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INTRODUCTION 

1', -The TBPGR Advisory Committee on-'I Vitro Storage reomnea t~hr
 
meeting In 1986. that a subcommittee be organized to assess the status of disease
 
Indexing and associated procedures for priority crops. Special 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 germpiasm of high' priority crops 
(especially primitive germplasm), giving particular attention to problems of 
disease indexing and movement through quarantine, where bottlenecks are often 
encountered; 

(2) 	 link that philosophy with genetic resources activities from collecting in the 
field to conservation (parth:|larly in vitro storage); 

(3) 	 review priority crops and methods of disease indexing; and 

(4) 	 recommend areas which need research. 

2. 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 th, subcommittee 
included Dr. J.L. Dale, Mr. E.A. Frison (IBPGR Pathology and Quarantine Officer). Mr. 
J.A. 	Foster, Dr. S.M. Garnsey, Dr. L. Navarro, Dr. L.F. Salazar, Dr. S. Spiegel. Prof. J.T. 
Williams (Director, IBPGR) and Dr. L.A. Withers (Chairman, IBPGR Advisory Committee 
on In Vitro Storage). The names and addresses of the participants are given in Appendix 
I. The membership of the subcommittee was determined so as to contain scientists with 
ex< tiso on diseaso Indexing, germplasm storage, in vitro techniques, quarantine and 
go: nplasm movement both In general and on priority crops. Crops represented ncluAed 
both those that are well advanced with respect to disease indexing and those about which 
little is known. 

3. The participants were welcomed by Profs. Moyer and Williams 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 were outlined. Mr. Frison further 
explained IBPGR's interest and needs for pathogen testing of germplasm. 

4. To assit. the; lasL.k of the subcommittee, a survey was carried out among relevant 
curators of germplasm 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" identified from lists' of 
germplasm 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 II 
and appear in Appendix III. 

!/ 
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THE PROBLEM 

5. The safe movement of germplasm from one country or continent to another for the 
purposus of genetic conservation,- evaluation and utilization is highly dependent upon the
ability to assure the host country that unwanted pests or dIeases will not be released as a 
result of introduction with the germplasm. In many cou2ntries, a very conservative 
attitude is taken towards plant introduction. This has led to severe Impeilmen)ts in the 
movement' of materials, particularly in vegetative form. This conservatism is often 
justified 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 resources is vanishing rapidly
places greater pressure upon germplasm movement procedures and their operations, as 
risks of irreversible loss become balanced against risks of disease through relaxation of 
standards. In 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 germplasm 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). n vitro 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 detec:tin or viruses 
and viroids 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 Ipomoca setosa is the only technique routinely
used for sweet potato vir's Indexing, although other methods are under development. 
Progress in indexing is hampered by poor knowledge of the etiology of the dis'ases and of 
the distribution of the virus in the plant. Meristem-tip culture is used to eradicate 
viruses from sweet potato. 

Citrus 

10. Whilst some citrus diseases are common In most growing areas, other serious ones 
are localized. The introduction elsewhere of the latte: 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. Nucleic 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. 
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11. Despite Indexing problems, virus ertdication In citrus can be carried 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 
. atmatoilis destroyed; +acceptablematerial. 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 seedlingg, Grafted seedlings are transplanted to the 
glasshouse/screenhouse, indexed and eventually released to gjrrmplasm collections or 
growers. Shoot-tip grafting is extremely effective In eradicating'"Vruses in citrus and is 
technically feasible in a number of citrus relatives and other fruits (e.g. Prunus and Malus). 

Musa 

12. 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 introduction, particularly for non-viral pathogens. Some viral 
diseases are relatively well described, and detection methods, 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 
genoral virold extrac:tions, 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 cultura methods are attractive for contained 
movement and storage of Musa gormplasm. 

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 
detectloIL of viral infectiorms. Tihe 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 merstem-tip grafting is considered safest for 
virus eradication. High carbon dioxide treatment has shown promise. Generally, in vitro 
methods are not widely in use for the storage and distribution of temperate fruit 
germplasm. although the technologies are likely tc, 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 systems likely to be used. 

RISK ANALYSIS 

15. The actual net risk involved in the movement of a given 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 recognized 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. Foirtherrmore, risk analysis reveals areas requiring development 
and highlights new opportunities for reducing the net risk. 
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16. The contributing factors to a risk analysis will include tile following: 

1. Information on pests and diseases 

a) Geographical distribut ion (including both country of origin and 
recipient country)
 

b) Et~ology
 

c) Epidemiology
 
d) Potential OcaI,(tic hazard to recipient country 

2. Infernmatilo ()it plaint roattirial 

a) Type (see Fig. 1)
 
b) Previous tr,atnient (sa-e Fig. 1)
 
c) History (e.g. whcrhi', vegetative material originated from
 

seedling-,, or frcin many generations of clonal pi-opagation) 

3. Hest InaioiI ai dI ai IlII I, 

a) IUCW L'ait- at "giy (geVicaMk; research establishment; commercial 
est alli:;htiltlit ) 

b ) ' t"~+tt?t 1 lt ~llllllt lit 

c) Ilot r I:tl i I !I - iV. tliI py 

4. Hfficacy alid extcnlt ol quLrattiline and plant protectionservices in 

2;:i)l'E- I-UPI Irvt'l)VIiM'NT 

Recomminendations to collectors 

17. In order to increase thce dc elofficloncy of the tmovemnent of germplasm in 
vegetative forn, collectors shc,uild: 

1) meet with quarantir1 officials prior to starting the collecting mission to obtain 
information re.,arding risks Involved with the material to be collected and discuss 
the ,ossibilitblo; of lorlin izing these risks. At. that time, arrangelents can also be 
made concerning shd rnents, lort of entry, antd advice given on packagiug materials 
and labelling, etc; 

2) collect seeds whet ever possibie if Io seed is available at the time of
collection, con ider the possibility of taking vegetatively propagated material to a 
greenhouse and later collecting seeds front it; and 

3) favour material that Ias recently beent tlirotugli seed production or has been
grafted onto seedling rootStocnk rather than clonially propaga ted rootstocks. 

in vitro transfer of gertnpkasn 

I H. In vitro techitirs If .r the piltential for the illlroverlnent of procedures inseveral areas lrlh:ltiig trail;fer, therapy, Indexing a id colt.-Illed quarantine. 'li1 first of 
these Is dealt witi here fc)r other aspects see l',aras 241 36., 

19. In terlu.s of rI;k, i vitro cultures have ad-;atages P-, that the mass of materialranisferred is reduced, ron obscir ptIs and I athoge alre excluded as Is soll, and the 
trarsferred tiaturial is contained. IHowever, it bertust enphasized that without
approrriate thleratqy and iidexlg. in vItro clltlire alhni cannot gsuarantee a pathogen- free
statuis. Material in culture should be considered to be loss risky than plants from the
glasshouse, field or other loss controlled origin tnt mnore risky than material that has
pased through a quarantine: station arl,/.r has hi rorl Ified free of posts arnd pathogens. 



-5-

Source 

Embryo Seed Fruit Budwood Corm, root Plant 
or stem or-tuber 

Treatment 

Aseptic 

Treated 
(heat 

or
 
chemical)
 

0)
 

Untreated 

Low risk Moderate risk High risk 

Fig. 1. Factors contributing to risk analysis. 

20. In vitro transfer is of value at stagestwo in the gerrnplasm handling process,
namely collecting and exchange. In vitro ,ollecting has been pioneered by IBPGR
collaborators and successful techniques 

and 
are emnerging for a number of crops (see Appendix

Ill). The tuc hjies range in decreasing leve,s of sophistication from those that utilize
local laboratory facilties to those that tnvolv, 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 ,;onfused 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 c ilture packaging, handling before and 
after transit, certification and in vivo transfer are wrell established and success rates are 
high (see Appendix 1I). 



22. The I1HPGR In Vitro {ollstrvatiwti tatabase contains a large numet.:r of cntries 
detailing tWe wider u:;e of Int vitnto excantg by iettiti cs.tSjaged Ill both researcth and 
crop Inproveriment of rittet lei. bxlh&Ii art ;'lneralIy Very stuccessflll, witt pra(ctical 
pmiroblelets Ocmut'inIg on1 occaaitllv. IT", aptilOwaiis toii W -t i\A lev of aetottlV /55sttl of 
riliytiosalt ary tL; :;ciel cttgod;es;lrastlid ; ua iltexltattgs ecxcept froti IAlRCs 
andi othleth, ew ireI is s t iilat :;t .at 

23. I er :; o.it , it1 vil t, t traiisr will firstly Ietie:;;itat. the. -1 vlelotlultelt of 
.;tlitalle i vijtr pt tigit itt .y:t tot Thi:; ity linvo~lve thte ts: iof tecl nllit.'s sicht as 
shot til t il l t: iar. 1 w l (tti lluc adletrolifcrcaliy art tt': i n Vit:;.iofe. a ti i), ixl 

In(;r 'y- htttratV t.'hniqlle; 

5. -Ii;Pc vt.tnil air at tititsow ti ply; l otV ) er llia lt to l llittliit t att 
IcItIehte i itt 1t , wItiltl irewilly i;d,I' t. thkl ItI VjtL.t andf l i teial 01 cliur 
altetllti ll whit t tttt tip Ictllct',ce igt li parttth case,livf' l tkliwit:; l i- t l tlltlh; ar 

ltheystitulioa 1/i ivir[,ilcl o t tlctt w 1 tih -i,- l i 
tetpy jit: i I l hkd b.vols).T heir 

,:VIll~it. af1lant . ; ill Ispaee~i; ;,€2 (-quHiplult r(qi'r{clI'illntll . Tlhely are(. there'{fore
 

Very a iVI! iI t t r',C 


sitnqkIt Init 11 50 I xctt rik ItfobyI,)F,(,i tI t;I(I t25. 1wif' tri'ld ItftII I-tgI ltocC-.IIie could. It IIIv cases:I fehar}irhwevi tM Iii ote I som ),roi.ttlrctod; therapy cart h intpln rplacIdo.;IO~.i~ th(- ris;k h \~,Avc}lv W*ith trin''lfor¢.If}Imater!iall. Tis'is;partliclarIIly Impllortan~t for 
tlllt/2-,Iial fl'o111 W ildtcu'i.i-c I~ knownVlun~'I€ di:;(casct. illiilit oc{:{Ilr. Il l t ; pt iul ar11tCase0 

Etk .siyst lIn t ic2 aptIpIl, l iOll of- €.ht~r ty te,(1111uliu%:; will IIiinindII.{ tlle ril;k of| Itrtoduc¢2ing 

unknIo(v,1 I;DI. HIty detlcri' -, iil the r'isk<, Ilw ili{-dcx1i priocc-A{lll-e Couldl, I so11e cas5es, bc
 

sirpliie{,toVeVc-i' thil; sh|oulld tnot heI I 
]:l {IP'; }{{t herapltlly c2:an riot s~inly'} replace 

indexitng for leares. 

