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INTRODUCTION 

The tomato is a important food crop which has a high vitamin 

content, and is a favorite vegetable everywhere. 

Oklahoma's climate generally is not favorable to tomato pro­

duction, due· t o certain environmental conditions , especially warm 

weather. Because of this, tomato breeding for climatic adaptation 

is a major phase of the vegetable improvement lolOrk of the Oklahoma 

Agricultural Experiment Station. In this 'WOrk, the growth habit 

of the tomato plant is of special interest. 

As the tomato plant grovs, the inflorescence is differentiated 

as terminal structure. Leaves differentiate at the side, and shoots 

develop in the axil. The shoots carry the inflorescences upward 

so they appears to come from the internodes of the stem. When the 

stem continues to elongate throughout the life of the plant, the 

inflorescence is said to be indeterminate. 'When growth of the stem 

is eventually terminated by the inflorescence it is determinate. 

The characters of tomato which express the determinate and in­

determinate inflorescences are referred to as alleles .§2 and !!.ll• 

The intermediate or partly determinate type of tomato is said to 

result from the interaction of a modifier of the !ll2 allele. A 

similar modifier might also account for the extremely determinate 

type of growth. These modifiers all relate to the correlative 

relationship between the flower cluster and vegetative shoot . 

1 



It is reasonable to assume that the different growth habits 

depend on natural hormones. These hormones may be at different le­

vels in plants, thus accounting for the different types of growth, 

which are attributed the alleles .§:12, !Ja, and their modifiers . Since 

it is known that the growth habit of the tomato can be modified or 

changed by the application of certain plant growth substances it is 

likely that these materials might be used to disclose the physio­

logical basis for the action of the "growth-habit" genes . 

The strongly linked leafy-cluster and jointless pedicel cha­

r acteristics ( lf and 1 respectively) are of similar interest. 

2 

It has been suggested that these may arise from the action of a sin­

gle gene. It also has been demonstrated that the number of leaves in 

the cluster is reduced when the .J. factor is associated with the~ gene 

for indeterminate growth. The question might be asked, "Can the leafy­

ness of the cluster be reduced in plants caused to be strongly deter­

minate by the application of a growth substance?" 

The growth substance n-meta-tolylphthalamic acid commercially 

known as Duraset, is krrown to modify the growth habit of the tomato. 

Specifically it increases the degree of determinateness in the plant . 

Modern geneticists and biochemists have come to the conclusion 

that genes are able to influence the plant or to cause the formation 

of enzymes which 1n turn promote or catalyze a given biochemical pro­

cess . The "one-gene, one-enzyme, one-chemical reaction principle" 

is a basic concept in modern genetics . 

It has been shown that a chemical growth substance such as n­

meta-tolylphthalamic acid can be used to block the action of a gene 

(.§2) in the tomato. It is possible that continued studies vi.th this 



.3 

chemical may reveal the true basis for the action of this and other 

genes in this species. 

Geneticists have shown that in many instances the dominant gene 

represents the presence or something, the recessive gene, its absence 

(presence-absence theory) . When this relationship exists it might 

be expected that t he dominant gene r epresents the presence or an 

enzyme capable of synthesizing a specific plant hormone which causes 

a specific growth response. 

The objectives of this study were: 

A. To observe the effect of n-met a-tolylphthalamic acid alone 

on the growth habits of detenninate and indeterminate varie-

ties or tomatoes. 

B. To see if an auxin (indoleacetic acid) when applied in 

conjunction with n-meta-tolylphthalamic acid, will neutra-

lize the effects of t he latt er when applied to determinate 

and indeterminate plants . 

c. To obtain additional information on the genes j and lf by - -
means or the application or a growth substance. 

D. To observe the effect of chemically induced det erminateness 

on the leafiness of the clusters in plants bearing the 1! gene. 



REVIEW OF LITERATURE 

l. Genetics and GrolJth Rabi t of Tomato 

Crane (3), first to describe mode of grolJth of the tomato, observed 

that the inflorescence originates as a terminal bud and that the vege­

tati ve bud is lateral to this. He also observed that the vegetative 

shoot arose from the axil of the leaf. He classified plants as having 

simple infioresences as normal or usual type. 

Determinate type of grolJth in the tomato was described by Yeager 

(25). It is illustrated by the terminal "self-pruning" plant having 

inflorescences at the terminal of the branches. 

Jones and Rosa (7) in describing the grolJth pattern for the tomato, 

:) indicated that lateral branches may arise from each leaf axil, though 

not all of them develop, unless the gro'Wing point of the stem is re­

moved ( 2). Arter initiation of the infioresence, an axillary shoot 

arises from the adjacent node, develops 3 to 6 nodes, and is terminated 

again in an inflorescence. This may be repeated an indefinite number 

of times, until the stem becomes several feet long, bearing fruit clus­

ters throughout its length. The peduncle is often adnate, being united 

'With the main axis' for a short distance. This arrangement makes the 

inflorescences appear to arise from the internode. 

The common tomato was described by Morrison (14) as a tender, her­

baeous, short-lived perennial plant having slender, more less hairy, 

4 



5 

decumbent stems and commonly attaining a height of two feet or more \/bile 

in full vigor of growth, before being borne dolm by the weight of fruit . 

He also described dwarf tomato types vi.th short internodes that are 

determinate in habit of growth; e.g. , the branches terminate in a clus-

ter of blossoms, suggesting the term "self-topping" . 

Young and MacArthur (24) reported on indeterminate and detenninate , 

or self-topping, stem-alleles, ~-l!2, the F2segregating 3 indetenninate · 

to l self-topping. Some of the plants have the determinate habit of 

growth so extremely that they are almost leafless. They also reported 

leafy alleles Y and ll, and jointless alleles :!_ and .J.. The leafy in­

florescence alleles segregated 3 ordinary t o 1 leafy while jointless 

flower pedicel alleles segregated 3 jointed (l) to l jointless (J) in 

the F2 generation. The same authors also described the 11 giant terminal 

flower" (fasciation) as being associated vi.th extreme determinate growth 

habit . The Early Red variety exhibited extremely determinate growth 

and fasciation in its flowers and fruit (15,27). Fasciation is assumed 

to be due to a recessive gene (f) which is i ntensified by environmental 

conditions such as low temperature and high nitrogen (22) . 

Rick and Savant (16) also described jointless pedicel (j) and 

leaf cluster (lf). These 1'JOrkers indi cated that the tendency for these 

two genes to appear together in so many mutants hints very strongly 

that are closely associated in development . They further stat ed that 

the !tendency for the gene m2, which supr esses vegetative growth, also 

apparently subdues leafy grolotth of the inflorescence. This leads us 

to the conclusion that leafiness and jointlessness may be pleiotropic 

effects of a single gene, (J) . The l!2 gene, therefore, offers a partial 

soluti on to t he problem of leafiness associated vi.th (.J.) . 
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2. Previous Work on N-meta-tolylphthalamic Acid 

The n-arylphthalamic acids were first described by Hoffmann and 

Smith (6). At low concentrations they stimulated fruit set in the tomato, 

and the production of seedless fruits. Thus, the test plants actually 

seemed to be more vigorous than unsprayed check plants . However, as the 

concentration of the chemicals was increased, the formative effects 

became more pronounced and fruit set was inhibited. 

Leopold (12) indicated that phthalamio acid derivatives are auxin 

synergists 'Which promote growth at low concentrations, in the presence 

of auxin, and inhibit growth at high concentrations. 

Wittver and Teubner (20) indicated that treatment of tomato plants 

with Duraset when the cotyledons were expanded had no effect on flower 

differentiation. Application of 300 ppm one week later showed an incre­

ase in flower number that was significantly greatet than that in the 

controls. Although the number of flowers was also increased by 400 

ppm of Duraset, the main axis tended to terminate vi.th the first flower 

cluster. 

These same authors (21,23) further showed that increased flower 

number and fruit production of Spartan Hybrid and Michigan-Ohio Hybrid 

tomato varieties may also be attained by spraying with n-meta-tolylph­

thalamic acid at 200 ppm during the time when inflorescences are being 

formed. The resulting compound clusters had t"'° to four times the 

nonnal number of flowers and were composed of several branches. 

Applied to field grown tomatoes, Duraset at 500 ppm caused the 

formation of large flowers; at 750 ppm increased yields to about 250 

percent (13). 

Cordner and Hedger ( 5) reported that the primary effect of the 
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growth regulator, Duraset, at ,400 ppm with l to 4 applications and with 

5 varieties, Margolbe, Okla 35, 19-1-2, 20-1-1, and Okla 20 D was to 

delay or to prevent the r€sumption of growth in the stem following the 

initiation of the terminal inflorescence. The functioning of the gene 

for indeterminate growth was neutralized temporarily or permanently. 

This resulted in more flowers, larger and longer peduncles, and finally 

the faseiation or multiplication of the parts of the individual flowers . 

3. Effects of Auxins 

In 1950 Bonner (1) stated that indoleacetic acid is known to occur 

widely in the tissues of higher plants, where it is phsiologically 

active in the promotion of cell elongation. It also is active in in­

creasing the number of flower primordia (10), and in the development of 

new roots (26). It may also cause the promotion of a number of other 

morphological of histological changes, such as epinasty, new root grovth, 

callus grovth, axillary buds, etc . 

