime 
plants and they were allowed to establish there 
for another one week. The dodder stems were 
then removed after inoculation. 

Seed transmission test was attempted by
planting seeds from CTV infected acid lime plants
in wooden boxes containing sterilized soil. The 
plants were kept in the insect-proof greenhouse 
for about 10 months. 

VirusPurification 

The virus was partially purified according to 
the procedure modified from those described by
Bar-Joseph et al. in 1970 and 19722 . Frozen 
leaf midribs of infected acid lime plants were 
macerated in M Tris-HCI0.1 buffer, pH 8.0, 
containing 0.1% thioglycollic acid (2.5 mug tissue)with a chilled mortar and pestle. After the homo. 
genate was expressed through cheesecloth, the 
pulp residue was re-extracted with the same buffer 
and the extract was centrifuged at 4,200 g for 10 
min. The aqueous phase was recovered, then 
polyethylene glycol 6,000 and(PEG) sodium 
chloride were added to give a final concentration 
of 4 and 0.8%, respectively. After stirring for 
30 min, the mixture was centrifuged at 15,000 g
for 25 min. and the precipitates were dissolved in 
0.1 M potassium phosphate buffer, pH 7.4, and 
clarified by centrifugation at 4.200 g for 10 min. 
The PEG purification and clarification were 

repeated, then the preparation was centrifuged 

at 34,000 g for 30 min. in tubes cushioned with 

5 ml of 50% sucrose. The virus-containing zones 

were drawn out with a syringe, pooled and 
con
centrated by centrifugation at 77,000 g for 1 hr. 

Virus pellets were resuspended in 0.1 M potassium

phosphate buffer, pH 7.4. 


Electron microscopy 

Samples for electron microscopy were 
mounted on carbon-stabilized, formvar-coated 
grids and stained with neutral 2% phosphotungstic 
acid. Observations were made with a Hitachi H-300 

electron microscope. 
Detection of CTV was done by leaf-dip

method6 and Derrick method of immuno electron 
microscopy techniques 9 . The antiserum against
CTV from Japan was applied in the latter method. 

For ultrathin sections, tissues of 1 x 3 mm 
in size from midribs of CTV-infected acid lime 
plants were fixed with 2.5% glutaraldehyde. They 
were post-fixed in 2% osmium tetroxie, dehy
drated in an acetone series, and embedded in a 
Spurr's resin. Ultrathin sections cut usingwere 
glass knives mounted on a Porter-Blum MT-2B 
ultramicrotome, and stained with 4% uranyl
acetate and 2% lead citrate1 2. 17. 

RESULTS 

HostRange 

All tested plants were infected with the virus. 
Reactions of the plants to the infection are sum
marized in Table 1. Infected Citrus aurantifolia 
and C. hystrix showed cup leaf, vein clearing and 
vein corking symptoms. C. aurantium and C. 
madurensis showed leaf chlorosis and stunting,
C. excelsa showed vein corking and vein yellowing, 
C. limon showed small leaf and stunting, and C. 
sinensis showed leaf chlorosis. 

Aegle marmelos, Feronialimonia, F. lucida, 
C. grandis C. limettiodes, C. paradisix C. reticulata 
and C. reticulata did not develop symptoms, but
 
electron microscopic observations and back.
 
inoclation tests indicated that they were system
icall\, infected with the virus 
 without visible
 
symptoms.
 

Symptomatology 

Symptoms in field on grown acid lime plants 
were vein-clearing in young leaves, die-back of young twigs, thickening and malformation of 
leaves and reduction in size and number of fruits. 
In addition, the quick-decline tristeza symptoms
of leaf and fruit dropping, wilting and death of 
plants were observed in some growing areas. 



Virus Transmission 	 similar to those described above about six weeks 
after iaoculation. The virus was not mechanically 

CTV was transmissible by grafting and by transmissible by the modified knife-cut inocula. 

the two aphid species, Toxoptera aurantil and tion. Furthermore, it was neither transmitted by 

T cinicidus, in a non-persistent manner (Table dodder (Cuscuta sp.) nor through seeds (Table 2). 

2). Inoculated acid lime plants showed symptoms 

Table 1 	 Host reactions to infection by citrus tristeza virus 

Tested plants Symptoms 
a ) 

Species 	 Common names 

Aegle marmelos Corr. bael fruit S 

Citrus aurantifolia Swing. acid lime VCI, VCo, CL 
C. 	 aurantium L. sour orange Chi, St 

C. 	 excelsa Wester VY, VCo 

C. 	 grandis Osb. pummelo S 
C. hystrix DC. leech 	lime 'VCI, VCo, CL 

C. 	 limettiodes Tanaka "Palestine sweet lime S 
C. 	 lim6n Burm. f. Lisbon lime SL, St 

C. 	 madurenis Loureiro Calamondin Chi, St 

C. paradisi Macf x C. reticulata Blanco Orlando tangelo 	 S 

C. 	 reticulata Blanco. mandarin S 
C. sinensis Osb. sweet orange Chi 

Feronia limonia Swing. wood apple S 
F. 	 lucida Scheff. S 

a)Key to symptoms: Chl = chlorosis, CL =cup leaf, S =symptomless systemic infection, SL = small leaf, 

St - stunt, VCI = vein clearing, VCo = vein corking, VY = vein yellowing 

Table 2 	 Transmission of citrus tristeza virus by aphids (Toxoptera aurantil and T. citricidus) dodder 
(Cluscuta sp.), graft, mechanical (modified knife-cut inoculation) and seed 

Types of transmission 	 Rates of transmission a) 

Cuscuta sp. 	 0/9 

graft 10/10 

modified knife-cut Inoculation 0/10 

seed 0/1017, 

Toxoptera auranti. 5/10 
T citrlcidus 7/0

a) number of infected plants/number of tested plants 
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Virus Purifcation 

Two bands, green colored and opaque ones 
were observed at the interface between two layers
of the preparation and sucrose after the high speed
centrifugation. The opaque band contained 
threadlike particles with an average length about 
2,000 nm (Fig. 1) when observed under the 
electron microscope. 

Electronmicroscopy 

Electron microscopy of leaf-dip samples 
prepared from acid lime leaf tissue infected with 
CTV revealed threadlike particles with an average
length (79 particles) of 1,700-2,000 nm (Fig. 2). 
Particles observed from IEM-Derrick and ultrathin 
section preparations were similar in size. 

DISCUSSION 

Results from our studies on host range,
symptomatology, particle morphology and trans-

mission of the virus isolated from the infected acid 

lime. Plants in Thailand indicated that the virus is 
CTV. This virus is destructive especially in acid 
lime and mandarin' and found widely distributed 
in all commercial citrus varieties' . 1 3 . The wide 
distribution of CTV could be attributed to the 
existence of the inoculum source and the high
population level ofthe efficient vector, T.citricidus. 

Most citrus plants in Thailand are propagated 
by airlayers. One way to reduce the destruction 
caused by this virus is to remove CTV-infected 
plants once they are detected and replace them 
with new airlayers from virus-free plants. Pre
sently, it is possible to get acid lime and pummelo 
plants which are CTV-free, although a certain 
number of these CTV-free plants were previously 
obtained for the application of the shoot.tip 
grafting in vitro technique'. Another way to 
reduce the destruction caused by CTV is to
develop an effective control of the insect vector. 
Further, pre-immunization of CTV-free plants
should be considered for control of this virus. 

In that these experimental results indicate 

Fig. 1 Electron micrograph of partially purified citrus tristeza virus, negatively stained 
with 2% phosphotungstic acid, pH 7.0 Bar 600 nm. 

4VT 

Fig. 2 Electron micrograph of a negatively stain ed dip preparation from diseased manao. 
Bar = 500 nm. 
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that CTV was neither transmitted by the modified 
knife-cut inoculation for by dodder, Cuscuta sp., 
our results disagree with thre reported by Garnsey 
et al. and Weathers and Ha jung" 1. These CTV 
transmission mode studies are inadequate and 
need to be confirmed. Furthermore, additional 
purification of CTV by sucrose density gradient 
centrifugation and serological studies of this 
virus will be undertake.%in our laboratory. 
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ABSTRACT 

In Taiwan greening disease, lkubin, and citrus tristeza virus diseasesare recognised as serious citrus
aiseases. Citrus tatterleafvirus (TL V) infection is endemic in much of Taiwan'scitrus and has been mis.
diagnosedas scion/rootstockincompatibilityforPonkan and Tankan on trifoliaterootstock. An intergrated
nationalprogramfor the controlofgreeningand virus diseasesof citrushas been in operationsince 1981. 
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INTRODUCTION 

Citrus, planted to 37,000 ha, is Taiwan's 
most important fruit crop. The virus-like greening 
disease, known locally as 'likubin' has been de-
vestating commercial citrus varieties, Ponkan 
mandarin, Tankan, Liucheng sweet orange, Wentan 
and Peiyu pomelo, and Eureka lemon (Kinqua is 
and exception) since 1955. The low island-wide 
citrus yield of less than 15 tons/ha has been 
attributed to the short tree lifespan, less than ten 
years, due to greening infection. Additionally, 
Ponkan, Tankan and Liucheng are commonly 
infected with citrus tristeza virus causing stunting 
and misshapen fruits of poor quality. Recently, 
citrus tatterleaf virus which shows no visible 
symptoms has been detected as endemic in trees 
rooted on Sunki or Rangpur lime stocks. This 
latent infection is assumed to contribute to 
reduced growth vigor. 

GREENING (Likubin) DISEASE 

The causal agent of greening, likubin, 'LK', 
also know as yellow shoot, has been widely studied 
since 1955. It is caused by a walled, fastidious 
procaryote limitted in phloem. Bove (1980) con-

sidered the agent to be gracilicute-like. Broad-wide 
electronmicroscopic study has shown the agent to 
be pleomorphic filamentous bodies of a range of 
thickness (50-940 nm in diameter), surrounded by 
a 20-35 nm thick envelope consisting of outer 
layer and inner unit membrane. The morphological 
life cycle of the pathogen and the population 
dynamics in the host plant were investigated over 
one year. The highest population of LK bodies 

was detected in sieve tubes of diseased Ponkan 

trees while lower contents were found in Tankan 
and Liucheng trees. Fewer sieve tubes in diseased 
pomelo trees contained the bodies but the infected 
sieve elements harbored considerable numbers of 
the LK bodies. The LK bodies were detected year 
round; however, the population was highest in 
fall and winter, and lowest in spring with gradual 
increase during summer. The number of mature, 
large, electron-lucent bodies seen in the sieve 
elements was greater during winter. 

Greening infected trees commonly had 
mix-infection with CTV. The LK-procaryote
like organism (PLO) showed dominance over 
CTV, since the ELISA values with the LK-diseased 
materials were generally lower than the those of 
the samples collected from healthy-looking CTV
infected trees. The LK-agent was transmitted 
by 4.5 instar nymphs and adults of psylla, Dia
phorinacitri,at very low transmission rate (5/380). 

On this Asian citrus psylla, so far endopara

sites" , Psyllaephagus spp., have been found in
effective in biological control. In order to lower 
the psyllid vectors, the ectoparasites, Tetrastichus 
dryi and T. sadiatus,are expected to be introduced 
to Taiwan as 5iological controls7 . 

