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Summary 

In a potato bud bioassay GA 3 appeared to stimulate sprout growth and to inhibit root development. The 
inhibition of root growth retarded the development of the sprouts into plants. Kinetin and IAA stimulated 
root development. ABA has an initially retarding effect on sprout growth. But during prolongation of the 
experiment this delay becomes less. and at low concentrations turns into a stimulating effect. D. uring the 
subsequent development into plants, there is again a stimulating effect of ABA at the higher concentrations. 

Introduction 

It was assumed by R a p p a p o r t  & Wol f (1969)  that  the growth  regula tors  A B A  and G A  
play an impor t an t  role in d o r m a n c y  and sprou t ing  of  pota toes .  App l i ca t ion  of  G A  was 
supposed  to break  the do rmancy ,  which is con t r ad i c to ry  to the s ta tement  made  by 
Madec  & Perennec (1969) that  G A  does not b reak  do rmancy ,  but p romotes  sprout  
g rowth  af ter  d o r m a n c y  is broken.  

Acco rd ing  to R a p p a p o r t  & Sachs (1967) injury of  tubers  leads to increased G A  
act ivi ty  and break  of  do rmancy .  Several research workers  have found an increased G A  
act ivi ty  t owards  the end of  d o r m a n c y  (Smith & R a p p a p o r t ,  1961, Bialek & Bieliflska- 
Czarnecka ,  1975). 

The g roup  o f c o m p o u n d s  isolated from d o r m a n t  po ta toes  by H e mbe rg  ( 1952, 1958) 
capab le  o f  inhibi t ing the growth  o f  A r e n a  coleopt i les  and  identical  to the so-called 
inhibitor-[?, complex ,  a p p e a r e d  to con ta in  the growth  inhibi t ing c o m p o u n d  ABA,  
discovered by Eagles & Ware ing  (1964). This was es tabl ished by M i l b o r r o w  in 1967. 

El A n t a b l y  et al. (1967) showed that  A B A  could  p ro long  the d o r m a n c y  o f  tubers  and 
re tard  the growth  of  buds  in a b ioassay.  

Acco rd ing  to Bie l i f l ska-Czarnecka  & Bialek (1976) and T h o m a s  & Wur r  (1976) there 
is an increased G A  activi ty at the break  o f d o r m a n c y ,  accompan ied  by a decrease o f  the 

*GA 3 = gibberellic acid : ABA = abscisic acid: IAA = indolacetic acid ; kinetin = 6-furfuryl-amino-pt, rine. 
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activity of  inhibitors, and tile latter authors conchided that the main inhibiting com- 
pound was not ABA, but a component  still unknown. 

Railton & Wareing (1973) observed an inc,ease in GA activity after application of 
ABA to tile leaves of  S o l a m m l  amt~,,,ena. 

It is obvious that many questions remain to tile answered with respect to tile 
significance and the effect of  ABA. 

The cytokinin content, particularly m tile tissue surrounding tile eyes. is increasing at 
tile break of dormancy (Engelbrecht & Bielifiska-Czarnecka. 1972). Rappapor t  & 
Wolf(1969) do not consider IAA to be very important in this respect. 

In the following experiments different concentrations oFABA, GA. kinelin and IAA 
were applied to potato buds in bioassays, to obtain more insight into the effect of  these 
compounds on the sprouting, root l\~rnlation and plant development. 

Malerials and methods 

Tile experinlents were carried out with potatoes of  cv. Bintje, seed quality class E, 
stored at 2-4 C. The activity of tile growth regulators was tested according to the 
excised bud assay method described by vail Es & Har tmans  (1969) with a few modifi- 
cations. Tile experinlents were carried out in the da,'k, at 18 C. GA and kmetin were 
obtained from Koch Light Laboratories. and IAA fiom Merck, Darmstadt .  

The ABA was synthetized according to the method of Cornl\~rth et al. (1965) with 
modifications of  Nieuwenhuis & van Es (1973). 

The growth regulators were dissolved in water. Water was used as a control. 
The length of sprouts, shoots and roots was measured regularly at interwtls de- 

termined by the growth rate in a particular experiment. All experiments were done in 
duplicate: 15 eye-pieces were used in each expeliment. Approximately 100 ml of  test 
solution was used pc,- experiment : tile solution was not replaced during an experiment. 
Sprouts and roots were weighed at tile end of each experiment. In some cases tile eye 
pieces including sprouts and roots were transferred to plastic t rays(H • L x W : 8cm 
• 45 cm • 29 cm), filled with moist perlite containing 1 litre nutrient sohition (2.0 g 
K N O ,  : 0.8 g Ca(NO3)_, : 0.6 g MgSO~: 0.45 g KH2PO~ and minor elements). 

