
C H E C K - T E S T I N G  F O R  V I R U S  Y A N D  L E A F - R O L L  I N  

S E E D  P O T A T O E S  W I T H  P A R T I C U L A R  R E F E R E N C E  

T O  M E T H O D S  O F  I N C R E A S I N G  P R E C I S I O N  W I T H  

T H E  A 6 - L E A F  T E S T  F O R  V I R U S  Y 

E. R. KELLER and s. BI~RCES 

Eidg. Landw. Versuchsanstalt Ztiricb-Oerlikon, Switzerland 

Zusammenfassung, R~sumd, p. 12 

SUMMARY 

The inclusion of the Igel-Lange colour test and the A6-1eaf test, for potato leaf-roll and potato virus Y 
respectively, in the regulations governing seed-potato certification in Switzerland has proved most 
helpful. The application of the A6-1eaf test is described in detail. 
Experiments showed that pigmented sprouts formed in diffuse light at 20 2 4 C  during a pre- 
sprouting period of 21-28 days are most suitable for the detection of virus Y in this test. Sap from 
sprouts gave higher lesion counts and greater accuracy than sap from tubers. 
It is easier to use squeezed sprouts for rubbing than the cut surface of sprouts, but reasonable 
accuracy can be achieved with both methods. 

1. INTRODUCTION 

In many countries, regulations governing seed-potato certification now include meth- 
ods to be used for virus testing. In Switzerland, the Igel-Lange colour test and the 
A6 test, using detadled leaves of Solarium demissum x Aquila hybrid A6 (KOHLER, 

1953), have proved very useful as rapid methods for the detection respectively of 
potato leaf roll and potato virus Y in the tubers. Modifications to and experience with 
these tests are reported here and will form the subject of further papers. 

2. METHODS 

2.1. Virus tests  used in Swi t ze r l and  

The aim of every seed-potato grower is to produce vigorous seed giving high yields. 
Such seed must be practically free from virus. In countries where crops are invaded by 
aphids relatively late, field inspection alone is sufficient, followed eventually by early 
haulm-killing and harvesting. In Switzerland, only regions above 800 metres, where 
aphids are less numerous, can be considered as really suitable for seed-potato produc- 
tion. On land below this level growers must expect virus infection every year even 
though only high grade stocks of seed are used for multiplication, care is taken to 
rogue out infected plants and the crop is harvested early. Since primary infection 
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c a n n o t  be  e l i m i n a t e d  by  c o n t i n u o u s  r o g u i n g  or  r e l i ab ly  d e t e c t e d  by  field i n s p e c t i o n  ~, 

t h e  g r a n t i n g  o f  a ce r t i f i ca te  m u s t ,  u n d e r  Swiss  c o n d i t i o n s ,  d e p e n d  u p o n  t he  r e su l t  o f  

v i ru s  t es t s  o n  t he  h a r v e s t e d  t ube r s .  E a c h  c r o p  h a s  to  be  t e s t e d  for  leaf - ro l l  ( I g e l - L a n g e  

c o l o u r  test)  a n d / o r  v i ru s  Y (A6-1eaf  tes t )  b e f o r e  it c a n  be  sold .  Ce r t i f i c a t e s  a r e  o n l y  

g r a n t e d  to  c r o p s  w i t h  b e l o w  a c e r t a i n  l imi t  o f  v i rus  in fec t ion .  T h e  t u b e r  s a m p l e s  for  

t he  I g e l - L a n g e  c o l o u r  tes t  a n d  t he  A6-1eaf  tes t  a re  t a k e n  f r o m  the  c r o p  a f t e r  hau lna-  

k i l l ing.  S a m p l e s  o f  60 t u b e r s  (50 t u b e r s  t e s t ed )  a re  t a k e n  f r o m  fields up  to 2 h a  in a rea ,  

a f u r t h e r  s a m p l e  o f  50 t u b e r s  b e i n g  t a k e n  for  e a c h  a d d i t i o n a l  1 ha .  Seed  is a t t t o m a t i -  

ca l ly  ce r t i f i ed  by  t he  c o m p e t e n t  A g r i c u l t u r a l  E x p e r i m e n t a l  S t a t i o n  i f  t he  p e r c e n t a g e  

o f  v i rus  i n f e c t i o n  is b e l o w  t he  cr i t ica l  l imi t s  f o r  C l a s s  A a n d  B r e s p e c t i v e l y  z. 

In  cases  w h e r e  t h e  p e r c e n t a g e  o f  i n f e c t i o n  ( d e t e r m i n e d  o n  50 t u b e r s )  exceeds  t h e  

c r i t i ca l  l imi ts ,  a f u r t h e r  s a m p l e  o f  200 t u b e r s  is r e q u i r e d .  T h e  r e su l t  o f  th i s  s e c o n d  

e x a m i n a t i o n  d e t e r m i n e s  ce r t i f i ca t ion ,  d e c l a s s i f i c a t i o n  or  e l i m i n a t i o n .  

TABLE 1. Seed-potato production, renewal of seed, and potato yields in Switzerland 

Year Renewal of seed Swiss seed used Class A as o~ National av. yield; 
Jahr as ~ /o f  total as ~ of total of total seed all size grades 
Annde potato area ~ certified-seed production (area) '~ (metric tons/ha) ~ 

requil-ement ~ 

1945-51 27 35 15,7 18,3 
1952-56 38 38 32,5 22,5 
1957-60 45 55 64,4 28,4 
1961 55 65 75,0 30,4 
1962 60 65 75,0 27,5 
1963 60 67 89,3 32,8 
1964 58 87 91,6 31,4 

Erneuerung mit Pflanzgut in o; der Gesamtanbaufl/iche - renouvellement du pIant en '),~, de F6tendue 
totale en potatoes de terre. 
Schweiz. Pflanzguterzeugung in % des Gesamtbedarfes an anerkanntem Pflanzgut - plants suisses utilisds 
en % des besoins totaux en plants certifids. 

