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ABSTRACT 

Two hundred thirty-two plant selections (species and varieties) were 
tested for susceptibility to the potato spindle tuber 'virus' ( P S T V ) .  One 
lmndred thirty-eight selections were found to be susceptible to P S TV  
but no 'virus" was recovered from the remaining 94. Susceptible plants 
were found in the families Boraginaceae, Campanulaceae, Caryophyllaceae, 
Compositae, Convolvulaceae, Dipsaceae, Sapindaceae, Scroplmlariaceae, 
Solanaceae, and Valerianaceae. Most of the susceptible selections were 
symptomless carriers of PSTV.  Visible symptoms were produced by both 
mild and severe strains of P S T V  in Lycopcrsicon esculentum cv. Aller- 
fruheste-fr6iland, Scopolia anomala, S. corn.iolica, S. lurida, S. sineusis, 
S. stramonifolia, S. tangutica, Solarium aviculare, and S. avicular var. 
albiforme; and only by the severe strain in Gynura aurautica, Petunia 
hybrida var. Burpee Blue, and So:anum deifflatum. Temperature of 21.1 - 
22.8 C (70-73 F)  with a light intensity of abou.t 400 ft-c favored local 
lesion development in Scopolia sincnsis. S. sinensis appeared to be 
more susceptible than other Scopolia species. 

INTRODUCTION 

The first attempt to transmit the potato spindle tuber virus ( P S T V )  
to plants other than potato was by Goss (5).  He met with no success. 
Almost 30 years later MacLachlan (11) screened 188 plant species in 
18 genera for susceptibility to several isolates of PSTV.  But again no 
symptoms, local or systemic, attributable to P S T V  alone developed in 
any of the test plants. The first plant used successfully as an indicator 
for P S T V  was tomato (Lycopersicon esculentum Mill. cv. Rutgers) by 
Raymer and O'Brien (14). This finding was soon followed by reports 
that other plants were susceptible to P S T V  (2, 13, 20). 

The difficulty encountered in earlier searches was explained by Fer- 
now's (3) results, when he demonstrated that there were mild s trains 
of P S T V  which produced practically no symptoms on plants of tomato 
varieties then in use. Raymer and O'Brien (14) had been fortunate enough 
to have chosen a severe strain of P S T V  from the Schultz virus collection. 
Searches for improved indicator plants continued and although some 
progress was reported by O'Brien (12) and Singh and O'Brien (22), a 
local lesion host was not found until 1971 (18). 

The field surveys indicating prevalence of lnild strains (23) and the 
desirability of indexing the potato seedlings for seed translnitted P S T V  
(4, 7, 17) stressed the need for diagnosis of the mild strains. Some of 
the results obtained at earlier stages of the present investigation have 
been published (16, 18). Here I present the reactions of 232 plant species 
and varieties (selections) to PSTV,  describe additional local lesion hosts, 
and report on the environmental conditions favoring lesion proddction. 
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MATERIALS AND METHODS 

Seeds of different plant selectio.ns were obtained from W. J. Cody, 
Phanerogamic Herbarium, Plant Research Institute, Ottawa, Canada. 
Seeds were germinated in a peat-vernaiculite mix and the resulting seed- 
lings were transplanted to a soil mix in 15 cm clay pots. Vigorously grow- 
ing, uniform plants bearing three to four leaves were used in the inocu- 
lation tests. Leaves of six plants from each species were inoculated with 
each strain. All the tests were repeated at least twice. 

Mild (Fernow ii) and severe (from Schultz collection) strains of 
PSTV, used in previous studies (19, 20, 23) were maintained in potato 
(Solarium tuberosum L. cv. Saco) plants. Inoculum, unless stated other- 
wise, consisted of a crude ribonucleic acid preparation from PSTV-infected 
potato leaves, as described earlier (19). The ribonuc!eic acid preparations 
were applied with Q-tips (Chesebrough-Pond's (Canada) Limited, 
Markham, Ontario) on the leaves of test plants, previously dusted with 
350-mesh carborundum. Inoculated leaves were rinsed with tap water. 
Several tomato plants were inoculated"with the severe strain of PSTV 
and placed among the test plants as controls for syn]ptoni development. 