Depending on tile growth rate. new nutrient sohition was supplied every 10-14 days. 
This material was grown at 18 C in tile light l\~r 12 hours per day. (TL 57 de Luxe, 
Philips, light intensity approx. I0000 Ix) in trays containing 20 plants. 

The data m this paper are representative for the trend in many experiments. Quanti- 
tative data varied with the physiological state of  the potato material used for the 
bioassay rnethod. 
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GROWTH REGULATORS: EFFECT ON SPROUT, ROOT AND PLANT DEVELOPMENT 

Results and discussion 

hTfluence o/location of the e.ves on sprout and root growth 

Goodwin  (1967b) demonstrated that the apical bud is dominant and that sprouting of  
the lateral buds is inhibited by the apical bud. This phenomenon cannot only be 
observed on intact tubers, but also after excision of  the buds (Lallu & McWha,  1976). 

Fig. 1 shows this effect also in the excised bud assay used here. This experiment was 
carried out with non-dormant tubers. The apical sprouts (A) grow fastest. Side sprouts 
(B and C) grow almost equally fast but less than the apical sprouts, and sprouts near the 
heel end (D) growing slowest. The apical sprout, which is the last to be developed 
during tuber formation and therefore physiologically the youngest bud, appeared to be 
the first to sprout. It is evident that this property remained even after separation from 
the tuber. 
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Fig. 1. Difference in sprout length between the apical sprout 
and side sprouts. 

Apical sprout - Apikaler  Keim - Germe apical. Sprout length 
in cm - Keimliinge in cm - Longueur du germe en cm; Days - 
Tage - Jours 

Abh. I. Unterschied in der KeimEinge zwischen dem apikalen 
Keim und den seitlichen Kehnen. 
Fig. I. D!ff~;rence du des germes entre le germe apical 
et les germes lat~raux. 

Table 1. Effect of the location of the eye upon root growth. 

Apical sprout j Side sprout-" Side sprout Sprout at heel end 3 
A B C D 

27.7 mg* 4.6 mg* 3.9 mg* 0.2 mg* 

* Root weight in mg per tuber piece after 10 days - Gewicht der Wurzel  in mg/Knollenst i ick naeh 10 Tagen - 
Poids de racines en mg par tuhercule apr~;s lO jours  

Apikaler  Keim - Bourgeon apical; z Seitl icher Keim - Bourgeon Iot~;ral." 3 Keim am Nahelende Bourgeon 

terminal (talon) 

Tabelle 1. Einfluss der Lage des Auges aufdas  Wurzelwachstum. 
Tableau I. Effet de la localisation des yeux sur la croissance des racines. 
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Goodwin (1967a) could not find any morphological difference between the apical 
sprouts and the lateral sprouts. Therefore the difference must be attributed to differ- 
ences in chemical composition of  the excised buds. 

Table 1 shows that root formation proceeds parallel with bud development. From 
the results of  these tests it can be concluded that, because of their similarity, the pieces B 
and C were preferable for a study on the influence of growth regulators upon sprout 
and root growth. 

Dormancy 

Breaking of dormancy in seed potatoes - uninjured tissue - by GA is well-known 
(Holmes et al., 1970). Prolongation o fdormancy  of intact tubers by ABA was found by 
E1 Antably et al. (1967) and by application of high concentrations of  IAA by Rap- 
paport  & Wolf (1969). It is also known that kinetin and zeatin break dormancy of 
potato tubers (Hemberg, 1970 : Engelbrecht & Bieliflska-Czarnecka, 1972). 

None of the tested plant hormones GA. IAA, kinetin or ABA were capable of  
keeping the excised buds in the dormant  state, or of  bringing forward the moment  of 
sprouting. This may be due to the increase in GA content as a consequence of injury, 
caused by preparation (Rappapor t  & Sachs, 1967). 

However, Harket t  (1976) found a break of dormancy in a bioassay where he applied 
GA to dormant  tubers not long after harvest. 

