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SUMMARY 

A method is described for the breaking of dormancy of potato tuber buds and for regulating the 
growth of the subsequent plants, particularly for use in inspection for the incidence of virus diseascs. 
The method consists of dipping excised eyes in gibberellic acid (GA) solution, usually 1 p.p.m., for 
10 minutes. In varieties with a naturally long dormant period the concentration can be increased to 
5 p.p.m.; when dormancy is only superficial and slender growth is anticipated, 100 to 5,000 p.p.m. 
N-dimethylaminosuccinamic acid (B9 or B995) can be added to suppress excessive stem elongation. 
The implications of the method and its advantages over the use of rindite are discussed. 

1. INTRODUCTION 

In Tile Nether lands,  field inspection of seed potato crops for virus disease is followed 
by laboratory tests on tuber  samples. 
1. Heel-ends of tubers are submit ted to the [gel-Lange test for leaf-roll (ARENZ and 

HUNNIUS, 1963). 
2. The incidence of viruses A and Y is determined by inoculat ing isolated leaves of 

"A6"  hybrids (Solarium tuherosun7 " 'Aquila ...... S. demisswn) with sap i-'rom sprouts 
(KOHLER, 1953). 
3. Plants grown from excised eyes of sample tubers are visually inspected for virus 

symptoms.  Leaves of these plants may then be subjected to the " A 6 "  and 
serological tests (DE BOKX, 1964; KELLER and B~RCES, 1966). 
Methods 2 and 3 require tubers the dormancy  of which has been broken.  Until  recent- 
ly this was done by treat ing them with rindite (ethylene chlorohydr in  : dichloroethy- 
lene : carbon tetrachloride = 7 : 2 :l ). 

The main  disadvantage of this method is that, in our  experience, the heel ends of 
r indite-treated tubers cannot  be used safely in the lgel-Lange test because of callose 
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formation unconnected with the presence of leaf-roll virus. This difficulty, although 
it does not always arise (MONSTER, 1965), forces to take duplicate samples. In addi- 
tion, there is a rather narrow margin between the dormancy-breaking and phytotoxic 
dosages of  rindite and, particularly with freshly harvested tubers, rotting can occur 
readily. Finally, treatment with a toxic and evil-smelling gas is unpleasant and the 
method both time- and labour-consuming. 

Because of these drawbacks, another method has been developed for breaking the 
dormancy of potato tubers, which permits of the application of all the tests to the 
same sample and is both safe and rapid. It is based on the dormancy-breaking action 
of the non-toxic growth regulator gibberellic acid (GA) (BRUINSMA, 1962). Because 
GA may, as well as breaking dormancy, induce excessive stem elongation, it may be 
applied in combination with the growth retardant, N-dimethylaminosuccinamic acid 
(B9 or B995) (KRuG and WIGGER, 1964), which suppresses growth without interfering 
with the breaking of dormancy. Some of the results obtained with this method were 
reported earlier by BAKKER, BRUINSMA and SINNEMA (1966). 

2. M A T E R I A L S  A N D  M E T H O D S  

Following preliminary experiments in 1964, 1,369 samples of tubers from seed crops 
of 45 varieties, grown in North Holland and the North East Polder, were used in the 
late summer and autumn of 1965 for experimental and routine assays. Most samples 
were of the varieties All)ha (200), Bintje (274), Dord (185), Eersteling (92), Eigenhehner 
(47), Furore (77), h'ene (70), Libertas (24) and Sirtema (79). This paper is mainly based 
upon observations of this material, modified in tile light of results obtained in 1966, in 
which year the GA method completely replaced the rindite-method in the work of 
the regional inspection Services of North Holland and of the North East Polder and 
Flevoland. 

The lbllowing data were collected for each tuber sample: variety, quality class, ori- 
gin: dates of chemical haulm destruction, sampling treatment, planting, emergenceand 
inspection for virus diseases: regularity and rate of emergence and leaf development; 
growth rate: appearance of virus symptoms: results of serological and "'A6"" tests. 

Most of the samples were divided into two, one part being submitted to the normal 
rindite treatment, the other to one or more GA treatments. 

With the rindite method whole tubers were treated with 0.8-1.0 ml rindite per kg 
tubers lbr 2 or 3 days in closed containers at 26-28~ They were then pre-sprouted 
under humid conditions at 20-25~ for about 14 days and the sprouted eyes from the 
rose-end cut out with a hemispherical butterknife. These were placed in soil in a green- 
house and provided plants suitable for testing in about 4 weeks. 

With the GA treatment the eyes were excised without pre-sprouting, immersed for 
10 minutes in a solution of GA, normally 1 p.p.m., and planted: these produced sizable 
plants in 4-5 weeks. In some of the experiments, excised eyes were treated with solu- 
tions of B9. 
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The gibberellic acid used was "Berelex" powder (I.C.I.), containing 905/o A:3, 
10~o A a -+- A 7, and a trace of A 1. The N-dimethylaminosuccinamic acid (Naugatuck 
Chemical) was obtained from Ligtermoet Chemic N.V., and the wettable powder 
formulations are to be preferred to the 5 ~o solution. 

Gibberellic acid was estimated with an accuracy of about 10~o from the size of 
spots on paper chromatograms developed with butyl-acetate and detected by spraying 
with 3 ~ H.,SO a in methanol (PoDoJtt. and ,~;EVCiK, 1960). 

N-dimethylaminosuccinamic acid was determined by a modification of a method 
supplied by Naugatuck Chemical. The decomposition product of B9 in alkaline solu- 
tion with zinc, dimethyl hydrazine, was distilled into a phosphate citrate buffer of 
pH 6.3. The intensity of the red colour, which developed 30 rain after addition of 
trisodium pentacyanoaminoferrate (Aldrich Chemical), was measured in a Unicam 
SP 600 spectrophotometer at 488 nm and compared with a standard curve between 
10and 130 p.p.m. B9. 