Tetracyclines including achromycin and 
terramycin showed therapeutic effectiveness against 

.the LK-agent by scion dipping treatment 
Temporary remission of symptoms occured in 
LK-agent diseased trees injected with tetracycline 
solution (1,000 ppm/1-2Q), and the effectiveness 
of antibiotic infusion could be improved by 
pruning diseased twigs just after injection 6 

Tetracycline was first detected in leaves two days 
following injection, its activity increased to a 
maximum at 6-8 days and then declined gradually 
to become non-detectable at 12-22 days4 
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Research for Control Measures 

a) Preparation of monoclonal antibodies against 
LK-FB has been attempted by using hybridoma
technique. The LK-FB was to propagated to high
population levels in dodder from which LK-FB 
preparation was obtained and used as antigen
for immunizing Balb/c mice and screening hybri,
doma lines. Some hybridoma lines showed se-
creating monoclonal antibodies specific to LK-
preparation. Further investigations are still under 
way. 
b) Epidemiological study on the infection 
period by psyllid vector is in prograss. 

MAJOR VIRUS DISEASES OF CITRUS 
IN TAIWAN 

Citrus tristeza virus complex with a seedling.
yellows component (CTV-SY) has been commonly 
found in greening affected trees of the commercial 
varieties except pomelo in Taiwan. The greening
disease had been misdiagnosed as caused by CTV-
SY during 1960s' s. However, CTV-SY was also 
detected in healthy looking citrus trees. Ponkan, 
Tankan and Luicheng rooted on Sunki currently
cultivated on this island, are tolerant to CTV. 

Prior to 1978, CTV caused no serious disease 
problem. The prominent 'dwarf' disease was first 
noticed to affect 'Miyu', 'Peiyu'and 'Wentan' pom-
elo, and grapefruit in some isolated areas in 1978. 
The disease is characterized by bunchy appearance 

of new shoots with leaf 
 curling and atrophy,

internode shortening, severe stem-pitting, stunting, 

and misshapen fruits with thick peel. 
 The dwarf 

disease was attributed 
 to a strain (CTV-D) of 

CTV distinct from the current strains of CTV-SY. 

Grapefruit and pomelo seedling infected with this 

dwarf strain (CTV-D) showed higher ELISA 

values than those 
 of the same citrus seedlings
inoculated with common isolates of CTV-SY 2 2 . 
Recently, it was found that CTV-SY caused 
obvious symptoms in porielo seedling 2.3 months 
after inoculation; however, the symptoms dis-
appeared gradually thereafter, and finally no CTV 
could be detected from the inoculated pomelo 
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one year later. This suggested a reason why no 
CTV was normally detected in the pomelo orchardtrees on this island. Nevertheless, CTV-D was 
retained in pomelo seedlings. In general, stunted 
but otherwise healthy looking trees in orchards 
showed high ELISA values, while low or no ELISA 
values were detected in tall healthy looking citrus 
trees. Presumably, CTV strains play an important 
role in lowering yield and quality of citrus fruits 
on this island. Therefore, preimmunization with 
mild protective strain has been tried on healthy 
seedlings derived from foundation virus-free 
stocks to prevent reinfection by severe strains of 
CTV. Studies on cross protection continue. 
Attempts are being made to produce monoclonal
antibodies against mild protective strains or severe 
strains tc monitor the effectiveness of the cross
protection in the field. 

Citrus tatterleaf virus (TLV) is a citrus virus 
cauding 'tatterleaf' of 'Kalpi' lime (Citrus excelsa) 
which was first found in the 'Meyer' lemon intro. 
duced to California from China2 9 . Calavan 
et al.3 demonstrated such severe reactions as bud 
union creases and stock reduction of Satsuma 
mandarin or sweet orange on Troyer citrango and 
trifollate orange rootstocks graft-inoculated with 
tatterleaf virus infected Meyer buds. Miyakawa 
and Matsui' 17 reported that the abnormal bud union 
of Satsuma mandarin on trifoliate orange was 
similarly due to the virus causing tatterleaf virus. 
Recently, Miyakawa' 6 detected TLV in Ponkan
 
and Tankan mandarin and pomelo fo'nerly intro
duced from China mainly from Taiwan.
 

The fact that Ponkan and Tankan trees
 
rooted on trifoliate were severely stunted had 
been assumed due to scion/rootstock incompat
ibility in Taiwan. Accordingly, Sunki mandarin 
has been cultivated as rootstock showing suitable 
growth with the scion cultivars Ponkan, Tankan 
and Luicheng sweet orange. When preliminary 
indexing of TLV on budwoods both of healthy
looking and greening affected citrus trees was 
made using the indicator plant, C. excelsa, provided
by Dr. Calavan, in most cases no distinct leaf 
symptom of tatterleaf was demonstrated in the 
bud-inoculated C. excelsa seedlings which did 



however, show severe vein clearing, leaf chlorosis, 
and stunting presumably due to CTV-SY in 
mixed infection. The widespread presence of 

CTV-SY in Taiwan citrus trees made it difficult 
to detect TLV using the C. excelsa indicator. 
This difficulty was overcome by using Rusk 
citrange instead of C. excelsa as indicator. About 
70% of citrus trees grown over the island have 
been indexed as infected with TLV by top-grafting 
Rusk citrange buds onto rough lemon seedlings 
inoculated with suspect citrus buds2 9 . The 
healthy looking orchard trees of Ponkan, Tankan, 
and Liucheng rooted on Sunki rootstocks, were 

commonly foiaid to be infected with TLV by 
indexing with C. excelsa, Rusk and Troyer citr-
anges, and Chenopodium quinoa. Greening 
affected citrus trees also contained TLV. Rusk 
citrange buds top-grafted on Liucheng sweet 
orange, Peiyu pomelo or rough lemon seedlings 
had the most sensitive reaction to TLV producing 
chlorotic spots and ragged margins on distorted 
leaves of Rusk citrange shoots 4.6 weeks after 
graft-inoculation with buds from infected trees. 
On the other hand, Troyer citrange seedling or 
Rusk citrange buds top-grafted on Troyer citr-
ange seedlings only showed mild leaf blotching 
or no visible leaf symptoms except stunting 3-6 
months after bud-indexing. The TLV in the scion 

cultivars including Ponkan and Tankan, sweet 
orange grapefruit and pomelo, was readily elimi. 
nated through heat therapy at 40/300 C (16/8 hr. 
photoperiod) over three months or shoot-tip 

grafting. Various isolates of TLV produced 
different degrees of typical symptoms in Rusk 
citrange shoots. This implies that there are several 

strains of TLV in Taiwan. 
In the preliminery test, TLV caused con-

siderable stunting of Troyer and trifoliate seedlings, 
or of seedlings rooted on Troyer or trifoliate. 

The virus was transmitted mechanically, 
however, transmission trials with aphis Toxoptera 
citricidushave revealed negative results so far. The 
virus was purified from C quinoa systemically 
infected with TLV. The virus particles were 
flexuous rods about 650 nm in length, 12-13 nm 

thick, and 3-3.5 nm cross banding pitch. Particle 

morphology and other biological data enable us 

to classify TLV as a carlavirus. For a rapid indexing 
method with the ELISA test, preparation trials 

using the virus preparation from C. quinoa for 
immunizing Balb/c mice have been made through 
the hybridoma technique. Serological work is 
in progress. 

Trifoliate orange and Troyer citrange can be 
used as the rootstock again for improving the 
quality of fruit now that TLV can be eliminated 
from scion cultivars through a modified method 
of shoot-tip grafting and heat-therapy. 

Citrus exocortis viroid produces exocortis 
symptoms of bark-shelling and splitting noticed in 
a few cases on Rangpur lime rootstock top-grafted 
with Valensia sweet orange in Taitung area. The 
indexing with Etrog citron (861-S) was made by 
graft-inoculation with suspect buds. A small 
number of buds derived from field sweet orange 
trees caused a positive reaction showing rolling of 
citron leaves, while samples from Ponkan, Tankan 
and pomelo trees had negative responses. 

INTEGRATED CONTROL OF GREENING 
AND VIRUS DISEASES OF CITRUS 

The following integrated control measures 
have beer proposed to combat the virus and virus

like diseases of citrus under the national program 
of citrus industry improvement supported by the 
Council of Agriculture since 1981. 
1) Establishment of healthy foundation stocks 

through a modified method of shoot-tip grafting,
 
heat-therapy or nucellar line selection (except
 
pomelo), and a rapid propagation method of bud

wood.
 
2) Cultivation of healthy citrus seedlings
 
through the three stem system under a budwood
 
certificate program.
 
3) Elimination of greening diseased trees to
 
prevent reinoculation.
 
4) Protection of healthy citrus seedlings grown
 
in clean fields as follows:
 

a) Spraying of insecticide (Dimethoate or 
Durshan-M, 1,OOOX) at 10-20 day intervals 

during critical infection periods to prevent 



reinfection with the LB-agent. 
b) Preimmunization of healthy foundation 

stocks or mother trees with protective 
mild strains of CTV. 

C) Disinfection of TLV or exocortis viroid 
contaminated pruning knifes, saws or 
scissors by dipping in 1%NaOCI (1OX 
bleach) and rinsing with 2% summer oil + 
5%acetic acid (vinegar). 
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SUMMARY
 

In Japan, citrus tristeza virus (CTV) and its primary vector have been widespread,but unidentifiedbefore the study made on Hassaku dwarf injury caused by CTV has been defined on Hassaku, Natsudaidai, Jyo, sweet oranges, some buntans, Yuzu, tangelos and tangors;affected trees decline with severestem pitting andyield small irregularshapedfruit. Severe strains ofCTV-SP or CTV-SY are responsible;however, a large number of satsuma mandarin trees are symptomless carriers of these severe strains. Ahealthy Hassalqu HM-55, found by intensivefield surveys, was noted to carry mild forms of CTV-SP andvein enation virus (CVEV) in complex, and was protective againstsevere strain. Preinoculationof mildisolates including CTV-SP, CVEV or unknown components are also protective, but their effects depend
on the host plant species. 
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INTRODUCTION 

The first tristeza disaster was recorded in 
1930s in South America, however, its causal virus 
originated in Asia and broke out with trade of 
citrus plants caused by worldwide botanic and 
commercial interest in the cultivars coupled with 
world trade development'. Citrus tristeza virus 
(CTV) is widespread in most citrus growing areas 
in the world. 

In Japan, CTV and its primary vector,
Toxoptera citricida Kirk., were widely distributed, 
but unnoticed till the Hassaku dwarf was re-
cognized as a CTV-induced disease24.2 . Since 
satsuma madarin grafted on trifoliate orange 
trees, a tolerant combination to the virus, had 
occupied 80 to 87 percent acreage the disease 
was regarded as of minor importance. However,
overproduction of satsuma mandarin and changes
in consumers resultedtastes in variety renewal 
with CTV-susceptible varieties. This paper deals 
with symptoms on various citrus varieties caused 
by CTV, the virus strains distributed in fields 
and some trials to control the disease by
preinoculation with mild strains in Japan. 

CTV IN JAPAN 

CTV causes different symptoms on citrus 

plants depending on virus strain, the variety of

host plant and scion.rootstock combination. 
 In 
Japan, most citrus trees are on trifoliate orange,
Poncius trifoliate (L.) Raf.. Trifoliate orange-
rootstock trees are highly tolerant against quick

,decline or tristeza, but still susceptible to stem 
pitting disease2.261 

Intensity of stem pitting was surveyed on 
various citrus plants at the Okitsu Branch, Fruit 
Tree Research Station (FTRS) 28 . Cultivars or 
varieties which developed severe stem pits were 
Fingered citron (C. limonimedica), Ponderosa (C.
pyriformis), most of buntans (C. grandis), grape
fruit (C. paradisi) and the relatives, Nanshou
daidai (C. taiwanica), sweet orange (C. sinensis)
and its relatives, Funadoko (C. funadoko), Iyo
(C. iyo), Yuzu (C. junos) and its relatives, King
(C. nobilis), Tachibana (C. tachibana),Calamondin 
(C. madurensis), most of tangelos and tangors,
and citrangequat. In contrast, sweet lime, lemon, 
most of mandarins or tangerines, trifoliate orange
and citrange were nearly free of stem pitting.
Satsuma mandarin had been considered free of 
stem pitting26; however, it was revealed that 
some of these trees showed mild stem pits 27 . 