Initially, inoculated plants were maintained in the greenhouse at 
27-31 C under an t8-hr d@ with light intensities ranging from 600-800 
ft-c provided by fluorescent, incandescent or mercury bulbs. Later, en- 
viromnental conditions were varied as stated under results section. Plants 
were observed for up to a month for visible symptoms. A composite 
leaf sample from the inoculated plants of each species was indexed on 
Sheyenne tomato for recovery of PSTV. Readings for the severe strain 
of PSTV were made directly. The mild strains of PSTV were indexed 
by means of Fernow's cross-protection (3) test. 

I~ESULTS 

Two hundred thirty-two plant selections (species and varieties) from 
36 families were screened for susceptibility to PSTV. More than half 
of the selections, representing 23 genera, were from the family Solanaceae. 
Plants susceptible to PSTV were found in families Boraginaceae, Cam- 
panulaceae, Caryophyllaceae, Compositae, Convolvulaceae, Dipsaceae, 
Sapindaceae, Scrophulariaceae, Solanaceae, and Valerianaceae (Table 1). 
Of 138 susceptible selections only 12 from the families Colnpositae and 
Sotanaceae devloped visible symptoms. One hundred twenty-six selec- 
tions were symptomless carriers (Table 1), and the remaining 94 selections 
developed no symptoms, nor could PSTV be recovered by sub-inoculation 
to tomato (Table 2). Since host susceptibility was essentially similar 
with both the mild and severe strains, the plant species are grouped on 
the basis of susceptibility to both strains. Exceptions are described 
separately.. 
Plant species with visible symptoms: 

Gynura aurantica DC. About 30-40 days after inoculation with severe 
strain, the new Ieaves were reduced in size, curled inward and had dark 
veinal spotting. The entire top growth was clustered together and 
infected plants ,sere severely stunted (Fig. 1). Symptom development 
was pronounced at a temperature of 28-31 C. and at a lower temperature 
of 20-24 C infected plants were symptomless carriers of PSTV. 
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Fro. 1 . - -Po t a to  spindle tuber  v i rus  in Gymo'a aurantica. Righ t  - -  heal thy plant, 
left  - -  infected plant. 
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TABLE 2.--(Continued) 

Family and species 
Plumbaginaceae 

Limonium sim+atum Mill. 
Polygonaceae 

Phcum rhaponticum L. 
Portulacaceae 

Portulaca 9randiflora Hook. 
Rubiaceae 

Aspcrula odorata L. 
Scrophulariaceae 

Pentstcmon hartwegii Benth. 
Pentstemon hirsutus Willd. 

Solanaceae 
Capsicum chacoense Hunziker 
Capsicum 9rossum Willd. 
Cestrum elegans Schlecht. 
Cestrum euanthes Schlecht. 
Cestrum nocturm~m L. 
Cestrum tomentosu.m L. 
Datura aegyptica Vesl. 
Datura arborea L. 
Datura ceratocaula Jacq. 
Datura chlorantha Hook. 
Datura ferox Nees. 
Datura inoxia Mill. 
Datura leichhardtii Muell. 
Datura meteloides DC. 
Datura querci[olia H.B.K. 
Datu.ra sanguinea Ruiz. & Pay. 

Family and species 
Solanaceae 

Datura sarmentosa Lain. 
Datura stramonium var. inermis Jacq. 
Datura stramoni~m var. tatuta L. 
Datura wrightii Hort. 
Hyoscyamus albus L. 
Hyoscyamus niger L. 
[ndigofera gerardiana Grah. 
Lycium barbarum. L. 
Lycium chincnse Mill. 
Lycium curopacum L. 
Lycium halimifolilun Mill. 
Lycium. meditcrrancum Dun. 
Solandra hirsuta Dun. 
.%lamtm hetrodo.rum Dun. 
Uestia lycioidcs Willd. 
[Vithania so;;mife;'a Dun. 