3. RESULTS 

3.1. T h e  d i p p i n g  t r e a t m e n t  

Dipping of whole, undamaged tubers showed that tile resistance of the periderm to 
penetration of the regulators GA and B9 offered serious difficulties. Even very young 
tubers with thin, tender skins often hardly responded to such treatments, except at 
higher concentrations of GA which also caused unacceptable growth disturbances. 
In contrast to a number of results mentioned in the literature (CHOuDHURI and GHOSE, 
1963: GRECHUSHNIKOV, KIRYUKHIN, SEREBRENIKO and TEKTONIDI, 1964: LADYGINA, 
1964: SEMERD~_JAN and AVAKJAB, 1965; SMITH and RAPPAPORT, 1965), we found that 
treatment of whole, undamaged tubers did not give reproduceable results. 

Superficial wounding of the tubers may greatly improve the penetration of solutions 
(SLOMNYCKI and RYLSKI, 1964) but wounding on a nail-bed prior to dipping showed 
that tile margin between effective and malforming dosages was too narrow to permit 
of practical application on a large range of varieties with different degrees of dormancy 
and susceptibility. Therefore treatment of excised eyes is essential to a large scale rou- 
tine method. 
The rate of absorption of solution by excised eyes is shown in Fig. 1. The minute a- 
mounts of  GA used, from 1 to 25 p.p.m., affect neither tile permeability nor the osmo- 
tic value, the rates of  absorption being indistinguishable from those of distilled water. 
Solutions of B9, if prepared from the 5 0 ~  wettable powder, either at the original pH 
(3.7) or when neutralized, give about the same absorption curves as equimolar solu- 
tions ofmannitol ,  showing that B9 interferes no more with the uptake of solution than 
does GA, except for its higher osmotic value. The absorption of B9 solutions prepared 
from the 5 ~ liquid formulation, however, shows abnormalities due to the surface- 
active agent present in this product. 
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Fig .  I. A b s o r p t i o n  o f  s o l u t i o n s  b y  exc i sed  eyes .  See text .  

-g 
�9 

8 

c"  
9 

o 6  
"6 

& 

2 

1 I I 

.'/ 

, / /  

�9 - -  ,..~ler 
..... • ..... , ppm GA 

]~/ / I !  / -.-+_.-- 25~:pm G& 
- - / t - -  0 5 ' B9 
---S--- 30 r n M ,  I nnmr~ l t c ,  r 

I I I 
2 z, 6 

HOUIS O[ cflppulcJ 

U p t a k e  o f  so lu t ion ,  in % of  fresh weight  - Au[nahme der LOsunv in ",, des Frischvewichtes prdlOvement de 
solution en % de poids frais 
H o u r s  o r ' d ipp ing  - Eintauchzeit (Stttnden) - heures de trempa,~,e 
W a t e r  - It'asser - eau 

Abh .  I. At(Dtahme der  L6sungen  dttrch at tsgestochene Aaf fenst i icke .  S iehe  Text .  
F(g. 1. Absorp t ion  de solut ion pat" h's .veax e.vcisds. Voir tex te .  

During the first few hours uptake proceeds at a constant rate, then gradually levels 
off at about  I0~o of the orginal fresh weight of the excised eyes. With the usual dipp- 
ing time of 10 minutes, the excised eyes absorb only up to 1 o(, of their weight, and 
upon transfer from one solution to another (e.g. from 1 p.p.m. GA to 0.5 3o B9), the 
absorption process continues without any demonstrable release of the previously ab- 
sorbed regulator, it is immaterial in this respect, whether the two regulators are 
combined in one solution or are applied separately. 

Investigations of the absorption rates of  the regulators themselves, relative to the 
absorption rate of the water, were carried out with samples of 20 discs of tuber tissue, 
10 mm in diameter and 5 mm thick, shaken for 15 minutes in 100 ml solution. The 
samples were replaced several times by fresh ones before the final regulator concentra- 
tions in the solutions were determined as described under section 2. (Methods). The 
results, some of which are summarized in Table I and 2, show that the concentration 
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Table 1. Effect of  repeated dipping on G A  concentrat ion in the solution 

GA concen t ra t ion  ( p . p . m . )  

E x p e r i m e n t  ~ : 1 11 

Initial concentrat ion e 26-28  36-38  
After 5 dips 3 18-19 
After 20 dips I 1-12 18-20 

' Versuch - e.vpdriences 
" Anfangskonzentrat ion - concentratiott initiale 
a Nach 5-maligem Eintattchen - aprOx 5 trempa,g, es 

Tabel le  1. Eit~[tuss wiederhol ten  E in tauchens  attl c. die G A - K o n z e n t r a t i o n  der  LOsttng 

Tableau  1. E f f e t  de t r e m p a g e s  r fpd tds  sar  la concen t ra t ion  GA dolts 1o solu t ion  

Table 2. Effect of  repeated dipping on B9 concentrat ion in the solut ion 

B9 concen tra t ion  (g / I )  

Exper in ten t  ~: 1 11 

Initial concentration: 4.15 0.85 
After 6 dips 3 4.25 0.88 

Versuch - expdriences 
" .,4 nfan,~skonzentration - concentration initiale 

Nach 6-maligem Eintauchen - aprOs 6 trempa,~,es 

Tabel le  2. E in fh tss  wiederhol ten  E in tauchens  a t t f  die B 9 - K o n z e n t r a t i o n  der  LOsttng 

Tableau  2. E f f e t  de  t l 'empages  rdpdtds sltr [a concen t ra t ion  B 9  clans la so lu t ion  

of  B9 remains constant throughout repeated dips, but the concentration of  GA gra- 
dually falls. This may be due to an active uptake by the tissue in addition to osmotic 
uptake, or to adsorption on starch grains which accumulate in the solution. Therefore, 
in contrast to the B9 solution which can be used many times, the GA solution must 
be renewed regularly. From a 1 p.p.m. GA solution and a 0.1 ~o B9 solution, respecti- 
vely, about 0.05 [xg GA and 50 lxg B9 are absorbed by the parenchymatous tuber tissue 
of  a single excised eye in 10 minutes. What proportion of  this is actually involved in the 
breaking of  dormancy and the growth of  the bud is unknown.  

3.2. T h e  b r e a k i n g  o f  d o r m a n c y  a n d  s u b s e q u e n t  g r o w t h  

Generally, the GA method was found to equal or surpass the rindite-method in effect. 
Emergence is very even if the excised eyes are planted at a constant depth and the soil 
moisture and aeration are adequate. 

