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Stellingen 

1. 
Het sharkaprobleem zou aanzienlijk kleiner worden indien de voor het sharka-

virus onvatbare Prunns besseyi Bailey betekenis zou krijgen als pruime-

onderstam. 

2. 

De mogelijkheden voor het beheersen van de groei van planten met behulp van 

virussen moeten vooralsnog niet hoog worden aangeslagen. 

A.F. Posnette, 1968. TagBer.dt.Akad.LandwWiss.Berl. 97: 19-26 
A.F. Posnette; R. Cropley and A.A.J. Swait, 1968. Ann.appl.Biol. 

61: 351-360 

3. 

Het is de vraag of het oculeren van virusvrije ogen op viruszieke onderstam-

men tot een beter inzicht leidt in de invloed van "latente" appelvirussen op 

groei en vruchtbaarheid, dan het besmetten van virusvrije onderstammen kort 

na het oculeren. 

A.I. Campbell, 1971. J.hort.Sci. 46: 13-16 

4. 

Het is zinvol om virusvrij plantmateriaal, dat verkregen is door warmtebe-

handeling en/o£ meristeemcultuur, opnieuw te beoordelen op teeltkundige 

eigenschappen alvorens het aan de praktijk ter beschikking te stellen. 

M. Hollings; O.M. Stone and D.R. Smith, 1972. J. hort.Sci. 47: 141-149 



5. 

Uit de proeven van Schwerdfeger kan niet zonder meer worden afgeleid, dat de 

verschillen in vruchtverruwing tussen enkele herkomsten van 'Golden Deli

cious', erfelijk zijn. 

G. Schwerdfeger, 1971. Erwerbsobstbau 13: 200-203 

6. 

Het is niet realistisch am te zoeken naar voor appelvirussen weinig gevoelige 

onderstammen, 6mdat er in de naaste toekomst geen virusvrij ent- en oculatie-

hout beschikbaar zou zijn. 

H. Schmidt, 1972. J.hort.Sci. 47: 159-163 

7. 

De moderne f ru i t te le r dient bi j het planten, waar mogelijk, u i t t e gaan van 

goed geveerd plantmateriaal. 

S.J. Wertheim en M.L. Joosse , 1972. De f r u i t t e e l t 62: 166-169 

Men behoeft in de komende jaren n ie t t e rekenen op een explosieve u i tbreiding 

van het appelareaal ten gevolge van de goede f ru i tpr i jzen in 1972/1973. 

9. 

De afwijzende houding van de Zeeuwse Landbouw Maatschappij met betrekking tot 

een mogelijke beheersovereenkomst voor het handhaven en in stand houden van 

heggen in de ruilverkaveling De Poel - Heinkenszand vindt geen grond in de 

bestaande beheersovereenkomsten. 

D. Luteijn, 1973. ZLM Land- en Tuinbouwblad 61 (3166): 3 

10. 

Na het s tarten van de kerncentrale t e Borssele (op het "dunbevolkte" Zuid-



Beveland) lopen bij een calamiteit slechts enkele tienduizenden mensen het 

risico aan radioactieve straling te worden blootgesteld. 

11. 

De discussie over "de vergroting van het rendement van het wetenschappelijk 

onderwijs door aangepaste faciliteiten voor de gehuwde werkende vrouw" 

tijdens een promotie over "de pathogenese en symptoomexpressie in viruszieke 

tabak", werkte sterk relativerend op het belang van een plechtigheid als 

deze. 

L.C. van Loon, 1972. Proefschrift Landbouwhogeschoo^ 
(discussie over de 15e stelling) 

Proefschrift van H.J. van Oosten 

Wageningen, 25 mei 1973 
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Abstract 

Oosten, H.J. van (1973) Diagnosis of sharka (plum pox) and host range of its 
inciting virus. Doctoral thesis, Wageningen, ISBN 90 220 0455 4, (viii) +24 
p. + offprints Neth.J.Pl.Path. 76(1970)99-103; Neth.J.PI.Path. 76(1970)253-
260; Annls Phytopath. (numero hors serie)195-201, 1971; Annls Phytopath. 
(numero hors serie)211-219, 1971; Neth.J.Pl.Path. 78(1972)99-106; Neth.J.PI. 
Path. 78(1972)33-44; Neth.J.Pl.Path. 76(1970)313-319; Neth.J.Pl.Path. 78 
(1972)160-167. Eng, and Dutch summaries. 

Alsoî  Agric. Res. Rep, (Versl. landbouwk. Onderz.) 796. 

