
Botany. - The influence of 2. 3. 5 triiodobenzoic acid on the growing 
points of tomatoes. By CHR'. J. GORTER. (Publicatie No. 85 van het 
Laboratorium voor Tuinbouwplantenteelt te Wageningen.) (Com
municated by Prof. W. H. ARISZ.) 

(Communicated at the meeting of October 29. 1949.) 

1. Introduction. 

In the course of experiments concerning the correlation of the molecular 
structure and the activity of certain growth substances. ZIMMERMAN and 
HITCHCOCK (7) found a compound that caused ahnormal flowering in 
tomatoplants. 

This substance. 2. 3. 5 triiodobenzoic acid (in literature called: T.I.B.A. 
or T .I.B.) in low concentrations. varying from 20-500 mg/l. caused 
tomatoplants to produce inflorescences. located in anomalous positions and 
greater in number than in untreated plants. Authors call th is chemical: a 
"formagen. affecting flowering. growth habits and correlation of organs". 

All efforts to cause flowering by T.I.B.A. in plants. that were kept 
artificially vegetative by unfavourable photoperiods. failed [GALSTON (2). 
Soybeans. TUMANOV and LIZANDR (4) Perilla. Pisum. Alfalfa] . DE WAARD 
and ROODENBURG (5) found "premature flowerbud initiation" in young 
tomato plants af ter the application of T.I.B.A. 

In a recent paper ZIMMERMAN and HITCHCOCK (8) give more details 
about T.I.B.A. treated tomato plants. concluding that th is chemical cannot 
act alone. as the effect varies with many circumstances. especially the 
growth of the plant. "It must depend upon materials made by the plant in 
order to cause vegetative tissue to produce flowers". They con si der T.I.B.A. 
to have hormone characteristics. 

In 1948 we started some experiments to see whether T.I.B.A. has 
florigenic activity. Our re su lts agree with those of ZIMMERMAN and 
HITCHCOCK. On the ground of these experiments. we also have to come to 
the conclusion that the activity of T.I.B.A. in a plant is an indirect one. 
For once it interferes with the growth processes. Especially the interference 
with the growth relations in the growing points gives rise to abnormal 
structures and to the formation of inflorescences. abnormal in position 
and in number. In the present paper we deal with this abnormal structure 
of the growing points. in a second we hope to inform about some other 
phenomena caused by T.I.B.A. . namely the initiation of fasciations. 
especially ringfasciations. the last phenomena occurring very rare in nature 
but frequently in T.I.B.A. treated plants. 

2. Experimental methods. 

The tomato varieties Ailsa Craig and Vetomold were used. In our 
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preliminary experiments T.I.B.A. was applied as a lanolin paste to the 
growing points or the leaves, as a spray on the leaves or in solution to the 
roots. Afterwards we came to the following standard application: 

A lanolin paste of concentration: 50 mg T.I.B.A. + 5 mi water + 5 9 
woolfat, is applied to the cotyledons of the seedling. The .plants are grown 
in 2-inch pots in a greenhouse at a temperature of + 23° C. 

The plants reacted in several different ways. Effects of T.I.B.A., which 
were always met with, were the following (see photo 1 and 2): 

1. Reduction of the leafsurface and of development of leaflets. 
2. Darker colour of the leaves. 
3. Epinasty of leaves. 
i. Reduction of internodial growth. 
5. Inhibition of dominancy of the tip. 
6. Development of a terminal inflorenscence (many flowers ) . 
7. Development ofaxillary buds into abnormal structures. 
(Even the axillary buds of the cotyledons can grow out into inflores

cences). 

Items 6 and 7 have to be discussed in more detail, as the question of the 
"florigenic" capacity of T.I.B.A. is dependent on these points. 