Use of  the GA method avoids the risk, inherent in the rindite-method, of  discarding 
virus-infected tubers because they might tend to sprout less rapidly. Although there is 
no selection on the basis o f  sprouting with the GA method, percentage emergence is 
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Table 3. Emergence after rindite (RI) and GA treatment of excised eyes. Samples of 100 tubers pcr 
treatment; treated with rindite, or with 1 p.p.m. GA for 10 minutes. 

? o o fP  lantsl 

normal" delayed a not emerged ~ 

RI GA RI GA RI G A  

Numbers o f  
samples r' 

B i n t j e  94 91 3 8 3 I 24 
Irene 95 96 2 2 3 2 I 0 
Furore 95 93 3 0 2 7 9 
Ysselster 98 97 I I 1 2 5 
Surprise 74 96 0 4 26 0 I 
Libertas 66 64 14 16 20 20 1 

' % P / l a n . - e n  - " , ,  d e s  p & n t e s  ' N i c h t  a t t [ e e & u [ e n  m m  h,  v d e s  
" N o r m a l  - n o r m a l e s  ' / t n z a h l  M u s t e r  - m ) m h r e  d e s  d c h a n t i l l o u s  
:~ V e r s p ( i t e t  - r e t a r d d e s  

Tabel[e 3. , 4 t t [ t a t t f e n  naeh Rindite ( R I ) -  ttttd GA-Behandhmg votl atts~,estoehenen A t t g e n .  Muster yon 
lO0 Knollen pro Verfahren." behandelt mit Rhtdite oder mit I p.p.m. GA wiihrend IO Minttten. 

Tableau 3. Enwrgenee d ' ) ' e u x  e . v c L v d s  a p r O s  traitements attx RI  et GA. Echantillons de 100 ttd}ercuh's 
par traitement . traitement h la rindite oil art GA ( 1 p .p .m.)  pendant I0 re#lilies. 

not  n o t i c e a b l y  lower ,  n o r  tha t  o f  s t ragglers  h igher  (Tab le  3). Wi th  var ie t ies  offer ing 

diff icult ies wi th  r indi te ,  the  resul ts  w i th  G A  m a y  be bet ter ,  as was the -case with 

S u r p r i s e ,  bu t  no t  w i th  L i b e r t a s ,  in this expe r imen t .  

W i t h i n  var ie t ies  s h o w i n g  va r i ab le  results  wi th  r indite ,  m o r e  h o m o g e n e o u s  results  

h a v e  usua l ly  been  o b t a i n e d  wi th  G A ,  as is s h o w n  by da ta  f r o m  15 bad ly  and well  

s p r o u t e d  samples  o f  the var ie ty  A l p h a  in T a b l e  4. Var ie t ies  tha t  usual ly  r e spond  well 

to r indi te ,  r e s p o n d  equa l ly  well or  be t t e r  to G A .  

Table 4. Emergence after treatment with GA of excised eyes from samples showing a variable re- 
sponse to rindite (RI). Subsamples of 100 tubers front 15 samples. 

Sprouthtg with Treatnwnt'-' "o o f  P &nts:~ 

rindite a normal ~ delayed'  not emerged'; 

B a d :  R I  0 77 23 
GA 89 8 3 

Good ~ RI 8/ 9 4 
GA 80 I6 4 

Keinu ln j . ,  n a c h  R i n d i t e - b e / l a n d ] u n . k  ~ - g e r m i p l a t i o l l  a vec  r i n d i t e  :' V e r s p d t e t  - r e t a r d d e s  
V e r f a h r e n  - t r a i t e m e n t  " N i c h t  attf,~,elattl~,n ho l t  l e v d e s  

. . . .  o P [ t a n s e n  - % d e  p l a n t e s  : S c h l e c h t  - m a u v a i s e  
' N o r m a l  - n o r n t a l e s  ~ G u t  b o n n e  

Tabelle 4. A l o q a t t J ~ ' n  n a e h  B e h a n d h i n g  mit GA vo t t  a t t & f f e s t o c h e t l e n  Augen atts Mustern mit untersehied- 
li~her Reaktion att f  Rindite ( RI) .  Teihmtster yon lO0 Knolh'n atts 15 Proben. 

Tableau 4. l~mergence aprPs traitentent art GA d ' ) ' e t t . r  excisds d'dehantillons motttrant tree rdaction 
variable h la rindite ( RI) .  Parts de 100 tubereules provenant de 15 dehantillons. 
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Table 5. Rates of  enmrgence and of  growth after treatment with 1 and 5 p.p.m. GA.  Samples  of  20 
tubers per treatment,  immersed for 10 minutes.  

p.p.m. GA : 

Number o f  plants emerged aJ?er ~." 

6 10 14 (da.vs) 

1 5 1 5 1 5 

.4 verageplant Regularity o f  
het~,ht aJier stand (scale 

21d,'l.vs'-'(cm) I 5) a 

1 5 1 5 

Bintje 2 7 20 19 20 19 16 19 3-4  3 
Sirtema 4 I I 20 19 20 19 13 15 3 2 
Furore  0 6 20 20 20 20 10 17 4-5  4-5  
Alpha 0 0 6 20 20 20 7 14 3 4 
Record 0 8 17 20 20 20 9 21 4 4 
Burmania  0 0 2 19 20 20 7 14 4 4 
Libertas 0 0 7 18 19 18 6 I 0 2 4 

' Anzahl P/lanzen. att]~eelaufen nach 6, lO und 14 Tagen hombre de p/antes lev~;es apr('s 6. I0 et 14 jours 
" Durchschnittliche P[tanzenhOhe nach 21 Tagen - hauteur moyenne des plantes aprOs 21 jours 

Gleichm(issigkeit der Ent wicklung ( Noten 1-5 ) - rL;gularitr du r ((;cheHe 1-5 ) 

Tabelle 5. AuflauJ- und Wachstumsraten nach Behandhmg mit 1 und 5 p.p.m. GA. Muster yon 20 
Knollen pro {2,rfclhren, eingetaucht w6hrend 10 Minuten. 

