THE EFFECT OF N--M-TOLYLPHTHALAMIC ACID AND INDOLE
ACETIC ACID ON CERTATIN RORPHOLOGICAL RESPONSES
IN THE TOMATC AND PROBABLE INFLUENCE ON

THE ACTION OF CERTAIN GENES

By
YTENG YUNG QﬁIEN
Bachelor of Science
Taiwan Agricultural Gollege
Taiehung, Taiwan

1956

Submitted to the faculty of the Graduate
School of the Oklahoma State University
in partial fulfillment of the
reqguirements for the degree
of
MASTER OF SCIENCE
Augnst, 1939



OCKLAHOMA
STATE UNIVERSITY
LiIBRARY

| FEB 29 1930
\"_,. L LA C> - v.mn " -
THE EFFECT OF N-M-TOLYLPHTHALAMIC ACID AND INDOIE
ACETIC ACID ON CERTAIN MORPHOLOGICAL RESPONSES
IN THE TOMATO AND PROBABLE INFLUENCE ON

THE ACTION OF CERTAIN GENES

Thesis Approved:

.0 diisd

Mw

" Dean of the Graduate School

338576



ACRNOVLEDMENTS

The autlhor wishes to exiress sincere gratitude to Dr. H, B,
Cordner for his kind pguidance, help,and supervision during the
course of this study and the prepsrstion of this thesis,

Indebtedness is acknovledged to Dr. D, G, White for his
generous guidence and help and to W, S, €. Wiggens for his
construetive eriticism and suggestiens,

Appreciation is also expressed to the staff of the Horti-
eulture Departnent of Oklahona State University for their
kind help,

iii



I,

1T,

IIl.

Ve

VL.

VII, LITERATURE CITED

TABLE OF CONTENTS

IN'I'ROI"UC‘I‘IDN.....-..--..----
REVIEW OF LITERATURE o« 2 o o ¢ ¢ o o & s 2 =
1., Genetics and Growth Habit of Tomato.
2, Previous Work on Duraset o ¢« « o o
3. Effect of Auxin ., + ® % ° 9 e & e

EXPERTMENTAL METHODS AND MATERIALS . o « »

l, Varieties « o « »

A, Okla 20D 9 o % o 0 0 ° 0

B‘. Okla 35 o " 8 " 8 8 e e e

Co Rutgers o« ¢ ¢ o0 06 90 o

D. 0Okla 55 L T T T )

2. Methods . . s & 9 0 8 s " " 8 e

A. Conditions of Flant Growth .

B, Preparation of Chemicals . .

Co Treatments ¢ « ¢ o ¢ ¢ 2 ¢ »

D, Data Obtained , ¢ o ¢ ¢ & »

REULTS - - & » - 8 % @ -« & & @ *a & = = @ -

* s @

¢ & & o ® & & & B .

a & @& » & 8 & & 9

* @ & 8 & & 0 & 8 >
&« 0 & & » 8 8 8 B 0
o ® @& » o 5 & & % &

1, General Responses of Tomato Plants to the Growth

s & & ® & o & % s " 8

2. Okla 20 D e % & & 8 o 8 8 8 s o8 0w
3. Okla 35 .- ® & & " % 5 & & % 5 & 0
,-I-o Hntgm 8N e e s ¢ e e
5. Okla 55 & & ® 9 & & ® * ® % 0 ® @8 0
6. Varietal C * " o 8 v 8 8 @
A, Tlowers per Cluster < « « »

B, . Fasciation of Flowers . « »

C. Flower Inhibition , . « « »

D. Fasciated Steus and leaves in the Cluster

E. Root Primordia , ,
F. Plant Height

e & & & 8 0

DISCUSSION AND CONCLUSIONS

Ll
- @
.

SUMMARY

® & & & & ¥ *+ & = o & ®

iv

® 8 % & & » 8 v

s & @
- @ @
L I
L
L
e 9 @
¢ & »
L L I ]
L

LR EVBAERERER

L]

5 EERRR

e & 8 ¢ & ¢

L

=)

-3
O



Table
I,

III,

iv.

v,

VII.

VIII.