3. Observations about the abnormal position of inflorescences. 

a. Development of a terminal inflorescence. 
The development of a terminal inflorescence in a T.I.B.A. treated tomato 

plant can be understood, when we take into consideration the structure of 
the growing point of a normal plant. Figures 1 a and b (half schematically) 
show growing points in two stages of development, in c we see the sequence 

Fig. 1. Growingpoints of a nonnal tomatoplant in various stages of development. 
Description in the text. 
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Photo 4. Various structures ofaxilIary shoots of T.I.B.A.-treated tomatoplants (Ailsa Craig) . - a. Leafless shoot with fasciated tip. Standard 
application. Photograph 59 days after application. - b. Shoot in the axil of 4th leaf of a tomatoplant. treated with T..I .B.A . by applying a 
lanolinpaste (50 mg T.I.B.A . + 5 mij water + 5 9 woolfat) to the growing point. Photograph 41 days after the application. - c. Inflorescencestem 
in the axil of a cotyledon of a tomatoplant treated with T.I.B .A. by applying a lanolinpaste (50 mg T .I.B.A . + 5 mi water + 5 9 woolfat) to 
the growing point. Photograph 31 days after the application. - d. Axillary shoot ot the 2nd leaf of a toma toplant treated witn T.I.B.A. by 
applying a lanolinpaste (50 mg T .I.B.A. + 5 mi water + 5 9 woolfat) to the growing point. Photograph 30 days after the application. -
e. Axillary shoot of the first lea f of a tomatoplant treated with T .I.B.A . by applying a lanolinpaste (50 mg T.I.B.A . .+ 5 mi water + 5 9 woolfat) 

to the cotyledons for 48 hours. 
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of leaves and inflorescences along the stem. The position of the leaves is 
alternate and the inflorescences appear after a number of leaves dependent 
on growth circumstances, 7 being the minimum. They are located on the 
internodes. 

In the young growing point (a) th ere are two opposite leaves (5 and 6). 
above them a third leaf (7) and the inflorescence (8) terminally. The 
axillary bud (A.B.) in the axil of the last leaf is growing out, pushing the 
inflorescence aside (see b). Thus the stem is a true sympodium. The stem 
of the inflorescence and of the leaf beneath it in the growing point, grow 
together, the leaf stem growing faster. This difference in growth rates 
causes a reversal in the relative positions of leaf and inflorescence: the 
inflorescence can now be found below instead of above the leaf and on 
the internode. So in figure 1 c leaf 7 is the leaf that in the growing 
point can be found below the inflorescence. The leaves 9 and 10 and the 
inflorescence 11 are the organs of the sympodial budo 

In a T.J.B.A. treated tomato plant the terminal inflorescence bud remains 
terminal and grows out into a long stem with a terminal flower cluster. 
Moreover, the sympodial bud becomes an axillary shoot (or does not grow 
out at all) instead of developing as a continuation of the ma in stem 
(photo 3). 

Hence, in connection with the structure of the growing point, the devel
opment of a terminal inflorescence in a T.I.B.A. treated plant, is not as 
abnormal as it at first appears. Only growth relations are altered, we have 
to do with a correlation phenomenon. 

The development of the terminal inflorescence is not the result of the 
initiation of a new growing point. 

b. Development ofaxillary buds into abnormal structures. 

Depending ,on the method of application of T.I.B.A., on the concentration 
and on the growth and development of the plant, the axillary buds develop 
into one of the following structures (see photo 4): 

a. A long stem with a fasciated end (many flowers ) . 
b. A long stem with a flowerhead. 
C. A long stem with flowers. 
d. A long stem with connated flower clusters and leaves. 
e. A long stem with leaves at the end. 

All transitionary forms can be found. 
It depends on several factors what develops; one of the most important 

is the growth rate of the plants. In general a vigorously growing plant 
frequently produces fasciations; plants growing in pots in the greenhouse 
make a large number ofaxillary flower sterns a.s .o. ZIMMERMAN and 
HITCHCOCK (8) also state th is correlation: "There was a direct relationship 
between vigour of the plants or ra te of growth and the effect of the 
chemicaI" . 

It is apparent that T./.B.A. can cause an axillary bud to develop into 
an in[lorescence instead of into a leafy shoot. 

77 
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4. Observations about the number of flowers in T.l.E.A. treated plants. 