Tableau 5. Vitesses d'~;mergence et de croissance aprOs traitement avec l e t  5 p.p.m, de GA. Echantil- 
lolls de 20 tubercttles pat" traitement, immersion pendant lO m#uttes. 

Because of  the linear uptake of  the GA solution with time during the first few hours 
(Fig. 1), the measure of  response depends on the product of  exposure duration and 
concentration. Prolonged immersion may eventually cause damage due to anaerobio- 
sis, but dips up to half an hour are harmless. Generally, a dip of  10 minutes in a 
1 p.p.m. GA solution suffices to break dormancy completely without causing excessive 
stem elongation. The duration of  the dip is not very critical, differences between 
8 and 10 minutes being hardly appreciable. Rates of  emergence and growth 
following dipping tbr 10 minutes in I and 5 p.p.m. GA are shown in Table 5. 
Emergence is completed sooner at the higher dosage, but final establishment is only 
improved in the case of  a difficult variety such as Libertas," the sprouts of  varieties 
which respond more easily often elongate too much and so become weak and liable 
to break off. In Table 6, 32 varieties are classified according to the length of  their 
dormant period and rated on sturdiness of  growth after the breaking of  dormancy. 

It should be noted that those varieties with a long dormant period always exhibit 
sturdy growth (although the reverse does not hold). Such varieties, often difficult to 
treat satisfactory with rindite, can be successfully treated with 5 p.p.m. GA and yet 
will not show excessive stem elongation. They may produce leaves with initially curled 
margins, as may also occur after rindite treatment, but this effect is temporary. Higher 
concentrations of  GA cannot be recommended, since stem elongation occurs at the 
expense of  leaf development and abnormal plant forms arise. At extreme concentra- 
tions such as 25 p.p.m, even thread-like sprouts occur. 
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Table 6. Sturdiness of growth from excised eyes of tubers of different varieties, chtssified according to 
the length of their dormant period. 
1 = very weak, 2 weak, 3 moderate, 4 sturdy. 

l/er) ' s/tort dorma/tcy a Short dormatlc y-' Moderate dormanc) ':~ Lon ff do "mane'3 "z 

Climax 2 Bintje 2 Ari 3 Alpha 4 
Eigenheimer I Emergo 3 B6a 3 Ambassadeur 4 
Furore 3 ldcaal 3 Eersteling 2 Arran Banner 4 
Gineke 3 Irene 3 Patrones 4 Asoka 4 
Sientje I Prefect 2 Pimpernel 3 Burmania 4 
Urgenta 4 Record 3 Primura 3 Libertas 4 
Voran 1 Sirtema 2 Spartaan 3 Maritta 4 

lJsselster 3 Noordeling 4 
Saskia 4 
Surprise 4 

Sehr kur_-e Keimruhe - trc"s courte eh~rmatu'e :' Mittlere Keimruhe - ~h~rmaJice moth;r&, 
" I~'lll'.-'e ]x'C'ilHl'lt]le - COII / ' lC do / ' l t l t l l l ( ' { "  I L a l t , k ' e  Ik ' t ' i / l lFllh~" - Io/ls do l* /H( l l lU{  ~ 

Tabelh, 6. WuchskraJt yon Pflanzen aus aa,westochenen At~gen volt Knollen verschiedener Soften in 
der ReihenJblge der Lfinge ihrer Ruheperiode. 
I sehr schwach, 2 schwach, 3 , mittel, 4 kriiJ}ig. 

Tahleatt 6. Vigear de ]a croissance d'.veux e.vcis{;s de tahercules de d~cXrentes varidtds, ch,ssdes selon 
]a Ionguem de leur pdriode de dormance. 
1 trc;s Jaible, 2 filible, 3 - moddrde, 4 vigoareu.v. 

The response of excised eyes to a GA treatment  not only depends on the variety 
but also on the condit ions under  which the crop was grown and stored. Tubers grown 
dur ing  a predominant ly  warm sun-rmer usually have a shorter do rman t  period than 
tubers grown in a cool season (BURTON, 1963) and very young tubers usually have a 
shorter do rman t  period than the mature  ones (SEMERD2JAN and AVAKJAN, 1965). 
During prolonged storage, dormancy  gradually fades (BURTON, 1963). The GA method 
is so flexible that it evens out such differences in the dormancy  of samples of different 
varieties of various origins. In 1964, dormancy  was not on the whole very pronounced  
and tl-re GA concent ra t ion  could be main ta ined  at 1 p,p.m. In 1965 and 1966, on the 
other hand,  considerable dormancy  prevailed and the GA concentrat ion had to be 
increased to 5 p.p.m, for varieties in which this condi t ion was most marked. 

The flexibility of GA treatment  can be further increased by int roducing B9 to reduce 
the effect of the GA on stem growth. B9 can be added to the GA solution or can be 
used in a second dip to save cost because of the necessity for regular renewal of the 
GA solution. It can also be sprayed on the plants after emergence and al though some 
of the B9 litlls on the soil, no after-effects on subsequent  crops have been observed 
with soil in the green-house;  with soil in pots there is no difficulty whatsoever (KRUG 

and BORCHARDT, 1966). 
The applicat ion of B9 is only necessary when 1 p.p.m. GA alone is likely to induce 

excessive stem elongat ion as is the case when dormancy  is over or nearly over. Varie- 
ties which produce sturdy sprouts after a long dorman t  period (Table 6) never need 
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B9, but the other varieties do, particularly when the growing or storage conditions have 
induced a short dormant period. In 1964, for instance, B9 was used on many samples, 
whereas it was hardly required in 1965 and 1966. 

Very early harvested tubers are often barely dormant when treated and excellent 
results are then obtained with B9. In an experiment with Bin(/e, for example, samples 
were lifted on May 7, 14 and 21, and treated 0,1 and 2 weeks after lifting in the follow- 
ing ways: untreated, rindite, I p.p.m. GA, and I p.p.m. G A - f - 2 5 0 p . p . m .  B9. 
The early harvested tubers did not stand the rindite treatment unless previously harden- 
ed by storage. With 1 p.p.m. GA, growth was initiated immediately, but without B9 
the sprouts grew too long. With later liftings, rindite was tolerated better and treat- 
ment with GA alone gave good plants: the addition of  B9 had hardly any effect. 