) &

LIST OF TABLES

CHARACTERISTICS SPECIAL INTEREST OF EXPERIMENTAL TOMATO
vmm m ms m > ® @ LI . ° L - 8 & » LS ] . & @ 11

SCHEDULE OF APPLICATIONS DURASET (500 PPM) AND IAA (25 PRM) . 13

AVERAGE NUMBER OF FLOWERS PER CLUSTER PERCENT OF FLOWERS
FASCIATED AND PERCENT OF RUDIMENTARY FLOWERS IN VARIETY
OKLA 20 D TREATED WITH DURASET ALONE AND DURASET PLUS

Iaﬁu.o...o..t.l-to.lnoo--oa.-o.25

AVERAGE NUMBER OF FLOVWERS PER CLUSTER PERCENT OF FLOWERS
FASCIATED AND PERCENT OF RUDIMENTARY FLOWERS IN VARIETY
OKLA 35 TREATED WITH DURASET ALONE AND DURASET PLUS

m....Il.l.l.t.l’l............. 33

AVERAGE NUMBER OF FLOWERS PER CLUSTER PERCENT OF FLOWERS
FASCIATED AND PERCENT OF RUDIMENTARY FLOWERS IN VARIETY
RUTGERS TREATED WITH DURASET ALONE AND DURASET PLUS

IM.I...‘Il.l..l..'......l....lu

AVERAGE NUMBER OF FLOWERS PER CLUSTER PERCENT OF FLOWERS
PASCIATED AND PERCENT OF RUDIMENTARY FLOWERS IN VARIETY
OKLA 55 TREATED WITH DURASET ALONE AND DURASET PLUS

IM.......l...-I..l..l.'..."..“

AVERAGE NUMBER OF LEAVES IN THE CLUSTER AND NUMBER OF
FIOWERS ON THE TERMINATING IN OFLA 55 VARIETY . . . « . « « 55

AVERAGE NUMBER OF FLOWERS PER CLUSTER IN RELATION TO NUM-
BER OF APPLICATION OF DURASET ALONE AND IN COMBINATION
mﬂ IM’ mD m m L - @ » - @ . s @ LA L] L] - - =« a 57

PERCENT FASCIATICN OF FLOWERS IN EACH CLUSTER FOR 4 VARIE-
TIES; OKLA 20 D, OKLA 35, OKLA 55 AND RUTGERS TOMATOES
AND IN RELATION TO TREATMENT WITH DURASET AND IA& . ., . . . 61

FASCIATION IN THE STEMS AND LEAVES IN TEE CLUSTERS APPEA-
RING IN THE NEW VEGETATIVE GROWTH FOLLOWING CEASATION
TREATMENTS OF OKLA 20 D, OKLA 35 AND RUTGERS VARITIES . . . 63



LIST OF TABLES «- (Continued)

Table Page

XI., PERCENT ABORTIVE FLOWERS FOR CLUSTER OF /4 DIFFERENT VARIE-
TIES IN RELATION TO TREATMENT WITH TWO GROWTH SUBSTANCES,
DURASET ALONE, AND COMBINED WITH TAA & v % ¢ v ¢ o & « « « 65

XII., AVERAGE WEIGHTED INDEX FOR ABUNDANCE OF ROOT PRIMORDIA
ACCORDING TO VARIETY AND APPLICATICNS OF DURASET ALONE
AND COMBINATION WITH TAA 4 4 v o o o o 6 o o o o o o o s o« 66



LIST OF FIGURES

1., Untreated plant of Okla 20 D (Dwarf) « o o « ¢ « « o « o 19
2, Plant of Okla 20 D treated 6 times with Duraset . . . . 20
3., Seane plant as shown in Figure 2 but 16 days later , . . 21

4. Nine applications of Duraset to plants of Okla 20 D resul-
“dmthamhibitimOrflwocoo---n-oo 22

5. When IAA was combined with the Duraset in 6 applications
the vegetative growth wae greatly emhanced , . « + . . 23

6. Untreated plant of ORI 35 . o 3 o 6 o 5 5 s o s 5 4 o o 2
7. Plant of Okla 35 treated with 6 applications of Duraset, 28
8, Okla 35 plant treated 6 times with Durasset . . « « « « « 29

9. Plant of Okla 35 sprayed 16 times with the combined
mra“t-IM mﬂmmt- L] - . L] L - I. - L] - - L] - . L] L] 30

10, Plant of Okla 35 receiving 9 application of IAA , , . . 32
11, The indeterminate and quite vegetative Rutgers variety . 35
12, Rutgers plant treated 6 times with Duraset , . . « . . « 36
13. Details of fasciated cluster . « « « s « s o o o ¢ s o o 37

14, Rutgers tomato treated with combination of IAA with
M&Matthe&tmmt.-..-..-.....- 38

15. Rutgers plants when sprayed 9 times with the Duraset-IAA
showed extreme formative effects . « « ¢ « ¢ ¢« « o« o« o 39

16, Okla 55 is partially determinate with fairly good vege-
taﬁ“ grovth . - L ] . - - - L] - L ] L L] L] L] . - - - - L] ﬁ

17. A plant of Okla 55 sprayed 6 times with Duraset . . .. 45

18, The same plant (Figure 17) later and after considerable
new growth has taken place . « « o s « ¢ « « ¢« ¢ s ¢« o« 46



Figure
19,

A,

22,

23.