In the case of self-rooted trees for breeding, 
not only severe stem-pits but also yellowing and 
subsequent decline or dieback were observed in 
many seedlings of Natsudaidai, various hybrids
of Iyo, pummelos and Hyuga.natsu (C. 
tamrana) 2. 

SYMPTOMS ON SOME IMPORTANT 
VARIETIES 

Hassaku dwarf disease characterized by 
severe pitting on twigs and trunk, resulting in 
decline of trees and sr all and irregular shape
fruit, has been the primary disease of Hassaku, 
C hassaku Hort. ex Tan.. According to the 
field survey in Hiroshima prefecture in 19613° 
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the acreage of affected trees was 400 ha (84%) Iyo has a history of stem pitting disease; 
causing about 30% loss in production. A survey brown spots or rind-oil spots appear on the fruit. 
in Tokushima prefecture in 19 6 9 15 revealed that A severe strain of CTV is probably causal factor 
28.7% of trees were severely affected and there for the spots. Planting of Iyo, in particular 
was a close relationship between the intensity Miyauchi Iyo, markedly increased in recent years, 
of pitting on 2-3 year-old twigs and fruit loss. from 2,120 ha in 1975 to 10,700 ha in 1983. 
The causal virus was a severe strain of stem Most of these were propagated by top-grafting 
pitting CTV (severe CTV-SP), with no seedling on satsuma mandarin. This practice accelerates 
yellows reaction on the test plants16 .21. disease development because of infection by sev-

In recent years, damage caused by Hassaku ere strains of CTV through the interstock, over 
dwarf disease has been reduced through variety fruiting and failure in tree vigor. 
certification programs and preimmunization. The Navel orange, 4,970 ha in 1983, also has 
acreage of Hassaku shifted from 4,860ha in similar problems. These topgrafted trees should 
1970 to 9,930ha in 1983. be replaced with nursery plants propagated from 

Natsudaidai, C. ,atsudaidai Hay., 16,300 certified budlines in the near future. 
ha acreage in 1983, is also affected with stem Among other minor varieties, Seminole 
pitting. Field surveys in Kumamoto prefecture tangelo 9 , Banpeiyu (C. grandisOsb.)29 and Yuzu 17 

luring 1973-19767 showed that five percent of 	 also suffer severe damage from stem pitting 
Kawano-natudaidai trees were severely affected disease. In particular, the fruit of severely 
and another 80% of the trees had developed affected Yuzu develop brown spots or rind-oil 
some stem pits. On the severely affected trees spots with gumming 17 . Kiyomi tangor, a newly 
small.sized fr:ait proportionally inceased to 68%, bred and fashionable variety in Japan, shows 
while it remained at 30% and 10% on moderately severe stem-pits. 
stem.pitted tress and the normal, respectively 20 

(Fig. 1). However, when Natsudaidai trees were CTV STRAINS IN JAPAN 
grown in a deeply plowded field, reduction of 
fruit size was not so marked even if severe stem- It is certain that various strains of CTV 
pits developed 20 . Fruit thinning may somewhat are present in complex in host plants'- 14 . To 
improve the enlargement of fruit-size on the determine the strains present three indicator 
affected trees8 . Causal virus was suspected to be plants are used, acid lime (C. aurantib/iaSwin.), 

.a severe strain of CTV-SP 18 2	 sour orange (C. aurantiwn L.) and a composit 

tree of sweet orange on sour orange stock 

(Fig. 2)14. Most satsuma mandarin trees are freeIntensity of 
stem.pittilg 3S 2S S M of CTV symptoms, but almost all of the trees 

Over-7- .are carriers of CTV 26 . An indexing' 8 showed 
Over 70 _that about half of the satsuma mandarin trees 

2S S M L carried CTV-SY which caused yellowing and 
40-70 "stunting of sour orange or lemon, and severe40-707 symptoms on4 	 acid lime, and the other trees 

2S S M L 2L carried milder strains of CTV-SP which caused 

0-0.5 __________ _ mild symptoms on acid lime and no symptoms 
on sour orarnge. When various cultivars of sat

0 56 100% suma planted in the field of Okitsu Branch, 
RATIO OF FRUIT.SIZE GRADE FTRS were indexed, all of the stem-pitted trees 

Fig. 1 Relation of fruit size20to intensity of stem pitting carried CTV-SY which caused severe symptoms 
on Kawano-natsudaidai trees . on both acid lime and lemon, of the trees free 
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shouldbe by a single component. Later indexing
subject tree 

was done at 10 to 13 years after planting, using
CTV ELIS A I (presenceofCT) indicator plants and enzyme linked immunosor-

Limetest - Mild str. bent assay (ELISA) with anti-CTV-SP gamma 

II - dglobulin, 2 as showa in Fig.2. 
N+)<< EMO (-) Of the buntan trees indexed, severely stem 

stut I decline pitted and somewhat dwarfed trees were carrying
stun, N < /§> H CTV.SP. Some buntan trees with yellowing and 

I 4declined but not stem-pitted were carrying CTV 

CTV.SY tristeza CTV.SP 
(also decline on 

SW/SO tree) 

Fig. 2. A flow chart showing the determination of CTV 
strains by symptoms on three index plants: nucelar 
seedlings of acid lime (lime), sour orange (SO) and 

composit trees of sweet on sour orange. 

of stem-pits some carried mild CTV-SP and others 

carried CTV-SY 27 . These results suggest wide 
distribution of severe strain CTV in Japan. 

Indexing on the trees of various varicties 

of cultivars planted in the field of Okitsu Branch, 
FrRS28 revealed that rough lemon, Meyer lemon, 

sweet orange, ponkan, tankan, most mandarins, 
tangerines, tangelos and tangors were carrying 

CTV-SY. Lemon and its relatives, grapefruit, 
buntan and its relatives, Natsudaidai, sour orange 
and citrange were carrying CTV-SP. As mentioned 
above, declined trees of Hassaku and Natsudaidai 
were carrying severe strains of CTV-SP, in con-
trast, apparently healthy trees but showing slight 

stem-pits were carrying milder strains of 

CTV-SP ' 2 ° . In the case of Yuzu, declined trees 

were carrying CTV-SY and apparently healthy 
trees were carrying milder strains of CTV-SP' 7 . 
Since these old bud-lines have been propagated 
by grafting and planted in fields for many years, 
most of the trees irrespective of symptom are 
carrying various CTV strains in *complex. 

At the Kuchinotsu Branch, FTRS, several 
thousand CTV free trees of buntan, sweet orange, 
grapefruit and Natsudaidai were planted. In the 
field they were allowed to be naturally infected 

through aphid transmission. It was assumed that 
due to the small amount of virus transmitted, 

segregation of individual strains usually occuring 
in CTV complex should be possible, as infection 

strains which induced very mild symptoms on 
both acid lime and lemon. This result suggests
the presence of seedling yellows component in 

o pled w aomild T nthe vrsece 
the virus complex coupled with a mild CTV-SP 
strain. 

Of the grapefruit seedlings severe stem 

pitting and dwarfed trees were observed. These 
trees were infected with a tristeza strain which 

induced decline of sweet orange on sour orange 
trees but did not induce yellowing in lemon 
seedlings. 

Of sweet orange CTV-SY was detected in 
the declined trees and also found to be common 

in apparantly healthy and vigorous trees which 
had some stem pitting. Where a sweet orange 

showed severe stem pitting and dwarfing, it was 
found to carry a severe strain of CTV which 

induced extreme stunting, leaf curl and mosaic 
symptoms on grapefruit but did not induce 

yellowing in lemon. This fact suggests that the 
decline of sweet orange trees is not directly 

related to the presence of CTV-SY. 

Of the Natsudaidai trees, healthy trees 

carried mild CTV-SP while the yellowed and 
subsequently declined trees carried severe strains 

of CTV which induced severe reactions in lime 
but only slight stunting and yellowing in lemon. 
This result suggests that the seedling-yellows com
ponent in Natsudaidai disappeared and the severe 

stem pitting component remained. 
As indicated in many investigations, the 

seedling-yellows component of a virus complex 
tends to disappear while the severe stem pitting 

component remains when the virus complex is 
passed through lemon, pummelo and sour 

orange 14 . The above results indicate that the 
CTV-SP is the strain responsible for this effect 
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and therefore the, residual CTV-SP is important
for theseplants when grafted onto tolerant root 
stock. 

CONTROL BY PREINOCULATION 

WITH MILD STRAINS 


Field surveys in Hiroshima prefecture dis-
covered an apparently healthy over 60-year-old
Hassaku tree in 196221.22. The tree called 
HM-55 was carrying a mild strain of CTV-SP 
and vein enation virus (CVEV) in complex2 1 . 
Seedlings of acid lime and Natsudaidai prein-
oculated with the viruses by tissue grafting and 
also the nursery plants propagated from HM-55 
were to some extent protected against hassaku 
dwarf disease (causal CTV-SP) transmitted by
T. citricida. Their protetcion failed when severe 
CTV-SP was transmitted by tissue grafting or by 
more than fifteen aphids per tree. Propagated
trees of HM-55 showed small stem pits and only 
8.6% of them declined before 9 years after or-
chard planting, in contrast, 76.5% of similar trees 
propagated from old budlines declined 21 . 

22 . Thus,
HM-55 became widespread in Japan. When 
Noma-beni-hassaku, a bud mutation having red-
dish rind became fashionable, its virus free-budline 
was produced by heat treatment and prein. 

IAM, 

oculated with viruses from HM-55 before 
pagation. The preinoculated 

pro. 
bldline was pro

pagated in a screenhouse free of aphids. 
To control stem pitting disease of Yuzu,preinoculation with mild strains collected from 

apparently healthy and old trees of Yuzu and 
Hassaku were effective in field trials". Whenthe preinoculated seedlings of Yuzu were indexed 
eight years after planting, only mild strains of 
CTV were detected; in contrast, non-preinoculated 
trees suffered infection of severe CTV-SY. 

Indexing of stem-pit free trees in the or
chards of Kuchinotsu Branch, FTRS revealed 
that some seedling trees carried a mild strain of 
CTV-SP or CVEV alone 3 . Some of the CVEV
 
isolates were protective 
 on sour orange seedlings
against CTV-SY transmitted by short term con. 
tact tissue grafting10 . Preinoculated Yuzu seed
lings with an isolate of CVEV were better pro
tected than those preinoculated with HM-55 
strain, against severe CTV-SP transmitted by 
aphids23. 

An isolate, No. 145, collected from a pum
melo seedling was protective for sweet orange or 
grapefruit trees on sour or trifoliate orange root
stock against CTV-SY transmitted by T. cit
ricida.(Fig.3)1. This isolate produced no symp
toms on CTV test plants and was negative by 

Fig. 3 Five-year-old potted trees of sweet orange on sour orange rootstock after inocluation with CrV-SY transmitted byT. citricida. 
A. preinoculated with mild Isolate No. 145, showing normal growth
B. not preinoculated trees, showing severe stunting of seven trees among ten 
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CTV-ELISA test. In the preinoculated trees, 
CTV concentration as detected by ELISA was 
very low and decreased with time. Viruses pre-
sent in budwoods collected from those trees 
caused only mild symptoms on acid lime, and 
slight or no symptoms on sour orange. 