Nllcculatr and I tohetnica l t erliiques 

26. tr inilay crbttliscaci trbinatiIs, lItdting tecliniqutes ar( lacking, unreliablC or 
Very thIle iit.tinklln ie"lat two Ieradus lttvie een treI' tI',Is pirogress In serilogy. 
"['etlirtl is stilt 1; I'I.SPA atti sr,olgically sjtpeifh (eott ttticiiojiy (SSVtI) alse 
callerl IlilttItII iettt ec tx"tt lni-t o ity ( hia;M),have trovIn reliabile as diagitostic tests 
ft'(r Iall tty ic ; The 1s i f ttotI tlloi atnttil1 di(i 2 is allthtOt Step towards t ore 

slpe(: otthI ttn nI tfttilc, itit. olatioltl IIPf I, l wctrtoh'oresis of extractedwIt 

otciwcaid l. 1-etlytd IhAMhIi titu p iii'
1 lwW fields fit pattopnif

de~tecti¢},n. A ll ,)frhr ;,' t,!,'l ht .;{ ,m lhillf¢1 W ilh t~li a:1: tlifica£ti{)ll locl iques w ill 
mai ke it tt'';i l , l t-{'T '' ~ y 1} {I "{Il ;] tt: ('," I' iru t.:; andl vh'oids:. .Iuc~h 

dt ctt liH'vlat. lv{)t p,!;sibh hlli }
(-t rt-II 


dh"Ve~oloW1 Im"Mi Spt:;.:'trn"i27 I" V, , tLM; , htrlmhut6l <mteclt n V d.s;R IA, 

tiotcllttil o tta iodie t, eliitiih.i; that t'. tihly cit c:;ii i }thtwc't virises: of" a given 
taxii and broad se:tumtii It 'f liii i yliiliiv:ati l itt;ays. are all pote ttially very 
t;efli f I Pellter l i;ea;. itled!Xiig ltrl :s. 
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In vitro techniques 

28. Procedures for the detection of bacterial, fungal and viral pathogens are generally 
L 	 . ..based. on symptom.. detection, .- whole-plant- bioassay, - or - blochemical 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 hold in vitro and the use of in vitro bioassay systems (see Appendix II). 

29. The Indexing, of material held in vitro will only be successful if (1) adequate 
quantities of tissue can be generated for testing, and (1i) 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 occur In vitro and it should be determined whether this is due to loss of symptom 
expression or a 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. 

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

32. 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 n vitro germinated seedlings. A similar approach is 
available 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 

35. The themes of in vitro exchange, indexing and storage can be drawn together to 
develop a strategy of contained 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. 

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

I) 	 the pathogen-tested stati , of the material should be clearly documented and 
understood. In vitro technl:.;'des must not be used just to circumvent quarantine; 
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2) 	 quarantine authorities shou ld he advised of the special requirements, 
advantages and disadvantages of ini vitro material; and 

3) 	 strict control should be olperated over the destinationi of in vitro material and 
its destruction in the case of gros infections or those which cannot be 
eradicated should be an acceptalle option to recipients. 

Pathoy,en untested' _ t ~tstand pa..thc sit ivze, in vitro oIl lc tioK. 

37. The unavailability of atlqtlt iIndexing and/or therapy techniiques for sorxlc 
vegetatively propagated crops creates prolI-II; in the safe tranifer anid maintenance of 
germplasi. After discchgj t1c seafe g;iard:; offe'- d by ini vitro movement and 
conserxvatlon, the sub Inittee rglirges tih wide acceptance of the! conc-!pt of 'pathogen

'untested' and pathogen tested positive c-iictions Dheir naintiance and movement 
would be for grmplasmn conservation and research, with safetuards that would prohibit 
distribution. 

38. 'Pathogen litest ed' collect ins wold -intain plants which have not been pathogen
tested and could b infectei with one or tnor pathogens while 'pathogel tested positive'
collections wold cottoir n materlal tiat had hoen pathogen tested. fonld to be positive for 
oae or more pathogens, and hal not rteived therapy nor subsequent certification of 
freedon froma athogmiis. 

39. Maintenance of such -- llction:, pvide:; Ihe following opportunities: 

(1) accon-t(-Jdal ion of ait icipated imaprovenlats in indexing and therapy techniques; 
(2) safe storage of mat erial prior to therapy and indexing; 
(3) selection of resisatnt or tolerant genotypes; 
(4) rapid developnient of polycross nurseries und.or containment; and 
(5) preservation of pathogens. 

FRAMEWORK F()R TItf MOVEMENT OF IFGRMPLASM,4 

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

RECOMMENDATIONS 

Risk analIysis 

41. A careful risk analysis should be carried out before any collecting operation or
germplasn exchange can be initiated. All available germplasin should be considered for 
collecting/exchange; the safest plant material should be selected. Vhenezer possible, this 
should be seed. The value and safety of in vitr2 material should be recognized without, 
however, underestimating its risks. Collectors should be fully briefed ahead of their work 
on the quarantine requirements; of recipient countries. Appropriate documentation should 
be obtaiied before ;tternpting movement of material. 

Disease etiology andjj q' rt icat i.tribitior 

42. Strategic research that vould determine the eticlogy of important diseases should 
be encouraged in each priority crop. 
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Wild source or Field genebank inprimitive cultivar / country of origin 

Pathogen untested 
- m vitro collectiontedposti ogentoesn 

'h 

in vitro collection 

Therapy and p~laTon tested positve 
,diseas c indeing L M vilro collection 

Field genebarnk in Pathogen tested Pathogen tested 
recIpient countries in vitro collection contained collection 

(in Vitro Genebank) (e.g. screenhouse) 

International 

distribution 

Fig. 2. Flow dagramn of a frarework for the iovement of germplasm. 
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43. Infor.iation should be gathered on the geograpnical distribution of the discascs of
priority crops. The current lack of this iiforilatlon represents a InaJor gap in our 
knowledge. 

tiease0. indeXin 

•44. In ordr to develop internationallyI accpted pro(-edures for diseel.s! Indexing it is 
r'eC~i)ilient2d that the International scin? coarunllllity establishes, on a5 crop basis,

tll uillg tcluAlfliil l aedvil-;oiy -)i itte : with rltevalit cxp.rtics . Thie Ilerobers sliould be 
ient iI-i-l by inittrnatioial cett r's,. rot o -.i t:.l -it. i,. ;, ct c. I,; ciMorlittees should: 

(I) cfu:lllu 
1 t ac i liitd,ittid cttilli , . I ci 1:;,;iy:;;lid 

( n) infoclt it wlic zvtiti-ll !,(l Va ili ll;
(3) ¢Ifi.ctl t'" h Itl 'I ti(l ,'l !I il& :At Illdalrl'd [a,:-itivc' (:n trols 

(l1c-II i l t ll; wlh ll{vIt t t;1 ! 

(4) encourage it..f tilicti+l tw -'. , -Ot cr forI ndeingn iaterlals (e.g.
tilo 'igtci hliatc, ot i: Av S,I I ilcit laii ccbe:;. positive controls); and 

(5) det,!ltl-timl- t., r litlvi iI ,Jt ti i if t,. 11 ,:l s -Ind consider geog5raphical risk. 

45. The d.vel i ....it i t I , ,] .i:, .- t it-ill, c ii tin :pecific biocijt. inical and molecular 
aFssiys for li( i :;110 11 It 1W t'iW(ilI '.ct I ( . 

46. Il(l'ii, iii t fI (t)ItilIy ,in?1 I - y:; t ecI I h r latIorj!iI testing is
r*ecorIyi17!lteid. Thi:s Iludes tIc ,,l1 lout '1 biologic al indexinlg inethods lsing plants 
grorn it vitro pind d?l,athgn-t ,,ti,,n iro ciures directly froiin I vitro growvi plants. 

ull0 t 0y1te A TI (t'] 1i tO )e1th IlIl11:;IIct 1: tilte '.'olo' II ' CoI Itt , ieutl I .1ar;iIIt1l(ne ald tO e.'xplore
atterldat tnl-iii aii I ie:ii-ch lm/'icilici: would bt of high priority to IHPGI . 

'17. .arulilt ' t-.l ill ;, taking1 llti) .iu.iiecn io ti,. bIo)gical di:;trlbution of the 
pathogei. the lilt trV th ;tag, tit seoasol, aild tlh ir paratliii i" tI lit have tio be
(eveloped for ti : differteit liost/Iathogei- vccelat ,-,le. 

48. Futjrther e.etsartl- iw nield to itcrease tin' solicitivity and reliatlity of tests. This 
should lie tncouraped. 

49. The use iof califirinatory tests basled on alteral ivty propc-rtiesa should be encouraged. 

so. The inaintellankce of pocitive controls in vitro siould be encouraged to reduce risks. 

51. There Is a r(!ed for 'hands on' tralniiig in disease indexing. 

Thinra py 

52. Research should be carried out to increase the efficiency of therapy in order to 
facilitate ind(exing whilst maintaining sufficient levels of confidence. 

53. The systernatic use of therapy for crops of unknown disease background should be 
encouraged.
 

S4. The development of alternative and combined therapy methods should be 
I 01 ct lura ge!.. 



Contained quarantine 

55. The wider scientific concept of a contained quarantine procedure based on in vitro 
-techniques that.o extend. from -collecting/sampling In-the -field through to. g ebank-, 

conservation (and' would certainly Include In vitro exchange and containment during 
indexing) should be promoted. 

'Pathopen untested' and 'pathoen tested posi ¢e' 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 procedv-es 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. 
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A PPl~iIl_'JlX_ Ill 

IBPGR's interests and needs for pathoen te.t offf germiplasm 

C: A. Prison_/ 

The basic function of tile lnteriational Board for Plant Genetic. Resources (IBPGR) 
is to promote the collection, conservation, evaluation, utilization and exchange of the 
rapidly vanishing reservoir of plant genetic resources. 