3 Anteil der Klasse A in ~ der gesamten Pflanzgutproduktion (FI/iche) - !% de classe A par rapport 'a la 
production totale de plants (surface). 
Ertrag im Landesdurchschrtitt; alle Knollengr/Sssen (t,ha) - production moyenne nationale; tous calibres 
(t. mdtr. hal. 

TABELLE [. pflanzkartoff'elerzeugung, Erneuerung des Pflanzgates und KartoJJelertriige in der Sehweiz 
TABLEAU 1. Production de plants de pomme de terre, renouvetlement du plant et rendements en potatoes 

de terre en Suisse 

The result of the two field inspections has only provisional character, but a field once accepted for 
Class B cannot be classified in Class A later even if the percentage of virus in the crop is below the 
critical limit for Class A. 
Class A: up to 0 ,25~  infected plants (leaf-roll, visible mosaic) at field inspection, fixed dates for 
haulm-killing or haulm-pulling, based on observations of aphid development. 
Class B: up to 1,0% infected plants (leaf-roll, visible mosaic) at field inspection, no fixed dates for 
haulm-killing or haulm-pulling, but very often done spontaneously 2 weeks after dates for Class A. 

2 Critical limits for percentage virus in the crop determined in laboratory tests: variable depending 
on variety, year and class. 
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The Agricultural Research Stations at Zurich-Oerlikon and Lausanne, which con- 
trol seed certification, examine each year approximately 550.000 tubers by the lgel- 
Lange colour test and 575.000 tubers by the A6-1eaf test. Virus Y-resistant varieties 
are only examined be the Igel-Lange colour test. Tests must be made during the period 
Agust 15th to November 15th. The cost of collecting samples and testing increases the 
price of the seed by Fr. 0,25/100 kg (selling price Fr. 40-45/100 kg, depending on 
variety). 

The introduction of systematic virus testing of all seed-potato stocks prior to sale has 
been of great benefit in removing difficulties previously experienced in selling Swiss 
seed. The certified seed-potato area rose from 1.915 to 3.727 ha between 1953 and [ 964 
and the crop From 18.520 to 53.700 tons. Dvring the same period, great success was 
achieved in the production o1" early-harvested Class-A seed which amounted to 91,6 '}~, 
of seed certified in 1964. The total area under potatoes in Switzerland, in 1964, was 
43.000 ha, including 3.727 ha of certified seed. TABLE 1 shows some aspects of recent 
developments in Swiss seed production. 

2.2. I m p r o v e d  A6-1eaf tes t  

Observations by NIENHAUS (1960) on the possibility of detecting mosaic virus in tubers 
led to the present investigation which had the object of" improving the procedure for 
large-scale testing. 

The method at present used for the A6-1eaf test (KELLER and BgRCES, 1962) is as 

FIG. I 
R i n d i t e  t r e a t m e n t ;  the l i qu id  is p o u r e d  on fi l ter  p a p e r  
i n se r t ed  in a t u b e  of  wi re  n e t t i n g  

AraB. 1 
Rimlitehehamlhmg; die Fliissigkeit wird art.t Filter- 
papier gegossen, das ill einer R~ihre aus Drahtg<flecht 
steckt  
Fro. l 
Traitement all mdlan,~e Rindite, le liquide est versd sur 
ttn papier [ilne qui se trouve darts un tube elz f i l  de fer  
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FIG. 2 
Aluminium plate with small strip of crfipe rubber 
as pad for the filter paper; the A6 leaves are 
dustcd with carborundum powder and then 
moistened by spraying with water 

ABB. 2 
Ahtminiamplatte mit Schattmgtanmistreifen aL~ 
Unterlage fiir den Filterpapierstreifen: (lie attJ~ee- 
legten~,46-Bliitter werden mit Karl~orttndampttder 
bestdabt attd danach mit der Spritze be(euchre( 
RG. 2 
Planche d'ahaniniunl coaverte d'tme bande de ca- 
outchouc mousse servant de support aa papier 
filtre: les feuilles A6 sont saupoudrdes de carboran- 
dam et east(ire hamectc;es avec tat palvc;risatear r 
g a l l  

Follows: to break dormancy,  the tubers are treated (fl'om 4 weeks after haulm-kill ing 
onwards)  with Rindite I in a tightly closed cardboard  container (FIG. 1). The tubers 
are then pre-sprouted at 24~ under  diffuse lighting, for a period of  at least 3 weeks, 
by which time sprouts are about  1 cm long. A strip of  filter paper  carrying 10 A6 
leaves is placed on a piece of  cry?pc-rubber sheet lying on an a luminium plate slightly 
wider than the rubber  (FIG. 2). The leaves are dusted with ca rbo rundum (500 mesh) 
and lightly moistened by spraying with water. The cr~pe rubber  is necessary in order 
to prevent severe injury during the inoculat ion of  the leaves. The A6 leaves should 
be mature  but not  too old. The sprouts of  the rose end of  the tuber are squeezed 
(FIG. 3) on the aluminium plate opposite the corresponding A6 leaf and then gently 
rubbed on it. 

After  rinsing the inoculated leaves (10 together) with tap water (HG. 4) the filter 
paper  is placed in special plastic dishes, developed by the Nederlandse Algemene 
Keuringsdienst  voor  landbouwzaden en aardappelpootgoed  (NAK),  Wageningen, 
Netherlands.  A full dish holds 5 strips of  filter paper with 50 leaves. After placing the 
dish in a plastic bag it is exposed to cont inuous fluorescent light of  1.000 to 1.500 lux 
(FIG. 5). The temperature is held at 23~176 for virus Y and 18 ~ 20'~C for virus A. 

