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“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 imited 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 pacticularly relevant to the
control of papaya ringspot disease and thus the chapters on papaya ringspot are placed
before the General Discussion.

FETC deeply appreciates the authors’ participation at the seminar and their contri-
butions toward this publication. Thanks is also due to Dr. R.J. 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.
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PREFACE

Virus diseases of horticultural crops in the tropics of the Asian and Pacific region
are 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 nuve received most publicity. Thereis a
large amount of identification work to be done on many crops but it is becoming apparent
that 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 necessitating
that 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 that
elated 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
agsured 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 icade of zucchini yellow
mosgaic virus (ZYMV), believed severely damaging to pumpkin crops in Malaysia and the
object of much research and breeding programs in Thailand, Taiwan and Japan, So far all
sources of resistance to ZYMYV in cucurbits have been derived from tropical origins; the task
remains to breed these into commiercially acceptable varieties.

In solanaceous crops of Malaysia, viruses cause extensive damage to chillies (Capsi-
cum spp.). In Thailand three viruses are identified as the main cause of crop damage to
chillies, these are cucumber mosaic virus, tobacco moeaic virus and pepper mottle virus
found in mixed infection, Tomato crops in Malaysia and Thailand are affected by tomato
yellow leaf cur! virus (TYLCV), causing a 10-100% disease incidence and extensive crop
damage. 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 beendone in
Taiwan on viral diseases of tomato and Chinese cabbage crops with & view to breeding
resistant varieties; piant breeders at the Asian-Vegetable Research and Development Center
are working on breeding ToMYV resistant tomato plants. In Japan the search for an attenuate
form of CMV brought to light the strain CMV.-SR isolated from 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 staples of some communities, and now
becoming 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;
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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
gituation 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
gituations for the region.

Among fruit crops, grapes i3 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
viree (GLitV) 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 scphistocated 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 countrizs of the Asian and Pacific region
in tackling viruz 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 suscepiible to stem pitting are not so susceptible
to die back. In Korea the citrus industry of Cheju Island is exclusively founded 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 carry mixed infection with
tristeza. The vector psylla, Dixphorina 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 shcot tip grafting are effective in cleaning the scion of TLV. Ponkan
and Tankan in past years had been thought incompatible with trifoliate root stock, this has
now been. 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 cail
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. Conseqyuently, Japanese research has
turned to development of crose protection with mild strains., A proposed program for the
propagation of preinoculated budlines requires establishment of virus-free stock, caised in a
screenhouse, with preimunized irees and aiso their first derivitives obtained through bud
propagation also maintained in the screenhouse. The Fog 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,, vines 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 datc. 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 yieid than the preferred Tainung 2 variety. Mild strains of the virus utilizable for
cross protection could not be found, but a2 mild strain was provided from Hawaii which is
showing promising results in cross protection experimental trials using Tainung 2 variety.

The potential for conizol and eradication of the various viruses was a major concern
to participants of the seminar. One approach is the breeding or selection of resistas 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.
1t 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 strict enforce-
ment of the Department of Agriculture’s eradication laws. With papaya ringspot it is
necesgsary 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 any such program depends on respective countries proctising 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 materia’. 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 atthoriﬁes. 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 extrémely strict measures
applied in Australia were recommended.

! Peter W. MacGregor -
. Information Officer .



KEYNOTE SPEECH.

. Chin-Chao Koh; Vice Chairman, Council of Agriculture, .
~:..'87 Nanhai Road, Taipei, Taiwan, ROC = - .

It is my great pleasure to have this opportunity to be with you this morning on the occasion of the
opening of the Seminar on Virus Research of Horticultural Crops in the Tropics. Many seminars of a
similar nature have been held in the temperate countries, but this is the first one to take place here in the
Republic of China and to deal with crop disease problems important to the tropics and subtropics, [
consider 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. The
changing emphasis in cropping is accompanied by the emergence of new pest problems, including those due
to viruses, which require research and extension work, I therefore would like to take this opportunity to
commend 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. The
island of Taiwan has a total land area of about 36,000 square kilometers. The central mountain range runs
from 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 east
coast with only 3% of the population is cultivated less intensively and less diversified. With the tropic of
Cancer passing through around the middle of the island, nominally Taiwan has a tropical climate south of
Chiayi and a subtropical climate to the north. The yearly average temperature is 20°C for the plains, and
the 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 crors 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 new
horticultural 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 grown
here 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, in
either 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 resistant
varieties, virus-free seed and stock and other Preventive measures. A sound ccntrol program also calls for
close cooperation on district and regional levels in the selection of crops, their varieties to be grown, the
timing of planting, the suppression of vector activities, and the enforcement of field sanitary measures
for the removal of infection sources. The involvement of government agencies is essential, I shall illustrate
this point by citing two major virus control Pprograms that the government of the Republic of China has
implemented. 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

vi



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. Varistai resistance did not
appear to be a contributing factor in the reduced disease incidence because r.o 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 zarly
to say that the mild strains may be 2n 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
study 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 w_hat is basic pure research,
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© VIRUS DISEASES OF HORTICULTURAL CROPS IN MALAYSIA

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

SUMMARY

Many horticultural crops in the Solanaceae, Cucurbitaceae and Fabaceae are seriously affected by
virus diseases. Some viruses are widespread throughout the Malaysia. However, diagnosis or identification
of most of the viruses involved are incomplete and long overdue. More information on their transmission
characteristics and ecological relationships havz to be obtained, Control measures are greatly lacking.

B I

ot HARRIALREE N LHREIREED S AR FROARNE
ﬁ&%°i¥ﬁ#%#ﬁiﬁwm&€¥tlﬁv@%*ﬁiﬁ°@%ﬁ£¥ﬁ£5ﬁﬂﬁ
*ﬁ%%ﬁﬂi%”ﬁtﬁm°Bﬁﬁmw%iﬁ%iiﬁi°;

H %

TU—YRICEOTH, F 24 9 U F < AHD 5 OREAID U 4 V2B DM
FREXTHY, T0H2bORLARELNFFLTN S, Ll ABFTOYS L2 A
KOWTRBHPARBAELTRL LBATV S, CHOEDY 4 LR EDBRMIEDE
REGMIFICONTHDL5ME S DOLEND 5o HRERAEAELTLE,



" VIRUS DISEASES OF HORTICULTURAL CROPS IN MALAYSIA

'The Late Abu Kassim B. Abu Bakar
Miscellaneous Crops Research Division
- MARD], Serdang, Selangor, Malaysia

INTRODUCTION

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

ornamental (including flower) species®:%+32.18

However, only a small number are planted on an
intensive or commercial scale. Most occur in
mixed cropping patterns of less than a few
hectares*,

Among the virus diseases listed in the
country, 20 or so are associated with horticultural
plants'®22, Lately, a few more have been added!’
1324,25 and this may increase further if a thorough
survey is conducted 1%, With the import of seeds
and other planting materials increasing each year®!
the problem may further be aggravated by the
inadvertent entry of other virusas 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 cortrol, 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 chillies®® and cucurbit fruits. A more
systematic approach to the whole problem is
justified.

CROPS STUDIED FOR
VIRUS DISEASES

Solanacege R
Chillies (a'nd‘ 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)
veinal mottle viruses'!+!$, Current observations also
suggest the presence of tomato spotted wilt
virus'?, an unidentified potexvirus®* and potato
virus Y®. Isolates with symptoms and certain test
plant reactions similar to alfalfa mosaic and
potato virus X are presently also undergoing further
tests. 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 viruses'>. 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 demonstrated!®,
Reflective mulches have been shown to be effec-
tive against the spread of the disease but their
disadvantages still outweigh their usefulness!.
Lately, more attempts to search for resistant



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'®, 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 viruselsewhere’.

In eggplant, Solanum melongena L., tobacco
mosaic virus infection was reported'®. 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 well’, but the local
isolate apparently does not''*!? which therefore
may be quite similar to the isolate reported in
India’®,

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, Physalis minima L.
Other weeds suspected to harbor viruses include
Solanum nigrum L., Ageratum conyzoides L.,
Commelina nudiflora L, and Amaranthus spp.

Cucurbitaceae

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, Cucurbita pepo 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, Cucumis melo L., varieties,

Fabaceae

A review of virus diseases of legumes has
been presented elsewhere?.  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-transmiited virus causing the disease
‘longbean mosaic’ was reported to be seed-borne
up to 50%'5. Another viras isolated recently is
the blackeye cowpea mosaic!*?* 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
atiology.,



Leafy yegetébléi' -

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

Citrus and other fruit crops

Previous publications'S?? have listed most

of the virus diseases found in the fruit crops.
Presently, they appear to be of little concern to
the growers.

Ornamental and flower crops

Very fow virus diseases have been found in
ornamentals'®? 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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 VIRUS DISEASES OF HORTICULTURAL CROPS IN THAILAND
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SUMMARY

There are at least five important virus diseases of horticultural crops in Thailand, Tomato yellow leaf
curl, tomato fern leaf, tristeza of lime and ringspot of papaya are caused respectively by tomato yellow leaf
curl virus, cucumber mosaic virus, citrus tristeza virus and papaya ringspot virus, Mosaic and little leaf of
pepper is caused by mixed infections of cucumber mosaic virus, tobacco mosaic virus and pepper mottle
virus. Although, eradication is shown to be a possible control method for papaya ringspot disease, it is
probable that such results will only be obtained with cooperation of understanding growers. So far

no resistant plant varieties exist among those crops, researchers are looking for mild protective strains of
those viruses, Mild strains of citrus tristeza virus in lime have been reported.
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VIRUS DISEASES OF HORTICULTURAL CROPS IN THAILAND

R Anong Chandrasrikul and P. Patrakosol
“ Plant Pathology and Microbiology Division, Department of Agriculture,
" 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'! 131718 pepner mottle virus!S
tomato yellow leaf curl virus'*%12.16  ipr o
tristeza virus® and papaya ringspot virus2:5+:69.10
Current researches on these viruses are reviewed in
this paper.,

Tomato Yellow Leaf Curl disease

Caused by a gemini«virus12 it causes great
vield loss in tomato crops growing in Bangkok,
Nakhon Pathom, Samut Sakhon, Nakhon
Ratchasima, Khon Kaen, Chiengmai, Lampang
and Prachuab Khiri- Khan Province®:!2.16 Be.
tween 10 to 100% of this disease incidence was
reported in these tomato growing areas®. 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®. 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 stramonium'®. No resistant varieties of
tomato were found among 14 varieties tested !4-16

Fern Leaf of Tomato
Fern leaf disease ¢f tomato is caused by a

virus serologically related to cucumber mosajc
virus Y strain'®, Found in all tomato planting
areas in Thailand, it has become epidemic since
1981 in Chiengmai, Lampang and Nong Khail?,
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 not by
seed'!, It causes systemic mosaic, narrowed leaf
laminae (fern leaf) and stunting of plants, Yield
of infected plants is decreased and fruits are
small®, Commercial tomato varieties growing in
Thailand, i.e. Porter, L22, VF 145, VF 134.1-2 are
all susceptible!!+13, '

Mosaic arnd Litrle Leaf of Pepper

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
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.

virugte15.17,18

Tristeza of Lime

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 dwarfing
of foliage, and reduction in size and number of
fruits®. According to Knorr et al,?, because of the


http:virus"-3.17.18

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.

Papaya Ringsnnt

Papaya ringspot, caused by papaya ringspot
virus (PRV)!® is the most destructive disease of
papaya (Carica papaya) which is grown mostly
throughout the Northeast of Thailand?%°. A
survey conducted by Prasartsee et al.® 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®-$. PRV is transmitted by three
species of aphids, Aphis gossypii, A. craccivora and
Hysteroneura satarige, in a non-persistent manner
but not through seeds®~-°. All attempts to select
PRV resistant varieties were unsuccessful, All of
22 varieties of papaya tested were susceptible®.
An eradication program was conducted at four
severe PRV infected villages in Khon Kaen
Province®®. Al papya plants growing in these
villages were incinerated. After four to five
months healthy seedlings were introduced and
replanted. The results showel that six months
after replanting only one of those four villages was
absolutely free from PRV infection.’
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., DISCUSSION -

(M. Koizumi)

To what extent do you think that greening disbasé isresponsibleforthedecune mlimes" i

(S. Attathom)

The situation of greening in the limes, is xiot as seﬁdﬁs

asin swest orangs; we have put some greaning

agent into the limes and they appear to be very resistant. So the decline in lime is ot expeoted due

to gieening disease,

(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 tristeza
which should be considered. ‘Greening disease s wide spread throughout the region in citrus and
combined injury due to tristeza and greening is possible. To what extent do you think greening may
be responsible for the decline seen in acid limes in Thailand? B

The symptoms shown of tristeza did not appear too severe, I w. uld _liqu '.eitp‘ectze'd vein cqui.x_lg‘an_d

stem pitting. Do you see the severe vein corking symptoms v, Thailarid'?; B e
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(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 decline 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.

(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,

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

(O.S. Opina)
In the Philippines we have a problem of papaya ringspot virus.- What is the status of rewarch on
papaya ringspot disease in Thailand? o :

(A. Chandrasnkul) ‘ o :
We recommend that farmers noticing the disease, incmerate’all infected plants and reintroduce clean
plants after three or four months. At this stage we have no resistant variety

(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"

(N. Deema)

~ No, itisnot.

e



 VIRAL DISEASES OF HORTICULTURAL SUBTROPICAL AND
" TROPICAL CROPS IN KOREA

'Duc‘k. Young M.ooh C -
", ... Senior Researcher, Cheju Experiment Station,
¢/o Rural

Development Administration, Suweon 170, Republic of Korea

ABSTRACT

Cultivation of tropical and subtropical crops in Korea is mainly limited to the island of Cheju. Virus
diseases of citrus are a minor problem, those. identified include satsuma dwarf virus, exocortis and tristeza,
however, a program is planned to keep these in check. Bananas and pineapples are grown under greenhouse
conditions, though quality is poor due to climatic restrictions, - Kiwi Jruit, a-newly introduced crop shows
promise on higher slopes.
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VIRAL DISEASES OF: HORTICULTURAL SUBTROPICAL AND
j TROPICAL CROPS' IN'KOREA

. Duck Young Moon :
L Senior Researcher, Cheju Expenment Statlon, R .
, c/o Rural Development Admmlstratlon, Suweon 170 Repubhc of Korea

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
15°C and winter minimum temperature 2.3°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:.iasarable 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 scale 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).

Tablel Use of arable land be'ow 300 meters above sea level on Cheju
item _ Total . Upland crops * - Paddy Pasture " Others
R -~ — .flelds” G
‘,Troplcal& - Others - Total - '
subtroplcal R
" Area (ha) 122,667 17,180 31,272 48,452 1,059 ' 39,2t
Ratio(%) . 100 140 265 . 09 ' 32
Upland Crop Ratio (%) (35.5) (645) ¢ (100) =
‘ C}iejh}‘mﬁnce’ Statistics
citrus production (Table 2).

o

Historically, Cheju Island has supplied
citrus fruits to the mainland even before 1053 A.D.
In the late 1960's, many more farmers joined
the commercial citrus industry of this island,
and since 1970 there has been a great increase in

. 13.

Satsuma mandarin (Citrus unshiu Marc.)
introduced about 70 years ago now represents
97% of the citrus industry in Cheju. Trifoliate
rootstock is used exclusively,

Citrus growing is the leading industry in
Cheju and a major Korean fruit crop, (Table 3)
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Table2 Incréase in citrus production - -

Year o 1970

Production  (1,000ton) . 49 81.1 1875 - 2610
Acreage (1,000 ha) 50 109 181 170
Productivity (ton/h_a- ) 09 154
Cheju Province Statistics - S

Table3  Fruit Industry statistics 1983

Acreage Productlon :
Aprle . 41,297 ha 586,023 M/T
Citrus - 14,838 330623
Pear | - 9,802 106,304 e
Peach - 10,732 99,199 ' R R
Grapes - 14,165 131,111 o4
Others 14,635 . 146,448

1399708

Total 105,469

Ministry of Agriculture ahd Fishery 5

The most troublesome diseases and insects
are as follows: . g
Insects: Major — Citrus red mite (Panonychus
citri McGregor)
Red wax scale (Ceroplastes
rubens Maskell)
Citrus leaf-miner (Phyllocnis-
tis citrella Stainston)
Citrus rust mite (dAculops
pelekassi Keifer)
— Citrus whitefly (Dialeurodes
citri Ashmead)
Diseases: Melanose (Diapirthe Citri Wolf)
Scab (Elsinoe fawcetti Bitan Court et
Jonkins)
Canker (Xanthomonas citri)
Virus diseases
All are effectively controlled by agricultural
chemicals except the citrus red mite which shows
strong resistance to the available chemicals.

Minor

. 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 40°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.

- 15 -



Banana

Banana was first introduced into Cheju 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 offsat 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.

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 (Ananas comosus Merr)

' Pineapples grown since 1966, are now plant-
ed in about 90 ha of plastic houses (Table 6).
Leading cultivars are special Amarelo and Sarawak
(Table 7).

Table 4 Increase in banana production, Cheju

1981 1982 1983 1984 1985
Production  (ton) 10.2 36.0 580 3190 o=
Acreage (ha) 0.5 20 S38 13000300
Productivity  (ton/ha) 204 - - 180 S 153 2 =
Cheju Province Statistics '

Table 5 Density of banana root nematode in 100 g of banana orchard 'sdlll(v‘1;9“_85);.

Banana orchards

A ! B R C

245.6

Production - (ton)
Acreage (ha) .- . 9
Productivity (ton/h;)" » Ly

Cheju Province Statistics -
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Table 7 'Acre"agé:q‘fg b}ljnﬁa‘,bpl'g"‘g;di_ﬂyars, _chejq

U sarawak, o SPeelal o o eNo 5 Total

v s AmARRMeLT s e v

Acreage (ha) 456 . 358 . 55 0.1 olen0
Ratia (%) = . 524 .~ 412 6.3 . 100,0

Cheju Experimeht Sﬁﬁo’n’ o

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

effoctively, needs to bo developed.
Kiwi Frult (Actinidia 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).

Sarawak _ Special Amarelo Tae-Nong 5
Sugar cont.  {%) 131 15.1 ’
Acid cont. (%) 1.68 1.64
Fruit wt, (ka) 1.34

L34

Cheju Experiment Station

Table9 Yearly produéﬂonfbf kiwlfrult :

Production (ton)
Acreage - (ha)
(ton/ha)

" Productivity

Chéju Province Statistics



Table 10 . Kiwi frult typhoon damage- .

" Typhoon Kity

" (Aug.9-10,1985)

r‘.Typhoon Lee -
" (Aug. 13-14, 1985)

Windvelocity = - 00 17.3 m/sec
Shoots & Twigdamage = 2.8%
Leafdamage '~ - . - . ~ 416%

16.7 m/sec
unrecorded
44.2%

Cheju Experiment vStaﬁon" o

(M. Koizumi) -

You have noted that there is virus 1n the citrus crops ora' Cheju island ;f@h‘at method défyéir "vﬁsev to

prove this?
We index through sesame,

(M. Koizumi)

Which is the type more nouceably infected with SDV the early or ordlnary varlety of satsuma’

The early type.

-18 .
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'VIRAL DISEASES OF CUCURBITS AND SOURCES OF RESISTANCE

R. Provvidenti e
Department of Plant Pathology, New York State Agricultural Expenment Statlon
L : Comell University, Geneva, New York 14456 ‘

ABSTRACT

A number of viruses are known to infect cucurbits, here attention is given to those of great economic
importance, and sources of resistance that are presently available cre listed, For convenience, the viruses

are grouped according to their vectors, and sources Of resistance will be given for cucumber, melon, squash,
watermelon, bottlegourd, loofah, and waxgourd,
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'VIRAL DISEASES :OF CUCURBITS AND SOURCES OF RESISTANCE

R. Provwdentx :
Department of Plant Pathology, New York State Agricultural Expenment Statxon
ol Comell University, Geneva, New York 14456

INTRODUCTION

Most of the cultivated cucurbit species
oliginated in tropical and sub-tropical regions of
Africa, the Americas, and Asia. They constituted
very important crops at the beginning of agriculture
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 quantity 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 overwintering
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) clorely related species, or

4) other gerera of the same botanical tamily.

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 besn 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 fer resistant germplasm
thould 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 FNA 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



strains, pathotypes, and serotypes have been
described. In cucurbits, it causes a prbminent
mosaic, leaf reduction, cupping, rugosity, and plant
stunting. Fruits are also affected by distortion
and discoloration® <11,

Resistance:

Cucumber (Cucumis sativus) .

The first evidence of resistance to CMV was
reported in 1928, in the oriental cucumbers,
Chinese Long and Tokyo Long Green®®, Research
on the inheritance indicated that resistance was
conditioned either by 3 dominant®® or 3 partially
dominant?® genes and possibly some modifiers.
Conversely, another study concluded that resis-
tance was due to a single dominant factor®?, to
which the symbol Cmv was later given®®. 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
rexistance in cucumber is better expressed under
field than greenhouse conditions, Currently, most
of the American cultivars are resistant to this virus,

Table1 Viruses and plant breeding

—
-

resistance or immunity.

HWN

3 »n

Melon (Cucumis melo)

Resistance to CMV was first reported to
occur in orientai melons, particularly in the
pickling types (C. melo var. conomon)®. One
study, involving the cultivar Freeman’s Cucumber,
indicated that resistance was conditioned by 3
recessive genes’'. A second study with two
Japanese cultivars revealed that resistance was due
to 2 or 3 complementary recessive grnes®®, In
France, using a melon from Korea, it was deter-
mined that resistance was oligogenic anc reces-
sive*®. Additional research clearly indicated that
resistance is strain specific*®. Resistance in most
oriental melons is strongly influenced by tempera-
ture, It was reported that at high temperatures
(28°C) inoculated plants were symptomless and
there was a limited viral replication. Conversely,
at lower temperatures (19°C) plants developed
symptoms®®. Hence, this resistance is very suitable
for warm areas of the world, such as the tropics,

Squash (Cucurbita spp.)

Tolerance to CMV, reportedly conferred by
two recessive genes, was found in C, pepo (P1
175959 and PI 174192, Turkey)®!. However, this
tolerance has not been used because it is strain
specific. A high level of resistance was located in

~Rkeslstance can take a range of forms: 'hypersensltlvlty, tolerance, resistance to virus spread, extreme

Most of the single major genes for resistance have proved to be rather stable. .

. In several cases, resistance Is viral-strain-specific, One gene for each specific strain.

. Resistance controlled by multiple gene systems is usually difficult to transfer. T

. New viral strains can arise from point mutations, deletions, or recombinations of eXlstlng‘Stra‘lns'J i
Classification of virus strains based upon a range of characters tend not to coincide with grbbpihg based

upon ability to be controlled by specific host genus'. ' S

7. Only resistance genes can effactively differentiate these strains (Pathotypes). In most cases, serology
cannot be used for this purpose, since serotypes and pathotypes rarely coincide. ' o

=

becoming prevalent.

Resistance-breaking strains of viruses usually have biological defects that may prevent them from

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 a given area.

10. More information is needed regarding crop losses caused by viruses, but reliable and practicable surveys

are usually difficult to design and conduct.

.22.



Table 2 Vlruses affectlng cucurblts

TRANSMITTED B8Y APHIDS o VTRANSMITTED BY NEMATODES ‘

Cucumber mosaic (CMV) : ,:Tobaccq ringspot (TRSV)

Clover yellow vein (CYVV) - "Tomato ringspot (TmRSV)

Muskmelon vein necrosis (MVNV)

Watermelon mosaic 1 (WMV-1) TRANSMITTED BY THRIPS

Watermelon mosaic 2 (WMV-2) Tomato spotted wilt (TSWV)

Zucchini yellow fleck (ZYFV)

Zucchini yellow maosaic (ZYMV)' TRANSMITTED BY WHITEFLIES

R Squash leaf curl (SLCV) '

TRANSMITTED BY BEETLES - - Melon leaf curl (MLCV)

Squash mosaic (SqMV) Cucumber vein 'yellowing (CVYV)

Cucumber yellows (CYV)

TRANSMITTED BY FUNG| :
Cucumber necrosis (CNV) TRANSMITTED BY UNKNOWN VECTORS -

Melon necrotic leafspot (MNLSV) Cucumber green mottle mosaic (CGMMV) -

Cucumber pale fruit viroid (CPFV)

TRANSMITTED BY LEAFHOPPERS
Beet curly top (BCTV)

Table 3 Resistance to viruses in Lagenaria siceraria

Virus . Year. Author - Sources of resistance
cMmv ‘ 1978 AGreber o One Australlan cultivar '
1981: Provvidenti = _ Pl 269506 (Pakistan), Pl 271353
A . o (India), P1 391602 (China)
SqMV , ,19.'8'1} o _."'_'vProwldentl L - All the accessions are resistant -
WMV-1 1981 ".Provvldentivb ~ PI188802 (Philippines), Pl 271353
L T Y o and P! 288499 (India), Pl 280631
(S. Africa), Pl 391602 (China), and
R _ SRR cv. Hyotan (Hawaii) N
WMV2 - “1981 . prpi;yidpntpfo : 'PI 271353 (India), P 391602 (Chlna),
B T and cv. Hyotan (Hawail) S
ZYMV 1984 . . Prowiidentletal, . PI 271353 (Indla)
Tablea Reslstance to viruses In Benincasa hispida ;
Virus Year - Author . Sources of resistance ;
WMV-1 1977 Prowidenti -~ Pj 391544 and Pi 391545 (China) -~
S WMmv2 1977 ‘Prowidentl Tolerance in PI 391544 and P -
A, BRI . . 391545 (China)

.93 .



wild species (C. cordata, C, cylindrata, C. digitata,
C. ecuadorensis, C. ficifolia, C. foetidissima, C.
gracilior, C. lundelliana, C, martinezii, C. okeecho-
beensis, C. palmata, C. palmeri, and C. pedati-
foliaY®.  Using interspecific crosses, resistance
from C. rurtinezii 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 lanatus and Citrullus spp.)