Itlcorloratlug iiitajice to iot ic anld ahiotic strt-s:;cs ito c-rop[; is considered tile 
oliy poss"ible. .iy to sta iliz ui lcr-i:Je to-. l cdiuctivity ill nliA'lly a'rOeas especially in 
dcv-lopiikg'; :(itliltricl;. "I l:lrequiiO"; thl al, (.:;L; t k wide ratnj!i:1,) of genrietic- diversity which 
is nutr alvty:; in NvallacIi li ,"i wler, tc' I, ehiiig work is carried out. and therefore 

,fttxll i N ih d';il slid icod for lniistijicttd !X.Sl"gte and novernent of 
y'~'iiii rlf t.ii "li; ILi;, ii I t pi i-e ih for furll icr1, c";rcl illiproveillcnt 1hrough plant 

It jii ly . i.(i, I that tile wid, sr ra;lrcidistr l itixti I'f l]ajit llatf'ialS has tile 
il:er'~t I t , t ri:l oi;it il; Iilt ri'ltilig plallt 1,tlrgciis and parartes Ili previously

1
tixiffo-tmi iicii;, ,g,:tativoly propaigatci cret; air, - I ( s;erved ly c ollsid-erel tle I iost 

Ill li ict: Willi ic'galrl tlo titc-i- .itf i and Indeed,)iii j ; diseases. fungal, 
Fait:l ial /iild viral lis; ;eas we ll ; illnf(ectf, jlti':; aalld lxlliatode!s are ieadily :rar snitted 
tii miiiii 'exyl ,titiv" t, ( txilx(;. Ior thik i ;ll, trienolwn'Neiiinit of m;xicii nlaterials has been 
r'tiiu:t(l a.d :;ti tduid ,ib l,:i( Iy llait 'll rallitilii reglilat iolns. lhese regulations, to 
,I; litSk g t! 'Jq:" ti , l IIavt lI1it 1w(." I I 111), .11,, t w ithI t i Y., t(.V ,I l icll.1 it of"netw t .cc 1 ll i lCes .. 

tIl,i(.li ill Vitri ti:,ilri-ih :; lihave iiczileroitly iniproved the phytosanlitary 
n0:t,1 -I"* III pfl:llt iliti hix,-Tioiiiu tN y litv' ,t lilt lit c-ala ility of detecting pests and 
lx , Il. If tIl! l x(lilliit i .llilill!; 1ii ciIl[tiinlirtte(d with fungi and bacteria the systern 
i it I ' ,f iiccts, iiit ; i lii;ltc,(le; alnl lat loikogena. -I'll(, ;ysteii however, does riot 
k. t-I It lig-t l a rl t : it; viixI .;e(:;, viriii; (-ortainI fungi.I 	 cei 

ii ;t; i virtih; itv(. i v':vt!" i ce¢i -ucel;sfully tliminated from imaly 
lilf(i.it v 1- :titiw y lrii t, Icrop,:; t,y liorilJtiii til cultni'r alote ior a comibiiation of 

N Yrlll( lttht(H'rtq y ,1 1(1 Ill(If [Lri:A flll il , t lillt lro'. 

lb i l;ii a p l 1ct i0 l"dr-r ii v ,lltt cc hiillqutie ; Woxlli iiiake it possible to transfer 
k'emieti ;b' ( v.g:txtivcl, lrclat el crk!; ,Iafely, if aii efficienjt itethod of virus and 
vioil xtct ictii veil aa;ilaile. 

Il.irft'ic that inckl (,f .'ffici.t indexing ilithoda for these pathogens 
i; ,ol ltally ie! iijjr ilot tl(::ick lii te wafte tarsfer oftlic. gerniiasr- of these crops. 

1he rc win; for tii(: t:i;tvailabilily cf ti lxiatl(I hiexliiniethloda can be roughly 
divided iIitI two, ,IftCgiiIts-i : 

.	 hn siii , aso!; reliable disea;e ihclexing imetiods are not available because little is 
knowii of thc! eticilogy of the di;eases. Therefore ;tudles on etiology of those 
dhiseaes ha-ve to be encouraged for crops ranked as high priority by the IBPGR. 

1/ IBPGR., c/o FAO, Via delle Termue di Caracalla. 00100 Roe., Italy 

http:lilf(i.it
http:tIl,i(.li
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2. 	 Where sufficient knowledge Is available of the etiology, and reliable 
virus-indexlng 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 IB1PGR Advisory Committee on In Vitro Storage
recommended that this subcommittee meeting be organized with the following terms of 
reference:
 

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

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

(Iii) 	 to identify areas which need research (e.g. 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 area5 of research and development will be 
outlined. 
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Disease IndexinR and International
 
Distribution of Potato Germplasrn
 

LFSalazar 1 . 

The mandate of the International Potato Center (CIP) for distributIng potato 
genetic resources throughout the world has obliged our adopting the most sensitive 
methods for pathogen identificatton. 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 viroid causing potato spindle tuber (PSTV) required the 
development of specific methods and overall procedures that could meet the extremely 
strict qiuaranline 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 PSTV is one of the major pathogenic agents of potato specifically addressed 
in quarantine regulations in most countries, CIP requires that materials should be virold 
free. The tomato test (Fernow, 1967; Yang and Hooker, 1977) played an important role in 
viroid detection at the beginning though qeen 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 20-250C in most cases did not contain enough virold to be 
detected by electrophorests (LizArraga et al., 1980). The dependence of viroid replication 
on high temperatures war 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 vroid from one infected true potato seed in a batch of 100. The procedure 'or viroid 
detection used atpresent is shown in Fig. 2. 

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

Virus detection 

Since CIP .has to distribute materials from countries where the virus situation is 
incompletely known, two situations had to be met for detecting potato viruses: 
(a) occurrence of known potato viruses; and 
(b) probability of occurrence of previously unidentified and little known viruses. 

1/ International Potato Center, Apartado 5969, Lima, Peru 

( .,
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In vitro cf~llectioi 

(10Transfer to po1t.,; cIn diameter)

I
 
Transfer to pois (20 cm diameter) Multiplication I 

Virus tests; I'l-l:;A, indicator 

plants and NA;I for I1 "[V 

Material Increascl according to 
demand 

IMultiplication 	 iI 

Virus test: FLI SA and ILAT, indicator 
plants and NASII for PSTV (45 days 

and before Iarvr:;tiig)Tue 	 Lpr t 

Tuber seed stocls Export to reglonal centres Crossing for 
and otheri CIP's breeders 

vlultiplication Ill. IV, etc. 

(for tree in Peru) 

Fig. 1. Multiplication of pathogen- tested clones. 

Dctection of kn11own viruses relies on serology. For this. the latex agglutination test 
(L.AT) and the erkzyme linked h1mliii inosorerlit at;say (ELISA) are in ue at present. I-AT is 
sufficiently so:isitive occurrinl), Into dotect vlru.es relatively high conceiitrations in plant 
t Issues. "he st andard trdcod re c onsi,-; of niixirhg a drop o)f coivenlently diluted 
antibody sensitized latex with plant c;ap diluted 1/10 and 1/100 on to a squared plastic 
Plate, a,,d agitatii for 30 mnil in a rotary shaker. 'ositive reactions are clearly 
distinguished by the fhio:culati,-n that takl:; 1llace. In coitrast to the milky appearance of 
healthy controls. 

Table I. Reciprocal of maximum di lut ions of nfected eWtracts and minimcm 
concentration of pur ifed PSTV detected by three Iypos of probe 

Probe type 	 Torato Potato Potato Ire lure 
leaves leaves tuber potato PSIV 

sprou sprout (pg)
 

MI ss PS1VcDNA 512 512 512 128 10-20 

Nick -translation 64 128 128-256 512 64 100 

dsDNA 

RNA transcription 1024 024 1048 256 0.33 
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Homogenize tissue (tissue grindesm, alastic bags) 

Forinaldehyde/ 101 S',]. 1: 1 (2 nil /g tissue)
 
0.) by vol. cihloroi ori
 

O'S by w-,. s"a;trttd nl~eorI 
(Centrifuge or let stand a 4C't.avrnight 

AilUtcou.i; pii:;-C coAtainhinj; PT'V 

;P-ot .3 nni uf ajqueous;ica ou to nitrocellulose filter 
Mly a't Iro,W u wlIttll tJ{'' rclI* 

P k, h1 t HO ((0C illcivn 

t}7;TIV [llll'-'hl i11:"- I t ,llli~L('11 rallic, 

5
ityrdi, 5 M x 10 cpIm/nl inl2 x SSC + 40% formamide
 
10"'i' {d-strasll :; ijate at 25'C, overnight
 

I3'
t.A I iti A I A <lIA ( 32I, labelled cPST'V) hybrids 

WVa:h .!x 1(0 inhill Ir,-,ll tecil-,. Ul.n;Iu8I x SSC-f 0.1% S DS
 

Vaf;/ 3 1t10 iat c,:- ill 0. 1 x 3) + 0. 1/" .1)
 

Wash i iiiiiat. 1',i clip. in 2 x 2 -f P. A mug/ml)
RNAase (2 

Waush 2 x 10 Iii imat ran t uip. in I x SSC + (.1% DS
 
Wafsh 3(0 1101 at A()C In 0. 1 z !''P + 0. F% Sf[O
 

Aut o-raliography it '0/"(: 

Viualizatio f i;ecific IINA PHNA hybrids 

Fig. 2. Protocol for the detection of PSTV by NASH using RNA probes. 
'(S, .i{-iun salino citrate; S[fIM, sodium dodecyl sulphate. 

FIb A, however, is inoror e.;SUis Itive tHi aI.AT and so is ise- iore often. The protocol 
of Clark and Adanis (1977), with nhinor miodifications, is used at CiP. PVX, PVY, PVS, 
PVM. PLRV. IVi, APIPV and AWfIvIV are teste d Iy serology. Detection of previously 
unidentified viruses is ,asedn the reaction of aheady known potato viruses In a selected 
host range (Table 2). f all kiw otatu viril;es San be detected by inoculation to one or 
ll(-re of tue host; ;f a"[, 2, it is very psus;ible that by iising a similar host range, 
unkilbyv/ri lotatc, vit-;s; could a so be let ected. If the host range fails to detect an 
unknon voli '; thOre is still :; ,aUe1ossibility that the virus could be detected In the 
il feuted iotato lllts; Wihich ar! aine 'lly observed 11irNig growth in the screenhosme. 

b-we clcaii pr,,;iitIon is Initiated by tissue culture, several conmmon organisms of 
the, Iotato are likely to he eliriiated. In addition, hygienic precautions and preventive 
Ireairnent. ,tring imlti iication and before shipment guarantee pathogen and pest 
rontrol. Iir it ig hnandling WIn proof screnliouses, a bactericide treatmentof p14ai-it tihsect. 

(IFiarlill)..soai, washi ig and rinsing with a 10% solution of calciuni hypochlorite is used 
for ishfectingo erators' hands and tools. 

Regular inspectIon by entomologists, pathologists and nematologists Is conducted 
during plant growth. Disease contan-iinatiori so far has not occurred. 