25,

LIST OF FIGURES -- (Continued)

Page

Details of terminal cluster of Okla 55 plant treated
6t1mel|dthm:‘am...............-..oAB

A leafy cluster terminates the stem in this Okla 55 plant
sprﬂ)'od‘)timeswl‘bhnur!aet....-.....-.-.-49

Plant of Okla 55 sprayed 9 times with Duraset . . . . .. . 50

The cluster of this plant of Okla 55 sprayed 16 times with
Duraset produced three large flowers on the terminating
mclo L] L] Ll - & = L] L - . = L ] - L L] - - - L] L] L] . * » L 51

The terminal cluster of this Okla 55 plant sprayed 16 times
with Duraset was limited to a single flowerless peduncle , 52

Plant of Okla 55 with root primordia sprayed 16 times with
mrasat L] L] L] L - » . - L] - L] L ] - L] - L] . . - L] L I - 53

Range in flowering responses of first clusters to growth
substances for Rutgers and 0kla 20 D . o & v o & ¢ s ¢ s &« 59

Plant heights were measured on the final date . . . . « . « 58

viii



INTRODUCT ION

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-
duetion, due to certain environmental conditions, especially warm
weather, Because of this, tomato breeding for climatic adaptation
is a major phase of the vegetable improvement work of the Oklahoma
Agricultural Experiment Station, In this work, the growth habit
of the tomato plant is of special interest,

As the tomato plant grows, 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 Sp and sp.
The intermediate or partly determinate type of tomato is ssid to
result from the interaction of a modifier of the sp 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 ecluster and vegetative shoot,



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 Sp, sp, 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 ia
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-
racteristics ( 1f and j respectively ) are of similar interest,

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 sp 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
Imown as Duraset, is kmown 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 in turn promote or catalyze a given biochemical pro-
cess, The "one-gene, one-enzyme, one-chemical reaction prineciple"
is a basic concept in modern geneties,

It has been shown that a chemieal growth substance such as n-
meta-tolylphthalamie acid can be used to block the action of a gene

(Sp) in the tomato, It is possible that continued studies with this



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 of something, the recessive gene, its absence
(presence-absence theory)., When this relationship exists it might
be expected that the dominant gene represents the presence of 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-meta-tolylphthalamic acid alone
on the growth habits of determinate and indeterminate varie-
ties of tomatoes,

B. To see if an auxin (indoleacetic acid) when applied in
conjunction with n-meta-tolylphthalamic acid, will neutra-
lize the effects of the latter when applied to determinate
and indeterminate plants,

C. To obtain additional information on the genes j and 1f by
means of the application of a growth substance,

D, To observe the effect of chemically induced determinateness

on the leafiness of the clusters in plants bearing the 1f gene,



REVIEW OF LITERATURE

1, Genetics and Growth Habit of Tomato

Crane (3), first to deseribe mode of growth of the tomato, observed
that the inflorescence originates as a terminal bud and that the vege-
tative bud is lateral to this, He also observed that the vegetative
shoot arose from the axil of the leaf, He elassified plants as having
simple infloresences as normal or usual type,

Determinate type of growth 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 deseribing the growth pattern for the tomato,
indicated that lateral branches may arise from each leaf axil, though
not all of them develop, unless the growing point of the stem is re-
moved (2), After initiation of the infloresence, 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 deseribed by Morrison (14) as a tender, her-

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



decumbent stems and commonly attaining a height of two feet or more while
in full vigor of growth, before being borne down by the weight of fruit,
He also described dwarf tomato types with 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 determinate ,
or self-topping, stem-alleles, Sp-sp, the Fysegregating 3 indeterminate
to 1 self-topping. Some of the plants have the determinate habit of
growth so extremely that they are almost leafless, They also reported
leafy alleles Lf and 1f, and jointless alleles J and j. The leafy in-
florescence alleles segregated 3 ordinary to 1 leafy while jointless
flower pedicel alleles segregated 3 jointed (J) to 1 jointless (_,1) in
the F, generation., The same authors also desecribed the "giant terminal
flower" (fasciation) as being associated with 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 intensified by environmental
conditions such as low temperature and high nitrogen (22),

Rick and Sawant (16) also described jointless pedicel (.1) and
leaf cluster (1f). These workers indicated 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 stated that
the Itendency for the gene sp, which supresses vegetative growth, also
apparently subdues leafy growth of the inflorescence, This leads us
to the conclusion that leafiness and jointlessness may be pleiotropic
effects of a single gene, (J_ ). The sp gene, therefore, offers a partial

solution to the problem of leafiness associated with (j).