Influence qlgrowth regulators on aTn'out growth 

h!/luence of GA 3- The results of  GA application on sprout growth are summarized in 
Fig. 2, showing it to have a strongly stimulating effect on the growth rate of  the sprouts. 
At higher concentrations the increase of  growth in length is often accompanied by a 
decrease of  radial growth, resulting in thin shoots. This is in agreement with the results 
of  Holmes et al. (1970), who found that application of higher GA concentrations 
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Fig. 2. Inf luence o f G A  3 on the sprout  length measured  
after  7 days.  

Inh ib i t ion  - Hen n mg lnhihition." St imula t ion  For- 
d e r t m g -  Stimuhttiotl." Cont ro l  Kontrolh' - Ccmtrdle 

Ahh. 2. Eit~fluss der GA 3 at(l r KeimEinge, gemessen 
nach 7 Tagelt. 
Fig. 2. h!/htence de I'acide gihherellique sur la hmgueur 
~h,.s' germes mesttrOe ctpr~;s 7jotlrs. 
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Fig. 3. Inlqucncc o I ' 4AA on  the s p r o u t  l eng th  m e a s u r e d  a f t e r  
13 days .  

Inh ib i t ion ,  S t imu la t i on ,  C o n t r o l : s i e / w  .,thh. 2 roir.lig. 2 

Ahh. 3. Eiqlhlss der IES  aul die KeimEinge, genwssen retch 13 
Ta,~en. 
Fig. 3. h{/hwncc th' I'aci~h" imhd-a('~;liqtw sttr hi Ion.+gueur r 
germes mesur&' aprgs" 13/om'.~. 

27 ' -6 -'5 L4 ' ' 
1c1 10 10 10 M I A A  

resulted in the development of plants with thin stems and chlorotic leaves. 
The increase in sprout weight related to the increase in sprout length is up to 30 ",, 

lower for the highest GA concentrations ( 10 -+ M) due to decrease in radial growth. In 
some experiments with GA cone. 10 -4 10 -s M the,'e can be a decrease in sprout 
weight, although there is an increase in sprout length. 

h{/luence o/IAA. The results from the experinaents with IAA, presented in Fig. 3. show 
that concentrations lower than 10 -~' M stimulate sprout growth, whereas-concen- 
trations higher than 10 -~' M have an inhibiting effect, possibly due to toxicity. This is 
confirmed by the work of Hemberg (1949, 1970) and Engelbrecht & Bielifiska- 
Czarnecka (1972). They too found an inhibition of longitudinal growth at higher 
concentrations of IAA, which in out" case, however, was not accompanied by an 
increase of lateral growth of the sprouts, as appears fl'om Table 2. 

h!lluence qfkinetin. Kinetin was used because it is a compound with a cytokinin-like 
effect. The results are given in Fig. 4. The concentrations of 10- 6 M and 10- ~ M have a 
stimulating effect, whereas lower concentrations, 10-s M, do not have any effect. 

T a b l e  2. Inf luence  o f  I A A  on  la tera l  g r o w t h  o f  the sp rou t s .  

T r e a t m e n t  i S p r o u t  v,'eight s p r o u t  length- '  (nag nun )  

1 0 - "  M I A A  1.9 
10 - ~  M I A A  1.9 
10-  s M IAA 1.8 
10 4 M I A A  1.7 

C o n t r o l  s 2.0 

Behandhmg - Trailement ." "- Keimgeu'icht Keimh'inge - Poids dc germe Img wur &,s" ge rmes  

Tabel le  2. Ein t luss  von  IES a u f  das  D i c k c n w a c b s t u n l  der  Keimc.  
T a b l e a u  2. Inf luence  de I 'acide indol-ac,Stique sur  la c ro i s s ance  la te ra le  des  germes .  
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Fig. 4. Influence ofkinetin on the sprout length measured 
after 11 days. 

Inhibition, Stimulation, Control : siehe Ahh. 2 - voir fig. 2 

Abb. 4. Einlluss yon Kinetin auf die Kehnliblge, gemessen 
nach 11 Tagen. 
Fig. 4. h!lluence de la kin~tine sur la hmgueur des germes 
mesurde apn;s 11 jours. 

Engelbrecht & Bieliflska-Czarnecka (1972) found an increase in the cytokinin level in 
the tissue surrounding the buds at the time o f  sprouting. 

Fig. 4 clearly shows that concentrations of  10 -4 M and 10- 5 M have an inhibiting 
effect, probably because these concentrations are toxic. 