Table 2. Local (L) and sysfomic (I) symptens induced by potato viruses 
in a selected ho;t range 

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

PVX PVY PVA PL.RV PVS PVM PVI APMV APLV PMTV IRV PSIV
 

t.icotiana tabacum 
 L,S S S S S L,S 

Nj.clevelandi i S 
 S S 
 S3 S S
 

N. iutinosa S S S S S S 

N. dJsbneyii S S S S* L* S S S S S 

fhysali L,S S S1 -Ier idana L,S 

Lyco e)rs icon S S S ­- S S* 
esculenturn
 

Datura stramenium S SI S
 

0. rmotel S S S -

Gcxnphrena globosa LI - L -

Chenpodum - L/- L1- LI- S - LI LI LI 
amaranticolor 

gI. L/- /S - S 
 - L - L 

Phaseolus vulgaris 
 L L/- ­ - -


Cl-ae A6 L LI LI L/-


Testing of tuber families 

CIP also distributes first-generation tubers forfrom selected crosses. Seedlings
tuber family production are also produced In screenhouses similar thoseto mentioned 
above. Special care is taken to test for PS'FV and PVT the only two pathogenic agents
transmitted by true potato seed. 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 

0J.W. Moyer 1 

Sweet potatoes (Ipomea 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 varietal 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 given a new name. The name was usually 
Indicative of the symptoms expressed in the genotype in which the disease was described. 
It has seldom been possible to compare biological or biochemical characteristics 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 
mechanically 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 is not readily available 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 various strains of sweet potato feathery 
mottle virus (SPFMV), have a less severe effect on individual plants but still may 
significantly reduce yield when considered on a regional basis. Grower efficiency is 
indirectly reduced by the justified Impediment that viruses cause to the international 
exchange of germplasm. This slows the introduction of desirable traits into national 
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 available biological information. Our lack of 
understanding of sweet potato viruses has greatly contributed to the conservative 
establishment of standards to reduce the probability 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 efficient 
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 
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Table 1. A list of viruses and selected virus like-diseases 
reported from sweet potatoes 

Vector 	 Geographic 
distribution 1/ 

Viruses
 
SPFMV 2 
 Aphid World.-wide
 
SPVNV -! Aphid Argentina
 
SPLV 1? 
 Taiwan
 
SPMV 5/ Whitefly East Africa
 
SPCV 6/ 
 ? Puerto Rico
 
SNYDV 7/ Whitefly Taiwan
 
CHV 8_ 
 Aphid 	 Africa, other
 

Virus-like diseases
 
Sweet potato Aphid and
 

virus disease whitefly Africa, 7
 
Sweet potato
 

leaf curl Whitefly Taiwan, Japan
 
Sweet potato
 

mosaic 
 7 Taiwan 
Unnamed ? World-wide 

I/ Based on published reports and personal communications. 2/ Sweet potato
 
feathery mottle virus. 
 / Sweet potato 	vein mosaic virus. 4/ Sweet potato 
latent virus. 5/ Sweet potato mild mottle virus. 6/ Sweet potato caulimo-like
 
virus. 7/ Sweet potato yellow dwarf virus. 8/'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 available. At the present time the only other 
biological assay is the use of SPFMV-infected Tib-8 (developed at ,the International 
Institute for Tropical 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. Poster1. 

The governments of many countries with significant frult production regulate the 
Importation of fruit tree plant material for propagation to prevent the entry of hazardous 
foreign;, pests. The pests of temperate fruit trees commonly listed In quarantine 
regulations Include Insects, nematodes., fun~l, truo bacteria, fastidious bacteria, 
mycoplasma-like organisms, vlrL-eV and pathogens of unl~nown etiology. In some cases, 
pests are not named, or general c .!tzgories of pests, such as virus diseases, are used as 
justification for th, regulation of "temperate fruit tree material. Seed Is usually 
restricted less than vegetatively propagated plant material, because seed has been 
reported to carry fewer hazardous pests than clonal material. Plant material Imported as 
germplasrn for scientific research may be handled differently than commercial 
shipments. In any case, each country regulates the Importation of temperate fruit tree 
plant material In a different manner, because each country has different environmental 
conditions, specific commercial cultivars, an unique range of pests and often a different 
regulatory pillosophy. 

Regulatory officials may require certification, inspections, treatments, or specific 
pathogen tests as a condition of entry. A visual Inspection at a port of entry would detect 
most arthropods and pathogens that are large enough to be seen under a light microscope 
or that cause obvious symptoms In the imported plant material 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 bacterial 
Infections or hatching arthropods, regulatory officials may require that imported plant 
material must be grown in isolation for a time after entry and Inspected regularly 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('Ithe 
exporting oil Importing country to prevent the Introduction of these pathogens with 
Imported plant material. 

The accuracy of pathogen tests depends on the sensitivity and reliability of the 
testing procedures as well, as the competence of the Individuals performing the tests. 
However, In the case of temperate fruit tree pathogens, the'ipls 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. Viruses which have been isolated and more 
thoroughly characterized can be detected within days by sophisticated serological, nucleic 
acid or electron microscopic techniques. Bacteria can be detected by serological tests or 
culturing on specific medid. 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 Indicator plant under specific 
controlled conditi~ns. Tests for pathogens that can be detected only by fruit,,',,bark or 
branch symptoms must be carried out by grafting on to sensitive Indicator trees In the 
field. In general, detection tests that depend on the pathogen to produce a symptom are 
more tice-consuming and more variable In accuracy than tests that actually detect some 
part of the pathogen., 

I/ USDA- APi-IS--PPQ, US Plant Introduction Station, Glenn Dale. MD 20769, USA 

./" . ,.- ( 
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Regardless of whether inspections, treatments or pathogen tests are required during 
international exchange of temperate fruit tree germplasm, there are some general 
recommendations that can be made to facilitate such exchanges. These recommendations 
can be characterized as either improvements in the efficiency of present procedures for 
germplasm exchange or as projects for the development of techniques and procedures that 
w-ould inipV e future ge- iplascni xchage" . .s 

Importers of temperate fruit tree germplasm should Leriously consider the value to 
their 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 u;ually not as severe as on clonally propagated 
materials, because none of the small 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 countries, 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, scientists 
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 material 
for export should be harvested in a dormant condition from a vigorous tree to maximize 
the probability 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 maintained in a. greenhouse, screenhouse or In an isolated field plot, where 
pathogens which spread naturally in that can be avoided.area 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 seed'llng rootstocks or on its own roots. Vegetatively propagated rootstocks, 
interstoecks and trees usually contain all of the internal pathogens present in every piece 
of scionwood successfully propagated on them and their ancestors, and therefore 
accumulate pathogens over time. Propagation from seed consistently filters out all but a 
few viruses in Prunus and all small pathogens of pome fruits. 

In every instance possible, germplasm which appears to be healthy, has a history of 
minimal exposure to infection or originates from a certification program, should be 
selected for international exchange, because this germplarm Is rnore likely to test 
negative for pathogens and so be introduced into the importing country sooner than 
infected gernrip~l,;rrn which rrnist b, t;sit:d, oxposed to therapy treatments and retested for 
a few years to prevent the introduction of a hazardous pathoueni with the germnplasm. 

Scientists who wish to import temperate fruit tree gertriplasmn must be faL'llla,, with 
ihe qairantino regulations and procedures of the Importing country and make the proper 
arrangererit:; rcr t,. foroign plant material before importation. Before arranging 
importation, the importer should determine if the du::drci e(:rriplasrnr in available from an 
approved certification program in the country of origin or another country, boc;ue 
certification acceptable to the importing country will reduce or eliminate the quarantine 
period required by 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 .viability of their germplasm. Once the germplasm has been 
selected for shipment, it is 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--cunients in cluding 
phytosanitary certificates are included with the germplasm. The discovery of unidentified 
plant material, hazardous plant or plant parts, soil, 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 
specially 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 coordination 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 improve 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 
germplasni 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 germplasm 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 gerniplasm 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 reliable 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 
similar pathogens can be adapted to solve the problem. 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 Spilegel 1 

Small 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- transmissible diseases (hereafter
called virus diseases for convenience). Virus diseases are major causes of reduction in 
yield and fruit quality In all throe crops discussed In this paper. A few viruses express
symptoms In commercial cultivars and are even lethal to plants carrying them. Most
viruses are latent in commercial cultivars and occasionally produce obscure symptoms intheir natural hosts. Thus, plants become symptomless carriers of viruses from one 
generation to the next, spreading viruses with Infected symptomless propagation
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 yield and vIgour.
However, even In such cases It would be impossible to determine by inspecting them what
causal agent/s are present. Many small onefruit and grapevine viruses are restricted to 
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 small
fruits and grapevine has been reviewed (l3ovey atal., 1980; Converse, 1966; Converse,
1987; PrazIer, 1970, Goheen, 1977; Maas, 1984; Martelli, 1986). This paper will focus on

situation Indexing virus of fruits andthe current In of diseases small grapevine and 
Implications to the international transfer of germplasm of these crops. 

Virus detection methods 

Detection and Identification of diseases where the disease agent is unknown or is not
Inciting obvious symptoms Is still a difficult task. Specific Indexing procedures basedare 
on bloassays, serological methods (where antisera are available) and on biochemical 
methods in which virus- related nucleic acids are detected In the Infected tissue. 

Transmission to Indicators 

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

Most viruses of small fruits and grapevine are still diagnosed by grafting leaves orbuds from infected plants on to sensitive indicators which will develop symptoms
characteristic of the virus. Suitable indicators recommended for diagnosing viruses of
these crops are selected after considerable efforts over many years (Converse, 1979;
Frazier, 1974). Graft analysis is the only method employed at present for diagnosis 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 laborious and
expensive, require greenhouse space for growing indicators In good physiological condition 
and maintaining them In moderate temperatures and light Intensity over the long
observation time for possible symptom appearance. 

Sap transmission Is achieved with several viruses of small fruits and grapevine,
especially with nematode-borne (nepoviruses) and pollen-borne viruses. Infected plants 
are usually good sap-Inoculation sources when In the early 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 V61cani Center, 
Bet-Dagan, Israel 
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Seroloftical methods 

Recent advances In virus purification procedures and production of antisora have lead 
to the development of various serological tests. The adaptation of enzyme-linked 
immunosorbent assay (ELISA) for plant virus detection (Clark and Adams, 1977) and the 
introduction of Imimnosorbent electron microscopy (ISM) methodology (Milne and' 
Luisonil, 1977) into this field were breakthroughs in the rapid diagnosis of plant viruses for 
which antisera are available. 

ELISA and ISEM are being used Increasingly for detection of nepoviruses, 
pollen-borne viruses and tobacco necrosis virus In Infected small fruit and grapevine 
plants (Russo et al., 1980; Splegel 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 against these viruses In hosts other than small 
fruits and grapevine. Reliable detection by IELISA is achieved with the isolates from 
small fruits and grapevine following sap transmission to herbaceous Indicator plants and 
with some viruses directly n the infected tissue. Nepoviruses which infect grapevines 
comprise a large and most important group In this crop. The contribution of serological 
detection assays to rapid diagnosis of grapevine viruses In single and mixed Infections Is a 
major one., Recently, progre:s has been made with serological detection assays of 
mycoplasma-like organisms (MLOs) In plants (Clark et al., 1983; Welvaert and Samyn, 
1985). However, further developmental work is needed before the applicability of this 
method can be evaluated. Problems like non-specific reactions, uneven distribution of 
some pathogens In host tissue, strain specificity and variability 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 ISEM Is Its sensitivity and lack of strain specificity (Van 
Regenmortel et al., 1980). This method requires minute amounts of antiserum 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 antibodies are a recent addition to serological detection of plant viruses. 
Monoclonal antibodies are not yet available for most small fruit and grapevine viruses, 
except for raspberry bushy dwarf virus (RBDV) (Martin, 1984). It Is expected that in the 
future this technique will provide a very effective assay for diagnosing viruses and 
-distlnguishing between virus strains. 

Double-stranded RNA 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 vlruses from these hosts, the potential of this method Is obvious. Attempts to 
use dsRNA analysis for small fruits and grapevine have been made In a few laboratories. 
Modifications of existing procedures were required as the high content of polysaccharides 
and phenolic compounds Interferes with extraction of nucleic acids. 

