
tation. I t  is not suitable for the determination of 
quantities of manganese less than 0.5 ~ g / m l  and 
therefore is incapable of detecting levels of manga-
nese naturally present in most biological material un- 
less preliminary concentration is carried out. Where 
microgram quantities of added manganese are to be 
determined in biological material, however, the method 
is both specific and convenient. 
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Acceleration and Retardation of Abscission 
by Indoleacetic Acid1 

Fredrick T. Addicott and Ruth Stocking Lynch 
Division of Botany, 
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IAA (indoleacetic acid) and the related growth 
regulators, notably 2,4-D (2,4-dichlorophenoxyacetic 
acid) and NAA (naphthaleneacetic acid), are con-
sidered potent retardants of abscission in higher 
plants. Their widespread horticultural use to retard 
abscission of leaves and fruits has been described in 
a recent review of the physiology of abscission (I). 
The present paper is primarily concerned with the re- 
tardation that followed the application of growth 
regulators to the distal side of abscission zones, and 
the acceleration that followed the application of IAA 
to the proximal side of abscission zones. 

In  1936 La Rue ( 2 )  observed that IAA retarded the 
abscission of the debladed petioles of Coleus. To ob- 
tain more precise information regarding this retarda- 
tion, La Rue's experiment was repeated in modified 
form, using Black Valentine beans. This experiment 
was conducted in the greenhouse on fully expanded 
first trifoliolate leaves of plants that were 26 days 
old. Four groups of leaves were used: intact leaves, 
debladed leaves untreated, debladed leaves treated 
with lanolin, and debladed leaves treated with IAA- 
lanolin. The leaves were debladed by a cut between the 
leaflet blade and the leaflet pulvinus, exposing a sur- 
face a t  the distal end of the pulvinus. Lanolin and 
IAA-lanolin were applied to this surface. The IAA- 
lanolin contained 1 g IAA/1 lanolin. The leaves 
were examined daily for abscission of the leaflet 
pulvinus. The data obtained during the 33 days of the 
experiment are summarized in Fig. 1.The two groups 
of debladed leaves, one with and one without lanolin, 
showed almost identical records: Each showed no 
abscission for the first 2 days, about 50% (with lano- 

=This  pnper is based upon work ~ponsored in part by the 
Biologicnl Department, Chemical Corp~.  Camp Detrick, Fred- 
erick, Md., ~ ~ n t l r rContract No. W-18-035-CN-208 with the 
University of California. 

FIG. 1. Effect of i l ld0le~Ceti~ acid on the time of abscission 
of debladed leaflet pulvini of. beans. 

lin, 43% ; without lanolin, 55%) on the 3rd day, 
100% on the 4th day. The group of intact leaves 
showed no abscission for 21 days, 12% abscission on 
the 22nd day, 65% on the 23rd day, 90% on the 25th 
day, 100% on the 33rd day. The group of debladed 
leaves with IAA-lanolin showed no abscission for 3 
days, 10% on the 4th day, 59% on the 10th day, 94% 
on the 17th day, 100% on the 32nd day. 

The results of this experiment not only confirm 
La Rue's results-they show an even greater degree 
of retardation. The failure of the IAA-lanolin to re- 
place the blade completely in retarding abscission is 
not surprising in view of the importance of other 
factors, especially carbohydrate, in retarding abscis- 
sion (1); it is likely that deblading greatly reduces 
the amount of carbohydrate available to the abscission 
zone. 

These results, as well as La Rue's, were further con- 
firmed in experiments with excised abscission zoner 
(explants) from greenhouse Black Valentine beans. 
An explant consisted of a leafiet pulvinus and 10 mm 
of the subtending leafstalk, with the included abscis- 
sion zone lying between pulvinus and stalk. Explants 
were mounted on glass pins in Petri dishes and kept 
a t  25' C. The method is described in detail in a 
previous publication (3). By means of a hypodermic 
syringe, 0.005-ml droplets of the solutions were ap-
plied daily to the explants. 

When an application of IAA was made to the 
pulvinus of the explant, distal to the abscission zone, 
the results varied from slight retardation to complete 
inhibition of abscission, in direct proportion to the 
concentration of IAA applied. The range of concen-
trations employed was 10-1,000 mg/l; concentrations 
of 500 mg/l or higher produced complete inhibition. 
Similar results were obtained with 2,4-D and 2,4,5-T 
(2,4,5-trichlorophenoxyacetic acid). Moreover, like 
concentrations of all three growth regulators pro-
duced like effects, in contrast to the diverse effects 
commonly found in the study of other reactions (4). 

