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1. INTRODUCTION 

Previous work (SLOMNICKI, 1961a)indicated that length of dormancy was the main 
factor limiting the use of  atitumn-grown seed of most varieties for the spring season. 
As considerable promise was shown by known varieties with short dormancy and a 
short to medium growing period, a programme of breeding for these characters was 
commenced (SLoMNICKI, 1961b). Simultaneously, experiments on the breaking of dor- 
mancy were started to find out if seed of old established varieties, such as Up-to-Date, 
from locally produced autumn crops could be used. 

Reports on the ability of gibberellin to break dormancy were encouraging (DoOREN- 
BOS, 1958: TSUKAMOTO, I958: TSUKAMOTO, ASAHIRA and NAMIKI, 1961: TSUKAMOTO, 
KAKO and NAMIKI, 1960: LIPPERT, RAPPAPORT and TIMM, 1958a: MATKUR, 1961). In 
1958, when the present work was begun, very high concentrations of gibberellic acid 
(GA) were being used and tubers soaked in the solutions for hours or even days 
(L1PPERT, RAPPAPORT and TIMM, 1958b: RAPPAPORT, 1956). Such concentrations, even 
if effective, were very expensive and could not have been used in practice. Other effects 
of high concentrations were abnormalities in growth and development of both plant 
and tubers. GA had been tried mainly for breaking the dormancy of spring-grown seed 
required for autumn planting. The object of the present investigation was the breaking 
of dormancy of autumn-grown seed for spring planting. The main difference between 
these two requirements is one of storage temperature. Whereas the spring crop, 
harvested in June, is stored at dangerously high ternperatures (LITTAUER, 1944). the 
autumn crop, harvested in December, is stored at cool temperatures during the Israel 
winter. As high temperatures hasten sprouting, breaking the dormancy of spring- 
grown seed for autunm planting presents no problem in Israel. 

Another important  difference is the soil temperature at the two planting seasons. The 
autumn crop is planted in mid-August, when soil temperatures at planting depth reach 
31,8~ whereas the spring crop is planted in mid-February, in wet cool soil with a 
temperature of 11-12~ (ASHBEL, 1950). Soil temperature has a major influence on 
the rate of emergence, which is why this character was chosen instead of the spruiting 
of tubers for assessing treatments. Experiments were carried out during four successive 
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seasons, using the variety Up-to-Date. GA solutions were prepared from a commercial 
product (supplied by Kyowa Fermentation Industry Ltd., Tokyo, Japan) and tubers 
were dipped for about one minute, unless stated otherwise. 

2. T R E A T M E N T S  AND RESULTS 

2.1. F i r s t  s e a s o n  (1958) 

One hundred tubers of 150 g weight were cut in half along tlle long axis: 100 pieces 
were dipped for one minute in 50 ppm GA solution and tile remainder used as a con- 
trol: both were stored for a fortnight before planting. On the day of planting, a second 
batch of 100 tubers from the same source and of the same weight were cut and treated 
in tile same way. 111 addition, 200 whole tubers of 75 g weight were divided into two 
equal groups, one of which was dipped in GA solution and the other kept as control. 
Altogether, 600 units were planted on 1 March. Tile rate of emergence was recorded 
twice weekly. 

Cutting of the tubers, without further treatment, greatly influenced the breaking of 
dormancy (FIG. 1). Tubers cut a fortnight before planting emerged more quickly and 
more uniformly than tubers cut on the day of planting. Their emergence was as quick 
and uniform as that of whole tubers dipped in GA. The effect of GA treatment was 
most evident in tubers cut a fortnight before planting. After emergence, the plants had 
a yellow to light green colour, the stems were elongated, thin and weak, the stolons 
were elongated and appeared on the surface a short time after emergence. Tubers were 
abnormally elongated. 

It was concluded that: 

a. In order to obtain a quick and uniform emergence, potato tubers should be cut at 
least a fortnight before planting. 

b. Dipping in GA solution was very effective but much lower concentrations should 
be tried in order to minimize growth abnormalities. 

c. The synergistic action of cutting and dipping in GA solution seems to be a promis- 
ing method of breaking the dormancy of autumn-grown seed required for spring 

planting. 