1 R i n d i t e :  7 vol. ethylene chlorohydrin 
3 voI. 1,2-dichloroethane 
1 vol. carbon tetrach[oride 

Application: l0 ml per 10 litres of container volume for 48 hours at 24 C. 
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Fm. 3 
Sprouts f rom the rose end are 
squeezed on the aluminium 
plate opposite the correspond- 
ing A6 leaf and then gentry 
rubbed on it 
ABB. 3 
D i e  K e i m e  (tDl KroI l r  wet'- 

den attf  tier /Ihuniniunlplatte 
gequetseht l(tld d(tllll at(/" d(ts ge- 
geniiherlie,~ende A6-Bl(ttt saehte 
eingeriehe,  
FIc;, 3 
L e s  get 'Hies r ]a COltFOlllle SOil[ 

c;erasEs sur la pla(tche d'alu- 
minium en f(tee d'une Jeuille 
A6 et ators.[i'ottds deTicatement 
sur eelle-ei 

FIG. 5 
Plastic dishes containing the 
inoculated A6 leaves are ex- 
posed for 7 days to continuous 
light at 23 -25 C 
A~g. 5 
Die Plastiksehalen rail den ino- 
kut ier te ,  A6-Bliitter~l werden 
wdhrend 7 Tagen hei Temper(t- 
turen volt 23 -25 C einer Dauer- 
beleuehttutg atts~esetzt 
FLG. 5 
Les plateau.v e ,  m(ttiOre plasti- 
que eo(tten(tnt les fe(tilles A6 
illoe(t[(;es SOllt e l t l repos[;s  Dell- 

d(tnt sept jot(t's cila tempc;rat(tre 
de 23-25 C et h t(tle for te  ](t- 
millo.yitd ('Otlsl(ttlte 
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Fl~.~. 4 
The li lter paper is placed in 
NAK-plast ic  dishes which are 
then inserted into plastic bags 

Am3.4 
Der Filterp(tpiers'tJ'etl/~u~ wird in 
die NAK-Pkzvtiksehale ein~e- 
legt," danaeh wird die Seh(tle in 
eine(t Pl(tstikhetttel ein~esehk~s- 
Sel! 

FIe,. 4 
Le papier filtre est plaed daHx 
tot plateau eli (trails;re plastique 
( t )pe  N,4KJ;  alors le plateau 
est i,tro~htit d(tlts Nit .sac ell 
plastic" tr(tnsparettt 
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FIG. 6 
Typical  r ing-shaped symptoms  of  
virus Y on A6 

ABu. 6 
Typische ringfiirm(ee Symp tome  
yon Virus Y a u r A 6  
FIG. 6 
S ympt  dmes t yp ique .s'anmdaire s du 
rirus Y sar Jt'uilles A6 

A relative humidity of 90-100 ~o can be maintained in the plastic bags for 7 days, i.e. 

until scoring (HG. 6). 
The method described is partly the result of co-operation between the NA K, Wage- 

ningen, the Landessaatzuchtanstalt, Weihenstephan, the Bundesanstalt ftir Pflanzen- 
schutz in Vienna, the Station f~d6rale d'essais agricoles, Lausanne, and the authors. 
When it is applied in practice we estimate that one person can handle 1.000-1.200 
tubers in a 9-hour day. This is a high figure and similar to that attained with the Igel- 
Lange colour test. The work is greatly facilitated by establishing groups of perhaps 
three people for squeezing the sprouts, inoculating the leaves and preparing the alumi- 
nium plates, as well as picking the A6 leaves. 

3. RESULTS AND DISCUSSION 

3.1. E f f e c t  o f  p r e - t r e a t i n g  the  t u b e r s  

N1ENHAUS (1960) stated that it is necessary to break dormancy in order to identify 
virus Y in the tuber. Using pieces from the rose end of the tuber for inoculation, 
NIENHAUS (1962) obtained higher lesion counts than with sap from squeezed sprouts, 
which contained inhibitors. DE BOKX (1964) found the reverse of this. NIENHAUS 
(1962) and VULI(; and ARENZ (1963) showed that, as tubers develop, the infectivity 
of  their sap decreases so much that diagnosis while dormancy continues becomes im- 
possible. Our work has shown that, after dormancy is broken with Rindite, certain 
light and temperature conditions and the duration of the pre-sprouting period greatly 
influence the infectivity of various sap extracts. The accuracy of virus-Y diagnosis by 
means of the A6-1eaf test is greatly influenced by these factors. 

Experiments with the variety Bin t je  o n  the influence of pre-treatment were carried 
out using: 

a. pale sprouts produced in darkness at 20~176 
b. pigmented sprouts produced at 20~176 under 1.500-2,000 lux of continuous 

fluorescent lighting; 

6 Eur. Potato J., Vol. 9 (1966) No. 1 (March)  
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c. pale sprouts produced in darkness at 28:C: 
d. pale sprouts produced in darkness at 15~ 

After 14, 21 and 28 days (in the case of treatment d also at 35 days) squeezed sprouts 
from the rose end of 200 tubers of each treatment were use4 for inoculation. After 
re-growth of the sprouts, the rose end was planted in the glasshouse and sap from the 
resultant leaves tested for virus Y on detached leaves of A6 as a check. The total num- 
ber of plants reacting in the A6-1eaf test at this time is taken as 100 yo. 