20 seedlings (Ailsa Craig) were treated according to the standard 
method by applying T.I.B.A. paste to the cotyledons. The seedlings had 
no flower primordia at the moment of the application. 

Nine days af ter the application. the first abnormal axillary buds appeared; 
55 days af ter the application the flow ers were counted. The treated plants 
had 46 -+- 6 flowers. the untreated on es 17 -+- 3 flowers. 

This proves that T.l.B.A. causes tomato plants to produce more flowers 
than untreated plants under the same conditions. 

5. The morphology of the growing points of T.l.B.A. treated plants. 

From the a'bove mentioned facts it became probable that T.I.B.A. aHected 
the growth re1ations in the meristems. We therefore investigated the 
morphology of the growing points. 

The shape of the normal leaf forming growing apex (figure 2) is rather 
flat. part of a sphere. but not hemispheric. The leaves in their various stages 
of development can be found in succession. 

The flower forming growing apex (figure 3) has a sort of pedunc1e and 

Fig. 2. Leafforming growing
point of anormal tomatoplant 

(magnification 80 X). 

Fig. 3. Flowerforming growing
point of a norm al tomatoplant 

(magnification 80 X). 
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a broadened head. The shapeis quite different from that of the Ieaf forming 
growing apex. In an early stage of deveIopment an indication of dichotomy 
is found, one part gives rise to the top fIower of the inflorescence, thc other 
half dichotomizes again making the second fIower a.s.o. 

The shape of the terminal growing .apex of a T.I.B.A. treated plant is 
given in figure 4. No Ieaf primordia are found, af ter the formation of the 

Fig. 4. Cone shaped growingpoint of a tomatoplant treated with T.I.B.A. 
(magnification 80 X) . 

5th Ieaf no more Ieaves are produced. Control plants produced 10 leaves in 
the same time. The growing point assumes the shape of a cone. This shape 
is kept for considerable time. The outside basal part of the cone has a 
normal epidermis with hairs and glarids; the tip however lacks these organs 
and its coIour suggests a meristematic tissue. It consists obviously of an 
irregular mass of cells. Axillary meristems are transformed into the same 
cone shaped structures (see figurc 5). 

So it is apparent that T.I.B.A. affects the growth relations in the 
meristems. One consequence of th is activity is, that no leaf primordia are 
made. 



1190 

Fig. 5. Cone shaped terminal and axillary growingpoints of a tomatoplant. treated 
With T.I.B.A. (Magnifieatian 20 X. 

TC - terminal eone. 
AC - axillary eone. 

6. The influence of T./.B.A . on unicellular organs (roothairs). 

Seeds of Lepidium sativum were germinated up on porous plates, 
permeated with a solution of T.I.B.A. (200 mg/ l) . The plates were placed 
(at an angle of 60°) in glass containers with the solution and closed 
with filter paper. The roots were growing against the plates and thus the 
roothairs are continuously in contact with the solution. 

Microscopical investigation shows that in a roothair cell, growing under 
the influence of T .I.B.A., th ere is a great mass of cell wall material hanging 
in the in si de of the celI at the tip (figure 6). Moreover the longitudinal 
growth has stopped. The material shows all cellulose .reactions and has no 
birefringence. Thus it consists (in any case for the greater part) of cellulose 
and its presence indicates that the formation of eelI walI material continues 
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under the influence of T.I.B.A. But the possibility to use this material for 
growth of the cell wall is absent, in other words, the material cannot be laid 
down to orderly arranged cellulose micels. Longitudinal growth of the cell 
is th us impossible, for it is a well known fact that the cell walI of a root~ 

Fig. 6. Epidermal ce lis with roothair initials of Lepidium stativum. No longitudinal 
growth, formation of cellulose masses at the tip. 

hair only ·grows at the utmost tip, only th is part having a primary cell 
walI. whereas the adjoining parts have secundary cell walI layers. It is a 
striking fact that the celIulose mass is hanging at the tip, exactly at the 
point where in a normal ha ir growth takes place. Thus it is cIear that 
T./.B.A. inhibits grawth in length af a cell, but that the metabalic processes 
leading ta the productian af cellulase cantinue. 