2.2. S e c o n d  s e a s o n  (1959) 

During this season the influence of GA concentration was studied. Two hundred and 
fifty 150 g tubers were cut in half and divided into 5 groups of 100 seed pieces. The 
treatments consisted of dipping For I minute in 0, 5, 10, 20 and 40 ppm GA solutions. 
The tubers were cut and dipped on 10 February and planted on 24 February in ran- 
domized blocks with 4 replications, each plot containing 25 plants. 

In addition to the major experiment, two minor experiments were carried out: 

a. An additional 100 seed pieces were soaked for 15 minutes in 5 ppm GA in order to 
see whether longer contact with the solution might be more effective than the 1 min- 
ute dip used in the major experiment. 
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b. To s tudy further  the effect of  t ime of  t rea tment ,  add i t iona l  tubers  were cut in half  
and d ipped  3 and 4 weeks before plant ing.  

Soak ing  of  seed pieces for 15 minutes  in 5 ppm G A  had no add i t iona l  effect in hast- 
ening emergence,  number  of  stems, yield or  size of  tubers  in compar i son  with the 1 
minute  dip  in the same solut ion.  Cut t ing  and d ipp ing  seed pieces 3 and 4 weeks before 
p lant ing  also had no addi t iona l  effect c o m p a r e d  with cut t ing and d ipping  2 weeks be- 
fore plant ing,  There  were no significanc differences between the different concent ra-  
t ions in their  effect on the rate of  emergence,  but  there was a marked  difference be- 
tween the G A  t rea tment  and cont ro l  (FitS. 2). 

The  appea rance  of  the plants  af ter  emergence  resembled that  seen in the previous 
years  exper iments  only where the tubers  were t reated at the higher concentra t ions .  The 
appea rance  of  the plants  t reated with 5 ppm G A  solut ion was closest to the normal .  
The cont ro l  plants  emerged over a long per iod of  time, and there were large differen- 

FIG. 2. Effect on rate of emergence of treating cut seed from the autumn crop with gibberellic acid 
(GA) 14 days prior to spring planting (1959) 
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ces between the first which emerged 40 days after planting and the latest which emerged 
70 days after planting. 

When harvested on 18 June, the number of steins (TABLE ]), was lowest in the con- 
trol plants and was strongly influenced by the concentration of GA. The highest yield 
was obtained with the lowest concentration and high concentrations resulted in de- 
creased yield. 

Size of tubers was strongly influenced by the number of stems. The control and 40 
ppm GA gave the same total yield, but tlne distribution of large, medium and sinall 
tubers in the total yield was entirely different. 

Treatment with GA was essential for quick and uniform emergence. High concen- 
trations had a negative influence on quantity as well as on grading of the yield. The 
lowest concentration of 5 ppm GA seems to be the upper limit. 

TABLE I. Yield and number of  stems per plant after treatment of  cut tubers with gibberellic acid 
(GA)  at various concentrat ions  2 weeks prior to planting (1959) 

' l 'realnicnl %i/c, ~fftul~cr> t~)l,,l[,n~,~o~.~ ,allb,< Yield l:ma~ Nt~. ~dstvms p. plant 
lhhamlhm,2 d,'s tub, l,uhs : ",,, ~<,.It, hi,'hc / . .  l'/lanzc 
"])ait, m, tit ! k~ ar, "i ) '17,.,,, pm plant, 

Vlltat] ] t l t l ' d l t lNI  l a r t~c  
kh m mittcl .,.,~,,* , 
p, t it int!rr II L~t I l t ld 

1. C o n t r o l - '  6 ,8 23 ,4  69 ,8  236  2,1 

2. G A  5 p p m  18,6 4 4 , 6  36 ,8  344  3,2 

3. G A  10 .. 20,1 47,1 32 ,8  309 3,5 

4. G A  20 .. 29 .4  46,1 24,5 270 3,6  

5. G A 4 0  30,7  47 ,9  21 ,4  233 4 .3  

L S . D ,  (at the _ ,, l eve l )  a 76,1 

' 1 are I 100 ha 100 m-'. 
= Kontrol le  - tdmoin.  
' G. D. ~kleinste  ve.~icherte Di/l~.renz / P 0.o5 . D.S .  t entre  re#ulements mo.l'ens ! au seuil  ~h" probabi l i td  P 
0,05. 