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®?, This strain appears
be of rare occurrence.

Bottlegourd (Lagenaria siceraria)

Resistance was reported in an Australian
cultivar'®, and in PI 269506 (Pakistan), PI 271353
(India), and PI 391602 (China)*. No information
is avialable regarding the inheritance of resistance.

Watermelon Mosaic Virus I (WMV-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 the 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 papaya'’-+7+62.73,

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 asingle recessive gene (wm-1-1)%,
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 mottle.
However, their fruits may be affected.

Melon (Cucumis melo and other Cucumis spp.)

A very high level of resistance was found in
Pl 180280 from India”. 1In a breeding line
deriving from it, the resistance was established to
be monogenically dominant (Wmy-1)™. A second
allele at the same locus (Wmy-1') was located in
another Indian melon (PI 180283)%°, However,
the second gene has no practical value, since it
conditions a lethal necrotic hypersensitivity 3,
A very high level of resistance to WMV-1 was also
found in an accession of C. metuliferus from
South Africa (PI 292190)® in which resistance
also is monogenically dominant (Wmv)*. 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 (Cucurbita spp.)

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*!+%,

Watermelon (Citrullus lanatus and other Citrullus
spp.)

A recent report has indicated that resistance
may be available in PI 179662 and PI 179878
(India). and PI 295848 (South Africa)®, Egusi, an
accession of C. colocynthis, appears to be tole-
rant®,
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S0 Tables . ;Bés‘:lﬁfé'n"ée"t'é’\;iv:r(igjs in cucurbita species -

VIRUS . YEAR' . AUTHOR.. ..  SOURCESANDGENETICSOF RESISTANCE -
CMV 1960 Martin. =~ .. C. peop, 2 recessive, strain specific
8. . Provvidenti etal. C. Ecuadorensis, C. martinezij and ||
- I other wild species ‘ S
.1986. . . Prbwidentl . C. maxima (Argentina), C. moschata (Nigeria)
SLCV : Mc Creight ‘ Some tolerance in C. pepo, C, moschata‘ :
SqMV o 4 Provvldentl et al B o4 gc(ladorenkis, C. Martinezli, C. okeechobéens/s.‘
WMV-1 1978 . Provvndentl etalv' : C. ecuadoiéns/s, C f/crfolra, C. foetidissima <
N Tolerance in C. maxima: Zapallito Ftedondo :
(Uruguay) : o
1984 C. moschata (Nigeria)
WMV-2 1978 ' Prowidentistel.  C ecuadorsisis, C. ficifolis, C foet/'d/m)hé,"
FAREIRR s C. pedatifolla. Tolerant: C, grac/llor and
R T R T S C. sororla SRR
1 282 Provvidenti C. max/ma (China)
: 1 984‘ . * Provvidenti et al. C. moschata (Nigeria)
ZYMV C 1 981@ vLecoq et al C. ecuadorensis R
" 1984 ~ Prowvidenti et al. C ecuadorensls, C. moschata (Nigeria)
Table 6 Resistance to viruses in Cucumis sativus
VIRUS ‘YEAR AUTHOR SOURCES AND GENETICS OF RESISTANCE
CcMV 1928 Porter Chinese Long, Tokyo Long Green
1842 Shiffries et g/, 3 dominant genes and modifiers
1961 Wasuwat & Walker Single dominant {Cmv)
1969 Kooistra 3 partially dominant -
SqMVv Most cultivars are resistant
WMV-1 | 1984 Wang & Prov.videntlb In Surinam (S.urlnam.e),usip'gle_récéssl\(é (Wlmv_-1:-1)v
WMV-2 1971 Cohenatal In Kyoto 3, single dominant (Wrmv)
zYmv 1985 Prowidenti . In TMG, single recessive (Zym)




Bottlegourd (Lagenaria siceraria)
Pl 188809 (Philippines), PI 271353 and Pl

288499 (India), PI 280631 (South Africa), PI'

391602 (China), and the Hawaiian cultivar Hyotan
are resistant™®,

Waxgourd (Benincasa hispida)

PI 391544 and PI 391545, both from China,

are resistant?,
Watermelon Mosaic Virus 2 (WM V-2)

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 tem-
perate regions. Generally, the symptoms caused
by this virus are less severe than those incited by
WMV-I, however, they may vary ronsiderably,
depending upon the species and viral strain in-

volved. Symptoms include green mosaic, leaf
rugosity, green veinbanding, and chlorotic
ringspots.  Fruits are not distorted, but some

colors are adversely affected. Although this virus
shares the same nrame with WMV-1, they are
distinct entities. Eventually, WMV-2 will be
known as WMV17.47.62,73

Resistance:

Cucumber (Cucumis sativus)

Many of the oriental cucumbers seem to be
resistant or tolerant to WMV-2. A study has
established that resistance in the Japaness cultivar
Kyoto 3-feet is governed by a single dominant
gene (Wmy) 3%

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 (Cucurbita spp.)

The wild species C. ecuadorensis, C, ficifolia,
C. foetidissima, and C, pedatifolia were reported
to be highly resistant*®. Tolerance was detected
in C. graciliorand C. sororia®. A selection froma
a Chinese cultivar of C maxima (Pl 419081)

 possesses a good level of resistance™

Watermelon (Citrullus lanatus and other Citrllys
Spp.) :
Line WMR+4, a selection from the Nigerian
cultivar Egusi (C. colocynthis) is highly resistant .
Tolerance and resistance were recently reported in
several other lines, including PI 182934, PI
295848, PI 381740%,

Bottlegound (Langenaria siceraria)
PI 271353 (India), PI 391602 (China), and
the cultivar Hyotan from Hawaii are resistant®,

Loofah Gourd (Luffa acutanqula)
Resistance was found in one accession of
this species®®,

Waxgourd (Benincasa hispida)
~ Tolerance was detected in PI 391544 and PI
391545, both from China®,

Zucchini Yellow Mosaic Virus (ZYMYV)

A recently recognized potyvirus ( 1981) with
filamentous particles about 750 nm containing a
single strand of RNA, it is efficiently transmitted
by a number of aphid species in a stylet-borne
manner, ZYMV is olso 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 the
most 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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’Tabl_él7' ' Resistance to viruses in Cucumis m"el_‘o’an"d other C. species

AUTHOR -

* SOURCES AND GENETICS OF RESISTANCE -

VIRUS YEAR
CcMv - 1943 Enzje Orlental Pickling Melons (C. melo var. conomon) _ .
1975 Karchi et al, Freeman’s Cucumber, 3 recessive genes
1977 Risser et al. Korean melon, 2-3 recessive genes
1977 - Takada « Japanese melons, 2-3 recessive genes
OGMMV 1979 . Kroon et al. Several wild Cucumis species
o 1982 Nijs, den - C. angutls, single dominant (Com)
SqMmVv STUSE _: ‘C‘."n)elo; no resistance is avallable
~ 1978 Provvidenti et al, ' C.'mqtullferus, P1 292190 (S, Africa)
WMV-1 1962 Webb & Bohn C. melo, P1 180280 (India)
1977 Webb Pl 180280, singte dominant (Wmv-1)
1971 Quoit etal. . C. melo, Pl 180283 (India)
. 1.983 Pitrat & Lecoq Pl 180823, single dominant (Wmv-7)
. 1974 Provvidenti & Rob. C. metuiiferus, Pl 292190 (S, Africa)
1977 Provvidenti & Rob, Pl 292190, single dominant {Wmv)
WMV-2 C. melo, no resistance is available
ZYMV V 1984 Pitrat & Lecoq C. melo, Pt 414723 (India), single
e . dominant {Zym)
1984 Provvidenti et al. P1 414723, immune to most American strnins
. 1984 o Lecoq & Pitrat Resistance strain specific S
‘ l,irébllrg' 8 : Resistance to viruses in Citrullus lanatus and other C. species
VIRUS . ' YEAR 'AUTHOR . SOURCES OF RESISTANCE
CMV . LA o - -Most C. species are resistant,
Komuro et al, One specific strain can infect
SqMVv | .‘_, o ~ Most C. species are resistant
WMV e .1984 - .  Munger eta/ S ‘Several PI's appear resistant
L WMV2 1977 = -Webb " Egusl (C. colocynthis) from Nigeria.
R U T _"1984 ’ o Munger etal Ca . Several Pl's appear tolerant
= 1984 | Provvidentl ot al L Egusi (€. colocynthis) from Nigeria

i



symptoms incited by theso two viruses under field
conditions.
sociated with WMV.l., A few strains and
pathotypes of ZYMV are already known,
complicating breeding for resistance. ZYMV is
serologically related to WMV-2 and bean yellow
mosaic virus (BYMV)!7:25.29.46

Resistance;

Cucumber (Cucumis sativus)

Resistance and tolerance have been found in
oriental cucumbers. A single plant selection
(TMG-1) of the cultivar Taichung Mou Gua
(China) is presently used for breeding purposes®.
Preliminary data indicate that resistance is
monogenically recessive with one strain and
partially dominant with another strain. However,
since fruits produced by heterozygous plants react
with symptoms to both strains of the virus, this
gene should be considered fully recessive, for
breeding purposes (unpublished).

Melon (Cucumis melo)

A high level of resistance was found in some
of PI 414723 (India), which are also resistant to
WMV-1".  Studies indicated that resistance is
conditioned by a single dominant gene (Zym)37,
However, there are isolates of ZYMV that are able
to overcome this resistance®’, clearly indicating
that it is strain (pathotype) specific.

Squash (Cucurbita spp.)

The multiresistant wild species C ecua-
dorensis is resistant to all known strains of
ZYMV*“_  An additional source of resistance is
a Nigerian squash (C. moschata)®. Preliminary
studies have indicated ttit in this latter species
resistance is partially dominant (unpublished).
No sources of resistance or tolerance were found
in cultivars and land races of C pepo, a species
which is devastated by this virus?5:29.%_
Watermelon (Citrullus lanatus and Citrullus spp.)

Most of the cultivars of watermelon are
very susceptible, however, a good source of
resistance was located in the Nigerian cultivar

In the tropics, ZYMV is often as-‘

Egusi, an accession of C. colocynthis®, Preli.
minary data indicate that resistance is inherited
recessively and is strongly influenced by
temperature. At 20°C. there is some systemic
infection, whereas at 30°C. plants are highly
resistant (unpublished).

Bottlegourd (Langenaria siceraria)

PI 271353 (India) is highly resistant?,
This line is also resistant to CMV. SqMV, WMV-1
and WMV-2%9,

OTHER CUCURBIT VIRUSES
TRANSMITTED BY APHIDS

Clover Yellow Vein Virus (CYVV)
(formerly the severe strain of BEAN YELLOW
MOSAIC VIRUS)

A potyvirus'” of common occurrence in
legumes, in which it causes severe symptoms. In
the northeastern USA, this virus is frequently
found in yellow summer squash (C, pepo) causing
numerous chlorotic leaf spots which tend to
remain distinct**. However, the intensity of this
leaf spotting is influenced by environmental
factors. Fruits are not affected, but seed produc-
tion is reduced®. CYVV was also found in squash
grown in ltaly®®. Most of the Cucurbita spp. are
resistant to this virus, however, a bush C, maxima
(cv. Gold Nugget) proved to be susceptible®,

Zucchini Yellow Fleck Yirus (ZYFV)

A potyvirus!? that occurs in the Mediter-
ranean area, particularly in squash (C. pepo)
grown in Italy and Greece®. It incites foliar pin
point yellow flecks in squash and fruit malforma-
tion in cucumber®,

Muskmelon Vein Necrosis Virus (MVN V)

A virus with rod-shaped particles of about
674 nm long, that appears to be restricted to
Cucumis melo, and its botanical varieties reticula-
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)*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 sp'read 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. Two 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?+34

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 Cucumis 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*,

Squash (Cucurbita spp.)

Tolerance was reported in-the wﬂd species
C. ecuadorensis, C martinezii, and E., okeecho—
beerms

Watermelon (Citrullus lanatus and Citrullus spp.)
SqMV is not of economic importance in
these species,

Bottlegourd (Langenaria siceraria)

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 possesses 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
originated®, No information is available regarding
sources of resistance,
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* VIRUSES TRANSMITTED BY
"* NEMATODES .

Tobacco ringspot virus (TRSV) and tomato
ringspot- virus (TmRSV) belong to the nepovirus
group, with particles about 28 nm containing two
pieces of RNA (RNA-1 and RNA-2), which are
essential for replication and pathogenicity, These
viruses are mechanically, seed, pollen, and
nematode transmitted. The nematodes Xpihinema
spp. and Longidures spp., after acquiring these two
viruses, can retain and spread them for months,
However, these viruses do not multiply in the
vectors nor are they transmitted though eggs.
Virus particles are associated with specific sites
of the alimentary tract, such as the stylet lumen or
guiding sheath, or in the esophagus, TRSV and
TmRSV are distinct entities and not serologically
related, but they share a large host range inciting
similar symptoms!$54.55

Tobacco Ringspot Virus (TRSV)

Cucumber and melon are particularly
affected by this virus, Newly infected leaves
usually exhibit a very bright yellow mosaic (acute
Phase). Although subsequent growth shows less
prominent symptoms leaf size and internode
length are considerably reduced (chronic phase).
Fruits tend to abort’or remain small and mottled,
In squash infected with TRSV, symptoms are
usually mild and transitory, but the virus is still
present in symptomless growth. TRSV is seed
transmitted in Cucumis melo. Resistance was
found in several Cucurbita spp.* and in some
accessions of Cucumis anguria (unpublished). No
resistance has been reported in C sativus, C.
melo, or Citrullus spp.

Tomato Ringspot Virus ( TmRSYV)

This virus is able to cause severe symptoms
in summer and winter squash (C. pepo. C. mazima,
C moschata, and C. mixta), but it causes only
mild and transitory symptoms in cucumber melon,
watermelon and nther cucurbit species. Resistance
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is of common occurrence in wild squash, C.
cylindrata, C, digitata, C, ecuadorensis, C, gracilior,
C. palmata, C. palmeri, and C. sororig®. The
following accessions of Lagenaria siceraria are also
resistant: PI 188809 (Philippines) and PI 271353
(India)®,

VIRUSES TRANSMITTED
‘ BY THRIPS

Tomato Spotted Wilt Virus (TSWV)

A RNA containing virus with membrane
bound isometric particles about 70-90 nm in
diameter, it is spread by Thrips spp. and
Frankliniella spp. and is also transmitted mechani-
cally. TSWV occurs mostly in the tropics where it
infects a large number of plant species, which
usually respond with chlorosis, necrosis, stem
streak, and wilting'®,

Resistance:

Most of the cucurbit species respond only
with local infection, thus they can be considered
to be resistant. However, recently a silver mottle
disease of watermelon was found to be caused by
this virus!?,

VIRUSES TRANSMITTED
BY WHITEFLIES

Squash Leaf Curl Virus (SLCV}

A recently recognized geminivirus (1981)
with particles about 22x38nm containing a single
strand of RNA. It is spread by the whitefly
Bemisia tabaci in which it is circulative with a
relatively long latent period. This virus can be
transmitted mechanically, provided that an
adequate buffer is used. In squash, it causes reduc-
tion of leaf size, thickening of veins, upward
curling, enations and plant stunting. Serologically,
it is related to bgan golden mosaic virus and
cassava latent virus. SLCV has been found in
Southern California and Mexico, where it causes
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Resistance;

Tolerance was reported in some cultivars of
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
watermelon®,

Melon Leaf Curl Virus (MLCV)

Virus particles appear to be identical to
those 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 .

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®>. CYVV is transmitted by
Bemisia tabaci and also mechanically. However,
experimentally, both metheds 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®. No sources of
resistance are known.

Cucumber Yellows Virus (CuYV)
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’™,
It was originally reported from Japan™ where
_ it infected cucumber and melon. CuYV was also
found to occur in melon in France®. Symptoms
consist of interveinal chlorotic spotting along the

o | 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

Cucumbef Necrosis Virus {(CN Y)

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®,

VIRUSES WITH UNKNOWN
BIOLOGICAL VECTORS

Cucumber Greeh Mottle 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. CGMMYV 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 of fruits, . This -
virus has been reported from Europe and Asia,

particularly in green house grown plants*®-22,"

Resistance:

No resistance has been located in cucumber ‘

and related species, but several Asian- cucumber
cultivars remain symptomless following viral
infection. Unfortunately, these cannot be consi-
dered as tolerant, because the reduction in yield
is similar to.that of known susceptible cultivars.
Several Cucumis species were proved to be
resistant®.  In crosses between the CGMMV-
resistant C, anguria with the susceptible C. myrio-
carpus, it was established that resistance is con-
ferred by a monogenically dominant factor
(Com)*. '

Cucumber Pale Fruit Viroid (CPFV)

This viroid has been reported from the
Netherlands®! and Japan®'. Comparative studies
have shown that CPFV, in its biological pro-
prieties, to be identical to hop stunt viroid*?.
It has been found in cucumber grown under green-
house conditions and the main characteristics of
the disease are pale green fruits and crumpled
flowers, with foliar rugosity and chlorosis. In
melon, watermelon, and waxgourd the disease
appears to be more severe. These plants are
stunted with a bushy appearance and eventually
die prematurely. CPFV is more common in the
spring planting, and can be transmitted with sap
during pruning and grafting. The host range
includes many Cucurbit species®!,

Resistance:

It was reported that one Japanese watermelon
and a cultivar of Cucurbita moschata were not
infected by this viroid®'. A Momordica spp. was
also not infected by CPFV®!,

FUTURE REQUIREMENTS

Systematic surveys should be made in the

.32 .

major cucurbit growing areas of the world in order
to monitor the occurrence of new viral diseases.
Because of increaced knowlege of plant viruses and’
more effective international cooperation among
researchers, it is now possible to accomplish more
in less time. For example ZYMV was unknown 5
years ago, but now it is recognized as one of the
most destructive and widespread agents occurring
in cucurbits?5.29.4

Excellent results have been obtained in
breeding for resistance to diseases of cucurbits®”,
However, efforts must continue to locate sources
of resistance in those species for which no resistant
gerniplasm is presently available. For example,
little is known regarding resistance to viruses
occurring in  Benincasa, Luffa, Momordica,
Sechium, and Trichosanthes that are extensively
cultivated in the tropics. With concentrated
efforts results can be rapid and rewarding. Once
again ZYMV is an example. Because of research
conducted in Geneva, NY (USA) and Montfavet
(France), significant progress was made in locating
sources of resistance to this virus in less than 3
years. Cucurbit breeders have now at thsir
disposal factors for resistance in Citrullus, Cu-
cur ., Cucurbita, and Lagenaria®-?%%. 1y is
worthwhile to mention that all the sources of
resistance are.derived from plants of tropical origin.

In developing viral resistant cucurbit cul-
tivars, it is advisable to incorporate resistance
genes into well known local varieties. In so doing,
the main horticultural characteristics of these
lines should be preserved, assuring their accepta-
bility by the local markets. Eventually, the same
breeding programs will lead to new gencrations of
high performance cultivars, which will replace the
established varietias,

Finally, genes for resistance can be efficient-
ly used for virus identification. Lahoratories in
developed countries are usually well equipped,
which makes virus characterization a relatively
simple task. Since facilities are very limited in
most other countries, very specific tests can be
accomplished using host plants possessing single
genes for resistance. These tests are perhaps 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 the literature has cleurly
shown the need for more research on cucurbit
viruses and additional sources of resistance. It
has .also demonstrated the value of international
cooperation in solving problems affecting cucurbit
crops.
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"'A STRAIN OF CUCUMBER GREEN MOTTLE MOSAIC .
" VIRUS ON BOTTLEGOURD IN TAIWAN =

Moh-jih Chen and Shuang-ming Wang
Department of Plant Pathology
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Taichung, Taiwan, ROC

SUMMARY

Bottlegourd plants showing mosaic symptoms were collected from Taichung and Huallen in 1982, A
rod-shaped, sap-transmissible virus was Isolated, This virus was identified as cucumber green mottle mosaic
virus (CGMMV ] by electron microscopy and bioassay. Virus particles are straight rods 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 CGMMYV in Taiwan. Unlike the seven known strains, our virus isolate caused small, chlorotic
local lesions on Chenopodium amaranticolor, symptomless infection on the inoculated leaves of both
Datura stramonium and Petunia hybrida, and no infection on other test plants. This isolate, therefore, is
considered a new strain of CGMMV.
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A STRAIN OF CUCUMBER GREEN MOTTLE MOSAIC
~ VIRUSON BOTTLEGOURD IN TAIWAN

Monsjih Chen and Shuang-ming Wang'
Department of Plant Pathology
National Chung Hsing University
Taichung, Taiwan, ROC

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®+!! and was first described as cucum-
ber virus 3'. It infects cucumber, watermelon,
bottlegourd and muskmelon and causes severe
yvield loss of these cucurbitaceous crops in Japan,
India, and Europe®*:®:!!.  Seven strains of the
virus have been recognized; most of them are
hosted in cucurbitaceae®®.  East European
isolate of the aucuba mosaic strain is an exception
among them which infects tobacco cvs Samsun
and Xanthinc®. The virus strains can be dis.
tinguished by differential hosts such as Cheno-
podium amaranticolor, Datura stramonium, Pe-
tunia hybrida, and other indicator plants®5:!!,
Attempts were made to determine the strain char-
acteristics of our virus isolate by electron micros-
copy and bioassays.

MATERIALS AND METHOD'S

Virus sources: Diseased plants were collect-
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
(pPH7.0) and examined with JEM-7 electron
microscope.

Healthy and virus-infected bottlegourd leaf
pieces (Imm x 5mm) were fixed in 5% glutaralde-
hyde (in 0.1M phosphate buffer, pE7.0) at 4°C
for two hr., and post-fixed in 1% osmium tetrox-
ide at 4°C for another two hr. Following fixa-
tion, the tissue pieces were dehydrated in 2,2,
dimethoxypropane, and embedded in LX 112
epoxy resin®, 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’
and examined with JEM-7 electron microscope.

Bioassays: One gram of diseased sample was
ground with 10 ml of 0.1M phosphate buffer
(pH7.0), then inoculated onto the leaves of the
indicator plants Chenopodium amaranticolor, C,
murale, Datura stramonium, Petunia hybrida
and Citrullus vulgaris,

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 leaves.first
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-

sions containing virus particles were found in the
cytoplasm of infected cells (Fig. 6, 7). Accumula-
tion of starch 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.

i
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Fig. 2. Systemic mottling symptom on a young bottle-
gourd leaf 15 days after inoculation with
CGMMV

Fig. 1. Yellow and dark green blister mosaic symptoms

on a bottlegourd leaf naturally infected by
CGMMV

Fig. 4. Chlorotic local lesions on a lcat ot Chenopodiun
amaranticolor inoculated with CGMMV from

bottlegourd

Fig. 3. Systemic darkgreen and vein-clearing symptoms
on a cucumber leaf 15 days after inoculation
~ with CGMMYV from bottlegourd
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Fig.5. CGMMY particles negatively stained with 2% phosphotungstic acid. Bar represents 500nm,

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 loss caused by 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 slvercolored streaks and flacks,
especially at high temperature®. 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

- 40 -

to taste%5.10 The muskmelon strain in
Western Germany, has affected 70 to 80% of
muskmelon plants in different years®., The Indian
strain C from bottlegourd in India, causes blister-
mottling, stunting and yield loss of the crop*,
Consequently, the virus is an important factor in
production of quality cucurbitaceous crops.