However, the protective activity of mild 
strains changed with the host plant or scion-stock 
combination 13 . The isolate, No. 145 was marked-
ly protective for sweet orange on sour orange 
stock (SW/SO), and for Hassaku on trifoliate 
orange rootstock (HA/TRIF), but less protective 
for Natsudaidai on trifoliate orange (NA/TRIF) 
trees (Table 1). A CVEV isolate was protective 
for NA/TRIF trees, but not protective for SW/SO 
trees and only slightly protective for SW/TRIF 
trees. The HM-55-carried viruses were protective 
for HA/TRIF and SW/TRIF trees, but not pro-
tective for SW/SO, and slightly protective for 
NA/TRIF trees. By the similar tests at Okitsu 
Branch, FTRS 6, some protective isolates against 
severe strains were obtained, with effects which 
were also host plant variety dependent. These mild 
isolates are now being given field trials on various 
varieties at several experiment stations in Japan. 

PROBLEMS AWAITING SOLUTION 

Because of variety renewal and top-grafting, 
various virus or virus-like diseases including sat-

suma dwarf, budunion crease (caused by tatterleaf 
virus) and exocortis have become widespread in 
Japan. Subsequently, the Ministry of Agricul. 
ture, Forestry and Fisheries, Japan now supports 
prefectural governments in establishing variety 
certification programs, using the ELISA technique 
to detect some viruses, elimination of viruses by 
heat treatment or shoot-tip grafting and esta
blishment of screenhouses for the keeping of 
certified bud-stock trees. Elimination of virus or 
virus-like pathogens in some important cutivars 
has been successful at several experiment stations. 
However, virus-free stock becomes infected with 
severe strains of CTV immediately after field 
planting, from the many CTV-carrier plants 
(particularly satsuma mandarin) by aphid vectors. 
Experiments show 21, insecticide sprays or soil 
treatment with systemic insecticide aimed to 
protect virus-free trees from vectors offers little 
protection against CTV infection. Thus, preim
munization with a mild virus is expedient. 

Protection of mild viruses against the severe 
strains is not complete. Important in propaga
tion of preinoculated budline is the fact that if 
the bud-soruce trees were planted in a field 
without any control of aphids, they would be 
infected with severe strains in mosaic. If con
taminated buds with severe strains were used for 
propagation, even if the stock tree showed no 
symptoms, the nursery trees would develop sev-

Table 1. Protection of preinoculated citrus trees with some mild strains against CTV-SY complex' 3 . 

Isolate Virus GFTa) SO ML!" 
SW/ 

SO 
SW/ 

TRF 
HAS/ 

TRF 
NAT/ 
TRF 

No.145 Unknown * X A 0 X 
No.1605 CVEV X A X A X 

alone~i 
N6.1597 CTV-SP UX A A 
HM-55 mild CTV X U X . 0 A 

+ CVEV 

good protection 0 fair protection, a) Challenged by short-term contact of affected tissue. 
Ag poor protection Xg no protection Others were transmitted by T. citrcIda 
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DISCUSSION
 

Q. 	 (C.N. a'oistacher) 
Do you feel optimistic about finding good resistance to most of your severe type, stem pitting and 
seedling yellows strains? 

A. 	 We have several strains and some of them protective against severe'strains of tristeza, but the applica
tion of these protective strains may take some ten or twenty years. Now we are trying -thesein the 
field. As far as propogation of the mild strains, we have some new foundation stock inoculated and 
are trying these in Japan. 
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STUDIES ON ANEW VIRUS DISEASE OF PAPAYA
 
IN THE PHILIPPINES
 

Oscar S. Opina
 
Virology Division, Department of Pathology
 

College of Agriculture, University of the Philippines at Los Ban-os, Laguna, Philippines
 

SUMMARY 

A virus disease ofpapaya was first observed in Silang, Cavite In the Philippines,1982. The disease 

has spreadrapidlyto cover threeprovinces. Symptoms areprominentmottling,malformationandreduction 

oflaminae,presenceofoily darkgreenstreaks anddistinctringspotson fruits. 

The virus is transmittedby sap inoculationand by four species of aphids. Seed transmissibilityhas 

not been conclusively established. Infectivity is lost when infectious sap was subjected to temperatures 

beyond 55"C and dilutions below 10"2. It is unstable In-vitro with longevity of eight hours under room 

temperature. The virus particlesare flexous rods with particle lengths of 780-800 nm, and areassociated 

with pinwheel and circularinclusions. The virus is probablyrelatedto papaya ringspotvirus. 
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STUDIES ON A NEW VIRUS DISEASE OF PAPAYA 
IN THE PHIIPPINES 

Oscar S. Opina

Virology Division, Department of Pathology
College of Agriculture, University of the Philippines at Los BaTos, Laguna, Philippines 

Papaya (Carica papaya L.) isone of the most 
important fruit crops in the Philippines, ranking
sixth in area and quantity of production among 
fruit crops grown there' o. A total of 7,170 ha are 
planted to papaya with a production of 94,401
MT1. Southern Tagalog region supplies about 
30% of the total production and area planted to papaya. Although not a major export cr6p,
increasing demand in other countries indicates 
its export potential. 

In the Philippines papaya diseases have been 
regarded as a major production constraint although
till recently virus diseases have been considered of 
minor importance. Papaya mosaic' 0 and papaya
leafcurl' 1 have been reported to occur in some 
areas of the country but they are not commonly 
seen at present, however, an outbreak of a locally 
unreported virus disease of papaya has been
causing major concern among papaya farmers in 
the province of Cavite, a major producing area in 
Southern Tagalog region. A committee report 
on the investigation of papaya malady in Silang,
Cavite, (UPLB, August 9, 1984) indicated that 
about 200 ha of papaya plantations were affected 
by the disease at varying incidence from 60 to 
100% and yield losses were valued conservatively
at about $300,000. 

Towards the end of 1984, studies wereinitiated to generate more information on the 
disease and to characterize the virus for positive 
identification. 

" SYMPTOMATOLOGY 

Field infected papaya atplants various 
stages of crop and disease development were 
collected, examined and described. 
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The symptoms of the disease vary according
to the stage of plant and plant parts affected and 
stage of infection. The diagnostic symptoms are 
as follows: 

Leaf Symptoms 

Matured plants naturally infected in the 
field can be first recognized by faint chlorosis in 
the younger leaves. In a more advanced stage, the 
upper third of the crown becomes prominently
yellowed (Fig. 1). Initial leaf symptoms are char
acterized by vein-clearing, prominent mottling
and the appearance of readily seen chlorotic spots.
Later, leaf blades are significantly reduced and 
margins tend to curl upward or downward (Fig. 2).
Elongated oily dark green streaks develop on the 
petioles (Fig. 1). 

Naturally infected young plants in the field 
and/or artificially inoculated seedlings first exhibit 
vein-clearing, chlorotic spots followed by mottling
of the younger leaves. The succeeding leaves are 
severely reduced, fiiform, thickened and the leaf 
surfaces become roughened or leathery. Infected 
young plants are severely retarded (Fig. 3). 

FruitSymptoms 

Dark green concentric rings or green spots 
appear on the fruit (Fig. 2). As the disease pro. 
gresses, fruit set is sharply reduced. Fruit that 
develop after infection are deformed and reduced
in size. Latex flow is not affected but flavor and 
aroma of fruit are noticeably impaired. 

Stem Symptoms 



Fig. 1 	 Naturally Infected papaya plant showing mottling, prominent yellowing of the upper third of the 
crown (A) and 	oily dark green streaks on the petioles and stem (B) 

€,* 	 A M 

<£ 

Fig. 2 Leaf and fruit symptoms of the disease: Leaf mottling and malformation, (A & B), chlorotic spots 
(C) and ringspots on fruits (D) 
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Fig. 3 Symptoms of artificially inoculated seedlings: (A) vein-clearing and (B) malformationof leaves 

Stems of severely infected plants are general-
ly shortened. Elongated green streaks or concentric 
rings are commonly observed on the upper portion 
of the stem. 

TRANSMISSION STUDIES 

Mechanical Transmission 

Leaves showing the typical symptoms were 
collected and were cut into small pieces. These 
were macerated in 0.01 M phosphate buffer 
(pH 8.5) at a ratio of 1:1 W/V. Sap was immedi-
ately inoculated to one month old papaya seedlings 
that were previously dusted with 320 mesh carbo-
rundum. 

Using the above met=od, the virus was 
readily transmitted to he.lthy seedlings. The 
first symptoms such as ,-din clearing and chlorotic 
spots appeared as e;.iy as ten days after inocula-
tion. The typical symptoms of the disease on 
seedlings can be observed on the succeeding 
leaves 20 days after inoculation. In most cases, 

efficiency of, sap transmission ranged from 60 to 
80 percent., 

Insect Transmission 

Five species of insects were used in the 
transmission tests. These were the Aphis crac
civora, A. gossypli, A. glycines, Myzus persicae 
and Bemesia tabaci. They were collected from 
Glificidia sepium Stend, Gossypium hirsutum L., 
Glycine max, Nicotiana tabacum and Euphorbia 
pulchepima Willd., respectively. The aphids 
were reared on their natural hosts under laboratory 
conditions and their first generation offspring 
were used for transmission tests. Bemesia tabaci 
was reared on healthy seedlings of sweet pepper. 

The three species of aphids, after being 
starved for 30 min., were allowed to feed on 
portions of infected papaya leaves for a period of 
30 min. Ten aphids were immediately transferred 
and allowed to feed on each healthy papaya 
seedling for another 30 min. Bemesia tabaciwas 
allowed to feed from infected papaya seedlings 
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for 12 hours and 10 insects were allowed to feed 
in each test seedling for the same period of time. 
In all transmission tests, a similar number of 
viruliferous insects were allowed to feed on 
healthy seedlings to serve as check. 

Results showed that the virus is readily 
transmitted by the four species of aphids (Table 
1). M. persicae appeared to be the most efficient 
vector with transmission efficiency of 60%. 
Attempts to transmit the virus with B. tabact 
were unsuccessful. None of the control checks 
became infected, 

'Table 1 Insect transmission of the virus disease 
45 plants in each treatment 

No. of 
Insect Infected Transmission 

plants, % 

Aphis gossypHi 18 40 
A. craccivora 20 44 
A. glycines 9 20 
Myzus persicae 27 60 
Bemesia tabaci 0 0.: 

Seed Transmission 

Mature fruit showing typical symptoms of 
the disease were gathered from various infected 
papaya plants. Seeds (100 to 200) were collected 
from each infected fruit and were sown in seed 
boxes placed in insect proof cages. One week 
after emergence, seedlings were individually 
tranrplanted in plastic cups and immediately 
placed in an insect proof glasshouse. 

None of the seedlings cown from seeds 
taken from infected fruits exhibited typical 
symptoms of the disease 45 days after trans
planting. In one trial, however, about 10% 
of the seedlings showed severe stunting and 
malformation of leaves (Fig. 4). Sap taken from 
these seedlings failed to ififect when mechanically 
inoculated to healthy seedlings. These results 
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suggest, that the virus is not readily'seed trans. 
missible. 

HOST RANGE STUDIES 

Possible hosts of the virus were determined 
by mechanical inoculation as previously demribed. 
Several species of cucurbits, legumes, solanaceous 
crops and other plant species were used. 