TABEI.LE I. E r t r a g  u n d  A n z a h l  T r i e h e  p r o  P / l a n z e  naeh  B e h a m l h m , g  yon , g e s c h n i t t e n e n  K n o l l e n  m i t  

G i b b e r e l l i n s i i u r e  ( G A  : he i  v e r s c h i e d e n e n  K o n z e n t r a t i o n e n  z w e i  W o c h e n  vor der  p / t a n z u n f f  

( 1 9 5 9 )  

TABLEAU l. P r o d u c t i o n  et n o m h r e  de  l@es  pat" p h m t e  apr~"s t r a i t e m e n t  de  tubere t t / e s  cOttl)~Js r l ' ae i& '  

, e ibere l l ique  ( G A )  ~'t d~[Ji;rentes c o n c e n t r a t i o n s ,  de ter  s e m a i n e s  a w m t  let p h m t a t i o n  ( 1 9 5 9 )  

2.3. T h i r d  s e a s o n  (1960) 

Concentrat ions  of  1 : 2,5 and 5 ppm G A  were tested. All the 150 g tubers were cut and 
dipped for one minute  2 weeks  before planting. At the same time,  whole  75 g tubers 
were pierced with an awl instead of  cutting and divided into two groups,  one being 
dipped in 5 ppm GA and the other kept as a control .  

At planting t ime (16 February), untreated 75 g tubers from the same source and 
imported whole  tubers of  the same size and variety were also included. The experiment 
was laid out in randomized blocks with 7 replications,  each plot containing 50 plants. 
The crop was harvested on 21 June. 
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Whole untreated tubers gave the lowest, and imported whole untreated tubers the 
highest yield (TABLE 2). Uncut, pierced tubers, dipped in 5 ppm GA gave a total yield 
not significantly different from that of  imported seed, the only difference between these 
two being in the size grading. Pierced untreated tubers gave a significantly higher 
yield than whole ones but lower than cut tubers. There was no difference in total yield 
from untreated cut tubers and those treated at all concentrations of  GA used or be- 
tween these and whole pierced tubers treated with 5 ppm GA. Differences could be 
detected in the size grading only. Cut tubers treated with 1 ppm GA produced plants 
of  normal appearance. 

The results show that the entire yield harvested from autumn-grown potatoes can 
be used for seed purposes. The large tubers can be cut and the smaller ones can be 
pierced, being subsequently treated with I or 5 ppm GA solution respectively. 

TABLE 2. Yie ld  a n d  n u m b e r  o f  s t e m s  af ter  t r e a t m e n t  with  g ibbere l l i c  ac id  ( G A )  at  v a r i o u s  c o n c e n t r a -  
t ions  o f  w h o l e ,  cut ,  a n d  p ierced  tubers  2 w e e k s  before  p l a n t i n g  as c o m p a r e d  with i m p o r t e d  
w h o l e  t ube r s  (1960) 

" r r e a t m e n t  Nize , , f l u h e r s  ILnolh'nt.,irhw - . d d n ,  Yit 'hl  l:~t~a,.., N , , .  , f f s te lns ;p la[n  
l l c kandhm e  dc~ t ubc .  uh'~ r * ~/,,,Ih' 'l~h'l,c p . ,  I'/I :c 
7-)al'tcnlcnt (kt~ art "1, l lk'rr p m  plant," 

s ma l l  m e d i u m  lartze 

[Icttt liB{yen g . m d  

I. I m p o r t e d  w h o l e  tubers  ~ 2,2 9,1 88,7 451 3,2 
2. W h o l e  tubers  a 6,7 12,4 80,9 194 1,0 
3. Cu t  t ube r s  ~ 1,5 8,4 90,1 395 1,5 
4. Cu t  tube r s  ~ :- I p p m  G A  3,3 16,3 80,4 398 2,6 
5. ,, - 2,5 . . . .  5,9 23,3 70,8 391 2,8 
6. ~ 5 ,, 8,5 18,4 73,1 386 3,6 
7. P ierced  tubers  a 4,9 9,9 85,2 265 1,0 
8. , ., e 5 p p m  G A  4.5 15,8 79,7 420 2,7 