It was noted that there was an increase of  almost 40 % in the number ofaxil lary buds 
at all concentrations. Such a phenomenon was not found with any o f  the other growth 
regulators. 

hTfluence o/'ABA. ABA is a major component  of  the inhibitor-13 complex (Milborrow, 
1967). In the bioassay (Fig, 5) ABA,  although inhibiting in most  concentrations,  
appeared to act as a stimulant in some concentrations,  depending on the duration of  
the experiment. This becomes particularly manifest at concentrations of  approx. 10-8 
M. After some time the inhibition turns into a stimulating effect. This effect might be 
explained by the hypothesis that application of  ABA induces an increase in the 
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�9 ,, 13 d a y s - c O n u ~  3.1cm 

Fig. 5. Influence of ABA on the sprout length. 

Sprout length measured after .. days - Keimldnge ge- 
messen nach .. Tagen - Longueur des germes mesur~;e 
apr~s .. jours," Inhibition, Stimulation, Contro l  : siehe 
Ahb. 2 -  voir fig. 2 

Abb. 5. Einfluss yon ABA auf die Keimldnge. 
Fig. 5. h!fluence de I'acide abscissique sur la Iongueur 
des germes. 
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�9 sp rou t  length  meosured  o t te r  5 doys - lO-6M GA3: l .6cm 

�9 9 :5 .7cm 

Fig. 6. Influence of ABA + I0 -~ M GA 3 on the sprout length. 

Stimulation, Inhibition : siehe Abb. 2 -  voir fig. 2; Sprouth length measured after .. days: siehe Abb. 5 -  voir 
.fig. 5 

Abb. 6. Eit~luss yon ABA + 10- ~ M GA 3 al~['die KeimEinge. 
Fig. 6. hlfluence de I'acide ahscissique + 10- 6 M (f ocide gihherellique sur la Iongueur des germes. 

concentration of GA-like substances in the tuber tissue. The moment  of  manifestation 
of this secondary G A  effect seems to be related to the concentration ofABA. Railton & 
Wareing (1973) found that application of ABA to excised leafs of  S o l a n u m  and igena  

resulted in an increase of  gibberellin activity. ABA was assumed to convert an inactive 
GA precursor into a biologically active form. Fries et al. (1971) also found this 
stimulating effect, related to the concentration and time, in the development of  the 
hypocotyls in L e n s  cul inaris .  

hTJluence o /  A B A  + GA.  ABA inhibits the synthesis of  D N A  and RNA (Shih & 
Rappapor t ,  1970). Application of GA can reverse this inhibition, as the activity of  GA 
dominates. This becomes also apparent  in the experiment where ABA and GA are 
applied simultaneously (Fig. 6). All concentrations of  ABA in combination with 10-6 
M GA caused inhibition after 5 days. This effect declined after 9 days, and at the lowest 
concentrations o f A B A  a stimulating effect was observed. There is also in this case the 
possibility of  inducing GA-like substances by ABA. The concentration of 10-6 M GA 
gave a stimulation of approx. 55 % compared to the control (application of water). 

h! f l uence  o f  g r o w t h  regu la tor s  on root  g r o w t h  

In f l uence  o / ' G A .  Fig. 7 shows that root formation is inhibited by GA;  the inhibition 
increases with increasing concentration of GA. 
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Fig. 7. lnf luencc ofGA~ on the root  weight  after  7 days.  

Inhib i t ion .  S t imula t ion .  C o n t r o l :  .~ichc .4hh. 2 roir Jig. 2 

.4hh. 7. Eiqlhtss ton G.43 at!l~hts I! "m'ccl.ecwicht m/ch 7 Tag,('lL 
f')k,. 7. h{lhtcnc(, &, I'aci&, gil, l,(,rclliquc wo h' poid~ &'.~ ru~'im'x 
~q~r(;s 7.jour.v. 

htlh,'nce (~I 1.4.4. Fig. 8 presents  the influence o f  I A A  on the root  f o l m a t i o n  as 
measured  after  13 days.  The lower concen t ra t ions  o f  I A A  have a posi t ive effect and  the 
higher concen t ra t ions  have a negat ive effect on root  growth.  Repea ted  tests with tuber  
mater ia l  f lom different  origin showed that  factors such as age. year  o f  harvest  and 
physiologica l  state play a role with respect to the concen t ra t ion  at which inhibi t ion 
turns into act ivat ion.  

