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Summary 

The influence of environment and virus isolate on PVM detection on eight plant species and PVS 
detection on six plants species was investigated. Lycopersicon chilense was the most reliable test plant 
for PVM and Chenopodium quinoa for PVS. In both cases 12-24 days were required for the symptoms 
to appear. The most rapid development of PVM symptoms resulted from inoculation on Phaseolus 
vulgaris Red Kidney (4-8 days) and of PVS symptoms on detached leaves of Solamml demisston Y (6--8 
days). The detectability of the viruses on these test plants was, however, lower than on L. chilense and 
C. quh2oa. 

Introduction 

Serological methods are usually used for the detection of potato virus M (PVM) and 
potato virus S (PVS). They are not always reliable and occasionally test plants must 
be employed. Many plant species showing distinct symptoms caused by PVM and 
PVS have been described (Bagnall et al., 1956; Bode, 1966; de Bokx, 1970; Chrza- 
nowska, 1969; Chrzanowska & Wag, 1974; Dziewofiska & Ostrowska, 1973; Hiruki, 
1970; Horvfith, 1971 ; 1972a; Horvfith & de Bokx, 1972; Kaczmarek, 1971 ; Kowalska, 
1973; Ross, 1968; Rozendaal & van Slogteren, 1958; Vuli~, & Hunnius, 1967). 

In this paper the reaction of eight plant species to PVM and of six plant species to 
PVS is described. The plants were grown in different environmental conditions and 
inoculated with different isolates of these viruses. 

Materials and methods 

The following plant species were investigated: Chenopodium quinoa Willd., Cucumis 
sativus L., Datura metel L., Gomphrena globosa L., Lycopersicon chilense Dun., Nicoti- 
ana debneyi Domin., Phaseolus vulgaris L. cv. Red Kidney, Solanum rostratum Dunal. 
and S. stoloniferum Schlechtd. et Bch6 EBS 2630 (detached leaves) for PVM, and 
C. quinoa, G. globosa, L. chilense, S. rostratum and S. demissum Lindl. Y (SdY) 
(detached leaves) for PVS. 

Different Polish and foreign varieties and breeding lines of potato infected with 
PVM or PVS were used as a source of virus isolates. 

131 



A. K O W A L S K A  AND M. W A S  

Experiments were conducted in an aphid-flee greenhouse or in temperature-con- 
trolled chambers. Average temperature in the greenhouse fluctuated between 18~ 
(winter) and 23 ~ (summer). The highest temperatures were 25 ~ and 38 ~ respec- 
tively. From October to March there was additional illumination for 6-12 hours per 
day. In the three temperature-controlled chambers the temperature was constant:  
16~ 22 ~ and 28 ~ respectively. Plants in the chambers were artifically illuminated 
for 12 hours per day. 

Plants of  most species were inoculated at the 3 to 7 leaf stage. P. vulgaris plants were 
inoculated at the well expanded primary leaves stage and C. sativus plants at the 
cotyledon stage. Detached leaves of  SdY and S. stoloniferum plants, grown in the 
greenhouse, were incubated after inoculation in glass-covered trays, in a room with 
continuous illumination, at 20-24~ 

For  inoculation, carborundum-dusted leaves of the test plants were rubbed with 
crushed leaves of infected potato plants (dry inoculation) and rinsed with tap water. 
At least five plants or detached leaves were inoculated with each virus or virus isolate 
in each test. Five uninoculated plants or detached leaves served as control. The reac- 
tion of the test plants was evaluated up to six weeks, and of the detached leaves up to 
10 days after inoculation. In some cases plants were tested serologically six weeks 
after inoculation for presence of the virus. 

Results 
Symptoms on test plants 
Symptoms which appeared on test plants inoculated with PVM and PVS are described 
in Table 1. In this table the differences in reaction to different virus isolates are also 
indicated. In the experiments described below the reaction was evaluated as positive 
only when distinct symptoms appeared on the test plants. 