The position of lateral shoots is determined by the balance derived 

from the effect of auxin from the terminal (17). Skoog also reported 

that in many species the change in the apical meristem from vegetative 

to reproductive grovth is characterized by a broadening and thickening 

of the cells at the expense of elongation, indicating, the existence of 

specific reproductive stimuli or flowering hormones. 

It has been suggested by loomis (9) that the application of high 

concentrations of auxin to young tissues causesswelling, a reaction 

that may entail both cellular enlargement and division . 

The principal modifications induced by grovth substances are changes 

in flowering habit, size, shape, patterns, and venations of organs (32). 



The blade of the leaf is reduced in area and its veins converge toward 

the midrib. Leaves o.f'ten fail to separate from each other, flower buds 

may become tubular and .form large modified organs or cups where sepals 

fail to separate, and ovaries frequently develop into seedless fruit . 

Flowering may be modified, especially by derivatives of benzoic acid. 

8 

Regardless of the method of treating plants 'With growth substances, 

there are a number of responses which are more or less characteristic 

for certain groups of chemicals, such as a-phenoxybutyrie acid, a­

(m-chlorophenoxy)propionic acid and 2,4-diehlorophenoxyacetic acid (31) . 

With tomato plants as the only test subjects, thes active growth 

substance reponses in general may be as follows: induced cell elongation 

(local curvatures from unilateral application and epinasty of leaves), 

adventitious roots on stems (leading to the practical propagation of 

plants), parthenocarpy of ovaries without fertilization of eggs (produc­

tion of seedless fruit), inhibition of growth of buds and death of 

tissue with higher concentrations (leading to the use of hormones as 

selective herbicides), and modification of the pattern of leaves with 

certain growth substances. 

Zimmerman and Hitchcock (30) reported that 2-chloro-3,5-diiodoben­

zoic acid applied to growing tomato plants was sufficient to cause 

modification of growth of the stem, leaves and .flowers. It caused axil­

lary buds to grow flower clusters instead of the normal leafy shoots 

and induced the terminal bud to terminate with flower clusters instead 

of continuing with leafy shoot. The flowers on tomato plants grown 

under the influence of 2-chloro-3,5-diiodobenzoic acid were small with 

inconspicious petals and with sepals supported by an abnonually stout 

peduncle. 
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In another study ( 28) Zi.rnx!.lcrm.an and Hitchcock showed tho.t tomatoes 

trented uith 2, .3, 5-triiodobenzoic 1::1cid had similar inte:rnodes P.nd axil­

lary and termina,l flower clusters ( 29) • 'fhey were characterized by 

heavy peduncles, with extremes from short to long, and fasciated flcnrors 

mixed with &'mall buds. 

In 1949 Kramer and Went (8) otated that auxin production in tomato 

plants was found to increase 1,rl.th age. 

Clark and Kerns ( 4) found that loH concentrations of a-naphthalene­

acetic acid applied ao fol'iage sprays, induced fonnation of inflores­

cences in advance of the normal period in pineapple. High conocntreaa 

tions, partioule.rly ·uhen applied at the apexr; delayed flowering (11). 

It u·as demonstrnted ey Skoog,. Schneider Q.TJ.d Malan (18) that tissues, 

such as roots snd shoots or adjacent tissue layers in the st.em, may hav0 

different auxin concentration requirements for grot.rth. These require­

ments will vm:y f"or each organ in snccessi ve stages of development. 

They stated that high concentrations highly active auxins also lead to 

groitth inhibition because of' the effective blocking of one molecule by 

another from simultaneous contact m th both enzyme rmd substrate. 

A small amount of auxin brings about o. Jisproportionate G.mount 

of' gro1-.ith {19). Auxin brings abo-ut, it;-3 growth promoting action by 

oorabining with special substrates, while 2,3, 5-triiodobenzoie acid 

apparently acts as an auxin synergist. 



EXPERIMENTAL ME.THODS Ai.lD :'1.ATERIALS 

. L Varieties: 

The special chnracteriatics or the experimental tomato varieties, 

under consideration in this st"dy are given in Table I. 

A. Okla 20 D is clwa.r.f (2{ 1n gror:!th habit. It is ttpr1ght and 

has a .stout stem ·with broad deep green lea£leta. It is nover 

spreading. It usually has about 6 flowers in clusters vhich are 

separated by an avert:1ge or 1.3 nodes;. ! te.w fl.overs (about 4.5%) 

are fasciated. 

B. Okla. J5 is an n1nterm.ediate:'t (§Jr) typo ple.nt and is moderately­

_ vegetative. The newer clusters appear more frequently than these 

1n Rutgers { separated by 2.0 nodes). They are separated by tw to 

three leaves at first, but appear more frequently later. Some or 

the plants become determinate with the fourth inflorescence and 

about 6 flowers are found in each cluster. 

C. Rqtgers is a typic.al indeterminate {~) type with plants 

that are quite vegetative. Flower clusters appear at ever:, third 

inte;rnode and the stems .· elongate indefinitely. This variety has 

the dominant gene for all alleles under consideration in this stu.dy. 

It usu.ally hna a.bout G flowers in cluster., 

D. Okl,a 52 is pat"tiall;r determinate (.§Ir) or irltermediate with 

an average of 2.4 nodes between the clusters. The flowers .are 

characteriz-ed by jointless pedicels., ( j) and by leaves in the cluster -
10 



Tl1BLE I 

CHi!,RACTEl:U'.8'l'ICf1 m,~ OF 

• LGE ... ii£........,~ ~~,-----•, 

Variety 
Degree of' De­
term:incteness 

VI\.RIET.IES IN THIS STUDY 

Iki~ of nodes 
cot;rledon to 
let cluster 

ll•-::-des betweell~qt:~:t~­
lst to 2nd· to 3rd to Ave. 

;:;,nd Jrd Ath 

""'l /' .• •"· ·'< •• l~ • CA•"~•'• l\ ve. ~::r-,~-{* 

clusters .te·:rvcs 
~·:)er ~.;l,.• 

t1 
jG 

f\1sc .• 
:?lo·~:erc, 

Ge.11es 

Interest 
~~ .,.,~...-~~~~~~~~~_,~.._ .............. l!-'.·.i<-~~,,.,......~~~-,;e~~~-,,,.--~,,.,..'"~~ 

Okla 20 D* Deter;1d.nate 6.7 1 .. :3 "1 ~- 1 .., 1.3 6.!+ 0 J r..; ' .1.a,.,,., -e"- fc-}• ~"" J !> 

LFr 6~ 

Okla 351" Intermediat.€i 8.0 2. '"1 1.6 1$6 2.0 6.1 0 0 
:.~, 

Sp~9 F 
LF, D 

Rutgers* Indeterminate 7.3 5e0 3~3 -:~. ~l .,_,,, . .,/ ;i. 9 ,, I o.,~ 0 0 Sp, Ir 
LF, D 

O!tl.o. 55** Internrinato r3. 5 :~.6 2.1 "''1 t:: ;-..,. ,,,.; 2.J~, 3.5 1.7 0 i\j 
1:?f\ D ----------~------------~:?!' AQWZ ..... ' _!;Ul ~~!;)!Ii. f.lt.-~~"'.»~-~~-.,u,;,.~~:Qi!'m""'~'>'~~-.Mp:s;.Cc,:e~-•~.~ 

·* Each figure :repreoants the 2rver2go of' 6 1,mtresi.ted 
"H* Each figt1re represents the average of 10 u.nt.re0sted plants~ 

!HH, Avere:ige for fix•st J clt,rl'ter;s on :nain axis. 
:ii See Young ·;,t0r. i\"f>"t""'i,'>? (? J) 

t l-G.i. \;. ·.C...-4• ,JI .U. 1;c~J;. .f .. ,L~ 9 1:Joto that h21~ 

I~ -" " ..-11, .,. -Sp... indicates 1.ntermed.1.a.te deto:rmrno.t,enoss sp,., :tndicntes c, strc\ngly 
determine.te gr<:rwth h8.bit. 

• 

~ 
(=' 



2. Methods~ 

.A.. The conditions or plant growth. 

Seeds t-rere pl~.nted in vermiculite on Fobru~ 12~ 1959. 
ti 

After 15 days plants were aet in 2'} pots, which contained a 

mixture of soil, sand end peat with a ratio of 2:1:l. T1-ienty-tw 
II 

days later they wre transplanted to 6 pots. These pots irere 

placed on a bench in o. greenhonse where the ta'1perature uas main­

tained at 6o°F. at night and 10°....so°F. during the dey time. All 

12 

plants were gro'Wl1 under conditions of optimum molsture supply; i.e., 

watered as needed. To assure good grovth during the experimental 

period, the ploots were :fertilized tmce 'With 16:20:0. Lo.te in the 

experimental period some of the laterals whieh were or no signifi-

ea.nee to the study were pruned off. 

B. Preparation of chemicals. 

In pre.pa.ring the indoleacctic ai,cid ( hereafter referred to as 

IAA) 1 25 ppm was made up in aquoou.s solution f'x"Om a stock solution 

of 250 ppm prepared in 95% ethanol. N-meta-tol;rlphthru.anic acid 

(hereafter referred to as Duruset) was prepared directly by dissol-

ving the technical. preparation* in a min1-'llum amount of acetone and 

adding this solution to water with 3 drops or detergent, so that 

the final concentration was 500 ppm. 