It was generally found, that at the beginning of  the testing season the use of  B9 was 
profitable, but later on it was no longer effective or even resulted in an irregular stand. 
In an experiment, started on August 17, with 140 samples of  the varieties Alpha, 
Bintje and Sirtema, a complete inspection four weeks after treatment was possible 
even where B9 had been used at 5000 p.p.m. On the other hand, in an experiment 
initiated on September 22, under very bad growing conditions, even I00 p.p.m. B9 
considerably aggravated irregular emergence and poor growth (Table 7). 

At the end of  the storage period, however, when dormancy is practically over, B9 
may again be useful to counteract the elongation effect o f a  GA treatment and to ensu- 
re a rapid and even emergence. Fig. 2 shows the reduction of  stem growth by B9 in 

Table 7. Effect of  B9 treatment of excised eyes on emergence under poor growing condit ions.  Average 
values of 20 tubers from each of  19 varieties per treatment, dipped for 10 minutes in 1 p.p.m. 
G A  and different concentrations of B9. 

Concentra t ion  B9 ~o o f  plants  ~ Average  plant  L e a f  deve lopment  
(p .p .m. )  height  ~ ( c m )  (scale  I-5)';  

normal" de layed  ;~ not  emerged ~ 

0 80 8 12 19 4.0 
100 62 I0 28 14 3.3 
250 57 12 31 11 2.7 

1,000 55 9 36 8 2.0 
2,500 50 13 37 4 1.3 

L ,,~, PItanzen - ~o de p/antes 
"- Normal  - normales 
:' Vet'spiitet - retardJes 

Nicht attfgelauJ~,n - iron levr 
Durchschnitt/iche Pflancenht~he - hauteur movetttte des platttes 

" Blattentwicklun,~,, ( Noten 1-5) - d(veloppement foliare ((chelle 1-5) 

Tabelle 7. Einflass der B9 Behandlang attsgestochener Augen attf thts Auflaafen beisehlechten Wachs-  
tumsbedingtmgen.  A4ittlere Werte arts 20 Kno/ /en j eder  der 19 Sor t en  pro VerJahren, eht- 
getaucht wiihrend 10 Mintt tet t  itt / p .p .m .  GA ttnd verschiedene B9-Koncen t ra t ionen .  

Tableau 7. E f fe t  du traitemettt B9 d ' y e u x  e.vcis~;s sur la lev~;e duns des condi t ions mddiocres  de crois- 
sance. Va/eurs mo),ennes de 20 tabercules  de chacune des 19 varidt~s pat" t ra i tement ,  
trempEs pendan t  10 mhnt tes  darts I p .p .m.  GA et r diffi;rentes concentra t ions  de B9. 
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Fig. 2. Effect of B9 on phmt height after breaking dormancy with GA. Tubers of Bintje, stored at 
at 2 C till January 27, then treated for I0 minutes and phmted. Measurements on March 3. 

o 

4O 
2 

=- 30 

& 

>~ 20 

10 

OA: 0 1 p p m. 

Sg: 0 0 100 300 1000 3000 ppm. 

Avcrage plant height in cm rhtrchschtfitt[iche P/tanzenhdhe in cm - hataeur moyenne des plantes ell cm 

Abh. 2. Ein/htss yon B9 auf  die p[hm:enhShe nach Brechung der Keimruhe mit GA. Knollen der Sorte 
Bh~tje, his 27. Jamtar bei 2 C gelagert, dann wiihreml I0 Mhmten hehandelt urn[ au,~'gepflan--t. 
34esstmgen atn 3. MOrn 

F~g. 2. E ffet de B9 sin" la hauteto" des phmtes aprOs rttptm'e de la dormanee avec G,4. Tuhercales de 
Bintje, conservds it 2 C jusqu" art 27 janvier, trait ds alors pendant IO re#rotes et plant ds. ~lenstt- 
rations ]e 3 mars. 

GA-treated excised eyes from tubers that still showed no sign of  activity after prolong- 
ed storage at 2"~C, but nevertheless turned out to be no longer dormant  upon transfer 
to 18 *:C. 

It can be concluded that B9 is required in those cases in which the tubers themselves 
contain insufficient growth inhibiting substances to balance the growth effect o1" the 
minimum amount  of  GA required to break dormancy.  When these retarding sub- 
stances are present in large quantities, as in those varieties with a long dormant  period, 
the addition o f  B9 only causes or enhances irregular growth. 

Generally, losses due to rott ing of  excised eyes are considerably less with the GA 
than with the rindite method. This holds good, particularly for  excised eyes f r om early 
or freshly harvested tubers (see also Roc;usKI and MIERZVA, 1963) and from tubers 
f rom light soils. However. even with the GA method it was found desirable to destroy 
the foliage about  a week prior to lifting. With samples in which some of  the tubers are 
infected with Ph) ' topht / tora ,  the apparent ly healthy ones can be selected when excising 
the eyes. In order to reduce losses still further, an antibiotic compound  may be added 
to the GA solution. Since streptomycin and chloromycetin (chloroamphenicol)  may 
cause chlorosis (BRUINS~vlA, 1965), the use of  terramycin is to be preferred, at a con- 
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centra t ion  o f  25 p . p . m .  Our  exper i ence  w i t h  this c o m p o u n d  is h o w e v e r ,  very l imited : 

t erramyc in  c a n n o t  be c o m b i n e d  w i t h  B9.  

3.3. T h e  a s s e s s m e n t  o f  v i r u s  s y m p t o m s  

About  4-5 weeks after the GA treatment the plants can be inspected for virus symp- 
toms and also used for serological and "A6" tests. With all the samples under investi- 
gation, the results were compared with those obtained with rindite-treated tubers; 
check samples known to be virus infected were also included. 

One of  the main objectives of  the tests on tuber samples, following as they do the 
field inspection of  the growing crops, is to detect late infections. Because of the greater 
possibility of  multiplication and translocation of  the virus in the tubers (Mt~NSTER, 
1965), the rindite method, in which the tubers remain intact for some weeks, might 
be more efficient for the detection of such late infections than the GA method in which 
the eyes are immediately excised. This, however, was not found to be the case in our 
experiments. 