Repeated inoculations on various plant 
species indicate that the virus can only infect 
papaya plants (Table 2). Attempts to transmit 

the virus to cucurbits and other plant species 
were unsuccessful. 

PHYSICAL PROPERTIES OF THE VIRUS 

In vitro properties of the virus were deter
mined using crude sap extracted from inoculated 
papaya seedlings exhibiting the typical symptoms
of the disease. In all tests, one-month old papaya 
seedlings (Cavite special) were usfd as test plants. 

,. 

Fig. 4 Left -controls 

Right - seedlings obtained from seeds of 
infected fruit showing reduction and mal
formation of leaves and stunted growth 



Table 2 Host ranges of the virus causing papaya disease in the Philippines 

Host 	 Plants tested 

Caricapapaya 
Cavite special 
Legaspl#1 20 
Solo 2017 

Cucurbits 
Cucumis sativus 15 
Citrulusvulgarls 10 "0 
Cucurbitamaxima '.20 
Luffa cylindrica 20 
LagenariaLeucantha 15 

Legumes 
Vigna radiata 25. 
Glycinemax 25 
Phaseolusvulgaris 25, 

Vigna sinensis 25, 
Vigna sesquipedalts 25, 
Psophocarpustetragonolobus 25 

Solanaceous crops 
Lycopersiconesculentum 15 

Solanum melongena 15 

Nicodana tabacum 

Nicodana glutinosa 15, 


Other plant species 
Chenopodium amaranticolor 20 

C.quinoa 20 

Datura sp. 20 

Gomphrenaglobosa 20 


1) 	S- systemic symptoms 
N - no dIscnable symptom compared to the check 

ThermalInactivationPoint(TIP) 

Two ml of crude sap was pipetted into small 
tubes which were subjected to a temperature 
gradient from 50 to 1000 C for 10 minutes and 
immediately immersed in ice cold water. The 
heated saps were mechanically inoculated to test 
plants. 

Results indicate that the infectivity of the 
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Plants with symptom Symptom1 ) 

18 .S20S 

16 . S 
S 

0 	 N 
N 

0 N 
0 N 
0 N 

0 N 
0 "N 
0 N 

0 N 
0N 
0 N 

0 N 
0 N 
015 N 
0 	 N 

0 N 
0 N 
0' N 
0 N 

virus was significantly reduced when the sap was 
exposed to 550 C for 10 minutes (Table 3). In. 
fectivity was totally lost when the sap was subjected 
to temperature beyond 55aC. 

Dilution End Point (DEP) 

Concentrated crude sap was subjected to a 
series of six ten-fold dilutions in distilled water. 



Each dilution was inmediately inoculated on test 
plants.. 

The test showed that the virus was still, 
infectious at a dilution of 10-2. However, in. 
fectivity was lost when the sap was diluted to 
10-3 or beyond (Table 4). 

Longevity 	In Vitro (LIV) 

Two ml of crude sap was pipetted in screw 
capped test tubes and stored at room temperature 
(27 0 C). The sap was inoculated to test plants 
at two hour intervals for the first 12 hours and at 

daily intervals in the succeeding periods. 
Results showed that the virus was very 

unstable invitro. The virus was inactivated when 
the sap was aged beyond one day. Infection was 
achieved only within eight hours (Table 5). 

Table 3 	 Thermal Inactivation point of the virus 
(45 plants In each test) 

Temperature No. of Infection
(0C) Infected plants 

50 32 75 

55 9 20 
60 0 :0 
70 0, 0:o 

75 0 0 
80 0 

91 

10 0 

Table 4 	 Dilution-end.point of Infectious crude 
sap (60 plants In each test) 

Dilution No.of InfectionInfected plants % 

100 48 80 
10"

11 33 56 
10.1 24 '40 
10.2 15 	 25 
10.3 0 	 O 
10-4 0 0 
10-5 0 	 0 

-163-

Table 5 	 Longlvity of Infectious crude sap pre. 
paratlon under room' temperature (15 
plants Ineach test) 

Period No. of Infection 
Infected plants % 

0 hr 9 60 

4 hr 7 46 
8 hr. 2 13 

10 hr. 0 0 
12 hr 0 0 
1day 01, 0 
2 day 0 
3 day' 0 0 

ELECTRON MICROSCOPY 

Dipping preparations were made by dipping 
one side ofa freshly cut 2 x 4.mm piece of infected 
papaya leaf in a droplet of 2% phosphotungstic 

acid (PTA) previously placed on a colodion. 
coated grid. The preparations were examined 

with a Phillips 410 electron microscope. Dip
preparation of leaf tissues from healthy plants 

was alco done. 
Ultrathin sectioning was prepared by cutting 

systemically infected papaya leaves into pieces 
1.2 mm wide. Tissues were fixed in 3% glutaral. 
dehyde in 0.1 M phosphate buffer, pH 7.0, for 

hr at 40 C, followed by 2% osmium tetroxide 
in 0.1 M phosphate buffer, pH 7.0 for 2 hr at40C. Following fixation, tissues were dehydrated 

in a graded series of acetone solutions and embed. 
ded in Spurr mixture. Sections were cut with a 
diamond knife and double stained by floating 
grids in 1%uranyl acetate for 1 hr and then lead 
citrate for 25-30I sec. The sections were examined 
with a Phillips 410 electron microscope. Pieces of 

leaf tissue from healthy plants were similarly 
treated and used as control. 

Dip preparations of infected papaya leaf 
tissues (Fig. 5) revealed flexous rod particles. 
These particles were found in all the prepara
tions from infected leaves. The particle length 
ranged from 780 to 800 mu. These particles 



were not found in the dip preparations of healthy 
leaf tissue. 

Ultrathin sections from infected leaf tissue 
also disclosed the same type of virus particles, 
These particles are usually found in bundles and 
arranged in parallel manner (Fig. 5). Ultrathin 
sections also revealed the presence of cytoplasmic 

Fig. 5 	 Electron micrograph of virus particles in 
(48,000x) (B) 

inclusion bodies that closely resembled to the 
structures described as 'pinwheel' and 'circular' 
inclusions (Fig. 6). The inclusions were observed 
in all sections from infected leaves but they were 
not found in ultrathin sections of healthy papaya 
leaves. 

(A) dip preparation (55,000x) and ultrathIn section 

Fig. 6 Electron micrograph of Inclusion bodies (A) pinwheel and circular (45,000x) (B) 
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GEOGRAPHIC, DISTRIBUTION AND of papaya that is described in this paper is not 

INCIDENCE OF THE DISEASE related to papaya leaf curl which was previously 
reported by Reyes et al. t Papaya leaf curl is 

A survey was recently conducted (April.May, characterized by severe upward curling of leaves, 
1985) in Cavite and its neighboring provinces to reduction of leafblades and petioles and it is 
determine the incidence and geographic dis- transmitted by B. tabaci. On the other hand, 
tribution of the disease. Papaya farms within the disease closely resembles papaya mosaic in 
close proximity of national highways, provincial some aspects of symptomatology 10 , however, 
and minor roads were randomly selected. The due to limited information and absence of the 
incidence of the disease was determined on the locally reported papaya mosaic, the relationship 
basis of symptomatology described. Personal could not be confirmed. 
interviews of papaya g'owers were also conducted Among reported virus diseases of papaya, 
to augment field data. The disease is already the disease has striking similarities with papaya 
epidemic in three provinces, namely, Cavite, ringspot or distortion ringspot of papaya reported 
Batangas and Laguna (Fig. 7). in other countries2 .3 .4.5 .8.12 .13. The disease 

High incidence of the disease was confined produces characteristic symptoms of prominent 
in the municipality of Silang (Cavite) where mottling, malformation and reduction of laminae, 
about 80% of papaya in the Southern Tagalog presence of oily dark green streaks on petiole 
region is planted. Based on interviews with and distinct ringspots on fruit which resemble 
papaya growers, the disease was observed in that of papaya ringspot. Host range studies, 
some papaya farms as early as 1982 when it did however, did not support the above observations. 
not attract attention because it was confined The results failed to demonstrate the susceptibility 
only to very few plants. In the early part of of some species of cucurbits to the disease as re
1984, outbreak of the disease became apparent ported by Conover, de Bokx and Zettler2 .3*6*1 

in farms where the disease was first observed. Transmission tests show that the virus can 
Recent survey indicated that the disease incidence be readily transmitted mechanically and it has 
has reached 50 to 100% in the inspected farms in been transmitted so far, by four species of aphids, 
the municipality of Silang. Farms with more M. persicae being the most efficient aphid vector. 
than one year old papaya plants were affected In the same manner, papaya ringspot virus (PRSV) 
most. is transmitted mechanically as well as by a number 

The geographic distribution of the disease of aphids including A. craccivora, A. gossypii and 
s .has been extended to other towns of Cavite, M. persicae2 . 9t4 Although an indication of 

Batangas and Laguna provinces. High incidence seed transmissibility of the virushas been observed, 
of the disease which range from 10-50% can only conclusive evidence has not been fully established. 
be found in areas where papaya plants are grown Based on gross physical characterizations, 
in semi.commercial scale. Sporadic occurrence the virus causing papaya disease in the Philippines 
of the disease was observed in most areas with fits to that of PRSV. Studies showed that it is 
disease incidence of less than 10%. Based on inactivated by exposing infectious sap at 550C 
interviews, the disease was first observed to for 10 minutes, by dilutions greater than 103 

occur in these areas in the later part of 1984. and after standing eight hours at room tempera
ture. These results are in agreement with the 

DISCUSSION findings of Conover 2. Dip prcparations and 
ultrathin sections of infected leaf tissues reveal 

Two virus diseases of papaya, namely flexous particles with particle length ranging from 
papaya leaf curl and papaya mosaic have been 780.800 nm. Ultrathin sections indicate a special 
reported in the Philippines. The virus disease band formation of particles in an almost parallel 
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arrangement which is similar to a particle forma-
tion of PRSV described by Herold and Weibel 7 . 
Ultrathin sections also revealed the presence of 
cytoplasmic inclusion bodies typical of the struc, 
tures described by Zettler et al. , .pinwheel and 
circular inclusions. Disease symptomatology and 
the established virus properties suggest that the 
virus is similar to PRSV. 

Recent survey shows that the disease has 
occurred in three provinces and it seems to be 
spreading very rapidly. Although the virus is 
readily transmitted mechanically, rapid spread of 
the disease seems to indicate that the virus is 
primarily transmitted in the field by aphids. 
The occurrence of the disease in apparently 
isolated backyards planted to papaya suggests 
that the virus may be transmitted from virus 
sources other than infected papaya plants. 
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DISCUSSION
 

Q. 	 (C.N. Roistacher)
 
How do you think the disease came into the Philippines?
 

A. 	 It is unclear. The papaya industry in the Philippines is an old industry and the disease apparantly 
newly introduced. Possibly it was introduced by way of Hawaii, due to its proximity, there are many 
Filippinos in Hawaii who possibly brought in plant material from there. 

Q. 	 (S.D. Yeh) 
The varieties of papaya you grow in the Philippines, are they mostly of local varieties or introducod 
from Hawaii? 

A. 	 There are three important local varieties which are popular, ICavite Special,rLegaspiNo. 1 and Solo, 
but we do have some introduced from Hawaii. 

Q. 	 (F.W. Zettler) 
In what form do think the virus may have come in, in seed or other? 

A. 	 We did our tests on seed transmission and we found that it is not seed transmissible, possibly diseased 
seedlings were introduced. 