7. Discussian. 

What happens in a unicellular organ under the influence of T.I.B.A., 
namely cessation of longitudinal growth and continuation of the formation 
of celI walI materiaI. can just as weIl take place in the ceIls of a meristem. 
This will lead not only to a decreased longitudinal growth, but als a to very 
complicated growth relations, especiaIly when not all cells are aHected in 
the same degree. Moreover when there is an intcrference with the auxin, 
made in or present in the tip, the most various alterations of the shape of 
the celIs and of the meristem can be expected. For the relation of langi
tudinal growth of a celI to growth in radial and tangential direction 
depends on auxin concentration (DIEHL, et al (1). The growing points 
of T.I.B.A. treated plants have a very slow (or no) longitudinal growth. 
[The cone, represented in figure 5, developed in the time an untreated 
control plant made 5leaves and a flower bud.] So an interaction of T.I.B.A. 
with auxins is very probable. 

T.I.B.A. as an anti-auxin has been found in other cases. DE WAARD and 
FLORSCHÜTZ (6)and GALSTON (2) stated that T.I.B.A. in a concentration 
of 5-50 mgjl, antagonized hetero-auxin activity in the standard Avena 
test. THIMANN and BONNER (3) found a growth stimulating effect of low 
concentrations of T.I.B.A. (together with auxins) and a growth retarding 
effect of high concentrations in th ree tests viz.: Pisum test, Avena standard 
test and Avena cylinder test. The stimulating effect could not be found by 
DE WAARD and FLORSCHÜTZ (6) in the standard Avena test. The con-
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c1usion, drawn by THIMANN and BONNER (3) fl10m their experiments was: 
that T.I.B.A. possibly combines with the same substrate, with which auxins 
combine to bring about their growth promoting activity. The combination 
of T .I.B.A. with th is substrate does not bring about growth, but when 
T.I.B.A. concentration is low, it leaves open a small number of spaces or 
active groups on the substrate with which auxin can combine. In this case 
a relatively small amount of auxin can bring about a disproportionate 
amount of growth. 

As to the question of the florigenic properties of T.I.B.A., our obser~ 
vations yield no new vieuws. 

It was stated that T.I.B.A. caused alterations in the shape of the growing 
points and that these alterations were correlated with the inabiHty to 
produce leaves and with the ability to produce flowers (in greater number) . 

Hence more floral primordia can be initiated under the influence of 
T.I.B.A. 

Wh en we assume the thesis "without florigen no flowers" the greater 
number of flow ers can be caused bya stimulating effect on the "florigen" 
that is present already, respectively by the formation of a greater quantity 
of "florigen". 

There is no indication that T .I.B.A. is a "Horigen" itself or is the cause 
of new "florigen", as can be derived from the experiments with plants that 
were artificially kept vegetative (GALSTON (2)). The fact that inflorescen~ 
ces develop in the axils of lower leaves than usuaIly, does not prove that 
they are "premature". In our experiments they never developed betore 
an untreated plant, grown under the same conditions, has become flowering 
ripe, viz. had floral primordia. 

But as long as "florigen" is a hypothetic substance, it is no use to discuss 
the question whether T .I.B.A. has "florigenic" capacity. 

Summary. 

1. T.I.B.A. causes unicellular organs (roothairs) to stop 10ngitudinaI 
growth, whereas production of cell wall material continues. 

2. Growing points of tomato plants, treated with T .I.B.A., show an 
alterati~ of shape (cone). Correlated with this phenomenon is the in~ 
ability to produce leaves and the ability to produce flowers. 

3. In tomato plants treated with T.I.B.A. the terminal and axillary 
growing points (also of the cotyledons) can develop into inflorescences. 
The "abnormal" positions of these inflorescences are dec1ared as correlation 
phenomena. 

4. Tomato plants treated with T.I.B.A. can produce more flowers than 
untreated plants grown under the same conditions. 
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