Effect of  temperature on symptom development 
The test plants were grown in the greenhouse and after inoculation incubated in the 
three temperature-controlled chambers. They were inoculated with one PVM isolate 
(from potato variety Uran) and one PVS isolate (from potato variety Leona). The 
results of this experiment are presented in Table 2. 

Only two plant species, L. chilense and S. rostratum, developed distinct symptoms 
at all the three temperatures when inoculated with PVM. A further four species, 
C. qu&oa, C. sativus, D. metel and P. vulgaris cv. Red Kidney, produced no symptoms 
at 28~ and on G. globosa symptoms appeared only at 22~ Thus in most cases 
higher temperatures proved to be unsuitable for PVM detection. A different reaction 
was obtained with S. rostratum inoculated with PVM. Local and systemic symptoms 
were produced in a shorter time, and systemic symptoms were more distinct (Fig. 1), 
on this plant, at 22~ and 28~ than at 16~ 

PVS produced symptoms at all three temperatures on three plant species: C. quhwa, 
L. chilense and S. rostratum. On C. qu&oa symptoms caused by PVS developed in the 
shortest time and they were the most pronounced at 28 ~ 
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T a b l e  1. R e a c t i o n s  o f  tes t  p l a n t s  i n o c u l a t e d  w i t h  P V M  a n d  PVS.  

P l a n t  spec i e s  t L o c a l  s y m p t o m s  2 

t y p e  o f  s y m p t o m s  4 n u m b e r  o f  d a y s  
a f t e r  i n o c u l a t i o n  5 

P V M  
Chenopodium quinoa G r S p  o r  Y S p *  1 1 - 2 4  
Cucumis sativus C S p  1 3 - 2 8  
Datura metel  C S p ,  N S p * *  7 - 1 8  

Gomphrena globosa R S p ,  C S p ,  N S p * *  1 4 - 2 7  
Lyeopersieon 
ehilense 0 
Nieotiana debneyi  N S p * *  14 
Phaseolus vulgaris cv.  
R e d  K i d n e y  N S p  o r  N S p ,  N R i *  4 -  8 
Solanum rostratum N S p  1 1 - 1 9  

S. stoloniferum 
E B S  2 6 3 0  ~ N S p * *  4 

S y s t e m i c  s y m p t o m s  3 

t y p e  o f  s y m p t o m s  4 

0 
0 
C S p ,  N S p ,  B r M y ,  
Stu, Dis**,  *** 
0 

n u m b e r  o f  d a y s  
a f t e r  i n o c u l a -  
t i o n  s 

1 9 - 4 0  

Ep ,  Dis ,  S tu ,  L e A b * * *  1 2 - 2 2  
0 

0 
N S p ,  Vn ,  D i s ,  N S t ,  
L e A b ,  S tu***  11-23 

P V S  
Cltettopodimn quinoa C S p ,  N S p  1 2 - 2 4  0 
Gomphrena globosa R S p ,  C S p ,  N S p * *  1 6 - 2 7  0 
Lycopersicon chilense 0 Ep,  L e A b * * ,  *** 1 5 - 3 4  
Nicotiana debneyi 0 Vc,  M ,  N S p * * *  2 2 M 0  " 
Solanum 
demissum Y '  N R i  6 -  8 - 
S. rostratum 0 N S p ,  L e A b * * *  1 9 - 3 7  

A b  = A b s c i s s i o n  - B l a t t f a l l -  Abscission; B r  = B r o w n  - Braun - Brun; C - -  C h l o r o t i c  - Chlorotisch - 
Chlorotique; Dis  = D i s t o r t i o n  - Verdrehung - DOfornlation; E p  = E p i n a s t y  - Epinastie - Epinastie; 
G r  = G r e e n  - Griin - Vert; Le = L e a v e s  - B l d t t e r -  Feuilles; M = M o s a i c  - Mosaik - Mosafque; M y  = 
M i d v e i n  - l~4itteh'ippe - Nervure centrale; N = N e c r o t i c  - Nekrotisch - Nt;crotique; R = R e d  - Rot - 
Rouge; R i  = R i n g s  - Ringe - Anneaux;  S p  = S p o t s  - Flecken - Taches; St = S t e m  - Stengel  - Tige; 
S t u  = S t u n t  - Stauche - Arrdt de croissance; Vc = Ve in  c l e a r i n g  - Nervenaufhelhatg - Eclaireissenlent 
des nervures; V n  - -  Ve in  n e c r o s i s  - Nervennekrosen - Nt;crose ttes nervures; Y = Y e l l o w  - Gelb - 
Jattne; 0 = N o  s y m p t o m s  - Keine Symptome  - Pas de syntptdme; x = D e t a c h e d  leaves  - abgeschnitte- 
ne Bldtter - Feuilles dOtachOes 