Comment: (C.N. Roistacher) 
I would like again to emphasize the concept of quarantine and how important it is that you consider 
seriously, very strict quarantine measures. One thing that I have noticed during this conference is 
the sudden appearance of diseases which are initially prevalent elsewhere and they appear to crop up 
simultaneously around the world. The damage that some of these diseases can cause is immeasurable. 
I again emphasize taking home concepts of strict quarantine measures. 

Comment: (O.S. Opina) 
We are trying to implement such a scheme. With papaya we now have to establish the epidemology 
of the disease and perhaps attempt isolation of the affected areas and use state quarantine. We need 
to determine the isolation distance, if it is in the order of hundreds of kilometers then it will be very 
difficult to isolate this disease. 
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SUMMARY 

In the past decade, a destructive disease caused by papaya ringspot virus (PR V), a potyvirus, has 
become the major limiting factor for growing papaya in Taiwan. 77Te unavailabilityof resistantsources 
and the restrictivehost rangeofPR Vmake crossprotectionan attractivecontrolmeasure. Efforts to select 
mild strainsfrom naturalvirion population were unsuccessful. However, two mild mutants (PRVHA 5-1 
and 6-1) which cause symptomless infection to papaya were induced by nitrous-acidmutation. The mutants 
provide a high degree of cross protection under greenhouse conditions. Results of small-plot trialsand 
large-scalefield tests indicate that the mutants are highly valuable mild strainsfor controlling PR V by 
cross protection. 
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INTRODUCTION 

Papaya (CaricapapayaL.) is widely grown in 
tropical and subtropical areas for its delicate fruit. 

The plant grows fast and yields fruit eight to ten 
months after being transplanted in the field. The 
delicious and nutritious fruit contains a common 
protease, papain, which is a digestive. The exten. 
sive adaption of this plant and wide acceptance 
of the fruit offer considerable promise for papaya 
as a commercial crop for local and export purposes. 
Like banana, pineapple, and mango, papaya is 
one of the important cash crops in the tropics 
and subtropics. 

However, a destructive disease caused by 
papaya ringspot virus (PRV) is a major obstacle 
to wide-scale planting of this fruit tree. PRV has 
been reported as a major limiting factor for 
growing papaya in areas of Hawaii' 9.23 , Florida 

.4., Caribbean countries1 
19 39, South America 

1 . 1-9, Africa' 9.20 , India2 .38 , and the Far East 
42 In papaya it causes mottling and distortion 

of leaves, ringspots on fruit, and water-soaking 
streaks on stems and petioles. It stunts the plant 
and drastically reduces the size of the fruit'923 
PRV is a virus with flexuous, filamentous particles 
about 800 nm long. It is stylet-borne by aphids, is 
sap-transmissible, and has been placed in the 
potato virus Y (potyvirus) group 9 .? 7 . PRV has a 
narrow host range which includes species of three 

dicotyledonous families, Caricaceae, Chenopo

diaceae, and Cucurbitaceae 3 3 . The virus is serolo
gically identical to watermelon mosaic virus 1 
(WMV-1)1 4.34.43 which is of economic impor

tance wherever cucurbits are grown4' 
PRV has become the major limiting factor 

for growing papaya in Taiwan since 197542. 
Several attempts made to develop effective control 
measures for PRV have been fruitless. The un
availability of PRV-resistant papaya cultivars and 
the restricted host range of PRV make cross 
protection an attractive method of controlling 
this virus. In the past few years, a search for an 
ideal mild virus strain to be used for cross protec
tion has been conducted at Cornell University. 
Two mild mutants, designated as PRV HA 5.1 
and PRV HA 6-1, which cause symptomless 
infection in papaya have been derived from 
nitrous ecid mutagenic treatments4 s. The charac
teristics of these mutants, the evaluation of their 
cross-protection effectiveness, and their practical 
application as protective strains in the field are 

reviewed in this report. 

THE PROBLEM CAUSED BY PRV IN 
TAIWAN 

PRV was first recorded In Southern Taiwan 
in 197542. Within two years the virus spread 
over the West coast of TaiwL and destroyed most 
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of the commercial papaya orchards there4 2. The 
total yield of papaya dropped from 41,595 metric 
tons in 1974 to 18,950 metric tons in 1977, and 
the wholesale price increased sixfold during the 
same period, from N.T.$3.67/kg (U.S.$0.04/lb) to 
N.T.$20.70/kg (U.S.$0.24/lb) 3 2 . Because of the 
attractiveness of the high price of the fruit, the 
total planting area of papaya increased, instead of 
decreasing, from 1,658 hectares in 1975 to 4,266 
hectares in 1984. The disease devastated papaya 

orchards on the west coast of the island; thus the 
government encouraged farmers to grow papaya 
on the east coast isolated by high mountains; 
however, the virus did not take long to take 
hold there. Right now, Taiwan has lost its papaya 
export trade to Hong Kong and Japan, and the 
domestic supply is insufficient. Moreover, papaya 
tree production has become annual instead of 
perennial because of the severe virus infection, 

The disease caused by PRV in Taiwan was 
a!.4 2 first identified by Wang et and further 

characterized by purification and electron micro. 
scopy at Chung Hsing University 2 1 .44. Virus 
strains of different pathogenicity have been 
reported 3 .22 and their ability of cross protec-

2.tion has been studied2 

CROSS PROTECTION AS A CONTROL 
MEASURE 

Cross protection, first clarified by McKinney 
in 192924 with tobacco mosaic virus (TMV), 
describes the phenomenon in which plants system-
ically infected with one strain of a virus are pro-
tected from infection by a second related strain of 
the same virus. However, wide-scale adoption of 
cross protection for control of TMV did not occur 
until Rast 3S  produced an almost symptomless 
mutant (MII-16) from a common tomato strain 
of TMV by the nitrous-acid mutagenic treatment 
13027 The symptomless mutant has been manu-

factured commercially 3 6 and has been applied to a 
high proportion of glasshouse-grown tomato crops 
in the Netherlands and the United Kingdom since 

.197010,11 36 Successful wide-scale control of 
tomato mosaic disease with an attenuated mutant 

(LII A), which was isolated from the tomato 
strain of TMV in plants treated with high tempera. 
ture, was also reported in Japan3 . Cross protec. 
tion also has been used on a large scale to control 
citrus tristeza virus (CTV), a closterovirus, that is 
important worldwide3 2 . Naturally occurring mild 
strains of CTV have been selected and can offer 
protection in the field' . s*1 6.26.29.3o.4o 
In Brazil the number of protected sweet orange 
trees exceeded eight million in 1980, and no 

breakdown in protection has been observed 8 . 
Several attempts to develop effective control 

measures for PRV in Taiwan, such as escaping the 
disease by planting papaya in the season of less 
alate aphids, intercropping with a high-stem barrier 
like corn, eradicaticn of diseased plants in orchards, 
spraying with mineral oil and systemic insecticides, 
and protecting young seedlings with plastic bags 
after transplanting have proved either ineffective 
or only of marginal benefit. Although tolerant 
selections of papaya have been described s . 6, 

resistance to PRV does not occur within C. papaya 
5.6.7.42. Some species of Carica are resistant to 
PRV s . 6 . . 2 s7 but unfortunately these species 
are incompatible with C.papayaand conventional 
interspecific hybridization has been unsuccessful 
2 s. A diligent rogueing program has been practiced 
successfully in Hawaii to suppress the spread of 

.PRV in certain areas of the state 2 However, 
rogueing is not a permanent solution for an area 
without geographic isolation, and it is impossible 
to eradicate the virus sources in a place like Taiwan 
where the disease has become epidemic. 

The severe crop losses, the unavailability of 
PRV-resistant papaya varieties, the difficulty of 
eradication, and the restrictive host range of 
PRV make cross protection an attractive method 
of controlling this virus. 

SEARCH FOR MILD VIRUS STRAINS 
FROM NATURAL COLLECTION 

The key for practical application of cross 
protection is that there must be a useful protec

tive virus strain. One mild strain, PRV Su-mm, 
which was selected from 230 PRV isolates in 
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Taiwan 2 2 , offered a certain degree of protection 
to papaya against infection by severe strains2 2 . 

Unfortunately, this naturally occurring strain was 
not mild enough and can not be used for cross 

.
protection 22 Attempts to select mild strains 
from 116 isolates collected from Hawaii were also 
unsuccessful 4 s.. Although some of the natural 
variants by single-lesion isolation from natural 
populationp caused various degrees of symptom 
severity on papaya seedlings, none proved a u~eful 
strain4 . As these efforts proved fruitless, it seems 
that the mild strains are not present, or at least 
difficult to isolate, in nature. This is different 

from citrus tristeza virus for which mild strains are 

easily collected in the field and are used for the
 
practical application of cross protection*26 . 


SYMPTOMLESS MUTANTS FROM
 
MUTAGENIC TREATMENTS 


Since efforts to select naturally occurring 
mild strains of PRV by field collection, or single-

lesion isolation from natural virion populations 

were not successful, the emphasis was shifted to 

artificial mutagenesis. Nitrous acid, a powerful 

chemical mutagen for plant RNA viruses1 

* 7
. 


was used to induce mutants from PRV HA, a 
severe strain of PRV isolated in Hawaii1 4 . Crude 
sap from PRV-infected squash was treated with 
nitrous acid (pH6.0) at 20 0C for 30 minutes and 
used to inoculate Chenopodium quinoa. Single 
local lesions on C. quinoa were transferred to 
papaya seedlings 20 to 30 days later. Two mutants, 
designated as PRV HA 5-1 and PRV HA 6-1, that 
produced no symptoms on papaya, were obtained 
from 663 single-lesion isolations in July 19824s. 
Papaya seedlings inoculated with these two isolates 
remained symptomless or showed diffuse mottling 
with no reduction in plant size. Seedlings of 
Cucunis metulifents and Zucchini squash infected 
with these isolates exhibited light vein-clearing 
with no reduction in vigor or growth. All the 
plants infected with PRV HA 5-1 or PRV HA 
6-1 had strong positive reactions when tested 
with ELISA after inoculation. This indicated that 
symptomless infection was not due to low con-
centration or slow multiplication of the virus, 
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The mutants satisfy the first requirement to 
be an ideal mild strain that does not cause severe 
damage to the crop protected. Moreover, the 
mutants not only cause symptomless infection 
to the most susceptible cucurbitaceous plants, 
C. metulifens and Zucchini squash4 S , but also 
behave similarly in melons, watermelons and 
cucumbers. Because the systemic hosts of PRV 
are limited only to Caricaceae and Cucurbitaceae 
and the mutants cause symptomless infection to 
the plants in these two families, the possibility 
of damaging the cucurbitaceous crops in the 
vicinity of papaya orchards which are protected 
with mild mutants is minimal. 

MILD MUTANTS CROSS PROTECTION 
EFFECTIVENESS 

Under Greenhouse Conditions 

In order to test the cross protection effective
ness of the symptomless mutants, PRV HA 5-1 
was subsequently used to protect papaya plants 
against challenge inoculation with a severe HA 
strain of PRV under greenhouse conditions4 s . 
The tests were conducted at Cornell University 
from October 1982 to April 1983. When papaya 
plants were protected with PRV HA 5-1 and then 
challenged with a severe HA strain at different 
time intervals, a high proportion (79-93%) of the 
plants remained symptomless even 60 or 90 days 
after challenge inoculation when the time interval 
between preinoculation and challenge inoculation 
was increased to 26, 35 and 56 days. Results of 
cross protection between PRV HA 5.1 and PRV 
HA after challenge inoculation to different leaf 
positions were also investigated. Papaya seedlings 
inoculated with buffer first and reinoculated with 
HA showed severe symptoms 15-25 days later. In 
all plants challenged at different leaf positions, 
severe symptoms were not observed for at least 
30 days in 80% of the plants. A high proportion 
(90%) of plants that were challenge inoculated on 
expanded leaves remained protected 90 days after 
challenge inoculation. However, a majority (50
80%) of the plants that were challenge inoculated 
on the upper nonexpanded young leaves, or all 



leaves developed symptoms 60-90 days after 

challenge inoculation. This indicated that the 

upper young leaves around the apex were weak 

points for the invasion of the severe stuain. 

