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INTRODUCTION

1, The IBPGR Advisory Committee on In Vitro Storage recommended, at its third
meeting In 1986, that a subcommittee be organized to assess the status of disease
indexing and associated procedures for priority crops. Speclal emphasis was to be given to
those which are, primarily, propagated vegetatively. The specific objectives of that
subcommittee were to:

(1) develop a basic philosophy for moving pgermplasm of high priority crops
(especially primitive germplasm), glving particular attention to problems of
disease Indexing and movement through quarantine, where bottlenecks are often
encountered;

(2) lirk that philosophy with genetic resources activities from collecting in the
field to conservation (particularly in vitro storage);

(3) review priority crops and methods of disease indexing; and
(4) recommend areas which need research.

2z The subcommittee was convened and met at North Carolina State University, USA,
17-19 August 1987. The local arrangements were made by Prof. J.W. Moyer of that
establishment, who also chaired the meeting. The membership of the subcommittee
included Dr. J.L. Dale, Mr. E.A. Frison (IBPGR Pathology and Quarantine Officer), Mr.
J.A. Foster, Dr. 5.M. Garnsey, Dr. L. Navarro, Dr. L.F. Salazar, Dr. S. Spiegel, Prof. J.T.
Willilams (Director, IBPGR) and Dr. I..A. Withers (Chairman, IBPGR Advisory Committee
on In Vitro Storage). The names and addresses of the participants are given in Appendix
I. The memtership of the subcommittee was determined so as to contaln scientists with
ex yrtise on diseasc indexing, germplasm storage, in vitro techniques, quarantine and
ge: anplasm movement both in general and on priority crops. Crops represented Incluied
both those that are well advanced with respect to disease indexing and those about which
little is known.

31 The particlpants were welcomed by Profs. Moyer and Willlams who explained the
task of the subcommittee in the context of IBPGR's Field and Research Programmes. The
timeliness and importance of addressing problems In the safe movement of germplasm to
ensure its conservation and efficient utilization wers outlined. Mr., Frison further
explained IBPGR's interest and needs for pathogen testing of germplasm.

4. To assist the task of the subcommittee, a survey was carried out among relevant
curators of permplasm collections, quarantine specialists and plant pathologists to
determine the current status of disease indexing procedures and their application,
particularly for priority crops. The individuals surveyed were ldentified from listy of
permplasm collections provided by IBPGR, USDA Crop Advisory Committees and
members of the subcommittee. This information, together with status reports presented
by members of the subcommittee on their assigned areas, provided a basis for the
discussions and recommendations that follow. The status reports are listed in Appendix 11
and appear in Appendix III.




THE PROBLEM

53 The safe movement of germplasm from one country or continent to another for the
purposes of penetic conservation, evaluation and utilization is highly dependent upon the
ability to assure the host country that unwanted pests or dijeases will not be released as a
result of iIntroduction with the germplasm. In many countries, a very conservative
attitude is taken towards plant introduction. This has led to severe Imp:diments in the
movement of materials, particularly in vegetative form. This conservatism is often
Jjustified by the lack of adequate post-entry quarantine facilities and a frequently poor
knowledge of the etiology and distribution of relevant pests and diseases.

6. The realization that the reservoir of plant genetic resovrces is vanishing rapidly
places greater pressure upon germplasm movement procedures and thelr operations, as
risks of irreversible loss become balarced agalnst risks of disease through relaxation of
standards. Tn order to make the systems more efficient, measures must be taken to
enable informed decisions to be made in each instance to then match the action taken to
the genuine level of risk.

PRESENT STATUS OF SOME MAJOR CROPS

7 The members of the subcommittee discussed the present status of disease indexing
and germplasni movement for a number of crops whose handling ranged from the
relatively well worked-out and unproblematic (potato) to the under-examined and/or
highly problematic (Musa and temperate fruits). In wvitro techniques and advanced
indexing procedures make varying contributions to the treatment of the different crops.

Potato

8. Several biochemical and molecular tests are available for the detection of viruses
and virolds In potato. These Include nucleic acid spot hybridization (NASH), latex
agglutination test (LAT) and enzyme- linked immunosorbent assay (ELISA). These
techniques are backed up by inoculation of indicator plants (particularly for unknown
viruses) and regular inspection of plants by experts. Eradication of virus and viroid
Infection is carried out by thermotherapy (heat or cold treatment) and meristem- tip
culture. Reinfection is prevented by appropriate precautions. Distribution of potato
germplasm In vitro is a routine procedure.

Sweet potato

9. Grafting to the indicator host plant Ipomoea setosa is the only technique routinely
used for sweet potalo virus indexing, although other methods are under development.
Progress in indexing is hampered by poor knowledge of the etiolopy of the discases and of
the distribution of the wvirus in the plant. Meristem- tip culture is used to eradicate
viruses from sweet potato.

Citrus

10. Whilst some citrus diseases are common in most prowing areas, other serlous ones
are localized. The introduction elsewhere of the latter would be disastrous for the citrus
industry. Viruses and virus-like pathogens present the greatest problem; their etiology is
frequently poorly understood, Indexing methods include graft or mechanical inoculation,
serological methods including ELISA, and electron and light microscopy. Nuclelc acid
hybridization tests are under development. Technical complexity, lack of development of
specific test conditions and the absence of internationally accepted guidelines hinder
efficient indexing.




11. Despite Indexing problems, virus eradication In citrus can be carrled out very
effectively by thermotherapy and shoot tip grafting. Material introduced as budwood is
inspected on receipt without opening the containers. Heavily contaminated or infested
material is destroyed; acceptable material is surface sterilized and inoculated into culture
on a simple medium, Shoot-tips are excised from the flushes produced in ~ulture and
grafted onto etiolated seedlings. Grafted seedlings are transplanted to the
glasshouse/screenhouse, Indexed and eventually released to girmplasm collections or
growers. Shoot-tip grafting (s extremely eftective in eradicating wiruses in citris and is
technically feasible in a number of citrus relatives and other fruits (e.g. Prunus and Malus).

Musa

123 Like citrus, banana and plantain are susceptible to diseases that include both
widespread and localized examples. In vitro tranfer is becoming increasingly attractive as
an option to avoid disease introductjon, particularly for non- viral pathogens. Some viral
diseases are relatively well described, and detection inethods, including molecular tests,
are available or under development., However, other unrelated or undescribed viruses give
cause for concern. Visual inspection by experienced pathologists and other non- specific
tests, such as double-stranded RNA (dsRNA) analysis and extraction of viral DNA or
peneral virold extractions, are necessary for unknown diseases. Meristem-tip culture is
unlikcly to exclude viruses due to the size of usable explants, so avoidance of introduction
remains a priority. However, in vitro culturz methods are attractive for contained

Temperate fruits (particularly small fruits and grapevine)

13. Virus infections are common in temperate fruits. Latency and the production of
obscure symptoms hinder the detection of infections. Combined infections and restricted
host range of some viruses further complicate the accurate description of diseases and the
characterization of their causal agents. Graft transmission, mechanical inoculation,
ELISA, immunosorbent electron microscopy (ISEM) and dsRNA tests are used for
detection of viral infections. The serological tests are used Increasingly and monoclonal
antibody techniques are likely to become available in the near future. The development
of dsRNA tests has been hindered by technical difficulties relating to extraction
procedures and by variability of sample material due to a number of factors. However,
this area is viewed with optimism.

14. The combination of heat therapy and meristem-tip grafting is considered safest for
virus eradication. High carbon dioxide treatment has shown promise. Generally, in vitro
methods are nol widely in use for the storage and distribution of temperate frait

permplasm, although the technologies are likely te be available and/or In need of little
specific development. Concern over genetic instability may be discouraging the adoption
of these methods despite the relatively safe culture syvstems likely to be used.

RISK ANALYSIS

15. The actual net risk Involved in the movement of a pgiven material has many
contributing factors. Risk analysis has proved to be the only realistic way of tackling the
problem of quarantine that is compatible with the safe yet expeditious movement of

material. It should be racognized that the contributing causes to risk are factorial and
that, therefore, the achievement of a very low or zero score in any one area significantly
reduces or removes the risk., (For example, if a pathogen is already widely distributed in
the recipient country, other component risk elements are Irrelevant.) It should be
recognized that it is not necessary to have full information on all of the factors to carry
out a realistic analysis. Furthermore, risk analysis reveals areas requiring development
and highlights new opportunities for reducing the net risk.




16. The contributing factors to a risk analysis will include the following:
1. Information on pests and diseases

a) Geographical distribution (including both country of origin and
recipient country)

b) Etlology

c) Epldemiology

d) Potential cconomic hazard to reciplent country

2. Infermation on plant material

a) Type (sce Fig. 1)

b) Previous treatment (sce IFig. 1)

¢) History (e¢.p. wherthers vegetative material originated from
seedlings or from many generations of clonal piopagation)

3. Destinavion and handiing,

a) Recipient catepory (penebank; research establishment; commercial
establishinent)

b) Depgrec ot containment

c) Potential for e tive therapy

4. Efficacy and extent of quarantine and plant protection services in
recipient country,

SCOPE FOR IMPROVEMENT
Recommendations to collectors

17. In order to increase the case and efficiency of the movement of germplasm in
vegetative form, collectors sheuld:

) meet with quarantine officials prior to starting the collecting misslion to obtain
information regarding risks involved with the material to be collected and discuss
the possibilities of minimizing these risks. At that time, arrangements can also be
made concerning shipraents, port of entry, and advice given on packaging materials

and labelling, ctc;

2) collect sceds whenever possible. if 1o sced is avallable at the time of
collection, conider the possibility of taking vegetatively propagated material to a
greenhouse and later collecting sceds from it; and

3) favour material that has recently bLeen through sced production or has been
grafted onto seedling reotstocks rather than clonally propagated rootstocks.

In vitro

transfer of germplasm

18. In vitro techniques offer the potential for the improvernent of procedures in
several areas including transfer, therapy, indexing and contained gquarantine. The first of
these is dealt with here; for other aspects, sce paras 24 36,

19. In terms of risk, in vitro cultures have advantapes in that the mass of material
transferred is reduced, non obscure pests and pathopens are excluded as is soll, and the
transferred  rmaterial is contained.  However, it must be cmphasized that without
appropriate therapy and indexing, in vitro culture alons cannot puaranteec a pathogen- free
status. Material in culture should be considered to be less risky than plants from the
glasshouse, field or other less controlled orlgin bt more risky than material that has

passed through a quarantine station and/cr has been cortified free of pests and pathogens.



Source

Budwood  Corm, root Plant

Embryo Seed Fruit
ry or stem or tuber
Treatment
Aseptic
Treated
(heat
or
chemical)
Untreated
Low risk Moderate risk High risk
Fig. 1. Factors coentributing to risk analysis.
20. In vitro transfer is of value at two stages In the germplasm handling process,

namely collecting and exchange. In vitro collecting has been pioneered by IBFGR and
collaborators and successful techniques are emerging for a number of crops (sce Appendix
HI). The techniques range in decrecasing levels of sophistication from those that utilize
local laboratory facilties to thaose that involve: simple hand-carried items. It should be
noted, however, that in vitro collecting is likely to lead to the circulation of more
primitive, untested material; it should not be confused with procedures that lead to
pathogen elimination, and indexing and containment should be eppropriately vigilant.

21. In vitro exchange has been used for a number of years by institutes, including
several International Agricultural Research Centers (IARCs), to distribute germplasm
efficiently and securely. Practical procedures for cilture packaging, handling before and
after transit, certification and in vivo transfer are well established and success rates are

high (see Appendix II).




22. The IBPGR In Vitro Conservation Database contains a large number of entries
detalling the wider use of In vitro exchanpe by sclentists enpgaged in both research and
crop: improvement ov producticn. Exchanges are generally very successful, with practical

problems occurring onlv occasionally. There appears to be oa low level of awareness of
phytosanitary considerations amony scientists engaged in exchanpges except from IARCs

and other centres of similar statas.

23. For some crops, o vitro transter will firstly necessitate the cdevelopment of
suitabile iy vitro propagation sy

stems. This may involve the use of technigques such as
shoot tip prafting (sce para. 11), when shoot ealture and proliferation are not, possible.

‘proved therapy technigues

24 Recent  developiients have  shown promise for the honprovement ot therapy

methods. Besides heat treatment and meristem tp o culture, which are widely used,

adternative techniques inclade shoot tip pgrafting, cold ircatient, chematherapy, other
physiolopical/cuvivonmental host ananipulations (e, high carbon dioxide levels), Their
sequential or combined use should be investipated further. Therapy mct hods in vitro offer
evident advantapes in reducing space and equiptient reguircinents. They arve therefore
very attractive,

25. The applicaton of appropriate therapy techniques also plays an important role in
decreasing the risk involved with transfer of material. This is particularly important for
material from wild origin where unknovwn diseases miipht occur. In this particular case,
the systermatic application of therapy techniques will mintmize the risk of introducing
unknown diseases, By decreasing the risk, the indexing procedure could, in some cases, be
simplified. However, this should not be misunderstood; therapy can not simply replace
indexing for diseases.

Improved mdexing

Molecular and hiochetni

26, For many crop/disease combinations, indexing techniques are lacking, unreliable or
very time consuraing. The past two decades have scen tremendous progress in serology.
Technlgues such

ELISA and serologically specific clectron microscopy (S5EM) alsc
called himrmunosorbent electron microscopy (1SEM), have proven reliable as diapnostic tests
for many discases.  The use of meonocloual antibodies is another step towards more
specific and more reproducible results. Isolation of dsRIA, electrophoresis of extracted
nucleic acid and, more recently, MASH teclndques bave opened new ficlds for pathopen
dete
tnake it possible to detect cutrennely low concentrations of virme

tion. All of these techtdgues aambined with developing amplification techniques will

aned viroids,  Sueh

detection was not possible hitherto.