Virus-related speclfis-sRNA bands have been detected in strawberry plants Infected 
with strawberry mild yellow-edge virus (SMYEV) (Spiegel, 1987), in raspberry Infected 
with RBDV (Jones et al., 1986: Kurppa and Martin, 1986; Murant et al., 1986), cucumber 
mosaic virus, (CMV), black raspberry necrosis virus (BRNV) (Jones et al., 1986), raspberry 
leafspot virus (RLSV) and tomato rlngspot virus (TomRSV) (Kurppa and Martin, 1986) and 
In grapevine affected by leafroll disease (Cameron and Walter, 1985; Mossopet al., 1985). 
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The presence of high molecular weight dsRNA bands of unknown origin In 
virus-tested strawberry (Spiegel, 1987) and Rubus plants (Kurppa and Martin, 1986; 
Murant et al. 1986) as well as Inm.other plants (Wakarchuk and Hamilton. 1985) calls for the 
use of appropriate controls In each test. The low concentration of viruses and/or their 
unavailability to the extraction medium requires large samples of plant tissue per test and 

...... retesting-.of -negatives- before "belng- taken-as healthy. Double-stranded RNA-analyis is 
still in Its early stages for small fruits and grapevine. In my opinion, increasing the 
sensitivity of this method 'vll allow Including It reliably In virus-indexing procedures, at 
least for quick elimination of'infected plant material. 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 (Morris, 1985; Stenger et al., 1986) and for a virus associated 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 conditions, sampling time, 
physiological status of Indicator plants, etc. Influencecan detection, especially 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 achieved by heat 
therapy of by tissue-culture methods of tip meristemrs. Some viruses and MLOs are heat 
stable and resist heat therapy. In several cases, plants resulting from tip meristems were 
not free of viruses (Mor'. 1977). Therefore, the combination of obtaining tip merlstems 
from heat-treated plants, followed by growing merlstems to plantlets In tissue culture, is 
a 'safer' route to follow In developing clones free of viruses. Plants fail sometimes to 
produce new growth and die within a few weeks when grown at 38°C with ambient carbon 
dioxide. Artificial 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.'natlve to heat therapy of Infected parent plants Is the Incubation of infected plant 
material In the in vitro stage at the desired 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 
method was employed for several viruses (Walkey. 1980; Snlr 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 ofi' 
germplasm. 

Maintaining and exchanging ptermplasm 

International exchange of small fruits and grapevine plant material Involves a large
risk of spreading a great number of viruses. Quarantine regulations vary among countries 
but most require that a certificate of health accompany Imported plants. Sometimes, 
quarantine regulations prevent importation of rooted material. 'In many cases a health 
certificate may simply declare that the material has been Inspected In the country of 
origin 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 fruits and grapevine this certificate is of very little 
value. Plants must be carefully indexed before being released to the importer. With the 
techniques available presently this is a long process (Converse, 1979) during which the 
virologist usually becomes the enemy of the importer, especially 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 assumptions of freedom from 
viruses are being made. Methods for In vitro maintenance and propagation of strawberry 
(Mullin and Schlegel, 1976); Rubus (Donnelly t al., 1980; Pyot and Converse, 1981) and 
grapevine (Barlass et al., 1982) have been establiphed. However, the possibility of genetic
Instability and the lack of rapid virus-ndcxlitg methods are still drawbacks which 
discourage virologists and horticulturallsts from keeping small fruit and grapevine
germplasm In tissue culture. This situation may change when more studies examining the 
variability of a large number of different cultivars resulting from tissue culture will be 
performed and rapid virus-indexing procedures will be developed. 

Future oblectives 

Establishing rapid disease-indexlng procedures la a critical need in today's small fruit 
and grapevine virology. Applying these procedures to in vitro cultures will contribute to 
thr'k efficient maintenance and transfer of virus-free gercnpiasm. 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 l!kely monoclonal antibodies) will be 
prepared. 

2. Developing nonserological biochemical detection procedures, such as for dsRNA, which 
are Independent of successful vir s 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- . 

Germplasm from polyembryonc varieties of citrus can be safely transferred by seed, 
although nucellar seedlings have undesirable juvenile 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 gerrnplasm. 

Tissue culture techniques specially developed for exchange of citrus vegetative
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 sterile distilled water. 

Budwood culture in vitro 

Budsticks about 15 cm 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 0 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 seedlings growing in vitro. 
according to the standard method of Navarro etal. (1975). 

Transplanting to soil and indexing 

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

1/ Institute Valenciano de Investigaciones Agrarias, Centro le Levante (CRIDA07), 
Moncada, Valencia, Spain 
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By this method the only material actually Introduced into the country is a very small 
shoot tip that is free of pest and diseases, even if the original 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 Is 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 Poncirus sp. and Fortunella sp. We are Investigating Its application to 
other citrus relatives, where the main problem to be solved [sshoot-tlp grafting In vitro.An alternative method may be In vitro rooting of shoots produced by the budstcks. 

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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Detection of Citrus Diseases and Prevention of Their Spread
 
Durtnx International Exchange of Citrus Germplasmr
 

S.M. Garnsey 1/ 

Citrus is attacked by many pests and diseases, some of which are extremely 
damaging. International movement of scion varieties of citrus Is commonly done by 
shipping budwood which may be contaminated or infected with various pathogens. In'some 
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, 
are localized in specific areas. All major citrus areas are threatened by one or more 
diseases exotic to them. Accidental introductions of tristeza, greening, stubborn and 
citrus canker into new areas have all caused serious losses. Af'hoteworthy 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 is allowed for commercial and research purposes, but only under the strictest 
guidelines. 

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

A large number of virus and virus-like pathogens of citrus 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 
comblnat.ons. Virus-induced bud-union disorders may not be expressed In young trees. 

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

Historically, 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, time consuming and not highly 
accurate. Other methods have been sought to improve detection. Some citrus viruses can 
be detected by mechanical inoculation to herbaceous hosts. Antisera, Including some 
monoclonals, are now available for tristeza. satsuma dwarf (and related diseases), citrus 
variegation, citrus leaf rugose, stubborn and tatterleaf. 

Various 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 using fluorescent-labelled antibodies, and with electron microscopy 
(Immunospeciflc EM). Proper selection of tissue for assay Is highly important for 
obtaining reliable results by serological testing. 

1/ US Horticulture Research Laboratory, 2120 Camden Road, Orlando. FL 32803, USA 
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Table I. Detection and elimination of virus and virus-like pathogens ofcitrus 
 '
 
Abbreviations: MI/IIH = mechanical inoculation to herbaceous hosts, ELISA = onzymo-linked Immunosorbent assay.
 

=: PAGE 	= polyacrylamide gel electrophoresis, EM = olectron microscopy, FM = fluorescent microscopy,
NAH = nucleic acid hybridization assay, STG = shoot tip grafting, NI = no Information. 

~~-~The asterisk signi fles Wnecidnical IVimiat dsease.. 

Disease Causal I/ Indexing 2'
 
agent _______________________________ 

Citrus AItornatives Potential STG
 

Algerian navel Virus? 
 None MI/IIH EM . NI .
 
Brittle twig yellows ? Sweet orange - NI
 

I Cachexia Viroid Parson's Sp. mand. -
 Page, NAH Yes
 
Citrus leaf rugose Virus Lemon NI/Hit,ELISA NAH NI
 

'Citrus variegation 
 Virus Lemon NI/HH, ELISA NAH Yes
I Citrus yellow mottle Virus? Sweet orange -
 EM NI
 
*Concave gum Virus? 
 Sweet orange 
 - ? Yes 
'Cristacortis Virus? 
 Orl. tangerine 	 ? 
 Yes
 
'Exocortis 4/ Viroid Etrog citron PAGE, NAH 
 Yes
 
Fatal yel lows ? Alemow 
 .. 	 NI
 
Fovea 	 Viroid? Murcott 
 ? NI
 
*Gr-ening Procaryote Mandarin 	 Yes
EM ELISA, FM 

. Gummy bark ? Sweet Orange - ? NI 
Gum packet Viroid? irifoliate orange - ? Ni 

*Impietratura Virus? 
 Sweet orange - ? Yes
 
.Leaf curl Virus? Sweet orange 
 -	 Ni 
Leathery leaf Virus, Sweet orange MI/HH ELISA 
 NI
 
'Leprosis Virus? Sweet orange EM ? NI
 
Multiple sprouting ? Sweet orange 
 - , NI 
Nagami kumauat dis. Virus? Kumquat 
 - ? NI 
'Psorosis Virus? Sweet orange 
 ? Yes ­
'Ringspot Virus Grapefruit MI/lli ELISA 
 Yes
 
Rubbery wood ? Mexican lime 
 - ? NI 

'Satsuma dwarf 51 Virus Satsuma MI/HH, ELISA NAH NI
 
"Stubborn Spiroplasma ,,Sweet orange Culturing, FM ELISA, NAH Yes
 
Tatterleaf Virus Rusk citrange MI/NH 
 ELISA Yes /


'TrIsteza Virus 
 Mex. lime ELISA, SSEM NAN Yes
 
Yellow vein Virus? Mex. lima 
 Yes
 

I/ Virus? indicates causal agent is probably 
a virus; Viroid? indicates that the causal agent Is probably.a

viroid; and ? indicates that there is Insufficient Information to speculate on the probable identity.
 

diseases listed.
 

3/ Difficult without partial heat therapy.
 
4/ Includes other citron virolds recently described.
 
5/ Includes citrus mosaic, navel 
orange infectious mottling and Natsudaidai dwarf viruses.
 

The highest risk to commercial citrus from Importation of noncompatible citrus *. 

relatives In vegetative form would be if they contained dilseasoi which are vectored and 
which are detectable only by graft inoculation to citrus. The major vLrus like dh'uase in V 
this category is greening. Nonclitrus hosts In the Rutaceae for greening have been 
suspected. but are unproven. If plants of genera which are good hosts of the citrus psyllid 
vectors of greening (Clausena. Vepris, Murraya. rapara and Microcitrus) are obtained 
from areas where greening is endemic they may pose some threat. This is difficult to., 
quantify with present information. 

Therapy procedures such as thermotherapy and shoot-t!p grafting have not been 
evaluated for citrus relatives, except perhaps for Fortunella Poncirus. Data obtainedor 

from citrus should be applicable 
to those rrolatives 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 11., 

Introduction 

Bananas are monocots In the family Ivlusaceae 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 Y bile 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 Asian region, the major producers are outside this 
region; Central and South America produce about 42% of the crop but account for a 
,;11assive 85% of the export trade. The only large exporter outside the Americas is the 
Philippines. The African continent produces about 30%, Asia 26% and Oceania only 2%. 