* Supplied by Dr. A. w. Feldsrnan or Naugatuck Chemical Division 
of tr. s. Rubber Company. 
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The chemicals were sprayed on all actively groidng foliage and 

termi..nal stemEJ as a fine mist from ru1 atomizer. 

c. 'l'reatrn.ents i 

Three plbmts of' the varieties, 01".l,i 20 D, Okla 35 a.'lld Rutgers, 

and 10 planta of Okla 55 1arere used per treatment which beg~m 10 days 

,' • l u after the plants were set m the i 2 pots. 'rhe chemical sprays were 

applied at four day intervals: Duraset at 500 ppm and IM at 25 ppm. 

The treatment schedule is shown in Table 2. 

A.s indicated in the above table the growth substances were 

applied every 4 days for 6, 9, and 16 times. It was intended that 

the latter treatment would be continuous for the duration of the test 

but due to the development of severe formative effects after 9 

treatments the interval was extended from 4 to 7 days, and after 16 

application the treatment was discontinued. When Duraset and I.AA 

were used in the combination treatment, applications "i·mre separated 

by a 2-day interval (e.g., Duraset applied every 4 days followed 2 

days later by IAA) e 

D. Data obtained. 

Plant height was measured at 5-day intervals during the time 

that the treatments were being made and for 50 days following treat-

m.ent. 

The gro1tth patterns of the individual plants were recorded as 

diagrams which showed the general :f'om. of the plants including the 

positions of the leaves, clusters, etc. on the stems. For each clus-

ters, the total number of flowers, the number of faseiated flowers, 

the number or multiple ovaries, and the number of leaves in the cluster 

were noted. Photographs were taken at intervals to illustrate cer-

tain growth characteristics. The growth responses for the "during-



TABLE II 

SCHEDULE APPL!CN.i.'ION'S OF DURASJi'f ( 500 Pl"'M) lAA (25 

~~~·.;,,:,._..,_~:w..,waw:4Wit.e:.i>U~-~2 .;i•~.e:~..«> .biZe:•m._~ ~~,---------

De;tes of' application of D1.:u:-aset 
~~~~ 1J'" ii 9 i!I: .. ,.. -~- _......._·- ~~~~Q.ti • --~"'"'~·-· ----------------1'}~~ 

3/11* .3/15 3/19 '3/23 3/27 3/31' i&4!1,, 4/8 l+/12 !./19 t/26 5/3 5/10 5/17 5/24 5/31 Applieationz 
~~:.t.:C a:c..:w,.b(j:rg---~--1¢'* 1$Ml:4 -..4 "1%1\'lOIJ Q4J..e,q~ JQeJiil U)> Jr:1 ~~~,---------------------------

Du1~sA~et, fo:: D D 1) D D D 

Duraiurt 9x· :o D D D n D D 1) D 

Durasct 16:x;i~~~ D D D D D D D D D D l) 

6.i: 
*!t} 

IAA.•l•Dt2ra,'.3et D!~H* """'""..,. DI DI DI 1'.l 

Il\lltDtirm.set Q,,, .. 
~-;4_1;., DI DI DI DI DI DI DI DI DI 

IAA-1•DUl"s?d:1Er~ l,6x')ft~ DI DI DI DI DI D! DI DI DI :or DI 

It~A for. r I I I I I 

alone 9x I I I ,,. 
.!I. I I I I I 

t:G Plants wer0 25 days old on this date. 
{~·* 

*! 
The first 10 applications at 4-da:y interval; last 6 applications mBdc at 7-di:Jys 
The first series of photogr.1tphs were taken on Jlpri1 JO; days after this date. 
were taken 14 and 16. ~, IAA :applied 2 da;_v-s after. app:tic~tit'.m of Du:r1,isete 

D D D D 

DI DI DI DI 

interval. 
Other photographs f~ 

-{,-

D 

DI 
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treatment 11 period are contrasted with those for tho lipost-treatment 11 

periodo 



RESULTS 

1. General Responses of Pl,a:qto to N-Il}eta-tol;x:l;ehthale,mie Acid· 

(pqr;set) and Indol; Acetic Aeid..( IA.Al 

Duras.et at 500 ppa applied to young plants of' all varieties 

caused them to wilt for a brief period. The f'oliage of all varieties 

assumed a deeper green color and some distortion in the leaflets was 

evident, especially when the treatment period \JaB extended. Epinasty 

appeared in the terminal le2.ves and distortion o:f leaves yas moot 

severe 11.-hen the plants 1r.iere treated with both Dura.set. and ill. 

Due to the inhibition in the growth of the s~podial .buds. the ID.a.­

in stems of plants of all 4 varieties 11,ero terminated by the first 

cluster (in a fevr by the 2nd) during the time the plants were treated 

mth Dura.set. The growth of laterals also was inhibited. A wide 

range of aberrs.tions in the growth of the stems, leaves, and flower 

clusters was associated with this del~y in vegetative growth. These 

deviations in gro\ilth varied with variety and number of etpplicntions of' 

the growth regulstors. Thus,, the plant gro-wth substances affected 

the plants according to their natural degree of' detorninateness. Iri 

a. gen.oral uay, there we.a ,001 increase in the degree of determinateness 

in the plants of ea.eh variety i1heri Dura.set was a:_oplied. 

The Duraset treatments caused the clusters to initiate more 

total f1o'1rors~ faaciated flowers and fruits, more leaves and longer 

thicker peduncles. 'l'he Btans or t.re.sted plan.ta showed some .fasciation-
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and also some root primordia. 

Fl.over f'ascia.tion trua evidenced by on inero.-~se in parts ( sepals• 

petals ~1ul anthers)~ ~e style and ovary were much flattened, the 

latter ws rough and ribbed. Fasc1ation w,s especially severe in 

those .floYEJrG. in a terminal position in the cluster. In ~-,me flowers 

2 or . .) distinct pistils t:)lft>e~:red. Fasciated peduncles 1t.-ore found 

in some clusters uith flowers appearing in a mass at. the enlarged 

tenrriruu, suggesting a umbel-like inflorescence. As the cluster 

developed tho peduncle became thickened in: its teminal portion, 

great masses of f'lowers and in sor..1e cases, · leaves vere :p1>oduoed. 

Fasciation appeared in some ple.nts as a widening of the stems, oppo­

site leaves and dichotomous branching. 

When the treatments wre intensified peduncles sometimes 

failed to initiate pediee-ls,. or flowers ood pedicels were fo:rr:1ed 

without the differentiation of the usual f'lowr parts. The ter­

minal meristems of these barren (rudinentary} podieele and peduncles 

became active after treatment ceased and.differentiated a f'lower 

or nowers. These were mostly distorted or .f'aaciated and showed 

poorly developed and nonftmctioning pistils. 

Plants spiwed with IAA alone grew mcire rapidly than the controls, 

they also showed som.e t'ascintion of flowers and leaves in clustJ~s 

and root primordia on the stem. 

When IAA was corabined wit.h Dure.set at the lowest treatment 

level, ·the plants appeared to respond aoout like tho.se treated 1dth 

Duraset alone. lfouever, vegetativegrowth was rosU!!led ft?.ster and 

ws more abundant after the treat.moots ceased. At the hic}:1er treat­

ment levels the combined treatments shot.'ICd rat.her severe f'omative 
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effects with leaflet distortion and abbreviation. 

2. Okla 20 D 

This is the most determinate variety used in the study, as in­

dicated by the most frequent appearance of the clusters on the stem. 

As a result of the £\1 gene (Table I) the internodes are short and 

the leanets thick, rugose and deep green in color (Figure 1). 

Plants at all Duraset treatment levels were terminated by the 

first ( or second) cluster a.t about the 6th leaf. The stems of plants 

sprayed 6 times terminated permanently with the first cluster~ how­

ever, clusters subsequently appeared in the axils of most the leaves. 

'l'hese clusters were quite evident 29 days after the treatments were 

discontinued (Figure 2). The proportion of fasciated flowers iias 

high. Sixteen days later (Figure 3) the plants bore multiflowered 

clusters with large strong peduncles but there was no renewal of vege­

tative growt~. When the treatment period was extended to 9 and 16 

applications some of the clusters t-Jere very rudimentary (reduced to 

peduncles and pedicels alone ) dt1e to the inhibition of flowers (Fi­

gure 4). The foliage showed considerable distortion and sorr1e leaf­

lets were greatly abbreviated. 

When H...A was combined with Duraset the results varied according 

to the number of times the growth substances were applied. When 6 

applications were made the IA.A appeared to neutralize to some extent 

the effects of the Dura.set, m1d the phmt showed almost normal vege= 

tative growth (Figure 5). When the tl-JO growth substances were com­

bined in 9 and 16 treatments each the reverse situation prevailed. 
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Figure 1 . Untreated plant of Okla 20 D (dvarf). Photographed 
April JO, 1959. Note rugose foliage, short internodes, and close 
spacing of clusters on the main a.xis . 
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Figur 2. Plant of Okla 20 D tre ted 6 ti es with Dura set . 
Photographed April JO, 1959, 29 a1s a.rter the last tr t ent. Note 
the older terminating cluster with l arge fasciated flowers, and the 
more recent clusters appearing in the leaf axils in plac of late 1 
shoot.s. 
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Figure 3. Same plant as show in Figure 2, but 15 days l ater. 
Note the long thick peduncles, abundance of flowers and absence or 
vegetative growth. A high percentage or flowers are f asciated, some 
with double or triple ovaries. 
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Figure 4. Nine applications of Duraset to plants of Okla 20 D. 
Photographed April 30, 15 days af'ter the last treatment. Note the 
inhibition of flowers . Inflorescences have few flowers or are r e­
duced to barren pedicels and peduncles. Some distortion and abbre­
viation in leaflets can be seen. 
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Figure 5. IAA combined with the Duraset in 6 applications on 
Okla 20 D. Photographed May 14, 43 days arter treatments were dis­
continued. Vegetative grovth was greatly enhanced and the plants 
showed almost nonnal grovth of lateral stems . 