27 The development  of Lroad spectomn tests,  ineluding detection of dsRINA,
monoclonal antibodics to epitopes that are highly conserved between viruses of a piven
taxon and broad spectrun DMNA probes for hybridization assays, are all potentially very
useful for peneral disease indexing parposes.
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In vitro techniques

2B, Procedures for the detection of bacterial, fungal and viral pathogens are generally
based on symptom detection, whole-plant bioassay, or biochemical or molecular
techniques. Whilst these meet most requirements in terms of sensitivity, they do have
drawbacks with respect to speed and containment. There is scope for the development of
in vitro indexing:; this general term covers both indexing by appropriate methods of
material held in vitro and the use of in vitro bloassay systems (see Appendix III).

29. The indexing of material held in vitro will only be successful if (i) adequate
quantities of tissue can be generated for testing, and (ii) adequate concentration of the
disease- causing organism develops In vitro as a result of the operation of culture
conditions. This Is the opposite strategy to in vitro eradication. Sampling strategies will
need to be determined both with respect to the explant selected for in vitro inoculation
and the selection of material from culture for Indexing. There is evidence for both
greater and lesser titres of pathogen in culture than in the parent plant; some attenuation
may ocecur in vitro and it should be determined whether this Is due to loss of symptom
expression or & genuine reduction in titre of pathogen.

30, Several seed- borne pathogens can be detected by in vitro procedures. Contained
germination of suspect material and revelation of relatively obscure pathogens are
practicable.

30 In vitro bioassay systems for vegetative material are not yet in general use but
examples from the literature and unpublished examples [llustrate the potential for
developing this approach to disease detection.

3a2; In the case of citrus the presence of exocortis viroid can be detected by in vitro
rooting and callusing reactions. Also in Citrus, virus and canker can be detected by
inoculation of extracts on to in vitro germinated seedlings. A similar approach is
avallable for Xanthomonas ampelina of Vitis. These are the only examples known that
were developed specifically for indexing.

33, In addition to screening using infectious Inocula, it may also be possible to utilize
in vitro reactions to pathogen toxins, thus Increasing the safety of indexing.

34. The development of in vitro indexing using either Infectious or non-infectious
inocula would require the establishment of adequately sensitive Indicator cultures,
themselves certified free of infection by complementary tests. A related point is that in
vitro material could be used to hold reference collections of some pathogens to serve as
positive controls in indexing by all procedures.

Contained quarantine

B35% The themes of In vitro exchange, indexing and storage can be drawn together to
develop a strategy of contalned quarantine that has the potential to overcome many of
the operational disadvantages of current procedures whilst maintaining a high level of
phytosanitary control. It further increases the potential for utilizing third country
quarantine, as climatic constraints in the maintenance of both material in quarantine and
indicator plants are alleviated by the use of In vitro systems.

36. For a quarantine system based upon in vitro procedures to be successful, a number
of requirements must b2 met:

1) the pathogen-tested statis of the material should be clearly documented and
understood. In vitro technijdes must not be used just to circumvent quarantine;




2) quarantine authorities should be  advised of the special requirements,
advantages and disadvantages of in vitro material; and

3) strict control should be operated over the destination of in vitro material and
its destruction in the case of pross infections or those which cannot be
eradicated should be an acceptable option to recipients.

'Pathogen untested' and 'pathogen tested positive' in vitro coll

37. The unavailability of adeqguate indexing  and/or  therapy technigques for sorue
vegetatively propagated crops creates problems In the safe transfer and maintenance of
germplasm. After discussing the safepuards  offered by in vitro movement and
conservation, the subcormmittee urpes the wide acceptance of the concept of 'pathogen
untested' and ‘pathogen tested positive' coilections  Their maintenance and movernent
would be for gormplasi conservation and rescarch, with safeguards that would prohibit
distribution.

38. ‘Pathogen untested' collections wonld contaln plants which have not been pathogen
tested and could be infected with one or more pathogens while 'pathogen tested positive'
collections would contain material that had been pathogen tested, found to be positive for
ore or more pathogens, and hal not received therapy nor subsequent certification of
freedom from pathogens.

39. Maintenance of such collections provides the following opportunities:

(1) aceommodation of anticipated iimprovemsnts in indexing and therapy techniques;
(2) safe storage of material prior to therapy and indexing;

(3) selection of resistant or tolerant penotypes;

(4)  rapild development of polycross nurseries undar containment; and

(5) preservation of pathogens.

FRAMEWORK FOR THE MOVEMENT OF GERMPLASM

40. In an attempt to synthesize the subject of the movement of germplasm of
vegetatively propagated crops, the subcommittee established a co~ceptual framework
that is flexible enough to include most of the situations related to the movement and
conservation of permplasm of crops that are usually multiplied vegetatively. This is
represented in the form of a flow diagram (Fig. 2) which Includes the important concepts
of 'pathopen untested' and 'pathogen test-d positive' in vitro collections and their
movement.

RECOMMENDATIONS
Risk analysis
41. A careful risk analysis should be carried out before any collecting operation or

germplasm exchange can be initiated. All available germplasm should be consldered for
collecting/exchange; the safest plant material should be selected. Whene ver posiible, this
should be seed. The value and safety of in vitro material should be recognized without,
however, underestimating its risks. Collectors should be fully briefed ahead of their work
on the quarantine requiremnents of recipient countries. Appropriate documentation should
be obtained before attempting movement of material.

Diseasc etiolopy and peopraphical distribution

42. Strategic research that would determine the eticlopy of important diseases should
be encouraged in each priority crop.
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43. Information should be gathered on the geograpnical distribution of the discases of
priority crops. The current lack of this information represents a major gap In our
knowledge.

Disease indexing

44, In order to develop internationally accepted procedures for disease indexing it is
recommended that the international scienti cotmunity establishes, on a crop basis,

standing technical advisory committees with relevant expertise. The members should be
identified by International ceutres, professional societ ies, ete. These conunittees should:

(1) assemble acceptable and nnaceeptable assaye;

(2) roecommend docurentation tor validation;

(3) cncourape the International use of standard positive controls

blesy;

1) encourage  ldentification of  resovrce centres  for indexing  materials (e.g.

(non infections whenever po

biological indicators, antizera, hybridization probes, positive controls); and
(5)  determine the relative hoportance of pathogens and consider geographical risk.

45, The developent of broad spectring and non specific biochemical and molecular
assays for indexing should Le encouraged.

46. The  development  of  totally  contained systems for pathogen  testing s
recommended. This includes the developnient of biological indexing methods using plants
prown in vitro
A model g
attendant problems and research deficiencies would be of hiph priority to IBPGR.

and of pathogen detection procedures directly from in vitro prown plants.

cine to both flastrate the value of contained quarantine and to explore

47. tarnpling technlgques, taking into consideration the biological distribution of the
pathogen, the host prowth stage, the season, and the preparation of the host, have to be
developed for the different host/pathogen associations.

48. Further rescarch is needed to increase the sensitivity and reliablility of tests. This
should be encouraged.

49, The use of confirmatory tests based on alternative properties should be encouraged.
50. The maintenance of positive controls in vitro should be cncouraged to reduce risks.
51. There is a need for 'hands on' tralnirg in disease indexing.

Therapy

52. Research should be carried out to increase the efficiency of therapy in order to

facilitate indexing whilst malntaining sufficient levels of confidence.

53. The systernatic use of therapy for crops of unknown disease background should be
encouraged.
54. The development of alternative and «ombined therapy methods should be

encouragaed.



Rl

Contalned quarantine

557 The wider scientific concept of a contained quarantine procedure based on in vitro
techniques that couvid extend from collecting/sampling In the field through to genebank
conservation (and would certainly include in vitro exchange and containment during
indexing) should be promoted.

'Pathogen untested' and 'pathogen tested positive!' in vitro collections

56. There is considerable value In the maintenance of 'pathogen untested' and
‘pathogen tested postive' in vitro collections. Quarantine authorities should be advised of
the value and safety of such collections; appropriate procedures should be developed for
their maintenance consistent with research needs and phytosanitary regulations. Such
collections should be overseen by a pathologist, not a horticulturalist or breeder.




Dr. J.L. Dale
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APPENDIX 11

IBPGR's interests and needs for pathogen testing of germplasm

E.A. Frison 1/

The basic tunction of the Internatlonal Board for Plant Genetic Resources (IBPGR)
is to promote the collection, conservation, evaluation, utilization and exchange of the
rapidly vanishing rescrvoir of plant genetic rescurces.

Incorporating resistance to biotic and abiotic stresses into crops is considered the
ouly possible way to stabilize and increase food productivity in inany arcas, especially in
developing countries. This requires the access to a wide range of genetic diversity which
is not always availavle in the area where the breeding work is carrled out and therefore

broeeders often express their desive, and need, for unrestricted exchange and movement of

permplasin, This s, jo oot a prerequisite for further crop bonprovemont through plant
breoding.

It is widely recopnized that the widespread distreibution of plant matertials has the
inberent potential risk of also distributing plant pathopens and parasires in previously

tnaffected arcas, Vegetatively propagated crops are deservedly consldered the most
problematic with regard to the propapation of pests and diseases.  Indeed, fungal,
bacterial and viral disease as well as insects, mites and nematodes are readily cransmitted
through veperative propagules, For this reason, the movement of such materials has been
restricted and soretimes forbidden by plant quarantine repulations. These repulations, to
Adarge evtent, have not bean updated with the development of new techniques.

Modern o vitro enlture techndgues have considerably improved the phytosanitary
aspects of plant introduction as they have a built in capability of detecting pests and
pattiopens. I the edint remnains nneontaminated with fungl and bacteria the system
st be free of insects, mites, nematodes and pathogens. The system however, does not

detect oblipate parasites such as virnses, viroids and certain fungi.

Viruses  arned viroids have,  however  beeu successfully  eliminated from  many
different vepetatively propagated crops Ly maeristem tip culture alone or a combination of

thermotherapy and erist e tip cultare,

This yneans that anodern jr vitro techniques would make it possible to transfer
penctic stocks of vepetatively propagated crops safely, if an efficient method of virus and

viroid detection vere available.

IBPGR has recognized that lack of officient indexing methods for these pathogens
is actually the miajor bottlencck In the safe transfer of the germplasm of these crops.

The reasons for the coavailability of adequare Indexing methods can be roughly
divided into two categories:

l. In some cases reliable disease. indexing methods are not avallable because little is

known of the etiology of the diseases. Therefore studies on ctiology of those
discases have to be encouraged for crops ranked as high priority by the IBPGR.

1/ IBPGR, c/0 FAOQO, Via delle Terme di Caracalla, 00100 Rome, Italy
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Where sufficient knowledge 1is avallable of the etiology, and reliable
virus-Indexing methods exist, they are not always practical because they are too
lengthy or labour intensive to be widely used for the transfer of large numbers of
germplasm accessions. Recent developments in serology and molecular biology
provide the basic technology to improve indexing methods of these crops.

At its third meeting in 1986, the IBPGR Advisory Committee on In Vitro Storage

recommended that this subcommittee meeting be organlzed with the following terms of
reference:

(€]

(ii)

(iii)

to develop a basic philosophy for moving pgermplasm of high priority crops
(especlally primitive germplasm), giving particular attention to problems of
disease indexing and movemnent through quarantine, where bottlenecks are often
encountered;

ta link that philosophy with genetic resources activities from collection in the
field to conservation (particuiarly In vitro storage); and

to identify areas which need research (e.p. etiology, developmental work,
neutralization of interfering host substances).

In the priorities set by the IBPGR Advisory Committee on In Vitro Storage,

resear<h on disease Indexing was recommended on Musa, citrus, arolds, yams, sugarcane,
cassava, temperate fruits and Artocarpus.

It is hoped that this meeting will review these crops and that for each crop the

present state of knowledge and recommended areas of research and development will be
outlined.




Disease Indexing and International
Distribution of Potato Germplasm

L.F. Salazar 1/

The mandate of the International Potato Center (CIP) for distributlng potato
genetic resources throughout the world has obliged our adopting the most sensitive
methods for pathogen identification. Though bacteria, fungi, nematodes and insects are
significant in quarantine regulations, methods for their detection and elimination were
known when distribution from CIP started in 1975.

Viruses and the virold causing potato spindle tuber (PSTV) required the
developinent of specific methods and overall procedures that could meet the extremely
strict quaraniine regulations in force in most countries.

The methods for pathogen detection and elimination were modified or replaced
according to developments in this area. The methods and procedures now in use might
even require further adjustments as basic research into methods of pathogen detection
continues.

Testing materials for pathogens

A general scheme Is shown in Fig. 1.

Viroid detection

Since P5TV is one of the major pathogenic agents of potato specifically addressed
in guarantine regulations in most countries, CIP requires that materials should be virold
free. The tormato test (Fernow, 1967; Yang and Hooker, 1977) played an important role in
virpld detection at the beginning though e /en at present the assay is useful for confirming
doubtful results. An electrophoresis procedure modified from that described by Morris
and Wright (1975) allowed us more rapid testing of a large number of samples. However,
its reliability depended to a great extent on the concentration of viroid in plants. Plants
grown at temperatures below 20-25°C in most cases did not contain enough viroid to be
detected by electrophoresis (Lizdrraga et al., 1980). The dependence of viroid replication
on high temperatures was the basis for the development method of virold elimination by
cold treatment and tissue culture (Salazar et al., 1985).

The development of nucleic acid spot hybridization (NASH) for detecting PSTV
was a tremendous improvement in our system (Salazar et al., 1983). Further studies (in
press) showed that RNA probes were more sensitive (Table 1) and specific than double- or
single-stranded DNA probes, allowing detection of as little as 0.3 pg of PSTV or detection
of viroid from one infected true potato seed in a batch of 100. The procedure ror viroid
detection used at present is shown in Fig. 2.

As shown in the general pathogen-tested procedure, testing for PSTV is required
before ard during clonal multiplication.

Virus detection
Since CIP has to distribute materlals firom countries where the virus simat{on is
Incompletely known, two situations had to be met for detecting potato viruses:

(a) occurrence of known potato viruses; and
(b) probabllity of occurrence of previously unidentified and little known viruses.