In./lm'nce r Kinet in  concen t r a t ions  o f  IO ~ M and I0 -'~ M have s t rong  
s t imula t ing  effects on root  g rowth  (Fig. 9). In fact the s t imula t ion  is greater  than in any 
o ther  test carr ied out. The  root  weight in these cases is 3.5 t imes as high as in the 
controls .  There  appea red  to be twice as many  roots  while their  length showed also a 
significant increase. The ( too) high concen t ra t ions  10 -4 and 10-s  M have a negative 
effect. 

h!/lm,nce o/.4BA. It is no tewor thy  that  A B A  has an inhibi t ing effect on root  g rowth  
(Fig. 10) in the range of 'h igher"  concen t ra t ions .  10 ~ and 10- ~' M and also at the "lmv" 
concen t ra t ion ,  10- 9 M, while there was hard ly  any effect at all at concen t r a t ions  of  10 - s 
and 10-UM. There  seems to exist a sort  o f  o p t i m u m  concen t r a t i on  for ABA,  at which 
root  g rowth  is least delayed.  This may  also indicate  that  at low concen t ra t ions  o f  ABA.  
induct ion  o f  G A  finally leads to a d o m i n a n c e  of  G A  activity,  and  as appea r s  from our  
exper iments  this will cause a negat ive influence on root  d e v e l o p m e n t  

Fries et al. ( 1971 ) also found a s t imula t ing  effect related to A B A  concent , ' a t ion  in the 
deve lopment  o f  roots  in Lens culinaris. 

The dere/otnnent o~ excised potato buds iHto p/ants alter l r c a t n l e / l l  ( ! /  t h e  bird, s" with 
grolt'th regulators during .vprout ,~rl'Oll'l/1 

Plant  deve lopment  was observed  after  app l i ca t ion  o f  some regula tors  at a few 
concent ra t ions .  
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Fig. 8. I n f l u e n c e  o f  I A A  on  the  roo t  we igh t  a f t e r  13 days .  

S t i m u l a t i o n .  I nh ib i t i on .  C o n t r o l :  siehe Ahh. 2 voir fig. 2 
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Fig. 9. I n f l ucnce  of  kinc t in  on  r o o t  we igh t  a f t e r  I I / J a y s .  
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Fig. 10. l n f l u e n c e o f A B A o n r o o t w c i g h t a f l e r  15 days .  

S l i m u l a t i o n .  I nh ib i t i on ,  C o n t r o l : s i c h e  .4hh. 2 voir fig. 2 
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Influence of GA and IAA. The growth rates of  the sprouts of buds treated with either 
IAA 10 -s M, GA 10 -5 M or GA 10 -7 M are presented in Fig. l la .  The activating 
effect of  GA is apparent, but IAA has practically no effect (see also Figs. 2 and 3). A 
change in effect takes place during growth of the material treated with GA. The initial 
stimulating effect of  GA on sprout growth appears to result in an inhibition at further 
development of the plants (Fig. 1 lb), probably due to the negative influence of GA on 
root formation (Fig. 7). No effect was seen in the test with IAA; it should be noted that 
only limited material was available, since only one concentration was tested. 

Influence of ABA. From Fig. 12a it can be seen that the initial inhibition of 10- 6 M of  
ABA compared with the control, changes into a stimulating effect after some days. 
Both 10- s M and 10- 6 M of ABA appear to have a stimulating effect on the develop- 
ment into plants (Fig. 12b). 

The initial inhibition of  approx. 15 % during sprouting, which was caused by 10- s 
M, turned into an activation of  approx. 55 % during the development into plants. This 
was not only reflected in the length of  the plants but also in the fresh weight. 

One may come to the question whether a certain ratio of the growth regulators is 
prerogatory in order to obtain a well-balanced plant development, so that sprout 
growth as well as root growth take place in an optimum way. 

It seems that too high a concentration of  GA results in the development of smaller 
plants, whereas the effect of ABA at high concentration may be compensated by 

Fig. 11. Influence o f G A  3 and IAA on sprout  length (a, left) and plant growth (b, right). 
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Abb. 11. Einfluss yon G A ~ und IES au f  die Keimldnge ( a, links) und das Pflanzenwachstum ( b, rechts). 
Fig. 11. Influence de s acide gibberellique et de I'acide indol-ac6tique sur la longueur des germes( a, t~ gauche) et 
sur la croissance des plants ( b, ~ droite). 
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Fig. 12. Influence of ABA on sprout growth (a, left) and plant growth (b, right). 
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Abb. 12. Eil?/luss yon A BA au./'thts Keimwachstum( a links) und das Pflanzenwachsturn ( b, rechts). 
Fig. 12. hzJluence de I'acide abscissique sur la croissance des germes (a, h gauche) et des plants (b, h droite). 

activation or induction of GA. More research is needed to support this hypothesis. In 
view of this, the findings of Bielifiska-Czarnecka & Bialek (1976) are of importance. 
They established two peaks of ABA and GA during the period of growth and storage of 
the tubers. 