The Duraset and IAA appeared to 11 coopero:te11 in producing severe 

formative ef'f'ects in the plants with much distortion of the leaves 

and with abbreviated clusters. In these plantn the maximum number 

of :flowers per cluster and the greatest amom1t of fascfa.tion in the 

flowers appeared in the cluster numbers which developed during the 

post-treatment period. 

IAA alone did hot affect this variety. 

A summary of results for treatments on the Okla 20 D tomato is 

given in Table 3. 
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6 

7 

1 
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6 
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TlBLE III 

AVERAGE MUMBER OF J?LOvJERS PER CLUSTER, PERCENT OF FLOWERS 
FASCIA'£ED AND PERGEliJ'T OF RiJDIME.l\JTARY FLOWERS IN VA­

RIETY OKLA 20 D TREATED WITH DURA.SET ALONE .AND 
DURASET PLUS IAA* 

25 

Ave. no. of' .flowers % fasciation . _ _L_r~im.ent;µx 
controi 6:x 9x 16x ' eoniroi""'1ix"· 9x '·1bx -control 6x ""9i 16:;:;:--

J.S 51.5 ,~.5 0 0 0 29.2 66.6 

6.8 17 g 3 5.2 4'3,/7 fJ .• ? 20.0 0 0 25.2 60.o 

6.o 13 '7 3 !t.6 34.8 )6.4 25.0 0 0 0 6o.o 

11 ~# 4 JP- ~ ''•:;} 25.0 40.0 0 0 0 ~o ·, 
:,o~,J. 

10 l 5 :,4.4 16.'7 0 6.5 26.6 

8 l ? 26.0 14.3 0 18.2 

8 22.6 

s 2 " Go .18.4 l,,..I;, 5 8.2 20 95 

s ,4. L~ .3J .. 3 9.1 0 37.5 18."/ 100 

4 6 4, ,4.1."'/ 2G.O 0 33.3 18.0 S-7. 5 

6 ,,.., 5 M,.5 45.0 28.5 ,o.o 

12 8 5 46.0 55.5 

16 7 !/I.O 60.o 

12 49.0 Yl.5 
...,,a &i 4,111 a: 

"'Ave;ages for '3 treat~;~r;i~nts ·m~d 06 control ple.nts --- . -·D·- ..... 
tHl' Percent, of t.·ote,l flowOPs in cluster :3hoili.ng fasciation 8nd rudimentary 

(inhibited) development. 
According to a1ge; cluster 1 beint! oldoi:rt .. 
Cltu:iter Dio. l was initiated and d'.eveloped while tx·eatments were being 
nppliod .. 
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3. Okla 15 

This variety (Figure 6) is intermediate in growth habit. It is 

moderately vegetuti ve but not as indeterminate as the variety Rutgerg. 

In responses to the Duraset and IAA, however, it is quite similar to 

this variety. 

Plants treated with Duraset alone became determinate, mostly at 

the first cluster, as did those of Okla 20 D. There was some increase 

in size of clusters and number of flowers. Some flowers also were 

fasciated as a result of treatment with 6 applice.tions of' Duraset. 

Nine and 16 Duraset treatments reduced the cluster size, s'ince some 

pedicels and peduncles failed to initiate flowers. The plants showed 

formative effects in the leaflets in association ,..rith these more ex­

tended treatment periods. Sometime after the treatments ceased, late­

rals appeared in several leaf axils and vegetative growth was vigo­

rously resumed ( Figure 7). These new shoots contrasted sharply with 

the old leaves, pointing up the fact that vegetative activity had long 

been at a stand still in these plants. The influence of the Duraset 

treatments continued for some time in the post-treatment period, since 

larger clusters and fasciated flowers were noted in the new growth. 

Leaves ,.rere formed in some clusters o.nd stems were fasciated (Figure 8). 

When IM was combined with Duraset for 6 applications the plants 

resumed vegetative growth after treatment was stopped "With more vigor 

than did those treated 'With Duraset alone. Severe fonaative effects 

( leaf distortion and abbreviation) appeared in the 9 and 16 application 

series (Figure (). With these longer treatment periods there were 

more abnormal clusters and the flowers had extra large sepals and 

and petals. There also was a tendency for leaves to form in the clusters 
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Figure 6. Untreated plant of Okla 35. Photographed April 30. 
This variety is intennediate in growth habit and moderately vegetative. 
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Figure 7. Plant of Okla 35 treated 6 times with Duraset . Photo­
graphed May 16, 47 days following last treatment . Vegetative growth 
has been vigorously resumed wid laterals have appeared in the leaf 
axils. Large numbers of flowers are in the cluster with many showing 
fasciation . 



Figure 8. Okla 35 plant treated 6 times with Duraset. Photo­
graph May 14, 45 days after treatment. Note fasciation of the stem, 
terminating cluster, flattened stem, opposite leaves and dichotomous 
branching in the post-treatment growth . 
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Figure 9. Plant of Okla 35 after 11 treatment with the combined 
Duraset - IAA. Photographed April 30. Note extreme formative effects 
with some leaves reduced almost to the midrib. (This plant is in the 
16 treatment series) 
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and for root primordia to be initiated on the stems. 

When I.AA 1,ra.s applied alone with 6 and 9 applications the plants 

appeared to be quite similar to the control, except for some accelera­

tion in growth rate. Leaves formed in some clusters a.long -with a few 

faseiated flowers. At times there was stem fasciation and mild leaf 

distortion (Figure 10). 

A summ.a:cy- of all treatments on the Okla 35 variety is given in 

Table 4. 
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Figure 10. Plant of Okla 35 receiving 9 applications of IAA. 
Photographed April 30• 29 days after last application. Note fasciated 
flowers on the abnormally long peduncle and mild leaf distortion. 



Glustc:e 
IZ!t,. J}Yt·~ 

-""""-'"'"""'"---~~-~-=-.,.w-~~;·z••<i!i!»:ih .. ~~~~,.~~~.--~~~ 

6 r~ l:;, 0 a3 3ft.tl 19.1 0 0 15.l} f'i, 
I! .o 

6 ;~,y 
5 0 • .CJ eO 2(:,.6 0 (\ 5.0 .o ' .i/a ,JJ 

6 5 9 i:' 0 {). rel 22.6 ''W' l' 0 0 0 5 ) ;,,if.') • 

A g 7 0 '7 .? d!l.;} lJ~~J 0 0 0 
,,..c ., . .,,, 

5 '.5 12 7. 2 15li0 0 

,;;,,> 1r.l' 
6 "' .o 0 "' .,, Q ~ ' 6 

1 :rn 6 '~ JJaJ 10.0 0 14.J t,,0.0 83. 5 

2 7 "I 6 16.7 )t/f-e ·6 0 

., 6 f"-"'i 10 ry n ;;~ r • i 'l..,J' 

i., 6 12 10 r O :;. ~' lft,A~ 13.8 0 f..l.O 71.0 

5 6 10 0 • :2: O .o 56.5 

6 J 4;) 0 30.4 0 

!f.' Averager:J for 3 t:reatod and 6 control 
** Percent of totc.l floueri:; in c1twter shovlng fasciation · tmd rndimental'i/ 

( inhibited)deve1opm.en1,,. 
{HHf According to ,t:-;.ge; clt1st(3r 1 heing oldest. 

lHHH, Cluster Wo. 1 w2s inithited ,md d0Yel1:;p{id while trectmenta ii-ere being 
applied. 
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1,.,. Rut.ger..§1: 

Plsnts of this variety are indeterminate and quite vegetative 

(.Figure 11). The clusters are separated by 3 or more leaves and tbe 

stem elongates indef'initel;y·. 'rhe responses of this variety to the 

Duraset treatments were generally similar to those of Okla 35. The 

plants wore terninated by the first (or second} cluster. The nu.mber 

of flowero in the cluster a.."1d the degree of fasci.s,tion were incx'eased 

by increasing the treatments 1,r.i.th Duraset. Figure 12 sho·w.s a plruit 

receiving 6 applications of Duraset. This plant had a main stem with 

one lateral which showed f'asciated flowers and leaves. The peduncle 

of the clu.ster on the lateral was fasciated, with 35 flowers were 

produced a.long wi.th e, few leaves (Figure 13}. Twenty-nine days after 

the treatment ceased, the pl,mt s had made considerable recovery in 

vegetative growth. Laterals were developed in the axils of the termi­

nating leaves, and elsewhere, and grew out beyond the terminating 

cluster. i,fuen the applications of Duraset were increased to 9 and 

16 the plants showed formative effect.s, and some flower fasciation. 

With the latter there was a considerD.ble increase in abortive pedicels 

and peduncles which failed to produce flowers. 