1/ International Potato Center, Apartado 5969, Lima, Peru
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In vitro collection

l -

Transfer to pots (10 cm diameter)

I

Transfer to pots (20 crn diameter) Multiplication 1

|

Virus tests: ELISA, indicator
plants and NASH for PSTV —

Material increasaed according to
demand

1 Multliplication 11

Virus test: FLISA and LLAT, indicator
plants and NASH for PSTV (45 days
and before harvesting) _J

!

Tuber seed stocks Export to regional centres Crossing for
and otherg CIP's breeders

Multiplication (I, 1V, etc.
(for use in Peru)

Fig. 1. Multiplication of pathogen- tested clones.

Detection of known viruses relles on serology. PFor this, the latex agglutination test
(LAT) and the enzymie lnked nmunmumnmosorbent assay (ZLLISA) arce in use at present. LLAT is
sufficiently scunsitive to detect viruses occurring in relatively high concentrations in plant

tissues.  The standard procedure consists of mixing a drop of conveniently diluted
antibody - sensitized latex with plant sap diluted 1710 and 17100 on to a squared plastic
plate, acd agitating for 30 nin in a rotary shaker. Positive reactions are clearly

distinguished by the fiocculation that takes place, In contrast to the inllky appearance of
healthy controls.

Table I. Reciprocal of maximum dilutions of infected extracts and minimem
concentration of purified PSTV detected by three types of probe

Probe type Tomato Potato Potato True Pure
leaves leaves tubet potato PSTV
sprout sprout (pg)
Mt3 ss PSIVEDNA 512 512 512 128 10-20
Nick -translation 64 .128 128-256 512 64 100
dsDNA
RNA transcription 1024 1024 1048 256 0.33
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Homogenize tissue (tissuce grinders, plastic bags)

Formaldchyda/10 x SGC, 1:1 (2 ml/g tissue)
0.5 by vol. chloroform

0.5 by vol. saturated phenol

Centrifuge or let stand overnlpht at 4°C

Adqueots phase containing DSTV

Spot 4 mul of agquesus phase on to nitrocellulose fliter
Diry at roarn teinporature

Balke 1.0 Lot 8O- 100°C in oven
*©

SV hhnobitized onembrane

Hybridize 5 7.5 % 10° cpim/iml in 2 x SS5C + 40% formamide
v 10% dextran sulphiate at 55°C, overnight

Y
Fortnation of RMA RNA (1STV 32D abelled ¢PSTV) hybrids

Wash 2 % 10 mnin at roomn taemp. using 1 ¥ SSC + 0.1% SDS
Wash 30 min at 5°C in 0.1 s S5C 4 0.1% SDS

Wash IO main at roonn temp. in 2 x 55C + RNAase A (2 mug/ml)
Wash 25 10 midn at rocm temp, in 1 x SSC 4+ 0.1% SDS

Wash 30 min at 50°C {01 ¢ $5C + 0.1% SDS

Autoradiopraphy at - 70°C

|

Visualization of specific RNA. RNA hybrids

Fig. 2. Protocol for the detection of PSTV by NASH using RNA probes.

S

550, sodivm saline citrate; SDS, sodium dodecyl sulphate.

ELISA, however, is more sensitive than LAT and $0 is used more often. The protocol
of Clark and Adams (1977), with minor modifications, is used at CIP. PVX, PVY, PVS,
PVM, PLRV, PVT, APLV and ADPMV are tested by serology. Detection of previously
unidentified viruses is based on the reaction of already known potato viruses In a selected
host range (Table 2). I all known potato viruses can be detected by Ineculation to one or
more of the hosts of Cable 2, it s very possible that by using a simllar host range,
unknown potaro virnses could also be detected. If the host range fails to detect an
unknown virus, there o still some possibility that the virus could be detected in the
infected potato plants which are caretilly observed daring growth in the screenhouse.

Other discase indexing,

Since clonal propagation is Initiated by tissue culture, several common organisms of
the potato are likely to be clirninated. In addition, hygienic precautions and preventive
treatments  during mualtiplication and before shipment guarantee pathogen and pest
control.  During, handling of plants In Insect- proof screenhouses, a bactericlde treatment
(Mmanin), soap washing and rinsing with a 10% solution of calcium hypochlorite is used
for cdisinfecting operators' hands and tools.

Repuiar inspection by cntomologists, pathologlists and nematologlsts Is conducted
during plant growth. Disease contarmnination so far has not occurred.
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Table 2. Local (L) and systemic (5) symptoms induced by potato viruses
in a sclected host range

Reactions with diagnostic value only have been included. The best host
for each vitus host combination is shown with an asterisk.

PVX  PVY  PVA  PLRY Pvs  PVM  PVT  APMV  APLV  PMTV TRV PSTV

hicotiana tabacum LS S S . : - S S - LS -
H. clevelandii S S S - - 3# S . S -
N. giutinosa S S S - - - S S - S -
N. dubneyii S S S - S# L S S S S S -
Physalis floridana LS LS s S* - - . - . - -
Lycopersicon S S S - - S . - . . - ¥
esculentum

Datura stramonium S - - S#* - - S - . - -
D. metel S S S - SR . - . - . -
Gomphrena globosa L* - - R L . - - L -
Chenopodium L L/- - - L/- L/- s* - L* L* L* -
amaranticolor

C. quinoa L L/- - L/s - S - L - L -
Phaseolus vulgaris . . - - L L/- - . - L -
Clene A6 L L* L - - - - . - . -

Testing of tuber families

ClP also distributes first-generation tubers from selected crosses. Scedlings for
tuber family production are also produced in screenhouses similar to those mentioned
above. Speclal carve is taken to test for PSTV and PVT the only two pathogenic agents
transmitted by true potato seced. In addition, our regulations require that mother plants
be free of those agents before crosses are made.,
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Virus Indexing and Distribution
of Sweet Potato Germplasm

J.W. Moyer 1/

Sweet potatoes (Ipornea batatas (Lam.) L.) harbouring graft-transmissible agents
which cause diseases can be found in nearly every commercial sweet potato planting not
produced from disease-indexed planting material. This phenomenon results from the
propagation of sweet potatoes with vegetative organs In order to preserve varletal purity.
Vegetative propagation provides an excellent vehicle to perpetuate these agents from one
planting to the next. It is generally assumed that viruses or viroids are the cause of these
diseases. However, the etiology of many of these sweet potato diseases remains to be
determined (Table 1).

Early in the development of Information on sweet potato viruses, each new disease
thought to be caused by a virus was frequently glven a new name, The name was usually
indicative of the symptoms expressed in the genotype In which the disease was deserlbed.
It has seldom been possible to compare blological or blochemlcal sharacteristics of the
causal agent(s). This practice has led to the problem of synonymy similar to that which
occurred in the early studies of virus diseases of other crops. Our knowledge of the
viruses which cause these diseases has developed slowly because the sweet potato-virus
pathosystems have not been adequately developed. The viruses are difficult to transmit
mechanleally to and from sweet potato, virus-indexed sweet potato Is not always
available for completion of Koch's Postulates, and high quality antiserum for virus
comparison and indexing purposes ls not readily avallable because of the difficulty In
purifying these viruses. For these reasons there have been no internationally agreed-upon
criteria for sweet potato virus identification.

These sweet potato diseases Interfere both directly and Indirectly with the farmers'
ability to realize the full potential of sweet potatoes. Viruses have been Implicated In
acute and chronic sweet potato diseases. Acute diseases, such as sweet potato virus
disease complex found in Africa, have a dramatic Impact on the production of edible
roots. Chronic diseases, such as those caused by varlous strains of sweet potato feathery
mottle virus (SPFMV), have a less severe effect on Individual plants but still may
significantly reduce yield when consldered on a reglonal basls. Grower efficiency lIs
Indirectly reduced by the justified Impediment that viruses cause to the International
exchange of germplasm. This slows the introduction of desirable traits Into natlonal
breeding programs to resist stresses and generally improve yield potential. This should
not be interpreted as Implying that quarantine regulations should be relaxed. In general,
quarantine standards are based on availlable biologlcal Information. Our lack of
understanding of sweet potato viruses has greatly contributed to the conservative
establishment of standards to reduce the probabllity of Introducing new pathogens.
Improved understanding of this group of pathogens will significantly Increase the
confidence with which these standards are upheld, as well as providing more efficlent
technologies that can be used to document the status of plant health.

1/ Department of Plant Pathology, Box 7616, North Carolina State University, Raleigh,
NC 27695-7616, USA




AL

0

Table |. A list of viruses and selected virus |ike-diseases
reported from sweet potatoes

Vector Geographic
distribution 1/

Viruses
SPFMV 2/ Aphid Wor |d--wide
SPYMY 3/ Aphid Argentina
spLy 4/ ? Taiwan
spumMy 2/ Whitefly East Africa
spoy &/ 7 Puerto Rico
sNyoy 1/ Whitefly Taiwan
cuy &/ Aphid Africa, other

Virus-like diseases

Sweet potato Aphid and

virus disease whitefly Africa, 1
Sweet potato

leaf curl Whitefly Taiwan, Japan
Sweet potato

mosaic { Taiwan
Unnamed (] Wor ld-wide

1/ Based on published reports and personal communications. 2/ Sweet potato
feathery mottle virus. 3/ Sweet potalo vein mosaic virus. 4/ Sweel potato
latent virus. 5/ Sweet potato mild moitle virus. 6/ Sweet potato caulimo-|ike
virus. 7/ Sweet potato yellow dwarf virus. B/ Cucumber mosaic virus,

Indexing standards for the purpose of International exchange of sweet potato
germplasm has relied almost exclusively on a graft assay Into the Indicator host Ipomoea
setosa. All of the known viruses cause varying degrees of symptom expression on this
host. The weaknesses of this scheme are generally recognized and serological assays are
being Incorporated as they become avallable. At the present time the only other
blological assay is the use of SPFMV-infected Tib-8 (developed at the International
Institute for Troplcal Agriculture) for the detection of the whitefly component of the
sweet potato disease complex found In Africa.

Significant Improvement of indexing procedures for sweet potato viruses awaits
additional Information on the etiology of the virus-like diseases and the elucidation of
factors which Influences the distribution of these viruses In sweet potato plants,
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Recommendations For Improvements in the
International Exchange of Temperate Fruit Tree Germplasm

J.A. Foster 1/

The povernments of many countrics with significant fruit production regulate the
importation of fruit tree plant material for propagation to prevent the entry of hazardeus
forelgn pests. The pests of temperate fruit trees commonly listed in quarantine
regulations  Include Insects, nermatodes, fungl, true bacterla, fastidious bacterla,
mycoplasma- like organisms, virses and pathogens of unknown etiology. In some cases,
pests are not named, or general "otepories of pests, such as virus diseases, are used as
Justification for the regulation of temperate fruit tree material. Sced is usually
restricted less than vegetatively propagated plant material, because sced has been
reported to carmy fewer hazardous pests than clonal material. Plant material imported as
permplasrn for scientific research may Dbe handled differently than commercial
shipments. In any case, each country repulates the importation of temperate fruit tree
plant materlal in a different manner, because each country has different environmental
conditions, specific commercial cultivars, an unique range of pests and often a different
repulatory philosophy.

Regulatory officials may require certification, inspections, treatments, or specific
pathogen tests as a conditinn of entry. A visual inspection at a port of entry would detect
most arthropods and pathogens that are large enough to be scen under a lipht microscope
or that cause obvious symptoms in the imported plant rmaterlal at the time of
importation. Treatments are most effective in eliminating larger pests which occur on
the surface of plant material. However, in order to detect developing fungal or bacterlal
infections or hatching arthropods, repulatory officlals may require that imported plant
material must be grown in isolation for a time after entry and inspected reguiarly for
pests. The plant pathogens that are smaller than bacteria cannot be seen under a
conventional light microscope, they occur within plant parts, and do not consistently
cause obvious symptoms In every genotype of a host under all environmental conditions.
Consequently, specific tests to detect these small pathogens must be done in! the
exporting or Importing country to prevent the Introduction of these pathogens with
imported plant material.

The accuracy of pathogen tests depends on the sensitivity and rellabllity of the
testing procedures as weil as the competence of the individuals performing the tests.
However, in the case of temperate fruit trece pathogens, thére Is also a direct correlation
between the extent of our knowledge of a particular pathogen and the speed and accuracy
of the tests used to detect that pathogen. iruses which have been isolated and more
thoroughly characterized can be detected within days by sophisticated serological, nuclelc
acid or electron microscopic techniques. Bacteria can be detected by serological tests or
culturing on gpecific medla, Poorly characterized pathogens or pathogens of unknown
etiology can be detected within weeks using grafting tests In the greenhouse if the
pathogen consistently causes leaf symptoms in a particular Indlcator plant under specific
controlled conditions. Tests for pathogens that can be detected only by fruit, bark or
branch symptoms must be carrled out Ly grafting on to sensitive indicator trees In the
field. In general, detection tests that depend on the pathogen to produce a symptom are
more tirme-consuming and more varlable In accuracy than tests that actually datect some
part of the pathogen.

1/ USDA- APHIS- PPQ, US Plant Introduction Station, Glenn Dale, MD 20769, USA
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Regardless of whether Inspectiong, treatments or pathogen tests are required during
international exchange of temperate frult tree germplasm, there are some general
recommendations that can be made to facilitate such exchanges. These recommendations
can be characterlzed as elther improvements In the efficlency of present procedures for
germplasm exchange or as projects for the development of techniques and procedures that
would improve future germplasm exchanges.