Diagnosis of sharka could be improved by distinguishing specific and 
unspecific symptoms. Two types of discoloration (broad red bands and thin 
red rings and lines) were specific, whereas the grooves and pits were not. 
Light and electron microscopy revealed the presence of nuclear and cyto
plasmic inclusions in infected tissues. The cytoplasmic inclusions (bundles 
of needles) in plum fruits were reliable for diagnosis. 

From the known herbaceous test plants Chenopodium foetidum and Nicotiana 
clevelandii; only C. foetidum was useful for diagnosis. Ranunculus arvensis 
and Nicandra physaloides were presented as possible new test plants. 

Sixty herbaceous plant species were described as host of sharka virus. 
Some common weeds became systemically infected upon inoculation and may play 
a role in epidemiology of the virus. 

Purified sharka virus was used to prepare antisera. Some properties of 
the virus were described. 



Curriculum vitae 

De auteur behaalde in juli 1960 het eindexamen HBS-B te Vlissingen. 

Daarna studeerde hij in de richting tuinbouwplantenteelt aan de Landbouw-

hogeschool te Wageningen. In april 1968 werd het ingenieursexamen afgelegd. 

Van april 1968 tot en met oktober 1971 was hij in dienst van de Natio-

nale Raad voor Landbouwkundig Qnderzoek TNO. In deze periode was hij gede-

tacheerd bij het Laboratorium voor Virologie van de Landbouwhogeschool. 

Sedertdien is hij werkzaam bij het Proefstation voor de Fruitteelt te 

Wilhelminadorp. 



Voorwoord 

Het is mij een genoegen op deze wijze een ieder, die op enigerlei wijze 

heeft bijgedragen aan het tot stand komen van dit proefschrift, te bedanken. 

In het bijzonder dank ik prof. dr. ir. J.P.H. van der Want voor zijn 

stimulerende begeleiding van het onderzoek. Dit geldt evenzo voor dr. Jeanne 

Dijkstra, prof. dr. A. van Kammen, dr. D. Noordam en dr. D. Peters. Hun ad-

viezen heb ik zeer gewaardeerd. 

Met plezier denk ik terug aan de periode, waarin Cor van Bakel deelnam 

aan het onderzoek naar het voorkomen van insluitsels in zieke planten. 

Veel dank komt toe aan Margreet Bossen voor de accurate assistentie bij 

de vele experimenten. 

De heer G. Looijen komt lof toe, vooral voor zijn onverstoorbaarheid 

tijdens de buitengewoon omvangrijke experimenten over de waardplanten van 

het sharkavirus. 

De Plantenziektekundige Dienst, met name ir. C.A.R. Meyneke, ben ik 

dank verschuldigd voor de geboden faciliteiten ten gunste van het veldwerk. 

G.M. van Assenbergh ing., J. Dikstaal, M.E. Gussekloo en W. van Katwijk ing. 

dank ik voor hun bijdrage in het onderzoek naar de diagnose van de ziekte. 

Het onderzoek kon worden uitgevoerd dank zij de financiSle steun van de 

Nationale Raad voor Landbouwkundig Onderzoek TNO. De belangstelling van 

mejuffrouw A. Hoetink heb ik zeer op prijs gesteld. 

Tenslotte dank ik mevrouw A.F.F. de Vries-Eras en Ria Luteijn voor het 

vele typewerk en de heer R.J.P. Aalpol voor de redactie van het proefschrift. 



Contents 

Introduction 3 

Review of literature 4 

Discussion 7 

Samenvatting 14 

References 17 

Paper8 by R.J. van Oosten 

Isolation 

The isolation of sharka (plum pox) virus leaves and fruits of plum 

with, herbaceous plants. Neth. J. PI. Path. 76(1970) :99-103. 

Herbaceous hosts 
Herbaceous host plants for the sharka (plum pox) virus. Neth. J. PI. 

Path. 76(1970) :253-260. 

Further information about the herbaceous host range of sharka (plum pox) 

virus. Annls Phytopath. (num£ro hors seVie) (1970) :195-201. 

Diagnosis 

The diagnostic value of [symptoms on and] inclusion bodies of the 

fruits of plum trees infected with sharka virus. Annls Phytopath. 

(numeVo hors s6rie) (1971) :211-219. 

Diagnosis of sharka (plum pox) by internal and external fruit symptoms. 

Neth. J. PI. Path. 78 (1972):99-106. 

Purification 

Purification of plum pox (sharka) virus with the use of Triton X-100. 

Neth. J. PI. Path. 78 (1972):33-44. 



Inclusion bodies 

H.J. van Oosten & C.H.J, van Bakel. Inclusion bodies in plants infected 

with sharka (plum pox) virus. Neth. J. PI. Path. 76 (1970):313-319. 