The combination of IAA 'Wi. th Dura set at the 6-treat:ment level 

hastened vegetative recovery af'ter the treatments ceased (Figure 14). 

The more severe or extended treatments of 9 and 16 applications resulted 

in extreme formative effects -with much leaf distortion and abbrevia­

tion. A high proportion of the clusters were rudimentary and failed 

to initiate structures reconizable as organized flowers (Figure 15). 

l,,Jhen IAA was applied alone and at 6 and 9 applica-tions, a few 

fasciated :.md large flowers appeared. In general plants grew tnlle:r 

than the controls. Perceptible formative effects shoued on some yoimg 
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Figure 11. Untreated plant of Rutgers tomato. Photographed 
April JO. An indetenninate and very vegetative variety. The clusters 
are separated by 3 or more leaves and the stem elongates indefinitely. 
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Figure 12. Rutgers plant treated 6 times with Duraset. Photo­
graphed April JO, 29 days art.er treatment ceased. Clusters on main 
ste (left ) and lateral (right) te inated growth until vegetative 

· gro\ott.h was resumed in the post-treatment period. Cluster at right 
has many f'lovers (35), along with several leaves, crowded on the termi­
nal of the fasciated peduncle. 
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Figure 13. Details of cluster at right in Figure 12 showing the 
large and thickened peduncle with 35 flowers, some fasciated with leaves. 



Figure 14. Rutgers tomato treated with a combination of IAA 
with Duraset for 6-treatm.ents. Photographed ,ay 14, 45 days aft.er 
last treatment . Not vegetative recovery, multi-.flovered clusters, 
and dichotomous branching in st at right . 
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Figure 15. Rutgers plants sprayed 9 times with combined IAA 
and Duraset treatments. Photographed April JO, 17 days a~er the last 
treatment. Note extreme formative effects with leaves malformed and of 
different sizes and shapes. 

39 



40 

leaves. Root primordia appeared later. 

A smmnary of o.11 treatments on Rntgers variety is given in Table 

5. 



TABLE V 

t)F 

F'LO\.JERS E'ASGIJ'u'I~D fl)f)) PERCENT OP RuDIMENTARY 
}?LO U.EltS IN RUTGEf/5 TREATED 

1)URJ'.l.SE'T ALONE flJ.'JD DtJRASE1' PLUS IAA '* 

Dur::1;:;et 500 ppm. 
-----~ ~~·~"'••*4••011:· lj;\lill9~~ 

Glu.ster A:in~. no. of f'louors % tnsc1.etion·lH~ % rndimentlfl2<iH~ 
Fo '1-Hh':< c"".:"r:t";_o'1--,:;:;:-ov ~d,.,'. ·-;z:.;'"c" ;~,1·t':':,:;-,.1·1 O~c:;;--rr,;--17:,:;-,-:/~nt1..:•·J";···"(., .. ,. ~9~ ·f"'·;,-m 
,;..'J • "..J',~J. ..L .-. .... ..,.. )'.n., ..._1..,,.!t.. , '.d-1> .;l.',, ~- A 7..,..1,.,, ~-....,,.L,.. _.._, , 'i. '"""*' ~J.!!'s.. ,,n., ...... o .. ,.,. 

~----.. - ... "'>t'~r~~~~~~~~-~-~111' -c,~--·~-~ 
J,.. ~1-%~(, ~!- 7 '7' ' l: ... n -' ~15.{) 1.3 .. 6 0 0 0 14 IOO 

, .• ,., 6 I? r:l l' 5 i!'", 0 0 0 0 ,<;:; ,,') '·, . ,,. 

;;J c'j 
r 

·; £: .;.:; 11 0 .3 (J 2.~) 0 0 n \,• 2~). it 

1~ 5 9.t; {) !I> 
"' 0 

5 f, 9.1 

6 g '1 ~:L 

If-;; 
f ? J .• :1 

1 16 ? A, "})/ I'} ,c.o.u () 0 0 !~8.0 

2 F; ,,:, 1 2 (j 0 :lE,. 7 

3 " j' 0 0 129.,6 98 r;) ;q, 

4 6 0 0 0 23.~1! 

~) 6 9 0 I.r\ .• 0 0 14 .• 3 
,. ,a:,, 0 0 

for J trccJ:;ed 
Poi·cc.nt tcd:;el 
( i!1hi bi ted) 



5. Okla 22 

This variety is partially determinate with fairly good vegeta­

tive development. It is of special interest because of the 11 and J 
genes, and the production of flowers and fruits on jointless pedicels 

:tn clusters which sho1-r a fei:r leaves. The peduncle of the inflores-

cence has a stem-like charact{.,T (Figure 16). 

Treatments given this variety were limited to Duraset e.lone which 

was applied 6, 9, and 16 times. A special feature of the st,udy t-r.i..th · 

this variety tre,s to see if there was any reduction in the leafyness 

of the clusters in plants induced to be extremely determinate by the 

Duraset treatment •. 

As reported for tho other varieties, plants of' Okla 55 11ere in­

duced to terminate with the first cluster by the Durasot tr0atment. 

Vegetative gro,..rth 1r.1as checked during the period the plants were being 

treated.. The average number of flowers in the first cluster t..ras moro 

then doubled by 6 applications, remained about the soriie for 9 appli­

cations, and was reduced by the 16-application treatment ('I'able 6). 

The reduction in number of flowers in the latter case was due to abor­

tive or rudimentary clusters in which flower formation was inhibited. 

Flower fasciation and peduncle f'asciation was present. 

Vegetat,ive growth resumed vigorously after the treatments ceased. 

This was especially true of' the clusters themselves. This is illust­

rated in a plant of the 6-application series, 30 days af'ter treatment 

ceased and shortly af'ter vegetative activity ,,ras initiated (Figure ·17). 

A fasciated peduncle was terminated by a mass of fasciated, almost 

sessile, flouers and rudimentary leaves. Figure 18 shows the plant 

lo days later, af'ter there had been much development in the terminal 

cluster and other leafy clusters had developed from the leaf axils. 
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Figure 16. Untreated Okla 55 tomato plant. Photographed 
. April 30. Partially detenainate with fairly good veget. ti ve grovt:.h. 
Jointless pedicels and leaves nre .found in tho cluster. The first 
cluster extends outyard to the left from th internode above the 4th 
leaf. The first 3 .flowers of this cluster did not set fruit but 
were persistent because of the joint less pedieel . A vegetative shoot 
extends from the terminal of this cluster. 
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AVERAGE fflfi.ffiER OF FLOHERS PER CLUSTER, PERGEln' OF 
FWlJERS 1'~ASCIATED Afm PERCl.;HT OF RUDIMEt1TARY 

FLotfERS rn V lUtIR'TY OKLA 55 TREAT:rm HITH 
D1JRASE1' .ALONE Af:JD DIJRASET 1?LUS IA1't"~ 

Clnster A,.~e •••. 1!2.~C?'f.!~~s ·- . .! .. !.~sc:\_ation%!f . . • • . ~ _:r,1q~~entai,:** .. 
No.*** control ox 9:x l6i. control 6x 9x · lbx control bx 9x lbx 

1 *tt·1f§ 3 .. 3 S.l J .. 6 1.9 0 22.3 18.7 0 0 0 17.0 s;.6 

2 3.5 '?\$ 3.5 1.9 0 20.1 18.l 0 0 0 9.0 60 • .3 

3 3.2 6.9 3.8 LS 0 18.6 17.S 0 0 0 8.1 50.l 

4 J.1+ 2.9 0 17.7 17.6 14.7 0 0 0 8.6 

t: 
J 1'7,4 15.0 12.1 0 0 

6 18.0 11.1 

* Averages for 3 t::-e,ated plnnts a.n.tl 6 cont1~01 p1ru:J:ts 
** Percent of total flowers in eluster showing f'ttsciation :ind l:'Udimentary 

(inhibited) development. 
*** According to age; "' cluster 1 being oldest. 

*"Hrn Cluster No.l was initiated and developed while treatments were being 
op plied. 
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Figure 17. Okla 55 tomato sprayed 6 times with Duraset. Photo­
graphed April JO, 29 days after treatments ceased. The plant was 
tenninated by the first cluster at the 7th leaf. This cluster has a 
fasciated tenninal where almost sessile flowers (some fasciated) and 
rudimentary leaves are formed. 
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Figure 18. The same plant as shown in Figure 17, 16 days later 
(May 16), after considerable new growth has t aken place. The tennina­
ting cluster ha s elongated and thickened at the apex. Three new leafy 
inflorescences are emerging from the axils of the leaves in the upper 
part of the plant . 
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Fasciation in the peduncle of the terminating cluster is indicated by 

its thickened terminal region which is shown in det1:dl in Figure 19. 