Bananas are propagated vegetatively not enly to retain cultlvar characteristics but 
also because the commercial and other cultivars do notuseful produce viable seed. 
Grafting is not successful and so propagation has been traditionally based on the planting
of 'bits' (pieces of corm) or suckers. The major problems with this method are that 
vascular pathogens are easily transmitted in such material and often considerable amounts 
of soil adhere to the planting material, a mechanism of disseminating soil-borne 
pathogens. Recently, there has been a worldwide trend towards the use of tissue cultured 
plants. This approach looks promisn& out there are a number of question marks Including
the percentage' of 'off-types' and possible disease transmission which shall be discussed 
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 cultlvars 
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 topand
burrowing nematode. While most of these diseases are present in most of the producing 
regions, there are some significant exceptions (Table 1). The sol-borne disease Panama,
caused by Fusarium oxysporurni f.sp. cubense, has two important races, 1 and 4. Race I is 
widespread In virtually all "4.banana-growing regions 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. Fortunately, race 4 is confined to Australia, the 
Philippines, southern Africa, Taiwan, China and the Canary Islands. As the disease is 
soil-borne, further spread of race 4 can be avoided'by strict quarantine control of planting 
Inateriai. 

1/ Agricultural Research Laboratories, Queensland Department of Primary Industries, 
Indooroopilly, QLD 4068, Australia 
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Table i. Distribution of important banana diseases 

Africa America Asia Oceania
 

Panama race I
 
race 4 	 + 

Black Sigatoka + 	 +
 
Moko 	 f 
Bunchy top - ) 
Burrowing nomatode 

Moko, caused by Pseudomonas solanacearum, Is another serious soil-borne disease 
which was Initially restricted to the American tropics but which has now spread to Asia. 

I, Black sigatoka, howeve,, is present In all producing regions but not all countries within 
those regions. It Is ca'ased by the airborne fungus Mycosphanrella fliensis var. difformis 
and for this reason k Is likely to continue to spread, although at a slower rate, if 
quarantne control measures are strictly adhered to. The nematode Radopholus similis 
appears to be present in all-banana producing countries for which there are adequate 
records. The nematode Is soil-borne and should not pose an International quarantine 
problem. 

AvoidinR 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 region 
or country could prove disastrous. It Is, therefore, essential that germplasm moved 
internationally must 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 thust avoiding possible soil contamination. Neither option is 
available for bananas. Movement of bits or suckers should be avoided because of soil 
contamination and the possibility of Incipient Infections. The only viable alternative is to 
put all germplasm for movement into tissue culture. This overcomes nearly all the 
problems associated with ine non.-viral pathogens. Freedom from these pathogens can be 
verified as follows: 

(a) 	 Mycosphaerella filiensis var. difformis - infected material should be removed when 
preparing the initial explant; if, In the unlikely event, the pathogen is not excluded, 
symptoms of the disease should become evident. 

(b) 	 Fusarlum oxysporum f.sp. cubense - any contaminated soil Is 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 solanacearum - 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 wore Introduced Into the tissue culture 
with the explant, those present would become evident from the growth of associated 
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. 
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The virus diseases 

"lie- are a nu -her of virus or VirU- like diseases recorded Inbanalas. Most of these 
have been 11 ufficiently described to detinriler wiitrer they are actually tranlsasilble 
diseases. iveo. Iiowver, arc tralini;issible liseas-s and do cause significant loss. 'rhe 
besit ktr ari' tno sat ihiiort a rt i.;hananra buncihy top virus ([Ii'V). This virus devastated 
tl' Ait fialrln bairiroa ilndUstily early cciituriythis arid is, at tell present titrie causing
corsid~rahle concern in the produ1ciing legions of Africa, Asia and Oceania (Table 2).
Withill rtc lloweVer, Virusi'egiOl, tiir not prsn een ill all Countries. ortnll-latcly, it has 
not sp-ltod (oC:utral or Soth A i'ica. Tre virus lias yet to I,(-- purified but from all 
inforiraitiou availalde, including aphid traiiswtisson, it if;claf;sified as a probable rnen-lber 
of lhiii cc1(v(Vit- s grotl p Identification andl deten tion i!;curr en tly based on syraptorns and 
transmission as no antisera or probes are available. This is highly unsatisfactory, 

Table 2. Banara virus distr ibution and importance 

Impor Iance Disiribution
 

Banana bunchy lop 
 Tflt Africa, Asia, Oceania
 
Infections chlorosis iT Probably worldwide
 
Banana streak I Morocco
 
Abaca bunchy top f 
 Philippines
 
Abaca msaic 
 I Philippines 

Infections chlorosis, caused by cucumber mosaic virus (CIMV), 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 vlrus, can be easily detected using 
any of
 
the sensitive techniques available for CMAV. Bana-ra 
 streak virus has only been recently
described and lits only been recorded in IMSorocco. The other two virus diseases have been 
recorded only ill the Phiippines and only on _Mussa textalis or abaca, a Musa species grown 
as a fibre crop. Abaca mo;aic is cau.ed by sugarcane rnosaic virus and abaca bunchy top
 
appears to ti related to banana 
 bunchy top. Neither are considered to be a threat to 
banana production. 

Avoldhij; tire viral diseases 

The adoptio of tissue culturing as a mechanism of ridding bananas of their pathogens
and throi allowing easier geographic distribution of planting material has been very
successful with regard to fungi, bacteria and neriatodes but not to viruses. The explant In 
hanarias is usually a relatively large rnerlstern tip and it Is extremely unlikely that anly
viru-ts wouild h.i- ciirlnated from this tissue. Experlinents currently underway In our 
departirretit hav. shown that eyplants from- tFl3TV- Infected plant,; can be tissue cultured 
without difficulty. Tic rrore worryi-g resuilt is that while hlantlets established 9 months 
after the iMt al tissue culturing all si -wer FtBTV syrnptor-es, only 66% of plantlets
est.abll;led after I1- nornti 5 showed syrr-tores. V/(e are currently trying to determine 
wietiler the renairi g syin torrless plairtlets arc e I31TV Infected or not. If this Is 
syrr.ptorrless infctiori or delayed syrripton is epressklt-, then considerably riore care must 
be taken i moving hanian germplas-r In tissue culture. 
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Collection -. with 	banana pathologist 

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

Indexing In 	- exporting country
 

- importing country
 
- developing country
 

Field planting - visual inspection 

Maintain In
 
tissue culture
 

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

Essentially, highly sensitive and accurate detection techniques are required that will 
ensure freedom from virus diseases. These are already available for CMV and could be 
developed for banana streak viru.,;relatively quickly. However, for the most important
virus, BBTV, these are not available. This rtust, therefore, be the research priority In 
relation to International nove-ment of banana germplasm-n. This research Is not being
neglected. We 	 are currently working towards a recomblnant DNA probe (funded by
IPGIR) and three other groups are following lines of research directed towards producing 
an antiserum. 

While progre;s is being made In developing detection techniques for the known virus 
diseases, perhaps the groatest danger is from the unknown ones. The detection methods 
mentioned here are highly specific, and have no ability 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 available for the more academic pursuit of 
Investigating viruses of priniltive or wild relatives of food crops. It is very possible,
though, that these plants will harbour viruses hitherto unknown. It is these viruses that 
rmlay pose the greatest threat and any strategy for collecting such wild material should be 
designed to minimize the 	 r:;k of introducing 'new' viruses Into cultivated banana crops.
Recause these viruses are undescribed. the detection techniques employed must be 
non- specific. The most non. specific of all is visual inpectsr by a pathologist with field 
experience of ban,,na diseases. -or non-t.t:i;fie, vlruz tclr;iiqum. that could be used 
Include dsRNA analysis, viral DNA extractlons and general vrold extractions. 

Apcssible strategy for the collection and 
International distribution of banana Verplarm 

By necessity, a 	 strategy for collecting and distributing banana germplasm must bebased on tissue culturing the material (Fig. 1). Where possible, Indexing procedures should 
be Implemented to ensure pathogen freedom using specific detection techniques. Where 
such techniques are riot available, every effort 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 Gernplasm
 

Lyndscy A. Withers L/
 

INTRODIJCTION 

In vitro iethods can be used to niove plant geritplasm at various stages in the 
conrtvatioti/utilizlot i rocess. Material can be collected at soi ice using simplified 
culture inoculation Iroced ures appropriate for field use. Genebank accessions can be 
e+-:clianed with oter collect ion:; cir distributed to users ili the forni of cultures. In the 
latter two ca:;":;, Ih le lit rial llily ic introduced ilto coltore eithl" a' tile storage nmode 
or specially for i.xelsnj;,. 

Th :r( it It Il itl ::id tr ti 1(tIcrlllilwe ti L;:e It _itviro( ' l; t11:t ' :;of exchange., 
rallc.y practic'+al p-int:; tlatiglf I() th( CIiltu-e and tiltlspurtatio proces'ses, and 

lliytop~tl o+i+:l -1 ; 'latilr to l( ' s;tatus-, the materialii:;Ca:; of cultured and 
quarantine iteli iloloit Itcld Iw tatoi flC'i theoUTSet that Ilkli author believes that 
li vitro lovelotelt of plait r i islp eliorintOu advatlllaqe; )lt that it could carry 
serious dissadvzit;slt-f; 0uglk false sef security apparenttIlt- rleltilerita s;e ilI tie 
clealie.;f culture's. lllxKm; e~aaination of this topic is timely as there is an 
Increasing interest in te :of in vi l") lloveiiletit, particularly by sclentists who may be 
unfainlilia with iarntitl reglilations; rIeven i nfanilliar with the plant pathology of tile 

material with which tihey arc working. 

PRACTICAl. A!ApECTlh 

In vitro collecting 

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

I. 	 The u:;e of a fully equippled local laboratory. Material is initially collected 

conventionally but transferred as soon as possible to culture. 

2. 	 The use of an linprovized laboratory in a nearby building. Simple laboratory facilities 
are provided but these, do not itclude a laninar air flow cabinet, for example. 

3. 	 The establiinctit of facilitie! ilithe field that attempt to achieve the high level of 
cleanllnes-,s provided iti tic laboratory. Inoculationi are carried out in a portable 
glove box. 

4. 	 The us;e of an outdoor working; area. Inoculations are carried out oi a clean table and 
uinder the jrotectioni of a shiple box cover. Explants are either inoculated into 
culture irk the field or held ili a sterile salt Solutioni for later inoculation in the 

laboratory. 

5. 	 The use of iiiiniraal facilities- Explants are sterilized using non- toxic agents and are 
Inoculated Into culture without further a:septic precautions. Tine culture medium i-s 
supplemented with fungicides and antibiotics. 

1/ Department of Agriculture and Horticulture, tJnlversity of Nottingham School of 
Agriculture, Sutton Bonlngton, Loughborough, LE12 5RD,UK 
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Further details of hose teehnilues can Ie found in the literature (Asy 3ah et al 
1987; Sossou et pi., 1987; Withers 1987). 1e ,most successfnl attemt to implement
simple collecting te(cnhilquns has been the u;e of an outdoor working area (5. above) to
collect zygotic embryos of coconut (Assy dah pt a1., 198'7). Ibis work is supported by
IBPGR and will. h-, efully. interface with in vitro methods for clonally propagating and 
conserving coco,,.- - urmplasll. 