L.S .D . ' (a t  the 5 ?o level )  ~ 41 ,0  

' 1 are - I 1 0 0 h a  100m-'. 
" lmportierte gan2e Knollen - tubercule,~ entiers importd,~. 
" Gan--e Knollen tuhercuh's entiers. 
' Geschnittene Knol/en - tubercules coup~;,~. 
" Durchstochette Knolh, n - tubercules perfor(;s. 
~ G.D. (kh, inste gesickerte Di[l~,ren_-) P : 0.05 D.S. (entre rendement,s nto.ven.~') au ,~euil de prohahifitd P 
0,05. 

TABELLE 2. Ertrag  trod A n z a h l  Triehe Bach Behandhmg  yon ganzen,  geschni t tenen  uml thtrchstochenen 
Knol len  mi t  Gibberellhts&o'e ( G A )  bei  verschiedenen Konzentra t ionen  zwei  Wochen  vor der 
P f l ( l l l Z l l l l g ,  verglichen mi t  import ier ten  gan=en Knollen (1960)  

TABLEAU 2. Product ion et hombre  de t iges apMs t ra i tement  ~'t I 'acide gqherellique (G,4)  g't d~ffdrentes 
concet t trat ions de tuberctdes  entiers, coupds et  perfords, det tx  semaittes avant  la p/antatiotl .  
en comparaison  avec des tubercules  entiers importds { 1960) 

2.4. F o u r t h  s e a s o n  (1961) 

Since spring-grown, cold-stored seed is an alternative to imported seed, the three pos- 
sible sources of  seed for the spring season were compared. 
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Autumn-harvested tubers were cut in half and dipped in 1 ppm GA solution two 
weeks before planting. At the same time, tubers from the previous spring crop, kept in 
cold storage at 3~ from July, were removed fi'Oln the cold storage and allowed to 
sprout under the conditions normally used for imported seed. The imported and the 
spring-grown local seed both consisted of  whole tubers of  the same weight as the seed 
pieces of  the autumn-harvested, cut and GA treated tubers. 

The experiment was carried out in randomized blocks with 8 replications, each plot 
containing 140 plants. The planting date was 8 March, the harvest date 10 July. 

The highest yield, quantitatively and qualitatively, was obtained from imported 
seed (TABLE 3). Spring-harvested, cold-stored seed gave the same total yield as import- 
ed seed but the percentage of  small tubers in the yield was higher, a phenomenon al- 
ready known to local growers. Autunm-harvested cut seed treated with 1 ppm GA so- 
lution produced a yield 20 ~}/~ lower than imported seed. The high percentage of slnall 
tubers in the yield of  spring-harvested seed was caused by the larger number of  steins 
per plant, which are symptomatic of  physiologically older seed potatoes. The small 
number of  stems in autumn-harvested seed produced a high percentage of large tubers. 
In fact, there was no significant difference between the yield of  marketable tubers from 
the autumn and the spring crops. 

T A B L E  3. Yield and number of  stems per plant using seed from different sources (1961) 

Source cffseed Size .~flulmrs- t~)u,llcng~Ossc- ,all&, Yield l-mag N.. nfstcms / plant 
tlo ku,O d, s .*,}mteut,'s dc~ tubeJ rules i %, ) ~/c,h ; 7-~ iehc p~, l'}lanz; 
I~l,~; ~name d,'~ plants (kt{iare ~) 7i.~,cs /,a~ /,lain; 

+mall medittnl lart{e 
khm mim-I .u,.,a 
p,-t it m~9't n gl a ud 

Imported-' 3,3 
Spring harvested, cold stored a 8,4 
A u t u m n  harvested, treated with 
1 ppm G A  for 1 minute ~ 3,7 
L.S,D.  (at the 5 % level) s 