So far, seven strains of CGMMYV have been
recognized mainly according to the results of
serology and differential hosts'-?->®, The type
stroin does not normally cause symptoms on
cucamber fruits. It only produces a few local
lesions in C. amaranticolor under certain condi-
tions. It does not infect D, stramonium or P.
hybrida'+®.  The cucumber aucuba mosaic strain,
which is the same as cucumber virus 4, induces
striking symptoms on cucumber fruits, local
lesions on C. amaranticolor and systemic mottling
on C inurale. 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 Xanthinc®®, The
watermelon strain infects watermelon and induces



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
D. stramonium®*,  The Japanese cucumber
strain causes severe fruit distortion on cucumber
and inducss local lesions on D, Stramonium, but
not on C. amaranticolor*, The Yodo strain
from Japan causes fruit distortion on cucumber
and local lesions on C. amaranticolor, D, stramon-
ium and P. hybrida®*-'®, 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. hybrida®. The
muskmelon strain neither infects C amaranticolor
nor D. stramonium®'. 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. CCMMV can be
transmitted through seeds, soil and mechanical
means>*5, It is a limiting agent for growing
bottlegourd, cucumber and probably other cucur-
bitaceous crops. Controls are needed to prevent

the spread of CGMMYV in Taiwan's cucurbitaceou;,v.

crops.
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ZUCCI'IINI YELLOW MOSAIC VIRUS ISOLATE F ROM CUCUMBER Cucumts satwus: '
' - PURIFICATION AND SEROLOGY

‘ Chlou-hsmng Huang and Shiow-huey Hseu L
Department of Plant Pathology, Taiwan Agricultural Research Instltute
: Taichung, Taiwan, Republic of China ‘

ABSTRACT

An isolate of zucchini yellow mosaic virus, ZYMV-7, was purified and an antiserum produced from
leaves of inoculated zucchini plants taken 9-10 days after inoculation. Yields of purified virus were 18-
22 mg/100 g of leaf tissues. A 260/ 280 from several separate preparations ranged from 1,27 to 1.31. The
reciprocal titer of antiserum against homologous antigens was 4096 in ring interface precipitin tests, and
16 in SDS-immunodiffusion tests, Antiserum to ZYMV-7 produced précipitin bands with the eight other
ZYMYV isolates identified from Taiwan, and the ZYMV-444 isolate from Florida. Serological tests indicated
that ZYMYV isolates from Taiwan are different from the WMV-2 Florida isolate #486 but have some serolog-
ical relations to certain types of WMV-2, while ZYMV-7 has no serological relationship to WMV-1 and
WMV-2 (Florida isolate #486).
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~ ZUCCHIN YELLOW MOSAIC VIRUS 1SOLATE FROM
- CUCUMBER, Cucurmis satisus: PURIFICATION AND SEROLOGY

Chiou-hsiung Huang and Shiow-huey Hseu
Department of Plant Pathology
Taiwan Agricultural Research Institute
Taiwan, Republic of China

INTRODUCTION

More than 25 viruses, including seven be-
longing to the potyvirus group, are found naturally
in cucurbits.’®? Among them zucchini yellow
mosaic virus (ZYMV) first described by Lisa et al,
in Italy, 1981, is a relatively new potyvirus's,
The virus has also been reported to occur in
France'!, the United States'>*? and Lebanon'?,
In Taiwan, cucumber mosic virus (CMV)%?7,
watermelon mosaic virus type-1 (WMV.1)}2,
cucumber green mottle mosaic virus (CGMMV)%
and loofah mosaic virus (LoMV)® 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 reiationships, we proposed that
zucchini yellow mosaic virus was the cause of the
diseass®. Recently, in screening of 54 cucumber
cultivars/lines for resistance to cucurbit viruses,
Yang®” found that ZYMV is the most destructive
to cucumber crops.

Lisa et al.'® had characterized and purified
ZYMV. Recently, Prowvidenti ef a/'® have also
purified the cytoplasmic inclusion proteins from
2YMV infected plants, However, because of the
tendency of the virus to aggregate, difficulties are
often encountered in purifying the virus, especially
for a high yield. In comparative studies, Huang
Hseu'® 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

tests*. 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 Ishii®,

MATERIALS AND METHODS
Source and maintenance of the virus isolate

The ZYMV isolate used in this study re-
ferred to as ZYMV-7% was originally obtained
from leaves of infacted 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,

Determination of virus concentration in 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. gmaranticolor plants to test fo

local lesions. The relative virus concentration in
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systemically infected , leaves . was estﬁnated by
counting the number of lesions on lesion host
10-14 days after inoculation, o

Purification

The purification procedure for ZYMV wasa
modification of that described by Gonsalves and
Ishii® for purifying papaya ring-spot virus,
Systemically infected leaves were harvested from
greenhouse-grown zucchini plants 9-10 days
after inoculation with ZYMV, The tissue was
homogenized with a Waring blendor (Model
31BL42) in 0.25M potassium phosphate buffer
(2ml/g tissue), containing 0.01M disodium
ethylenediamine-tetraacetate (EDTA) and 0.1%
sodium sulfite (Na,SO;), pH 7.5. Chloroform and
carbon tetrachloride, each at 0.5ml/g tissue, were
added slowly as the tissues were being ground,
homogenate was centrifuged at 5,000 rpm for 5
min., and the supernatant centrifuged again at
8,000 rpm for 15 min, in a Hitachi RP-12 rotor.
PEG (polyethylene glycol, MW, 6,000) was added
to the supernatant at the rate of 8g/100ml. The
mixture was stirred for 1-2 hr and was centrifuged
at 10,000g for 20min. in & Hitachi RP-16 rotor.
The resulting pellets were resuspended in 0.1M
potassium phosphate buffer plus 0.01M EDTA,
pH 7.5 aud stirred for another hour. Before the
second PEG treatment (5% PEG + 0.3M NaCl),
the resuspended virus was spun at 4,000 — 5,000
rpm for 10 min. to remove the host constitutes.
The virus was precipitated after second PEG treat-
ment, and the pellets were finally resuspended in
0.05M potassium phosphate buffer, pH 7.5, and
stirred overnight.

Upon isopycnic centrifugation, the virus sus-
pension was mixed with 26% cesium sulfate (w/w),
or of 30% cesium chloride. Centrifugation was
performed at 38,000 rpm for 22-24 hr.at 6°Cina
Hitachi RP-65T roto: (w?t = 1.28x10" rad®/s).
After centrifugation, the virus zone was collected
by a small pipet. The purified virus suspension
was diluted to five times its volume with phos-
phate buffer, and again centrifuged at 10,000g for
10min, The virus preparation was dialyzed

overnight against 0.,05M phosphate buffer to re-
move Cs salt for spectrophotometry, or it was given
another cycle of isolpycnic centrifugation.

The purity and quantity of the purified virus
preparations were determined by a Hitachi
spectrophotometer (Model 220S). In one trial,
the absorption profile was measured at 254nm
with UV monitor (Gilson LC detector, Model 111)
coupled with Gilson CRP fractionator for virus
sample from the sscond cycle of isopycnic centri-
fugation in Cs,SO,.

Production of antiserum

All antisera to ZYMV.7 were produced in
one rabbit by injecting virus purified after one
cycle of isopycnic centrifugation, The rabbit was
given a series of four intramuscular injections at
weekly intervals, and a booster at six weeks after
the final injection. The immunized rabbit was
bled weekly, starting one week after the last
injection. Antibodies reacting with host proteins
were removed by adding 2% of bovine serum
albumin (BSA) (Sigma Co.) to the sera, and
usually incubating the mixture overnight at 4°C.
All sera were stored at —20°C in the presence of
0.04% sodium azide.

Serology

The titer of antisera was determined either
by ring interface precipitin test*, and or by SDS-
immunodiffusion test!*:% against homologous
virus, Serological reactions were made among the
following ZYMV isolates: ZYMV-1 to ZYMV9
from Taiwan®, and ZYMV-444 from Florida. In
addition, WMV-1 and WMV.2 (Florida isolate
#486) were also included for the purpose of
comparison, Both ZYMV-444 and WMV-2 were
kindly provided by Dr. D. E. Purcifull, University
of Florida, The agar medium for immunodiffusion
tests consisted of 0.8% Noble aga:, 1% sodium
azide and 0.5% dodecyl sulfate sodium (SDS)**%?,
In some cases 2% bovine serum albumin was incor-
porated into the medium to remove the non
specific reaction*2%23,  Crude antigens were
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prepared from fresh leaves of inoculated zucchini
Plants by grinding 1ml/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 concentration in 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 ir zucchini during the
first six days, and then it increased rapidly, A
peak virus concentration was reached in systemij-
cally infected plants about 8-10 days after inocula-
tion under growth chamber conditions (25°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 concentratisn of zucchini yellow mosaic
virus in relation to the time of infection in zucchinl plants
under the constant temperature at 25°C, the relative virus
conc. was estimated by counting the local lesions pro-
duced in Chenopodium amaranticolor,

Purification

In our earlier purification attempts, virus
suspension was mixed with 30% Cs, S0, for
isopycnic centrifugation. The virus zone appeared
at about 1.5cm below the meniscus af'ter centrifu.
gation for 2224 hours using Hitachi RP-65T rotor
tubes. It was close to the host green components
and needed great care in collection by a small
pipet. Later, the virus suspension was mixed with
26% Cs,80,. 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,
Fowever, a second cycle of isopyenic 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 contrifugation. 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 A260/280
ranged from 1.27 10 1.31 (uncorrected for light
scattering). Assuming Egélo% = 2.4 for tobaccp
etch virus®, yield of the purified virus was
estimated to be 18-20mg/100g leaf tissues.

In one additonal trial for comparing virus
stability in cesium sulfate and cesium chloride
solutions, the virus suspension was mixed with Cs
salts, After isopycnic centrifugation, virus
Preparations from both Cs salts were inoculated to
C. amaranticolor after dialysis, At O‘D'26O =
0.593, the purified virus from CsCl gradient
Produced 1835 lesions/leaf, and at O.D.260 =
0.528, that from Cs, SO, gradient produced 1378
lesions/leaf. These 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, SO,.

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
healthy plant extracts at 1:4 dilution, Reacting
with crude antigen in SDS-immunodiffusion gel, the
antiserum had areciprocal 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. 3,3).

ZYMV-1 to ZYMV9, 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. 4ab) or
antiserum to 2YMV.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. 4d). This result indicated that
ZYMV isolates from Taiwan were serologically
related to certain types of WMV.2,

Fig. 3. Serologicai reactions of zucchini yeliow mosaic
virus (ZYMV), watermelon mosaic virus-1 (WMV-1), and
watermelon mosaic virus-2 (Florida #486) with antiserum

“to ZYMV-T.

The central wells (A4) contained antiserum to ZYMV-7
collected 4 wks. after the last injection.
The peripheral wells contained SDS-treated antigens:

* 1: ZYMV4; 2: ZYMV-444 (Florida isolate); 3: ZYMV-

7; 4: WMV-2 (Florida #486); 5: WMV-1; 6: leaf ex-
tracts for:a healthy zucchini plants,

The mcdium for pattern (b) consisted of 0.8% Noble
agar, 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
higher yields of purified virus in the PVY group®:
15.17.24.25 * 2YMV, a potyvirus recently reported
by Lisa et al'®, is no exception. The use of
chloroform for clarification or of high molarity
buffers for resuspension did not improve the yields
of the virus'®. In our initial purification attempts,
an isolate designated ZYMV-4° was selected and
the yield of purified virus was low, probably due
to the losses of virus from aggregation during
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http:1S.17.24.25

Fig. 4. Serological comparisons of zucchini yellow mosaic virus jsolates and watermelon mosaic virus-2 (Florida
#4186) in SDS-immunodiffusion tests, The central wells (A) contained antiserum to ZYMV-7, (B) antiserum to
ZYMV-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. 1-9
from 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!®.

The addition of EDTA to extraction or
resuspending buffers to reduce virus aygregation
had been proposed®-#**:35 Deigado-Sanchez and
Grogan® obtained an UV absorption spectrum
typical of nucleoprotein for purified virus
resuspended in borate buffer plus 0.01M EDTA.
Our initial experiments showed that the additon
of Na-EDTA at 0.01M in purified virus prepara-
tions changed the UV spectra. It also affected the
value of O.D. 9¢0/280. 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'+®:2* The value of
Ageo /280 Fanging 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®?!, but it fitted into the range of 1.2-1.37
reported for other potyviruses’-!8,

Our ZYMV isolates and the Florida isolate
Z2YMV.-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 ' found that ZYMV
reacted with two antisera against Italian isolates
of WMV-2. Purcifull e a/?? pointed out that
antiserum tc 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, veacted 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!5+??,

Since ZYMV has not been sxtensively 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®’; 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 from EYMV, TmLCDA or TLCV-infected plants consisted of geminate particles about
18 x 30 nm in size. The aggregates of virus-like particles were observed in the nuclei of phloem cells of

leaves infected with EYMV, TmLCDA or TLCV.
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VIRUS DISEASES OF SOLANACEOUS PLANTS TRANSMITTED BY WHITEFLY

o Yohachiro Honda
- National Agriculture Research Center, Yatabe, Ibaraki, 305, Japan
K. Kiratiya-angul, W. Srithongchai and S. Kiratiya-angul
Department of Agriculture, Ministry of Agriculture and Cooperatives, Thailand

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®!%, -.d soybean crinkle
leaf disease, the causal agent is possibly a member
geminivirus*. We also observed eggplants with
yellow mosaic, tomato plants with leaf curl and
tobacco plants with leaf curl and 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
whitetly-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 collacted from fields in Nak-
hornpathom Province of central Thailand,
Lampang Province of rorthemn Thailand and
Nongkhai Province of northeast Thailand, respec-
tively. For each the causal agen: of eggplant
yellow mosaic disease (EYMD), tomato leaf curl
diseass (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 Nicotiana tabacum
‘Xanthi nc' and Datura metel, 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. Host range of EYMD was also deter-
mined by grafting and mechanical transmission.

Stability in sap. In sap extracted from
EYMD-infected N. fabacum ‘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 virus’, 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.

Electron microscopy. Purified virus prepara-
tions for electron microscopy were mounted on
collodion-carbon-coated grids and stained with 2%
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 5°C for 1.5 hr, and were
postfixed with 2% osmium tetroxide in 0.1 M
phosphate buffer, pH 7.5, at 5°C for 35 hr.
After washing and dehydration, they were embed-
ded in a mixture of low-viscosity epoxy resin'?,
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 HS500
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, metel, small irreqularly 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. V. glutinosa and 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 usad in whitefly - transmission tests,
Phaseolus vulgaris ‘Top Crop’ of the family
Leguminosae and D. stramonium, L. esculentum,
N. glutinosa and N. 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 transinission. 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 virus’. The data of Table 2 shows
that the causal agent of EYMD could be trans-
mitted mechanically. L. esculentum and N.
tabacum were relatively good sources of inoculum
giving 50% and 100% infection, respectively, As
test plants, N. tabacum, D. stramonium, L.
esculentum and D. metel were relatively good,
however, S. melongena were not susceptible
(Table 2).

When around 20 adults of B. tabaci were
left for 48 hr on mechanically infected D. metel,
D. stramonium and L. esculentumn and then
transfered for 48 hr inoculation feeding on D.
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Table 1. Host range of causal agent of e

leaf curl disease (via whitefly)

ggplant yellow mosaic disease, tomato leaf curl diseasé or tobacco. -

Plants tested

EYmMpDA2)

B SVIﬁb@oms” '

Compositae
Ageratum conyzoides
Eclipta prostata
Zinnia elegans

Cucurbitaceae
Cucumis sativus

Leguminosae
Arachis hypogaea
Cajanus cajan
Cassia tora
Dolichos lablab
Glycine max
Phaseolus anguralis
P. lunatus
P. vulgaris
Pisum sativum
Vicia faba
Vigna mungo
V. radiata
V. sesquipedalis
V. unguiculata

Malvaceae
Abelmoschus esculentus
Malvastrum coromande-

lianum

Pedaliaceae
Sesamum indicum

Solanaceae
Capsicum annuum
Datura metel
D. stramonium
Lycopersicon

esculentum
Nicotiana glutinosa

IcS, LC, St
ICS, YM

ICS, LC, St
ICS, LC, St

(cs, LG, s1)°)

 TmLCDA3)

fes,1c
LG, St. Y.
En, ICS, LC, st

Loty o
ICS;LC, 8t

N. tabacum 'Xanthi nc’ - ACS, LC, st En, ICS, LC, St
‘ (iCSs, LC)5) R S R oA
N. tabacum White ICS, LC - ICS, LG, st - ;.1CS, LC, St
Burley’ R I e
Patunia hybridg - -
Solanum melongena ICS, YM - =

1) Key to symptoms:
En = enation;

ICS = irregularly shaped chlorotic spot;

St = stunting;
YM = yaliow mosaic;
* = not tested.

CS = chiorotic spot;

‘LC = leaf curling;
_Y = yellowIng;
.. *®no symptoms; .

2) EYMDA = eggplant yellow mosaic disease sgent,

3) TmLCDA = tomato leaf curl disease egent,

4) TLCDA = tobecco lesf curl disease agent, .

6) 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 wac 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 of.the 50 seedlings
grown from seeds harvested from EYMD-infected

D. metel or N. tabacum 'Xanth1 nc' showed

distinct symptoms, 7
Srability in sap. In sap extracted from

EYMD-infected tobacco leaves, the causal agent

. showed TIP of 25°~30°C for 10 min, DEP between

10 and 102, and LIV of 1 day at 20°C.

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 cggplant. (B) Ycllowing 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 cggplant 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 (Azeo/
Aggo value of 1.3-1.4) (Fig. 3). When employed
for machanical 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 (A,40/A,g valuz of about 1.4).

Electron microscopy. 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

°

ABSORPTION

300

Fig. §;UIUaviolet light absorption spectrum'of purified
eggplant yellow mosaic virus preparations,
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Table 2. Mec‘al'ir\i"‘li:‘é;‘(ifans‘rii,i‘s,s’iq‘n qffe"g"g‘bi‘énti.y‘elk‘low‘.mbs'ailc"_idséa‘sef‘éﬁglént using different sources and test - _

plants
’ Source plants of inoculum . FER

Plants tested Datura UDaytura " . Lycoparsicon Nicotiana Solanum Total Infection
: metel stramon/um esculentum tabacum melongena .
Datura metel 4/13* 2/11 5/ 8 —**  3/20 14/ 52 269
Datura stramonium 7 /18 20/57 24/49 -  6/20 57/144 39.6'
Lycopersicon : ’ R

esculentum 0/18 9/40 - 26/45 i0/10 = 4/14 49/127 386
Nicotiana tabacum 0/10 116 12/15. . 10/10 2/5 - 25/ 56 455
Solanum S ‘ S Col T e L

melongena 0/23  0/19 v =
Total /82  32/142 . 67/13  20/20 " 15,
infection

9% 13.4 - 225 50.0 100.0 18.3

*Nu:nber of plants infected/Number of plants inoculated; ** — : not tested.

Fig. 4. Aggregate of virus-like particles (V) occupy almost the total nuclear volume of phloem parenchyma cell of eggplant
affected by eggplant yellow mosaic disease.
NM = nuclear membrane; M = mitochondrion. Scale bar = 500 nm,
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in size and shape, and sometimes occupied almost
the total nuclear volume (Fig. 4). These aggregates
were observed in nuclei whether the nucleoli
were present or not. The diameter of the in-
dividual viruslike particles was 15-20 nm. The
ultrastructural changes observed were hyper-
trophied nucleoli of some phloem cells. No
ultrastructural changes or virus-like particles were
found in comparable healthy tissues.

In ultrathin sections of TmLCD- or TLCD-
infected leaves of L. esculentum, N. tabacum and
P. vulgaris, similar spherical virus-like particles
were also observed in the nuclei of phloem and
adjacent parenchyma cells. The virus-like particles
were either scattered in the sieve tubes or as
loose or paracrystalline aggregates. Hypertrophied
nucleoli and fibrillar bodies with the shape of
either solid circles or rings were occasionally
observed in the nuclei of phloem and adjacent
parenchyma cells,

DISCUSSION

Evidence from the studies on the symptoma-
tology, host range, transmission, geminate particles
found in purified preparations with infectivity and
ultrathin sectioning indicates for the first time
that the causal agent of EYMD is a new member of
geminiviruses. We have named it eggplant yellow
mosaic virus (EYMV),

The results obtained here suggest that the
causal agent of TmLCD in tomato and TLCD
in tabacco is a strain of tobacco leaf curl virus
(TLCV), a member of geminiviruses'®. The ultras-
tructural abnormalities in infected phloem cell
nuclei (i.e., hypertrophied nucleoli, fibrillar bodies
and aggregates of virus-like particles) were similar
to those reported for several other whitefly-borne
geminiviruses3:5:6.%,

Costa? divided the symptoms induced in
plants affected by whitefly-borne diseases into
three main types; vellow masaic, yellowing, and
leaf-curl type. The symptoms of EYMV resemble
those of yellow mosaic type. The symptoms of
TmLCD and TLCD in Thailand are similar to those
of leaf-curl type; however, the latter shows

enations on the lower surface of infected leaves.
TLCD was divided into two groups according to
the symptoms on tobacco plants in Sri Lanka’.
The first type, TLCD-1, shows typical leaf curl
and enations on the lower surface of leaves, while
the second type, TLCD-2, develops no enations
but vein curvature and rugose symptoms. It
seems that TLCD observed in Thailand belongs to
the first type and TmLCD is related to the second
type. The experimental data in the past indicated
that there may be a number of strains of TLCD
responsible for the development of the leaf curl
disease in tomato?+!3:15.17,

Further studies are necessary to identify and
classify whitefly-borne viruses among the causal
agents of tobacco leaf curl, tomato leaf curl,
tomato yellow leaf curl and tomato yellow mosaic
diseases!s7+8:9.11.13.16_
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" TOMATO YELLOW LEAF CURL VIRUS IN THAILAND

Direk Thongrit Supat Attathom and T. Sutabutra
-~ Department of Plant Pathology, Kasetsart University
. Kamphaengsaen Campus, Nakorn Pathom 73140, Thailand

Our studies on tomato yellow leaf curl disease indicated that TYLCV was the cause of this most
serious virus disease of tomato in Thailand, Tomato yellow leaf curl virus is different from tomato golden
mosaic virus in Brazil and tomato yellow mosaic virus in Venezuela as the latter two ean be mechanically
transmitted' ®, The rapid increase of the whitefly population and lack of a TYLCV resistant tomato variety
resulted in severe outbreaks of this disease throughout Thailand.
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 TOMATO YELLOW LEAF CURL:VIRUS IN THAILAND

Direk Thongrit Supat Attathom and T. Sutabutra
- Department of Plant Pathology, Kasetsart University
Kamphaengsaen Campus, Nakorn Pathom 73140, Thailand

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 countries’.

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®.

Cytopathology

Light and ele_ctx',od r‘nicrbséopiéx_abseniat_ions

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’ 4,

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'°. 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-vector Relationships

Tomato yellow leaf curl virus is transmitted
by the whitefly in a circulative manner®. 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



whitefly population
flies®.

TOMATO YELLOW LEAF CURL VIRUS
(TYLCV) »

Transmission

TYLCV can not be mechanically transmitted.
It can however be transmitted by tissue implanta.
tion and whitefly vector'®. No seed or soil trans-
mission was observed! !,

Host Range

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

Virus Purification

A modification of the purification method
described by Osaki and Inouye'? provided satis-
factory results; extraction of frozen ;uifected
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 chcesecloth filter and clarified with
10% n-butanol, after low speed centrifugation,
the virus in superaatant was precipitated by
adding 6% polyethylene glycol (MW 6000) and
1% triton X-100, followed by lovs 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 A260/280
ratio of purified virus suszension was 1.48,

Particle Morpholrgy

Virus particles were readily degraded when
stained with 2% phosphotungstic acid (PTA).

No transovarlal passage ot‘ o
the virus was observed t‘rom wruhferous white- T
: ’ © " microscopic observations.

5 "Gl:utaraldehyde fixation and urany! acetate staining

satisfactorily preserved virus particles for electron-
Geminate particles,
18x30 nm in size 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 v
it was a member of geminivirus group.

Im}nuno-electronmlcroscopy (IEM).

The IEM methods including clumping?,
Derrick®, and decorate® 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. rabaci by applications of
systemic insecticides by soil drenching and regular
spraying during tke seedling stage. Second, cultural
practices, eécape 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 engineeiing 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.
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" Has this disease been reported in the same form with the geminivirus anywhere else in the world?

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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CONTROL OF CMV MOSAIC DISEASE OF TOMATO BY PRE-INOCULATION
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SUMMARY

A virus isolated from spinach plants showing rugose symptoms was identified as cucumber mosaic
virus (CMV), and named CMV-SR. The virus did not show any symptoms on systemically infected tomato
plants, therefore, the virus seemed to be useful as attenuated CMV for controlling CMV diseases on tomato
plants, In greenhouse tests, CMV-SR effectively protected against infection of virulent strain on tomato
plants in sap inoculation and also aphid transmission of virulent strain, In field tests, the pre-inoculation of
CMV-SR reduced the percrentage of mosaic and spinal leaf diseases on tomato plants,
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CONTROL OF CMV MOSAlC DISEASE OF TOMATO BY PRE-lNOCULATlON B
‘ - OF CMV-SR STRAIN =

RN -Mitsuro Iwaki
Natlonal Instntute of Agro-Environmental Scnences
- Kannondai, Yatabe, Tsukuba, 305 Japan.

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 Prefecturé, 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

virus?,

The. virus infected 20 plant specles of_sevéx__z .

_ 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 symptcems 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 Petunia hybrida, Chenopodium
amaranticolor, C. quinoa, Vigna sesquipedalis
cv. Kurodane Sanjaku, and V. unguiculata cv.
Black Eye showed small local lesions in inoculated
leaves. Tetragonia expansa 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. tabacum cv. caused bright yellow leaves
about seven days after inoculation.



Table 1. Host range of CMV-SR

Sym'ptOmsf (

Plant inoc. . non-inoc,
Beta vulgaris 1 LC.
B. vulgaris var, flacescens 1 - LC
Chenopodium amaranticolor L : -

C. qunioa L -
Shinacia oleracea 1 - 'R
Gomphrena globosa 1 ]
Tetragonia expansa 1 Ve
Brassica oleracea -

B. pekinensis

B. rapa

Raphanus sativus
Glycine max
Phaseolus vulgaris
Vicia faba

Vigna sesquipedalis
V. unguiculata
Capsicum annuum
Lycopersicon esculentum
Nicotiana clevelandii
N, debneyi

N. glutinosa

N. tabacum cv. Bright Yellow

N. tabacum cv. Xanchi NC
N. tabacum cv. Samsun
Petunia hybrida

Solanum melongena
Hibiscus esculentus
Sesamum indiucm
Citrullus vulgaris

Cucumis melo

C. sativus

Cucurbita moschata

Chrysanthemum coronarium

Lactuca sativa
Zinnia elegans
Daucus carota
Allium fistulosum
Lolium multiflorum
Sorghum vulgare
Zea mays

: local lesion

: rugose

¢ mosaic

: no infection

¢ .symptomlass infection.
on inoculated leaves

2l 213r

M
s
s
S B
K
s
1 3
1 ]
1 s

LC iqlia}v dyrllng

m: mild mosalc

‘symptomless infection

on non-inoculated

" leaves -
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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. umaranticolor on which it produced more than
2000 local lesions,

The CMV-SR was inoculated to cotyledons
of 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
developed mosaic or spinal leaf symptoms in result
of virulent strain inoculation, and, in the 26 day
post-inoculation treatment only two 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 II,

In three treatment groups of two week old

_tomato seedlings, their cotyledons were inoculated

with inocula of purified CMV-SR nfnade upto 3,6
or 30 ug per ml, respectively. A control group was
maintained (Group JV).