Importers of temperate fruit tree germplasm should ceriously consider the value to
thelr programs of importing seed or pollen as opposed to Importing clonally propagated
materials, especially in the case of wild germplasm. Quarantine regulations on imported
temperate fruit tree seed or pollen are usually not as severe as on clonally propagated
materials, because none of the srnall pathogens of pome fruits and only a few viruses In
Prunus are reported to be transmitted in seed; whereas all known pathogens of host trees
can be carried in or on vegetatively propagated plant material. In many countrles, seed or
pollen of temperate fruit trees is allowed to enter Immediately after Inspection ut a port
of entry, but clonal material of the same species must be tested for exotic pathogens for
years before entry. Even If Prunus seed or pollen is regulated because of seed-borne or
pollen-borne viruses, the testing necessary to detect these viruses Is easier and less
time-consuming than testing clonal material for all exotic small pathogens that may be
present. If specific crosses will eventually be made with imported germplasm, perhaps
arrangements could be made with quarantine officials to grow Imported clonal material at
a quarantine facility and then, after appropriate tests for seed-borne viruses In the case
of Prunus, use the pollen or ovaries produced by the clone for crosses to obtain seed for
importation without actually importing the clonal material. In essence, sclentists
interested in foreign germplasm should consider whether their program would progress
better by immediately evaluating and breeding seedlings for a particular character or by
waiting years to obtain clonal material of precisely described genetic composition,

When clonal fruit tree germplasm must be Imported, the history of a particular
genotype will significantly affect the time and effort necessary to process It through a
pathogen-testing program required as a condition of entry. Obviously, the plant materlal
for export should be harvested in a dormant condition from a vigorous tree to maximize
the probabllity of germplasm survival during shipment. The probability of Infection can
be reduced from that expected in nature if the trees which are sources for exported
material are rnalntained in a greenhouse, scroenhouse or In an Isolated fleld plot, where
pathogens which spread naturally in that area can be avolded. Germplasm previously
budded on clonally propagated rootstocks or Interstocks, or top-worked on established
trees, should be avoided in favour of similar germplasm which has always been propagated
on seedling rootstocks or on its own roots. Vegetatively propagated rootstocks,
Interstocks and trees usually contain all of the internal pathogens present in every plece
of scionwood successfully propagated on them and their ancestors, and therefore
accumulate pathogens over time. Propagation from sced consistently filters out all but a
few viruses in Prunus and all small pathogens of pome fruits.

In every instance possible, germplasni which appears to be healthy, has a history of
minimal exposure to infectlon or originates from a certification program, should be
selected for International exchange, because this permplasm lIs more likely to test
negative for pathogens and so be Introducecd into the importing country sooner than
Infected perraplaiin which rmust be tested, oxposed to therapy treatments and retested for
a few years to prevent the Introduction of a hazardous pathogoen with the germplasm,

Sclentists who wish to import temperate fruit iree germaplasm must be famillar with
the quarantine regulations and procedures of the lmporting country and make the proper
arrangeiments for Lthe foreign plant material before Importation. Before arranging
importation, the importer should determine if the desired purmplasimn is available from an
approved certification program in the country of origin or another country, because
certification acceptable to the importing country will reduce or ellminate the quarantine
period required Ly the Importing country.
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Importers that neglect their responsibility to obtain the necessary permits and
clearances before shipment will usually encounter delays during shipment and therefore
Jeopardize the health and vlability of their germplasm. Once the germplasm has been
selected for shipment, it {s critical that (1) the plant material is properly identified, (2)
the germplasm is not mixed with other more severely regulated plant materials or soil, (3)
acceptable packing material and packaging are used, and (4) proper documents including
phytosanitary certificates are included with the germplasm. The discovery of unidentified
plant material, hazardous plant or plant parts, soll, unacceptable packing or packaging
materials, or incomplete or inaccurate documents leaves regulatory officals no choice but
to prohibit entry of the entire shipment. Delays, lost shipments or damage to valuable
germplasm may also result when small quantities of germplasm are inadvertently mixed in
with commercial or manufacturing shipments instead of being imported by procedures
speclally devised by the quarantine service for germplasm.,

In the future, germplasm exchanges would benefit from the development of a
computerized information system containing a list of available germplasm in each country
as well as the important known characteristics of each genotype. For this objective, more
international cooperation and perhaps some coordlnation by international agencies will be
necessary. Such a system could be used to identify the germplasm of potential value to a
particular breeding program and lmprove the chances of selecting and utilizing desirable
genetic material. In addition, importation of useless germplasm or of germplasm similar
to previously imported germplasm could be minimized, and then available resources could
be concentrated more on truly valuable genotypes. The most valuable germplasm could
then be distributed among cooperating plant pathologists for pathogen testing and therapy
so that the tested germplasm could meet the entry requirements of most countries. The
development of such a system would also identify gaps in our knowledge of the important
characteristics of certain germplasm and guide plant breeders or horticulturalists toward
valuable areas of research.

Tissue culture and in vitro preservation will certainly play an increasingly important
role in germplasm exchange. At the present time, very little temperate fruit tree
germplasm is shipped as tissue culture, but in the future, this method of exchanging
germplasm will be used more often. For quarantine programs, techniques may be
developed for pathogen testing in tissue culture. Therapy procedures that now involve
heat treatment and tip grafting may be more successful using meristem culture after heat
treatment. After germplasm has tested negative for submicroscopic pathogens,
maintenance in tissue culture will ensure that the permplasm does not become
reinfected.  Preservation and shipment of in vitro cultures is also less expensive and
requires less labour than conventional methods using trees and budwood.

Future research to develop more rapid and reliable detection methods for
submicroscopic pathogens could decrease the quarantine period for temperate fruit tree
germplasm and therefore facilitate germiplasm exchanges. At the present time, pathogen
testing of uncertified clonal germplasm as a condition of entry requires years of
observations on leaves, branches and fruit of budded indicator trees in the field, because
these tests are the most rellable methods known to detect many of the poorly
characterized pathogens. The use of recently developed biotechnology as well as new
approaches developed In other sciences may reveal the identity of the unknown
pathogens. Once the type of pathogen is known, detection techniques developed for
simllar pathogens can be adapted to solve the prcblem. However, progress with these
pathogens may be slow and not always assured, so Incentives may have to be offered for
the best scientists to explore such problems. Importers of temperate fruit tree
germplasm who are frustrated with present quarantine requirements can and should be an
effective lobby to encourage an increased emphasis on research Into more rapid and
reliable detection techniques for these pathogens,
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Disease Indexing and the International Movement of
Temperate Small Fruits and Grapevine Germplasm

Sara Splegel 1/

Srnall fruits (strawberry, raspberry and other Rubus plants) and grapevine are almost
always propagated vegetatively. These crops, like other vegetatively propagated crops,
are frequently infected with viruses and other graft- transmisslble diseases (hereafter
called virus diseases for convenience). Virus diseases are mujor causes of reduction in
yield and fruit quality in all three crops discussed In this paper. A few viruses express
symptoms in commerclal cultivars and are even lethal to plants carrying them. Most
viruses are latent In commercial cultivars and occasionally produce obscure symptoms in
their natural hosts. Thus, plants become symptomless carrlers of viruses from one
generation to the next, spreading viruses with Infected symptomless propagatlion
material. Combinations of two or more viruses in Infected plants are very common in
small fruits and grapevine and usually result in a drastic reduction in yleld and vigour.
However, even in such cases it would be Impossible to determine by Inspecting them what
causal agent/s are present. Many small fruit and grapevine viruses are restricted to one
genus and are not transmitted naturally to other plant genera. Therefore, many viruses
have not yet been purified and characterized. The literature on virus diseases of srmall
fruits and grapevine has Leen reviewed (Bovey et al., 19B0; Converse, 1966; Converse,
1987; I'razier, 1970, Goheen, 1977; Maas, 1984; Martelll, 1986), This paper will focus on
the current situation in Indexing of virus diseases of srmall fruits and grapevine and
implications to the international transfer of permplasm of these crops.

Virus detection methods

Detection and identification of discases where the disease agent s unknown or is not
inciting obvious symptoms is still a difficult task. Specific Indexing procedures are based
on bioassays, serological methods (where antisera are available) and on blochemical
methods in which virus- related nuclele acids are detected In the infected tissue.

Transmission to indicators

Graft transmission to sensitive Indicators and sap inoculation onto herbaceous test
plants are standard bioassay procedures to determine the presence of latent viruses.

Most viruses of small fruits and grapevine are still diagnosed by grafting leaves or
buds from infected plants on to sensitive Indicators which will develop symptorns
characteristic of the virus. Suitable Indicators recommended for diagnosing viruses of
these crops arc selected after considerable efforts over many years (Converse, 1979;
Frazier, 1974). Graft analysis is the only method employed at present for dlagnosis of the
very important small fruit and grapevine viruses - aphid-borne In strawberry and Rubus
and viruses with unknown vectors In grapevine. Grafting procedures are laborlous and
expensive, require greenhouse space for growing indicators In pgood physiological condition
and maintaining them In moderate temperatures and light Intensity over the long
observation tlme for possible symptorn appearance.

Sap transmisslon is achieved with several viruses of small fruits and grapevine,
especlally with nematode- borne (nepoviruses) and pollen- borne viruses. Infected plants
are usually good sap-Inoculation sources when in the carly stages of infection and with the
onset of new growth after breaking dormancy. Chronically Infected plants are poor virus
sources for sap Inoculation.

1/ Virus Laboratory, Agricultural Research Organization, The Volcani Center,
Bet-Dagan, Israel
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Serological methods

Recent advances in virus purification procedures and production of antisera have lead
to the development of varlous serologlical tests. The adaptation of enzyme-linked
Immunosorbent assay (ELISA) for plant virus detection (Clark and Adams, 1977) and the
introduction of immunosorbent electron microscopy (ISEM) methodology (Milne and
Luisonl, 1977) into this field were breakthroughs in the rapid diagnosls of plant viruses for
which antisera are avallable.

ELISA and I[SEM are belng used Increasingly for detection of nepoviruses,
pollen-borne viruses and tobacco necrosis virus In Infected small frult and grapevine
plants (Russo et al., 1980; Spiegel and Cohen, 1985; Jones and Mitchell, 1986). Many of
these viruses occur naturally in a wide range of crops and weeds. Serological tests are
usually performed with antisera prepared agalnst these viruses In hosts other than small
fruits and grapevine. Reliable detection by ELISA 1s achleved with the isolates from
small fruits and grapevine following sap transmission to herbaceous Indicator plants and
with some viruses directly In the Infected tissue. Nepoviruses which Infect grapevines
comprise a large and most important group In this crop. The contribution of serologleal
detection assays to rapld diagnosis of grapevine viruses In single and mixed infectlons Is a
major one. Recently, progress has been made with serologlcal detectlon assays of
mycoplasma-like organisms (MLOs) in plants (Clark et al., 1983; Welvaert and Samyn,
1985). However, further developmental work is needed before the applicabllity of this
method can be evaluated. Problems like non-specific reactions, uneven distribution of
some pathogens In host tissue, strain specificity and wvarlabllity between batches of
antisera should yet be overcome. Stace-Smith (1984) recommended that ELISA indexing
be used In conjunction with other diagnostic procedures, such as sap transmission, to
check for possible unusual isolates.

The advantage of I[SEM Is Its sensitivity and lack of straln specificity (Van
Regenmortel et al., 1980). This method requires minute amounts of antlserum and plant
tissue and is very useful when diagnosing viruses In mixed Infections - a very common
case with small fruit and grapevine viruses. ISEM can be done easily on a small scale and
is therefore a helpful tool in the preparation of virus- tested plants.

Monoclonal antibodles are a recent additlion to serologlcal detection of plant viruses.
Monoclonal antibodies are not yet avallable for most small fruit and grapevine viruses,
except for raspberry bushy dwarf virus (RBDV) (Martin, 1984). It is expected that in the
future this technlque will provide u very effective assay for dlagnosing viruses and
«distinguishing between virus strains.

Double-stranded RMNA analysis

The Isolation of disease-specific dsRNA from virus- Infected tissue offers a valuable
diagnostic tool for detection of uncharacterized viruses. Because of the general difficulty
in purifying viruses from these hosts, the potentlal of this method is obvious. Attempts to
use dsRNA analysis for small fruits and grapevine have been made In a few laboratorles.
Modifications of existing procedures were required as the high content of polysaccharldes
and phenolic compounds interferes with extractlon of nucleic acids.

Virus-related specific dsRNA bands have been detected In strawberry plants Infected
with strawberry milld yellow-edge virus (SMYLEV) (Splegel, 1987), in raspberry Infected
with RBDV (Jones et al., 1986: Kurppa and Martin, 1986; Murant et al., 1986), cucumber
mosalc virus, (CMV), black raspberry necrosis virus (BRNV) (Jones et al., 1986), raspberry
leafspot virus (RLSV) and tomato ringspot virus (TomRSV) (Kurppa and Martin, 1986) and
in grapevine affected by leafroll disease (Cameron and Walter, 1985; Mossop et al., 1985).




The presence of high molecular weight dsRNA bands of unknown origin In
virus-tested strawberry (Splegel, 1987) and Rubus plants (Kurppa and Martin, 1986;
Murant et al. 1986) as well as in other plants (Wakarchuk and Hamilton, 1985) calls for the
use of appropriate controls In each test. The low concentration of viruses and/or thelr
unavallabllity to the extraction medlum requires large samples of plant tissue per test and
retesting of negatives before belng taken as healthy. Double-stranded RNA analysis is
still in Its early stages for small frults and grapevine. In my opinion, increasing the
sensitivity of this method will allow Including it rellably in virus- indexing procedures, at
least for quick elimination of Infected plant inaterial. Purified dsRNA has the potential,
using present technology, to be the starting point for making complementary DNA (cDNA)
probes for uncharacterized viruses. Further development is needed to make this
technique applicable to these viruses.

Attempts to apply hybridization to disease specific probes are being made for several
strawberry viruses (Morrls, 1985; Stenger et al., 1986) and for a virus assoclated with
leafroll disease In grapes (Tanne, unpublished). However, further work is needed to
overcome technical problems and make this method applicable.