TABLE 2. Accuracy o f  the A6-1eaf test for virus Y in relation to sprout format ion and length of  pre- 
sprouting period 

Length o fpre -  
sprouting period a 

Sprouts  - K e i m e  - g e r m e s  

a. pale'-' b. pigmented a c. pale ~ d. pale e 
(20  - 2 4  ~C) ( 2 0 : - 2 4 ~ C )  (28 C} ( 1 5 : C }  

sprout % infec- sprout ,% infec- sprout % infec- sprout ~ 
length a t i onde -  length L t ionde-  length t t i onde-  length t t i o n d e -  
(mm)  tected:' (ram) tected ~' (ram) tected ~ (ram) tected:' 

14 d a y s  - Tage - j o u r s  9,9 83,3 9,1 83,3 10.4 61,5 - 
21 . . . .  14,1 100 11,3 I00  14,3 I00  13,8 54,5 

28 . . . . . .  22,5 100 21.3  95,7  22,7 87,5  25,1 69,5 
35 . . . . . .  - . . . .  32,0  87,5  

S i g n i f i c a n c e  for o~ infection detected (for tests of  significance values were transformed into 

arc sin \ ' p e r c e n t a g e ) : -  S i g n i f i k a n z  f # r  ~'o naehgewiesene  In f ek t i onen  (die Pri i fung a u f  Sign~f ikanz 

wurde nach T r a n s f o r m a t i o n  der  W e r t e  in are sin ~ o nachgewiesene  In fek t ionen  vopLr 

S ig  n i f i e  a t i o  n pour  le / ~ ~o des  in fec t ions  ddceh;es ( l ' e x a m e n  s ta t i s t ique  ~'~ t;t~;/ait apr~'s t rans[brmat ion  
�9 / 

des  va[ettrs ell arc" s m  V poltt 'ee/ztage) ." 

14 d a y s  - Tage  - j o u r s :  t r e a t m e n t  c vs. a a n d  b a t  I ~ o level - VetJ~lhrett c vs. a lind b ges icher t  bei  

I ~ o - t ra i t emen t  e contre  a et b au niveau l ~ 

21 d a y s -  T a y e - j o u r s "  t r e a t m e n t  d vs. all o t h e r s  a t  1.0'o l e v e l -  Ver fahren  d vs. alle atulern ges ieher t  
o '  bei  ] o~ _ l ra i temet t t  g eotl tre toas [es att tres all niveatt l . o. / o  

28 d a y s  - Tage - j o u r s :  t r e a t m e n t  b vs. a a t  5 % level - Verfahre/ t  b vs. a ges ieher t  bei  57~ - t ra i t emen t  

b colt tre a art n iveau 5 ~ .  
t r e a t m e n t  c a n d  d vs. a a n d  b a t  I ?,~ level - Ver fahren  c und  d vs. a und  h ~,e- 

s icher t  bei  1 ?/o - t ra i t emen t  c et  d contre  a e t  b au niveau 1 o~ �9 / o .  

~Dauer de/" Vorkeimperiode - dur~;e de p/'~;~,erminatio/t. 
" Dunke lke ime  pdles. 

k i ch tke ime  - pigme/ttds. 
a Keimlffnge - longueur des germes.  

Infection detected witla sprout sap as %; o f  tha t  detected with leaf  sap - ~ nach,k, ewiesene lnfektione/t ,  d.h. 
dutch Keimabreibung ttachgewie.s'e/ze lnfektionett  itt % der durch Blattsaft  ttachgewiesettett lnfektiot~et! - % i/1- 
fection dL;celde, c.-h-d, infections d{;ceh;es par ittoctt[atio/i de jtts de ,~,e/'mes ett % des in]ectio/ts d&'eh;es par 
inoculation de jus de feuilles. 

TABELLE 2. G e n a u i g k e i t  des  A 6 - T e s t e s  f i i r  Virtts Y in Abh f ing igke i t  rott K e i m b i l d u n g  und Dauer  der  

V o r k e i m p e r i o d e  

TABLEAU 2. Pr~;eision du test  A6  pour  [e virus }" ell relat ion avee la f o r m a t i o n  des g e r m e s  et  la thlrt;e de 

la p&'iode de prdgermina t ion  
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The figures in TABLE 2 show that pre-sprouting for 14 days soon after harvesting 
gave inconclusive results. Pre-sprouting for 21 days at a temperature of 20~ 
definitely increased accuracy. With low-temperature pre-sprouting, inoculation with 
squeezed sprouts gave only 54,5 }o of the infection detected by the A6-1eaf test on leaf 
sap after tuber indexing. Comparing length of sprouts one sees that this factor is less 
important than the duration of pre-sprouting and temperature. Holding tubers at 
20~ for 28 days still gave good results but the higher temperature of 28'~C 
appeared to be deleterious (DE BoKx (1964) also found this at 30~'C). The low tempe- 
rature of 15~ still gave inconclusive results after long pre-sprouting, probably due 
to low virus activity. The use of pale or pigmented sprouts appeared to have no in- 
fluence on the results. NIENHAUS (1961/62) found pigmented sprouts better, and DE 
BOKX (1964) noted higher virus activity in pigmented sprouts than in pale sprouts 
formed in darkness. Pigmented sprouts formed in diffuse light are easier to handle 
than pale sprouts as they do not break off as easily during squeezing. It appears, there- 
fore, that pigmented sprouts, developed in diffuse light at a temperature of 20~ 
during a pre-sprouting period of 21 28 days, are most suitable for detecting virus Y 
by means of  the A6-1eaf test. 