Some of the original flowers are much fasciated and nearly sessile 

1:rhile secondary clusters (or stema terminating in clusters) ho.ve deve-, 

loped in the axils of the cluster leaves. Some elongation of the cen­

tral axis or peduncle is also apparent. 

l<'igure 20 illustrates a typical pla..11.t for the 9-application 

series, 18 days following the laBt treatment and after limi tod vege­

tative activity has been initiated. The fai::,ciated terminal cluster is 

sho1.m ulth large fasciated flowers and epinastic leaves. Some the 

clusters of t,hi s type became very vegetative und the pedt.mcle grew out 

like a stem (Figure 21). There was considerable elonga.tion and se­

condary clusters formation. Ter-minel · le,terols dm:reloped from axils 

of the cluster-let:nres~ 

When the Duraset applications were ecmtinu,,-:;d for an extended period 

( 16), the plants were characterized by rather severe form.ativ-e effects 

with considerable leaf' distortion (Fignre 22) and in some ce.ses reduced 

to unbranched and flowerless peduncles (Figure 23). After the effects 

of the treatments wore off these pE,dunc1e:::s initio.ted a flm10r or 

flO'Jerc; (us reported previously for other v2,rieties) 5 uhich uero .f'o.s­

ciatGd and malforR1ed in various ways particnlarly with reference to 

carpel dEr,.relopern.ent. 

Root primordia appeared in abnndanco on the stems nnd pedunclen 

on Bone plants of thi8 variety. These became evident after the treat­

ments uere discontinued a,.vid uoro assocics.tod uith the rapid rencn,Ja1 o:f 

vegetative groHth (Figure 24). 
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Figure 19. Details of the terminal cluster of the same plant as 
in Figure 17 and 18. Photographed May 14, but 15 day later. This 
cluster shows much renewed growth. The peduncle has elongated and 
thickened. Secondary clusters appear as laterals in axils of the lea­
ves that were originally present in the cluster. 
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Figure 20. Okla 55 plant sprayed 9 times \.Tith Duraset. Photo­
graphed April 30, 17 days af'ter last treatment. A leafy cluster ter­
minates the stem. Epinasty is present in the leaves. Almost sessile 
and fasciated flowers ~1td. small laterals have developed from the in-

c, , .J florescence. 
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Figure 21. Okla 55 tomato plant sprayed 9 times 'With Duraset. 
Photographed May 16, 17 days a.fter last treatment. The terminating 
peduncle becane ve-ry vegetative and grew out, like a stem, with con­
siderable elongation. Secondary flower clusters terminated the laterals 
springing from the axils of the leaves in this cluster. Wooden label 
points to the base of the peduncle of this terminal cluster which is 
thickened (fasciated). 



Figure 22. Okla 55 tomato plant after 11 treatments with Dura­
set. Photographed April 30. One small leaf (arro-w) grew out of the 
flower in place of a se.al. The cluster produced three large flowers 
on the terminating peduncle. (This plant is in the 16-treatment 
series) 
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Figure 23. Okla 55 plant a.f'ter 11 treatments with Duraset. 
Photographed April 30. The terminal cluster has a single peduncle. 
The shoots shown in the axils of the two upper most leaves indicate 
the resumption of vegetative growth in the post-treatment period. 
(This plant is in the 16-treatment series) 
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Figure 24. Plant of Okla 55 tomato af'ter 15 treatments with 
Dur, eet. Photographed May 25. Note the root primordia found in the 
id -section of the plant . Root primordia are also found on the 

fasciated peduncle of the terminal cluster (to the lert· of the cene 
support) . (This plant is in the 16-treatments series) 
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The increase in determinateness induced in plants of Okla 55 

variety by Dura.set treatment was not accompanied by a decrease in the 

leafyness of the clusters. Leaf count was complicated by a renewitl 

of growth in the clusters after the treatments were discontinued. 

'Therefore, the leaf data are given (Table 7) for leaves originally 
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in the clusters and for those arising from the new growth. The ori­

ginal ntunber of leaves incre-Jased when the plents were treated with 

Duraset with additional leaves appearing on the new growth. Inflorescen­

ces treated 6, 9~ and 16 times, all showed an increase in lcuves. 

The increase in leaf number in the clusters agrees closely 111.th changes 

in numbers of' flowers as shown in Table 6. 



TABLE VII 

fHJHBlm OF LEfJTES IN THE CLUSTER fJ'W NUl,fBJJ'lR OF 
FLOWERS ON THI~ TERMINATING CLUSTEll IIT '.rHE 

OKLA 55 VARIETY 

No. of applications 
of' Dt1.I'HSt?t ( 500 pp!ii) 

untreat,fild 

6 application 

9 application 

1~ 0 application 

l.'7 ·o 

3.5 2.4 

1.9 2.!,i,. 

2.1 2.0 

* Aver2.ge of 10 plrmts~ 

1.7 0 3.5 0 

5.9 40.6 8.1 4.6 

li,.3 55.8 J.6 2.7 

4.1 .7 1.9 1.5 

.3. 5 

12.'7 

,. "' o • ., 

3.t, 

** I!ereat1.t of total flowers in clurrters shoi~ing renrrw·. 
%·~~* Average of first .J. cl.tJ~st,e:r·s for lfJ pl~1nt~s. 

0 

J6.2 

4,2.8 

44.1 



6. Varietal Comparisons: 

A. Flo;w:ers per cluster As indicated by the data in Table 8, the 

Okla 20 D variety showed a three-fold increase in number of flowers 
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in the first clusters (those differentiated during the treatment 

period) when 6 applications of Duraset were made. With 9 applications 

the f1.ower number was reduced one-half that of the controls and re­

duced still more when Duraset was applied 16 times. The other 3 

varieties showed this increase in flower number at 6 applications, 

the normal number for 9 applications and a substantial reduction for 

the more extended treatments of 16 applications. Applied alone IAA 

had little or no affect on f1.ower number. When it was combined with 

Duraset the number of flowers was reduced below that for correspon­

ding Duraset alone treatments. It is apparent that the effects of 

the growth substances carried over into the new growth and to the 

clusters originating af'ter the treatments ceased. This is indicated 

by the flower numbers given as averages for clusters 2-4 and for 

clusters 5 to 7. 



TABLE VIII 

AVERAGE NUMBER OF FLOWERS PER CLUSTER IN RELATION. 
TO NUMBER OF APPLICATIO OF DURASET ALONE IN 

COMBlllATION WITH IAA, AUD IAA ALONE 

Duraset Canbined 
Variety Cluster 

IAA 
25 p 

Number 
500 ppm 

Control 6.x: 9x l6x 
Duraset + IAA 
6x 9x 16x 6x 9x 

Okla 20 D 1st 6. 4 18.3 3.0 1.7 s.2 2. 0 l . 5 6.o 
Ave. 2,.3, 4 cl. 13.3 6. 4 3.2 5.9 4.7 4. 2 

Ave.5,6,7 cl. 8.5 0.9 2. 0 1.3.3 7.3 5. 3 

Okla .35 1st 6. 2 14.0 6.7 4. 0 10. 3 6.o 3.7 7.0 

Ave. 2, .3, 4 cl. 7.4 7. 4 5. 8 6.3 8.7 5. 8 

Ave. 5,6,7 cl. 5. 1 8. 4 5.6 4. 5 6.3 4.6 

Rutgers 1st 7.3 ZT.O 7.3 4.0 15. 7 7.2 3. 5 6.o 

Ave. 2,3,4 cl. 12 • .3 9.4 8.8 9.4 4.1 4.1 

Ave.5,6,7 cl. 6.5 6.5 6.5 4.8 1. 8 2.4 

Okla 55 Original* 3. 3 8. 1 J . 6 1.9 

Ne~ J .6 2.7 1. 5 

Total ll. 7 6. 3 3.4 

~ Original indicates fl.over first fonned and before second 
grovth was "new'' -o rs origina;t in the econdary. 

6.9 

5.7 

6.0 
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Auxins have a dual action and may stimulate or inhibit a growth 

function. This dualism was noted for several growth processes in 

this study and is illustrated in the trends in flowers per cluster 
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in relation to the various treatment levels in Figure 25. In this 

figure the vertical lines representing the various treatments are 

drawn in position on .a standardized curve (12). Applications of 

Duraset alone or in combination with IAA promoted flower production . 

As .the treatment level was increased there was an inhibitory effect 

and flower production declined. These trends show the degree to which 

IAA i s additive to Duraset . 

The most deterrninate Okla 20 D and the indeterminate Rutgers 

were selected as the two extremes with reference to type and also 

with reference to responses in flower numbers. The trends in flower 

number for the intermediate type varieties (Okla 35 and Okla 55) 

were intennediate, falling in between those for the extreme types . 

The trends shown in the figure indicate that compared to the 

flower number in other varieties the determinate Okla 20 D was pro­

moted (increased) less at the low treatment levels and that flower 

inhibition appeared sooner in this variety as the treatment level 

increased. 
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Figure 250 Range i~ flowering respons6S of fil"st 
@lusters to grcrwth substances for indeterminate Rutgers 
and the very determinate Okla 20 D. The number of flici= 
wers per cluster for treated plants is expresised as p.er= 
~ent or that of controlso 
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B. Fasciation The data for flower fasciation are presented for 

first clusters (during treatment), in contrast with t hose developed 

on the new growth that followed the period of treatment; e.g. , clu­

sters 2 to 7, in Table 9. Flower fasciation was most extensive 

in the Okla 20 D variety, and at the maximum va.s about 50%. It 

should be pointed out t hat this most determinate variety naturally 

shows some fasciated (4.5%) flowers . The other varieties ranked in 

dec-reasing order Okla 35, Okla 55 and Rutgers, as they naturally 

rank in the detenninateness scale. As an aver age for all varieties 

fasciation was highest in the first cluster i.men 6 applications of 

Dnraset wer e made . The addition of IAA decreased the percentage 

fasciation from the Duraset treatment alone . 
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The effect of the treatments carried over into the post-treat­

ment period as indicated by clusters 2 to 7 which are listed according 

to age. In the 6 and 9 application series of Duraset the percent 

fasciation decreased gradually with time as the clusters were suc­

cessively formed on the plant . For Okla 20 D the optimum conditions 

for fasciation was obtained at 16 applications with the 4th cluster 

while a similar situation existed when !AA was added to the 6 and 9 

applications series . The variety Okla 35 showed similar trends. 