The suitability and reliability of any chosen detection method need to be evaluated
for each virus in each laboratory. Differences In climatic conditlons, sampling tirne,
physiological status of indicator plants, etc. can influence detection, especlally when
dealing with viruses present in the host tissue in very low concentration.

Elimination of viruses

Elimination of many small fruit and grapevine viruses can be achleved by heat
therapy of by tissue-culturée methods of tip meristems. Some viruses and MLOs are heat
stable and resist heat therapy. In several cases, plants resulting from tip meristems were
not free of viruses (Morl, 1977). Therefore, the combination of obtaining tip meristerns
from heat-treated plants, followed by growing meristems to plantlets In tissue culture, is
a 'safer' route to follow in developing clones free of viruses. Plants fall sometimes to
produce new growth and die within a few weeks when grown at 38°C with amblent carbon
dioxide. Artificlal elevation of the carbon dioxide level during thermotherapy was found
to increase markedly the ability of grapevine to withstand prolonged high temperature
(Kriedeman et al.,, 1976). Recently, Converse and George (1987) reported on the
elimination of MLOs in highbush blueberry with high carbon dioxide thermotherapy. An
alte’native to heat therapy of infected parent plants is the Incubation of infected plant
material In the in vitro stage at the deslred high temperature. Many test tubes with
infected plant material can be heat treated in a simple growth chamber, and even when
the survival rate is low, chances are better for survival of several healthy clones. This
rmethod was employed for several viruses (Walkey, 1980; Snir and Stein, 1985) and could
most likely be useful for other virus-plant combinations.

Following the tissue- culture step, plants are allowed to develop and when ready are
potted and grown In Insect proof screenhouse. At this stage, plants are Indexed for
diseases and evaluated for trueness to horticultural type, Plants found to be free of
viruses serve as a source of virus-free propagation material and for collections of
germplasm,

Maintaining and exchanging germplasim

International exchange of small fruits and grapevine plant material involves a large
rlsk of spreading a great number of viruses, Quarantine regulations vary among countries
but rnost require that a certificate of health accompany Imported plants, Sometlrnes,
quarantine regulations prevent Importation of rooted rmaterlal. In many casecs a health
certificate rmay shmply declare that the material has been inspected in the country of
orlgin and has no evidence of infestation by pest and disease (Posnette, 1977; Bovey and
Pelet, 1977).
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With most virus diseases of small frults and grapevine this certificate Is of very little
value. Plants must be carefully Indexed before being released to the importer. With the
techniques avallable presently this is a long process (Converse, 1979) during which the
virologlst usually becomes the enemy of the importer, especlally If the new plant
introduction is virus- Infected.

The advantage of meristem or bud In vitro cultures and cold storage for germplasm
conservation and exchange is very obvious, as long as no assumptlons of freedom from
viruses are being made. Methods for in vitro maintenance and propagation of strawberry
(Mullin and Schlegel, 1976); Rubus (Donnelly et al., 1980; Pyot and Converse, 1981) and
grapevine (Barlass et al., 1982) have been established. However, the possibility of genetic
instabllity and the lack of rapid virus-indexing methods are still drawbacks which
discourage virologists and horticulturalists from keeping small fruit and grapevine
germplasm in tissue culture. This situation may change when more studles examining the
varlability of a large number of different cultivars resulting from tissue culture will be
performed and rapid virus-indexing procedures will be developed.

Future objectives

Establishing rapld disease-indexing procedures la a critical need In today's small frult
and grapevine virology. Applying these procedures to in vitro cultures will contribute to
the efficient malintenance and transfer of virus- free germplasm.  Two independent
approaches should be encouraged:

1. Improving virus- purification procedures to the point where viruses will be purified at
least in minute quantities, and antisera (most likely monoclonal antlbodles) will be
prepared.

2. Developing nonserological blochemical detection procedures, such as for dsRNA, which
are Independent of successful virms purification. Attempts to make cDNA probes from
dsRNA should also be made.
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Collection and Propagation of Citrus
Germplasm for International Distribution

Luis Navarro 1/

Germplasm from polyembryonle varlieties of citrus can be safely transferred by seed,
although nucellar seedlings have undesirable Jjuvenlle characters. Monoembryonic
varieties do not reproduce true-to-type plants when propagated by seed., As a
consequence, vegetative material is the most appropriate for International exchange of
citrus germplasm.

Tissue culture techniques speclally developed for exchange of citrus vepgetative
material could solve the problems of transfer of diseases (Navarro et al.,, 1984). These

include the following,.

Budwood collection

Vigorous pencil-size budwood is collected, washed with detergent and water and
packaged In transparent polyethylene bags. Budwood should be Kept refrigerated until
shipped. If refrigeration is not possible, collection should be done during the dormant
period (winter In subtropical areas and the dry season In tropical areas).

Budwood reception

Upon arrival at the reception country, the budwood is Inspected without opening the
bags. The parcel should be destroyed if It is heavily contaminated or Infested with a
living pest. Otherwise, budwood is disinfected by Immersion for 20 min In a 2% sodium
hypochlorite solution containing 0.1% Tween 20 wetting agent, and then rinsed three
times with sterlle distilled water.

Budwood culture in vitro

Budsticks about 15 em long are individually cultured in 38 x 200 mm culture tubes
containing the plant cell culture salt solution of Murashige and Skoog (1962) solidified
with 1% Bacto agar. The cultures are kept In a growth chamber at 32°C, exposed 16 h
daily to 10,000 lux illumination. 10-15 days later the buds of the budstick produce
vegetative flushes.

Shoot—tip grafting in vitro

Flushes produced in vitro are excised from the budsticks under aseptic conditions,
disinfected by Immersion for 5 min In a sodium hypochlorite solution containing 0.1%
Tween 20 wetting agent and rinsed three times with sterile distilled water. Then shoot
tips containing the apical meristem and three leaf primordia, measuring 0.1-0.2 mm, are
excised. Shoot tips are micrografted onto young rootstock seecdlings growing In vitro,
according to the standard method of Navarro et al. (1975).

Transplanting to goll and indexing

Plants recovered by shoot-tip grafting In vitro are transplanted to greenhouses where
they are grown for observation and indexing by blological or laboratory methods. Healthy
plants may then be established In the fleld and maintained in Insect- proof screenhouses to
avold reinfection.

1/ Instituto Valenciano de Investigaciones Agrarias, Centro le Levante (CRIDAOQ7),
Moncada, Valencia, Spain
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By thls method the only materlal actually introduced into the country is a very small
shoot tip that is free of pest and diseases, even if the origlnal trees were affected,

This method seems to be very cumbersome, but In practice it is very simple. Only a
regular tissue culture laboratory and a good but small greenhouse are needed. In addition,
an operator ls obviously necessary with good manual dexterity. In Spain the method has
been successfully used to Introduce over 40 citrus species,

The method is very well developed for Citrus species, but it has only been applied to
the citrus relatives Ponecirus sp. and Fortunella sp. We are Investigating Its application to
other citrus relatives, where the maln problem to be solved is shoot- tip grafting In vitro.
An alternative method may be in vitro rooting of shoots produced by the budsticks.
Additional research should be done to establish adequate In vitro methods for citrus
relatives.

Once healthy plants are established in insect-proof screenhouses, It could be very
safe to move budwood from these plants to other citrus areas.
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Detectlon of Citrus Diseases and Prevention of Their Spread
During International Exchange of Citrus Germplasm

S5.M. Garnsey 1/

Citrus is attacked by many pests and diseases, some of which are extremely
damaging. International movement of scion varletles of citrus s commonly done by
shipping budwood which may be contaminated or infected with varlous pathogens. In sorne
Instances, Intact plants are moved with a correspondingly greater hazard of transferring
unwanted pests and/or pathogens.

Some citrus diseases are now common in nearly every major citrus-growing region
and often it Is too late to restrict their movement. Other pests and diseases, however,
arc localized In specific areas. All major citrus areas are threatened by one or more
diseases exotic to themn. Accidental Introductions of tristeza, greening, stubborn and
citrus canker into new areas have all caused serious losses. A noteworthy example is the
recent destruction of profitable citrus industries In several southeastern Asian countries
by greening disease.

Many citrus—growing areas and countries have stringent quarantine regulations
governing movement of citrus germplasm. In the United States, for example, both federal
and state quarantines are in effect. Movement of citrus germplasm into Florida and
California 1Is allowed for commercial and research purposes, but only under the strictest
puidelines.

Accidental introduction of cryptic pathogens (virus and virus-like agents) is more
difficult to prevent than introduction of fungal and bacterlal diseases which produce
visible symptoms and can be eliminated by appropriate sanitation procedures. The
detection of ecryptic citrus pathogens and the means to avoid their dissemination is
emphasized here.

A large number of virus and virus.-like pathogens of cltrus have been described (Table
1). These Include known viruses, presumed viruses, viroids and several procaryote-induced
diseases, such as stubborn and greening. Some of the diseases affect specific grafted
combinatlons. Virus-induced bud-unlon disorders may not be expressed In young trees.

In addition, several serious decline diseases of undetermined etlology have been
described. The most significant one ls blight (also called declinio In Brazil).

Historlcally, these virus and virus-like pathogens have been identified by graft
inoculation to specific citrus cultivars which are reactive to one or more of the pathogens
listed. This approach is frequently labour Intensive, tlme consuming and not highly
accurate. Other methods have been sought to Improve detection. Some citrus viruses can
be detected by rnechanical inoculation to herbaceous hosts. Antisera, Including some
monoclonals, are now available for tristeza, satsuma dwarf (and related diseases), cltrus
varlegation, cltrus leaf rugose, stubborn and tatterleaf.

Varlous test procedures can be used, but labelled-antibody procedures such as ELISA
are usually the serological method of choice. Serology can be combined with light
microscopy by uslng fluorescent-labelled antibodles, and with electron mlicroscopy
(immunospecific EM). Proper selection of tissue for assay is highly Important for
obtalning rellable results by serological testing.

1/ US Horticulture Research Laboratory, 2120 Camden Road, Orlando, FL 32803, USA
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Nucleic and hybridization probes have been used experimentally to detect tristeza
virus and several citrus viroilds in plant extracts, but conditions for routine application
have not been defined.  Virolds have also Leen detected Ly polyacrylamide gel
electrophoresis, Analys of JdsRNA patterns has  also been used for citrus  virus
detection.  Strain differcatiation of citrus treisteza virus based on subpenomic RNA

specins has been proposed.

Electron miicroscopy  has been used for routine diagnosis of tristeza infoction.
to which antisera have been

Imrminogspecific BEM is a sensitive modification for virus:

stioned tiusues by UM has been used to confimm diagnosis of

prepared. Pxamination of se
preening disease based on the uonigque wall structure of the cansal agent. 1M procedures
have also besn used for stubborn, bt cince Spiroplagsima citei is casily cultured and has a
very characteristic helical structare, diagnosis can be done nare casily by phase or

dark- ficeld microscopy of Hoguid cultares,

Light 1nicroscopy of sectioned and stained fresh tissue has beeo used 1o observe the

large inclusions formed by tristena virng and provides a very siiaple and rapid aLsay.

There are a number of major problems in deteation of aryptic pathopens of cltrus.
No internationaliy acceepted pidelines are available for knowa citrig pathopens, and
appropriate conditions and controls ctill need to Lo established for most techniques.
There iy evidence for the presence of pathopens which are not readily detectable by
current procedurcs, and procedures are nceeded for these latent infections.  There arc
major decline problenns of unknovi atiolopy for which no indexing tests are available.
Some existing protocols are naot practical at nany locations because of time and/Zor

technical reqguirernents,

Despite the obvious probleies in detecting citrus pathogens, most disease hazards
associated with the movernent of citmgs germplasin can be elitiinated or preatly reduced
by a combination of relatively simple procedures. Shoot tip prafting plus moderate
thermaotherapy can clitninate alt Fnow cryptic pathogens. Rapid monitoring procedures
are available for some of the agents most difficult to eliminate and screaning for selected
total health, It may well be more effective to emphasize

dures combined  with selective indes vy than to rely only on

pathogens should proc

improved therapy proc
indexing  and  to continually  esoand  and modify detection  procedures. Use  of
thermotherapy  and/or chemotherapy  in combination  with shioot- tip  grafting  should

ruprove climmination rates and facilitare the procedure.

Careful  initial selection, appropriate  decontarnination  procedures and  care  in
isolation of imported materials until their disease status is known are the other important

components in safe permplasin exchange.

The pathogen conteut of citrus relatives is not well documented. A number of citrus
pathogens do Infect closely related citrus relatives such as Poncirus and Fortunella under
cultivation, but the status of wild plants of these genera s unknown.  Several citrus
viruses including tristeza can infeot one or more citrus relatives In a nmunber of genera
Including Acgle. Aecplopsis, Afracple, Citrops Eremocitrus, Microcitrus and Severinia
under experimental conditions. Thiu suggests that a number of species in the subfamily
Aurantioideae of the Rutaceae may have some potential as hosts of citrus viruses.

Citrus relatives which are graft compatible to citrus can be Indexed by all standard
procedures for citrus virus and virus like pathogens. Those which are not graft compatible
can only be indexed by those procedures which do not require graft inoculation to citrus
indicators.



Abbreviations: MI/HH = mechanical inocilation fo herbaccous hosts, ELISA = enzyme-linked immunosorbent assay.
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Table |. Detection and elimination of virus and virus-1ike pathogens of citrus

PAGE = polyacrylamide gel electrophoresis, EM = clectron microscopy, FM = fluorescent microscopy,
NAH = nucleic acid hybridization assay, ST6G = shoot tip grafting, Nl = no information.
The asterisk significs an economically important discase.