3.2. E f f e c t  o f  m e t h o d  o f  i n o c u l a t i o n  

N~ENHAUS (1960) used tuber pieces cut tangentially fi'om the heel end. The cortical 
tissue of these was removed in order to prevent an inhibiting effect. The remaining 
tissue, containing vascular bundles and forming an imprint, was used for inoculation. 
He obtained good results with this method using tobacco as a test plant for viruses X, 
Y and A. For various reasons tobacco is not the best plant for routine testing on a 
large scale. Different workers, such as A RENZ and VULI(_" (1961), DE BOKX (1961) and 
KELLER and B+RCES (1962) tried to improve the method by inoculating leaves of the 
Solamm~ demissum . Aquila hvhrid A6. These authors used, as inoculum, the fresh- 
cut surface of tuber pieces taken fl-om the rose end, the expressed sap from sprouts or 
the squeezed sprouts themselves. Continuing our attempts to develop a rational work- 
ing method, we tried the following ways of inoculation in 1963/64, using early-har- 
vested tubers of the varieties Sir tema and Bintje (HG. 7): 
a. sprout from rose end cut across with a razor blade at its widest point and the cut 

surface used for rubbing the A6 leaf: 
b. rose end of the tuber (including the same sprout as in a)cut off tangentially. The cut 

surface of the tuber and one piece of the sprout are used for inoculation: 
c. sprout from rose end squeezed and used for inoculation (Standard Method): 
d. surface of the cut piece from the rose end (as treatment b) used alone. 
The tubers (100 per treatment per variety) were pre-sprouted for three weeks in diffuse 
light at a room temperature varying from 20~176 The details of the inoculation 
technique are given above. The checking of these results using the re-sprouted eye of 
the rose end in the t uber-indexing method (including the A6-1eaf test with leaf sap) was 
carried out in the glasshouse. The total number of plants reacting in the A6-1eaf test 
at that time is taken as 100%. 
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TA~Lr 3. Effect  o f  d i f ferent  i n o c u l a t i o n  m e t h o d s  on  the a c c u r a c y  o f  the A6 -1 ea f  test  for  virus Y 

V a r i e t y  T r e a t m e n t  - VetJahren N u m b e r  o f  l es ions  A c c u r a c y  ~'~, ( i n o c u l a -  

Sor te  - Varidtd T r a i t e m e n t  p. l e a f  un i t  ( L . U . )  ~ t ion  wi th  l e a f  s a p  100)-" 

Bin( je  a.  S p r o u t ,  c u t  a c r o s s  a 8,4 97 ,0  

b. C u t - t u b e r  s u r f a c e  ~ 1,3 72,3 

c. S q u e e z e d  s p r o u t s  a 2,2 84,8 
d. S u r f a c e  o f  r o s e - e n d  piece' ;  0 ,8  69,7  

L S D  5" , i  f o r  n u m b e r  o f  
l e s ions  ( L . U . }  r 1,9 

L S D  1 ".,, f o r  n u m b e r  o f  
l e s ions  ( L . U . ) :  2,6 

S i r t e m a  a.  S p r o u t ,  c u t  a c r o s s  a 12.4 96,8  

b. C u t - t u b e r  s u r f a c e  ~ 5,1 92,6  

c. S q u e e z e d  sp rou t s : '  10,0 98 ,9  
d.  S u r f a c e  o f  r o s e - e n d  piece';  2,5 78,9 

L S D  5~ f o r  n u m b e r  o f  
l e s ions  ( L. U.  ): 3,3 

L S D  II!;i f o r  n u m . b e r  o f  
l e s ions  ( L . U . ) ;  4 ,6  

S i g n i f i c a n c e  f o r  A c c u r a c y  ( fo r  tes ts  o f  s i g n i l i c a n c e  v a l u e s  we re  t r a n s f o r m e d  in to  a r c  sin 

\ p e r c e n t a g e  ): S i g ~ l ( / ' i k a n z / ? i r  GeJlmligkei t  ill ~ (die  Prii f im;,  al( / 'Si~n(f ikat~z wur~k 'nach Trans-  

]brmat io l t  der  W e r t e  in are  sin \ '  Gena l t i eke i t  in !',, vorge l lomnwn ) ." - S i g  t i f i c a  I i o  n pour  la pr~;cisiou 

en ~0 ( l 'e .vamen s ta t ix t ique  a dtd./clil aprOs la t r a n � 9  des valeurs e/t are sin \ po t t reentage  ) : 

Bipt(je: t r e a t m e n t  a vs. all o t h e r s  :tt I i"i, level - ~2,tJbhren a vs.  alle andertt  ges ieher t  h e i l  ~ - n 'a i tement  

(I COlltl'e [()ITS les al l l l ' eS  (,It I l iYeal l  [ "i~. 

t r e a m t e n t  c vs. b a n d  d a t  1 I',; level - V e t ~ h r e n  c vs. h und  d ges icher t  hei  l ~i, - t ra i t emen t  

e eontre  b e t  el au niveau 1 ".;,. 

S i r t e m a :  t r e a t m e n t  c vs. all  o t h e r s  a t  I o,; level - Vetzfiahren c vs. alle atulern ,eesichert bei  I i',i - trai te-  

IHell l  C c o l l t r e  tOllS l e s  ( t l l t r e s  al l  i l i l 'eall  ] ~,i. 