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 phthalamic acid derivatives are auxin
synergists which promote growth at low concentrations, in the presence
of auxin, and inhibit growth at high concentrations,

Wittwer 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 greatey than that in the
controls, Although the number of flowers was also increased by 400
ppm of Duraset, the main axis tended to terminate with 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 two to four times the
normal 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 inereased yields to about 250
percent (13).

Cordner and Hedger (5) reported that the primary effect of the



growth regulator, Duraset, at 400 ppm with 1 to 4 applications and with
5 varieties, Margolbe, Okla 35, 19-1-2, 20~l1-l, and Okla 20 D was to
delay or to prevent the resumption of growth in the stem following the
initiation of the terminal infloresecence, The functioning of the gene
for indeterminate growth was neutralized temporarily or permesnently.
This resulted in more flowers, larger and longer peduncles, and finally

the fasciation or multiplication of the parts of the individual flowers,

3., Effects of Auxins

In 1950 Bonner (1) stated that indoleacetic acid is lmown 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 histologieal changes, such as epinasty, new root growth,
callus growth, axillary buds, ete,

The position of lateral shoots is determined by the belance 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 growth 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 modifieations induced by growth 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 often fail to separate from each other, flower buds
may become tubular and form large modified organs or cups where sepals
fall to separate, and ovaries frequently develop into seedless fruit.
Flowering may be modified, especially by derivatives of benzoic acid,

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-phenoxybutyriec acid, a-
(m—chlorophenoxy)propionic acid and 2,4-dichlorophenoxyacetic acid (31).
With tomato plants as the only test subjects, these active growth
substance reponses in general may be as follows: induced cell elongation
(loeal 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 Hitehcoek (30) reported that 2-chloro-3,5-diiodoben—
zolc 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 abnormally stout
peduncle,



In snother study (28% Zimnerman and Hitghcoek showed thot tomstoes

trested with 2,3, %briiodobenzole acid had similor internodesaond oxile

lary end terminel flower clusters (29). They were charecterized by

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

mixed with osmall buds

In 1949 Kramer znd Went (8) stoted that suxin production in tomato
shantg was found to increase with age

Clark snd Xerms (4} found that low concentraticns of s-nophthalene-

acebtie acld applled as foliage sprays, induced formation of inflorese

cences in advenes of the normol period in pinespple. High concentree

bk,

tions, particulsrly when spplied ot the spex, delayed flowering (11).

It was demonstroted by Skoog, Schneider ond Melan {(18) that tissues,
such as roots and choots or adjacent tissue layers in the shenm, may have
different auxin eoncentration requirements for growbth, These require
ments will vary for esch organ in successive stages of development,

Thay otated that high concentretions highly active auxins algo lead to
growbh inhibition becanse of the effective blocking of one molecule by
another from simulbanecus contoact with both enzyme and substrote,

A swall opount of auxin brings aboul o disproportionste cmount
of growth (19). Auxin brings about its growth promoting action by
combining with speeisl substrates, while 2,3, 5«triicdobenzoic acid

apparently achs as an auxin synergist.



EXPERILENTAL WETHODS AND UATERIALS

. ¥, Varieties:
The special choracteristics of the expeorimental tomazte varieties
under considerstion in this study are given in Teble I,
A, Okla 20 B is dwarf (&) 4n growth habit. It is upright ond
hag a stout sben with broad deep green leaflets., It 1s never
spreading. It usually has about 6 flowers in clusters which are
seperated by an average of 1.3 nodes, A few flovers (about 4.5%)
are faseclated, |
B, Okla 35 1is an Yintermediate® (Sp-) type plent and is moderately
vegetative, The flewer clusters sppear more frecuently than these
in Butgers (separzted by 2.0 nodes). They &ie separated by two fo
three leaves at first, but appesr more freguently later. Soue of
the plants become determinste with the fourth inflorescence and
shout 6 flowers are found in each cluster,
C. [utgers is = typical indeterminate (Sp) type with plants
that are quite vegetative., Flower clﬁaters appear at every third
intemode and the stems elongote indefinitely, This variety has
the dominant gene for all alleles under conside:ation in this study.
It usually has about 6 flovers in cluster,
D. QOkla 55 is partially determinate (Sp~) or intermediate with
an averagé of 2.4 nodes between the clusters., The flowers are