The potential for niig in vitr9 collecting techniqnus fur the grnmpla::no of problem 
crops is vast. 1lowevr , there way le important cotisejuennele il elation to (luarantlne. 
More material is likely to enter into circulation fromt truly wild This materialsources. 

may have greater 'pltytosanitary crndibility' being in vit ro biut is more likely to carry 
pests and iathogens than malrial that ha passed through rigorous sterilization and 
inoculation proced tres . 

In vitro eiatnige 

lbis o1ratlit ha; been carried out suecessofully for several years by some of the 
International Agricultural Research Centers (IARCs) and other organizatiotn. Details are 
given below of [AR activities. In addition to this systematic, routine use of iLi vitro 
culture for geritiplaut a exchange, there has been growinga caSial use of tile tecIrtiquc In 
the scientific cotininity for tile exchange of planting and re.;earch mtaterial. The IIbPGI(
In Vitro Conservation latab;ses (Withers anrid Whielari. l (,)colpiled fronm a survey
carried out ltwt-i 1980 aid 185 iLtow a steady Inclriease it report:s of tilt!distribution Of 
cultures both tatkitally and itteinatiorally. In a later s.ection, arlanalysis is presented of 
entries in relation to rops, jarticipating cuontrlns, tatisporlt n-,ethods, success rates and 
problems. 

[ARCs 

Internat intl 1otato Center (CIP): l'h distribution of potato gerniplas itn the forms 
of Itn vitro cultttres is a well established, routine p'rocedute (Anot. 1980; CIP, 19)86; Roca
 
et al., 1979; Schille Rentschler and fSchn t iedichC, 1984). SIhtoot culture:; are 
inoculated
 
into small tubes cottaining semi soli mediumi. 
 "'hey are cultured for 2 3 weeks to Induce 
rootirg and to reveal any tiieobial cnaititiatioo. Fer transit, the tube; are packed into 
polystyrene boxes and despatched by air tnal, air noiter. or hand carried along with the 
recessary donumetitation. Typical transit ties are 10 12 days and recovery levels after 
receipt rage from 10 93%. Inocilatior into a etiltiue passage before potting appears to 
erhance survival. Traibitng of reifinrit 1erswtmttel is esseitial to the succn::sftl transfer of 
material in vitro. In 1981, CIP exp orted 2500 cilture titbes to mare than 30 countries 
world wide (Tovar et al, 1985). It the followhg year. 88% of native material certified 
pathogen free wai; distributed as "ulures rather thitn field grown tubers (ltuartan. 19 8 6 ).
The possibillty ,f using In vitro -tproduiced tubers for distribution has beell explored; In 
1985, tubers were setit to ) National tIlrogr untlers to test the fetisibility of tine method 
(CIP. 1986). ()ver SO potto genotypes have been induced lto form vitroitt tubers 
(Espincza et a1., 1984). 

Tubers are attractive for distribution as they are rtore robust thantplantlets.
Whereas the latter are relatively easily disturbed by careless handling and will die if kept
In the dark for more than 3 weeks, tubers will withstand more physical disturbance and 
will .urvive at least 4 months of storage In the dark (Tovar et a l.. 1985). 
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Table I. Attempt- at germplasm exchange in vitro recorded in the IBPGR 
In Vitro Consevation Databases by crop, year of survey and culture sy-t.in 

C = cell/cal lus; P t- meristue/shoot/plantlet; L - trbryo/mbryoid; 
1 = in vitro tut r; ? - unsl'.:ifiod. 

Crop Phase I Phase 2 Phase 3 
1980/81 1I463 1985 

Acer pseuc.jatanus ? C 
Actinidia spp. 
 P ? P 
Adiantum capillus--ueneris 
 P
 
Agave spp. 
 P 
Allium spp. 
 P
 
Alnus spp. 
 P P
 
Aistonia junnanonsis 
 C
 
AIstroenn r ia spp. C 

Ananas comrsus p ? p P
 
Anthur ium andraeanum 
 P
 
Apjiu graveolens 
 C 
Araucaria heterophyIla P 
Asparagus 9_!icinal i s C ?
 
Atrop belladonna ?
 
Azalea spp. 
 P
 
Banbusa l auc-scen s ?
 
Beta yu Ilgar i C C P
 
Brassica napus 
 C 
Bupj eru f alcatu C 
Caladium sp. ? P 
Cam llia sinensis ?
 

Cari ca papdya P P E
 
Castanea crenata 
 P
 
Casuar na spp. ?
 

Catharanthus roseus 
 C
 
Ceratonia siliua 
 C
 

ChrLsanthomum cinerariaefolium ?
 

Cicor arietinum
 

Cinchna spp." C P C P
 
Ci-rtfium I-alca-tum 
 P 
Citrus spp. 
 C P C P
 
Clerodendron tr ichoteoum 
 C 
Co ffea spp. P ? C P
 
Colocasia esculenta C P 
 P 
. 9P j aPricf C 

Cotinus obovatus ?
 
Cucumis spp. ? 
 ?
 
Cucurbita ppe) 
 C
 
Curcuma lonaa 
 ? 
Cyar0a co I lis p 
Cyphomndrja bnf,_ea P-

Dahlia sp. 
 ?
 
Da Lb ,_EL a t i tol ia ? 
Daucus spp. 
 C ?
 
Dianthus caryophyllus ?
 

Die ffenbachia spp. ? p

Digjj _ais lanata 
 C 
Discoroa sp. 
 C P C P P
 
_ Iaei-.9 n _en si s C P ? C P E 

_rnrnopo ris henri ? 
Eucalyptu spp. 
 P P 
Ficus spp. ? 
Fra~aria -pp. 7 P P
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Table I. Continued
 

Crop Phase I Phase 2 Phaso 3 

Frees ia spp. p 7 
Gerbora spp. p p 
Gladiolus hortulanum P 
Glycine max 
Gospu p. 

C 
C 

Hamanmlis spp. P 
Hevea brasillonsls C P E 
Hibiscus syriacus P 
Hordeu spp. C 
Iordeum x Secale hybrids C 
Hyacinthus spp. ? 

Ipomna spp. P P P 
Juglans sinensls p 
Kalanchoe blossfeldiana 7 
Lachenalla spp. P 
Lillum spp. ? 
Lithospernum erythrorhizon C 
Lycopersicon spp. p P 
Malus spp. scions and rootstocks P p 
Mangifera indica C 
Manihot spp. P P p 
Medicago spp. C P C P 
Medlclnal species (misc.) C 

Melaleuca alternifolia P 
Musa spp. P P P 
Nephrolepis sp. P 
Nicotlana spp. C C P 
Olea europaea C 
Orchids ? 
Ornamentals (misc.) 7 
Ornithogalum spp. p 
Oryza Spp. C 
Panax ginseng C C 
Papaver spp. C ? 
Partheniu arpentotum ? 
Pelargonium spp. P 
Perseaamericana p 
Petunia hybrida C 
Phlox paniculata P 
Phoeni dactylifera E ? C P 7 
Physcomitrella patens p 
Phytolacca americana C 
Plcea sitchensis P 
Pinus spp. P 
Pistacia vera P P 
Pisum sativum C 
Populus spp. P P * P 

Powlownia torronfosa p 
Prunus Spp. P C P 
Pseudotsuga nmnzlesli C 
Pterls cretica P 
Punic granatum P 
Pyrus spp. P P 
Quercus app. e 

Rauwolfia serpentina C 
Rhododendron spp. p 

I 
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lable I. 'otflhituod 

Crop i'Phase I Phase 2 Phase 3 
1980/81 1983 1985
 

Wiles sp. P 
Rob inaij;oudoaticCat, a P 
fR_a spp. C P ? 
ubus spp. I' P 

';,t:charum spp. C P E C P C P 
;aintpau I i i']onathI Ia P 
Salli spp. P 
S, n uina, ia ,dc na, si, C 
a.t Ialum qpp. C P 

Si _nIt)nt; ia thi nont;is P 
c ntir 'PP P C P C P I ? 

,ott 1humb i:t't?or C 
%.haor ttpt t i s c(xpr i P 
Stal( s iri ldi i 1 

httithna qranti- P P 
1h.,bt ("n a t:ao 7 P 
i Ii -aamurittts P 
irifilium Spp. C P 
U!lrmrts . C 
Vaccinium ;pp. P P 
VallI a spp. P 
VifiS ;pp. C P P C P 
Wtttsy srxicis (misc.) ? P C ? 
Xatttitma .agiJiffolium C I' P 
Zea mays C 

A further advantage Is that tubers can easily be transferred directly to pots or the 
nursery bed, thereby being more suitable for recipients who are unable or prefer not to
handle cultures. Tubers are shipped either 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 Agricultura 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 detailed ihstructions for recipients 
on Immediate handling, further rnicropropagation, 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 Asia (The Philippines, Thailand, Indonesia and
Malaysia). For the first time, clonal material from IITA has been transfered to CIAT
using In vitro techniques, following indexing at the Scottish Crop Research 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. 
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International Institute of Tropical Agiculture (IITA): Data piublished ill I985 indicate 
that IITA had distributed sweet potato gerinplasn in the form of ill viLtro cultures to 47 
countries throughout the world (Ng and -lahn. 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 Nigcrialr Plant 
Quaranti-ne Service (PQS). he active participation of the Instituut veer 
Plantenzicktenkundig Onderkoek (Il'O) In the Netherlands was involved for sweet potato 
and the Kenya Agricultural Research Institute (KARl) for cassava. IiTA also imports 
sweet potato, yarn and cocoyanr in tilte fora of i vitro ciltnres, with the approval of 
FQS. Sweet potato is iaported via II O where disease indexing and el inination are carried 
out. IPO will accept tubers and other vegetative ,xtplantsrard trarsfer tihen as cultures 
to lITA after appropriate truatnlernts, Recently, scintistr at IlTA have been testing in 
vitro tubers as a morore convenient fon hi lrich to exchange llplasn of yarn (Ng, 
1986). The nethod appears to he srceesn;frl, as in tie case of potAto (see above). 

IBPGR in vitro ccns;ervatien datlodi-nt ne. 

Questions orn the Ise of hii vitro tcchrliques to exchange(, plait Ierirplasnr have been 
Included in the iiestiustrknnire used for lre 1131( B;urvey :iica its iriceition, althougih an 
increased aryrounit of infkriat ion In:; .le rire:;ed ini the 1irr recent issues of the 
questionnaire. "'tH'Ir pihases of lit srviey Ihave betmIi O nipleted: 1 M80/81, and1983 1985. 
Phase 4 is uilcr ay ct pr.:n. . IMi fir'st 2. l'lror;s ; ,'ttrlclcd So , ;Irl i 3.tl untries of 
which 67. 117 and i10 recorded altctlpts toIe ill Vitr! exchange. l'hese represent 12, 21 
and 23% of the tries. This ilncreas;illg' u', i:; refle-ctel Ii an irrirca:ed coverage of crops 
(29. 49 aol 116 mera; see 'labia ). oIh ulorganized (cell, Wolus) and organized 
(nrteristernl/.aot/tlantlet) ernltur--i; hrave hti'Ii axehanged. the Iatiter repiresernting up to 
62% of da;es. Tie ll ioroi'.Ied curltrn exaillell's are likely to involve resiearch material 
rather than gernilplamni r or frltlerl cree:rvat ion or crop prodlcti)n. A low nui-ber of 
exchranges have involved nrrubryo:s/eniil ryoilrr ttlrnonrghorrt tire rrurve y and, in Plhrse 3, the 
ise of in vitro tubers v/Err; recorded. 