In one experiment, plants of  the variety Bintje were artificially infected with virus 
yn  in the field, 4 or 3 weeks before destruction of  the foliage and samples of  their 
tubers were treated with rindite or with GA. Th.e results (Table 8) demonstrate that the 
two methods are equally sensitive and produce comparable figures for late-infected 
tubers. 

Another experiment was carried out with 175 samples of  the variety Dord, which is 

Table 8. Detection of late virus infections by means of the GA and rindite methods, respectively. 
(Bintje plants infected with virus yn  in the field 4 and 3 weeks prior to destruction of the 
foliage in preparation for lifting and treatment I week later). 

Time o f  # f ec t i on" :  

N u m b e r  oJ'cutthtgs z 

4 weeks  3 weeks  Ilot inJ~'cted :~ 

emerged  a d iseased ~ o~ emerged  a d iseased s emerger diseased 5 

1 p.p.m. GA 23 15 65 24 0 19 0 
1 p.p .m.  G A  + 0.01 ?o B9 24 20 83 22 0 24 0 
1 p.p.m. GA + 0.1% B9 25 19 76 23 0 28 0 
rindite 20 13 65 21 0 - - 

' Anzahl  Stecklinge - hombre de boutures 
" Zei tpunkt  der Infek tion (H'ochen) - dpoque de I'infection ( semaines J 
:' Nicht infi.ziert - non infectdes 

Aufgelaufen - levc;es 
Krank - malades 

Tabelle 8. Feststelhmg spfiter Virus in fek t ionen  mi t te l s  der GA- und der R ind i t eme thode .  ( l m  Fehte  - 
4 und 3 Wochen  vor der Krau tvern ich tung  als Ern tevorbere i tung  - mi t  Virus yn  ht f iz ierte 
P f lanzen  der Sor t e  Bin t je  und Behandlang  eine Woche nach der Ernte . )  

Tableau 8. Ddtec t ion  d'in[~,ctions vh'ologiqttes tardives pat" les mdthodes GA et rindite respectivement. 
(P lan tes  Bin t je  infectdes  avec le virus yn  dans le champ 4 et 3 s ema&es  avant  la destruction 
du /~'aillage en vue de I 'arrachage et traitement 1 semaine plus tard.)  
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T a b l e  9. A s s e s s m e n t  o f  i n f e c t i o n  w i th  v i ruses  Y "  a n d  A,  v i s u a l l y  a n d  b y  the  "'A6"'-test, o n  p l a n t s  f r o m  
tubers treated with rindite or excised eyes treated with GA and B9 {vat. Dor~;) 

l/irtts Test Total number o f  diseased plants in 175 samples O/"~: 

25 tuhers 25 tubers 50 tuhers 50 tubers 
5p.p.m. GA I 0.25",IB9 5p.p.m. GA ! 0.5", ,B9 GA ~ B9 rindite 

Y . . . .  A6"" 19 32 51 42 
visual'-' 16(84'?.) 16 (50"~ 32 (63~ 31 (74".) 

A "'A6'" 23 24 47 16 
visual ~ I0(43",,) 2(8%) 12{26",,) 4(25,.) 

Gesamt--ahl l,ranker P/lanzett in 175 Mustern yon 25 urn/50 KnolleH m*mhre total de p/antes malade.~ dan.* 
175 ~;chantillon.~' d:, 25 et 50 tuhercttles 
Visuell- vi.~'ttel 

Tahelle 9. Bearteihmg der hff~,ktion rail den Viren Y" uml A ( visaell uml,'l im A6-Test) hei P/tanzen aas 
rinditebehandelten Knollen oder mit GA- and B9-hehandelten Au,~enstiicken { Sorte Dore) 

Tableau 9. Ddtermhtation de I'infeetion par les titus Y" et A, vL~'uellement el pat" test A6, slit" tl~'s plan- 
tes provenant de tubercules trait~&~"/t let rhMite ou d'l'ett.v e.veis{;s traits&' au GA et B9 {var. 
Dot6) 

extremely difficult to inspect visually. A comparison of the results (Table 9) shows 
again that the GA method was not inferior to the rindite method. On the contrary, the 
larger numbers of infected plants detected in the "A6"'-test following GA treatment 
than following rindite treatment, shows that the danger of discarding the poorer 
sprouting infected tubers in the rindite method is greater than the danger of reducing 
the amount of infection detected by the immediate excision of the eyes in the GA 
method. From a comparison of the percentages of plants found to be infected in the 
"'A6"'-test and which were also visually detected, it appears that in this difficult variety 
the visual inspection of GA-treated material is no more and no less efficient than it 
is with plants from rindite-treated tubers. However, high concentrations of B9 were 
used in this early experiment and it can be seen that lowering the concentration from 
0.5 to 0.25 3,/, appreciably increased percentage detection. The reason for this is that 
the green colour of the leaves of plants grown from excised eyes treated with B9 is 
darker the higher the concentration (see also KRUG and WIGGER, 1964) and that the 
dark green colour tends to mask discoloration caused by the virus. At the lower B9 
concentrations this tendency decreases and plants from cuttings treated with GA alone 
often look slightly paler (BRUINSMA, 1965) which facilitates the assessment of mosaic 
patterns. 

Mosaic symptoms are sometimes obscured with the rindite method also, owing to 
initial variegation and distortion of the leaflets, e.g. in the varieties Sirtema and Red 

Pontiac. 
For these reasons, inspectors with long experience of visual assessment of virus 

symptoms in plants grown from excised eyes definitely prefer plants grown from 
GA-treated tubers. 
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In order to replace the breaking of dormancy with rindite by another chemical treat- 
ment, various substances, alone and in combinations, were tried out, e.g. gibberellic 
acid, ammonium thiocyanate and ~-tocopherol (BRUINSMA, 1963). 

Of these compounds only GA turned out to be promising. Of the two growth re- 
tardants tested, B9 was the most satisfactory, 2-chloroethyl-trinaethylammonium 
chloride (CCC) was found to have more side effects on leaf form and colour, as previ- 
ously described by KRUG and WIGGER (1964). Therefore, the further development of 
the method was confined to GA and B9. 