* T y p e  o f  s y m p t o m s  v a r i e d  w i th  v i r u s  i so l a t e  - Die Art  der S),mptonle ginderte sich in Abhdngigkei t  
vom Virusisolat - Le type de sympt~'~nles variait avec le virus isolO. 

** S y m p t o m s  w e r e  p r o d u c e d  o n l y  b y  s o m e  v i r u s  i so l a t e s  - Die Symptome  wta'den nar yon einigen 
Virusisolaten hervorgerufen - Les symptdmes Otaient sealentent occasiannOs pat" quelques virus isolOs. 

*** I n t e n s i t y  o f  s y m p t o m s  v a r i e d  w i t h  v i r u s  i so l a t e  - Die lntensitdt der Syntptonte dnderte sich in 
Abhdngigkei t  yon1 Vit'ltsisolat - L'hltensitO des syntpt6nles variait avec le virus isolc;. 

i Pflanzenart - Espkces de plante; 2 Lokale  Symptome  - Sympt~hnes localist;s; 3 Systemische Symptome  
- Symptomes  g~n~ralis~s; ~ Art  der Symptome  - Type de s)'mpt6ntes; 5 Zahl  der Tage nach der lnokula- 
tion - Nombre  de jours suivant l 'hloculation 

T a b e l l e  I. R e a k t i o n e n  d e r  T e s t p f l a n z e n  n a c h  I n o k u l a t i o n  m i t  P V M  u n d  PVS.  
T a b l e a u  1. R 6 a c t i o n s  des  p l a n t e s - t e s t s  i n o c u l 6 e s  a v e c  les v i r u s  M e t  S. 
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Table 2. The effects of temperature on the time of appearance of PVM and PVS symptoms on different 
test plants (in days). 

Plant Local symptoms z Systemic symptoms a 
species I 

16~ 22~ 28 ~ 16~ 22 ~ 28 ~ 

PVM 
C. quinoa 14 12 0 0 0 0 
C. sativus 19 19 0 0 0 0 
D. metel 16 16 0 25 40 0 
G. globosa 0 18 0 0 0 0 
L. chilense 0 0 0 18 14 19 
P. vulgaris cv. 

Red Kidney 5 5 0 0 0 0 
S. rostratum 19 I 1 11 23 14 14 

PVS 
C. quinoa 23 16 12 0 0 0 
L. chilense 0 0 0 34 25 34 
N. debneyi 0 0 0 30 30 0 
S. rostratum 0 0 0 37 25 37 

1 - 3 Siehe Tabelle 1 - Voir tableau 1 

Tabelle 2. Einfluss der Temperatur auf die Zeit des Auftretens yon Symptomen yon PVM und PVS bei 
verschiedenen Testpflanzen (in Tagen). 
Tableau 2. Effet de la temp6rature sur le temps d'apparition des sympt6mes des virus Met  S sur dif- 
f6rentes plantes-tests (en jours). 

Effect o f  virus isolate and thne o f  testing on symptom development 
The  reac t ion  of  different  p lan t  species inocula ted  with twelve P V M  isolates and  eight  
PVS isolates was invest igated.  The  exper iments  were conduc ted  in the greenhouse  in 
the summer  and in the winter.  