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

. 66‘.

k 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-iinoculated plants three of twelve showed
symptoms, whereas again all plants in the control
set showed sympt‘oms (Table 2).

Table 2. Cross protection of CMV-SR to
sap-inoculated virulent strain
{Experiment 11}

Virus Infection Rate
Group .
Date  April  May May . June

20th  4th  13th ~ 2%st

I-1 CMVSR - -~ = 06"
ug
1'2 ”"
|.3 . '.' B .‘\ . i
1 CMV:SR - -
R 17 R
-2
P AT
i1 CMVSR =~
nz
lll-3 S
v

v2 -

No. of diseased plents
No, of tested plants

Infection Rate =

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 accuss 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 ug
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
OrOUR o May s
“Data . APF ay © s June’
L
1 CMVSSR - ‘06
L. B0mg
l2 . w eMv. a2
M1 CMVSR - i 08
2 el N2
WK CMVSSR o
2 012

LCMVS e 28

k ‘-’Tehvléﬁhids perplant

750 No, of diseased plants
Infection rate = 5= T Tested piants

" 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 ug per ml; however, protection was not com.
plete. Therefore, the inoculum containing 100 ug
of purified CMV-SR per ml was tested.

Experiment HI,

Inoculum containing 100 ug of ‘p’dgif‘ied :



CMV-SR per ml was inoculated on cotyledons of
two week old tomato seedlings and these tomato
seedlings were 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 ug 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 ug per ml) on April
6 and August 9. The inocula produced 178 and
» 137.7 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 cm? 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 p]am.i v
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 ug 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. Morecwver,
the number of fruit showing abnormal colour
was only half of that of tomato plants in the
controls, The growth of tomato piants 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 oif November,

Tomato plants. pre-inoculated with CMV-SR
also showed mosaic 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,

PISCUSSION

As described above, the pre-inoculation of
CMV-SR on tomato seedlings reduced the oc-
currence of CMV diseases causing mosaic and
spinal 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. (HJ.Chiy)

Your data seems to indicate that the protective strain offers the tomato better protection against the

severe strain in summer than in winter.
winter?

Is the period of protection longer in the summer than in

A. In the summer the farmers cultivate in the open field where as in winter they cultivate in plastic
’ greenhouses, and 50 in winter there is no sexious infection problem.

"’.;Q."a (H.J. Chiu)

But is your data then from these greenhouses?

A No The data indicated ‘field' is all open field. Crop protection onlyi e

Q. (Simon W.Y. Wang)

s tested in the greenhouse.

After inoculation of CMV-SR strain and then CMV severe strain challenging inoculation, could you
tsolate both strains from the inoculated plants or could you only isolate the CMV-SR strain?

-



I inoculated the CMV-SR strain, and then later challenged with the virulant strain, and after some
days I checked the tomato plants for inoculate, in which case we can detect only SR strain or severe
strain, we cannot detect both strains,

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

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, - ' S

(H.J. Chiu) o
Does the phenoma of cross protection have anything to do with the satellite RNA of CMV? Is it_
possible that the protecting strain has a satellite RNA, which the severe strain does not have? o

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

(S.D. Yeh)

did you check again whether an additional RNA § could be found? . .

- You mentioned that the SR strain has only four RNAs. After you inoculated the‘ virus to t6m§i6

I do not think there isan RNA'5.

(S.D. Yeh)

I ask because we know that there is one strain found at New York State Agricultural Experiment
Station, a bean strain of CMV, which also causes symptomless infection in tomato, and this strain
does contain RNA 5. RNA 5 there suppresses expression of the severe symptom. So I am not sure
whether 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 associated
RNA S 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 is some effect of RNA 5?

T'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 strains O and 1),
potato virus Y (PVY) and cucumber mosaic virus (CMV). Potato virus (PVX), tobacco etch virus (TEV)
and a gemini-type virus causing yellowing and leaf-curling have been isolated occasionzlly, Another, possi-
bly a new potyvirus, is also present. Tumip mosaic virus (TuMV) and cucumber mosaic virus (CMV) are
the only viruses, reported from Chinese cabbage. The four known strains of TuMV and a new strain, C-5,
have been Isolated from Chinese cabbage and other Brassica crops. At AVRDC, breeding for resistance to
ToMV is underway, as well as a search 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 of resistance to one or several strains have already
been identified in some Chinese cabbage lines. The resistance mechanism is under investigation,
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VIRUS DISEASES OF TOMATO AND CHINESE CABBAGE IN TAIWAN AND
SOURCES OF RESISTANCE

Sylvia K. Green
SR Associate Pathologist
The Aslan Vegetable and Research Development Center
P O. Box 42, Shanhua, Tainan 741, Taiwan, ROC

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 third? .

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’’. Virus diseases on the
other hand are still abundant because of the
continuous presence of the viruses, their vec-
tois 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®’ .

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 virus (TEV)
and a leafcurl virus have been found occasionally,

Another, possibly a new virus of- the potyvxrus"."
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-l, ToMV-2, ToMV-1.2 and
ToMV-2? have been recognized, the most common
being ToMV-0 and ToMV-1%:12.17  Little in.
formation is available on the strain situation in
Southeast Asia. .

In Taiwan, tomato mosaic virus was first re-
ported in 1944'. Later, in 1975 intensive elect-
ronmicroscopic investigations of ToMV infected
tomato were conducted'® 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 1980-1982% 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,*® CSTMW.-
18, Delissa and Perou 2 (Table 2) indicated that
ToMV-1 and ToMV-0 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 ToMV ln the tomato e
productlon areas of Talwan

Counties surveyed - c 0
Counties where ToMV was detected 10
Total no. of samples collected - 587

(fresh market and processing
type tomatoes)

+223/687 (38%)

Samples containing ToMV

Samples containing ToMV 112/223 (60%)
strain 0 : o

Samples containing TcMV 108/223 (48%)
strain 1

Samples containing ToMV 3/223 (1.4%)
strain 2

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

Samples containing other TOMV 0/223 (0%)

strains

: _"".were infected with leafcurl virus®,
" leaf curl virus without the contaminating ToMV,

To obtain the

‘the tomato cultivars Delissa (genotype Tm2%/Tm
2%) and Moperou (genotype Tm2/Tm2), both
resistant to strains O and 1 (at that time the only
ToMV strains detected in Taiwan) were grafted
onto the leafcurl infected tomato plants for the
elimination of contaminant ToMV. Howaver,
the Moperou scions developed mosaic in addition
to leaf curl symptoms and ToMV-2 was sub-
sequently isolated from these plants®+*. ToMV-22
and the other known strains of ToMV have not
been isolated. Both ToMV-1 and ToMV-) were
also found in sweet pepper and chili pepper
samples. ToMV.0 was also found in Solanum
nigrum?.

Table 2. The reactions of Rast’s L, e#éu{éngum zdiff,é:rentlals_f toeight strainsofToMV

Differential cultivars

{(genotype) 0 1 ‘ 2
GCR (tm/tm) +oo+ o+ Lo
CSTMW-18 (Tm-1/Tm1) . — | # .« =0
Detlissa (Tm-2* /Tm-2?) - =
Perou 2{Tm-2/Tm-2) - = A

Virus infected seed and plant debris in the
soil are generally considered the most important
sources of ToMV®, This is true also for Taiwan?®,
where 19 of 23 seedlots of tomato cultivars,
originating from the major commercial seed
companies and AVRDC, were found to be con-
taminated with ToMV strains 1 and O (Table 3).
The same strains were also recovered in 18 soil

samples taken up to a depth of 20 cm from 85

fields at various locations in Tainan county, one
of Taiwan's major production areas of processing
tomatoes’.  The surveyed fields either had
tomatoes growing at the time of sampling or had
been planted to tomato at various times prior to
sampling. Iuterestingly, ToMV was detected in
the soil only up to 5 months after the tomato
harvest. In coil samples of fields where tomato
had been hatvested 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
years®’,. 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 soil®
Higher soil and atmospheric ‘temperatures and
different crop rotation patterns which often
include flooding of the soil during a paddy crop
may be responsible for this short survival of TOMV
in the soil. In preliminary studies, howaver, time

Table 3. Occurrence of TOMV on seed of commercial
cultivars and AVRDC breedmg lines

! . . of local lesions ToMV
SS:::'ce Cultivar prod,:‘:ged on half-leavezs of strain
N. tabacum ‘'Xanthj’
A 1 50 t0
2 50 0
3 4 o
4 50 - L0l
5 B  5°_:1 : N
8 1
7 S
B 1 Y
4 o
5 .. L&
c 1
g
3,
D1 0.
2 0:
3 0"
E 1 -
2 i
3 =
4 0

;Commercial seed companies of Taiwan and AVRDC
Averege no, of local lesions produced from four samples
of 100 saeds, each inoculsted on two half leaves of N,
tabacum ' Xanthi'
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of survival of ToMV did not differ much between
non-flooded soil and artificially flooded soil
amended with ToMV infected plant debris®,
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 wias detectable in either soil,

Table 4, Survival of ToMV In agrleultural solls,

o, of fields with ToMV/
% No.of fields sampled

“IMonths afrer the tomato harvest,
At cropping time,’ e



Considering the practical impossibility of
ToMV control in tomatoes by preventive measures,
it is logical that breeding for resistance is the best
solution of the problem.

Three single dominant genes for resistance,
Tm-1, Tm-2 and Tm-2?, originally from the green
fruited species of tomato L. peruvianum, and L.
hirsutum, but also from [ glandulosum, and L.
pennellii*', have already been transferred to L.
esculentum and are available in many commercial
cultivars grown in temperate areas.

The Tm-1 gene offers resistance to three of
the five major strains: 0, 2 and 22, It does,
however, permit limited multiplication of the
common strain'®+*2.  The gene Tm-2® and its
allele Tm-2 on the other hand, give a high level of
resistance to the two most commonly occurring
strains 0 and 1%,

The mode of action of the Tm-2? gene and
its allele Tm-2 is not clearly understood, but it is
thought to either limit TOMV multiplication within
cells or prevent ceil to cell riovement®!

There are differences of opinion regarding
the breeding policy to be followed. The Tm-2
gene alone is rarely used by the breeders because
it reduces fertility>® and favours selection of strain
TMV-2 which does occur naturally at very low
frequencies in nature,

On the other hand, because strain Tm-2?
almost never occurs in nature, the gene Tm-22
is preferred by breeders since it is not likely
that it will favour selection of TMV.22+3, Many
commercially available F, hybrids, notably the
Dutch ones, now carry the Tm-2? gene for
resistance in the homozygous state. However the
use of the highly effective Tm-2? resistance bears
two disadvantages:

1) The Tm-2? gene is associated with
reduced fertility of the plant®,

2) A necrotic reaction occurs at elevated
temperatures in heterozygous plants and to a lesser
extent in homozygous genotypes in response to
infection by common strains of the virus!®«11.12,
30,43.45.49,

The necrotic symptoms will not appear
however ‘when an additional Tm-1 gene is

present®, For this reason many - French F,
hybrids carry both resistance factors, Tm-2? and
Tm-1 in the homozygous and hetsrozygous state
respectively®,

Several efficient mass-inoculation methods
have been described®. At AVRDC, we have
adopted and modified the air pressure method for
mass screening. We use a 1:50 dilution of infected
plant tissue in phosphate buffer (0.01 M, pH 7.0,
2% Celite added) and apply it to young seedlings
at the first leaf stage at a rate of 0.5 ml per plant,
using air pressure of 3.5 kg/m? at 10 cia dis.ance.

Among the great nuv.er of Tm-2? resistant
material available, we have selected a number of
cultivated varieties, e.g., Ohio MR-13 as ‘>e donor
of the Tm-2? gene for our breeding program,
mainly because of their gcod agronomic charac-

- ters, Most of AVRDC's promising heat tolerant

tomato lines already carry this gene in the
homozygous state. It has been introduced through
conventional breeding methods, such as pedigree,
SSD, bulkk and more recently, by backcross. The
incorporation of the Tm-1 gene into these lines
has also bequn recently. However selection in
segregating populations of genotypes cérrying the
Tm-2? and Tm-1 genes together is difficult using
inoculation with the presently available strains
TMV-Q, 1 or 2,

Effective selection of the above genotypes is
only possible by inoculating the segregating plants
with strain TMV-0 (N22)?, This strain isa TMV-
0 strain which is necrotic on plants carrying the
genotype Tm-2? in the homozygous condition.
It will not attack plants which carry both the Tm-
Tm-1 and the Tm-2? gene in any combination.

However this pathotype of ToMV strain 0
has not yet been found to occur in Taiwan and it
is not certain whether quarantine regulations will
permit introduction of this strain for use in the
AVRDC screening program,

Cucumber Mosaic Virus (CMV)

CMV has frequently been found in surveys
of tomato plantings in Taiwan®*. Of a total of
913 leaf samples collected from 1983-1985, 33%


http:30.43.4S.49

were found to contain CMV*. 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 cortinuous 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 sldes by
deasely planted bananas,

This virus is generally not considered a major
problem of tomato in the temperate z0ne,
however, in the tropics and subtropics, where the
vectors, weed hosts and cultivated hosts are
present year round, cnntinuous sources of
inoculum for this vivus are almost quaranteed. We
have collected more than 30 isolates from tomato
and have attempted to strain-type them according
to Marrou’s system®®., However symptom
development on the diffarential hosts was in-
consistent and erratic under our greenhouse
conditions and we wore only able to roughly
group our isolates’. One of the isolates clearly
can be classified ag the leqgume strain because it
systemically infected both Vigna sp. and Phaseolus
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®+*®. A search f: ¢ possible sources of
resistance in the AVRDC germplasm collection,
was initiated in 1984. Mainly wild type Lycoper-
sicon sp. such as L. pimpincilifollum, L. per-
uvianum, L. hirsutum, and L. glabratum were

screened. The plants were subjected to two sub-
sequent artificial inoculations with an isolate that
produces severe shoestring symptoms on tomato
(CMV-PEET). All the tested lines were suscepti-
ble?, 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
Lines are being evaluated asa possible source 2f 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 tiie individual probe time were significant-

ly reduced on the hairy tomato lines® (Table 5).

This led us to assurae 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 sensw van der Plank) of
the hairy tomato lines were significantly lower
than that of the nonhairy line (Table 6)°. However,
in a second field test in the spring of 1985 using
the four best performing hairy lines and three
nonhairy controls, these findings 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 denslty of halry and non hairy tometo and lts relation to the feedlng behavlour of aphids

B DL Total S Average Ty
' ‘L:ee'f‘ RN Heirn’o.. _ probe tlme v probe probedruratlon, ‘
position: - (per 44,18 mm?) (Min) no;;: (Min)
Leaf1.. ~ C s
Halry _ - 3 97 -
»Non-h‘a_iry - 66
Leaf4
Halry . 546 . )9 SR
Non-hairy 2,60 374
Losf6 e e i
Halry. 378 047 103
Non-hairy 32 . 1 .67_, 253
Factor value of difference between hairy and non helry’
Factor Ieaves and signiflcance for eech perameter y)
Leaf1 | _‘12.91_"' 392" 30" 0.41NS
Leaf4 - 12‘.60"' 361*** 5.82*** 0.22 NS
Leaf 6 9.54*** 263" 4.46"' 0.03 NS
df. 69 ' 179 179 17
Z)Velues are welphted average for eech of the 3 groups of 10 apids,
Vins = P>/0.10, + =P <005, +x+= P<0.001.
" Table 6. Reactions of Taiwan tomato PVY isolates on three hosts used to dl': ing sh
potato strains of PVY, : : :
Differential Talwan Tometo Isorates : Common PotatoStralns 0
host Group A Group B A Group C. TUUpyYYe
P. fioridana MorMo NSt M8t N
N. tabacum M M M Mo -
‘White Burley’- » SR Lo
S. tubgrosum L LL: L L.
.- ‘Duke of York’, o S
{detached leaves) AR
L I ‘N = necrosis, M = mosaic, Mo = mottle, St= etuhg :
'pbmo Virus Y and veinclearing .of the leaves. It has been re-

.portea on tomato from North America, South
America, Europe, Asiaand Australia'3-1%:15.16.19

» In the past, this virus was generally not
considered very important on tomato, because
of the mild symptoms produced such as mottle

20.24.33.35.37,38.51,53,54,55. HOWGVGI', it is Only in
Brazil and Australia, that PVY has been considered
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a threat to tomato production, because of its
frequent occurrence and the considerable yield
losses associated with its presence, 3-37+38.51.53

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 for
breeding PVY resistant tomatoes has lately also
been recognized, because of the high incidence of
this virus in recent years®, 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%. 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 Tajwan was found to
be as high as that of CMV®. 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 Physalis
floridana, 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 PVY®
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? for pathotypes

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 on tomato, we have de-
veloped a screening method which enhances
Symptom expression and facilitates the evaluation
and rating. It consists of two inoculations, the

first 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 P1 247087 was found resistant to the
PVY isolate used in the screening®. This line is
also reported resistant to a PVY isolate from
Australia®?,

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 rolerant tomato lines,

Leafcurl Virus

Leafcurl virus was first reported on tomato
in Taiwan in 1983%, 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 found®%?,

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 strainonium, Petunia hybrida,
Physalis floridana, Solanum melongena, Solanum
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tuberosum and Lonicera japonica.

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 tests®
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®’+®,

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®®,

Active programs for resistance to the tomato
yellow leafcurl virus have been in operation mainly
in those countries where this virus is endemic and
also in France?®-3%45,

Cultivars tolerant to this virus have been
developed, using two wild cpecies, L. pimpinel-
lifolium Line LA 121% and L. peruvianum®-®,
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
carriers of the virus?®>. 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
through the AVRDC Thailand Outreach Program
and to the Taiwan tomato leafcurl virus at
AVRDC. At AVRDC, screenings will have to be
conducted by grafting to leafcurl infected M.
benthamiana and L. esculentum under controlled
greenhouse conditions. Field screening is not
feasible in Taiwan because the virus occurs only
very infrequently here,

Unidentified Poty Virus

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

The isclates 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 Datura metel,
D. stramonium, Lycium chinensis, Lycopersicon
esculentum '‘GRR’, 'Delissa’, ‘Perou’, ‘CSTMW-18',
‘Bonnie Best!, L. pimpinellifolium LA 121, Univ,
of Missouri Acc. 160, Nicandra physaloides,
Nicotiana benthamiana, N. clevelandii, N, debneyii,
N. glutinosa, N, sylvestris, N, tabacum ‘Xanthi’,
‘Xanthi N.C., 'White Burley', ‘Samsun NN’
Petunia  hybrida ‘Crandifolia 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’, ‘Mcllhenny’, Chenopodium amaranti-
color, C. quinoa, C. murale, Cucumis sativus,
Gomphrena globosa, N, tabacum ‘V-20', Physalis
peruviana, Pisum .sativun ‘Perfected Wales',
Solanum demissum x S. tuberosum 'A-6', So-
lanum melongena ‘Pingtung Long', S. tuberosum
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‘Cardinal’, ‘Kennebec’, .Tetragonia expansa, Vicia
faba minor, Vigna unguiculata ‘Black’ and Zinnia
elegans 'Bright Scarlet’ and “Tatra Ruffled Jumbo'.

In ISEM serolegical tests, the isolates were
trapped by antisera of poty viruses commonly
known to infect tomato or other Solanaceous
crops, such as tobacco etch virus, Perou tomato
virus, pepper mottle virus, pepper mild mottle
virus, pepper veinal mottle virus, potato virus A,
wild potato mosaic virus, Columbian datura virus,
henbane mosaic virus. It was also not trapped to
turnip mosaic virus®. On the basis of host range
and serological tests, it is believed that this group
of isolates represent a new virus so far not des.
cribed on tomato.

The importance of this virus on tomato in
Taiwan is presently being assessed. Preliminary
findings indicate that it may be of minor im.
portance only. Of the economically important
crops grown in Taiwan, it only infects tomato and
wbacco. On the two major hosts, tomato and
tobacco, symptoms such as mottle and vein.
clearing are mild. Furthermore, in a survey of
several tomato growing areas in Tainan, Kao-
hsiung, Pingtung and Nantou Counties (using
ELISA and antiserum to isolate 697), the virus was
detected in only 4.85% of a total of 557 leaf
samples tested. The virus is also not seed-
transmitted,

A search for sources of resistance in L.
esculentum and wild species is ongoing, but
because of the relative insignificance of this virus
on tomato, a program for incorporating resistance
into AVRDC's heat tolerant tomato lines is not
considered at the present time,

| Other Viruses

g * Tobacco etch virus (TEV) and potatb virus

. X (PVX) have been reported from tomato™

~ butdonot occur frequently!, . -

VIRUSES OF CHINESE CABBAGE
Only TuMV$2.231% _and CMY (Lin

€. C. personal communication) were found in a
. survey conducted for viruses occurring in Brassica

crops including Chinese cabbage in Taiwan, The
other viruses, commonly reported to infect
Brassica crops in temperate countries®26.37 gy ch
as cauliflower mosic virus (CAMV), radish
enation mosaic virus (REV), turnip yellow mosaic
virus (TYMV) and turnip crinkle virus were not
detected,

Turnip Mosaic Virus (TuM V)

Turnip mosaic virus has been reported from
Chinese cabbage in Taiwan as early as 1944!
Ir tensive electronmicroscopic studies were con-
ducted by M. J. Chen in 19758, Following
comparative host range studies, conducted with six
TuMV isolates originating from radish, peitsai,
cauliflower, sprouting broccoli, cabbage and leafy
mustard, TuMV isolates from Taiwan were dif-
ferentiated into two groups, Group A which
produces virulent reactions on common cabbage
and kale but not on radish and Group B which
reacted in the opposite way®2. When Prowvidenti's
differential set of nirne Chinese cabbage cultivars
for the identification of different strains of this
virus became known?’, attempts were made by
researchers at AVRDC and Taiwan Agricultural
Research Institute (TARI) to characterize the dif-
ferent strains on this island?!+23.31_

At AVRDC we had already suspected the
presence of several strains when we observed an
apparent loss of resistance of Chinese cabbage
germplasm and breeding lines previously found to
be resistant to TuMV. The presence of field
strains of TuMV, other than the strain used in the
screéning tests, was suspected®. This and Prov-
videnti’s finding of strain specific resistance in
Chinese cabbage prompted us to conduct an
island-wide survey to detect as many of the strains
of TuMV as possible and use them for the develop-
ment of TuMV resistant cultivars.