Over tire 3 phases, at least 5'5 coent ris iave bee involved in exchanges. The 
breakdovrn into national and international exchange;e is detailed in I'able 2 where the node 
of transport is al;o iildicated. llunbers of records are nore or less equally divided 
between national and international exchange but more courntries have undertaken 
International exchanges. Looking at the node of transport, mnost national exchanges have 
involved scorne form of surface transport (car/bus/tralnlsurface rinal) and most 
International ones air nail/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 loiurs; one record of a journey's taking 6 weeks was not used in the 
calculations). Air transport took between I hour and 4 weeks, with an average of 5 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 irternational exchanges were 
specified. Details are given In Table 3. In terns 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 concluslons to be drawn. 



lable 2. Analysis of IBPGR n Vifro Conservation Database entrIns recording at!tT
s at gormnpialoxclialiro
 

Data from Phases 1,2 and3 aro c-ibnod.
 

Country National 
 Internatio al .. UnspciIf ed
 

l--"-----'otal- '1''Total ~Air' Air/
Surface:--Mail "'Alr 
 Othr ? Total" 'Ai Otheor
 
car etc. ,11 

Australia 22 1O 10 2 3 3 
Austria I 
Barbados 6 5 I 
DolgIum 
Brazil 
Carmeroon 

Canada 

Chile 

5 

13 

2 

I 

5 
I 

1 

4 

4 3 
I 

2 
2 
I 

13 
I 

I 
2 
I 

9 
12 

I 3 
3 

3 I 
3 

2 

Colombia 2 I I 5 4 I 
Costa Rica I I 4 I 3 
Denmark 4 2 I I 2 I I 
Ecuador 2 I I 
Egypt 

FIJI 
Finland 

1 
7 

I 
6 I 

2 1 
I I 2 I 

France 21
3 

6 
i 

5
I 

l0
I 

17 
II 

l0 7 2
I-

Ghana 
Grnoo.e I 

I 

Guadeloupe I I 
Guyana II I 
Honduras 
India 
Ireland 

9 
5 

2 
2 1 

4 3 
2 

3 
5 
4 

3 
4 
3 

I 

1 
3 
1 

3 

Israel I 1 5 4 I 2 2 
Italy 14 I 6 7 7 7 
Japan 
Kenya 

.1 4 1 2 3 
7 

3 
4 3 

2 1 

Korea (Rep, of) 1I II 20 20 
Malaysia 6 5 I 
Mexico 7 5 2 2 2 I 
Nepa! I I 
Netherlands 
.New Zealand 

7 
8 

5 
I 

I 
7 

I 12 
t0 

7 
9 

I 
1 

4 I 

Nigeria 7 I 4 2 
Norway I I 
Vapua Now Guinea I 
Peru 
Philippines 

2 
2 

II 
2 

6 
3 

6 
2 

Portugal I I 2 2 
Poland 3 3 2 I I 
Reunlon I I 3 3 
Solomon Islands 2 2 
South Africa (flep. of) I I 3 1 
Spain I 
Sweodn I 2 t 
Swltirland 4 2 2 6 3 I 2 I 1 
lalpel 8 2 2 4 3 3 
'tanzania I I I 
lurkey 2 2 
UK 33 7 16 5 5 75 17 7 I 1 
USA 36 9 9 15 3 20 15 i 4 a B 
USA (lawalI) 3 I 2 I 1 
USA (Puerto Rico) 2 2 
USSR 

8 1 4 3 
Venezuela 10 B 2 
Yugoslavia I I I 
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Table 3. Details of infernalional exchanges specifying both countries 
recorded in the IBPGRIn Vitro Conservation Databases 

Count r s Crop 
 Cul fure ode of Duraflon Success
 
System transport
 

From To
 

Colombia Philippines Manihot esculenta Shoots Air/hand 2-3 weeks + 
Ecuador UK Theobrcna cacao Shouts Air/hand 3 weeks -
France China Stachys siebo dil Tubers Air ?
 
France Reunion Saccharum spp. Callus, shoots Air ? +
 
Malaysia Belgium Hevea brasiliensis Embryo Air 3 days
 

rNigeria Philippines I bafafas ,Plantlets Air/hand 7 days 

Papua Now Guinea UK Elaeis guineensis Callus ? ? ? 
UK Mexico Mals sp. rootstocks Shoots Air/hand 40 hours + 
UK Mexico Malus sp. scions Shoots Air/hand 40 hours + 
UK Mexico Prunus avium Shoots Air/hand 40 hours + 
UK Mexico Punica granatum Shoots Air/hand 40 hours + 
USA Nigeria Elaeis guineonsis Callus Air I day + 

Generally, exchanges have boon 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 I questionnaire did not give this 
option.) Over the 3 phases, International exchanges have boen 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/materials, 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 need 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 I and 
once each in Phases 2 and 3 of the survey. Throughout all survey entries, clear indication 
of an awareness of phytosanitary considerations occurs 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 gerniplasm 
movement In vitro. 

PHYTOPATHOLOGICAL ASPECTS 

Risk assessment for in vitro culture 

In yUr cultures are normally free of all surface contaminating pests and pathogens
and free of non-cryptic systemic bacteria and fungi. Many bacteria and fungi will grow, 
their 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. 

4 
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Table 4. Details of problems encounltod In carrying out exchanges 
In the IBPGR In Vitro Conservation Databases 

recorded 
. . 

Crop Country ode of 

transport 

Nat' I/ 

int'l 

Duration Success iroblIm 

' 

Description Classilica I ?n 

Phase i (190/e1) 

' 

,,-:I .a betatas 

M'anihot escuftnta 

Phoenix dactyli!Era 
Saccharum officinarum 

Saccharum offlcnarum 
Saccharun spp. 

Vitis vinifera 

USA (PR) 

USA (PR) 

USA 
USA 

USA iil) 

USA 

USA 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

1 

I 

N 
I 

N and I 

N 

1 

7-

? 

7 
7 

? 

? 

7 

-

-

-

-

-

Deiay; no furihqr deal 

Delayl no further doiail 

Agar shaknn op 

Agar shaken up; shools 
damaged 

Loss of totipoloncy 

Agar shaken up; leakage 

of mdlum 
Agar shaken up; shouls 

damaged 

7 

? 

CuIlito 
Culturo 

Culture 

Culture 

Culture 

Phase 2 (1983) 

Colocasia esculenta USA 

Dioscorea deltoldes USA 

SImoea baatas Nigeria 

jp"X.a spp. Costa Rice 
Malus spp. (2 entries) India 

Air 

? 

Air/hand 

? 

Air/hand 

N 

? 

I 

I 

? 

7 

24 hours 

3-20 days 

? 

7 

f/-

*/-

+/-

n/-

iold up by USDA for 

severai nsxriirs' 
Conlamination 

Wafer management of 

transplanls, rls 
No further as 

Drowning oltnonrsed
tissue 

Administrative 

Culilre 
Vost-arrival 

7 

Culture 

Hanihot esculenta 

Parlhenlum argontatuD 
Saccharum officinarum 

ihoobronsa cacao 

Nigeria 

USSR 

USA 

Nigeria 

Air/hand 

7 

Air 

7 

i 3-20 days 

? 5 hours 
N and I ? 

I 7 

0/-

7 

+/-

-

Waler maoagnqnat of 

Iranspients; rats 
Contamination 
Leakage and disturbance 

of culture 
No further dulalls 

Poit-arrival 

Culture 

Culture 

7 

Phase 3 (1985) 

Dloscorea spp, 
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!i 

:' :" ' 
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' 
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Netherlands Air 
':1 
UK Air 

1 

1 

1 

I 

3 days 
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3 days 

<7 days 

v/-

.1-

Srwaring of agar (high 
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Snoaring of agar (high 
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and IIng 

Culture 
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Pisum sativum 
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Handling 

7 
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5. The exchange of vegetative material that is infected but could be cleaned up using invitro and other techniques. The material must be securely contained pending
cleaning-up. This approach was used to handle gormplasin of sugarcane imported into
Kenya through quarantine but relnfectod with.,Iocal strains of sugarcane mosaic
viris. 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. 
Material required for research purposes can safely be imported as cultures. Corn
mildew fungus has been Imported thus into the USDA Plant Disease Laboratory in 
Frederick. Maryland. 

7. In vitro indexing. For seed material: Embryo culture can be used to produce aplantlet that provides tissues for microbiological assays and virus indexing. This has
been used to improve quarantine procedures for legumes in Kenya (Kahn, 1979). Asecond example involves the detection of obligate 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, 1979). For vegetative
material: Indexing for pests and pathogens could, given adaequate development, be
carried out under similarly contained and controlled conditions (see next section). 

Disease indexin. in vitro 

The development, of In vitromethods for disease indexing, to Interface with in vitroexchange could provide a complete, contained quarantine system. As far as the author Is
 
aware, in vitro indexing Is not ind use 
on a routine basis by any plant introduction stations
 
or quarantine authorities, although examples 
 can be found in the literature ofplant- pathogen or plant- pest reactions that would provide the basis for indexing In this
 
way.
 

N(ivarro (1981) has described a means of detecting citrus exocortis virold infection by
the callusing and rooting reaction 
of stem pieces introduced into culture. Citrus tristeza
virus can be detected by Inoculation of aseptically germinated seedlings (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 
grapevine (Lopez et al.. 1983). 

The following examples originated, not from the viewpoint of plant pathology as suchbut were developed to aid screening for disease resistance in genotypes created orselected by in vitro procedures. Such tests for disease resistance or susceptibility may beturned to advantage for disease indexing by inoculating in vitro explants or plantlets of
known response with extracts of the tissues to be indexed. Reactions that would lend
themselves to this approach include the following. if 

Apple genotypes that are susceptible to scab caused by Venturl inacquals becomeaovergrown by mycelium in culture (Yopes and Aldwinckle, 1986). Larch genotypes haveboon screened for susceptibility to Gremmeniella abietina by exposure of In vitro shootsto the pathogen (Abdul Rahman et al., 1986). The pathogen's life cycle is completed in 4weeks, co 'ipared with, 1.5 years in the field, indicating the great advantage of speed that 
couid be obtained by initro screening. Susceptibility to crown rot in apple and peach hasbeen detected in cultur6e by measurement of lesions on stem pieces of the host (Jeffers
and Aldwincklo. 1986; Urkhedc, 1986). The latter example has the advantage thatseasonal variations In response of field-grown. niaterial and seasonal restrictions on 
carrying out indexing are avoided. 
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