7,3 89,4 367 3,4 
14,1 77,5 368 3,8 

8.1 88,2 298 1,8 
43,5 

1 are 1 100 ha 100 m:. 
lmpor t i e r t  - importds .  
Fri ihjahrsernte .  k i ihl  ,~,elag, ert - r&'oltds au pr in temps ,  conservds /J hasse tempdrature .  
Herhsternre ,  behatMel t  mi t  1 p p m  G A  wahrend 1 M i n u t e  rdcoltds era a t t t o m n e ,  traitds avec  I p p m  de G A  
pendant  1 minute .  

~' G.D.  ( k le ins te  ges icherte  Di[.l~,renz ) P 0,05 - D.S .  (en tre  r endemen t s  m o y e n s  ) au seuil  de prohabil i td P 
0.05.  

TAUELLE 3. E r t r a g  u n d  A n z a h l  T r i e b e  p ro  p iqanze  be i  G e h r a u c h  yon S a a t g u t  v e r s c h i e d e n e r  H e r k u n J ?  

( 1 9 6 1 )  

TABLEAU 3. P r o d u c t i o n  e t  h o m b r e  de  t iges  pat" p l a n t e  h p a r t i r  de  p l a n t s  de  d i f fd ren tes  o r i g h w s  ( 1 9 6 1 )  

3. D I S C U S S I O N  A N D  C O N C L U S I O N S  

Autumn-harvested seed cut and dipped in a 1 ppm solution of  GA provides good qual- 
ity planting material for the spring season. Quick and uniform emergence and normal 
growth and development of  plants and tubers can be ensured by using a low concen- 

190 E , r .  P o t a t o  J . ,  Vol.  7 ( 1 9 6 4 )  No .  3 ( S e p t . )  
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t r a t i on  o f  G A ,  which  makes  the t r e a t m e n t  inexpens ive .  Neve r the l e s s  it must  be ad-  

mi t t ed  tha t  i m p o r t e d  seed is s u p e r i o r  and p roduces  yields bet ter  both  in quan t i t y  and 

size g rad ing .  The  di f ferences  o f  10-20 % are  o f  such an o r d e r  that  there  is little d o u b t  

which  seed will be pre fe r red  by growers .  

It is a difficult  task to c o m p e t e  with h igh-qua l i ty  i m p o r t e d  seed. Local ly  p r o d u c e d  

seed is e i ther  t o o  young ,  as in the case o f  the a u t u m n - h a r v e s t e d ,  or  too  old,  as in the 

case  o f  sp r ing -ha rves t ed  c rop ,  whe reas  the i m p o r t e d  seed is in the op t ima l  phys io log i -  

cal s ta te  for  Israeli  cond i t i ons .  In fact it wou ld  seem possible  that  the i m p o r t e d  seed, 

which  is the s a m e  as that  used in E u r o p e  for  spr ing  p lant ing ,  is phys io log ica l ly  t oo  old 

when  p lan ted  in Apr i l ,  o r  even  in M a y  in the n o r t h e r n  par ts  o f  Europe .  Israeli  a u t u m n -  

g r o w n  po ta toes ,  which are  t oo  y o u n g  phys io log ica l ly  for  F e b r u a r y  p lant ing ,  may  be 

ju s t  at the op t ima l  phys io log ica l  age for Apr i l  and May  phmt ing  in E u r o p e a n  count r ies .  

In p r e l i m i n a r y  e x p e r i m e n t s  car r ied  out  in Sweden  (SLt).,',INJCKI and LINNELL, 1958), en- 

c o u r a g i n g  effects were  o b t a i n e d  with Israeli  a u t u m n - g r o w n  seed po ta toes .  