Umbelliferae 
Coriandrum satin,urn L. 
Focnicuhtm z'ulgarc Mill. 
Thymus vu[garis L. 
t~impinclla anisum L. 
Apium 9raz'colens L. 

Verbenaceae 
LalttaJla CCllll[ll-a L.  

Violaeeae 
t'+iola cormtta L. 

Pe tun ia  hybrida Vilm. cv. 'Burpee Blue'. About 4-5 weeks after 
inoculation with severe strain of PSTV,  the undersides of leaf mid-veins 
and main lateral veins developed necrosis (Fig. 3A). Ill later stages, leaves 
developed a crinkled appearance. The plants were moderately stunted 
and bushy from the development of an abnormal number of secondary 
shoots. Petun ia  plants remained symptolnless with mild strain of PSTV.  

Scopolia species. About 8-11 days after inoculation, necrotic local 
lesions ahuost circular in shape developed on leaves of S.  anomala (L~nk 
et. Otto) Airy-Schaw,, S. corniolica Jacq., S. lurida Dun., S. sinensis 
Hemsl., and S. stramonifo[ia (Wall.) Semenova. whereas 18-22 days were 
required for lesions on S. tangutica Maxim. The lesions increased in size 
with age, approaching to 2-3 m m  on S. anomaIa, S. cor niolica and S. Iurida 
(Fig. 2A) species, while relnaining about 1 mm on sinensis  (Fig. 213), 
The lesions on S. stramoniJolia were about 1-2 nam, but in addition there 
were several brown longitudinal streaks on the veins (Fig. 2C). On S. 
tangutica local lesions were few in nulnbers, but of larger size (Fig. 2D), 
later developing into blotchy spots. The systemic necrotic spotting de- 
veloped ~tbout 5-7 days after the appearance of locaI lesions in mos.t species 
except in S. sineusis, in whicl~ they developed after 10-15 days. Systemic 
symptoms were similar in all the Scopotia species, consisting of a net- 
work of necrotic veins and necrotic spots of various sizes, followed by 
chlorosis of the entire leaf (F+g. 3C). Eventually leaves became brown 
and dropped off, leaving bare stems and shoots (Fig. 3E).  Necrotic 
discolorations were then evident on the stems. Symptoms in Scopolia 
species were similar with both mild and severe strains. 
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FIG. 2.--Local lesions produced by potato spindle tuber virus on various species of 
Scopolia: A) S'. lurida, B) S. siJ~e~tsis, C) S. stramonifolia, D) ,7. ta~tgutica. 
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Fro. 3.--Symptoms produced by potato spindle tuber virus on different host plants: 
A) Brown discoloration on the underside of Pctmda hybrid cv. 'Burpee Blue' leaf; 
B) Left healthy, right infected plant ot 5"olattum depilatum; C) Systemic necrotic 
symptoms on 5"copolia si~tcnsis; D) Y.eft healthy, middle mild strain, and right 
severe strain infected plants of Solarium avicttlare; E) Plants of A'copolia Ire'ida 

with bare stem, after infection with PSTM. 

Solarium avicula,," Fors t .  and S. avicMar Fors t .  var. albiforme Cheesem. 
in  both species newly dcveloping leaves were puckered aud cr inkled;  pro-  
gress ively  more  reduced in size and closer together.  P lants  were more 
seriously s tunted with the severe strain and less so with the mild (Fig .  
3D) .  Later ,  leaves developed veinal  necrosis, followed by chlorosis and leaf 
drop. Ini t ia l  symptoms appeared  in about 3-4 weeks. 