C.H.J, van Bakel & H.J, van Oosten. Additional data on the ultra-

structure of inclusion bodies evoked by sharka (plum pox) virus. 

Neth. J. PI. Path. 78 (1972) :160-167. 



Introduction 

Sharka is considered as one of the most serious threats to plum culture in 

Europe mainly because of the symptoms in the important varieties: grooving 

and pitting of the fruits, necrosis of the fruit flesh and a premature 

dropping of affected fruits. Considerable yield losses have been reported 

(Christoff, 1968; Darke, 1968). The causal agent of the disease, sharka 

(plum pox) virus, is transmissible by aphids. A rapid spread of the disease 

from tree to tree has been reported from several areas (Jordovic, 1965). 

Sharka was first observed in 1915 - 1916 in Macedonia (Christoff, 1958) and 

the disease described in Rumania in 1922 as 'degeneration of the Agen-plum1 

was obviously the same (Savulescu & Pop, 1961). Later sharka was reported 

from Yugoslavia (Jossifowits, 1936), Hungary (Husz & Klement, 1950) and 

Czechoslowakia (Smolak, 1954). During the last twenty years the disease has 

been reported from many other countries in Europe, including The Netherlands 

(Darke, 1968; Sutic, 1971). 

In contrast with some countries in South-East Europe plum culture is 

not very important in The Netherlands. About 20 years ago plum orchards 

covered 5000 ha, about &% of the total area fruit trees, but this has been 

reduced now to 1000 ha which is about 3.5°s of the total fruit area (Anon., 

1972). The cause of this diminished importance of plum growing is mainly a 

shift in cultivation. The shift to smaller trees in apple and pear growing, 

made possible by weak rootstocks, could not be achieved in plum culture. 

Another factor was the presence of serious diseases like bacterial canker 

and silverleaf, that shortened life of many plum trees. Sharka could become 

another threat to Dutch plum culture. It was therefore necessary to combat 

the disease immediately and to obtain precise data about the disease under 

Dutch circumstances. 

The investigation comprised: 

1• developing reliable and quick methods of diagnosis and 

2. testing herbaceous wild plant species for their ability to act as 

hosts of the virus. 



Review of literature 

The first to study this serious disease of plum was Atanasoff (1932). He 

described symptoms on leaves and on fruits. Infected plum trees may show 

diffuse, chlorotic or light green flecks and rings on their leaves and a 

grooving and pitting on their fruits. He demonstrated, that the causal 

agent was obviously a virus since the disease was transmissible by grafting 

and also by the plum aphid Brachyaaudus helichrysi. 

Atanasoff proposed the name sharka which is Bulgarian for plum pox. 

The disease is now still known under this name although alternatives have 

been suggested. At the EPPO conference on sharka in 1968 it was decided to 

call the disease preferably: sharka (plum pox), (Darke, 1968). 

After Atanasoff s study, sharka was reported from several European 

countries. This resulted in numerous investigations mainly dealing with 

symptoms of sharka on leaves and fruits of many local plum varieties, but 

also with the spread of the disease in plum orchards (Jossifowits, 1936; 

Ostojic, 19S2; Christoff, 1958; Jordovic, 1961; Jordovic & Janda, 1963). In 

addition, several scientists did remarkable work on symptom expression: 

symptoms identical with those of sharka did occur in fruits of trees free 

from sharka virus (Christoff, 1958; Posnette & Ellenberger, 1963; Schuch, 

1963; Kegler et al., 1964) • Posnette and Ellenberger suggested the name 

pseudo-pox for this disease. This phenomenon and the now known varietal 

differences in symptom expression complicated diagnosis of sharka by 

symptoms. 

For this reason various authors have investigated other methods for 

diagnosis, such as the use of indicator plants. The very susceptible plum 

variety Pocegaca was first introduced as an indicator but it does not react 

for some months or a season after infection at the earliest. A great 

improvement was the introduction of peach seedlings as indicator plants; 

m the glasshouse specific symptoms (vein yellowing and leaf deformation) 

could be expected 3 - 6 weeks after infection (Sutic, 1963). 

At about the same time N^rneth (1963) succeeded in transmitting the 

virus to a herbaceous plant: Chenopodim, foetidm. The inoculated leaves 



reacted with characteristic yellow-ochre lesions, 7 - 1 0 days after inocul

ation with sap of leaves of infected plum trees. Thus, a very quick dia

gnosis with herbaceous indicator plants seemed possible. However, Kegler et 

al. (1964) were able to transmit the virus to C. foetidvm in spring but not 

in summer. 