t r e a t m e n t  a vs. b a n d  d a t  l i'g l e v e l -  VelJahren a vs. h und  el ges icher t  hei  I ~ - t r a i t e m e l t t  

a cen t re  b e t  d all oiveatt l ~ 
t r e a t m e n t  b vs. d a t  I " , ,  l e v e l -  ~2,rJcthren h vs. d ,gesichert bei  l " ; - t r a i t e m e l ~ t  b coll tre d 

all t t iveau I '�9 

Le~,f uni t  (L.U.)  : The  total  n u m b e r  o f  lesions f r o m  one  A6 leaf  divided by the p r o d u c t  o(  length width  
i n c m  o f t h e A 6 1 c a f ,  i.e. 30 l e s i o n s : ( 4  �9 3 cm) 2,5 lesions per  L.U.  Since not  all A 6 1 e a v e s u s c d a r e  o f  
the same  size, the ca l cu la t ion  o f  lesions per  L.U.  gives c o m p a r a b l e  results�9 
Anzahl  Lr pro Blatleinheit (L .U. )  : Blalteinheit (L .U.  ; : Ge.vamtzahl der L~'lh'ionen eil~ex Bhllles, 

dividiert dttrch das Produkt  yon Ldpl.~e Breite in cm ~h's A6. Blattes. .zum Beispie130 gezvionen: ( 4 3 cm J 
2,5 LgisioHen pro Blatteinheit.  Da nicht alh' veru'emh, ten .46-Bldtler die gleiche Gr(i.vxe haben, ergiht die 

Berecltmotg der L~isionenzalll pro Blatteinheil vervleichbare Resultute. 
Nomhre  de Idsions par tm iE  de surface Joliaire r L. U. J : unitd de surj~u'e foliaire r L. U. ) h" mmlbre  total de 
h;sions d ' tme [euille A6 divisr par le produit de la IoHvueur oar la larxeur de let feuille ,,16 : par e.vemple. 30 
h;sions: (4 3 cm~ 2,5 ld.~ions par L.U. Ptlisque routes les l~,uilles /16 n'ont pas la mdme .~ramleur. h" 
calcltl des Idsiolts pat" surl}tce ]oliaire ( L. U. ~ ~htntle des rdsttltats contparables. 

" G e n a u i g k e i t  in % {Inokulat ion mit Blat tsaf t  100) - prec is ion  ",, finowulatior~ pa r  jus de feuilles 100). 
a a. Keimquersehnit t  - a. gerrne,  c o u p e  t ransversa le .  
' b. Knollenschnitt  - surface de la coupe  du tubercule .  
a c. G e q u e t s c h t e  Ke ime  germes  ecrasds.  
" d. Schnittfl;iiche des Kronenends t / . i ckes  - sur face  de la c o u r o n n c  seet ionnee.  

L S D  5 %  (1%)  f(ir Anzah l  L:iisionen {L.U.} - L S D  5", ,  (i ",,), p o u r  le n o m b r e  de l e s i o n s / L U . L  

TABELLE 3. l t / i rk t lng verschiedener  I n o k u l a t i o n s m e t h o d e n  m g ' d i e  Genau igke i t  des  A 6 - T e s t e s  ( N a e h w e i s  

roll I/irlls Y)  
TABLE~.U 3. Effe t  de  di~]~;renles md thodes  d 'b loeu la t ion  slit" la precis ion  ~hl tes t  stir f eu i l l e  A6  (eHagnose 

Nit virus )') 
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FIG. 7 
Methods  a - d  of  inoculat ing A6 leaves (see text); the 
part  o f  the sprout or  tuber used for inoculat ion is 
hatched  

ABB. 7 
Darstelhmg der Vet:fahren a - d  f i ir  das hlokulieren yon 
A6-Bliittern (siehe Text) ; die ahgeriebenen Keim- oder 
Knollenteile sind schra~er t  
FIG. 7 
Mdthode a - d  de I'hloculation des feuilles A6 (voh" te.v- 
te) ; les parties des germes oll des tubercules utilisdes 
pottr I'inocu]ation sont hachardes 

The figures in TABLE 3 show that the number of lesions per leaf unit (L.U.) are 
highest and the results more accurate with cut or squeezed sprouts. This agrees with 
the finding of DE BOKX (1964) who stated that virus infectivity was higher in sap fiom 
sprouts than in sap from cut tubers. In treatments b and d (vat. Bintje only) scoring 
was done after 7 and 10 days. By prolonging the interval after inoculation from 7 to 
10 days the accuracy rose from 72,3 to 81,8 O//o in method b and from 69,7 to 78,8 % in 

FIG. 8 
Tuber showing waffle-cut 

10 

ABB. 8 
Knolle mit Waffelschnitt 
FIG. 8 
Tabercu/e montrant line coupe gaufrde 
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method d. This retardation of  the appearance of  symptoms is probably connected with 
inhibiting factors in the tuber sap. 

Although with Bintje greatest accuracy was obtained when cut sprouts were used, 
the squeezed sprout method, which is almost as accurate (var. Sirtema), is to be pre- 
ferred as it facilitates handling in large-scale tests. Nevertheless, cut sprouts (a) should 
be used for inoculation in all cases where they remain short during the full pre-sprout- 
ing period. The unsatisfactory results obtained with the moist surPace of  a cut tuber 
(d) led to experiments with a "waffle-cut'" method. 

The rose end of  the tubers was cut twice, in different directions, with a special 
vegetable plane (FIG. 8) thus increasing the area of  the cut surface and wounded vascu- 
lar tissue. The sap, which accumulated in large quantities at the tops of  the pyramidal 
ridges, was used for rubbing on one half o f  a cut A6 leaf. The other half of  this leaf, 
carefully separated, had previously been inoculated with the squeezed sprouts (Stan- 

TABLE 4. Accuracy of the A6-1eaf test using the waffle-cut m, ethod 

Variety T r e a t m e n t -  Verfahren 
S o r t e -  Vari~;td Tra i tement  

N umbe r  of lesions Accuracy o~ Ilnocula- 
p. leaf unit (L.U.? tion with leaf sap 100)"- 