The first peak of ABA occurs in June-July, after which ABA disappears and GA 
increases. The ABA level in the tubers increases again during maturation and wilting, 
to be followed by a decline during the period of storage, November-December. GA is 
supposed to increase in the latter period, coinciding with the break of dormancy. The 
GA level would decrease after break of dormancy. 

More work will have to be done to investigate the final influence of IAA and kinetin 
upon the development of the plant; both compounds have a positive effect on both 
sprout and root growth within certain concentration limits. 

It is not the effect of a single growth hormone that needs attention, but rather the 
ratio of the various growth hormones which influence the plant system. When the 
growth regulator balance present in a tuber is changed, the reaction of the tuber 
depends on this balance. 

The effects of applying growth regulators, or unknown substances isolated from 
potatoes in a potato bud bioassay must therefore be interpreted very carefully. De- 
pendent on the physiological state of the tuber, the concentration used and the du- 
ration of the experiment, the effect on sprout, root and plant growth can vary from 
stimulation to inhibition. 
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Zusammenfassung 

Unter,s'uchungen zTher &,n Eiq/ht,~s yon(Waclt.s'tu#n.s'regulalore#l) G,4 3, A BA, Kinetin und 
IES  at{ldas Spros ,v-  und Wm'zelu'ach,~'tum mM die p/hmzem'ntn'iclUml~ mit HUI~, t'on 
,4 uge#l,vlec/(li#lge#? 

Pflanzenhormone spielen eine wichtige Rolle in dem 
Phfinomen der Keimruhe und der Keimung.  Der 
Einfluss dieser Stoffe aufd ie  Keimung.  die Wurzel- 
bildung und (lie Pflanzenentwicklung wurde mit 
Hilfe eines bereits friiher beschriehenen Biotests mit 
ausgescbnittenen Augen untersucht Ivan Es & Hart- 
mans,  1969). 

In diesem Versuch ~vurden nut  die Seitenknospen 
nahe des apikalen Auges benutzt, da die Keimf/ihig- 
keit yon der Lage der Augen aufder  Kartoffelknolle 
abhfingig ist IAbb. I ), Das wiederum ist eine Folge 
der unterschiedlichen chemischen Zusammensetzung 
des die Augen umgebenden Knollengewebes. 

W'abrend der Keimungsversuche lagen die aus- 
geschnittenen Augen st/indig in der Testl6sung. Mit 
Ausnahme  in den Abb. I, 11 und 12 wurde der 
Prozentsatz H e m m u n g  oder F6rderung auf  die 
Wasserkontrolle berechnet, 

Die Keimruhe schien yon keincr der getesteten 
Substanzen beeinflusst zu seth, was durch das Bre- 
chen der Keimruhe durch den nach dem Schneiden 
erh6hten GA-Gehal l  verursacht sein kann. 

Wir fanden, class der Einfluss a u f d a s  Keim- und 
das Wurzeh'~achstum entweder henlmend oder 
f6rdernd war. abhfingig vom physiologischen Zu- 
stand des Materials. der Konzentrat ion der zuge- 
setzen Chemikalien und der Versuchsdauer. Hohe 

Konzentral ionen henlmten das Wachs tum,  wahr- 
scheinlich ein toxischer Effekt. 

G A y  IES und Kinetm f6rderten das L/ingen- 
wachstum der Keime wfihrend ABA hemmte (Abb. 
2, 3, 4). Die H e m m u n g  durcb ABA nahm .iedocb 
nach wenigen Tagen ab und in geringen Konzentra-  
tionen trat sogar eine f6rdernde Wirkung auf{Abb.  
51. viclleicbt verursacht durch eine Induklion der 
GA-Synthese durch ABA. 

Die Wurzelbildung wurde durch GA 3 gebemmt 
(Abb. 7) und stark gef6rdert durch IES und Kinetin 
in geringen Konzentrat ionen (Abb. 8 und 91. 