In 196S, Kassanis & Sutic reported a second herbaceous test plant 

species: Nicotiana clevelandii. After inoculation with the virus, leaves 

showed necrotic rings within a week and a systemic mottle within 2 weeks. 

N. clevelandii was reported to show symptoms after inoculation throughout 

the whole season. 

The transmission of sharka virus to herbaceous plants greatly facilit

ated the study of the virus itself. Some properties of the virus in sap of 

C. foetidvm and N. clevelandii were reported and the first data about the 

morphology of the virus also became available. Flexuous particles with a 

length of about 764 nm were observed in extracts of infected plum leaves 

(Kegler et al., 1964), whereas particles with an estimated length of about 

725 nm were seen in sap of infected leaves of N, clevelandii (Kassanis & 

Sutic, 1965). Their preliminary purification experiments failed, however. 

The transmission of sharka virus to herbaceous plants could also have 

implications for the understanding of the epidemiology of sharka virus. 

However, apart from the two herbaceous test plants no other hosts of sharka 

virus were known than some Primus sp. Up to now spread of sharka virus has 

been only observed from plum to plum in orchards (Jordovic, 1963). The 

spread of sharka virus is mainly thought to be caused by man (grafting and 

budding of infected material) and in a natural way by the aphid species 

Brachycaudus helichrysi, Myzus persicae and Phorodon humuli (Atanasoff, 

1932; Vaclav, 1960; Jordovic, 1963; Kassanis & Sutic, 1965). Kassanis & 

Sutic (1965) proved the non-persistent transmission of the virus by 

M. persicae. They were able to transmit sharka virus from N. clevelandii 

to plums by this aphid species. They concluded that epidemiology of sharka 

may be far more complicated if plants of the natural vegetation served as 

hosts for the sharka virus. Baumann (1968) proved that Primus spinosa, the 

hawthorn, which is widespread in nature throughout Europe should be con

sidered as a host of the virus. But the investigations of Nemeth (1963), 

Kegler et al. (1964), Savalescu & Macovei (1965) and Kassanis & Sutic (1965) 

on a possible range of herbaceous plants as hosts for sharka virus revealed 

only c. foetidum and N. clevelandii as such. Therefore, the number of 

herbaceous hosts of sharka virus seemed rather limited. 



Thus, in the past 40 years many investigations on sharka have been 

done but several aspects are still not clear. This study aims at contribut

ing to the knowledge of sharka and its inciting virus. 



Discussion 

During the first observations of sharka disease in The Netherlands, 

the symptoms seemed to be fairly similar to the descriptions in the literat

ure. This was especially so with leaf symptoms (diffuse chlorotic rings and 

flecks). Although Savalescu & Macovei (1965, 1968) encountered problems in 

distinguishing plum pox and line pattern symptoms, for Dutch varieties this 

was seldom a point of confusion. Most difficulties were caused by seasonal 

influences on symptoms expression and by the difference in distinctness of 

symptoms between the varieties. For example, symptoms on the leaves of 

'Mirabelle de Nancy' were usually absent, whereas on the leaves of 'Czar' 

the symptoms were distinct between May and October. In general, symptoms on 

the leaves were easiest to detect in June and early July whereas later the 

symptoms were less prone. It seemed therefore better to use fruit symptoms 

for diagnosis during summer. 

Fruit symptoms became visible 3 - 4 weeks before picking and thus, de

pending on the variety, they could be expected between the end of July and 

the beginning of September. The symptom 'grooving and pitting' was usually 

distinct and much easier to detect than leaf symptoms. However, similar 

symptoms on fruits of trees free from sharka virus ('pseudo-pox') have been 

reported (Christoff, 1958; Kegler et al., 1964; Posnette & Ellenberger, 1963; 

Schmid, 1968; Schuch, 1961). On fruits of Dutch varieties free from sharka 

virus the symptom could be established and, unfortunately, no differences 

were seen with the grooving and pitting on fruits of infected trees. 

It has been suggested that other viruses in plum were causal agents of 

'pseudo-pox'. Line pattern virus (Kegler et al., 1963) and dark green sunken 

mottle virus (Anon., 1967; Cropley, 1968; Marenaud, 1971) were reported in 

relation to the symptom. Van Oosten (1971, 1972) postulated a cumulative or 

synergistic effect of viruses on symptom expression. This suggestion was 

based on the observation that grooving and pitting in the presence of sharka 

virus was more severe than without this virus. 