Bint je  

S i r t e m a  

Waffle-cut :~ 1,9 73,5 
Squeezed sprouts 2,4 85,3 
LSD 5 o;, for number  of 

lesions (L.U.) 2,5 
LSD I o~ for number  of 

lesions (L.U.) 2,8 

Waffle-cut :~ 2,7 83,2 
Squeezed sprouts 7,8 89,5 
LSD 5 % for number  of 

lesions ~ L.U.) 1,4 
LSD I .~ for number  of 

lesions (L.U.) 1,5 

S i g n i f i c a n c e  for Accuracy (for tests of significance values were transformed into arc sin 

\ "percentage ): - S i g n  i f i k  an  z f i i r  Genau igke i t  in !'o (die  Pri i f img at ( f  S ign i f i kanz  warde naeh Trans- 

Jbrmat ion  der Wer te  in are sin \ "'Gena~iigket:-t in 0 o vorgenommen)  ." - S ig  n i f i e  a t i o n  pour  la prdcision 

en o,  ( l 'e .vamen s ta t i s t iqae  a dtd f a i t  aprOs la tran~i/brntation des valears en arc sin \ pourcen tage  )." 

Bint je  and S i r t ema:  Waffle cut vs. squeezed sprouts  at I o level - ~t,~ffblsehnitt vs. geque tsch te  Ke ime  
ges ieher t  bei  1 %  - coupe gauJi'~;e eontre  germes  dcrctsds au niveaa I ~ o. 

' A nzahl LtZs'ionen pro Bhttteinheit (L. U. ) - n o m h r e  de h;sions pat" unitd tie surface lbliaire (L. U. ). 
" Genauigkeit  in "o (Inokttlation mit  Blattsaft I00~ - pr~;cision % (inoculation pat" jtts de l~,uilles - 100). 
:' If 'a/t'elschttitt - coupe gattfrde. 

For the other inscriptions see TM~LE 3 l?ir die attderen Ausdriicke siehe TAI~ELLE 3 - pottr les attires ilt- 
.~criptiolls voir TABLEAU 3. 

TABELLE 4. Genauigke i t  des A6-Tes t e s  be i  A n w e n d u n g  der W~z[]'elschnittntethode 

TABLEAU 4. Prdcision du test  sur f ea i l l e  A 6  en uti l isant la m~;thode de [a coupe gaufi'~;e 
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dard Method) f rom the rose end of the same tuber. All tubers were pre-sprouted as 
described above and results checked by the A6-1eaf test following tuber indexing as 
already described. 

Comparing TABLES 3 and 4, the waffle-cut technique does not appear to be any more 
accurate than methods b and d. Measurements of  the total amount  of  sap which 
accumulated on the pyramidal ridges showed that significantly less (c. 60%) was 
inoculated with the waffle-cut method than with rubbing the plane-cut surface of a 
tuber piece. 

Sap from sprouts is more suitable for use in the A6-1eaf test than sap from tubers. 
It is easier to use squeezed sprouts than the surface of cut ones. Accuracy is, in either 
case, good. 

A C K N O W L E D G E M E N T  

The authors are greatly indebted to Dr .A .R .  WILSON for correcting the English of 
the text. 

ZUSAMMENFASSU N G  

NACHWEIS  VON VIRUS Y UND BLATTROLL lN DER P F L A N Z K A R T O F F E L -  

E R Z E U G U N G  MIT HINWEISEN AUF VERBE SSE RU N G SM()G L ICH K E IT E N  

DES A6-ABREIBETESTES 

Nachdem in verschiedenen L~ndern die Be- 
schaffenheitspri.ifung ffir das erzeugte Kartoffel- 
pflanzgut in die Anerkennungsvorschriften ein- 
gebaut wurde, haben wir die Absicht, in einigen 
Beitr~igen fiber die bei uns gemachten Erfahrun- 
gen mit dem lgel-Lange-Test und den't A6- 
Abreibetest zu berichten und Versuchsergebnisse 
bekanntzugeben. 
Seit einigen Jahren wird die gesamte schweizeri- 
sche Pflanzkartoffelerzeugung, die 1964 3727 ha 
anerkannte Fliiche umfasste, vor dem Verkauf im 
lgel-Lange-Test und A6-Abreibetest auf Befall 
dutch BIattroll und Virus Y untersucht. Von 
jedem auf dem Feld provisorisch anerkannten 
Bestand gelangt ein Muster von 50 Knollen in 
die Prfifungen. Liegt der Virusbefall dieses 
Musters fiber der Toleranzgrenze der ent- 
sprechenden Anerkennungsklasse, wird ein neues 
Muster yon 200 Knollen untersucht. Dieses Er- 
gebnis entscheidet fiber die endgfiltige Anerken- 
hung, Deklassierung oder Aberkennung. Proben- 
entnahme und Durchftihrung der Tests ver- 
ursachen Kosten, die jedoch dutch einen be- 
scheidenen Preisaufschlag yon Fr. 0.25/100 kg 
(Verkaufspreis Fr. 40.- bis 45.- je 100 kg) ge- 
deckt werden k/3nnen. Die Einffihrung dieser 