The  efficiency of  P V M  detec t ion  on most  p lan t  species was higher  dur ing  winter  
than  dur ing  s u m m e r  tests (Table  3). Only  two species, L. chilense and S. rostratum, 
showed dis t inct  s y m p t o m s  in bo th  s u m m e r  and winter  independen t ly  of  the virus 
isola te  used. On C. quinoa, C. sativus and  P. vulgaris cv. Red  K idney  all P V M  isolates 
p r o d u c e d  symptoms ,  but  only in winter  tests. In summer  condi t ions  two P V M  isolates  
d id  no t  p roduce  s y m p t o m s  on C. quinoa and none  p r o d u c e d  s y m p t o m s  on C. sativus 

and  P. vulgaris cv. Red  Kidney .  On D. metel and on the de tached  leaves o f  S. stoloni- 
f erum EBS 2630 s y m p t o m s  were p r o d u c e d  only  by some P V M  isolates.  Both  these 
p lants  reac ted  be t te r  in winter  than  in s u m m e r  tests. Seven P V M  isolates p r o d u c e d  
s y m p t o m s  on G. globosa and one p r o d u c e d  s y m p t o m s  on N. debneyi i ndependen t ly  of  
t ime o f  testing. 

Exper iments  conduc ted  with PVS isolates revealed tha t  there  was no clear  influence 
o f  the t ime o f  test ing on the virus detectabi l i ty .  On C. quinoa all PVS isolates p r o d u c e d  
s y m p t o m s  in s u m m e r  as well as in winter .  Al l  PVS isolates  were detected on S. 
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Fig. 1. Solanum rostratum 23 days after inoculation with PVM incubated at 16~ (left) and at 28~ 
(right). 

Fig. 1. Solanum rostratum 23 Tage nach der Inokulation mit PVM, inokuliert bei 16~ (links) und 28~ 
(rechts). 
Fig. 1. Sotanum rostratum 23 jours aprds l'inoculation de virus M, ?~ 16 ~ (h gauche) et h 28 ~ (h droite). 

rostratum only in summer tests and on N. debneyi only in winter tests. L. chilense was 
infected with all PVS isolates independently of  the time of year (as revealed in serologic- 
al tests) but distinct symptoms were produced on this test plant only by some isolates. 
In each period of testing PVS isolates occasionally produced necrotic rings on the 
detached leaves of  SdY plants. The presence of symptoms on SdY leaves was not 
connected with the properties of  a particular virus isolate. 

Effectivness o f  P V M  and P VS detection on some most suitable test plants 
Some plant species which appeared, from the foregoing experiments, to be most 
suitable for PVM or PVS detection, were used for testing potato plants in which the 
presence of PVM or PVS was expected. Two hundred tests were conducted at different 
times of the year. The results showed that the greatest number of  positive reactions 
was obtained on L. chilense and C. quhzoa for PVM and on C. quhzoa for PVS (Table 
4). 

Discussion 

Our experiments confirmed observations of other workers (Bagnall et al., 1959; 
Chrzanowska, 1969; Ross, 1968; Rozendaal & v a n  Slogteren, 1958) that on G. 

Potato Res. 19 (1976) 135 



A. KOWALSKA AND M. WAg 

Table 3. N u m b e r  of  PVM and PVS isolates detected on different plant species in tests conducted in 
summer  and winter. 

Plant 
species 

N um ber  of  isolates causing symptoms  2 

PVM (out of  12 tested) a 

winter tests s summer  tests 6 

C. quinoa 12 10 
C. sativus 12 0 
D. metel 8 2 
G. globosa 7 7 
L. chilense 12 12 
IV. debneyi 1 1 
P. vulgaris cv. 

Red Kidney 12 0 
S. demissum Y* - - 
S. rostratum 12 12 
S. stoloniferum 

EBS 2630* 10 2 

PVS (out of  8 tested) 4 

winter tests s 

8 

1 
3 
8 

summer  tests 6 

8 

1 
5 
6 

6 5 
6 8 

* Detached leaves - Abgeschnittene Bldtter - Feuilles dOtachOes. 
- Not  tested - Nicht gepriift - Non testOes. 