Discase Causal 1/ Indexing 2/
agent

Citrus Alternatives FPotential 516
Algerian navel Virus? None M1/HH EM NI
Brittle twig yellows ? bweot orango - NI
*Cachexia Viroid Parson's Sp. mand. - Page, NAH Yes
Citrus leaf rugose Virus Lemon HI/HH, ELISA NAH NI
fCitrus variegation Virus Lemon NI/ZHH, ELISA NAH Yes
Citrus yellow mottle Virus? Sweat orange - EM NI
*Concave gum Virus? Sweot orange - ? Yes 3/
fCristacortis Virus? Orl. tangerine - ? Yes
"Exocortis A Viroid Etrog citron PAGE, NAH Yes
Fatal yellows 1 Al emow - NI
Fovea Viroid? Murcott - T K1
*Greening Procaryote Mandarin EM ELISA, FM Yes
Gummy bark 2 Swect orango - 2 NI
Gum pocket Viroid? Trifoliate orange - 7 NI
Yimpietratura Virus? Sweet orange - (f Yes
Leaf curl Virus? Sweat orange - NI
Leathery leaf Virus Sweet orange MI/HH ELISA NI
fLeprosis Virus? Swoet orange EM ? NI
Multiple sprouting 1 Sweot orange - . NI
Nagami kumauat dis. Virus? Kumquat 1 NI
*Psorosis Virus? Sweet crange - 1 Yes 2/
"Ringspot Virus Grapefrult MI/HH ELISA Yes
Rubbery wood f Maxican |ime - 7 NI
*Satsuma dwarf 2/ Virus Satsuma MI/HH, ELISA NAH NI
*Stubbarn Spiroplasma = Sweet orange Culturing, FM ELISA, NAH Yes
Tatter leaf Virus Rusk citrange MI/HH ELISA Yes 3/
"Tristeza Virus Mex, |ime ELISA, SSEM NAH Yes
Yellow vein Virus? Max. |ime - - Yes

1/

Virus? indicates causal agent is probably a virus; Vireid? indicates that the causal agent is probably 3

viroid; and 7 indicates that there is insufficient information to speculate on the probable identity.

2/ Only the primary citrus indicator plant is listed.
dis

3/
4/
5/

eases |isted,

Other indicators can also ba used for many of the

Ditficult without partial heat therapy.
Includes other citron viroids recently describoed.
Includes citrus mosaic, navel orange infectious mottling and Natsudaidai dwarf viruses,

The highest risk to commercial eltrus from Importation of noncompatible citrus
relatives in vegetative form would be if they contained diseasss which are vectored and
which are detectable only by graft inoculation to citrus., The major virus like dlunase In
this category is greening. Nonecitrus hosts in the Rutaceae for preenlng have been
suspected, but are unproven, If plants of genera which are good hosts of the citrus psyllid
vectors of greening (Clausena, Vepris, Murraya, Fagara and Microcitrus) are obtained
from arcas where greening is endemic they may pose some threat. This is difficult to
quantify with present information.

Therapy procedures such as thermotherapy and shoot-tlp pgrafting have not been
evaluated for citrus relatives, except perhaps for Fertunella or Poncirus., Data obtained
from citrus chould be appllcable to those relatives that are fully graft compatible with
citrus,
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The Status of Disease Indexing and the
International Distribution of Banana Germplasm

James L. Dale 1/

Introduction

Bananas are monocots in the family Musaceae and are grown as food crops in
practically all tropical and sub. tropical countries. The two major types, dessert bananas
(Musa acuminata or M. acuminata x M. balbisiana) and cooking bananas or plantains (M.
acuminata x M. balbisiana) together constitute the world's most important fruit crop. In
some countries, the banana is the primary source of carbohydrate v hile In others it is the
major export earner. In 1980, over 60 million tonnes were produce: ., of which about 10%
were exported (virtually all bananas exported are the dessert type). Even though the
banana originated in the southeast Aslan reglon, the major producers are outside this
region; Central and South America produce about 42% of the crop but account for a
nassive B5% of the export trade. The only large exporter outside the Americas is the
Philippines. The African continent produces about 30%, Asla 26% and Oceanla only 2%.

Bananas are propagated vegetatively not only to retain cultivar characteristics but
also because the commercial and other useful cultivars do not produce viable seed.
Grafting Is not successful and so propagation has been traditionally based on the planting
of 'bits' (pleces of corm) or suckers. The major problems with this rethod are that
vascular pathogens are easily transmitted in such material and often considerable amounts
of soil adhere to the planting raterial, a mechanlsm of dissermnlnating soll-borne
pathogens. Recently, there has been a worldwide trend towards the use of tissue cultured
plants. This approach looks promising out there are a number of question marks Including
the percentage of 'off-types' and possible disease transmission which shall be dilscussed
later,

Attempts to breed new cultivars of bananas, particularly with Improved disease
resistance, have been singularly unsuccessful,  To date, no new cultivars have been
released from any of the programs. The current approaches to generating new cultivars
Include programs based on traditional breeding techniques, somaclonal mutation and
mutation induced chemically or by irradiation.

The disease problems

The important diseases In bananas are Panama, black Sigatoka, moko, bunchy top and
burrowing nematode. While most of these diseases are present In most of the producing
reglons, there are some significant exceptions (Table 1). The soll-borne disease Panama,
caused by Fusarium oxysporurn f.sp. cubense, has two important races, 1 and 4. Race 1 is
widespread in virtuallv all Lanana- prowing reglons but does not cause wilt in Cavendish
cultivars, which have generally replaced Gros Michel as the banana grown for world
commerce. Race 4, on the other hand, causes Panama disease in Cavendish and is a major
threat to production worldwide. TFortunately, race 4 is confined to Australia, the
Philippines, southern Africa, Taiwan, China and the Canary Islands. As the disease is
soll-borne, further spread of race 4 can be avolded by strict quarantine control of planting
inaterial.

1/ Agricultural Research Laboratories, Queensland Department of Primary Industries,
Indooroopilly, QLD 4068, Australia
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Table |. Distribution of impor tani banana diseases
Africa America Asia Oceania
Panama race | 3 | | [
race 4 + [ [
Black Sigatoka + [ | +
Moko [ [
Bunchy top [ | 3
Burrowing nematode

Moko, caused by Pseudomonas solanacearum, is another serlous soll-borne disease
which was Initlally restricted to the American tropics but which has now spread to Asia.
Black sigatoka, howevery, is present in all producing regions but not all countries within
those reglons. It is caused by the airborne fungus Mycosphaerella fijiensis var. difformis
and for this reason it is likely to continue to spread, although at a slower rate, if
quarantine control measures are strictly adhered to. The nematode Radopholus simlilis
appears to be present in all-banana producing countries for which there are adequate
records. The nematode is soll- borne and should not pose an international quarantine
problem.

Avoiding the non-viral diseases

There are a number of diseases of bananas which have limited distribution and are of
sufficient severity or potential severity that their Introduction Into an uninfected reglon
or country could prove disastrous. It lg, therefore, essential that germplasm moved
Internationally rnust be disease free. This poses some particular problems In the case of
bananas. Most vegetatively propagated crops can be moved with some degree of safety by
means of budwood or cuttings thus avoiding possible soil contamination. Neither option is
avallable for bananas. Movement of bits or suckers should be avolded because of soll
contamination and the possibility of inciplent Infections. The only viable alternative is to
put all germplasm for movement into tissue culture. This overcomes nearly all the
problems assoclated with tne non.viral pathogens. Freedom from these pathogens can be
verified as follows:

(a) Mycosphaerella fijlensis var. difformis - infected materlal should be removed when
preparing the Initial explant; if, in the unlikely event, the pathogen ls not excluded,
symptoms of the disease should become evident.

(b) Fusarium oxysporum f.sp. cubense - any contaminated soll s removed while preparing
the explant and further presence of the pathogen can be detected by destructive
sampling and plating out onto culture media.

(c) Pseudomonas solanacearumn - this pathogen will grow out of infected explants into
the tissue culture medium and therefore becomes self- evident.

(d) Radopholus similis - infested tissue should be removed during preparation of the
explant; it Is very likely that If nematodes were Introduced Into the tissue culture
with the explant, those present would become evident from the growth of assoclated
saprophytic organisms,

The movement of banana germplasm as tissue cultures together with visual Inspection
should ensure such material is free of non-viral pathogens. This Is not so for the virus
diseases of bananas.




The virug diseases

There are a2 number of virus or virug like diseases recorded in bananas. Most of these
have been jroufficiently described to determine whether they are actually transmissible
diseases.  Five, however, are transmissible diseases and do cause slgnificant loss. The
best known and most mportant is banana bunchy top virus (BBTV). This virus devastated
the Australian banana industry carly this century and s at the present tlme causing
conslderable concern In the producing reglons of  Africa, Agla and Oceanla (Table 2).
Within these regions, however, the virus 1s not present in all countrles. Fortunately, it has
not cspread to Ceontral or Sonth America. The virus has yet to be purified but from all
information available, including aphid transinission, it is classified as a probable rmember
of the lutcovimg group. ldentification and detection i currently based on symptoms and
transmission as no antisera or probes are available. This is highly unsatisfactory.

Table 2. Banana virus distribution and impor tance
Impor tance Distribution
Banana bunchy top (RN Africa, Asia, Oceania
Infections chiorosis X Probably wor ldwide
Banana streak t Morocco
Abaca bunchy ftop + Philippines
Abaca mosaic + Philippines

Infectious chlorosis, caused by cucumber mosalc virus (CMV), appears to be present in
all banana- producing countries and is particularly common where other crops such as
cucurbits are grown between the bananas. The virus can be ecaslly detected using any of
the sensitive techniques avallable for CMV. Banana streak virus has only been recently
described and has only been recorded in Moroceo. The other two virus diseases have been
recorded only in the Philippines and only on Musa textalis or abaca, a Musa specles grown
as a fibre crop. Abaca mosaic is caused by sugarcane mosaic virus and abaca bunchy top
appears to be related to banana bunchy top. Neither are considered to be a threat to
banana production.

Avoiding the viral discases

The adoption of tissue culturing as a mechanism of ridding bananas of their pathogens
and thus allowing casler geographic distribution of planting material has been very
successful with regard to fungl, bacteria and nematodes but not to viruses. The explant In
bananas Is usually a relatively large merlstemn tip and it Is extrermely unlikely that any
virus would be eliminated frorn this tissue. Experiments currently underway In our
department have shown that explants from BBTV. Infected plants can be tissue cultured
without difficulty. The more worrylng result is that while plantlets established 9 months
after the initial tissue culturing all showed BRTV symptorns, only 66% of plantlets
cstablshed after 14 rnonths showed symptorns. We are currently trying to determine
whether the remaining symaptomless plantlets are BBTV (nfected or not. 1If this is
syrnptomless Infection or delayed symptoms expression, then considerably more care must
be taken in moving banana germplasm in tissue culture.
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Collection -- with banana pathologist

Tissue culture in - country of origin
- non-banana- growing country
- non--banana- growling area

Indexing In - exporting country
— importing country
— developing country

Field planting - visual inspection

Maintain in
tissue culture

Fig 1. Strategy for collection and malntenance of Musa spp.

Essentially, highly sensitive and accurate detection techniques are required that will
ensure freedom from virus diseases. These are already avallable for CMV and could be
developed for banana streak viprus rclatively quickly. However, for the most important
virus, BBTV, thesc are not available. This rmust, therefore, be the research priority In
relation to iInternational movernent of banana permplasm.  This research is not belng
neglected. We are currently working towards a recombinant DNA probe (funded by
IBPGR) and threce other proups are following lines of rescarch directed towards producing
an antiserum.

While progress is being made in developing detectlon technlques for the known virus
diseases, perhaps the preatest danger Is from the unknown ones. The detection methods
mentioned here are highly specific, and have no abllity to detect unrelated or undescribed
viruses. As mentioned previously, the centre of diversity of the banana is In the southeast
Asian region. The study of plant viruses in this region Is confined to the problems in the
major food crops and there is no time avallable for the more academlc pursuit of
investigating viruses of primitive or wild relatives of food crops. It is very possible,
though, that these plants will harbour viruses hitherto unknowr. It js these viruses that
may pose the greatest threat and any strategy for collecting such wild material should be
designed to minimize the rlsk of introducing 'new' viruses into cultivated banana crops.
Because these virtses are undescribed, the detection techniques employed rnust be
non- specific. The most non- specific of all is visual inspecticn by a pathologist wirh field
experlence of banana diseases. Other non-specifie virus tochiniues that could be used
include dsRNA analysis, viral DNA extractions and peneral virold extractlons.

A pcssible strategy for the collection and
International distribution of banana germplas

By necessity, a strategy for collectlng and distributing banana germplasm must be
based on tissuc culturing the raterial (FFlg. 1). Where possible, Indexing procedures should
be Implemented to ensure pathogen freedom using specific detectlon techniques. Where
such techniques are not avallable, every eoffort should be made, using non-specific
techniques, to exclude unknown pathogens.
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The Current Status of In Vitro Culture
for the International Movement of Plant Germplasm

LLyndsey A. Withers L/

INTRODUCTION

In vitro methods can be used to move plant germplasm at various stages in the
conservation/utilization process. Material can be collected at source using simplified
culture inoculation procedures appropriate for field use. Genebank accessions can be
exchanpged with other collections or distributed to users in the form of cultures. In the
latter two cascs, the material may be introduced into culture either as the storage mode

or specially for exehang,e.,

There are two main considerations that determnine the success of In vitro exchange,
namely practical points relating to the cultuce and trausportation processes, and
phytopatholopgical points relating to the discase status of the cultured material and
quarantine requircinents. It should be stated from the outset that the author believes that
in vitro movement of plant permplasi has enormous advantages but that it could carry

serious disadvantages throuph cnpendering a false sense of security in the apparent
cleanliness of cultures.  IBPGR's examination of this tople is timely as there is an
increasing interceut in the use of in vitro movement, particularly by sclentists who may be
unfarniliar with quarantine regulations or even unfamiliar with the plant patholopy of the
material with which they are working,.

PRACTICAL ASPECTS

In vitro collecting

The possibility of using collecting techniques based upon in vitro methodology has
been explored in recent years for both vegetative material and seeds, particularly
recalecitrant sceds. A range of techniques with different levels of sophistication have
been developed:

1. The use of a fully ecquipped local laboratory. Material is initially collected
conventionally but transferred as soon as possible to culture.