characterized by jointless pedicels, (J]) znd by lesves in the cluster

10



CHARACTERISTICS OF SPECIAL INTT THE
VARIETIES IN THIS STURY

: : . : ‘ :
Begree of De= Ho. of nodez Hodes between clusters _ Fi./C-?** Avg, e

i G’:‘ Pl
L ¥ 2NET
Veriety torminnteness cotyledon to 1st to 2Znd to 3rd to Ave., clusters leoves faze, of
lot cluster Znd Jrd Zth 13 ver ¢l. flovers Interest
&
Okla 20 D* Determinate 507 1.3 1.3 1.2 i3 Sed o Aol 82y s
LF, o
Okla 35% Intemmediate 8.0 2.7 1.6 1,6 2 &ol 0 o Spe, Fed
LE, D
(E.
Hubgers®*  Indeterminate Ted £.0 23 3.3 3.9 544, 0 G Spy Tyd
L?, U
Okia 55%%  Interminote B 2.6 2.1 2.5 2oy 3.5 1.7 O

¥ Each figure represents the average of 6 untrested vlonts,
Egeh fighre r ‘re”anis the gverage of 10 untrected nlants,
Average for first 3 elucters on msin axis,
See Young end HacArthur (24}. Mote that Rutgers has

Spe indicabes ate deterninebtenecss and gp= ind

L
deterninate grow




fuak
¥

(1£). Glusters on wntrested plants aversge zbout 1.7 leaves md

3.5 fiouwer,

2. HMethodss
4, The conditionsg of plent growth,
Seeds were plented in vermiculite on Tebrusry 12, 1959,

Afber 15 deys plamte were set in 2&“ pots, which contained =
mixture of soll, sond sud peat with & ratio of 2:lsl, Tuenty-tuo
days later they were transplented to 6" potg, These pots were
ploced on o bench in o greenhonse vhere the tenpersture was maine
toined at 0PF, at night end 70°-80°F, during the day time, ALl
plentys were grown under coanditions of optimum wmelsture supplys i.e.,
watered os needed, To assure good growth during the experimenta
period, the plants were fertiliszed twice with 16:20:0, Late in the
experinental pericd some of the laterals which were of no signifi-
eance to the study were pruned off,

B, Preperation of chealesls,

In prepering the indolescetic zcid {herealter referred to as

IAL), 25 ppm was mede up in aqueous selution from a stock sqlutian
of 250 ppu prepared in 95% ethanel, N-neta-tolylphthalanic acid
(hereafter referred to as Duraset) was prepared directly by dissol-
- ving the technical preparstion®* in s ninimum smount of acetone and
2dding this solubtion to wnter with 3 drops of detergent, so that

the finsl concentration wes 500 ppm,

# Supplied by Dr. 4., W, Feldsman of Nangotuek Chemical Division
of ¥, S, Rubber Compsny.
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The chemicals were sprayed on all actively growing follage and
terminal stems as a fine mist from =n atomiszer,
Co Treatments:

Three plants of the varieties, Okle 20 D, Okla 35 and Rutgers,
and 10 plantg of Okla 55 were used per treatment which began 10 days
after the plants were set in the 2%" pots, The chemical asprays were
applied at four day intervals: Duraset at 500 ppm and IAA at 25 ppm.
The treatment schedule is shown in Table 2.

Ag 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 IAA
were used in the combination treatment, applications were separated
by a 2-day interval (e.g., Duraset applied every 4 days followed 2
days later by IAA). o
D, Data cbtained.

Plant height was measured at 5-day intervals during the time
that the treatments were being mede and for 50 days following treat—
ment,

The growth patterns of the individusl plants were recorded as
diagrams which showed the general form of the plents including the
positions of the leaves, clugters, ete. on the stems, For each clus-
ters, the total number of flowers, the nimber of fasciated flowers,
the number of multiple ovaries, and the number of leaves in the ecluster
were noted, Photographs were taken at intervals to illustrate cer-

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



TABLE II

Applications  3/11% 3/15 3719 3/23 3/27 3/3L %i/a 4/6 412 419 4/26 5/3 5710 5/17 5/24  5/31