ABA hemnlte die Wurzelbildung bet hohen und 
niedrigen Konzentrat ionen (Abb. 10). 

Der letztere Effekt kann durch einen Anstieg des 
GA-Gehal tes  verursacht sein. induziert dutch ABA. 
der fiber die ABA letztlich dommiert .  

Pflanzen. entstanden aus mit GA 3 behandelten 
Augen.  wuchsen langsam t Abb. I I b). eine Folge der 
verz/.$gertcn Wurzelentwicklung. Andercrseits zeig- 
te rail ABA behandeltes Material ein beschleunigtes 
Wachglunl, das mit den zugeffillrten Konzentratio- 
nen positiv korreliert war (Abb. 12bl. Dieser Effekt 
ist auch durch einc yon ABA induzierte Aktivit/it 
der GA verursacht und ist offensichtlich ein indirek- 
ter Effekt. 

R6sum6 

k'iq/hwnce &, r~;gulateur,v de crois,valwe (GAZ.  .4 BA, kim, tin et IAA) appliqu& sur des 
hourgeo/zs de ponmw.v de le/'re excise;.v. ,yu/"/a gCi'lH[fld[tOtl. ILl CI'()iSS~I/1C{-' d('S t'(tciH{'S L'l te 
d~;veloppement des p/anle.v 

Les hormones des plants jouenl un rdle important  
en ce qui concerne les phenom&ws de dormance et 
de germination. Les effets de ces composes sur la 
germination, la formation des racines el le develop- 
pement des plantes ont etd examines au prealable 
par bio-essai sur des bourgeons excises Ivan Es & 
Hartmans,  I969). 

Dans  cette experimentation, seuls les bourgeons 
latt~raux situes pres du bourgeon apical ont 6t6 utili- 

s,bs, puisque la capacite de germination est depen- 
danie de la Iocalisation des bourgeons sur le tuber- 
cule ( fig. I ). Ceci est une consequence de la differen- 
ce de composit ion chimique des tissus environnant  
les bourgeons. 

Durant  les essais sur la germination, les bour- 
geons excises etaient continuellement en contact 
avec la solution test. Les pourcentages d'inhibition 
ou de stimulation, ( saufpour  les fig. 1, II et 12} ont 
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dtd calculds par rapport at, tdmoin eau. 
Aucun des compos,~s expdrimcntds n'a sembl6 

avoir une infltlence quelconque sur ]a dormance.  
laquelle pouvait 6ire due fi la rupture de dormancc 
occasionnde par exemple par I 'augmentation du 
taux d'acidc gibbcrellique apr6s blessure. 

D6pendamment  dc 1"6tat physiologique du matd- 
ricl. de la concentration des produits chimiques ap- 
pliquds ct de la duree de I 'exp6rimentation. not, s 
avorls trouvd quc I'effet sur la croissance des germes 
et celle des racines e.tait soit inhibiteur, soit stimula- 
teur. De hautes concentrations ont inhibd la crois- 
sance, probablement cst-ce le rdsultat des eft'ms 
toxiques. 

L'acide gibbcrclliquc. I'acide indol-ac6tique et la 
kinetinc ont favorisd I'dlongation des germes tandis 
que l'acide abscissique I'a inhibe (fig. 2 .3  et 4). 

Ccpcndant .  I'inhibition duc a l'acide abscissique 

d6clinait apr,~s quelques jours et pouvait mdme sc 
transformer en stimt, lation (i basse concentration 
(fig. 5): peut-t~trc 6tait-ce dr) fi la syntht}se de I'acide 
gibberclliquc induite par I'acide abscissique. 

La Ibrmation des r~,cincs t~tait inhib6e par I'acide 
gibberellique (fig. 7) et fortemcnt stimul,Sc par I'aci- 
de indol-acb.tique et la kin6.tine a basse concentra- 
tion {fig. 8 et 9). 

Les plantes issues de bourgeons excises traites it 
I':lcide gibberclliquc poussaient lentement (fig. I I b) 
en consequence du developpcment retarde des 
racines. 

ke matbriel trait6 fi I'acide abscissique prasentait 
une croissance accdldrde qui dtait positivement en 
correlation avcc les concentrations appliqnees (fig. 
12b). Cet effet est aussi attribue ti l'acide abscissique 
induit, it I'activitd de l'acide gibberellique etest  ma- 
nifesten'tent un el'let indirect. 
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