In the literature on sharka disease nearly all attention has been given 

to the grooving and pitting of the fruits: 'sharka' and 'grooving and pits' 

seemed to be interchangeable. Even the later detected comparable symptoms on 

fruits of trees free from sharka virus were named : 'pseudo-pox' or 'sharka-

like'. It was therefore quite surprising to distinguish two more types of 

symptom on the fruits of several varieties: 1) broad red coloured bands, 

diffuse on one side and sharply defined on the other and 2) thin red 

coloured rings and lines, mainly on the lower side of the fruit. These dis-

colorations also appeared 3 - 4 weeks before picking and were completely in

dependent of the grooves and pits. On varieties with red fruits the dis-

colorations remained visible during that period but on varieties with purple 

fruits the discolorations were only seen 5 - 1 0 days before colouring of the 

fruit and later vanished. 

Discolorations were apparently also observed by Christoff (1958) and 

Jordovic (1961) but they obtained no further attention. The discolorations 

were probably neglected in the past because these symptoms were hardly of 

economic importance on the varieties in the areas were sharka originated. 

The discolorations are present on the fruits of infected trees of Pocegaca 

(without doubt the most widespread variety in Yugoslavia), but are not 

visible on ripe fruits which are dark purple. The variety Pocegaca is 

similar or probably identical to 'Kjustendilska sliva' and 'Bistrita' (the 

main varieties of Bulgaria and Rumania, respectively) and Hauszwetsche (DDR, 

DBR, Belgium, The Netherlands). Varieties with red fruits are rare: only 

'Victoria' has some distribution in north-west Europe. In The Netherlands 

'Victoria' is the main variety: 401 of all plum trees belong to this variety 

Thus, the diagnosis of sharka virus by fruit symptoms was greatly im

proved by distinguishing between specific and unspecific symptoms. 

Surprisingly, the most important symptom economically was not reliable for 

diagnosis of the disease. 

If external symptoms are not conclusive or not present at all some 

test methods might be used for diagnosis. The simplest method seemed to be 

the use of herbaceous indicator plants Chenopodiwn foetidum and NiooUana 

clevelandii. The reliability of these species for diagnosis was tested 

throughout the year by using sap of leaves and fruits of plums infected 

with sharka virus. No reactions were obtained on N. olevelandU (in some 

cases a local latent infection could be traced). Nemeth (pers. commun.) 

encountered the same difficulties with N. olevelandU and suggested that 

the different results obtained with this test plant were caused by strains 



of the virus. In contrast, Kassanis & Sutic (1965) obtained positive react

ions on this test plant throughout the year. 

According to data of Kegler et al. (1964) C, foetidum proved to be use

ful in the spring with buds and young leaves as source of inoculum but not 

in summer and autumn with expanded leaves as source of inoculum. This is 

most likely due to an increasing amount of inhibitors (polyphenols, tannins) 

in the leaves and their negative influence on virus transmission (Fulton, 

1966). However, during summer, ripe fruits were excellent sources of inocula 

and sap transmissions to C. foetidum were quite reliable. 

Thus, with this test method grooves and pits of sharka disease can be 

distinguished from those of 'pseudo-pox'. Usually a second virus was trans

mitted to C. foetidum. This virus was latent but gave distinct symptoms on 

C quinoa and c. amaranticolor (van Oosten, 1970). The virus was transmitted 

to peach seedlings by grafting and it was shown to be dark green sunken 

mottle virus (van Oosten, unpublished). 

As a result of the study on a herbaceous host range for sharka virus, 

two plant species were found to be potential test plants for sharka virus: 

Ranunculus arvensis (yellow local lesions within 8 - 1 0 days on the primary-

leaves) and Nioandra physalo-Cdes (pin point black necrotic local lesions 

within 5 - 6 days). If leaves of both plant species were inoculated with 

sap from leaves of plum infected with sharka virus, lesions were easily 

obtained on R. arvensis but often inconspicious on N. physaloSdes. However, 

the practical value of these species has not yet been established in large 

scale tests. 

A still quicker and more reliable method for diagnosis of sharka virus 

became available after the detection of inclusion bodies in the cytoplasm 

and nucleus of herbaceous plants infected with sharka virus (Plese et al., 

1969; van Oosten & van Bakel, 1970). These inclusions were also present in 

the cytoplasm of cells of petals and fruits of plum. The parenchyma cells 

of plum fruits are very large and inclusion bodies were easy to detect. 

Parenchyma cells of fruits of all examined varieties with a sharka virus 

infection contained these inclusions, whereas fruits of trees free from 

sharka virus did not. Thus this method is also useful for distinguishing 

between grooves and pits on fruits of trees with and without sharka virus. 

It was hoped to improve diagnosis of sharka by serological means. How

ever, the purification of the virus was difficult and this complicated the 

preparation of antisera. Therefore most attention was given to the improve

ment of the purification procedure. Partial purified virus suspensions were 