Duraset Bz 3] jy D D 3] D
Durazset S 1 B D by i 7 I ] D
Duraget; 16xn% 0 D i3 D 3] D O D B D D o D D . Ji] B

IAMeDuraset 6Hx  DI®E DI DI DI DI DI

IAd+Duraset 9% DI DI I BI DI DI B DI DI

TahaDureset 16z%¢ DI BE XA DI BI DI DI DI DI bl DI DI I DI DI

e
=4

IsA slons bz I I I I I I

I&A alone 9% I X I i I ¥ I I I
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RESULTS

1. Gen,rglmﬂ. zponges of Plants to Nemeta~tolylphthals

{Duraset} and Indole Acetic Aeid (IA4)

Duraset at 500 ppm applied to young plemts of all verieties

yic Aeld

caused then to wilt for a brief period, The folinge of all varicties
assuned a deeper green color and some distortion in the leaflets was
evident, especiaolly vhen the treatment period was extended. Epinasty
appeared in the terminal leoves and distortion of leaves was nost
severs when the plants were trested with both Duraset and IAA,

Due to the inhibition in the grovth of the gympodiel buds, the noe-
in stens of plants of 21l 4 varieoties wero terainoted by the first
cluster (in a fev by the 2nd) during the time the plonts were treated
with Dureset, The growth of laterasls clse was inhibited, A wide
renge of sterrations in the growth of the stens, leoves, and flower
elusters was associabed with this deley in vegetobive growth., These
deviations in growbth varied with variety and number of sppliecati éns of
the growth regulators. Thug, the plent pgrowth substances affected
the plents according to their naturasl degree of determinasteness, In

a general way, there wag an incerezse in the degree of dsterminateness
in the plents of each variety vhen Duraset was spplied.

The Duraset trestments caused the clusters to initiste move
total flowers, fascisted flowers and fruiis, more lesves and longer

thicker veduncles, The stens of treated plants showed some fasclstion

od
I~
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and also some foot primordia.

Flower fagcinbion wes cvidenced by on inerense in parts (sepals,
petals and anthers)., The stylo and ovary were much flatbened, the
latber was rough and ribbed. Fasclsotion ws esg:aciially scvere in
those [lowers in o terminal position in the cluster, In some flowers
2 or 3 distinet istils eppesred. Faseiated peduneles were found
in sope cluétera with flovers appearing in & mass =t the enleyged
teminel, sugeesting a unbel-like inflorescence. £As the cluster
developed the peduncle became thickened in its terninal portion,
grest ussses of {lowers and in sone cases, lesves were produced,
Paseintion appeared in sonc plants as o widening of the stoms, op
site lesves and dichotomous branching,

Yhen the treatnents were intensified peduncles sonetimes
failed to initiate pedicels, or flowers ond pedicele were forg:zed
without the differentistion of the ususl flower parts. The ter-
winel neristeas of these barren (rudinentary) pedicels and peduncles
becaie active after trestment cessed and differentisted a flower
or flowers. These were mostly distorted or fascisted and showed
noorly developed and nonfunctioning pistils,

Plonts sprayed with IAA alone grew more rapidly than the controls,
they also showed some fascintion of flowers snd leoaves in clusters
snd root vrimordiz on the sten,

When IAA was conbined with Dursset =t the lowest treatment
level, the plents appesred to respond about like those treated with
Duraset alone, Houever, vegebativegrowbth was rosumed faster end
was nore atundant aftor the treatmonts ceased. At the higher trest-

ment lovelzs the ecombined treatuents showed rother seovere fernative
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aeffects with leaflet distortion snd sbbreviagtion,

2., 0lda 20 D

This is the most determinate variety nsed in the study, as in-
dicated by the most freguent appearence of the clusters on the stenm,
As a result of the 4y gene (Table I} the internodes are short and
the leaflets thick, rugose and deep green in color (Figure 1).

Plants at all Duraset treatment levels were terminated by the
first (orlsecond) cluster at about the 6th leaf, The stems of plants
sprayed 6 times terminasted permanently with the first cluster, howe
ever, clusters subsequently appesred in the axils of most the lesves.
These clusters were gquite evident 29 days after the treatments. were
discontinued (Figure 2). The proportion of fasciated flowers was
high, Sixteen days later (Figure 3) the plants bore muliiflowered
clusters with large strong peduncles but there was no renewsl of vege=
tative growbh. When the treatment period was extended to 9 and 16
applications some of the clusters were very rudimentary (reduced to
peduncles and pedicels alone )} due to the inhibition of flowers (Fi-
gure 4). The foliage showed considerable distortion snd some leafw
lets were greatly abbreviated,