i Pflanzenart - EspOces de plante; 2 Zahl der Isolate, die Symptome hervorrufen - Nombre d'isolats oc- 
casionnant des symptdmes; 3 p VM (yon 12 getesteten)- Virus M (sur 12 tests) ; 4 p VS (yon 8 getesteten) 
- Virus S (sur 8 tests) ; 5 Wintertest - Tests d'hiver, 6 Sommertest - Tests d'Otd 

Tabelle 3. Zahl von PVM - und PVS-Isolaten, die auf  verschiedenen Pflanzenarten bei Testungen im 
Winter und im Sommer  gefunden wurden. 
Tableau 3. Nombre  d'isolats de virus M e t  de virus S d6tect6s sur diff6rentes esp~ces de plante dans 
des tests r6alis6s en 6t6 et en hiver. 

Table 4. Percentage of  potato plants which were found to be infected with PVM or PVS using the 
most  efficient test plants. 

Plant species1 PVM PVS 

C. quinoa 84 97 
L. chilense 88 - 
P. vulgaris cv. 

Red Kidney 70 - 
S. rostratum 75 81 
S. demissum Y* - 31 

* Detached leaves - Abgeschnittene Bldtter - Feuilles dktachOes. 
- Not  tested - Nicht gepritft - Non test~es 

1 Pflanzenart - Espkce de plante 

Tabelle 4. Prozentsatz von Kartoffelpflanzen, die bei Verwendung der am besten geeigneten Test- 
pflanzen mit PVM oder PVS infiziert waren. 
Tableau 4. Pourcentage de plantes de pomme de terre infectdes par  les virus M e t  S e n  utilisant les 
plantes-tests les plus efficientes. 
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globosa, D. metel, N. debneyi and S. stoloniferum EBS 2630 symptoms are caused only 
by some PVM isolates. These plant species are therefore not suitable for PVM detec- 
tion in potato plants infected with unknown virus strains. The most reliable test plant 
for PVM detection was L. chilense. High reliability of  tests performed on this test 
plant was also shown by Lodochkin et al. (1974). Unfortunately rather a long time is 
required for PVM symptoms to appear. The test plant which produced symptoms in 
the shortest time after inoculation with PVM, independently of  the virus isolate used, 
was P. vulgaris cv. Red Kidney, but in our experiments local lesions appeared on this 
test plant only in some environmental conditions (Table 2 and 3). Hiruki (1973) and 
Hiruki et al. (1974) proved that the appearance and number of local lesions caused by 
PVM on P. vulgaris cv. Red Kidney depended on many factors such as age of test 
plants and the use of an appropriate buffer. It therefore may be possible to increase 
the reliability of  PVM detection even in less favourable environmental conditions. 

In our experiments C. quinoa was the most reliable test plant for PVS detection. In 
the studies by Hinostroza-Orihuela (1973) only some PVS isolates produced symptoms 
on C. quinoa, and de Bokx (1970) obtained plants showing symptoms, independently 
of  virus isolate, only from one out of  four C. quinoa seed smaples tested. On the 
C. quinoa plants used in our experiments all PVS isolates tested produced distinct 
symptoms,  and, as found by Gooth  & Webb (1972) these symptoms developed in 
the shortest time after inoculation at a high temperature (28~ Nevertheless even in 
these conditions a rather long period of time was required for symptoms to develop. 
The most rapid development of symptoms after inoculation was given by using de- 
tached leaves of  SdY. Until now no PVS isolate has been found which would not 
produce symptoms on SdY (Chrzanowska & Wa~, 1974; Kowalska, unpublished). The 
fact that some PVS isolates were not detected in the experiments described in this 
paper (Table 3) was not connected with their properties but rather with a relatively 
low frequency of SdY leaves producing symptoms when inoculated with PVS. It is 
likely that the efficiency of SdY as a test plant for PVS could be improved by finding 
more suitable test conditions. 
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Zusammenfassung 

Nachweis yon Kartoffel-M- und-S-Virus mit Testpflanzen 

An 8 bzw. 6 Pflanzenarten wurde die Reaktion 
auf eine Inokulation rnit dem KartoffeI-M-virus 
(PVM) bzw. dem Kartoffel-S-virus (PVS) unter- 
sucht. Die Symptome sind in Tabelle 1 beschrie- 
ben. 