When !AA was applied alone for 6 and 9 times, the variety Okla 

35, as well as Okla 20 D, showed a low percent of fasciated flowers 

on all clusters. 



Cluster 
No. 

1st 

TABLE IX 

PERCENT FASCIATION* OF FLOWERS IN EACH CLUSTER FOR 
VARIETIES** OKLA 20 D, OKLA 35, RUTGERS AND 

OKLA 55 TOMATOES AND IN RELATION TO TRE­
ATMENT WITH DURASET AND !AA 

Duraset 500 ppm 
6 a~ications 9 aB~ication 

OR:laa Rut- Okla onaa Itut- ona: 
20 D .35 gers 55 20 D 35 gers 55 20 D 35 gers 55 

51.5 33.3 25.0 22.3 44.5 30.813.618.7 0 19.1 0 0 

Ave.2,3,4 39.0 10.4 1.3.5 18. 8 34.4 23 . 8 12. 9 17. 8 28.3 26. 2 2.9 14.7 

Ave.4,5,6 27.6 6.6 6.4 17. 7 0 14.0 0 13.5 15.5 0 0 12. l 

Duraset 500 ppm combined with IAA 25 ppm 
6 ap~ication 9 aB~ication 16 atf!lication 

Okla O a Rut- Okla Okla a Rut- Okla Okla o--a Rut- Okla 
20 D .35 gers 55 20 D .35 gers 55 20 D 35 gers 55 

1st 18.4 33.3 26.0 4.4 10.0 0 5.0 0 0 

Ave.2,3,4 .39.4 12. l 25. 5 27. 5 17.0 20.7 28.0 13 . 8 0 

Ave.5,6,7 47.3 0 0 51.0 26.8 14.3 0 0 0 

IAA 25 ppm 
6 application 9 application 16 application 

Okla Okla Rut- Okla Okla Okla Rut- Okla Okla Okla Rut- Okla 
20 D 35 gers 55 20 D 35 gers 55 20 D .35 gers 55 

1st 4.7 3. 5 0 4 • .3 0 0 J.8 0 0 

Ave.2,.3,4 4.3 0 0 4. 2 4.2 0 4.9 0 0 

Ave.5,6,7 0 0 0 0 0 0 0 0 0 

* Percent of total flowers in cluster sho'Wing fasciation . 
** Okla 20 D, Okla 35, Rutgers total for three plants, control for 

six plants, Okla 55 total for tea plants 
*** According to age, cluster number, was first to appear and deve­

loped during the treatment period. 
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c. Fasciated Stems and Leaves in the Cluster As indicated in 

Table 10 the four varieties responded differently to Duraset in so 

far as these characteristics are concerned. Treated plants of Okla 

20 D showed some fasciation of the stems but did not have any leafy 

clusters. The three varieties, Okla 20 D, Okla 35 and Rutgers, ran­

ked in order for fasciation of stem and leafyness of clusters accor­

ding to their natural position in the determinateness scale. 

Rutgers showed increased fasciation in the stem and increased 

leafy clusters, when Duraset and IAA were combined. 

When IAA alone was applied some fasciation of stems ws found 

and leafy_clusters appeared only on plant of the indeterminate 

Rutgers variety. 



Control 

T.l.J3LE X 

FASCIATION IN. TUE STEi,fS AIITD LEJ!.VES IJ.lf THE CLUSTERS* 
IN THE N.E.'W VEXiEi'ATIVE GROWfH FOLLOWING CEASA­

TIOilS OF TREATMENTS ON OKLA 20 D, OKLA 
35, AND RUTGERS VARIETIES 

Okla 20 D Okla J2 I. Rutgers 
Lvs. in cl. Fas Lvs. in cl. Fas., Lvs. in cl. - ·in - .... 'J. ~~~ 

no. no. :no. no. in no. no. 
cl. lvs. Stem a cl. lvs. Stems cl. lvs. 

0 0 0 0 · 0 0 0 0 

Duraset alone 0 0 4 4 7 14 17 22 

Duraset + ill 0 0, 1.3 1.3 24 

lAA alone 0 0 0 0 5 2 

F'&s. 
in 

Stems 

0 

18 

7 

* Total for Z1 plllllts (combined three series treatments,e .. g .. 
6,9,16), control total for 18 plants. 

6.3 



D. Flower Inhibition At the higher treatment levels Duraset had 

an inhibitory effect on nower initiation. This appeared first, as 

a reduction in number of nowers in the cluster and then, in the 

appearance of abortive or flowerless pedicels and peduncles (Table 11) . 

Flower inhibition was found in clusters on plants of all varie­

ties receiving 9 applications of' Duraset . The inhibition was greatly 

increased at the 16-application level and continued into the clusters 

initiated on the nev grovth during the post-treatment period. There 

was a decline 1n the inhibitory effect with the passing of time as 

indicated by the data f'or clusters 2 to 6. 

As previously indicted the terminal meristems were retained 

in these abortive pedicels and peduncles. In the absence of any 

inhibitory effect they were capable of differentiating fl.oral parts 

with the resulting flowers showing some degree of al:normal structure 

(fasciation) and least developnent with reference to the carpels. 

Control plants and those treated with !AA alone did not show abortive 

pedicels or peduncles. 



TABLE XI 

PERCENT ABORTIVE l!'WWERS FOR CLUSTER OF 4 DIFFERENT 
VARIErIES IN RELATION TO TREATMENT WITH DURASET 

ALONE, AND COMBINED WITH IAA* 

Duraset 500 EEm 
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Cluster 6 a;eElication 9 aeelication 16 a;e;elication 
No. 

l 

2 

.3 

4 

5 

6 

l 

2 

3 

4 

5 

6 

Okll.fokll'Rut!10kli** Okla Okla Rut- Okla Okla Okla Rut- Okla 
20 D 35 gers 55 20 D 35 gers 55 20 D 35 gers 55 

0 0 0 0 29.2 15.4 14 17.0 66.6 73.8 100 85.6 

0 0 0 0 25.5 5 0 9.0 60.o 40.0 12.0 60.3 

0 0 0 0 0 0 0 8.1 60.o 37.5 29.4 50.1 

0 0 0 0 0 0 0 0 58.1 33.3 8.6 

6.5 0 0 0 26.6 

18.2 

Duraset 500 ppm combined with IAA 25 ppm 

6 APPLICATION 9 APPLICATION 16 application 
Okla Okla Rut- Okla Okla Okla Rut- Okla Okla Okla Rut- Okla 
20 D 35 gers 55 2Q D 35 gers 55 20 D 35 gers 

82.0 14.3 0 20 40 48 95 83.5 100 

37. 5 0 0 18.7 43.5 16.7 100 82 98 

33.3 0 0 18 54.5 29.6 87.5 76 

0 0 0 0 41.0 23.2 50 71 

0 0 0 0 33 14.3 56.5 

0 0 0 0 0 0 

* Percent of total potential for flowers in the cluster showing 
abortion. 
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** Total for three plants. 
*** Total for tem plants. 



Root Primordia As indicated by the data :i.n Table 121 Okla 

55 was the only variety -that showed root primordi2, in response to 

treatment with Durasct a.lone. The number of prirnordia increc.sed 

as the treatment intensity- increased thorugh 6, 9, and 16 applica-

tions. The pri:mordia appeared on peduncles as well as on stems of 

this variety. 

Plants of tho other varieties developed root pri-mordia. only 

uhen given the combined Duraset-IAA treatnent, liri.th Rutgers plants 

produced the most primordia especially at the 16-applice:tion level, 

TABLE XII 

AVERAGE WEIGHT D."IJ'DEX11- FOR AB1JNDANCE OF ROOT 
PRIMORDIA ACCORDING TO NUMBER OF' APPLI­

CATIONS OF DURASET ALONE JIJ'JD COM-
BINED WI'l' H IAf'l. 

Treatments Duraset alone 
Okla 55 

Duraset combin0d with 'f'KA'** 
Okla 20 D Okla 35 Rutgers 

Control 1.0 1.0 1.0 1.0 

6 1.9 1.0 1.0 1.0 

9 2.3 1.3 1.7 2.0 

16 J.5 1 ,, .;, 1 n 
"- • I 4.0 ~----<· . .----

~ .. Index calculated on ba,:3is of' l.(Y:: 110 root primordia., 
2:: low number of root primo:rdia, 3::::: medium number of' 
root primordia, 4= high number :root primordia, See 
Figure 25 for example of high nu.mber of primordia. 