When IAA was combined with Darauet the results varied according
to the nunber of times the growth substances were applied, When 6
applications were made the IAA sppearsd to neutralize to some extent
the effedts of the Durazset; and the plant showed almost normal vege-
totive growth (Figure 5). When the two grouwth substences were com=

bined in 9 and 16 treatmentg each the reverse situation prevailed.
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CONT  DWARF

Figure 1, Untrested plant of Okla 20 D (dwerf). Photographed
April 30, 1959, Note rugose foliage, short internodes, and close
spacing of clusters on the main axis,
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Figure 2. Plant of Okla 20 D treated 6 times with Duraset,

Photographed April 30, 1959, 29 days after the last treatment. Note
the older terminating cluster with large fasciated flowers, and the
more recent clusters appearing in the leaf axils in place of lateral

shoots.



21

Figure 3. Same plant as shown in Figure 2, but 15 days later,
Note the long thick peduncles, abundance of flowers and absence of
vegetative growth, A high percentage of flowers are fasciated, some
with double or triple ovaries,
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9X  DWARF

Figure 4. Nine applications of Duraset to plants of Okla 20 D.
Photographed April 30, 15 days after the last treatment, Note the
inhibition of flowers. Inflorescences have few flowers or are re-
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 after treatments were dis-
continued, Vegetative growth was greatly emhanced and the plants
showed almost normal growth of lateral stems,
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The Duraset and 1AA appeared to "cooperate" in producing severe
fornative effects in the plants with much distortion of the leaves
and with abbreviated clusters. In these plants the maximum number
of iloﬁers per cluster and the greatest amount of fasciation in the
flowers appeared‘in the cluster numbers which developed during the
post-trestment period,

IAA zlone did not affect this variety.

A swwary of results for trestments on the Okla 20 D tomato is

iven in Table 3,
Ly



TABLE III

25

AVERAGE NUMBER OF PLOWERS PER CLUSTER, PERCENT GF FLOWERS
FASCIATED AND PERCENT OF RUDIMENTARY FLOWERS IN VA~
RIETY OKLA 20 D TREATED WITH DURASET ALONE AND
DURASET PLUS IAA*

Duraget 500 ppm

Cluster
No,*#% control Ox 9x 16x

Ave, no, of flowers

7

faseiatlon

% fzz&imentzu'y

control bx 9x 1bx  control 6x 9z 16+

1*%%;& 6.4’, 13 3 2 3.S 5 Ob 4‘!&.5 0 O D . 29.2 66.6
) 6,8 17 8 3 5.2 43.7 41.7 20,0 O 0 25,2 60,0
3 6,0 13 7 3 L,6 34,8 36,4 25,0 O 0 0 60,0
4 4 4 38,5 25,0 40,0 © 0O 0 58,1
5 10 1 5 31.,.4, 16,7 0 6.5 26,6
6 8 1 7 26,0 14.3 O 18.2
7 ) 22,6
Duraset 5@0 ppr plas I&A 25 ppa
Ave, no, of flowors %.. faoseiastion %.. rudimentary
bx 9% 1oz 6x_ Ox 16z 6z 9x 16x

1 8 2 2 384 4.4 -5 82 20 95

2 8 4 33.3 9.1 © 37.5 18,7 100
3 4 6 4 LLT 28 O 0 33.3 18,0 8§7.5
lj, 6 .? 5 M'CS 4500 28.5 5@.0
5 12 8 5 26,0 55,5

6 16 7 47,0 60,0

7 i2 49,0 37.5

% Averagea for 3 treated plants Ql]fl 6 control plants

#t Pepgant of tobtal flowvers in clust ;hownﬁrv fagseiantion and rudimentary

(inhibited) development,

#%%  Accopding to ages cluster

> 1 being oldest.

GCluster Mo, 1 was initisted snd deoveloped while treatwments were being

eppiied,



3. Qkls 35

This variety (Figure 6) is intermediate in growth habit. It is
moderately vegebative bub not as indeterminate ag the variety Rutgers.
In responses tc the Duraset znd IAA, however, il 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 alsc were
fasciated as a result of treatment with 6 applicaiions of Duraset,
Nine and 16 Duraset trestments reduced the cluster size, since some
pedicéls and peduncles failed to initiatev flowers. The plants showed
formative effects in the leaflets in sssociation with these more ex-
tended treatment periods, Somebtime after the treatnents ceased, late-
rals appeared in several leaf axils and vegetative growbth was vigo-
rously resumed (Figure 7). These new shoots contrasted sharply with
the old leaves, pointing up the fact that vegebetive 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 wperiod, since
larger clusters and fasqiated flowers were noted in the new growth,
Leaves were formed in some clusters and stens were fasciated (Figure 8).