We consequently found TuMV present in
all of the nine major vegetable production areas
surveyed+*>  The virus was recovered from
cabbage, Chinese cabbage, cauliflower, broccoli,
kohlrabi, radish and leaf musiard plants showing
mosaic, mottle, black pinpoint spots, sometimes
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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 is confined to Europe,
America and Australia?®. Al four strains
described by Provvidenti were detected, with
strain 4 being the most prevalent strain®!+%3,
Strain TuMV-Cl was detected only in one sample.
This clearly differs from the situation described by
Provvidenti in North America where strains TuMV-
Cl, TuMV-C2 and TuMV-C3 are most wide-
spread®®. In addition, a fifth previously un.
described strain was found to be present in
Taiwan?'+2, 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
strains®,  The results of recent screenings of
AVRDC Chinese cabbage accessions and breeding
lines for resistance to the five strains indicated
that resistance to TuMV-Cl 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 tc be rare in Chinese cabbage. So far we
have been able to identify only one line, AVRDC
accession 730, an F, hybrid oiiginating from
Korea, with immunity to all five strains of
TuMV*-23, This line did however, include a small
percentage of individual plants susceptible to
TuMV-C5. Later F,'s of 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 1s partially or moompletely dommant and

that resistance to. the five strams is not controlled .
bya qulegene S ‘ -
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SUMMARY

Sweet potato feathery mottle virus, sweet potato latent virus, and a whitefly-transmitted sweet
potato virus have been identified in Taiwan, These viruses often occur together in nature. The local
lesion transfer is an efficient way to isolate them from the complex. These viruses are readily dis-
tinguishable by their symptomatology, host range, transmissibility and stability in saps. The causal agents
of two other diseases, sweet potato leaf curl and sweet potato mosaic, have not been identified, Leaf curl

or disease complex involving leaf curl caused significant yield losses. Effects of the whitefly-bome virus
have not been determined yet,

o
AEBEE RS CEE Y sweot potato feathery mottle virus, sweet pota-
to latent virusfo—fEky Bbith 4 8RR 9 HA % Rt f ZNOLEE 3
T 4 Chenopodium quinoa L P — 5345 HE R Aork S o B EARETHE S A3
ERa i~ R E R X LR AL AL B ] 0 FBERE  HEEE SR
U & 8% o LR &F %A D HER d AR o HHEPHERRERA R L LR ERARY
HWEER MRy *MEFME o

W%

#1417 v Tidsweet potato feathery mottle virus, sweet potato latent virus & 3
+ /'"7' IR Dsweet potato virus HFE R X Nl ThoDY L 2 H%TizFHA
BUTVBT ENF I, THRRELIOA MR ERMT 21Ci]0cal lesioniCT & 5 5t 51 &
Vo A, FLEM, RIEPHRPORRULLTLNSDOUA N RAERHICEITE
%o sweet potato leaf curl &2 UFsweet potato mosaicKDHEMIZE I RE S L TL
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INTRODUCTION

Sweet potato is an important feed and
subsidiary food crop in Taiwan, with a total
acreage of 36,000 ha'!, 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
quality®:6:!31%  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
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virus is found only ocmslonally b

: Sweet Potato Feathery Motﬂe Vims (SPFM V)

This virus originally designated as swest
potato virus A (SPV-A) was isolated from sweet
potato cultivar Tainung 63%!, It causes sys-
temic interveinal chlorotic spots on Tainung 63
and typical feathery mottling on Ipomoea nil.
Roots of infected Tainung 63 do not dewvelop
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 by green peach aphid (Myzus persicae Sulzer)and
cotton aphid (Aphid gossypii Glover) in a non-
persistent manner. No transmission was obtained,
using corn aphid (Rhopalosiphum maidis Fitch) as
vector, Seeds of virus infected I, nil, I. setosa and
sweet potato did not transmit the virus. The host
range is restricted in Convolvulaceae and Chen-
opodiaceae. In [ nil sap, the dilution end
point of the virus was between 103 and 10°¢,
the thermal inactivation point was between 55°
and 60°C, and the longevity in vitro was less
than 24 hrs at room temperature. Three
characteristies are condstent with SPFMV
described by other investigators3+4+11+19:20  This
virus has been further identified as a strain of
SPFMV by serologycial tesi. It reacted positively
with antiserum against SPFMV-common strain,



The discrepancy in root symptoms may possxbly.,;-
be due to different cultivars or wrus strains- '

tested3+19:20
Sweet Potato Latent Virus (SPL .V)

This virus originally designated as sweet
potato virus N (SPV-N) was isolated from
Tainung 63 having mixed infection with
SPFMV*-', It did not cause symptoms in most
potato varieties.  Virus particles are flexuous
rods 700-750 nm in length with a coat protein
of Mw. 36,000. The virus was sap transmissible.
No vector has been found. All transmission
experiments using M. persicae, A. gossypii, R.
maidis and Bemisia tabaci as vector gave negative
results. Seeds harvested from infected /. il and
Nicotiana benthamiana did not transmit the virus.
The host range was mainly limited in Convol-
vulaceae and  Chenopodiaceae, but some
Nictoiana species were susceptible to this
virus'*'*. In N, benthamiana sap, the dilution
end point was between 102 and 1073, the
thermal inactivation point was between 60° and
65°C, and the longevity in vitro was less than
24 hours at room temperature. SPLV did not
react with antiserum against FMV-C. The protein
fractions prepared from SPLV-infected .
benthamiana by low speed centrifugation?-?%,
contained tyicpal cytoplasmic-inclusion protein
and nuclear-inclusion protein as revealed by SDS-
polyacrylamide gel electrophoresis.

SPLV appeared to be distinct from all
sweet potato viruses reported so far>-!0-18.21
It resembled the sweet potato mild mottle virus
(SPFMV) in that both caused mild to symptom-
less infections in sweet potato’®., However,
there are some major differences. Unlike SPFMV,
SPLV was not transmitted by whitefly. More-
over, SPFMV caused vein clearing, leaf curling
leaf curling and distortion on N. glutionsal'®
which was not the host of SPLV!4!5,

A Whitefly-transmissible Sweet Potato Virus

This virus was isolated from Tainung.63_

- showing foliage symptoms of mottling, chlorosis

and dwarfing®, Symptoms were more striking
at low fertilization conditions or at low temper-
atures. The diseased plants had poor root sys-
tems and produced unmarketable fleshy tubers.
The chlorophyll content of virus-infected sweet
potato leaves was about 50% less than that of
healthy leaves®.

Virus particles are flexuous rods 750 nm
in length with a coat protein of Mw. 33,000.
The virus could be transmitted by mechanical
inoculation with sap and by the whitefly B.
tabaci (Chung et al. 1985). For successful
transicission the vector insect needed an
acquisition feeding of 8 hr or longer and the abi-
lity of transmission persisted up to 9 days.
Attempts to transmit the virus by green peach
aphids were unsuccessful. The hosts of this
virus included species mainly in Convolvulaceae
and Chenopodiaceae, but Gomphrena globosa,
Sesamum orientale, Datura stromonium and Cassia
occidentials were also susceptible. In sweet
potato leaf sap, the dilution end point was be-
tween 10°°-107, the thermal inactivation point
was between 85° and 90°C, and the longevity
in vitro was longer than 7 days. The formation
of cytoplasmic inclusions in the infected sweet
potato leaves was elucidated by the ultrastructural
study®,

SWEET POTATO DISEASES WITH
UNKNOWN CAUSAL AGENTS

Sweet potato leaf curl and sweet potato
mosaic are two sweet potato diseases with
pronounced symptoms found in Tajwan.
Attempts to isolate the leaf curl agent were un-
successful. Information on sweet potato mosaic
is still very limited.

Sweet Potato Leaf Curl

A disease showing leaf crinkling and upward
rolling symptoms was observed on Tainung 63
sweet potato plants®!%, The symptoms were
prominent on young infected plants or shoots in



the summer time only and became masked in
other months. The disease 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 Convolvulaceae®. 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 cells’. However,
these were indistinguishable from P-protein in
normal cells.

Apparently, a similar disease was also re-
ported in Japan??’, 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 symptnm could be induced
to I, setosa by grafting, but in others we were
unable to reproduce the disease symptoms by
grafting diseased /. 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' !4,
In a field test, the fleshy root yields of ultivar
Tainung 57, Tainung 63, Okinawa 100 and
Hong-hisn-wei infected by a virus coinplex were
24.5, 35.6, 30.5 and 31.8% less than those of
healthy controls’,

In a field trial to compare the virusfree
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 diseass (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 ths plant carried Le.

Effects of the whitefly-brone virus have not
been determincd yet. Obviously, it appeared to
be the mest 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.ase problem
when she indexed sweet potato plants from
commercial plantings by grafting on /. ni/ or I.

| :'8.7',



sctosa, 86% of the test plants. revealed positive
~ reaction. .
. Among the three filamentous  viruses
o vvidentiﬁed by us, SPFMV apparently is a member
of potyvirus. Both SPLV and whitefly-borne
virus resemble potyvirus in particla morphology
and in inducing the formation of cytoplasmic
inclusions within tissue of infected plants, but
none were transmitted by aphids®!*, The
taxonomy of these two viruses is therefore up-
certain, The failure to demonstrate the aphid
transmissibility of SPLV could be attributed to
the intrinsic property of the virus itself, the need
for a ‘helper’' virus or the loss of aphid trans-
missibility evolutionarily. Comparisons of some
properties of SPFMV, SPLV, whitefly-borne virus
and SPLc with other known viruses of sweet-
potato are listed in Table 1. Further information

such as biochemical properties and strological

relationship are needed for classifing these
viruses.

Table 1.

Since the whitefly-borne virus infected
plants and plants with ‘mosaic symptoms produce
sprouts which appear abnormal, growers usually
discard them during planting. However, SPFMV,
SPLV and the leaf-curl diseased plants might
easily be overlooked and used in field plantings.
Plants derived from the meristem tip culture
which have passed repeated indexing should be
the source of stock plants for renewal planting.

Although the healthy controls used in field
trials were not resistant cultivars, most of them
remained symptomless at the time of harvest-
ing’*!?, This suggested a slow natural spread
of sweet potato virus diseases under Taiwan's
conditions. A high degree of sweet potato virus
disease ocontrol should be achievable by a
combination of virusfree seedlings and certain
cultural methods, such as planting in the field
with low inoculum potential and avoiding the
period of high vector population.

Comparison of some properties of SPFMV, SPLV, W-SPV® and SPLc with othar known
viruses in sweet potato
Properties SPFMV  SPLV ~ W.SPV "STP‘Lc spsmv-cb , SPMMV°
" Transmisslon : , :
Mechanical means + T4 + - + » +
Aphid + LT - - o+ e
Whitefly - - + 4 - SO
Host range ) , - ‘,"-
Amaranthaceae - - St - - o
Chenopodiaceae + o d + - + - +,
Compositae - - - - - R
Curcurbitaceae - - - = - N
Convolvulaceae + oo 4 + + + +
Solanaceae - 4 - Z. = +
Properties in vitro TR 4 o
DEP 10°-10* 102-10° 10%~107 , 103-10‘ .10 ~10"
TIP (256°C) 55-60 60-65 - 86-80 60-65 656-60
Aging {day) 1T 1 -7 ‘ 1 37
Particle length (nm)  850-900 700750 750 . . 80080 860
Coat protein (Mw.) 37600 33000 o - ot

36000 -

..8) whitefly-borne sweet potato virus
"b) reported by Moyer and Kennedy (1978)
c) reponed by Hollings et &/, (19786)

. 88.
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" DISCUSSION

(N. Namba)

.....

In Japan Dr. Yamashita succeeded in isolating small bacillifsrm virus parucles from Ieafcurl diseased
sweet potato and whlteﬂy inoculated test plants, Have you investigated this? e

We have not had much progress in lsolatlng the pathogen from leafcurl dxseased sweet potato or any»

other hosts

(N. Namba)

In your work have you been able to observe such bacilliform particles under electron rmcroscope’

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 mdlstmgmsh-
able from P, protem in normal cells. This needs to be further investigated. :



" DASHEEN MOSAIC VIRUS AND ITS CON\TROL IN CULTIVATED AROIDS
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SUMMARY

Dasheen mosaic virus, a patyvmts mitially described in 1970, infects cultivated aroids throughout the
world, Technolog1ca1 advances have made the control of this virus possible through seed propagation
andfor tissue culture, However, to apply these control measures commercially, a careful evaluation of the
horticultural advantages to be gained and the costs invoived must be given for each aroid in question,
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DASHEENMOSAICV!RUSAND ITS CONTROL IN CULTIVATED AROIDS

S F W, Zettler
S Department of Plant Pathology .
Umverslty of Florida, Gainesville, Florida 32611
R.D. Hartman
Hartman’s Plants Inc.
~Palmadale, Florida 33944 USA

“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 considerzble significance economically, parti-
cularly in the tropics. Two, Colocasia and
Xanthosoma, are espscially important as food
staples both in the new and old world, although
Amorphophallus, Cyrtosperma, and Alocasia are
alsc used for this purpose in certain locales.
Aroids such as Aglaonema, Caladium, Dieffenba-
caia, 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 Dieffenbachia®, cucumber
mosaic of Arum and Colocasia, tomato spotted
wilt of Zantedeshia, and the bobone rhabdovirus
of Colocasia®+*¢, Other less well defined reports
include the banana bunchy top®® and “almoae”
diseases of Colocasia, the *‘chirke” disease of large
cardomon, which infects Acorus, and unnamed
viruses of Anthurium, Monstera, Philodendron,
and Zantedeschia®:”, None of these viruses,
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however, infect as many aroids or is as wide
spread as dasheen mosaic virus (DMV), a poty virus
first described in 1970. This virus occurs through-
out the world and infects at least 14 aroid genera:
Alocasia, Aglaonema, Amorphophallus, Anthuri-
um, Arisaema, Caiadium, Colocasia, Cryptocoryne,
Dieffenbachia, Philodendron, Richardia, Spathi-
phyllum, Xanthosoma, and Zantedeschia. Al-
though certain nonaroids are susceptible, the
natural host range of DMV appears to be restricted
to the family Araceae®?+77,

Dasheen Mosaic Viris

Dasheen mosaic virus symptoms may differ
considerably according to the aroid infected and
the season in which it is grown””. 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 Colocasiae),
including Caladium, Colocasia, and Xanthosoma,
conspicuous “feathering symptoms" are typical? *
8.12.13.583.56.76 " p characteristic of many aroids
is that DMV symptoms are intermittently ex-
pressed, often making detection difficult®.47.
6.73.77  In some instances, such as with Dieffen-
bachia, symptom expression is seasonal, most
often appearing on foliage produced during the
fall and/or spring months®:!8:52.54.77  gome
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


http:66.73.77
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‘Frieda Hemple' and ‘Carolyn Whorton’. Similar-
ly, under the same greenhouse conditions, plants
of the Hawaiian Colocasia cultivar, ‘Mana Lauloa’,
produced leaves with DMV symptoms much more
frequently than a cultivar grown in north Florida
USA and locally referred to as “dasheen’’.

The . Properties of DMV have been sum-
marized previously’’. Like other potyviruses,
DMV has a mean particle length ca. 700-800 nm,
induces cylindrical inclusions, and is transmitted
by aphids in a stylet-borne manner. Also, its
capsid orotein is serologically related to those of
certain other potyviruses, including blackeye
cowpea mosaic, tobacco etch, and araujia
mosaic?®+7’,  The cylindrical inclusion protein
of DMV is serologically related to that of the
araujia mosaic potyvirus®®, and the helper
‘component protein of tobacco vein muttling
potyvirus is related to invirro synthesized gene
products of DMV>', About 93% of the estimated
coding capacity of the DMV gene has been ac-
counted for, and the proposed gene map for DMV
is similar to that determined for other potyviruses:
5' end-proposed helper factor protein-cylindrical
inclusion protein-unknown protein-47K nuclear in-
clusion protein-56K nuclear inclusion protein-
capsid protein-3' end (J. Nagel & E. Hiebert,
unpublished).

Aside from the characteristic symptoms it
induces, DMV can be diagnosed in a variety of
ways, including bioassay, serology, and/or
by light and electron microscopy. Bioassay has
been widely used, usually involving Philodendron
selloum seedlings as assay plants’’. Seeds of this
plant can be cornmercially obtained in the United
States, and they are extremely susceptible to this
virus, giving mosaic and vein clearing symptoms
on the first 1-2 leaves expressed following inocula-
tions, Other aroids such as Anthurium spp. can
also be used when seedlings of P. selloum are not
available?+53.54.54.77 " p limitation in the use of
P.- sefloum and other araceous assay plants is that
seeds do not retain their viability long?*+¢ | Local
lesion hosts exist, including the aroid, Philodendron
verrucosum®™+™, and the non-aroids, Chenopo-
dium spp.5? and Tetragonia expansa (A. A, Brunt,

personal communication). However, these are not
necessarily satisfactory for indexing purposes.
Philodendron verrucosum is not readily available
eithe: as seed or vegetative material, and because
it is a rather large plant, it may be inconvenient
to maintain under greenhouse conditions. The
susceptibility of non-aroids appears to vary
according to where and under what test conditions
the work is being conducted. For example, in
contrast to European studies’? (A, A. Brunt,
personal cummunication), attempts at Florida
USA" and Venezuela'? to infect non-aroids have
not been successful,

Since DMV is the only ascertained potyvirus
to infect aroids®, detection of cylindrical in-
clusions either by light or electron microscopy can
be taken as circumstantial evidence for its
presence’’. However, the possibility of previously
unidentified potyviruses infecting aroids can not
be discounted, and thus some caution should be
exercised in making specific diagnoses of DMV by
these methods. Should other aroid potyviruses
be found, morphological differences in the inclu-
sions induced may be found which may be of
diagnostic value, as has been shown for other
potyviruses’! 3,  Likewise, since it is the only
definitive flexuous-rod virus known to infect
aroids, the detection of such virus particles by
electron microscopy can also be used as evidence
for DMV. However, the same precautions noted
above for inclusions should he taken. Any doubts
in this regard can be eliminated, however, through
the use of DMV capsid antiserum and immuno-
specific electron microscopy techniques, such as
those used for detecting DMV in Dieffenbachia®+* .

Various other serological methods, using
either capsid or cylindrical inclusion antiserum,
can be helpful for diagnosing DMV infections”’,
The techniques and immunodiffusion medium
described by Parcifull and Batchelor® have been
frequently used for this purpose as has the im-
munodiffusion medium of Tolin and Roane®,
which contains 0.8% Nobel agar, 0.2% scdium
dodecyl sulfate, 0.7% NaCl, and 0.1% sodium
azide. Immunodiffusion methods have been used
to demonstrate the presence of DMV in Europe*™
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%2, Latin America®!+53 (J, Escudero, J. Bird & F.W.
Zettler, unpublished), Africa?+!*+7!| (F. W, Rey-
senbach, personal communication), the People’s
Republic of China (F. W. Zettler & J. H, Tsai,
unpublished), and California USA®. 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
are celatively strain specific®®. That different
DMV strains may exist has been indicated in
studies by Abo EL-Nil et al.* and Wisler et a1,

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®-"". Similarly, considerable
titer differences between symptomatic and asymp-
tomatic tissues of individual Dieffenbachia leaves
were noted °. While definitive quantitative studies
have not yet been conducted, some aroids such as
Caladium, Colocasia, Xanthosoma, 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-
JSenbachia, Zantedeschia, and Xanthosoma Prior
to 1978, it was known tc occur in the Caribbean,
Florida USA, Egypt, Europe, Japan, India, and
Oceania”. Since then, it has been r¢ ported infec.
ting 1) Aglaonemain California USA®, 2) Alocasia
in Brazil®®, 3)Cyrtospermain the Gilbert Islands®
4) Dieffenbachia in Florida USA® the Untied
Kingdom®, Denmark?’, and Belgium®*, 5)
Philodendron in Florida USA™, 6) Richardia in
Italy*?, 7) Zantedeschia in the Republic of South
Aftica (F. W. Reysenbach, personal communica-

‘ tion), and 8) Colocasia and/or Xanthosoma in

Brazil®}, the Cameroons', Costa Rica®!, the
Dominican Republic (J. Escudero, J. Bird, & F. W.
Zettler, unpublished), French Polynesia®, Gilbert
Islands®*, Guam (G. Beaver, personal communica.
tion), Nigeria”, Papua New Guinea®®, People's
Republic of China'® (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
vield losses are usually not available. However,
in studies involving the nrmamentals, Caladium,
Dieffenbachia, Philodendron, and Zantedeschia,
quantitative yield losses of more than 60% were
tecordedlo,‘24,38,73_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 Oceanija'®-56, 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 plants®.

A second important factor in the wide-spread
distribution of DMV is that, like most potyviruses,
it is readily transmitted by aphids'*-*-% Two
aphids, Aphis gossypii and Mpyzus 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 popul.
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 planting*®,



Thirdly, widespread incidence of DMV is
abetted by the necessity of propagating
aroids vegetatively, Although DMV is apparently
not seed-borne”, 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 cxists 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?+%+43.¢  Three other
probleins 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
gibberellic acid*-'*+??,  2) the viability of aroid
seed is usually of very short duration®-2,
and 3) the seedling progeny of most cultivated
aroids exhibit considerable phenotypic variability
since they are not true-breeding?%-63.7.72.74,75
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™.

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 Egypt
it has been grown perhaps as early as 500 B.C.*
Xanthosoma, an indigene of the neotropics, las
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®,
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

currently constitute an eight million dollar
industry. Similarly, ‘foliage aroids such as
Aglaonema, Dieffenbachia, and Philodendron
collectively comprise about 3055 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*”.

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®, Puerto Rico®, Venezuela'?, and Florida
USA (Zettler, unpublished) have been surveyed
for DMV infections, and incidences were very high
in all instances. Jackson and Firman3 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
unsuccessful®, virus-free plants of several aroids
have been obtained through seed propagation and
tissue culture®.20.25.88.69.77 ey oarefyl
selection and exclusive use of symptomless cut-
tings for propagating material has been used
successfully to control DMV infections of Dieffen-
bachia in Europe’-5* (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
DMV symptoms'®-™  Similar observations were
made by Wisler et al.” for Philodendron oxy-
cardium. No true genetic resistance to DMV is
known, although some cultivars of Dieffenbachia®
and Xanthosoma™ seem to be more tolerant than
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" 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 Caladium®?
and Colocasia®®.  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:!+7*
17,20,28,37,40,46,59,61.64.79) T 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, Spathiphy!-
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 or the foliage industry since the early
1970's.  Through tissue culture, for examplc,
a single shoot tip of Dieffenbachia can produce
up to 70,000 cuttings or more in one year28
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 producad a product of unusual quality
and uniformity. Diceffenbachia, once apparently
ubiquitously infected with DMV?®, is now largely
free of this and such pathogens as Erwinia chry-
santhemi wherever tissue culture derived stock is
employed®-'®,  Since these foliage aroids are
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- normally gresnhouse-grown, reinfection by DMV
c ca}x be prevented when usual pest control practices

for foliage aroids are vmployed. Many tissue
culture operations have been established in recent
years. The largest in Fiorida are Hartman's Plants
Inc., Oglesby Plant Laboratories 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 Xanthosoma, although the potential exists
for these crops as well. Hartman?® 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 othe:
plant families, such as the Commelinaceae. As
pointed out be Rana et al*?, 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. lor
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 period ™,

Although tissue culture technology has been
refined whersby 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® 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, 4 very large initial expense is needed. The
construction of a tissue culture facility requires
an initial investment capital of $US 20,000-
250,000, depending upon the scope of the
operation?, and modern, up-to-date facilities are
likely to exceed to US$ 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 this time for most of
the edible aroids.
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 DISCUSSION

: (C N. Roxstacher)

Has heat treatment or thremotherapy been apphed to elimmate DMV in the aroxds"
No, as it has not been. nece_ssary. o

(D. Gonsalves) - «
What strategies would be suitable for transfernng this technology to developmg countnes whlch are

dependent on taro as a staple food?’

It is a question of investment of your time which is importaht.i To apply this in a developing country
there are several key points. Number one is that you need the contact people; for example here in
Taiwan there are excellent facilities like COA. This is the level of weople we need if ever it were to
be applied, someone right on the spot. Number two is the arsa of the crop, Hawaii may be a good
place, a large area crop is needed to work on. Butin 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.

(D. Gonsalves)
Is trying to get a resistant plant a viable approach?

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,

(S.K. Green)
Using these techniques of tissue culture as control, do you see any danger in losing the genetic dxversxty
of these crops; particularly if applied to taro in developing countries?

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 principal that what the consumer receives is only what
he needs, but the breeding stock is increased by collection,

(C.N. Roistacher)

What is the incidence of natural infection? Should one grow 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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It is amatter of proximity, growing aroids in isolation requires an efficient rapid tissue culture program
so that the plants can be propagated under field conditions faster than the virus can spread. Aroids
are a little easier in this respect than perhaps citrus or cucurbits, because the virus is essenﬁ#ﬂy o
restricted to the aroids, and the aroids are not agreesive weeds, So in many areas we can isolate thgm;, "
even in places like Taiwan and Florida, helped by this narrow cultural range. ' B :
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RECENT RESEARCH DEVELOPMENT IN VIRUS DISEASES OF GRAPEVINES

o _ Dennis Gonsalves and Francis Zee o
Department of Plant Pathology, New York State Agricultural Experiment_]Stgﬁph e
S Cornell University, Geneva, New York 14456 T

SUMMARY

Despite exiensfve research the etiology of grapevine leafroll disease, the mbst. wldesp‘read‘}md serious
virus disease of grapevines, remains unclear, Recent research indicates that at least two closterovirus-like

particles are associated with the disease. Their identification will enhance prospects for determining the

etiology and developing a rapid diagnostic technique for the disedse, -
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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 basis®.

The establishment of vineyards with virus-free
vines is the initial and most important control
measure for leafroll ar 1 other grape viruses. This,
in turn, is dependent on having a reliable method
for diagnosing the disease. Leafroll and most
grape virus diseases are diagnosed by indexing on
woody indicators that show characteristic
symptoms, These tests have been very useful in
detecting virus diseases in symptomless rootstock
and scions and have been the foundation on which
many grape industries have developed certification
programs which have helped to increase crop
production. Hown=ver, several shortcomings are
obvious in these tests. First, they take anywheze
from one to three years to complete. Second,
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,
the causal agent(s) of the disease has not been
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 enzymelinked im-

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-
eza!. 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-
ping more rapid and reliable indexing procedures,
and for developing more efficient methods to
control this serious disease of grapevines.

HISTORICAL BACKGROUND ON
ETIOLOGY OF GRAPEVINE
LEAFROLL DISEASE

Grapevine leafroll is a graft transmissible,
virus-like disease for which the etiology has not
been demonstrated, Affected grapevines show a
downward rolling of the leaves and a reddening
of the interveinal leaf surface on varieties with:
dark-colored fruit, Varieties with light-colored
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
from diseased vines. Leafroll can be distinguished
by its characteristic symptoms (rolling of leaves
and interveinal reddening of leaf) on the woody
indicators Mission or Cabernet Franc®.

