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Summary. Indole-3-acetic acid (IAA) applied to the fully elongated second 
internode of decapitated Phaseolu8 multi/loru, plants always inhibited axillary bud 
elongation at concentrations down to 100 y.g/g lanolin, whereas gibberellic acid 
(GA3) enhanced bud elongation at concentrations down to 1000 ~g/g lanolin. Lower 
concentrations than these of either IAA or GAs were without significant effect. All 
possible combinations of IAA and GA 3 within the concentration range 101 to 105 vg/g 
lanolin were antagonistic; IAA tending to inhibit, and GA a promote, axillary bud 
elongation growth. Treatment of an elongating internode with the hormones resulted 
in an increase in inhibition of bud growth by IAA in the presence of GA 3 . 

Introduction 

Application of auxin to the stem top in decapitated plants usually 
delays the outgrowth of axillary buds which normally occurs following 
excision of the apical bud. I t  has, nevertheless, been frequently observed 
that  even relatively high concentrations of exogenous auxin do not 
completely substitute for the inhibitory influence of the apical bud over 
the axillaries (see Phillips, 1969a). Because the apical bud is a principal 
site of synthesis of gibberellins (Jones and Phillips, 1966) as well as auxin 
(Jacobs, 1962), the possibility that  gibberellins in addition to auxin may 
participate in maintenance of correlative bud inhibition has already been 
explored. Apparently contradictory results have, however, been obtained 
in separate studies. For example, some workers have observed that  the 
simultaneous addition of gibberellic acid (GAa) along with indole-3-ace~ic 
acid (IAA) resulted in a reduction of the inhibitory effect of IAA (Kato, 
1958; Wickson and Thimann, 1958; Nakamura,  1965; Phillips, 1969b; 
Hillman, 1970), whereas others found that  GA 3 enhanced the inhibitory 
influence of IAA (Jacobs and Case, 1965 ; Scott, Case and Jacobs, 1967 ; 
Catalano and Hill, 1969). 

Several possible reasons for these contrasting results may be seen, 
including variations in cultural conditions, species studied, age of treated 
plants, level of decapitation below the apical bud, and concentrations of 
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appl ied  hormones.  The exper iments  r epor ted  in this  paper  inves t iga ted  
the  in te rac t ion  between I A A  and  GA3, using all possible combina t ions  
of the  two a t  widely  va ry ing  concentrat ions ,  when the  substances  were 
appl ied  in hydrous  lanol in to the  cut  surface of a ma tu re  in te rnode  in 
runner  bean  p lan ts  grown in a glasshouse under  condi t ions of full  minera l  
nut r i t ion .  Runner  bean  was chosen as i t  has been found prev ious ly  t h a t  
in this  species I A A  alone is less able  to control  ax i l l a ry  bud elongat ion 
t h a n  is the  ease in several  o ther  species (Phillips, 1969b). The effect of 
changing the  re la t ive  concentra t ions  of exogenous I A A  and  GA 8 in apical  
dominance  phenomena  have  no t  been adequa t e ly  s tudied  previously.  
Sco t t  et al. (1967) d id  examine  the effects of a l imi ted  range of concentra-  
t ions,  bu t  var ied  only the  I A A  concent ra t ion  between 0.1 and  10 per  
cent  wi th  a cons tan t  1 per  cent  GAa. 

The selection of a po in t  of decap i t a t ion  in a m a t u r e  in te rnode  was 
made  to remove  the  possible compl ica t ion  of different ial  e longat ion of 
the  in te rnode  in the  var ious  t r ea tmen t s .  I t  is reeognised, however,  t h a t  
compensa to ry  growth  re la t ionships  between decap i t a t ed  in te rnode  and  
ax i l l a ry  buds m a y  be of pa r t i cu la r  significance in corre la t ive  bud  inhibi-  
t ion (Jaeobs  and  Bnllwinkel,  1953 ; Scot t  et al., 1967 ; Phil l ips,  1968), bu t  
the  complex re la t ionships  be tween hormone  t r ea tmen t ,  in te rnode  age, 
and  growth  in in ternodes  and  in ax i l l a ry  buds of Pha~eolus multiflorus 
will be r epor ted  elsewhere (Phillips, in prepara t ion) .  

Materials and Methods 
Phaseolus multi/lorus c.v. Scarlet Emperor plants were grown for 14 days in a 

glasshouse in pots of John Innes compost No. 2. At this time plants were selected 
which had attained a second internode length, above the primary leaf pair, of at 
least 15 cm. Decapitation was carried out at a point approximately 3 cm above the 
first node bearing the primary leaves. 

Weighed quantities of IAA and GA 3 were dissolved in a small volume of meth- 
anol, and the solution then rigorously dispersed by beating into a known weight of 
hydrous lanolin. Lanolin preparations were injected into gelatine half-capsules, and 
these were then used to cap the cut ends of stems. Decapitated plants not treated 
with hormone were capped with half-capsules containing plain hydrous lanolin 
(P.L.). 

The two axil]ary buds of the primary leaves were measured to the nearest milli- 
metre at the start of each experiment, and each day for four subsequent days. 
Sixteen plants were used in each treatment, and mean bud length for the thirty-two 
axillary buds was determined each day. Analyses of variance were carried out on 
the fourth day measurements, and treatment means compared by the Q test method 
(Snedecor, 1962). 