2. The use of an himprovized laboratory in a nearby bullding. Shnple laboratory facilities
are provided but these do not include a laminar air- flow cabinet, for example.

3. The establishunent of facilities in the field that attempt to achieve the high level of
cleanliness provided in the laboratory. Inoculations are carried out In a portable
glove box.

4.  The use of an outdoor working areca. Inoculations are carried out on a clean table and
under the protection of a simple box cover. Explants arc either inoculated into
culture in the fleld or held in a sterile salt solution for later inoculation in the
laboratory.

The use of minimal facilities. Explants are sterilized using non- toxic agents and are
Inoculated into culture without further aseptic precautions. The culture medium is
supplemented with fungicides and antibiotics.

o

1/ Department of Agriculture and Horticulture, University of Nottingham Schoc! of
Agriculture, Sutton Bonington, Loughborough, LE12 SRD, UK
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Further details of “hese techniques can be found in the literature (Assy Bah et al.,
1987; Sossou et al., 1987, Withers, 1987). The most successful attempt to implement
simple collecting technlques has been the use of an outdoor working arca (5. above) to
collect zypotic embryos of coconut (Assy oah et al., 1987). This work is supported by
IBPGR and will, honefully, interface with in vitro merhods for clonally propagating and
conserving cocouul permplasna.

The potential for using in vitro collecting techniques for the germplasm of problem
crops is vast. However, there nay be important cousequences in relation to quarantine.
More material is likely to enter into circulation from truly wild sources. This materlal
may have greater 'phytosanitary credibility’ being in vitro but is more likely to carry
pests and pathopgens than material that has passed throuph riporous sterilization and
incculation procedures.

In vitro exchanpe

This operation has been carried out successfully for several years by some of the
International Agricultural Rescarch Centers (IARCs) and other orpanizations. Details are
given below of [ARC activities. In addition to thig systematic, routine use of in vitro
culture for germplasin exchange, there has been a prowing casual use of the technique in
the scientific community for the exchange of planting and research material. The IBPGR
In Vitro Conservation Databases (Withers and Wheelans, 1986) compiled from a survey
carried out between 1980 and 1985 show a steady Increase in reports of the distribution of
cultures both nationally and internationally. In a later section, an analysis is presented of
entries in relation to erops, participating countries, transport methods, success rates and
problems.

IARCs

International Potato Center (CIP): The distribution of potato germplasi in the form
of In vitro cultures is a well established, routine procedure (Anon, 1980; CIP, 1986; Roca
et al., 1979; Schilde Rentschler and Schmiediche, 1984). Shoot cultures are inoculated
into srnall tubes containing semni- selid medium. They are cultured for 2. 3 weeks to induce
rooting and to reveal any microbial contamination. For transit, the tubes are packed into
polystyrene boxes and despatched Ly air wmall, air courier, or hand carried along with the
necessary documnentation. Typical traunsit timmes are 10 12 days and recovery levels after
receipt ranpe from 10 93%. lnoculation into a culture passape before potting appears to
sful transfer of
material in vitro. [In 1og4, CIp exported 2500 culture tubes to more than 30 countries
world wide (Tovar et al.,, 1985). In the following yecar, 88% of native material certified
pathogen free was distributed as cultures rather than field prown tubers (Huaman, 1986).
The possibility of using in vitro-produced tubers for distribution has been explored; in

enhance survival. Training of recipient personucel is essential to the suce

1985, tubers were sent to 9 National Programmes to test the feasibility of the method
(CIP, 1986). Over L0 potato pgenotypes have been induced to form in vitro tubers
(Espincza et al., 1984).

Tubers are attractive for distribution as they arec more robust than plantlets.
Whereas the latter are relatively casily disturbed by careless handling and will die if kept
in the dark for more than 3 wecks, tubers will withstand more physical disturbance and
will survive at least 4 months of storage in the dark (Tovar et al., 1985).
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Tabte 1. Attempts at germplasm exchange in vitro recorded in the 1BPGR

C = cell/callus; P = meristem/shoot/plantiat; £ - embryo/enbryoid;
T = in vitro tubar; ? - unspacified.

Crop Phase | Phase 2 Phase 3
1980/81 1983 1989

Acer pseudoplatanus ?

Actinidia spp. P?
Adiantum capillus-veneris

Agave spp.

Allium spp.

Alnus spp. P

Aistonia junnanonsis

Ananas comosus p? P
Anthurium andrasanum

Apium graveo lans

Araucaria heterophylla

Asparagus ofricinalis

Atropa belladonna ?
Azalea spp.

Bambusa glaucescens

Bata vulgoris ¢
Brassica napus

OTOTVTVTOOTVTVTTTV OO

Bupleurum f tun
Caladium sp. ?

OO~

-

Camilia sinensis

Carica papaya P PE

©

Castanoa cranata
Casuarina spp. ?
Catharanthus roseus c
Ceratonia siliqua c

Chrysanthemum cinerariaofolium

-

Cicor arietinum ?
Cinchona spp. cp
Cirtomium talcatym

Citrys spp.

Clerodendron trichotomum

Coffea spp. P

o

o
TOO0TO

-

Colocasia esculenta ¢

b 2N o e - BE Y

Cotinus obovatus

Cucumis spp. ?
Cucurbita pepo

Curcuma ionga

Cynara scolymus

T O~

Dahtia sp.

Dalbergia latitolia

Daucus spp.

Dianthus caryophyllus ?
Dieffenbachia spp. ?
Digitalis lanata

Discoraa <p. ce

O~ -
-

O TO T

Elaeis guineonsis ce PE
Emmoncptoris henri

Eucatyptus spp.

Ficus spp. ?

Fragaria <pp. ? P P

TN w0

o




Table |.

Continuad

TRl ey

Crop

Phase |
1580/81

Phase 2
1983

Phasa 3
15385

Frensia spp.
Garbara spp.
Gladiolus hortulanum
Glycinea max
Gossypium sp,
Hamamelis spp.

Havea brasilis

Hibiscus syriacus
Hordaum spp.
Hordeum x Secale hybrids
lpomona spp.

Jduglans sinensis

Kalanchoe blossfeldiana
Lachenalia spp.

Lilium spp.

Lithospermum erythrorhizon
Lycopersicon spp.

Malus spp. scions and rootstocks
Mangifera indica

Manihot spp.

Medicago spp.

Medicinal specins (misc.)
Malaleuca alternifolia

Musa spp.
Nephrolepis sp.
Nicotiana spp.
Olea europaea
Orchids
Ornamentals (misc.)
Ornithogalum spp.
Oryza spp.

Panax ginseng
Papaver spp.
Palargonium spp.
Parsea amaricana
Patunia hybrida
FPhoanix dactylitera
Physcomitralla patens

Phytolacea amrica
Picoa sitchensis
Pinus spp.
Pisun sativum
Populus spp.
Powlownia tomntosa
Prunus spp.
Papudotsuga manziesii

Pteris cratica
Punica granatum
Pyrus spp.
Quercus spp,
Rauwolfia serpentina
Rhodadandron spp.

- T -
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Table 1. Confinued

Crop Phase | Phase 2 Phase 3
19680/81 1983 1985

Ribes sp. P
Robinia pseudoacacia P
Rosa spp. P?
Rubus spp. P
Saccharum spp. CPE ce
Saintpaulia ionantha

Salix spp.

Sanquinaria canadonsis

Santalum wpp.

Simmondsia chinensis

_______ PT17?
Sorghum bicolor
Sphasropteris cooperi
5t

Tabernacaoniana spp.

achys sicboldii
Yectona grandis P
Theobroma cacao ?

Tilia amurensis

Trifolium spp.

Ulmus sp.

Vaccinium spp. P
Vanilla spp.

Vitis spp. ce p
Woody species (misc.) ? P
Xanthosoma sagiltifolium ce

Zea mays

OTOO'U'UOOTTVO—"COO'UOOT'OO’CO

A further advantage is that tubers can casily be transferred directly to pots or the
nursery bed, thereby being more suitable for reciplents who are unable or prefer not to
handle cultures. Tubers are shipped elther packed in moist paper or after Inoculation into
culture tubes whereupon shoots form (Schilde- Rentschler and Schmiediche, 1984). The
latter method would appear to negate one advantage of the use of tubers but it still allows
for the increased flexibility at the production stage offered by the use of tubers.

Centro Internacional de Apricultura Tropical (CIAT): In 1985 and 1986, CIAT
distributed over 3,500 culture tubes of nearly 100 cassava clones to 15 countries
word- wide (CIAT, 1986 and 1987). CIAT recognizes the importance of handling upon
receipt of in vitro material and provides training and detaliled instructions for recipients
on immediate handling, further mmicropropagation, potting and field transfer (Roca et al.,
1984). In collaboration with IBPGR and National Programs, over 500 clones were
introduced during these years into CIAT in the form of in vitro cultures from Costa Rica,
Guatemala, Panama, Peru and South East Asla (The Phillppines, Thailand, Indonesia and
Malaysia). For the first tlme, clonal material from lITA has been transfered to CIAT
using In vitro techniques, following indexing at the Scottish Crop Rescarch Institute and
micropropagation at the University of Bath, U.K. Including this material, cassava
germplasm introduced to CIAT In vitro in the last 6 years amounts to over 2,000 clones.




International Institute of Tropical Apriculture (II'TA): Data published in 1985 indicate
that IITA had distributed sweet potato germplasm in the form of in vitro cultures to 47
countries throughout the world (Ng and Hahn, 1985). Cassava cultures had been
distributed to 31 countries in Africa. The exchanges were carried out with the approval of
the Inter- African Phytosanitary Council and in collaboration with the Niperian Plant
Quarantine Service (PQS). The active participation of the Instituut  voor
Plantenziektenkundig Onderkock (IPQ) in the Netherlands was involved for sweet potato
and the Kenya Agricultural Research Institute (KARI) for cassava. TA also imports
sweet potato, yam and cocoyam in the form of in

itro cultures, with the approval of

FQS. Sweet potato is imported via [PO where disease indexing and elimination are carried
out. PO will accept tubers and other vepetative explants and transtfer them as cultures
to IITA after appropriate treatments. Recently, scientists at II'TA have been testing in
vitro tubers as a more convenient form in which to exchange permplasm of yam (Ng,
1986). The method appears to be successtul, as in the case of potato (see above).

IBPGR in vitro conscrvation database entries

Questions on the use of in vitro techniques to exchange plant germplasm have been
Included in the questionnaire used for the IBPGR Survey since its inception, although an
increased amount of information has been requested in the more recent issues of the
yuestionnaire. Three phases of the survey have been completed: 1980781, 19483 and 1985,
Phase 4 is underway at present. The first 2 phases attracted 569, 515 and 1341 entries of
which 67, 117 and 310 rec
and 23% of the entries. This incres

rdded atternpts to vse in vi

» exchange. These represent 12, 21

dng use s reflected inan increased coverage of crops
(29, 49 and 116 penera; see Table 1), Both unorpanized (cell, callus) and orpanized
(meristen/shoot/plantlet) cultures have been exchanged, the latter representing up to
62% of cases. The unorganived culture examples are likely to involve research material
rather than germplasm for further conservation or crop production. A low number of
exchanges have involved crinbryos/embryoids throughout the survey and, in Phase 3, the
use of in vitre tubers was recorded.

Over the 3 phases, at least 55 countries have been involved in exchanges. The
breakdown into national and international exchanges is detailed in Table 2 where the mode
of transport is also indicated. Numbers of records are more or less equally divided
between national and international exchange but more countries have undertaken
international exchanges. Looking at the mode of transport, most national exchanges have
inveolved some  form  of surface transport (car/bus/traln/surface mail) and most
international ones air mail/frelght or, in a few cases, hand carriage by air. Journey
durations (when specified) for surface transport range between 1 hour and 10 days
(average: 32 hours; one record of a journey's taking 6 weeks was not used in the
calculations). Air transport took between 1 hour and 4 weeks, with an average of S5 days.
Hand carriage by air involved journey durations of between 10 hours and 3 weeks (average
6 days).

In a few cases, both countries participating in international exchanges were
specified. Detalls are given in Table 3. In terms of duration of journey, these are typical
but in success rate they are. at 75%, below average for all international exchanges (see
below). However, the data are too sparse to allow firm conclusions to be drawn.
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Table 2. Analysis of IBPGR In Vitro Conservation Database entrins rocor ding allompls al gormglasm axchange

Data from Phases |, 2 and 3 aro combinod.

Country

Auslralia
Austria
Barbados

B lgium
Brazil

Camer oon
Canaila
Chilo
Colombla
Costa Hica
Danmark
Ecuador
Eqypt

Fiji
Finland
France

I KG

Ghana
Grimen
Guada | oupa
Guyana
Henduras
India
Iraland
Israni

Ilaly

Japan

Kenya

Korna (llop. of)
Malaysia
Mexico

Nepal
Novthor | ands
New Zoaland
Nigoria
Norway
Papua Now Gulnna
Paru
Philippinas
Por tugal
I'oland
Hovunion
Solomon |51ands
South Africa (Rop.
Spain
Swindon
Switzarland
laipni
Tantania
Turkay

UK

USA

SA (Hawail)
USA (Puorto Rico)
USSR
Vonnrunla
Yugoslavia

Natlonal

Total -Eurf.lrn:

car nlc,

22 10
L 1
13 5
2 |
? I
|

4 2
| |
] i
21 (1
3 |
I |
| I
I

] ?
5 2
i I
14

] L]
B I
71 5
3 )
B I
2

7

I

3

I

of)

)

|

L] 7
1] ?
I I
3] !
35 9
3 I
10 1]
I I

16

N —

Mail  Alr

o

=)=

{11}

Intarnational

Tofal  Air At/ Othor 7.

s

%
20

[
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10
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—— D] = my AR

hiand
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lotal Alr Olhor 7

3 5
3 ] ?
? | I
| |

rJ | |
? | |
I |
5 5

I I
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? | |
| |
I ]
3 | |

| |
| |
| |
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[F] | 4 1




Table 3. Datails of international exchanges specifying both countries

recorded in the IBPGR In Vitro Conservation Databases

Countrinsg Crop Cul bure Mado ot Duration Succiss
sys tom transport

From To

Colorbia Philippinns  Manihot esculenta Shoats Air/hand 2-3 wooks 4
Ecuador UK Theobroma cacao Shuots Air/hand 3 weeks -
France China Stachys sieboldii Tubers Air ?