Most probably, GA acts on the dormancy of the potato bud in a similar way as does 
ethylene chlorohydrin, the main component of rindite, i.e. by activating the synthesis 
of nucleic acids in the cell nucleus (TuAN and BONNER, 1964: BRUINSIVlA, 1966). Gib- 
berellin-like substances are, moreover, natural components of the potato plant 
(HAYASHI and RAPPAPORT, 1962, 1965; BRUINSMA, 1962; WHEELER, 1962: WHEELER 
and HUMPHRIES, 1963) and their content increases at sprouting (SMITH and RAPPA- 
PORT, 1960). B9 is involved in the inhibition of the biosynttlesis of naturel growth- 
regulating substances (REED, MOORE and ANDERSON, 1965) and is required only when 
the endogenous inhibitor content is low, e.g. with very young and very old tubers of 
weak-growing varieties. 

The ability of GA to break the dormancy of potato buds is well-known (BLuMEN- 
THAL-GOLDSCHMIDT and RAPPAPORT, 1965 : BRUINSMA, 1962: EMILSSON and LINDBLOM, 
1963: LIPPERT, RAPPAPORT and TIMM, 1958; TIZtO, 1964). Even earlier LUDWIG (1958) 
applied it as a growth stimulator to overcome the poor growth of excised eyes, but 
because this was clone after storage, real dormancy was probably no longer involved. 
For similar reasons, GA has recently been sprayed on emerged shoots growing from 
excised eyes by KRUG and BORCHARDT (1966). NE(2AS (1965) reported on the use of 
gibberellin, alone and in combination with rindite, to stimulate sprouting and growth 
from excised eyes. He applied drops of 50 p.p.m, gibberellin (Az:A..3 = 3:2) directly 
to the eyes. 

We found dipping of excised eyes in GA solutions to be a convenient and rapid 
technique suitable for use with large numbers of samples as a routin treatment. The low 
concentration, usually 1 p.p.m, and up to 5 p.p.m, at most, keeps the cost down not- 
withstanding the regular renewals necessary because of the gradual dilution of the 
solution. The more expensive B9 solution, which, however, does not become diluted 
during repeated dips, can be used separately by transferring samples from one solution 
to the other without altering the rate of absorption of the solution. Draining for a few 
minutes before transfer is recommended to avoid excessive contamination of the 
second dipping bath. Handling is greatly facilitated by keeping the excised eyes of 
a sample together in a large-mesh bag. A dipping time of i0 minutes in each solution 
was always found to be sufficient. 

Although for the present purpose the use of excised eyes is quite satisfactory, it is 
to be regretted that the method cannot be applied to whole tubers for such other aims 
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as the growing of a second crop or the mechanical planting of unsprouted tubers. 
Our results in this respect agree with the negative ones obtained by VAN HIELE (1961). 

Even damaging the tuber surface with nails (SLOMNYCKI and RYLSKh 1964) did not 
allow of a safe adaption of the method for these other practical objectives. Possibly 
potato seed cutting machines might be useful for these purposes. 

Tlle treatment of  sprouted tubers with GA, in order to ensure a rapid and even 
emergence, involves the risk of extreme elongation of the already initiated stolons and 
of a delay of tuberisation that may cause a considerable reduction in yield. 

In conclusion, the GA method has the following advantages over that using rindite. 
1. Duplicate sampling is unnecessary since the heel ends of the same tubers, alter 

excision of the apical eyes, can be used in the Igel-Lange test. 
2. Samples can be treated immediately without previous storage. In contrast to rindi- 

te, GA is also tolerated by young tubers. 
3. Rotting does not follow mechanical damage. 
4. With the excision of the eye-pieces, no particular care because of sprouted eyes 

has to be taken. 
5. In contrast to rindite, GA is non-toxic and has no unpleasant smell. 
6. The GA method is safer and more flexible, and the margin between effective and 

toxic doses is much wider. The excessive stem elongation, curling of leaf margins, 
and leaf chlorosis, which follow dipping in too high GA concentrations,, can be 
counteracted by treatment with the equally non-toxic growth retardant B9, in solu- 
tions of 100-  5,000 p.p.m, It is particularly this ability to balance the effect of GA 
with B9 that makes the method so flexible and adaptable for use with different varieties 
and under different conditions. 
7. Inspection for the various virus symptoms is generally easier with plants from GA- 

treated than those from rindite-treated material, because the leaves are usually 
more evenly coloured and flatter, However, treatment with B9 tends to lessen this 
advantage owing mainly to its darkening effect on leafcolour. 
8. Because the interval between the plantingand the inspection is about equal with the 

two methods, the replacement of gasing and pre-sprouting by a 10 minute dip results 
in a considerable saving of time. This is especially important at the beginning of the 
inspection period, when the storage of tubers can also be omitted, and at the end, in 
autumn, when natural growing conditions rapidly get worse. 
9. Samples containing rotting tubers n-my deteriorate completely during the pre- 

sprouting period following the rindite treatment. With the GA treatment, appa- 
rently healthy tubers can be selected for the excision of eyes and rotting may be limit- 
ed still further by the addition of an antibiotic substance, such as terramycin, to the 
dipping solution. Infection of samples by dipping together with, or after diseased sam- 
ples, was never found to occur. 
10. The theoretical danger, that the early excision of eyes might prevent their infec- 

tion by virus that is being multiplied and translocated in a newly infected tuber, 
has been shown to be of no more importance than the risk inherent to the rindite 
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m e t h o d  o f  d i s c a r d i n g  in fec ted  tube r s  because  o f  d e l a y e d  s p r o u t i n g  w h e n  tlte eyes are  

exc ised  at  the  e n d  o f  the  p r e - s p r o u t i n g  pe r iod .  

F o r  these  r e a s o n s  we r e c o m m e n d  the  G A  m e t h o d  for  the b r e a k i n g  o f  d o r m a n c y  o1" 

p o t a t o  b u d s  a n d  fo r  r egu l a t i ng  the  g r o w t h  o f  the  s u b s e q u e n t  p lan t s .  