A number of investigators have associated
virus-like particles with leafroll. These include
isolmetric  particles'?, filamentous particles.
resembling a potyvirus“’ and filamentous particles
re:ambling closteroviruses?+5+6+%«11:13:17, Recent-
ly, a viroid with similar nucleotide homology to -
hop-stunt viroid was isolated for the first time
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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 js
caused by one cr more closteroviruses, Namba ez
al ™ first observed closteroviruslike 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 leafrol*-%+!7  Ancther closterovirus, which
was originally from a grapevine showing stem
pitting symptoms and was subsequently trans-
mitted to Nicotiana clevelandii, has been isolated
and characterized®+*, Although the virus can be
mechanically transmitted from N.  clevelandii
to N, clevelandii, 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?.!, Recently,
Milne et al'! showed that GVA is present in
numerous diseased grapevines, Also, they found
another shorter closterovirus.like particle, which is
serologically distinct from GVA, in many of the
grapevines. The association of one or both of
thesa particles with grapevines infected with leaf.
roll was about 50%,

RECENT RESEARCH INFORMATION
ON ETIOLOGY
OF LEAFROLL DISEASE

Very recently in Switzerland, Gugerli et a7®
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, there are conflicting data
(summarized in Table 1) on the length of particles
which are associated with the disease. It is con-
ceivable that the leafrol] 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, we
have isolated closterovirus.like particles from
known isolates of leafroll from California and New
York'™. The methods we used were those of
Gurgerli ef al® 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* would be a good alternative for
detecting the disease. The recent work by Gugerli
et al® 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 GVAS,
there are no reports which show that GVA can be
detected by ELISA in infected 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
partiéle, it is imperative that specific antisera be
produced to these particles. Unfortunately, these
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Table 1, Stmmary of data associating closterovirus-like particles with leaf roll,

Particle = .~

Antisera reaction

S Characterization
Origin- {plant) ~ length (nm) (EM., isclated) VA Sy
Japan  (grape) 1000 - EM. NT NT
Italy {grape, 800 E.M,, isolated 4. _NT..
N. clev.) 400(2) . EM. | = CNT
Germany (grape) 2000 . EM. ’ o
Switzerland (grape) 1800 _EM, isolated .

2200,

E.M. = electron microscopy, NT = not test, += pélﬂjtl\‘/e,y %-fneg'af't!.‘ve_.‘ o

different particles have been detected in the same v

plant'!, Since the leafroll agent has not been

. EM,, Isolated . -

mechanically transmitted there is no way to biolog-"

ically purify the isolates through mechanical
transfer. The use of monoclonal antibody tech-
nology!® 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 agents) 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 raechanical transmissic « of leafroll virus may
be possible using the ‘’knife slash' method which
has been used to transmit tristeza virus’.

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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THREE PHLOEM-LIMITED VIRUSES CF GRAPEVINE: -
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‘SUMMARY

Grapevine afinashika virus (GAV), grapevine stunt virus (GSV) and grapevine leafroll virus (GLR V),
important in Japanese viticulture, are all phloem-limited viruses. GAV and GSV are small and spherical, ca,
25 nm in diameter, GAV was purified and diagnosed with ELISA, GSV was found to be transmitted by
g.apevine leafhopper (Arboridia apicalls Nawa; Cicadellidae). Cicadellidae is a new Insect vector of plant
virus. GLRYV is a long, flexuous, rod-shaped particle, approximately 11x1,000 nm, which is a probably
a member of the closterovirus group. Injections of these viruses are detectable by the direct fluorescence
detection (DFD) method,
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GRAPEVINE AJINASHIKA
- VIRUS (GAV)

In Japan, GAV, GSV, and GLRV are the
most important of grape viruses; other viruses,
grapevine corky bark virus and grapevine fanleaf
virus etc., cause almost no symptoms on cultivars,
Both GAV and GSV are small and spherical,
ca, 25nm in diameter, The location of both
viruses are restricted to phloem cells (Fig. 1,2)!*
0.2 Recently, GSV was found to be transmitted

Okayama 709-08, Japan?

. 'by grapevine leafhopper (Arbordia  apicalis

Nawa)'®:!”.  GLRV is a long, flexuous, rod-
shaped particle, ca. 11x1,000nm, a possible
member of closteroviruses!4-??, Grapevine
ajinashika disease is the most important viticulture
virus disease in Japan?®, Diseased trees show no
visible symptoms and can be recognized only by
a marked decline of sugar content in their fruits,
Diseased fruits can neither be used as table grapes

nor for wine, In this section. we report the

purification and some properties of GAV.

Fig. 1. Crystallines of GAV particles in phloem com-
panion cell,

Fig. 2. Concentric membrane layers contamning GAV
particles in phloem parenchyma cell,
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Relative absorbence {254 nm)

" Depth’ o

Fig. 3. Absorbance patterns of GAV, purified from in-
fected grapevine tissue, after sucrose de_nsity gradient
centrifugation, .

Purification of GAV

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 virions in CsC1

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

'ﬁ;;’ﬁtiéyant"deﬁsity of GAV in CsCl, was
1.38g/cm3.” The UV scan of purified

o “preparatlons was typlcal of that of a virus,"

e A nalytical ulrracenmfugation

" Purified preparations of GAV sedimented as

‘ single components with sedimentation coefficient
- of ca. 110s.

Electron microscopy

The virions of GAV are isometric with a

_diameter of 25nm in preparations negatively

stained with PTA (phosphotung tic acid) (Fig; 5,6).
Nucleic acid

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° (Fig. 7,8). Mucleic acid of GAV
was susceptible to digestion by RNase, but not
DNase,

Coat protein subunits

Electrophoresis of GAV coat protein in SDS-

‘polyacrylamide gels revealed one major band and

" ‘Absarbence at 254 nm

>

5

Fractions

10

Flg 4, Distnbutlon of (GAV after centrifugation for 30hr at 36,000rpm in CsCl, (p =1 4 g/cm’) 1n 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).

L.



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

Fig. 7. Polyacrylamide gel elec-
trophoretic analyses of RNA pre-
parations. (a) 23S RNA (mol.
wt. = 1.1x10%) and 16S RNA
(5.6x10%) of E. coli ribosome and
RNA (2.05x10%) isolated from
purified tobacco mosaic virus.
(B) RNA isolated from purified
GAV.
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Relative éléctrophorotlc _rnoblllg&' :

Fig. 8. Determination of molecular weight of grapevine ajinashika virus RNA by
electrophoresis on 2.5% polyacrylamide gel. The line Is obtained by plotting the
molecular weights of marker RNAs against their relative moblities. Abbrevia-
tions are: TMYV, tobacco mosaic virus RNA (2.05 x 10%); 23S RNA (1.1 x 10%)
and 16S RNA (5.6 x 10%) of E, coli ribosome.
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minor band (Fig. 9, 10),
molecular weight of GAV coat protems were

estimated to be 23,000 (ma]or) and 24000

(minor) respectively.

Detection of GAV by :’mmunosorbent electron
microscopy o

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® (CsCl,) and estimated nucleic acid
content of ca. 30%!%. GAV contained a single
species of nucleic acid estimated mol. wt. ca.
2.3x10% 1€, 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-
scopy®®. With this technique, it is possible to
detectdiseased trees, Biological and physicochem-
ical properties were similar to luteoviruses. But
GAV had no serological relationships with BYDV

" and PLRV'S, The following several small spherical

viruses are isolated from grapevine: nepoviruses,
tobacco necrosis virus (TNV), tomato bushy stunt

Using markers the

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)?. 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, 27-40 and 42.46% single-
stranded RNA. Two RNA species, mol. wt. ca.
2.4x10 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®.  Antiserum of GFV, a member of
nepoviruses, did not react with GAV in agar gel
double diffusion test. TNV, TBSV, BBWV,
SBMV, GISV, and BMV are also different from
GAV in morphological, physicochemical and
biological properties (Table 1)2+3', 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 grapevine?®. It has been suggested that
fleck symptoms of St. George closely resemble the
disease?®; 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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Y W _._..._,.“ Flg 10. Determination of molecular weight of grapevine
: o ajinashika virus coat protein subunit by electrophoresis on
A B 12% SDS-polyacrylamide gel.  The line is obtained by

plotting the molecular weights of marker proteins against
their relative mobilities,

v'ig. 9. Polyacrylamide gel electrophoretic analyses of protein preparations. (A) Marker proteins: Bov, bovine serum
albumin (mol. wt. = 66,000); Ova, ovalbumin (45,000); Gly, glyceraldehyde-3-phosphate dehydrogenase (rabbit muscle)

(36,000); Car, carbonic anhydrase (bovine erythrocytes) (29,000); Lac, a-lactalbumin (14,200) proteins as mol, wt,
standards. (B) Dissociated GAV protein,

Fig. 11. Trapping decoration of GAV particles using Fig. 12. High magnification of Fig, 11.
GAV antiserum,
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Fig. 13. Gel diffusion serology. Well (V): 1 ug of a Fig. 14. Gel diffusion serology. Well (AG): GAV anti-

purified preparation of GAV. The dilutioas are 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.

Fig. 15. Precipitation patterns of agar double diffusion Fig. 16. Gel diffusion serology. Well (V): 1 ug of a
reactions among two viruses (GAV (G) and BYDV (B)) purified preparation of GAV; well (AF): GFV antiserum;
and threc antisera (GAV (GA), BYDV (BA) and PLRV  ° well (AG): GAV antiserum.

(PA)).
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Table 1.’ Co‘rﬁbéf@azti‘v#‘ pi"ij)ﬁe‘kt»le‘{bf.s‘r‘r}éil'sphe:rica‘l.\)lruses detected from grapevine .

Mol wt.

ﬁa&lcl‘e-' RNA %‘?fbv‘ ‘, Sgcji;nen-, Buoya.mt-. Mol, \fvt. : Loi:aﬁon
S partlcle.  tat on ‘_“.bi_;‘dAens:t_y of major of nucleic - in plant
size (om)  wejght:  coefficient " (g/ema) . polypetide acid . .
B "~ {Samw) - (CsClL) o (dalt) - (x108 dalt)
GAV 25 30 ' 10 138 23000 23 . Phloem-imited
GSvV B = - P . =so 7 =" Phloem-limited
TNV 25-30  18-21 . 112133 1399 30,000-33,000 = 1.5  Systemic
TBSV 30 17 40 1380 41000 16 Systemic
BBWV 25 3322 63,100,126 - 1.40,1.44 = 42,000 ©20,1.83"  Systemic
SBMV 26 © ¢ "20 104 143 19,200 1.3 Systemic
GJSV . 26 ol - - - — Systemic
BMV - - - - - - Systemic

30

prepared from purified preparation of GAV!S,
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
of plant viruses*-®, This procedure is capable of
detecting low-titer and tissue-limited viruses,
which would be difficult to assay by conventional
means!, This paper reports the successful applica-
tion of ELISA for detecting GAVS,

Sensitivity of ELISA iIn detecting GAV

In preliminary test with purified GAV
preparations, various ELISA absorbance values

were observed with gamma-globulin dilutions of

1:100 (10ug/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

2.5ug/ml and conjugate at 1:400 were routinely

used. Under these conditions, we tested the possi-
bility of detecting GAV in purified virus prepara-
tions and extracts of leaf veins, 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 virus concentra-
tion over a range of values (Fig. 18). GAV could
be detected in the experiments from 10 to 10°3
dilutions of matured fruit cores from infected
grapevines (Fig. 19).

Detection of GAV in infected plants

A series of experiments was done to
determine the reliability of ELISA for detecting
GAYV 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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low ELISA absorbance values. Rootstocks were
also tested for GAV. In Teleki 8B and Teleki 5BB,
which have been used as rootstocks in Japan for a
long time GAV was detected. Even Teleki 5BB,
which was distributed as virus free rootstock, was
revealed to be infected with GAV. Further GAV
was detected from S04, which was also believed to
be virus free. Two éamples, Campbell Early in-
fected with grapevine stunt virus and St. George
showing fleck symptoms were tested. There were
no clear differences in the ELISA absorbance
values between these samples and healthy ones,

DISCUSSION

The ELISA test can be successfully used for
detecting GAV in extracts of matured fruit cores,
the extract of current shoots and purified prep-
arations from grapevines, Extract dilutions of 1:10
were most effective to detect GAV., Matured fruit
cores were most effective, but small young fruits
were not good for detec.ion. GAV is thought
to be partly derived from grapevine rootstocks,
In this study we tried to detect GAV from several
rootstocks, among them Teleki 8B and Teleki
5BB which have been in long use, and Teleki 5BB
and SO, which were necently distributed as virus
free rootstocks. The former two proved to be
infected with GAV; however, of the latter two,
while GAV was not detected from Teleki 5BB, it
was found to bein S04, supposed virus free, These
results suggest two possibilities, The first is that
GAV was not successfully eliminated from S50,.
The second is that SO,4, had been virus-free but
became infected with GAV while planted in the
nursery, which must be investigated further,
ELISA absorbance values depend 01 plant parts in
grapevine, and so, for diagnosis of GAV, low
concentration and phloem-limited virus, we must
take ELISA absorbance values for each plant part,
The feasibility of using results from ELISA tests to
control grapevine ajinashika disease depends on
its suitability to test dormant wood for propaga.
tion. Niether Campbell Early budwood infected
with GSV non St. George budwood showing fleck
Symptoms reacted with GAV antibody in ELISA,

GSV has been assumed to be related to GAV., And
fleck symptoms of St. George were suggested to be
closely related to GAV®®, For these results, there
might be several reasons, perhaps virus concentra-
tion in tissues might be too low to detect by
ELISA, or there might be a large enough antigenic
difference to fail to give a positive reaction with
ELISA. We are researching these relationships by
sampling from various Plant parts in grapevine at
varicus stages and seasons,

GRAPEVINE STUNT VIRUS (Gsv)
DISEASE SYMPTOM AND
TRANSMISSION

Stunt disease of Campbell Early grapevine
(V. vinifera Litn.) has been observed in Okayama
Prefecture for about ten years., At first known
only in Okayama Prefecture, recently it was
reengnised in Oita, Fukuoka, Akita and Saitama
Prefectures.  Diseased grapevines tend to set
smaller leaves which roll downward, and to develop
dwarfed shoots, Recently, the disease was shown
to be transmitted by the grapevine leafhopper,
Arboridia apicalis Nawa, and to be caused by a
small, spherica] virus, which was named grapevine
stunt virus (GSV)+2!, The grapevine leafhopper is
widely spread all over Japan,

Symptoms

There are no Symptoms upon sprouting, but
later growth is remarkably reduced, In spring,
development of shoots is remarkably inhibited,
resulting in much shorter internodes. Diseased
vines tend to set smaller leaves which roll down.
ward, the tissue around the margins often being
dried up and browned (Fig. 21). Later, severely
affected leaves drop. The flower clusters on vines
with stunt disease are usually smaller than those
on healthy vines; they shell badly, and poor
clusters are the rule. In advanced cases the vine
fails to set fruit and the flower clusters wither
away. Even if they set fruit, they set smaller fruit
which may fail to seed. Symptoms of new shoots
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).

Al

Fig. 21. Leaf symptoms of grapevine infected with gra-
pevine stunt discase.

Derection of causal agent

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.

Intracelfhlar appearance of virus particles

The virus particles were also found in
ultrathin sections prepared frorn 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 vacunle. 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.
starch grains in chloroplasts in the mesophyll cells,

Transmission of 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) Transmission in 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

No. of trees infected/tested

Inoculum

Exp. 1 (1980) Exp. 2 (1981)
Diseased" ! 17/26 23/66
'Healthy*? 0/22 - 0/26

*1. Clones of diseased Campbell Early
*2. Clones of healthy Campbell Early

Table 3. Graftinoculation test by chip bud grafting
to nursery stocks

It seemed to cause the accumulation of ,

I No of trees
«".'°9'-,",'-'m» o infected/tested
Diseased*! " g4pq. o
Healthy'z ST ';.0/5_, o

1. Clones of diseased Campbell Early
2 Clones of healthy Campbell Early

Table4. Graft moculation test by ch.p bud graftmg
to mature trees

. No.of troes
Inoculum-." .

B infected/tested
Diseased*! 512
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 heaithy gra-
pevine (Campbell Early) by viruliferous insects of
the grapevine leafhopper (Fig. 24). Acquisition
feeding of five days followed by inocutation
feeding of seven days is necessary for infection,
The first symptoms of setting smaller leaves which
roll downward apneared on the inoculated vine
about a year afier inoculation, and later various
symptoms appeared on shoots and clusters. These
symptoms were all the same as thosé 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
erapevine stunt disease occurs almost every-

where Campbell Early grapevine is planted, GSV
was transmitted by grafting and by grapevine
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Fig. 24. Grapevine lcafhopper (Arboridia apicalis Nawa).

leafhopper (transmissibility was about 50%)1%+17,
Cicadellidae is a new insect vector of plant virus,
G5V is small spherical and phloem-limited virus.
It's properties are similar to GAV. But GSV
reacted little with GAV in ELISA test'®, 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)
method 2,

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

ajinashika disease’®+?, The leafroll s transmitted
by grafting, and considered to be a virus disease.
The causal virus, however, has not been detected
in diseased vines under the electron microscope.
Tanne et al, (1977)%7 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

In Japan, the disease was first recognized in
1966, 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
vines?®, 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
Okayama 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 had 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 vused 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
dip preparation.

study. Long, flexuous, rod-shaped particles, ap-
proximately 11x1,000nm, were consistently
observed (Fig. 25) in negatively stained dip-
preparations from diseased leaf materials and in
the prefixed preparations cf diseased leaves from
California, but not in healthy control preparations.
Leaves, peduncles and fruit cores from diseased
vines were fixed in 5% glutaraldehyde, postfixed

in 1% osmium tetroxide, embedded in Epon 812,

thin sections cut, stained with uranyl acetate and
lead citrate, and examined under an electron
microscope. Controls were prepared from healthy
vines in the same way. In all thin sections from

Fig. 26. Phloem cells *.owing necrosis, and aggregated masses of
GLRYV particles in sieve tube,

diseased vines, phloem necrosis and accumulation
of starch grains in mesophyll cells, and long,
flexuous, rod-shaped particles, approximately 9x
1,000nm, in all the diseased materials and never
in healthy controls. :

These results strongly suggest that GLRV
is a long, flexuous, rod.shaped particle which is
restricted to phloem cells and transmitted by
grafting. This, along with the intracellular ap-
pearance of virus-infected ceiis, suggests that
GLRV may be a member of closteroviruses, -
GLRYV is not transmitted by inoculation of sap’.
Transmission by mealybugs was suggested, but
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Fig. 27. Development of vesicular structures associated with GLRV particles in phloem 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 leaves®’, 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'!, and
another was from that showing ring pattern mosaic
symptoms on fruit' 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 cultivars®*!%.  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
10, 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®, closely related to grapevine stem-
pitting disease® and transmitted by Pseudo-
coccidae mealybug (Pseudococcus longispinus)?*;
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®?

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, biochemistry, 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® and MLOs?®.
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)*. 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 ongmate
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 ciagnosis in nursery stocks.

(2) Preservation of samples. Frozen (—20°C
to —70°C) as well as refrigerated samples can be
used for diagnosis. Frozen samples can be stored
at —20°C for up to several months and at —70°C
for up to several years. Tissues can be fixed with

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 glass
is placed over it. Any razor blade may be useful
to cut sections. The slide can be frozen for preser-

vation,

CUTTING | ~Razor blade
.Sample
MOUNT
" Slide glass I Cover glass

e Reflecting
y fluorescence

Fig. 28. Procedura 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
phleem tissue, while such fluorescent cells are
never found in healthy tissue. By electron micros-
copy of the same samples, causal agents (virus or
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MLO) were observed. in phloem cells and TR
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 GAY, GSV or SLRV.
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INDEXING AND CONTROL OF CITRUS VIRUSES AND' VIRUS-LIKE DISEASES

v C N. Romtacher
Department of Plant Pathology, Umversxty of Cahforma
: " Riverside, CA 92521, U.S. A

ABSTRACT

Concepts for the control of citrus virus diseases mcIude quaramme and eradxcatton programs, use of
nucellar lines and more recently thermotherapy and shoot tip grafting as a better means of obtaining
virus-free citrus stock. A citrus industry today must be based on indexed virus-free mother or foundation

stock which is extended to a budwood certification program.

Recent developments in laboratory testing of citrus include culturing Spiroplasma citri for detection
of stubbom disease, the development of ELISA and other serological techniques for the detection of tristeza
and other viruses and the detection of ds RNA by electrophoresis. However, viruses can be missed by the
ELISA test and therefore plant indexing remains the means of critical evaluation for certification. .‘
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INDEXING AND' CONTROL OF CITRUS VIRUSES AND VIRUS-LIKE DISEASES

The history of citrug production throughout
the world records many dramatic upheavals and
changes directly attributed to diseases. The dis-
asterous Phytophthora epidemics of the mid 19th
century were responsible for the worldwide
destruction of citrus seedling trees'®, and trans.
formed the industry based on seedlings to one
based on Phytophthora-tolerant or resistant root-
stocks, The sour orange stock, first used in Spain,
was adapted successfully in those areas of the
world where tristeza (then unknown) was non-
endemic. However, sour orange was found to be
incompatible with sweet orange, grapefruit or
mandarin scions in many parts of Asia, South
Africa, Australia etc., and budded trees would die
within a few years after planting. Only after the
discovery of the Mexican or Key lime as an
indicator for tristeza?® did jt become evident that
the tristeza virus was responsible for this incompa.
tibility. However, in some areas of the world,
specifically in Argentina and Brazil, where vast
Plantings of citrus were predominantly or sour
orange stock, epidemics occurred, and millions of
trees were destroyed. The presence of an efficient
vector for the virus ( Toxoptera citricida) plus the
presence of the more virulent seedling yellows
strains of this virus complex created a disaster un.

paralleled in the history of fruit-tree production?.3,

The disease also developed in southern California,
Florida, Spain, Israel and more recently in
Venezuela where many millions of trees on sour

. hs Lwefoo UGN, Roistacher
S Department of Plant Patholo ity «
4 Riverside, CA 92521, U.S.A.

gy, University of Califomia

orange stock were destroyed and are still being
destroyed, Once tristeza is established in an area,
there is a continual search for new rootstocks to
replace the sour orange, Unfortunately,
randomly selected propagative budwood was later
found to contain ather ‘viruses™ which caused
other problems.  Exocortis is destructive to
Rangpur lime, trifoliata, sweet limes and many
citrange stocks; cachexia is destructive to
Cleopatra mandarin, sweet limes, Citrus macro-
phylla, and tangelos; tatterleaf is destructive to
trifoliata and many citranges. Even when tristeza
is well established, new strains may appear or be
imported; they may superimpose on existing
strains and new declines can occur,

Another equally serious citrus disease is
currently destroying millions of trees in Asia,
Africa and areas of the Pacific, This is the
greening disease with its psyllid vectors which
must be considered as one of the most serious and
potentially destructive disease problems of citrus,
It presents critical problems wherever present and
even where it is not present, its threat is ominous,
for it is moving and it can adapt to new areas and
new situations®.

The rapid spread of a psorosis disease in
Argentina suggests that a normally non-vector
transmissible virus can change its character and
become highly transmissible, This disease now is
a serious threat in this region and presents a good
argument for the elimination of trees with psorosis

‘The general term ‘viruses’ will be usad to include the viroids, mycoplesmas, Spiroplasma citri, greening organisms, and

other virus-like pathogens,

‘-

- 128 -



lesions in countries where psorosis-A is present
but not spreading naturally, : :
The mechanically transmissible ‘viruses’ such
as exocortis,
variegation, satsuma dwarf (and its related viruses)
can disseminate rapidly within an area by normal
pruning and fruit picking practices.  These

cachexia, tatterleaf, infectious

- pathogens must be considered as serious pests and

should not be allowed to be distributed inadver-
tantly in newly released budwood.

Today, techniques are available for the
relatively rapid detection of most citrus ‘viruses’,
Also, techniques are now available for the effective
elimination of perhaps all citrus ‘virus' diseases

THE MAJOR CITURS VIRUS DISEASES — WORLDWIDE

Citrus virus diseases may be classified as follows:

Diseases

A) Primarily vector transmitted

1. Tristeza Complex
— tristeza sweet/sour decline
— seedling yollows tristeza
-~ stem pitting tristeza

2, Creening disease
— Asian
— South African

3. Stubborn disease

4, Vein enation

" Clbstorovirus -
Gracillicutes ba,cter'i_aA

Spiroplasma citri
probable virus

B) ananly mechanically transmxtted (and a]so bud transmxtted)

5. Exocortis

6. Cachexia (Xyloporosis)

7. Infectious variegation
— satsuma dwarf
— navel infectious mottle
— natsudaidai dwarf

8. Tatterleaf

C) Primarily bud-graft transmitted (by man) -

9. Psorosis-A
ringspot
10. Concave gum (cak-leaf pattems)
impietratura
cristacortis

D) Serious diseases of unknown etlology which are spreadmg

11. blight
12, fruita bolita (misiones disease)
13. Argentine psorosis

Viroid
~ probable viroid
ilarviruses

- (26-33 nm)

o virus

probable virus
‘virus g
probable virus

- unknown
unknown
unknown

A more detailed and illustrated description of these dlseales can be found ln Bové and Vogel's oxecllent slide collectlon and

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 and eradication programs

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?-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
budwood®. 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 nucellar lines for virus free 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?! 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, coarstr flesh
texture, thicker, coarser, puffier and pebbled
rinds, tapered and furrowed stem ends and larger

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?, and will be only briefly
summarized here, Preconditioning of plants prior
to their use, is vital to success®*. Plants should
be grown (preconditioned) at warm temperatures
(32-40°C day and 26-30°C night) for one to three
months prior to budwood treatment. A preferred
method of heat treatment?® (Fig. IC)  jnyolves
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 lime?. The budded
plar -« ‘re placed in a chamber at high humidity
and at an initial temperature of 38/30°C (38°C for
16 hours with lights and 8 hours at 30°C in the
dark). After one week the temperature is raised to
40/30°C. The budded plants are held at this
temperature regime for 8 to 12 weeks, aftor 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°C (29, Fig. 1B),
Other techniques for thermotherapy may be used
and are described and illustrated elsewhere’-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 gfeening’._ Therinothérapy 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 the meristem and 2 to 4 leaf
primordia measuring 0.14 to 0.2 mm has success-
fully eliminated nearly all of the known citrus
viruses'®:#:24:28.31  phig s 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 assuvre 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?°-?’, 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 ie., exocortis,
cachexia, stubborn etc., are best seen under wam
conditions, An ideal facility must therefore have
provisions for a cool room or a section held at

© 26-30°/18.20°C, a growing section at 28-30°/
. 20-22°C, and a warm section at 32.40°/24-30°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
at Riverside we have studied and modified the UC
mix for production of good citius plants!’+19.20,
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 Spiroplasma citri for detection of
stubborn disease''+** and the development of
ELISA (enzyme-linked immunosorbant assay) and
other antigen-antibody techniques for the detec-
tion of tristeza'+'?, 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'®. 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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Tablo 1 Major citrus virus and virus-liko diseam and their detection

Disease
Blight.