Results  

The independen t  effects of a range of concentra t ions  of I A A  (Fig. 1) 
and  of GA s (Fig. 2) on bud  e longat ion in decap i t a t ed  p lan t s  were tes ted.  
A sa t i s fac tory  quan t i t a t i ve  response to I A A  was seen af ter  two days  
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Fig. 1. Effect of IAA concentration on degree of inhibition of axillary bud elonga- 
tion. IAA applied to cut stem of mature internode 3 cm above buds. l~esults ex- 
pressed both in relation to decapitated plants treated with plain lanolin (A) and 

to intact control plants (B) 
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Fig. 2. Effect of decapitation and GA~ treatment of mature decapitated internode 
on axillary bud elongation over four days. l~esults expressed as percentage of mean 
bud length in intact control plants. A]] treatments significantly greater than intact 
control after 2 days. GA a at l0 s and 10 4 Fg/g significantly greater than plain lanolin 

decapitated control (PL) after 3 days 

where bud  elongation in the IAA t r ea tmen t  was compared with tha t  in 
decapi ta ted P. L. controls (Fig. 1, lines A). Up to two days i t  was still 
apparen t  tha t  the lower IAA concentrat ions had less inhibit.ory effect 
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Fig. 3. Effect os GA 3 treatment of mature decapitated internode on axillary bud 
elongation in the presence of 10 s txg/g IAA. (P. L. bud length in decapitated plants 
treated with plain lanolin. IAA bud length in decapitated plants treated with 

l0 n ~zg/g IAA in the absence os any GAs). 
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Fig. 4. As Fig. 3, except IAA a.t 10 4 gg/g 

than did the higher concentrations. When the comparison was made with 
buds on intact control plants (Fig. l, lines B), less linearity of response 
to IAA concentration was seen but, nevertheless, the lower IAA concen- 
trations were less effective than the higher in maintaining buds in an 
inhibited condition. No indication was seen of stimulated bud elongation 
by even very low concentrations of IAA. This contrasts with the findings 
of ~ebs (1966) but agrees with those of Scott and Pritehard (1968). 

The response to GA s was, essentially, the opposite to that  elicited by 
IAA. Higher concentrations of GA s (10 s to 105 Fg/g) enhanced axillary 
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Fig. 5. As Fig. 3, except IAA at 103 Fg/g 
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Fig. 6. As Fig. 3, except IAA at 102 ~g/g 

bud  elongation to a level greater t han  tha t  seen in the P .L.  controls, and  
the lower concentrat ions (101 and  10 2 Fg/g) had no significant influence 
on bud  elongation (Fig. 2). Thus, a valid basis existed for a s tudy of the 
in terac t ion  between coDcentrations of IAA and  GA 3 over the range 10 a 
to 10 t Fg/g. 

Owing to the large numbers  of p lants  involved and  indiv idual  meas- 
urements  necessary, the in terac t ion  between IAA and  GA 3 was studied 
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Fig. 7. As Fig. 3, except IAA at 10' ~*g/g 

in separate experiments at weekly intervals over a total  period of six 
weeks. Despite this, good consistency of results was obtained (Figs. 3 
to 7). The inhibitory effect of even the highest IAA concentration 
(105 ~g/g) was largely overcome by the simultaneous addition of 105 lxg/g 
GA3, but GA 3 concentrations of 10 a ~g/g and below did not significantly 
affect the action of 105 Fg/g IAA (Fig. 3). Decreasing the IAA concentra- 
tion to 104 Fg/g resulted in the stimulatory effect of GA a becoming more 
apparent,  for the buds on decapitated plants treated with 105 ~g/g GA 3 
in addition to 104 ~g/g IAA elongated more than buds of the P.L. con- 
trols (Fig. 4). The antagonistic effects of IAA and GA 3 on bud elongation 
became even more obvious when the IAA concentration was reduced 
progressively to 103, 102 and 101 ~g/g (Figs. 5 to 7), and at these lower 
concentrations of IAA the pat tern of response to GA 3 concentrations was 
almost identical to that  produced by the same GA 3 concentrations in the 
absence of IAA (compare Figs. 5 to 7 with Fig. 2). 

Discussion 

These results show clearly that  regardless of relative concentration, 
GA s always antagonises the inhibitory effect of IAA on axillary bud 
elongation when both hormones are applied to the cut surface of a region 
of internode which has finished elongating. This confirms results for two 
tall and two dwarf species presented earlier, but which were obtained 
using only one concentration of IAA and GA s (Phillips, 1969b). Super- 
ficially, therefore, these results are contradictory to the demonstration 
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that  GA~ increases the inhibitory effect of IAA (Jacobs and Case, 1965; 
Scott et at., 1967; Catalano and Hill, 1969). However, I have found in 
other experiments (Phillips, in preparation) that  GA 3 can indeed enhance, 
rather than antagonise, IAA-induced inhibition of axillary bud growth 
in runner bean, but only when the treated internode has not completed 
its phase of elongation growth. This observation is in accord with the 
results of Scott et al. (1967), who noted a negative correlation between 
internode and bud extension growth in P i s u m  sativum. On the other hand, 
Jacobs and Case (1965) found that  GA 3 enhanced the inhibitory influence 
of IAA in experiments where the treated internode did not elongate in 
any of bhe treatments, and also that  GA 3 caused more XAA-14C to be 
distributed down the stem. These workers consequently concluded that  
enhanced auxin-induced bud inhibition in the presence of GA 3 is due to 
an effect on auxin uptake and/or transport down the stem. If  this is the 
case, then it is difficult to understand why similar results were not ob- 
tained in the experiments reported in the present paper or in those of 
Phillips (1969 b), for one may have expected that  the lower concentrations 
of IAA would have become more inhibitory, and not less, by the addition 
of GA 3. 

I t  is clear that  a more detailed analysis of the effects of exogenous 
IAA and GA 3 on both intcrnode and bud growth is required before con- 
clusions can be drawn as to the role of apically-synthesised gibberellin in 
in correlative bud inhibition. This will be presented later (Phillips, in 
preparation). 

The author is grateful to Mr. John Havell for technical assistance. 
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