ZUSAMMENFASSUNG 

0BER DIE ANWENDUNG VON GIBBERELLINS*URE (GA) UND 
N-DI M ETHY LA M INOBERNSTEINA M INS,g,U RE (B9) 

BEIM NACHWEIS VON VIRUSKRANKHEITEN IN SAATKARTOFFELN 

Zur Unterbrechung der Keimruhe und zur 
Wachstumsregulation der Augenstecklinge wur- 
de eine Methode entwickelt, die gegeni.iber der 
Rinditemelhode bedeutende Vorteile aufweist. 
Die Endknospe mit einem Sti_ick Knollengewebe 
wird ausgeschnitten, 10 Minuten in eine GA- 
L6sung getaucht und ausgepflanzt. In der Ein- 
tauchzeit absorbieren die Knollenstticke etwa 
I'!b ihres Frischgewiclates (Abb. 1). Die sich 
bei diesem Verfahren entwickelnden Stecklinge 
k6nnen fast zu gleicher Zeit beurteilt werden wie 
gleichzeitig ausgepflanzte vorgekeimte Augen 
nach Rinditebehandlung, obwohl nicht auf 
Auskeimen der Augen selektiert wurde (Tabelle 
3). Sorlen, die mit Rindite nur schwer zui]] 
Auskeimen gebracht worden k6nnen, reagieren 
oft gut auf GA (Tabelle 4). 
Zur Brechung tier Keimruhe genOgt in der Regel 
eine Konzentration yon 1 p.p.m. GA; ffir 
Sorten nail ausgepr~igter Keimruhe kann sie bis 
5 p.p.m, erh6ht werden (Tabelle 5). Wenn nur 
eine sehr kurze Keimruhe zu erwarten ist, z.B. 
bei bestimmten Sorten (Tabelle 6) und bei sehr 
jungen oder sehr alten Knollen, k/3nnen die 

Knollenstticke nach der GA-Behandlung in eine 
B9-L6sung (100-5000 p.p.m.) getaucht werden, 
um abnormales Stengelwachstum zu verhindern 
(Abb. 2). Unter ungtinstigen Wachstumsverla/ilt- 
nissen kann abet B9 unregelm~.ssiges Auflaufen 
noch verschlimmern (Tabelle 7). Zudem werden 
die BI/itter dunkler griin, wodurch die Beurtei- 
lung yon Virussymptomen erschwert wird 
(Tabelle 9). Die mit GA behandelten Stecklinge 
sind tibrigens in der Regel leichter zu beurteilen 
als die mit Rindite behandelten. 
Bei Spfi.tinfektionen ergeben beide Methoden 
den gleichen Befund (Tabelle 8). 
Die GA-Methode wird gegeniJber der Rindite- 
Methode namentlich deshalb bevorzugt, weil 
sie eine doppelte Probenentnahme fi]r den lgel- 
Lange-Test tiberflClssig macht. Daneben ist sic 
rasch, bequem, leicht an bestimmte Proben an- 
zupassen und nicht giftig. Eine Aufbewahrung 
yon Knollen ist nicht n6tig, und F/.iulnis ist 
leichter zu vermeiden. Die methode erweist sich 
als besonders vorteilhafl bei der Verarbeitung 
vieler Proben verschiedener Herkunft. 

RIeSUMI e 

L'UTILISATION DE L'ACIDE GIBBERELLIQUE (GA) ET DE L'ACIDE 
N-DIMETHYLAMINOSUCCINAMIQUE (B9) DANS LE TEST DE 

BOUTURES D'YEUX 

Les autet, rs ont d6velopp+ Line methode pour 
rompre le repos v6getatif et r6gulariser la vegeta- 
tion des boutures d'yeux, qui presente un avan- 
tage significatif sur la methode ~ la rindite. Le 
bourgeon terminal est excise avec un fragment 
de tissu du tubercule, tremp6 10 minutes darts 

une solution GA et plant6. Pendant ce temps, les 
fragments absorbent quelque I"0 de leur poids 
frais (Fig. I). Les boutures sont presque en me- 
me temps fi examiner quc les yeux pr6germ6s 
transplantes aussit6t apr6s traitement i~ la 
rindite, bien qu'iI ne soit fait aucune s61ection de 
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germes.  Los vari6t6s qui germent  dilficilement 
avec la rinditc r~Sagissent bicn au GA (Tableau 4). 
La plup-trt du tetrlps, il suffit de 1 p .p .m.  GA,  les 
yeux de repos plus profond pouvant  recevoir 
jusque  5 p.p.m. (Tab[eau 5). Q u a n d  on s 'a t tend  
i~ un tr6s faible repos vO, g~tatif, par  ex. avec les 
varietes ment ionn6es  au Tableau  6, et lorsque [es 
tubercules sont  Ires j eunes  ou tr6s vieux, on peril, 
Ie plus pr+s du t ra i tement  au GA,  immerger  dans  
100-5000 p.p .m.  B9 pour  suppr imer  le dO.velop- 
pement  anormal  de t i les  (Fig. 2). Sous des 
condi t ions  d,Sfavorables de croissance B9 peut 
cependant  aggraver  tin d6veloppement  irrdgulier 
(Tableau 7). De me.me le fcuillage est d ' un  vert 
plus fonc6, de sorte que la d~terminat ion des 
s y m p t 6 m e s  de viroses est plus dill]cile (Tableau 

9), Au demeuran t  les plantes traitees au GA t~tai- 
ent le plus  souvent  plus faciles :]l examiner  que 
celles t rait~Ses ;~ la rindite. 
Dans  le cas d ' infect ions  tardives les deux m~tho- 
ties donnent  les m~mes resultats  (Tableau 8). 
La nvSthode GA est sur tout  pr,51"Orde ~t la m,Sthode 
rindite, a t tendu qtl'clle rend superflu un nouvcl  
6chant i l lonnage pour  le test Igel-Lange. En 
outre, elle est rapide, aisO, e, facile :~l adapter  a 
un 6.chantillon d6.terminO, et non toxique. Un 
s tockage des tubercules est inutile et la pourr i ture  
est plus facile it 6viter. Elle se mont re  particu- 
l ierement avantageuse  pour  la raise en oeuvre 
d 'echant i l lons  de plus gros volume de diverses 
origines. 
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