Cachexia (xylopbr’ili)“ o

Concave gum
Cristacortis

Exocortls -
Greening

Impietratura

Infactious varlegat_lqn o

Psorosis-A

Ringspot {sporosis)

Satsuma dwarf

(citrus mosaic)

(Navel infectious mottle)
{Natsudaidei dwarf)

Stubborn

Tristeza

Tristeza (seadling yellows and

stem pitting forms)

Tatterleaf

Vien entaion

' Plnnt Index (by bud transmlnlon)' ‘

‘ ~ Gft,, sour o, and lemon sdigs, for

Other Indexes

none - ' . SO v — Weter uptake

— Zinc accumulation in bark ’
~ Amorphous plugs in xylem
~— Phenolic content in bark_ :

— Parson spacial mand. forced on
a vigorous rootstock (i.e., ro, le,);
- Orlando tangelo sdigs,

— Dweet, mand, or sw. o. sdigs, for oak
leaf pattersn

- Orlando tangelo sdlgs, for pitting
— Dweet or sw, o, sdlgs, for oak leaf patterns

- Electrophorltlc gels
— mech, transmitted to Gvnura for
certification

— 861-S-1 citron. A clonal bud forced on a
vigorous rootstock (ke., ro. le.)

— Sdigs. of Ponken mand., Madam Vlnous W, 0, — Flourescent markers in fruit
or Orlendo tangelo-bud transmitted or ]
phyllid transmitted

- Young gft, tree for fruit symptoms. :
— Seedlings of Dweet, Mand. or sw. 0. for oak -
leaf patterns . :

— Citron, lemon or sw, o, sdigs, "‘:':"7‘Mech.ktrahs,:gp‘oqv'vpea",.v;

— Sw, 0., Dweet, lemon, citron or Mexlcan L R
lime sdlgs' e

— psorosis-B lesion challenge in sw, o, sdlgl. L

— Duncan fgt., sw, o, sdligs, S —Mech trans. to Chcnopotllum
qulnoa
—Mech trans to cowpea or
- white seseme
- ELISA

- Citron, lemon, satsuma or
other mand, sdigs.

— Culturing Spiroplasma citrf in
a prepared media

— Leafhopper vector to Vinca or
other weed hosts

— ELISA

— ELISA, S.D.S.

-~ Immunodiffsuion, inclusion bodles
~ Electron microscope

— Fluorescent antibodies

— dsRNA gel

— dsRNA gel

- Side or leaf graft to madam
vinous sw. o,

~ Mexican lime, Citrus excelsa
or C. macrophylla sdigs,

.eedling yellows
— Gft, and Madam Vinous sw. o. for

stem pitting )
~ C. excelss, Rusk or other citrange sdigs,

— Mexican lime or sour o, sdigs, .

! Mandarin (mand, ) meet orange {sw. 0,) rough lamon (ro. Ie.‘), trlfoliate: (trlf.)'gra‘pefruft' (dft;'),'bvv")e'a‘f:t'arigbr'(D@éet).
Mechanical transmlttion {mach, tranl) saedllngs (sdlgs.) Il
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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
seadling yellows and perhaps stem-pitting triseza®.
It has had marked success in detecting avocado
viruses®+!3, and the possibilities of its use for
identification of other citrus viruses is being ex-
plored.

Budwood Certification Programs

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 Spain??, California'®
or Florida® 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 growers. 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

~ Nuanchan Deema, Maitree Prommintara,
S Kittisak Kiratiya-angul and Kruapan Kittipakorn -
Plant Virology Group, Division of Plant Pathology and Microbiology, - 
" Department of Agriculture, Bangkhen, Bangkok 10900, Thailand

SUMMARY

Citrus tristeza virus (CTV) was isolated Jfrom naturally infected acid lime plants in Thailand, The
virus was idgentified on the basis of host range, symptomatology, particle morphology and transmission.
Host range of CTV was limited to 14 plant species in the family Rutaceae. The virus caused cup leaf,
vein clearing and vein corking symptoms in acid lime, It is transmitted by aphids, Toxoptera aurantii
and T. citricidus, in a non-persistent manner, and by grafting. Partially purified preparations and leaf-dip
samples contained threadlike particles of about 1 »700—-2,000 nm in length.
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INTRODUCTION

Citrus cultivation originated in tropical and
subtropical regions of Scuth-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’,
Taiwan'®, Indonesia®, and the Philippines®.

Tristeza symptoms were found in Thailand
in 1971 on acid lime in Thayang District, Phetcha-
buri Province as a severe infection'®, and later
identified as tristeza disease caused by citrus
tristeza virus (CTV) by Kunakorn in 1982'¢;
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
Virus Source and Maintenance

. 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 Bangkhen,
Thailand.,

. Host Range

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'!. 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.

Craft transmission test was done by leaf
grafting and side cleft grafting from diseased to
healthy acid liime plants®.

For dodder transmission test, virus-free
dodders, Cuscuta sp., were allowed to establish
on infected acid lirne 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,

Virus Purification

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 0.1 M Tris-HCI buffer, pH 8.0,
containing 0.1% thioglycollic acid (2.5 ml/q 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 (PEG) and 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 cushjoned 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
method® and Derrick method of immuno electron
microscopy techniques®. 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 tetroxide, dehy-
drated in an acetone series, and embedded in a
Spurr’s resin, Ultrathin sections were cut using
glass knives mounted on a Porter-Blum MT-2B
ultramicrotome, and stained with 4% uranyl
acetate and 2% lead citrate! 2+!7,

RESULTS
Host Range

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, Feronig limonia, F. lucida,
C. grandis, C. limettiodes, C, paradisi x C. reticulata
and C. reticulata did not develop symptoms, but
electron microscopic observations and back-
inoculation tests indicated that they were system-
ically 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 Trdlish.ryis.sl:'oﬁ' N

CTV was transmissible by grafting and by
the two aphid species, Toxoptera aurantii and
T. citricidus, in a non-persistent manner (Table
2). Inoculated acid lime plants showed symptoms

simils+ to those described above. about six weeks
after i noculation. The virus was not mechanically
transmissible by the modified knife-cut inocula-
tion. Furthermore, it was neither transmitted by
dodder (Cuscuta sp.) nor through seeds (Table 2).

Table 1 Host reactions to infection by citrus tristeza virus
Tested plants S
T v ‘Symptoms?) ..
Species ~Common names T
Aegle  marmelos Corr. - bael fruit - s
Citrus  aurantifolia Swing. - acld llme VCl, VCo, CL
C aurantium L. : sour orange . Chl, St
C excelsa Wester e VY, VCo
C grandis Osb. pum‘meld'. . 8.
C hystrix DC. .- leech lime "VCI, VCo, CL = ..
C limettiodes Tanaka - ‘Palestine sweet lime s
C limon Burm. f. - Lisbon lime SL,St it
C madurenis Loureiro ~ Calamondin _ch, st
C. paradisi Macf x C. reticulata Blanco Orlando tangelo g
C reticulata Blanco. mandarin -
C. sinensis Osb., sweet orange ‘ Chl»" v
Feronia limonia Swing. wood apple T8
F, lucida Scheff, - ‘ s .

a) Key to symptoms: Chl = chlorosis, .CL’= cup leaf, 8

= symptomless systemic infection, SL = small leaf,

St = stunt, . VCI = vein clearing, VCo = vein corking, VY = vein yellowing

Tabie 2 Transmission of citrus tristeza virus by aphids (Toxoptera aurantil and T, citncidus) dodder
(Cuscuta sp.), graft, mechanical (modified knife-cut inoculation) and seed

Types of transmission

Rates of transmission3)

Cuscuta sp.

graft ‘ ,

‘ modlfled knlfe-cut lnoculatlon
seed ‘

v Toxoptera aurami?_

T citricidus

a) number of infected plants/number of tcstcdplantl




Virus Purificaticn

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.

Electron microscopy

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' +*®. The wide
distribution of CTV could be attributed to the
existence of the inoculum source and the high
population level of the 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 stalnéd*'
with 2% phosphotungstic acid, pH 7.0 Bar =600 nm.

Fig.2 Electron micrograph of a negatively stain ed dip preparation from diseased manao,

Bar = 500 nm.
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r
that CTV was neither transmitted by the modified 8.
knife-cut inoculation hor by dodder, Cuscuta sp.,
our results disagree with thr-e reported by Garnssy
et al. and Weathers and Ha:jung!®+'®. These CTV
transmission mode studies are inadequate and
need to be confirmed. Furthermore, additional 9.
purification of CTV by sucrose density gradient
centrifugation and serological studies of this

virus will be undertaken in our laboratory, 10,
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CITRUS GREENING (Ltkubm) AND SOME VIRUSES
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ABSTRACT

In Taiwan greening disease, likubin, and citrus tristeza virus diseases are recognised as serious citrus
diseases. Citrus tatterleaf virus (TLV) infection is endemic in much of Taiwan’s citrus and has been mis-
diagnosed as scionfrootstock incompatibility for Ponkan and Tankan on trifoliate rootstock. An intergrated
national program for the control of greening and virus diseases of citrus has been in operation since 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 ikubin’ 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 assummed 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 LX-agent was transmitted
by 4-5 instar nymphs and adults of psylla, Dia-
phorina citri, 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 hiological controls’.

Tetracyclines including achromycin and
terramycin showed therapeutic effectivenessagainst
the LK-agent by scion dipping treatment?®’
Temporary remission of symptoms occured in
LK-agent diseased trees injected with tetracycline
solution (1,000 ppm/1-2R), and the effectiveness
of antibiotic infusion could be improved by
pruning diseased twigs just after injection?®
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 days®.
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Research fof 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'°. However, CTVSY 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.
Crapefruit and pomelo seedling infected with this
dwarf strain (CTV-D) showed higher ELISA
values than those of the same citrus seedlings
incculated with common isolates of CTV.SY?2,
Recently, it was found that CTV-SY caused
obvious symptoms in pomelo seedling 2-3 months
after inoculation; however, the symptoms dis-
appeared gradually thereafter, and finally no CTV
could be detected from the inoculated pomelo

one year later. This suggested a reason why no
CTV was normally detected in the pomelo orchard
trees 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 siwrains 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
causing ‘tatterleaf’ of ‘Kalpi’ lime (Citrus excelsa)
which was first found in the ‘Meyer’ lemon intro-
duced to California from China?®. Calavan
et al.® demonstratad such severe reactions as bud
union creases and stock reduction of Satsuma
mandarin or sweet orange on Troyer citrange and
trifoliate orange rootstocks graft-inoculated with
tattarleaf virus infected Meyer buds. Miyakawa
and Matsui' ? reported that the abnormal bud union
of Satsuma mandarin on trifoliate orange was
similarly due to the virus causing tatterleaf virus,
Recently, Miyakawa'® detected TLV in Ponkan
and Tankan mandarin and pomelo formerly 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
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however, show severe vein clearing, leaf chlorosis,
and stunting presumably due to CTVSY 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 buds’®., The
healthy looking orchard trees of Ponkan, Tankan,
and Liucheng rooted on Sunki rootstocks, were
commonly found 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 lemnon 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 40/30°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

citricidus have 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 arapid 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, 1,000X)at 10-20 day intervals
during critical infection periods to prevent

s



" 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% NaOQl (10X
bleach) and rinsing with 2% summer oil +
5% acetic acid (vinegar),

REFERENCES

. Bar-Joseph, M., S.M. Garnsey, D. Gonsalves,
M. Moscouitz, D.E. Purcifull, M.F. Clark, and
G. Loebenstein. 1979. The use of enzyme-
linked immunosorbent assay for detection of
citrus tristeza virus, Phytopathology 69:
190-194,

. Bove, J.M., P. Bonnet, M. Garnier, and B.
Aubert. 1980. Penicillin and tetracycline
treatments of greening disease-affected citrus
plants in the glasshouse and the bacterial
mature of the procaryote associated with
greening, 91-102, In E.C. Calavan et al.,
eds., Proc. 8th Conf. IOCV, Riverside.

. Calavan, E.C,, et al. 1963. Symptoms associat-
ed with tatterleaf virus infection of Troyer
citrange rootstocks. Plant Dis. Rep. 47:971-
975,

. Chiu, RJ. and M.Y, Tsai. 1979, Distribution
and retention of tetracyclines in healthy and
likubin-affected citrus trees following trunk
transfusion.  143-151., /n Proc, R.0.C.-U.S.
Cooperative Sci. Seminar on Mycoplasma
diseases of plants. NSC, Symposium Series
No. 1., Taiwan, R.O.C.

. Chiu, RJ., M.Y. Tsai and C.H. Huang. 1978,
Tree transfusion with tetracyclines as a
measure for citrus likubin control. The
ASPAC Food and Fertilizer Technology
Center Book Series 13: 91.103. Taipei,
Taiwan,

. Costa, AS. and G.W. Muller. 1980. Tristeza
control by cross protection: A U.S..Brazil
cooperative success. Plant Disease Vol 64:
538-541.

10.

11,

12,

13,

14,

15,

16.

17.

18,

- 146 .

. Etienne, J. and B. Aubert, 1980, Biological
“control-of psyllid vectors of greening disease

on Reunion Island, 118121, In EC.
Calavan et al, eds., -Proc, 8th Conf. 10CV,
Riverside,

. Garnsey, S.M. 1974, Mechanical transmission

of a virus that produces tatterleaf symptoms
in Citrus excelsa, Proc, 6th Conf. IOCV, p.
137-140.

. Huang, C.H. 1983, Study on transmission of

likubin by psyllid vector. In ‘Abstracts of
experimental report on agriculture', published
by Dept. of Agriculture and Forestry Taiwan
Provincial Government. No. 489: 108.
Huang, C.H., M.J, Chen, and R.J. Chiu. 1980,
Separation of a mycoplasmalike organism
from the /ikubin complex in Citrus. Plant
Dis, 64: 564-566,

Huang, C.H., M.Y. Tsai and C.L. Wang. 1984,
Transmission of citrus likubin by a psyllid,
Diaphorina cimi, J. Agric. Res. China 33(1):
65.72.

Lin, C.P. and T.A, Chen. 1984, Monoclonal
antibodies against the aster yellows agent,
Science 215: 1233.1235,

Ling, P. 1972a, A report on exocortis virus
in Taiwan. Proc, IOCV Conf, 5: 102-104,
Ling, P. 1975. Investigation on the influence
of citrus virus diseases in Taiwan, Proc ocv
Conf. 7:

Matsumoto, T., M.C. Wang, and H.J. Su.
1961. Studies on likubin, p. 121125, /n
Proc. 2nd Conf. IOCV, Univ. Florida Press,
Gainesville,

Miyakawa, T. 1980. Occurrence and varietal
distribution of tatterleaf-citrange stunt virus
and its effects on Japanese citrus. Proc, 8th
Conf. IOCV, p, 220-224,

Miyakawa T., and Matsui C. 1976, A bud-
union abnormality of Satsuma mandarin on
Poncirus trifoliata rootstocks in Japan. p.
125-131. in E.C. Calvan (ed.), Proc 7th
Conf. IOCV, Riverside.

Muller, G.W. anci A.S. Costa. 1977, Tristeza
control in Brazil by preimmunization with
mild strains. Proc. Int. Soc. Citriculture 3;
868-872, SN



19,

20,

21,

22,

23,

24,

25,

26.

27,

28,

Navarro, L. 1981. Citrus shoot-tip grafting
in vitro (STG) and its applications: A review.
Proc. Int, Soc. Citriculture, 452456,
Navarro, L., C.N. Roistacher, and T. Murashige.
1975. Improvement of shoot-tip grafting in
vitro for virus-free citrus. J. Amer. Soc. Hort.
Sci, 100 (5): 471-479.

Roistacher, C.N. 1981. Attempts to separate
components of the tatterleaf citrange stunt

complex. Proc. Int. Soc. Citriculture Vol, 1:

430433,

Su, HJ. 1981. A tristeza virus strain causing
dwarf of pomelo and grapefruit. Proc. Int.
Soc. Citriculture. 423-426.

Su, HJ. and J.U. Cheon. 1984, Occurrence
and distribution of tatterleaf citrange stunt
complex on Taiwanese citrus, Proc, Int. Soc.
Citriculture. (In press).

Su, HJ. and J.Y. Chu. 1984, Modified
technique of citrus shoot-tip grafting and
rapid propagation method to obtain citrus
budwoods free of citrus viruses and likubin
organism. Proc. Int. Soc. Citriculture. (In
press).

Su, HJ, and R.Y. Wu. 1979, Preliminary
study on the etiology of Wentan pomelo
decline, 4547, In Proc. RO.C.-US.
Cooperative Sci. Seminar on Mycoplasma
Diseases of Plants. NSC, Symposium Series
No. 1., Taiwan, R.0.C.

Su, H.J. and S.C. Chang. 1976. The responses
of likubin pathogen to antibiotics and heat
therapy. p. 27-34. In EC. Calavan, eds,,
Proc. 7th Conf, IOCV, Riverside.

Su, HJ. and S.C. Leu. 1972, Study on the
pathogen complex causing likubin of citrus
in Taiwan. 1. Nature of mycoplasma-like
organism associated with the disease. Proc.
National Science Council (R.0.C.) No. 5:
109-126.

Su H.J, & Cheon J.U., 1984, Occurance and
distribution of tatterleaf citrange stunt
complex on Taiwanese citrus. Bull. of Phyto-
pathologists and Entomologists, National
Taiwan University, Vol. 11, 42.48.

29, Walace J. & Drake R.J., 1962, Tatterleaf,

previou;sly undescribed virus effect on citrus.
Plant Disease Reporter Vol. 46, 211-212.



. CITRUS TRISTEZA VIRUS: IMPACT AND CONTROL,
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SUMMARY

In Japan, citrus tristeza virus (CTV) and its primary vector have been widespread, but unidentified
before the study made on Hassaku dwarf. Injury caused by CTV has been defined on Hassaku, Natsu-
daidai, Iyo, sweet oranges, some buntans, Yuzu, tangelos and tangors; affected trees decline with severe
stem pitting and yield small irregular shaped fruit. Severe strains of CTV-SP or CTV-SY cre responsible;
however, a large number of satsuma mandarin trees are symptomless carriers of these severe strains. A
healthy Hassaku HM-55, found by intensive field surveys, was noted to carry mild forms of CTV-SP and
vein enation virus (CVEV) in complex, and was protective against severe strain. Preinoculation of mild
Isolates 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 disease®®?5. 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 tastes resulted 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 ditrus
plants depending on virus strain, the variety of
host plant and scion-rootstock combination. In
Japan, most citrus trees are on trifoliate orange,
Poncirus trifoliate (L.) Raf.. Trifoliate orange-
rootstock trees are highly tolerant against quick
;decline or tristeza, but still susceptible to stem
"pitting disease® %6,

‘ Intensity of stem pitting was surveyed on
various citrus plants at the Okitsu Branch, Fruit
Tree Research Station (FTRS)®, Cultivars or
varieties which developed severe stem pits were
Fingered citron (C. limonimedica), Ponderosa {C.
pyriformis), most of buntans (C, grandis), grape-
fruit (C. pamdisi) and the relatives, Nanshou-
daidai (C. taiwanica), sweet orange (C. sinensis)
and its relatives, Funadoko (C Junadoko), lyo
(C. iyo), Yuzu (C junos) and its relatives, King
(C. nobilis), Tachibana (C. tachibana), Calamondin
(C. madurensis), most of tangelos and tangors,
and dtrangequat. In contrast, sweet lime, lemon,
most of mandarins or tangerines, trifoliate orange
and citrange were nearly free of stem pitting.
Satsuma mancarin had been considered free of
stem pitting?S; however, it was revealed that
some of these trees showed mild stem pits?’,

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)*?,

SYMPTOMS ON SOME IMPORTANT
VARIETIES

Hassaku dwarf disease characterized by
severe pitting on twigs and trunk, resulting in
decline of trees and s 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 1961
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the acreage of affected trees was 400 ha (84%)
causing about 30% loss in production. A survey
in Tokushima prefecture in 1969'S revealed that
28.7% of trees were severely affected and there
was a close relationship between the intensity
of pitting on 2-3 year-old twigs and fruit loss.
The causal virus was a severe strain of stem
pitting CTV (severe CTV-SP), with no seedling
yellows reaction.on the test plantsi6.2!

In recent years, dﬁmage caused by Hassaku
dwarf disease has been reduced through variety
certification programs and preimmunization. The
acreage of Hassaku shifted from 4,860ha in
1970 to 9,930ha in 1983.

Natsudaidai, C. natsudaidai Hay., 16,300
ha acreage in 1983, is also affected with stem
pitting. Field surveys in Kumamoto prefecture
luring 197319767 showed that five percent of
Kawano-natudaidai trees were severely affected
and another 80% of the trees had developed
some stem pits. On the severely affected trees
small-sized fruit proportionally inceased to 68%,
while it remained at 30% and 10% on moderately
stem-pitted tress and the normal, respectively?®
(Fig. 1). However, when Natsudaidai trees were
grown in a deeply plowded field, reduction of
fruit size was not so marked even if severe stem-
pits developed”®. Fruit thinning may somewhat
improve the enlargement of fruit-size on the
affected trees®. Causal virus was suspected to be
a severe strain of CTV-SP!*.2°,

Intensity of
stem-pitting

Over 70 e ; y

40-70

0
RATIO OF FRUIT-SIZE GRADE

Fig. 1 Relation of fruit size to intensity of stem pitting
on Kawano-natsudaidai trees®,

Iyo has a history of stem pitting disease;
brown spots or rind-oil spots appear on the fruit.
A severe strain of CTV is probably causal factor
for the spots. Planting of Iyo, in particular
Miyauchi Iyo, markedly increased in recent years,
from 2,120 ha in 1975 to 10,700 ha in 1983.
Most of these were propagated by top-grafting
on satsuma mandarin. This practice accelerates
disease development because of infection by sev-
ere strains of CTV through the interstock, over
fruiting and failure in tree vigor.

Navel orange, 4,970 ha in 1983, also has
similar problems. These topgrafted trees should
be replaced with nursery piants propagated from
certified budlines in the near future.

Among other minor varieties, Seminole
tangelo®, Banpeiyu (C. grandis Osb.)*® and Yuzu!’
also suffer severe damage from stem pitting
disease. In particular, the fruit of severely
affected Yuzu develop brown spots or rind-oil
spots with gumming!”’. Kiyomi tangor, a newly
bred and fashionable variety in Japan, shows
severe stem-pits. '

CTV STRAINS IN JAPAN

It is certain that various strains of CTV
are present in complex in host plants®!%, To
determine the strains present three indicator
plants are used, acid lime (C. aurantifolia Swin.), .
sour orange (C. aqurantium L.) and a composit
tree of sweet orange on sour orange stock
(Fig. 2)'*. Most satsuma mandarin trees are free
of CTV symptoms, but almost all of the trees
are carriers of CTV?*. An indexing'® showed
that about half of the satsuma mandarin trees
carried CTV-SY which caused yellowing and
stunting of sour orange or lemon, and severe
symptoms on acid lime, and the other trees
carried milder strains of CTV-SP which caused
mild symptoms on acid lime and no symptoms
on sour orange. When various cultivars of sat-
suma planted in the field of Okitsu Branch,
FTRS were indexed, all of the stem-pitted trees
carried CTV-SY which caused severe symptoms
on both acid lime and lemon, of the trees free
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Fig. 2. A flow chart showing the determination of CTV
strains by symptoms on three index plants: nucellar
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?". 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,
FTRS? 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°  [n the case of Yuzu, declined trees
were carrying CTV-SY and apparently healthy
trees were carrying milder strains of CTV-SPY’.
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

o e e o2
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' should be by a single component. Later indexing
j_‘ways done at 10 to 13 years after planting, using
indicator plants and enzyme linked immunosor-
‘bent assay (ELISA) with anti-CTV-SP gamma
globulin'? as shown in Fig.2.
~" 'Of the buntan trees indexed, severely stem
pitted and somewhat dwarfed trees were carrying
CTV-SP. Some buntan trees with yellowing and
declined but not stem-pitted were carrying CTV
strains which induced very mild symptoms on
both acid lime and lemon. This result suggests
the presence of seedling yellows component in
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'®., The above results indicate that the
CTV-SP is the strain responsible for this effect
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and therei’bife‘ the i_‘esidual CTV-SP is important '
- for these:plants when grafted onto tolerarit 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 1962%'-2,  The tree called
HM-55 was camrying a mild strain of CTV-SP
and vein enation virus (CVEV) in complex?®:.
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®'+22, Thys,
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.

oculated with viruses from HM-55 before pro-
pagation. The preinoculated budline was pro-
pagated in a screenhouse free of aphids.