5"olanum dcifilatum Kitag .  Three  to four weeks after inoculation 
brown discolorat ion of the mid-veins  was evident on the leaves;  and 
numerous  shoots began to develop from the leaf axil.  Later ,  most  of veins 
were necrotic,  the leaves became chlorotic and d ropped  off, leaving the 
stem bare  (F ig .  3B) .  Infected plants  were severely stunted. Symptoms 
were produced  only by the scvcre strain. The  mild s t ra in  was carr ied 
symptomless ly .  
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TABLE 3 . - - N u m , b e r  of local lesions produced by ,mild and severe strains 

o~ the potato spindle tuber v i rus  in various  species of Scopo[ia. 

Mild strain Severe strain 
Duration Lesion Duration Lesion 
(in days) number (in days) number 

Scopolia anomala 1 .................... i3 
Scopolia lurida z ........................ 13 
Scopolia lurida a ........................ 13 
Scopolia lurida 4 ......................... 13 
Scopolia corniolica 4 ................. 13 
Scopolia sinensis4 ..................... 13 
Scopolia sinensis 5 ..................... - -  
Scopolia stramonifolia 5 ........... 13 
Seopolia stramonifolia 6 ........... 13 
gcopolia tangutica 5 .................. 22 
Scopolia tangutiea G .................. 22  
Scopolia physaIoides 7 .............. - -  

150 12 183 
220 12 257 
164 12 220 
91 13 62 

116 12 148 
275 11 477 

0 - -  0 
132 12 250 
116 12 189 
61 2O 71 
60 20 72 

0 - -  0 

Seeds originally obtained from: 
1University Botanical Garden, Cambridge, England. 
2,aJardin Botanique de la Ville, Rouen, France. 
4Botanic Garden, Leiden, The Netherlands. 
5Institutum Botanicum nom. V.L. Komarovii, Academiae Scientiarum, Leningrad, 
U.S.S.R. 

6Hortus botanicus instituti plantarum officinalium, Vilar prov., Mosquensis, U.S.S.R. 
7Polsa Akademia Naua, Krokow, Poland. 
The lesion numbers are an average of eight half-leaves. 

L y c o p e r s i c o n  e scu len tum cv. Allerfruheste-freiland. The  symptoms of 
this cultivar of tomato have already been described (9) .  Briefly, they 
consisted of rugosity of leaves, veinal necrosis and severe stunting of 
plants, Veinal necrosis developed with both strains of P S T V .  
Compar i son  of several  species of Scopol ia  w i th  regard to lesion product ion 
by the mi ld  and severe  s trains of P S T V .  

Six species of Seopolia,  obtained from different sources, were com- 
pared for their reactions to P S T V .  The  test plants were used in the 4-5 
leaf stage and the two uppermost  fully developed leaves were inoculated 
with crude sap from P S T V  infected Saco potato. A drop of appropriately 
diluted sap was spread on the !ear with a moist Q-tip. Plants were main- 
tained under  enviromnental conditions which were found to give optinmm 
lesion production (see below). 

The data from local lesion counts are presented in Table 3. There 
was no difference between mild and seve~re strains in symptom expression 
in these tests. 5". sinensis,  S.  lurida, S .  s tramonifol ia,  and S. corniolica, in 
that order, developed the most lesions, and could be used for indexing. 
Of the species developing lesions, all except S.  tangutiea developed symp- 
toms within 2 weeks. 

The difference between two collections of S. sinensis  was striking; 
the 5". s inensis  obtained from Leningrad U.S.S.R.  failed to produce any 
symptoms, although P S T V  was recovered from inoculated leaves. This 
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Fie,. 4.--Effect of light and temperature on local lesion production in 5"copolia 
sincnsis: A) Effect of temperature; B) Effect of light intensity. 

plant differs morphologically from S. sinensis received from the Nether- 
lands (18). Also, in S. htrida, different collections showed differences in 
morphological characters as well as in lesion production. Another species, 
S. physaloides, was symptomless to both strains of PSTV.  
Effect of temperature and light on the lesion production in Scopolia 
sinensis. 