Untersuchungen, die in 3 temperaturkonstan- 
ten R/iumen (16, 22 und 28 ~ durchgefi.ihrt wur- 
den, ergaben, dass unabh~ingig yon der Tempera- 
tur nach Inokulation mit PVM auf Lycopersicon 
chilense und Solanum rostratum Symptome auf- 
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traten, nach Inokulation mit PVS auf Chenopo- 
diurn quinoa, L. chilense und S. rostratum (Tabel- 
le 2). 

Tests, die im Winter und im Sommer mit 12 
Isolaten des PVM und 8 lsolaten des PVS durch- 
gefLihrt wurden, ergaben, dass sich aufL. chilense 
und S. rostratum fLir PVM und auf C. quinoa fiir 
PVS unabh~ingig v o n d e r  Jahreszeit und vom 
Virusisolat Symptome bildeten (Tabelle 3). Die 
am besten geeigneten Testpflanzen waren L. chi- 
lense fiir PVM und C. quhloa fiJr PVS. Insgesamt 

A. K O W A L S K A  A N D  M. W A g  

wurden 200 Versuche zu verschiedenen Zeiten 
des Jahres durchgefiihrt (Tabelle 4). Jedoch, die 
vielleicht am besten geeignete Testpflanze fiir 
PVM ist Phaseolus vulgaris Red Kidney und fiir 
PVS sind es abgeschnittene Bl~.tter yon Solanum 
demissurn Y, da die Symptome bereits wenige 
Tage nach der Inokulation mit allen getesteten 
Virusisolaten auftreten. Die Schwierigkeit bei 
der Verwendung dieser Testpflanzen ergibt sich 
aus der sehr starken Abh~ngigkeit der Symptom- 
ausbildung von den Versuchsbedingungen. 

R6sum6 

D~tect ion itu virus M et du virus S de la p o m m e  de terre sur des p/antes- tes ts  

La r6action au virus M et au virus S, respective- 
ment de 8 et 6 esp6ces de plante, a 6t6 6tudi6e. 
Les sympt6mes qui sont apparus sur les plantes- 
tests, inocul6es avec le virus M e t  avec le virus S, 
sont d6crits dans le tableau 1. 

Des exp6riences conduites dans trois chambres 
b. tempdrature contr616e (16, 22 et 28~ �9 ont 
montr6, qu ' ind6pendamment de la tempdrature, 
le virus M produisait des sympt~Smes surLycoper- 
sicon chilense et Solanum rostratum, et le virus S 
sur Chenopodium quinoa, L. chilense et S. rostra- 
turn (tableau 2). 

Des tests rdalis6s en hiver et en 6t6 avec 12 iso- 
lats de virus M e t  8 isolats de virus S ont mon- 
tr6 que les plantes-tests qui manifestaient chaque 
fois des sympt6mes, inddpendamment de I'isolat 
utilis6, 6taient L. chilense et S. rostratum pour le 

virus M, et C. quinoa pour le virus S (tableau 3). 
Deux cents tests r6alis6s sur la pomme de terre 

b. diff6rentes 6poques de l 'ann6e ont montr6 que 
L. chilense pour le virus M e t  C. quh~oa pour le 
virus S 6taient les plantes-tests les plus sores (ta- 
bleau 4). 

Toutefois, la plante-test la plus prometteuse 
est peut-6tre pour la d6tection du virus M, Pha- 
seohts vulgaris Red Kidney; et pour la d6tection 
du virus S, les feuilles de Solanum demissum Y,  
car les sympt6mes 6talent apparus quelques 
jours seulement apr~s l ' inoculation, quel que soit 
I'isolat test6. La difficult6 d'utiliser ces plantes- 
tests r6side dans le fait que le d6veloppement des 
sympt6mes est hautement d6pendant des con- 
dition d'environnement.  
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