BeschaffenheitsprO.fung hat sich in unserem Land 
bew/ihrt und wesentlich zur Absatzsteigerung des 
inl~ndischen Saatgutes beigetragen. TABELLE 1 
vermittelt eine Obersicht fiber die Pflanzguter- 
neuerung, die Steigerung der inl/indischen Er- 
zeugung und die Kartoffelertrfige im Landes- 
durchschnitt. 
Nach der ausffihrlichen Beschreibung der Ar- 
beitsmethode (ABB. 1-7) wird fiber Versuche be- 
richtet, die zu einer Verbesserung des A6-Testes 
ffihren sollten. Es konnte gezeigt werden, dass 
rnit Knollen, die bei 20~ C w/J.hrend 21-28 
Tagen bei diffusem Licht vorgekeimt wurden, 
die gfinstigsten Ergebnisse zu erreichen sind 
(TABELLE 2). Belichtete Keime sind fiir die Ab- 
reibung geeigneter, da sic beina Quetschen in 
geringerem Umfang abbrechen als Dunkelkeime. 
Bei Versuchen betreffend Verbesserung der ln- 
okulationsmethode ergab sich, dass dutch Ab- 
reiben yon Knollenschnittfl/.ichen gegeniiber dem 
Abreiben von gequetschten Keimen keine Ver- 
besserung der Zuverl/issigkeit des A6-Testes zu 
erzielen ist (TABELLE 3). Das Einreiben horizontal 
durchgeschnittener Keime zeitigte Ergebnisse, die 
jenen der Standardmethode ebenbtirtig waren. 
Einreiben der Keimschnittfl/iche wird jedoch nur 
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empfoh len ,  wenn  die Keime des Kronenendes  
nicht in genBgender LS.nge entwickelt  sind. Bet gut  
anget r iebenen  Knol len  ist diese Methode  der 
K e i m q u e t s c h u n g  arbei ts technisch unterlegen.  
Schliesslich wurde  noch versucht ,  die direkte 

Knol l enabre ibung  durch Hers te l lung des so- 
genann ten  Waffelschnit tes  (ABB. 8) ZU ver- 
bessern, doch fiel das Ergebnis  nicht gtinstig aus  
(TABELLE 4). 

RESUMI~ 

C O N T R O L E  DE LA P R E S E N C E  DU V I R U S  Y ET DE L ' E N R O U L E M E N T  D A N S  

L A C U L T I V A T I O N  DE P L A N T S  DE P O M M E  DE T E R R E  ET R E C H E R C H E S  V I S A N T  A 

A U G M E N T E R  LA P R I ~ C I S I O N  DU T E S T  S UR F E U I L L E  A6  P O U R  LE V I R U S  Y 

Differents  pays  ayant  introduit  le contr61e sani- 
taire dans  leurs prescr ipt ions d ' admiss ion  des 
plants  de P o m m e  de terre, nous  avons  l ' intent ion 
de publ ier  le resultat  de nos  experiences dans  
l 'ut i l isat ion du test IgeI-Lange et du test de 
f ro t tement  sur  A6. 
Depu i s  quelques  annees ,  toute  la product ion  
suisse de plants  de p o m m e  de terre, qui en 1964 
s 'e tendai t  sur une  surface de 3.727 ha, est 
soumise  avant  la vente aux  tests lgel-Lange et 
A6 pour  deceler la presence eventuelle de l 'en- 
rou lement  et du  virus Y. A cette fin, un echan-  
tillon de 50 tubercules  est preleve dans  chaque  
c h a m p  admis  proviso i rement  Iors des visites des 
cultures.  Si le pourcen tage  de viroses depasse 
la limite toldree pour  la classe ddterminee,  un 
nouvel  echant i l lon  de 200 tubercules est exami-  
ne. Le resultat  ob tenu  '5. part i r  de ce dernier  
4chant i l lon decide de I 'admiss ion definitive, du 
dec lassement  ou du refus du lot. Une  modes te  
majora t ion  de prix de 0,25 Frs/100 kg (le prix de 
vente 4tant  de 40 a 45 Frs les 100 kg) c o u w e  
les frais de pre levement  des echant i l lons  et 
d 'execut ion  des tests. L ' in t roduc t ion  du cont ra le  
sani taire  s 'est  revelee utile dans  notre  pays  e t a  
essent iel lement  favorise l ' ecoulement  des plants  
indigenes certifies. Le TABLEAU 1 fourni t  des don-  
nees sur  le renouvel lement  du plant ,  l ' augmen-  
tat ion de la product ion  indigene et les moyennes  

de p roduc t ion  nat ionale  de p o m m e s  de terre. 
La descript ion detaillee de la methode  de travail 
(riG. I b. 7) est suivie d ' un  rapport  sur des essais 
qui avaient  pou r  but  d 'amel iorer  le test A6. 11 
s 'est revele que les resultats  les plus favorables 
ont  ete obtenus  avec des tubercules pregermes  ii 
des tempera tures  de 20 it 24 C pendan t  21 '5, 28 
jours  sous  lumiere diffuse (TABLEAU 2). Les 
germes  formes a la lumiere conviennent  mieux 
pour  le f ro t tement  parce que se brisant  moins  
par  ecrasement  que les germes formds ',5. I'ob- 
scurite. Les recherches sur  l 'amel idrat ion de la 
me thode  d ' inocula t ion  revelent que le f ro t tement  
de coupes  de tubercules n ' a u g m e n t e  pas  la certi- 
tude du test A6 par  compara i son  au f ro t tement  
de germes ecrases (TABLEAU 3). Le f ro t tement  de 
germes  sect ionnes hor izonta lement  donne  des 
restlllats identiques au f ro t tement  de germes 
traites selon la me thode  s tandard .  Toutefois  le 
f ro t tement  de la surface de sec t ionnement  du 
germe n 'est  r ecommandab le  que Iorsque les 
germes  de la cou ronne  ne sont  pas  suf f i samment  
developpes.  Chez  Ies germes bien developpes la 
me thode  des germes  ecrases est superieure du 
point  de vue technique de travail. 
F ina lement  on a essaye d 'amel iorer  la methode  
de f ro t tement  direct du tubercule en faisant des 
" 'coupes gaufrees'" (FIG. 8) mats le re.sultat n ' a  
pas ere favorable (TABkEAU 4). 
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