The retardation and inhibition of abscission in the 
laboratory experiments described above were antici-
pated in view of the similar results consistently ob- 
tained in greenhouse and field experiments. What was 
not anticipated was the effect of the application of 
IAA to the stalk of the explant, proximal to the 
abscission zone. When the application of IAA was 



proximal to the abscission zone, abscission was ac-
celerated. The acceleration followed application of 
droplets containing 10, 105, and 525 mg IAA/l, the 
degree of acceleration varying only slightly with the 
concentration. Fig. 2 shows (a) the course of abscis- 

FIG.2.Effect of the site of application of IAA on abscission 
in excised abscission zones of beans :Application proxinial to  
the abscission zone, accelerated abscission ; application distal 
to the abscission zone, retarded abscission. T h e  control curve 
mas obtained from data  on the abscission of several hundred 
explnnts following the application of water distal to  the ab- 
scission zone. The curves of proximal and distal application 
of IAA were obtained from 40 and 160 explants, respectively, 
and 105 mg/l was used in the experiments. 

sion in untreated explants, ( b )  the course (accelera-
tion) that followed the application of IAA proximal 
to the abscission zone, and (c) the course (retarda-
tion) that followed the application of IAA distal to 
the abscission zone. 

When the application of IAA was simultaneously 
distal and proximal to the abscission zone of the ex- 
plant, the effect was identical with the effect of distal 
application only. When a distal application of 105 
mg/l was made, abscission was retarded to the same 
extent, whether it was accompanied by a proximal 
application of zero concentration (water), of equal 
concentration, or of a concentration 5 times as high 
(525 mg/l). When a distal application of a concentra- 
tion of 525 mg/l was made, abscission was inhibited, 
whether it was accompanied by a proximal application 
of zero concentration, of a weak concentration, or of 
an equal concentration. 

A related experiment was conducted by Swets (5) 
in the greenhouse. He applied IAA-lanolin to the sur. 
face of the stalk proximal to the leaflet abscission 
zone of intact and debladed leaves. In  the intact leaves 
he found abscission retarded; in the debladed leaves 
it was accelerated. Swets suggested that the retarda- 
tion of abscission in the intact leaves was due to the 
absorption of IAA and its movement in the transpira- 
tion stream to the leaflet blade. He offered no ex-
planation for the acceleration of abscission in the 
debladed leaves. 

The results here reported comprise : (1) a confirma- 
tion of the ability of IAA to retard abscission, (2) a 
demonstration that the extent of this retardation is 
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positively correlated with the concentration of the 
applied IAA, (3)  a demonstration of the ability of 
IAA to accelerate abscission, and (4) a demonstration 
that the effect of IAA is dependent, a t  least in part, 
on the site of its application. This indicates physio- 
logical polarity of the leaf stalk in the vicinity of the 
abscission zone. 

There is considerable evidence that a high concen- 
tration of IAA in a tissue results in the mobilization 
of physiologically active compounds in that tissue. 
Much of the evidence is indirect, but certain experi- 
ments of Went's (6) offer direct support. With this 
function of IAA in mind, the results here reported 
suggest that the mobilization of carbohydrates and 
other substances in the pulvinus, distal but close to 
the abscission zone, tends to keep the latter healthy 
and intact, whereas the mobilization of carbohydrates 
and other substances in the stalk, proximal to and 
several mm distant from the abscission zone, tends to 
bring about its degeneration and ultimate separation. 
These ideas are being investigated in histological and 
physiological studies. The results, with the details of 
the experiments here summarized, will be reported in 
a later communication. 
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Mycobacferium butyricum, like certain other myco- 
bacteria (l),oxidizes benzoic acid by the formation 
of an adaptive enzyme. When the compound is added 
to a washed suspension of the cells in the Warburg 
vessel, the oxidation proceeds slowly for 30-45 min. 
After this the rate increases until the amount of oxy- 
gen required for complete combustion is taken up. 
If the cells are preincubated with a small amount 
of benzoate, the latent period-i.e., the period during 
which the adaptive enzyme is being formed-is greatly 
reduced. The extent of this reduction is a function of 
the amount of benzoate used for adaptation and the 
length of time employed. 

Eadie, Bernheim, and Fitzgerald ( 2 )  have studied 
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