When the plants preinfected with PRV 

HA 5.1 were continually challenged at different 

leaf positions, 30, 32, 34 and 36 days after initial 

inoculation, nearly all plants remained symptomless 

90 days after the first challenge inoculation, 

In general, either complete or a high degree 

of protection was observed when PRV HA 5.1 was 

used to protect papaya against the severe effects of 

infection by the parent strain HA under various 

mechanical challenge treatments. PRV HA 6.1, 

another symptomless mutant, also offers similar 

capability of cross protection against HA severe 

strain and two Taiwanese severe strains. The 

results indicate a good potential for the use of 

the mutants as protectants for the control of PRV. 

Under FieldConditions 

In the spring of 1983, the symptomless 

mutant HA 5-1 was tested in Hawaii to evaluate its 

capability of cross protection under field condi-

tions. The papaya plants inoculated with HA 5-1 

exhibited normal growth and fruit-setting the same 

as healthy plants. The horticultural properties of 

papaya were not affected by the mild mutant. 

This preliminary test was mainly for the observation 

of the possible damage by the mild strain. Al-

though a high degree of protection and tremendous 

increase in yield were observed in the protected 

plants, the data were not carefully analyzed 

because the small number of plants used was not 

statistically meaningful. Large-scale tests were 

cor.ducted in Hawaii in 1984, but the severe 

drought ruined all the test plants. A new field 

trial was established in the spring of 1985. 

A total of 730 papaya plants protected with 
HA 6-1 and 730 unprotected controls were tested 

in three severely diseased areas in Taiwan under 

natural conditions in the fall of 1983. Mass 

inoculation was achieved by pressure spray (8 

kg/cm 2 , at 10-20 cm distance), using inoculum 

prepared from C. metuliferus in 0.01 M phosphate 

buffer (pH 7.0, 10 ml/q) and mixed with carbo

rundum. In Feng-Shan and Kao-Hsu areas, where 

the protected papaya were mixed with the un

protected control at random, or row by row under 

high challenge pressure, unprotected plants showed 

severe symptoms two to three months after 

planting, and, the proteuted plants held out only 

one to two months longer than the controls, with 

no economic benefit because the breakdown 

occured before fruitset. However, in a solid-block 

test at Ta.Liao, where the challenge pressure 

inside the test orchard was minimized by rogueing, 

protected trees showed 80% increase in yield 

compared to the controls. Y1jreover, the total 

income increased 110% because of better fruit 

quality. 

The differences among Fang-Shan, Kao-Hsu, 
and Ta-Liao might be due to the differences in 

challenge pressure and planting designs. After 

the healthy plants, which were mix planted with 

protected ones, became infected with a severe 

virus they provided too great a challenge pressure 

to the protected ones surrounding them. This may 

explain why the benefit of cross protection only 

lasted for one to two months in the Feng-Shan 

and Kao-Hsu areas. Since, in the real situation, 

no growers would grow their protected papaya 

plants mixed with unprotected ones, thus, the 

solid-block test at Ta-Liao is more similar to actual 

orchard conditions, and its success brought hope 

for use of cross protection to control the devastat

ing PRV in Taiwan. 
The government proceeded with large-scale 

planting in the spring and fall of 1984 with 44,000 

protected plants (22 hectares) and 200,000 pro. 

tected plants (100 hectares) in the field, respective

ly. Up to the end of 1984, the average disease 

incidence of protected orchards from the spring 

planting was 31.1%, compared to 82%of that of 

unprotected controls. The average fruit yield per 

tree increased from 7.3 kg for unprotected trees 

to 17.9 kg for protected ones. The income of 

the growers from protected fields was 109%more 

than that of unprotected ones. Results of the 

fall, 1984, planting are not complete. At the end 

of June 1985, the severe disease incidence of 
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protected orchards was 19.40%, compared to 
45-1007, of unprotected controls. 

Thus, the preliminary data of large-scale 
trials, using the symptomless mutant as a protective
strain, indicates a very significant reduction of 
severe disease incidence and a tremendous increase 
in the fruit yield of papaya. 

CONCLUSION 

Although cross protection is a general
phenomenon of plant viruses, not all plant diseases 
caused by viruses can be controlled by using a mild 
virus strain for preimmunization. Criteria for 
practical application of cross protection are that 
the mild virus strain: 
1) Does not cause severe damage to the protect. 
ed plants. 
2) Must be stable for a long period. 
3) Protects plants against the effects of severe 
straint. 
4) Must bb suitable for infecting plants, 

5) 
 Does riot affect other crops in the vicinity of 
the p:ot&cted crop. 
6) Has no synergistic reactions with other 

viruses. 


The symptomless mutants of PRV, HA 5-1 
and 6.1, satisfy all the tbove criteria. Evaluation 

of their cross protectioi. effectiveness, both in the
 
greenhouse and in the 
 field, proves that the
 
symptomless mutants 
 are highly valuable mild 
virus strains for control of PRV by cross protection. 

In certain conditions of greenhouse tests and 
field trials, when the challenge virus was imposed 
on the nonexpanded young leaves around the apex 
or the protected plants were surrounded by a 

severe 
challenge pressure, the effect of cross pro-
tection was observed only in the delay of expression 
of severe symptoms. If the breakdown of cross 
protection happened before flowering, there 
would be no economic benefit. More studies 
are needed to monitor the mild mutants in the 
field, to compare their capability against different 
severe strains, and to correlate the breakdowns to 
the population density of alate aphids and the 
inoculum density of severe strains. These efforts 
will help minimize the incidence of breakdown, 

At present, rogueing of diseased plants in the pro. 
tectd orchard, protecting seedlings with a plastic 
bag after transplanting, and intercropping with a 
high stem barrier like corn are recommended to 
reduce the challenge pressure. The agricultural 
practice of supplementation with suitable fertilizers 
to enhance the vigor of protected trees is also 
recommended. Recently, a tolerant variety
introduced from Florida (kindly donated by Dr. 
R.A. Conovcr) has been released in the field. 
The tolerant variety protected with HA 5.1 
significantly increases tie yield and qualit, .f the 
fruit, The integration of cross protection with 
agricultural control measures and the tolerant 
variety of papaya brings hope to restore the 
normal production of papaya in Taiwan. 

After success in the fall planting of 1984, 
the Council of Agriculture of the Republic of 
China plans to expand the protected orchards 
up to 220 hectares in the fall of 1985. More 
than 610,000 papaya seedlings will be preinoculated 
with PRV HA 5.1 or 6.1 and then released to the 
field. Using the induced mild virus mutants to 
preimmunize papaya seedlings for control of PRV 
may become a routine practice in Taiwan. This 
will be the world's first case of a successful large
scale application of cross protection to control an 
aphid-nonpersistently.transmitt d potyvirus. 
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DISCUSSION
 

Q. 	 (o.s. Opina) 
At present the strain used does not cause any damage to cucurbits, but with genetic variation intro

duced through the breeding program isn't it possible that sooner or later this could happen? 

Therefore we have to check all strains to see the effect of their variation, so far those we areA. 	 Yes! 
We cannot avoid this challenge withusing are safe to watermelons, Chinese melons and cucumbers. 


new varieties.
 

Q. 	 Some countries are very strict on quarantine. Have you ever imported infected fruit in the course 

of your work, and what are the implications of this? How does a-country like Taiwan now export 

fruit? 

A. 	 So far we have not considered this problem of export, I expect there would now be a problem export

ing to Japan. 

Q. 	 (F.W. Zettler) 
In theWhat is the rate of transmissibn of the mild strain compared with that of the severe strain? 

field will the mild strain outstrip the severe strain simply by faster transmission? 

A. 	 We have seen that the protected trees planted beside healthy controls can be a source of mild strain 

infection for those controls, and we assume this transmission is by the aphid vector. We can only 

hope that the mild strain by this means may become dominant. 

Q. 	 (C.N. Roistacher) 
With the tristeza cross protection that we have been doing, we have found that because of the closterc

virus being such a large gene, there is breakdown. Strains occur that breakdown the effect of our 

mild protection. And so I would suggest that you must continue creating new mild strains and you 

should not be disappointed if there is gradual breakdown because of the development of new strains. 

Especially, if you have a surrounding host in which these strains can evolve and develop. Hopefully 

this will not happen, and I am sure you are planning to develop more mild strains. 

This strain is from Hawaii and not of our own severe strain in origin, in which case the relation-A. 	 Yes! 
ship between the severe and mild strains would be closer and the protection better. As to the break

down in the field we are not really sure of the reasons, and here it may be in part that the relationship 

between the two strains is not so close. So what we are trying to do is to produce our own mutant 

from the local severe strain. This we have worked on for several months. 

Q. 	 (M.Koizumi) 
You now have two mild strains are there any differences in their activity? You have different severe 

strains, when you protect against these are there differences in response? 

A. 	 Yesl There are some differences, first strain 5H 1 has a higher degree of protection than strain 6H 1. 

If we challenge the protected trees with different severe strains, the mosaic strain or the wilt strain 
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(we have mostly the mosaic type) we see a difference. The breakdown is more when the wilt strainis used as challenge than with the mosaic strain. We have many severe strains in nature and cannotexpect that our mild strain can protect against all of them. We do not expect the protected trees tobe 100% immune but only can expect to increase the production and income of the farmer which ismost important. We still have a lot of problems. 
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GENERAL DISCUSSION
 

Comment (RJ. Chiu)
During the last two and a half days more than twenty papers have been presented discussing virusand virus-like diseases of different fruit and vegetable crops. Some of these diseases, particularly
those due to geminiviruses appear to be new to many countries or regions but many are common andworldwide in distribution. So we have citrus tristeza virus distributed everywhere that citrus isgrown,greening disease appears to be another common disease problem in most Asian countries though under
different names, and, we have cucumber mosaic virus, watermelon mosaic virus 1, and potato virusY which are common problems for a number of vegetables which are grown worldwide. To plantvirologists these disease problems present a great challenge, and an unusual research opportunity. The
control of virus disease, the winning of this battle depends very much on an intergrated series ofdisease control measures under a sustained effort. At this seminar Iam delighted to hear of the many
advances in these control programs. Sources of virus resistance are now available for several important
viruses in vegetables and also in a few fruit crops. The protection of plants with mild virus strainsagainst severe ones is now not just a theoretical concept but has already greatly benefited growerswho ha'e adopted this in control programs. The importance of establishing a disease free plantpropagation scheme in combating fruit free viruses needs emphasis. In this respect some countrieshave accomplished very much, while others are just beginning, making slow but steady progress. In
the fields of virology and electron microscopy new techniques are continually being developed, these 
advances are making virus identification not only possible but easier and more reliable. 

F.W. Zettler 
The most controversial issue raised in this symposium is that of cross protection, and I would first.like to pose the question as to the pros and cons of this approach. Has the issue of eradication
been answered thoroughly enough? I believe in the island of Molokai that papaya ringspot is extremely severe, but I believe it was introduced to the island of Hawaii but then eradicated. Would you like 
to comment on that Dr. Gonralves? 