France Reunion Saccharum spp. Callus, shoots  Air ? +
Malaysia Balgium Hevea brasiliensis Embryo Alr 3 days r
Nigeria Philippines  Ipomoea batatas Plantlets Air/hand 7 days +
Papua New Guinea UK Elanis guinoensis Callus ? ?
UK Maxico Malus sp. rootstocks Shoots Air/hand 40 hours +
UK Maxico Malus sp. scions Shoots Air/hand 40 hours +
UK Moxico Prunus avium Shoots Air/hand 40 hours v
UK Maxico Punica granatum Shoats Air/hand 40 hours +
usa Nigeria Elaeis guineansis Callus Alr | day *

Generally, exchanges have been very successful. Database records reported attempts
as 'unsuccessful' (partially or completely) in 7, 10 and 12 cases, representing 10, 9 and 4%
of all attempts in Phases 1, 2 and 3 respectively. Judgement on success was unspecified
in 18 and 6% of the records In Phases 2 and 3. (The Phase 1 questionnaire did not give this
option.) Over the 3 phases, International exchanges have been considered 'successful' in
82% of all attempts and national exchanges in 88%. Table 4 details problems reported.
These fall into the categories of culture procedure/materlals, handling/environment in
transit, administrative interventions, and post-arrival deterioration. The first category
predominates throughout, which Is an Interesting reflection upon the other factors,
particularly the adequacy of transport facilities in terms of speed and the provision of a
reasonable environment. A frequent problem relates to a nced to take into account the
potential for disturbance In transit and the consequent need to use denser agar to support
cultures and tighter enclosures to prevent leakage and exclude contaminants. Problems
that might relate to vigilance by quarantine authorities occur only twice In Phase 1 and
once each In Phases 2 and 3 of the survey. Throughout all survey entrles, clear indication
of an awareness of phytosanitary considerations oceurs only once in relation to the
inter-state movement of grapevine material within Australia. Even accepting that in
addition to this record and the example in Table 4, the IARCs who have entries in the
Databases will certainly have taken account of quarantine requirements, it is still
interesting that there appears to have been little official impedance of germplasm
movement in vitro.

PHYTOPATHOLOGICAIL ASPECTS

Risk assessment for in vitro culture

In vitrg cultures are normally free of all surface contaminating pests and pathogens
and free of non-cryptic systemic bacteria and fungl. Many bacterla and fungi will grow, |
thelr presence being very obvious, on the culture media routinely used for In vitro culture '
of higher plants. The culture of meristem-tips, used alone or In combination with
chemotherapy or thermotherapy, can free plants of many viral Infections.
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These points taken topether conld lead to a tisconception among the scientitic public
that in viiro culture is a ‘safe’ way of 1hoving pertplasin across borders protected by
quarantine repulations.  However, it should be noted, firstly, that few caltures are
initiated under the stringent conditions that apply to meristera tip culture for virus
cHimination (which, in any cace, io not alway: wnceesstul), sceondly, that not all bacteria
and fungi will be visible on higher plant cultiee medinm,  and thirdly, that in vitro
plantlets may be sufticiently chanped inmorpholopy as o result of cnlture procedures to

render any meaningtul visual asscessinent for the symptoms of disceane impossible. It is

satest, theretore, to consider e advantapes of in vitro cultinre to be jn relation to;

1. a reduction in the miass of plant material involved in pernplasio crchange;
2. the exclusion of Soil and other extrancous it erial;
3. the exclnsion of non obseure pests and pathopoens; and

4. containment of cxehanged material itpading, contact with or release of pests or
pathopens.

In all other respects, the imported material must be considered to have the sarne
pathological status as the mother plant and must be treated accordingly. Kahn (1979) has
placed in vitro cnltures very appropriately as third in the order of decreasing risk of

sourcae mate

al:

1. passape throuph qiarantine station;

2. certified to rest negatively for pests and pathogens;

kR tissuc cultures;

4. plants from preenhouscs;

5. plants from field plots;

6. plants from commercial nurseries;

7. plants from tarus or pardens:

3. tubers or roots from the marketplace ( - dormant when collected); and
9. plants collected in the wild.

Applicatic

of in vitro culture

Several applications of in vitro culture that have the potential to help overcome
phytosanitary, quarantine and related problems can be specified. It should be noted that
the advantages of using onltures relate to increasing the spead and efficiency of necessary

procedures rather than cirecumventing thern.

1. The safe storage of clean material free of the risk of reinfection by lecal pests and

pathogens.  This, alony  with  the compactness  and  convenience of in vitro
maintenance, is the logical basis for the permplasin collections at CIP, CIAT and
other centres.

2. The exchanpe of vepetative material free of the risk of reinfection by local pests and
pathogens. The first record of in vitro exchange is probably the transfer of asparagus
to Kenya. OQuarantine repgulations were changed in 1972 to admit In vitro cultures.
Previously, repulations had proevented all imports of vepetative material in order to

exclude nemarodes and ingects. In vitro exchange is now used to aid the passape

through  quarantine  of potate  material  in a number of national propgrammes
(Miller Jones and Howell, lL986).

3. The mualtiplication ot imported clean naterial to delay reinfection once transferred
to the field. This used for potato, for example, (Georpe, 1986; Matthews ct al., 1986;
Miller Jones and Howell, 198¢; Uy, 1984),

4. The transfer of material of anknown discase status for post centry  quarantine,
possibly using in viteo indexing techningues (see 7, below)., Harries (1977) proposed this
approach for handling coconm serinplasm. Material would be imported as in vitro
crmbryo culturces and, after indexing for discase, released as micropropagated clones.



56 -

Table A, Dotalls of problems encountored In carrying out exchangos recorded
In tha IBPGR In Vitro Conservation Databases

Crop Country Moda of Nat*l/ Duration Suczcess [roblem
transport Int'l
Doseription Classificalian
Phaso | (19680/81)
lpumona batatas USA (PR) Alr | f - Dalay; no furlhar dolall 7
Manihot esculanta USA (FR) Air | 1 - Dalay; no furthor dalail il
Phoonix dactylifora USA Alr N i - Agar shaken up Cul lurn
Saccharum officinarum USA Alr | 7 - Agar shakon up; shools Cul turo
damaged
Saccharum of ficinarum USA (1) Alr Noand | 7 - Loss of tolipalency Cul ture
Saccharum spp, USA Air N 1 - Agar shaken up; loakago Cul ture
of modlum
Vitis vinifora usa Air | 1 - Agar shakon up; shouls Culture
damagod
Phaze 2 (1983)
Calocasia asculonta USA Alr N i e Hold up by USDA for Administrativo
aevoral months
Dioscorea daltoides USA 1 7 24 hours /- Contamination Culture
Ipomosa batalas Nigeria Air/hand | 1-20 days /- Walor managemant of Post-arrival
transplanls, rals
| pomona spp. Costa Rica 7 | ] - No furlher | Jalails 1
Malus spp. (2 antrins) India Air/nand 7 ! = Browning of | immorsod Culluro
Fissun
Manihot esculonta Nigoria Alr/hand 3-20 days /- Walor managemont of Post-arrival
Iransplants; rats
Parthenium argontatun  USSH () 7 9 hours 1 Contamination Culture
Saccharum officinarum USA Alr Nand | 7 +/- Loakage and disturbance Cul ture
of culture
Theobroma cacao Nigoria 1 | 7 - No furthor dolalls ?
Phasa 3 (1985)
Dinscorea spp. Nothor Lands Alr | 3 days v/ - Smearing of agar (high Handling
Tomyaralurnd)
Elacis guinesnsis Malaysin Air I 6 days - Contaminalion Cul ture
Ipomoca batatas Notharlands Air I 3 days + - Smear Ing of agar (high Handling
lomporaluroe?)
Malus domnstica UK Air | <] days +/ - Conlamination Cul ture
Medicago falcata Canada Alr | 2 days v/ - Callus 'losl’ v}
Pisum sativum Colonbin Airfrond N 1.2 days - Nostrictions' Administrative
Populus spp. New Zoaland Alr | 3.7 days /- Agar shaken up Cul lurn
Prunus avium Chila Alrdroad N and | 2-3 days  +/- Dosiceation Culture
Prunus spp. UK Airfroad N and | <7 days - Contamination Culture
Netherlands Air I 3 days = Smearing of agar (high Hand| ing
lomporalurn?)
Stachys sinboldii Franco Alr | ff - No detalls given 1
Theobroma cacao Ecuatkar Airshand | 3 wooks - Contamination/temporature  Cul turae;
changn handl ing
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The exchange of vepetative material that is Infected but could be cleaned up using in
vitro and other techniques. The material must be securely contained pending
cleaning up. This approach was used to handle germplasim of sugarcane lmported into
Kenya through quarantine but reinfected with local strains of suparcane mosaic
virus. The infected clones were sent as cultures to Glenn Dale, USA, cleaned up
using thermotherapy and re imported to Kenya without passing through quarantine,
which would have taken a further 18 months (Kahn, 1977).

6. The safe exchange of obligate parasites that could only survive on living tissue,
Materlal required for research purposes can safely be imported as cultures. Corn
mildew funpgus has been imported thus into the USDA Plant Discase Laboratory in
Frederick, Maryland,

7. In vitro indexing. For sced material: Embryo culture can be used to produce a
plantlet that provides tissues for microbiological assays and virus indexing. This has
been used to Improve quarantine procedures for legumes in Kenya (Kahn, 1979). A
second example involves the detection of oblipate seed-borne pathogens. Tobacco
suspected of carrying tobacco blue mould fungus has been germinated aseptically,
shoots then being transferred to a fresh culture. The culture vessel is used as a 'dew
cabinet' by subjecting it to alternating cold and warm temperatures, thereby inducing
conditions conducive to the revelation of infection. Standard microbiological or
other culture methods would not detect infection (Kahn, 15%79). For vegetative
material: Indexing for pests and pathogens could, glven adaequate development, be
carried out under similarly contained and controlled conditions (see next scection).

Disease indexing in vitro

The development. of in vitro methods for discase indexing, to interface with in vitro
exchange could provide a complete, contained quarantine system. As far as the author is
aware, in vitro indexing is not in use on a routine basis by any plant introduction stations
or quarantine authorities, although examples can be found in the literature of
plant. pathogen or plant- pest reactions thal would provide the basis for indexing in this
way.

Navarro (1981) has described a means of detecting citrus exocortis viroid infection by
the callusing and rooting reaction of stem pleces introduced into culture. Citrus tristeza
virus can be detected Ly inoculation of aseptically germinated scedlings (Navarro,
personal communication). Lopez and colleagues have developed an in vitro method to
detect citrus canker (Lopez and Navarro, 1981) and Xanthomonas ampelina infection of

The following examples orlginated, not from the viewpoint of plant patholopy as such
but were developed to aild screening for disecase resistance In genotypes created or
selected by in vitro procedures. Such tests for disease resistance or susceptibility may be
turned to advantage for disease indexing Ly Inoculating In vitro explants or plantlets of
known responsec with extracts of the tissues to be indexed. Reactions that would lend
themselves to this approach include the following.

Apple genotypes that are susceptible to scab caused by Venturia inaequalis become
overgrown by mycelium in culture (Yepes and Aldwinckle, 1986). Larch genotypes have
been screened for susceptibility to Gremmeniella abietina by exposure of in vitro shoots

to the pathopen (Abdul Rahman et al., 1986). The pathogen's life cycle is completed in 4
weeks, compared with 1.5 years in the field, indicating the great advantape of speced that
could be obtained by In vitro screening. Susceptibility to crown rot in apple and peach has
been detected in culture by rncasurement of leslons on stem pleces of the host (Jeffers
and Aldwinckle, 1986; Uikhede, 1986). The latter cxample has the advantage that
seasonal varlations in response of field groewn material and seasonal restrictions on
carrying out indexing are avoided.




Susceptibility or resistance to Xanthononas campestris py. pruni has been ovaluated
in pcach usitg a method in which a wick dipped in bacterial suspension is inserted into a
cut in an jn vitro propapgatod stem. After removal of the inoculum and transfer of the
stemn to fresh medivm, a sccotion of the stemn is excised, emshed and inoculated onto
bacteriolopical meditun. A colony count reveals the extent of infection.  Apain, the test
can be carried out all year round rather than just March to August as in the ficld
(Hammersehlay, 1986). Resistance to root knot pnematode can also be assensed in vitro
tor peach. Lymiproms of intection develop atter 3 wecks in culture comparad with 6
rnonths in the plasshovse or 1 vear in the ficld (Hamersehlay, personal commpmnication;
Huettel and Hamunersehitay;, 1986),

All of the above o

cases toinduce disease symptoms using non infections pathopen extracts, One example is

senoutilice infecotions naterial. However, it is possible in some

the reaction between hop enltures and o culture filteate of Verticillinn albo. atrum.
R
mixed  callus popnlation (Connell and Heale,  1986). The advantapes  of  using

stant penotypes have been isolated by selective killing of sensitive genotypes within a
non infectious extracts are abvious.

The vaine of the ahove suppestions for developing in vit o disease indexing can only
be judped by those familiar with currently used technlgques and their deawbacks.  Also, of
course, the in vitro approaches need to be considered alongside biochemical and melecular
techniques  that atilize  imommclogical  reactious, protein analysis  and nucleic  acid
technology.
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