In a preliminary trial it was learned that local lesions on leaves of 
S. sincnsis developed best at 22-23 C. Plants maintained at 28-31 C 
developed mostly systemic symptoms, without conspicuous local lesions. 
For a more critical determination of the effect of temperature, tests were 
conducted at four different temperatures (18.3 C, 65 F :  21.1 C, 70 F ;  
22.8 C, 73 F : 24.4 C, 76 F : photoperiod 18 hr at 400 if-c, relative humidity 
about 70~,) .  The results (Fig. 4A) are based on an average of the 
lesions per 30 half-leaves. The largest numbers of lesions were obtained 
at 22.8 C (73 F) .  

In another test, at 18 or 25 C, when plants with only a few lesions 
were transferred to 22.8 C, they developed numerous lesions within 3 
days of the transfer. 

Twenty inoculated half-leaves were tested under each of these light 
intensities, 400, 1000, and 1400 ft-c supplied by fluorescent and incan- 
descent bulbs, about 2 feet above the plant level. The test was repeated 
three times. The lower light intensity of 400 ft-c favoured the lesion pro- 
duction (Fig. 4B).  
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DISCUSSION 

This study was initiated to find a local lesion or fast-reacting host 
plant, which could be used to diagnose both mild and severe strains of 
PSTV and which would facilitate quantitative estimations of PSTV 
concentration in purification studies. Scopolict sinensis clearly fulfills these 
objectives (18, 21). Further work on other species of, ScopoIia, including 
.7. sinensis grown, from seed of selected parents for use in potato-indexing 
for P S T V  is in progress. 

It  was necessary to test plants other than those used in plant virus 
studies. The genus Scopolia has been neglected from host-range studies 
of plant virus (10, 25), although a species of `Tcopolia: was used in a 
potato virus X host-range study in the early fifties (8).  Since several 
species of Scopolia developed local lesions with P S T V  and the citrus 
exocortis agent (24), but not with viruses like potato virus M, S, X, 
Y (18), and tobacco mosaic (uupublished data), it appears that this genus 
may be particularly suitable as test plant for viruses consisting of frec- 
ribonucleic acid. The iml)ortance of seed source of Scopolia: in such tests 
is significant. Striking variability was noted in the case of S. sim'nsis 
seed sources for their reaction of P S T V  (Table 3). This type of varia- 
bility in all indicator plant has beell noted before bv Bagnall et aI. (1) in 
Datura metel L. where seed froln only one of ' three  seed lots tested 
responded with local lesions to potato virus M. 

Potato spindle tuber virus has a nmch wider host-range than pre- 
viously reported. Transmission and recovery of P S TV  from several non- 
solanaceous plant species indicates that the virus can exist in hosts outside 
of the potato family. Whether the virus exists naturally ill plants in other 
groups is not known. This possibility, in view of its pollen and seed 
transmissibility (4, 7, 17), should be explored to determine if there 
is a reservoir in off-season or overwintering plants. 

P S T V  local lesions in 5"copoIia species develop more uniformly under 
lower light intensity and temperature conditions than is required fl)r 
symptom expression in tomato. At higher temperature, only systemic 
symptoms are produced in Scopolia. This situation is silnilar to potato 
virus X local lesions in Datura metcl I~. (15). Although the results pre- 
sented in Fig. 4A. indicate a narow temperature range for effective lesion 
development in Scopolia, variation from this temperature within the range 
of 20-28 C for a few hours per (lay in the greenhouses did not retard 
lesion production seriously. However, temperatures of 25-30 C, and a 
light intensity above 600 ft-c for several days induced poor growth and 
thick leathery leaves that were less susceptible to infection (unpublished 
data) .  

The use of Scopolia as a local lesion host for P S T V  is of considerable 
practical importance, in indexing of large numbers of potaoes for the 
presence of mild strains of PSTV.  With a seed-producing techlfique 
available for Scopolia sinensis (6) ,  the use of this species for routine 
potato indexing may become as simple as the use of Gomphrena (dlobosa 
L. for potato virus X. 
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