D. Gonsalves 
The virus was first found on the issnd of Molokai, and then subsequently spread to the island ofHawaii, where something like 0,% c-f Hawaii's papaya are grown. In reality Hawaii has done a re
markable job of keeping the virus cac of the main growing area which is essentially the area of Kuna
where there is a monocd|ture of papaya, and where 70% of Hawaii's papaya are produced. To thisday the virus is not in that locality, though it is in surrounding localities, in the districts of Hilo andthe district of Coma, in miles about 40 to 50 miles away. Fortunately we have a very effectivegeographical isolation. The people of Hawaii realized that if the virus gets into Kuna we would bein really bad shape. So in the island of Hawaii alone we have five government workers whose onlyjob is to go around daily in the districts of Hilo and Corna end Kuna looking for any plants withsymptoms of ringspot. If they see any plant with symptoms they have the right to go into private
yards and chop them down. Using this method it is suprising that they have essentially limited thespread. As an example, a few years back the virus was identified in a village quite close to the Kunadistrict. Personnel from the State Department went into the village and chopped down every papaya
tree, and pulled out every native host plant in that village and they simply eradicated the virus. Soin Hawaii they are using this basic eradication procedure to prevent the virus getting into the growing area. And very fortunately, and to me it is suprising, they have been able to do this. 
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F.W. Zettler, 
What would you recommend in the situation in the Philippines where the virus has recently been 

introduced? Do you recommend the cross protection approach or the eradication approach? 

D. Gonsalves 
My approach is quite similar to the one I recommended in Hawaii. The reason that I started my 

cross protection work was that in 1978 the dean of the University of Hawaii asked me what was the 

potential of the Kuna district becoming infected. My response was that there was this possibility and 

that instead of waiting and reacting to the problem we should anticipate it and develop preventative 

measures in case the virus did get away. This would be my same recommendation for the Philippines. 

But it is my understanding from where the virus is already, that it has probably spread beyond any 

reasonable attempt for eradication; however, in isolated parts of the Philippines where the virus is 

not yet established, I would recommend that they take very strict quarantine measures. 

Then the question is; do you use cross protection in the areas that are already infected? I think that 

in the different areas where they find the virus very widespread then the subsequent crop will be 

affected and cross protection will be necessary. Then the question becomes one of making a balance. 

With cooperation one approach may be to try cutting down as many of the infected plants as possible 

and planting nothing but the protected plants. May be this will overcome the population of the 

severe strain, then crop protection would be even more effective. But the important thing is that 

you limit the multiplication of the severe strain, and eventually you may be able to get away from 

cross protection because you have effectively eliminated the severe strain. This may be entirely 

theoretical but it is well worth investigatinq. 

Observer 
In the case of the ringspot virus in Taiwan, it is u.nderstood to have a very limited host range, and 

the virus is nt seed transmissible. Furthermore, because of the ringspot disease the papaya planta

tions in Taiwan have now become annual or biannual. Taiwan is a small island and geographical 

isolation of some areas should be possible due to the mountain range. Given these conditions before 

we have a strong resistant variety that can be released, and, before we have a very good cross protec

tion method, is it possible that we could eradicate all the virus effected papaya in one season, and 

eliminate all the inoculum in this island? 

R.J. Chiu 
The first time papaya ringspot was found in Taiwan was 1975. At that time most of the papaya 

planting area was in the west of the island with very little in the east. The central mountain range 

separates the island into an eastern and western part. In 1977 when the virus disease was getting 

serious we tried to move the papaya cultivation from the western part to the eastern part. The 

government undertook a project to distribute as many as 340,000 seedlings, distributed free to 

growers on the eastern part. But we were not as efficient as the growers of seedlings, and business

men, they shipped seedlings from the western part to the east. We were unsuccessful in preventing 

the virus spread. Had we been successful then I think we would not have had to go to cross protec-
I do not think it istion. Now our island is so small that we cannot find a part free of the virus. 


possible for us now to clean out any area so that we can grow virus free papaya. The spread of
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papaya ringspot was so quick that even isolated trees in the cities on the street sides are infected with
the disease, though they are well separated from the growing areas. 

S.D. Yeh 
It would not only be necessary to remove all the trees in order to remove all the sources of inoculum,but also there are the other natural hosts, which are already known to harbor the virus. The virus iseverywhere, not only in papaya but also in the cucurbits, so I would say that is impossible to remove 
all these plants. 

F.W. Zettler
 
I have a little familarity with papaya in Florida. 
 Florida in a sense is also very small as Taiwan. Idon't think that small size necessarily precludes isolation. The reason I say that is due to a studydone under Dr. Thomphson, this survey was published in Plant Disease in about 1982. They dida very careful survey of the papaya in the eastern part of Florida and in the western part of Florida.Florida does not have a mountain range but there is a plant barrier between the east and the west.They found a very high incidence in proportion to commercial production in the east but they didnot find any incidence of the virus on the west coast. I don't disagree with what you say aboutnative plants and cucurbits being alternative sources of inoculum, but I believe personally that ifpapaya ringspot could become readily established in indigenous plants then it would have easilyestablished itself along the west coast. Papaya is not raised on the western coast because it getsfrosts which preclude papaya production although there are backyard papayas. I think isolation is

possible at least under the Florida conditions and possibly in Taiwan. 

R.J. Chiu
 
In the early days when we 
had tried to prevent the disease in a certain area on the east coast ofTaiwan, our government workers tried to persuade the growers to cut down the infected trees. However, the growers responded that if they cut down the trees, the growers would cut off their heads. I 
think that may happen in any location. 

M. Iwaki 
When you tried to eradicate the trees in Florida did you pay any compensation to the growers. 

D. Gonsalves 
Yes! When we went to the smad towns to eradicate they did not pay any money, but they offeredfree papaya seeds. However, there were incidences when they litterally had to cut the papaya trees 
and run with irate people chasing them. 

C.N. Roistacher 
In central California we have a tristeza eradication program. Inadvertantly a grower brought in afew thousand trees infected with tristeza, into this cne remaining area which we considered tristezafree. A program was developed to eradicate these trees. When we got into this program with testson many Mexican limes it was surprising to us. We found in addition to the few thousand trees that were brought in, that many people had broken the quarantine regulations and in fact tristeza waswidespread in unbelieveable proportions. But fortunately tristeza does not spread as rapidly as inother arez.s in the valley concerned because of the warm climate, and with the advent of the licensingsystem the eradication program has been effective, but it has been difficult. We now have it under 

control. 
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With regard to the ringspot virus I would like to ask, if the mild strain becomes endemic, what is the 

feeling of those trained in this field as to whether it will multiply in the crop but actually the severe 

strain will still continue to exist within the wild hosts? 

D. Gonsalves 
With regard to the effect of alternate hosts for papaya ringspot. I think definitely the papaya ring

spot is there, but I think that relatively speaking it is probably a minor aspect of the epidemiology of 

the virus. This is for several reasons, one being that it is not too serious a virus to cucurbits. Likewise 

the watermelon mosaic virus 1 complex is virtually identical to PRV except that it does not go into 

papaya. Perhaps it dominates the cucurbits and effectively crowds out the papaya ringspot. This 

may be one reason why the cucurbits are not a very effective host for the papaya ringspot. 

F.W. Zettler 
If that were the case then with the watermelon mosaic virus 1 in Florida, why then don't you find 

papaya ringspot virus in the watermelon of Florida? The actual incidence of virus occurrence except 

on papaya plantations is rather low. 

Also WMV 1 is not ubiquitously established throughout all the weeds. There are some viruses in 

Florida that are able to survive year after year because there Is an annual transition from one weed to 

the next or the weeds are perennial, except in the extreme south of Florida where you don't have 

frequent crops. That not being the case here, my understanding is that watermelon mosaic virus 1 

affects only watermelon. 

Papaya ringspot does not, but since papaya particularly on the east coast are so much affected by 

papaya ringspot, why don't we have papaya ringspot in watermelon as well? 

D. Gonsalves 
From my observation of papaya ringspot if compared to watermelon mosaic virus 1, 1 think a primary 

difference is that watermelon mosaic virus 1 was in Taiwan, Hawaii and Florida long before papaya 

ringspot ever came in. My feeling is the watermelon mosaic virus 1 effectively cross protects the 
cucurbits against the establishment of papaya ringspot virus. 

F.W. Zettler 
I wonder if in Taiwan we should not recommend a dual approach. The cross protection approach is 

expensive and it must be sustained over a long period of time, likewise the Hawaiian situation of 

eradication is also expensive, if not downright dangerous. Possibly in Taiwan, some parts could 

attempt an eradication program while other parts should attempt a cross protection program. 

C.W. Gao 
In Taiwan now cross protection seems to be the only form of control for papaya ringspot disease. 

I would like to ask a question about the program. Dr. Yeh has inoculated the mild strain to the 

papaya seedlings. Is there any possibility of inoculating this mild strain to the plant again once 

planted in the field? Is there any technical problem in this approach? 

S.D. Yeh 
I think that technically it would be possible but the cost may be high. Inoculating the seedlings, one 
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can Inoculate thousands of seedlings at one time. So the cost is low. Once planted in the fieldreinoculation would be expensive. Another point is that after inoculation as a seedling, once we havea positive result to the mild strain causing systemic infection, the virus is already in the plant. Thoughthe expression of the infection may vary under different conditions, however, it should remain in thetree for the life of the plant and I do not see the necessity of reinoculation in the field. 

C.N. 	Roistacher
 
I was 
trying to find out if we had multiplication of the virus in the weed hosts and did not really getan answer to this. I feel that we should make an assumption and temper our optimism. Sooner orlater severe strains will super impose on our mild strains, and I think that has already been shown intwo of your plots in Taiwan where you were surrounded by various other sources of inoculum.There is a potential of overriding this mild strain. Thus I urge the funding of continued search foradditional mild strains, and the development of a bank of mild strains against the event of eventualbreakdown of control. I would also like to comment on th' very excellent work of those who havedeveloped these mild strains, it is very systematic and fine work, and should be commended. 

0.S. Opina
As I mentioned in the Philippines we have call to develop a research program, with the aim of developing an intergrated management scheme for tackling this papaya ringspot disease, because it seemsto me that the individual control tactics when applied individually are not enough. Probably the bestsolution for the Philippines will be to intergrate all these control tactics in an overall scheme.should be the ultimate aim of our research program. 

That 
I wonder if in Taiwan, have you developed an

intergrated management scheme, or does one exist in Florida? 

D.Gonsalves 
When deciding where and when to teqt this mild strain, the aim of these experiments in Taiwan wasto try to figure out how to use the mild strain. I really believe that one should not look only atcross protection but at it as a part of an intergrated pest management program. Everybody uses pestmanagement for insects, but I think this process of learning how to use cross protection is a realexample of intergrated pest management. We have already shown that for example if you plant inthe spring in Taiwan you get good initial crop growth. But then the crop comes into bearing just atthe time of lower fruit quality due to the season and there is poor demand. Though theoretically itseems nice, but practically it is not a fesible method. So we even have to think of time of planting. 

Definitely I would never try to use cross protection in a field that is next to one 100% infected, Ithink it has to be done in isolation. I definitely agree with you that cross protection is just one ofthe ways of control and if a tolerant variety, an acceptable commercial tolerant varioty becomesavailable, and I think it will become available quite soon then cross protection and tolerance would 
be a more ideal combination. 

F.W. Zettler 
In conclusion I would like to remind all that man is the origin of our present virus problems, the
initiator of this man vs virus battle. 
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