SUMMARY 

Length of dormancy limits the use of autumn- 
grown seed potatoes for planting the spring crop. 
Trials of different treatments for breaking dor- 
nlancy were carried out for four successive sea- 
sons (1958-1961). 
Cutting the seed and dipping in gibberellic acid 
(GA) was effective in breaking dormancy. Cut- 
ting two weeks before planting and dipping the 
seed pieces in a 1 ppm GA solution gave the 

best results. Instead of cutting, sin(diet sized 
seed can be pierced, thus enabling the entire yield 
of tubers to be used l\w seed. 
Higher concentrations of GA induced growth 
abnormalities in both plants and tubers x~ithout 
producing any improvement in the breaking of 
dormancy over tile lo~est concentration used ( I 
ppm). Physiological aspects of seed potatoes are 
discussed. 

ZUSAMMENFASSUNG 

EINFLUSS DES SCI tNEIDENS UND DEP, GIBBE-RELLIN-BEHANDLUNG 

AUI-- S A A T K A R T O F F E L N  (HERBSTERNTE)  F('IR DIE FR{ . IHJA | IRSPFLANZUNG 

In Israel wird der Gebrauch yon Saatkartoffeln 
aus Hcrbsternte fiir die Fri.ihjahrspflanzung 
durch die Lfinge der Keimruhe beschrfinkt. 
Wfihrend vier aufeinandert\~lgenden Anbau- 
perioden (1959-1961) wurden Versuche mit vcr- 
schiedenen Behandhmgen zur Brechung der 
Keimruhe durchgefLihrt. 
Durch Schneiden und Eintauchen der Saatknol- 
len in Gibberellins/J.ure (GA) wurde die Keim- 
ruhe wirksam gebrochen. Die besten Ergebnisse 
wurden erzielt, wenn das Saatgut zwei Wochcn 
vor der Pflanzung geschnitten Lind die Knollen- 

sti.ickc in eine GA-L6sung yon ] ppm eingetaucht 
wurden/TAI~ELLEN I und 2). KleinereSaatknol- 
len k,3nnen statt gcschnitten nur durchstochen 
werden, so dass der ganze Knollenertrag ftir 
Saatzwecke gebrat,cht wcrden kann (TAI~I~LLF 2). 
H6here GA-Konzentrationen fLihrten zu Miss- 
bikhmgen sowohl der Pflanzen ~ic der Knollen, 
ohne cine Verbesserung im Brechen der Keim- 
ruhe gegeni.ibcr der niedrigsten angewendeten 
Konzentration (I ppm) zu bewirken. Physiolo- 
gische Aspekte der Pflanzkartoffcln werden be- 
sprochen. 
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RI~S U/vll~ 

E F F E T  DU S E C T I O N N E M E N T  ET DU T R A I T E M E N T  A LA G I B E R E L L I N E  DE P L A N T S  

DE P O M M E  DE T E R R E  P O U S S E S  EN A U T O M N E  EN VUE DE LA P L A N T A T I O N  

AU P R I N T E M P S  

En Israel, la longueur  de la do rmance  limite 
l 'u t i l isa t ion de plants  de p o m m e  de terre pouss~.s 
en  a u t o m n c  pour  la p lan ta t ion  de pr in temps .  
Diff6rents t ra i tements  pour  rompre  la do rmance  
ont  6t~ effectues pendan t  qua t re  saisons succes- 
sives (1959-196I) .  
Le sec t ionnement  des plants  et le t rempage  
dans  l 'acide giberell ique (GA) sont  efficaces pour  
rompre  la dormance .  Le sec t ionnement  deux 
semaines  avant  la p lan ta t ion  et le t rempage  des 
f ragments  dans  une solut ion "a I p p m  x de G A  
dorment  les meil leurs rdsultats (TABLEAUX 1 et 2). 

Les petits plants  peuvent  6tre perfor6s plut6t 
que scctionn6s,  ce qui permet  alors d 'ut i l iser  la 
r6colte enti+re de tubercules  c o m m e  plants 
(TABLEAU 2). 
Une plus haute concentration de OA provo- 
quait le d~veloppement d'anomalies ',). la fois 
dans ]es p]antes et les tubercu]es sans apporter 
d'avantage dans la rupture de ]a dormance, par 
rapport ~. la plus basse concentration utilis6c 
(I ppm'). Le point de rue physiologique est 
discut6. 

ppm - partie par million. 
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