To control stem pitting disease of Yuzuy,
preinoculation with mild strains collected from
apparently healthy and old trees of Yuzu and
Hassaku were effective in field trials!®, When
the 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
CTVSP or CVEV alone'®. Some of the CVEV
isolates were protective on sour orange seedlings
against CTVSY transmitted by short term con-
tact tissue grafting®. 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
aphids®,

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)!!. 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 CTV-SY iransmitted by

T. 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.
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'3, 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 Qkitsu
Branch, FTRS®, 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-

In the preinoculated trees,

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 cultivars
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?!, insecticide sprays or soil
treatment with systemic insecticide aimed to
protect virusfree 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 p_re'inocmated citrus trees with some mild strains against CTV-SY complex”

oY SO

sw/ sw/ HAS/ NAT/

Isolate ;_Virus‘t" GFT') »SO"
No.145 ‘Unknown ' , X -
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+ CVEV
" jgbt.jid protection 0; falr protectlon
no protoctlon .

Ay poor protection X

o ) Challenged by short-term contact of a"octed tluue.
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ere symptoms in éarly stages. Therefore, ‘not
only original virusfree trees but also preim-
munized trees and their first derivatives used for

bud propagation should be grown in a screen-

house to protect against aphid vectors., = This
protecticn in propagation systems is now insuf-
ficient.

The best suited isolate of mild virus should
be selected for each variety. It may take 10-20
years before the effects of the mild strains are
properly evaluated by field trials. Therefore,
rapid evaluation by check for contamination and
population trends of severe strains in early stages
is desirable; for this, analysis of double-stranded
RNA®* seems useful. Identification of CTV
strains as mild or severe, and their seedling yellows
or stem pitting component should be clarified
at particle level or molecular level.

Cross protection tests suggest some relation
between CTV and CVEV. Determination of
particles associated with vein enation is in pro-
gress in Japan. CTV transmisibility by Aphis
gossypii ot A. citricolu has been proved in many
countries, but it has been not determined in
Japan.
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(CN., Roistacher)

Do you feel optimistic about finding good resxstance to most of your severe type, stem pittmg and : o
seedling yellows strains? :

We have several strains and some of them protective against savere strains of tristeza, but the applica-
tion of these protective strains may take some ten or twenty years, Now we are trying these in the

field. As far as propogation of the mild strains, we have some new foundanon stock inoculated and
are trying these in Japan. :
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STUDIES ON A NEW VIRUS DISEASE OF PAPAYA
lN THE 'PHILIPPINES
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SUMMARY.

A virus disease of papaya was first observed in leang, Cavite In the Philippines, 1982, The disease
has spread rapidly to cover three provinces. Symptoms are prominent mottling, malformation and reduction
of laminae, presence of oily dark green streaks and distinct ringspots on fruits.

The virus is transmitted by sap inoculation and by four species of aphids. Seed transmissibxhty has

not been conclusively established, Infectivity is lost when infectious sap was subjected to temperatures -

beyond 55°C and dilutions below 1 02. It is unstable in-vitro with longevity of eight hours under room
temperature. The virus particles are flexous rods with particle lengths of 780-800 nm, and are associated
with pinwheel and circular inclusions. The virus is probably related to papaya ringspot virus.
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~ STUDIES ON A NEW VIRUS DISEASE OF PAPAYA
| ‘IN THE PHILIPPINES =

REET Oscar 8. Opina
IR .. Virology Division, Department of Pathology S -
College of Agriculture, University of the Philippines at Los Banos, Laguna, Philippines

Papaya (Carica papaya L.) is one of the most
important fruit crops in the Philippines, ranking
sixth in area and quantity of production among
fruit crops grown there!®. A total of 7,170 ha are
planted to papaya with a production of 94,401
MT'. Southern Tagalog region supplies about
30% of the total production and area planted to
papaya.  Although not a major export crop,
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'® and papaya
leafcurl'!  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 were
initiated to generate more information on the

disease and to characterize the virus for positive .

~ identification,

 SYMPTOMATOLOGY

Field infected papaya plants at various

: stages of crop and disease development were
collected, examined and described. '

]

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 c};lorosis 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 younq plants in the field
and/or artificially inoculated seed lings first exhibit
vein-clearing, chlorotic spots followed by mottling
of the younger leaves. The succeeding leaves are
severely reduced, filiform, thickened and the leaf
surfaces become roughened or leathery. Infected
young plants are severely retarded (Fig. 3).

Fruit Symptoms

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
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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)

Flg. 2  Leaf and fruit symptoms of the dlséase: L.eaf mntiling 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) malformatli_on'bf le_aveS

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 metrod, the virus was
readily transmitted to heoulthy seedlings. The
first symptoms such as vcin clearing and chlorotic
spots appeared as er.1y 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 Tran;smlss{on B

Five species of insects were used in the
transmission tests. These were the Aphis crac-
civora, A. gossypii, A. glycines, Myzus persicae
and Bemesia tabaci, They were collected from
Gliricidia sepium Stend, Gossypium hirsutum L.,
Glycine max, Nicotiana tabacum and Euphorbia
pulcherrima  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 tabaci was
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, fabaci
were unsuccessful. None of the control checks
became infected. '

Tablel Insect transmission of tha'yyrli"us disease
45 plants in each treatment :. = -

S N9°‘,°f‘, O T
Insect infécted ~  Transmission =
Aphisgossypii 18 . 4D
A. craccivora 20 T L
A. glycines 9 200
Myzus persicae 27 o oan 60
Bemesia tabaci 0t
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
transplanted in plastic cups and immediately
placed in an insect proof glasshouse.

None of the seedlings .vown 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 infect when mechanically
inoculated to healthy seedlings, These results

 suggest; thatthe virus is not readily ‘seed &a_“,s.'
~missible, " R

HOST RANGE STUDIES -

Possible hosts of the virus were determined
by mechanical inoculation as previously described.
Several species of cucurbits, lequmes, 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

“nvitro 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 ustd as test plants.

Left —controls

Right — seeclings obtained from seeds of

" infected fruit showing reduction and mai-
formation of leaves and stunted growth

Fig. 4



Table2 Host ranges of fhé \ill_"us causing 'pq'ip‘éy.a disease in thg_Pthpplnés :

. Host - o V'Pllants tqéﬁad

Plants with symptom” ;" ‘, - symptoml)

Carica papaya
Cavite special
Legaspi #1
Solo

Cucurbits
Cucumis sativus
Citrulus vulgaris
Cucurbita maxima
Luffa cylindrica
Lagenaria Leucantha

Legumes
Vigna radiata
Glycine max
Phaseolus vulgaris
Vigna sinensis
Vigna sesquipedalis
Psophocarpus tetragonolobus

Solanaceous crops
Lycopersicon esculentum
Solanum melongena
Nicotiana tabacum
Nicotiana glutinosa

Other plant species ,
Chenopodium amaranticolor
C. quinoa
Datura sp.

Gomphrena globosa

Ds.. systemic symptoms

N — no discemable symptom compu'ed to the check

' 17iemwl Inactivavion Point (TIP)

Two ml of crude sap was pipetted into small
tubes which were subjected to a temperature
gradient from 50 to 100°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

virus was significantly reduced when the sap was
exposed to 55°C for 10 minutes (Table 3), In-
fectivity was totally lost when the sap was subjected
to temperature beyond 55°C. ‘

Dilution End Point (DEP)

~ Concentrated crude sap was subjected to a
series of six ten-fold dilutions in distilled water.
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Each dﬂution was immedlately inoculated on test o

plants.

infectious at a dilution of 102 However, in-

fectivity was lost when the sap was’ dxluted tO’j" S

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°C).
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 in vitro. The virus was inactivated when
the sap was aged beyond one day. Infection was
achieved only within eight hours (Table 5).

Table3 Thermal inactivation point of the vlrus
(45 plants in each test)

The test showed. that the virus was still‘ S

The sap was inoculated to test plants -

'Ta'ble /5 Longivity of lnfectlous crude sap pre-

paratlon under room temperature (15
plants in each test)

' Perfod No. of N
SR infected plants .~ %,

Ohr - - 60 -
&hr - 7 46

8hr. 2 13

10hr. 0 0

12hr. - 0 S0

1day S S
2day o 00
3day’ ., ol 0

Temperature No. of Infection
°c) infected plants %
50 : 32 75
55 9 20
60 0 Sl
70 S0 o
75 L0 S0
80 FRTR T 6;1
90 .0 0.
100 0 0

Table 4 Dllutlon-end-polnt of’ lnfectlous crude
sap (60 plants In each test)-

Infection . |

Dilution No of
lntected plants

109 . 48"

10% . 33

w0l e )
102 - o7 isl 25
10:3 S '-4':0“__‘1" PR 0
104 L0 0
105 o 0

ELEI::"'I"-R'ON MICROSCOPY

Dipping preparations were made by dipping
one side of a freshly cut 2 x 4.mm piece of infected
papaya leaf in a droplet of 2% phosphotungstic
acid (PTA) previously placed on a collodion.
coated grid. The preparations were examined
with a Phillips 410 electron microscope. Dip
preparation of leaf tissues from healthy plants
was alto 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
1 hr at 4°C, followed by 2% osmium tetroxide
in 0.1 M phosphate buffer, pH 7.0 for 2 hr at
4°c, 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 25-30 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
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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 nianner (Fig. 5). Ultrathin
sections also revealed the presence of cytoplasmic

inclusion. bodies that closely resembled to the
structures described as “pinwheel’ and ‘circular’
inclusions (Fig. 6). The inclusions were obgerved
in all sections from infected leaves but they were
not found in ultrathin sections of healthy papaya
leaves.

B R

Fig. 5 Electron micrograph of virus particles in (A) dip preparation (55,000x) and ultrathin section

(48,000x) (B)

‘o

'Fig. 6  Electron micrograph of inclusion bodies (A) pinwhesl and circular (45,000x) (B)
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GEOGRAPHIC:  DISTRIBUTION =~ AND

INCIDENCE OF THE DISEASE

A survey was recently conducted ('Apﬂvi-May,'

1985) in Cavite and its neighboring provinces to
determine the incidence and geographic dis-
tribution of the disease. Papaya farms within
close proximity of national highways, provincial
and minor roads were randomly selected. The
incidence of the disease was deterniined on the
basis of symptomatology described. Personal
interviews of papaya growers were also conducted
to augment field data, The disease is already
epidemic in three provinces, namely, Cavite,
Batangas and Laguna (Fig. 7).

High incidence of the disease was confined
in the municipality of Silang (Cavite) where
about 80% of papaya in the Southern Tagalog
region is planted. Based on interviews with
papaya growers, the disease was observed in
some papaya farms as early as 1982 when it did
not attract attention because it was confined
only to very few plants. In the early part of
1984, outbreak of the disease became apparent
in farms where the disease was first observed.
Recent survey indicated that the disease incidence
has reached 50 to 100% in the inspected farms in
the municipality of Silang. Farms with more
than one year old papaya plants were affected
most.

The geographic distribution of the disease
has been extended to other towns of Cavite,
Batangas and Laguna provinces. High incidence
of the disease which range from 10-50% can only
be found in areas where papaya plants are grown
in semi-commercial scale. Sporadic occurrence
of the disease was observed in most areas with
disease incidence of less than 10%. Based on
interviews, the disease was first observed to
occur in these areas in the later part of 1984.

DISCUSSION
Two virus diseases of papaya, namely

papaya leaf curl and papaya mosaic have been
reported in. the Philippines. The virus disease

M. persicae®<>+7+

" "of papaya that is described in this paper is not
~ related to papaya leaf curl which was previously

reported by Reyes ef al.!!. Papaya leaf curl is
characterized by severe upward curling of leaves,
reduction of leafblades and petioles and it is
transmitted by B. tabaci, On the other hand,
the disease closely resembles papaya mosaic in
some aspects of symptomatology'®, however,
due to limited information and absence of the
locally reported papaya mosaic, the relationship
could not be confirmed.

Among reported virus diseases of papaya,
the disease has striking similarities with papaya
ringspot or distortion ringspot of papaya reported
in other countries?+3+%+58.12.13 ' The disease
produces characteristic symptoms of prominent
mottling, malformation and reduction of laminae,
presence of oily dark green streaks on petiole
and distinct ringspots on fruit which resemble
that of papaya ringspot, Host range studies,
however, did not support the above observations.
The results failed to demonstrate the susceptibility
of some species of cucurbits to the disease as re-
ported by Conover, de Bokx and Zettler? +3+6+19,

Transmission tests show that the virus can
be readily transmitted mechanically and it has
been transmitted so far, by four species of aphids,
M. persicae being the most efficient aphid vector.
In the same manner, papaya ringspot virus (PRSV)
is transmitted mechanically as well as by a number
of aphids including A. craccivora, A. gossypii and

2.5.9.19 " plthough an indication of
seed transmissibility of the virushas been observed,
conclusive evidence has not been fully established.

Based on gross physical characterizations,
the virus causing papaya disease in the Philippines
fits to that of PRSV. Studies showed that it is
inactivated by exposing infectious sap at 55°C
for 10 minutes, by dilutions greater than 10-3
and after standing eight hours at room tempera-
ture, These results are in agreement with the
findings of Conover’. Dip preparations and
ultrathin sections of infected leaf tissues reveal
flexous particles with particle length ranging from
780.800 nm. Ultrathin sections indicate a special
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 ard Weibel”,
Ultrathin sections also revealed the presence of
cytoplasmic inclusion bodies typical of the struc-
tures described by Zettler eral.'*, 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

(C. N Roistacher)
How do you thmk the dxsease came into the Phlhppines"

It is unc_lear. ' The papaya industry in the Philippmes 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
Fxhppmos in Hawali who possibly brought in plant material from there.

(S.D. Yeh)
The varieties of papaya you grow in the Phtlxppmes, are they mostly of local vaneties or introducod

from Hawaii?

There are three unportant local varietles whtch are popular Cavite Specia.l Legaspi No 1 and Solo,
but we do have some introduced from Hawaii Gl , a Ce

(F.W. Zettler) SR B et
In what form do think the virus may | have come m, m seed or other ey

We did our tests on seed transmission and we found that nt is not kseed'tranmussxble, posmbly 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. :

- 168 -



CONTROL OF PAPAYA RINGSPOT VIRUS BY SEEDLING INOCULATION
WITH MILD VIRUS STRAINS
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Hui-Liang Wang R
Department of Plant Protectlon Fengshan Tropical Horticultural Expenment Statlon
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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, The unavailability of resistant sources
and the restrictive host range of PRV make cross protection an attractive control measure, E; fforts to select
mild strains from natural virion population were unsuccessful, However, two mild mutants (PRV HA 5-1
and 6-1) which cause symptomless infection to papaya were induced by nitrous-acid mutation. The mutants
provide a high degree of cross protection under greenhouse conditions. Results of small-plot trials and
large-scale field tests indicate that the mutants are highly valuable mild strains for controlling PRV by
cross protection.
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" INTRODUCTION

Papaya (Carica papaya L.) 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
asa 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'?+23, Florida
447, Caribbean countries'*!?+3?, South America
18.19  Africa’ ?+2°, India®-3®, 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'®-?3,
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®+!”?. PRV hasa
narrow host range which includes species of three

dicotyledonous families, Caricaceae, Chenopo-
diaceae, and Cucurbitaceae®. The virus is serolo-
gically identical to watermelon mosaic virus 1
(WMV-1)!434443 which is of economic impor-
tance wherever cucurbits are grown*".

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 acid mutagenic treatments®. 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 19752, Within two years the virus spread
over the west coast of Taiwir and destroyed most
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of the commercial papaya orchards there*?, 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/kq (U.S.$0.04/1b) to
N.T.$20.70/kg (U.S.$0.24/1b)*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
first identified by Wang er al“? and further
characterized by purification and electron micro-
scopy at Chung Hsing University?'+%%, Virus
strains of different pathogenicity have heen
reported®+2? and their ability of cross protec-
tion has been studied®2.

CROSS PROTECTION AS A CONTROL
MEASURE :

Cross protection, first clarified by McKinney
in 1929°* 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®S produced an almost symptomless
mutant (MII-16) from a common tomato strain
of TMV by the nitrous-acid mutagenic treatment
13427 The symptomless mutant has been manu-
factured commercially®® and has been applied to a
high proportion of glasshouse-grown tomato crops
in the Netherlands and the United Kingdom since
1970011436 gyccessful 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 Japan®!. Cross protec-
tion also has been used on a large scale to control
citrus tristeza virus (CTV), a closterovirus, that is
important worldwide®?, Naturally occurring mild
strains of CTV have been selected and can offer
protection in the field!?+!5.16.26,29,30,40
In Brazil the number of protected sweet orange
trees exceeded eight million in 1980, and no
breakdown in protection has been observed®.

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®+¢,
resistance to PRV does not occur within C. papaya
54647442 Some species of Carica are resistant to
PRV®:6:7.25 pbut unfortunately these species
are incompatible with C, papaya and conventional
interspecific hybridization has been unsuccessful
25 A diligent rogueing program has been practiced
successfully in Hawaii to suppress the spread of
PRV in certain areas of the state?®. However,
rogueing is not a permanent solution for an area
without geographic isolation, and it is impossible
to eradicate the virus sourcesin 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®?, offered a certain deqree of protection
to papaya against infection by severe strains2.
Unfortunately, this naturally occurring strain was
not mild enough and can not be used for cross
protection®?,  Attempts to select mild strains
from 116 isolates collected from Hawaii were also
unsuccessful*®*..  Although some of the natural
variants by single-lesion isolation from natural
populations caused various degrees of symptom
severity on papaya seedlings, none proved a useful
strain®®. 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 viruses' 3+27+37,
was used to induce mutants from PRV HA, a
severe strain of PRV isolated in Hawaii'*. Crude
sap from PRV-infected squash was treated with
nitrous acid (pH6.0) at 20°C for 30 minutes and
used to inoculate Chehopodium quinoa. Single
local lesions on C. quinoa were transferred to
papaya seedlings 20 to 30 days later. Twomutants,
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 1982%5,
Papaya seedlings inoculated with these two isolates
remained symptomless or showed diffuse mottling
with no reduction in plant size. Seedlings of
Cucumis metuliferus 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.

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. metuliferus and Zucchini squash®®, 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 o

Under Greenhouse Coﬁdlﬂons

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 conditions?®.
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
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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 stiain.

When the plants preinfected with PRV
HA 5.1 were continually challenged at different
leaf positions, 30, 32, 24 and 36 davs after initial
inoculation, nearly all plantsremained 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 agafnst 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 Field Conditions

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
corducted 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/cmz, at 10-20 cm distance), using inoculum
prepared from C. metuliferus in 0.01 M phosphate

buffer (pH 7.0, 10 ml/g) and mixed with carbo-

rundum, In Feng-Shan and Kao-Hsu arcas, 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 proteuvted 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. [lureover, the total
income increased 110% because of better fruit
quality.

The differences among Fsng-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
45-100% of unprotected controls.

Thus, the preliminary data of large-scale
trials, using the symptomless mutantas 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)  Proects plants against the effects of severe

straing,

4)  Must be suitable for infecting plants,

5)  Doss not affect other crops in the vicirity of
the protected crop.

6) Has no synergistic reactions with other
viruses.

The symptomless mutants of PRV, HA 5.1
and 6-1, satisfy all the cbove criteria. Evaluation
of their cross protectiorn. 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 protested 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 breakdovmn 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 presen’t, rogueing of diseased plants in the pro-
tested 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, Conover) has been released in the field,
The tolerant variety protected with HA 5.1
significantly increases the yield and qualitv 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-transmitted potyvirus.
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- DISCUSSION

(0. Opma)

At present the strain used does not cause any damage to cucurbits, but with genetlc variation intro-
duced through the breeding program isn't it possible that sooner or later this could happen"

Yes! Therefore we have to check all strains to see the effect of their variation, so far those we are
using are safe to watermelons, Chinese melons and cucumbers. We cannot avoid this challenge with
new varieties. ' '

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" ' ‘ ' ‘

So far we have not consrdered this problem of export, I expect there would now bo a problem export-
ing to Japan : : -

(F.W. Zettler) ' o
What is the rate of transmisszon of the mﬂd strain compared with that of the severe strain?. In the

field will the mild strain dutstrip the severe strain simply by faster transmission?

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,

.(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 nwust 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.

Yes! This strain is from Hawaii and not of our own severe strain in origin, in which case the relation-
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 rcasons, 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.

(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? ’

" Yes! ‘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 mosaw strain or the wilt strain
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(we have mostly the mosaic type) we see a differenée. ' The breakdown is more when the wilt strain

is used ag-challenge than with the mosaic strain. We have many severe strains in nature and cannot
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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 virus
and 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 and
worldwide in distribution. So we have citrus tristeza virus distributed everywhere that citrusis grown,
greening disease appear§ 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 virus
Y which are common problems for a number of vegetables which are grown worldwide. To plant
virologists 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 of
disease control measures under a sustained effort. At this seminar I am 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 strains
against severe ones is now not just a theoretical concept but has already greatly benefited growers
who have adopted this in control programs. The importance of establishing a disease free plant
propagation scheme in combating fruit free viruses needs emphasis. In this respect some countries
have 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 {s 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 extreme-
ly severe, but I believe it was introduced to the island of Hawaii but then eradicated, Would you like
to comment on that Dr. Gonsalves?

D. Gonsalves

The virus was first found on the is'and of Molokai, and then subsequently spread to the island of
Hawaii, where something like £0% I Hawaii's Papaya are grown. In reality Hawaii has done a re-
markable job of keeping the virus ¢iic of the main growing area which is essentially the area of Kuna
where there is a monoculture of Papaya, and where 70% of Hawati's papaya are produced. To this
day the virus is not in that locality, though it is in surrounding localities, in the districts of Hilo and
the district of Corna, in miles about 40 to 50 miles away. Fortunately we have a very effective
geographical isolation. The people of Hawaii realized that if the virus gets into Kuna we would be
in really bad shape. So in the island of Hawaii alone we have five government workers whose only
job is to go around daily in the districts of Hilo and Corna 2nd Kuna looking for any plants with
symptoms 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 the
spread. As an example, a few years back the virus was identified in a village quite close to the Kuna
district, Personnel from the State Departmant 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, So
in Hawaii they are using this basic eradication procedure to prevent the virus getting into the grow-
ing areac. And very fortunately, and to me it is suprising: they have been able to do this.
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F.W. Zettier - ‘ ' ' ;
‘What would you recommend in the situation in the. Philippines where the virus has recentiy been o
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 Hawan 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 alceady, 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 investigating.

Observer
In the case of the ringspot virus in Taiwan, it is understood to have a very limited host range, and
the virus is not 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-
tion, Now our island is so small that we cannot find a part free of the virus. I do not think it is
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 rmgspotwas 50 qt@ka that eﬁgn isolatéd trees in the cities on the street sides are infected with:
the disease, though they are well separated from the growing areas, - T

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 is

everywhere, 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, 1
don't think that small size necessarily precludes isolation. The reason I say that is due to a study
done under Dr., Thomphson, this survey was published in Plant Disease in about 1982, They did
a 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 did
not find any incidence of the virus on the west coast. I don’t disagree with what you say about
native plants and cucurbits being alternative sources of inoculum, but I believe personally that if
papaya ringspot could become readily established in indigenous plants then it would have easily
established itself along the west coast. Papaya is not raised on the western coast because it gets
frosts which preclude Papaya production although there are backyard papayas. [ 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 of
Taiwan, our government workers tried to persuade the growers to cut down the infected trees. How-
ever, the growers responded that if they cut down the trees, the growers would cut off their heads.
think that may happen in any location. S

M. Iwaki ‘ L
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 smal towns to eradicate they did not pay any money, but they offered
free 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 a
few thousand trees infected with tristeza, into this one remaining area which we considered tristeza
free. A program was developed to eradicate thess trees, When we got into this program with tests
on 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 was
widespread in unbelieveable proportions. But fortunately tristeza does not spread as rapidly as in
other arezs in the valley concerned because of the warm climate, and with the advent of the licensing
system 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 mosalc 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 ringspotif compared to watermelon mosaic virus 1,1 thinka 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, likewiss 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.
-1 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?

~ 8.D.Yeh | o
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 field
reinoculation would be expensive. Another point is that after inoculation as a seedling, once we have
a positive result to the mild strain causing systemic infection, the virusis already in the plant, Though
the expression of the infection may vary under different conditions, however, it should remain in the
tree 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 multiplicaticn of the virus in the weed hosts and did not really get
an answer to this. 1 feel that we should make an assumption and temper our optimism. Sooner or
later severe strains will super impose on our mild strains, and I think that has already been shown in
two 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 for
additional mild strains, and the development of a bank of mild strains against the event of eventual
breakdown of control. I would also like to comment on the very excellent work of those who have
developed these mild strains, it is very systematic and fine work, and should be commended,

0.8. Opina
~ As I mentioned in the Philippines we have call to develop a research program, with the aim of devel-
oping an intergrated management scheme for tackling this Papaya ringspot disease, because it seems
to me that the individual control tactics when applied individually are not enough, Probably the best
solution for the Philippines will be to intergrate all these control tactics in an overall scheme. That
should be the ultimate aim of our research program. 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 test this mild strain, the aim of these experiments in Taiwan was
to try to figure out how to use the mild strain, [ really believe that one should not look only at
cross protection but at it as a part of an intergrated pest Management program. Everybody uses pest
management for insects, but I think this process of learning how to use cross protection is a real
example of intergrated pest management. We have already shown that for example if you plant in
the spring in Taiwan you get good initial crop growth, But then the crop comes into bearing just at
the time of lower fruit quality due to the season and there is poor demand. Though theoretically it
seems 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, I
think it has to be done in isolation, I definitely agree with you that cross protection is just one of
the ways of control and if a tolerant variety, an acceptable commercial tolerant variety becomes
available, 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 s virus battle, I I
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