;,*Root primordia appeared on plants of these varieties 
only when IAA was applied with Duraset except for a 
fe1,1 pr.imordia appearing on plants treated with IAA 
alone. 
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F. Plant Height As indicated by Figure 26, the height of the plants 

of the very determinate Okla 20 D were redueed most by treatment with 

Duraset. There was little or no vegetative recovery in these plants 

after the treatments ceased •. The indeterminate Rutgers variety made the 

greatest vegetative :recovery. Six applications of IAA resulted in 

heights greater-than the controls while heights for plants receiving 

9 applications were about equal to that of the controls. 
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DISCUSSION AND CONCLUSIONS 

The tomato varieties chosen for this study show rather wide di­

fferences in the correlative relationships between vegetative and re­

productive activities and, therefore, differences in determinateness, 

as indicated by the frequency with which the inflorescences are initiated 

on the stem. These differences arise through the rot ion of certain 

genes and modifiers which evidently control indirectly the formation 

of a hormone or hormones in the plant. According to the results of this 

study variations in the growth habits found in the plants of the tomato 

varieties relate to variations in their auxin systems and therefore 

differences in response to growth substances are to expected. 

The growth substance, Duraset (n-meta-tolylphthalamic) which is 

classed as an auxin synergist, modifies the action of the ttgrowth­

response" genes probably through it's interaction with the auxin-type 

plant hormones. That Duraset induces changes in the auxin systems is 

further substantiated by responses which are usually related to auxin 

such as fasciation of flowers, peduncles, and stems, by the formation 

of leaves in the clusters, and by the initiation of root primordia on 

the stems. 

Plants of all varieties generally became determinate with the 

first cluster and vegetative activity mostly ceased while the plS?ts 

were being reatreatted 
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were being treated with Duraset. When IAA (indole-acetic acid) was 

combined with the Duraset for 6 treatments, the renewal of vegetative 

growth in the post-treatment period was hastened. However, when 9 and 

16 applications were applied the plants developed severe fonnative 

effects with much leaf distortion and abbreviation . 

The treatments with IAA alone resulted 1n some fonnative effects, 

including fasciation in flowers and stems, development of leaves in 

clusters, and the formation of root primordia on stems. 

The renewal of vegetative activity in several varieties , af'ter 

treatments with Duraset and IAA were discontinued and the nature of 

this ,growth, are of considerable interest. Duraset is kno"W?l to hydro­

lyze readily in plant tissue and is, therefore, directly effective 

for a very short interval of time. Plants of the very determinate 

Okla 20 D failed to renew vegetative growth af'ter the Duraset treat­

ments ceased, but in the other three varieties vegetative growth was 

very vigorously renewed with laterals appearing in the axils of lea­

ves that were quite mature. Some of these new lateral stems showed 

fasciated nodes (wide stem, opposite leaves and Y-branching). The 

clusters appearing on these new stems also .showed increased numbers 

of flowers and some fasciation in flowers and peduncles. In fact, 

the maximum number of flowers and extreme degree of fasciation were 

attained for some varieties and-treatments in the second to fourth 

clusters which \lere a part of the new growth. 

These growth response (following treatment) are suggestive of a 

high auxin level. This leads to the supposition that during the 

treatment period the auxins \lere tied up by unstable chemical combina­

tions with the Duraset, or were bound in some way, and released in 

abundance when the treatments ceased. 
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The relationship between Duraset and the auxins in the plant is 

probably quite complex. It is not clearly understood at this time. 

Our present knowledge of auxins does not provide a ready explanation 

for all the growth responses noted in the this study. It appears 

logical to assume that the tomato pl ant has a complex of auxins 'Which 

varies to some extent with variety. Duraset has a different effect 

of reaction with these variety complexes . 

Another possibility is that Duraset reacts only with a single 

or with certa in reactive groups in the auxin molecule to modify its 

influence on growth processes (13). Thus, f asciation of flowers ( a 

high auxin response) appears in a plant in a highly reproductive con­

diti on that is incapable of vegetative growth. 

It has previously been demonstrated that the different growth 

activities in plants have different optima with reference to auxin 

concentration (13) . Inhibition of the growth process then results 

at a supra-optimal level. This is clearly indicated in the results of 

this st udy. 

High auxin concentrations reduces or prevents flowering in some 

plants and it is generally conceded that a medium or low auxin l evel 

is most effective in promoting flowering . A special flowering hor­

mone (florigen} may exist in some plants. 

The highest degree or reproductive activity was found in plants 

of Okla 20 D receiving 6 applications of Duraset . This is represented 

by both an i ncrease in the number of flowers in the cluster as wll 

as in number of clusters . Many of the clusters arise in the axils 

of the l eaves in place of lateral shoots. The replacement of lateral 

in the leaf axils by flower clusters in response t o treat ment with 
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Duraset was previoustly reported ( 5) for a sibling of Okla 20 D ( 20-1-1) 

and also was noted in this study in Okla 55. 

At the higher treatment levels, and with IAA combined with Duraset, 

flower initiation was inhibited to some extent and nwnber of flowers 

per cluster returned to the level of that of the control plant or was 

markedly reduced. As previously pointed out, the optimum honnone 

balance for reproduction was not attained immediately in plants recei­

ving these high level treatments. Thus, the most flowers were pro­

duced in clusters developing later, during the post-treatment period. 

Fasciation of the flower was indicated . by' an increase in floral 

parts , including the pistils. In most cases the pistil was single but 

the style was flattened and the ovary was elongated and ribbed. Flo­

wers in a terminal position in the inflorescence were most f requently 

fasciated. Ordinarily fasciation would be classed as a high auxin 

response and yet in this study it appeared to be associated with or 

running par allel to numbers of flowers per cluster. 

Fasciation in stems and peduncles again might be related to a 

favorable high auxin level. It was most evident in the post-treat ment 

period when the plnnts were growing vigorously. Fasciated peduncles 

appeared in several varieties but were most generally present in the 

Okla 55 plant when growth was renewed in the cluster during the post­

treatment period. 

Leaves appeared in the clusters of treated plants of all varieties 

except Okla 20 D. These were favored by' treatment with !AA and to 

some extent by Duraset. Their presence mi ght be taken as an indication 

of a high auxin level. 

The optimum auxin level for root formation is low compared to 

that for vegetative parts. However, during the post-treat ment period 
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the hormone balance in the treated plants of Rutgers and Okla 55 es= 

pecially, became favorable to the initiation of' root primordia. These 

were initiated in abundance liTell up on the stems instead of in the 

older tissues at the base of' the plant as is normal. In Okla 55 they 

i,re:r.e initiated on the ped1mcles as well., 

The growth responses in the clusters of Okla 55 :induced by Duraset 

treatment 1,rere of special interest. Some o:I:."' the terminating first 

clusters, developed during the treatment.period, were made up largely 

of fasciated flowers on a fasciated peduncle. Thus, tbe flowers were 

almost, .sesE;ile and placed close together with the lemres at the termi­

nal of these peduncles. In the post-treatment period the te:rminal por­

tion of these peduncles elongated and broadened. Shoots or secondary 

clusters grew out from the axils of' the cluster leaves. In some 11 

the peduncles grew upward with all the characteristics of a stem and 

appeared as a continuation of the main axis of the plant. On the 

basis of these gro11,;rth reponses and tecause .of the ini t:lation of root 

primordia on these, it must be concluded that the peduncles of the 

clusters of' Okla 55 are most stem-like. Perhaps they are stems bearing 

a solitary flowers. The leaves in these clusters prob&lbly served in 

the production of auxin and this created @, balance f'avorable to vege­

tati Ve gI'O\,Jth 0 
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l. The ~wt-h pattems of tomato plants were changed by treatment 

"1th n-tileta-tol:,lphthalmne aoid (Duraset) when applied alone or 

h combination with 1.ndoleacetic acid (ill). 

2. Plants of' all varieties (indeterminate to determinate) become ex­

tremely deter;:;li.nate while under trcm.tment with Dura.set. Vegete­

tive activity was largely illhibited during the treatment period. 

J. Plants or tho indeterminate and the intermediate types actively 

renewed vegetative growth 1n the post-treatment period~ while 

the plant:;1 of' th~ detmminate 20 D mo.de little vegetstive recovery 

and 1;,xillffT inflorescences replaced lateral steas. 

4• Many grovth anomalies appeared in the t:.l."---ooted pknts., such ?..S 

faseiation in tlowers, peduncles and stems, leaves in the clusters, 

leaflet distortion, and root prl.mordia. on the ster.:is. ill of these 

relate in so.rrte wa:y to auxin activity.' 

5, These aberations in gromh varied according to ve.riety~ the number 

of Duraset treatments end with time in the life of the plant. 

6. These aberrant growth responses continued into the post-treatment 

period and at a time that the Dllraset vs.a not actively present in 

the plant. 

· 7. The number of novera per cluster ws increased by Duraset treat­

ment to a. meximum of approximately 400 percent. 

s. As illustrated by the number of flowers, the responses to the 

71:. 
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grouth su.b$tan0es were earriod through the promotional phase into 

the inhibitional phase as the treatment intensity incri3ased. 

9. Indoleacetio acid .had an additive eff"eet 'When applied in co,abina­

tion 'liJS:bh Dura.set. 

10. The results of this study \.'t'l.S st1ggestetl th.at genetic (lifferences 

in grol>.<th habit i._~ the tomato are the reoolt of dit1':e;rm1t auxin 

oom.plexes. 

ll. 'I'he peduncle ill leafy cluster in ·the Olr.la 55 variety iz most stem.­

like Gnd is readily cape,hle of initiating vegetative growth. The 

i>resenee of a stem-like a11xin system in this unusual peduncle is 

iudica.ted. 
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