When IAA was combined with Duraset for &6 applications the plants
resuned vegetative growth after treatment was gtopped with more vigor
than did those treated with Duraset alone. Severe formative effects
(leaf distortion and abbrevistion) appeared in the 9 and 16 appliestion
series (Figure (). With these longer treatment periods there were
more abnormel clusters and the {lowers 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 intermediate in growth habit and moderately vegetative,



Figure 7. Plant of Okla 35 treated 6 times with Duraset, Photo-
graphed May 16, A7 days following last treatment, Vegetative growth
has been vigorously resumed and laterals have appeared in the leaf

axils, Large numbers of flowers are in the cluster with many showing
fascistion,
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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 1l 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 primordis to be initiated onm the stems.

When IAA was applied alone with 6 and 9 applications the plants
appeared to be gulte similar to the control, except for some accelera-
tion in growth rate, Leaves formed in some clusters along with a few
fasciated flowers. At times there was stem fasciation and mild leaf
distortion (Figure 10).

A summary of all treatments on the Okla 35 wariety is given in

Table 4.
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1AA. X9 35E

Figure 10, Plant of Okla 35 recelving 9 applicationsof IAA,
Photographed April 30, 29 days after last application. Note fasciated
flowers on the abnormally long peduncle and mild leaf distortion.
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fie Rutoers:

Flants of this veriety are indeterminate and quite vegetative
{(Figure 311). The clusters are separated by 3 or more leaves and the
stem elongates indefinitely., The responses of this variety to the
Duraset treatments were generally similar to those of Okla 35, The
plants vere terminated by the first (or second) cluster, The number
of flowers in the cluster and the degree of fascistion were inereased
by inereasing the treatments with Duraset. Figure 12 shows a plant
receiving 6 applicationsof Duraset., This plant had a main stem with
one latersl which showed fascisted flowers and leaves., The peduncle
of the cluster on the lateral was fasciated, with 35 flowers were
produced slong with & few leaves (Figure 13). Twenty-nine days after
the treatment ceased, the plants had made considerable recovery in
vegetative growth, Latersls were developed in the axils of the termi-

‘nating leaves, and elsevhere, and grew out beycnd the terminating
cluster. Uhen the applications of Durasel were increased to 9 and

16 the plants showed formative effects, and some flower fasciation,
With the latter there was a considerasble increase in abortive pedicels
and peduncles which failed to preduce flowers,

The combinastion of IAA with Duraset at the 6-trestment level
hastened vegetative recovery after the treatnents ceased (Figure 14).
The more severe or extended treatments of 9 and 16 applicastions resulted
in extreme formative effects with much leaf distortion and abbrevia-
tion. A high proportion of the clusters were rudimentary and failed
to initiste structures reconizable as organized flowers (Figure 15),

When IAA was applied alone and at 6 and 9 applications, a few
fasclated and large flowvers appeared. In general plants grew taller

than the controls. Perceptible formative effects shoved on some young
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Figure 11. Untreated plant of Rutgers tomato., Photographed
April 30, An indeterminate and very vegetative variety. The clusters
are separated by 3 or more leaves and the stem elongates indefinitely.



Figure 12, Rutgers plant treated 6 times with Duraset. Photo-
graphed April 30, 29 days after treatment ceased. Clusters on main
sten (left) and lateral (right) terminated growth until vegetative
growth was resumed in the post-treatment period, Cluster at right
has many flowers (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 faseciated with leaves.



Figure 14. Rutgers tomato treated with a combination of IAA
with Duraset for 6-treatments, Photographed May 14, 45 days after
last treatment., Note vegetative recovery, multi-flowered clusters,
and dichotomous branching in stem at right.
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Figure 15,
and Duraset treatments,
treatment, Note extreme
different sizes and shape

Rutgers plants sprayed 9 t

Photographed A

formative effe

imes with combined IAA
pril 30, 17 days after the last
cts with leaves malformed and of
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leaves, Root primordis appeared later,
A summary of all treatments on Rutpers variety is given in Table

56
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tive development, It is of gpecial interest because of the If and j

genes, and the production of flowers and fruits on jointless pedicels

in elusters which show a few lsaves. The peduncle of the inflores.-

cence has a stem-lilkte charachor (Pigure 16),
Treatments given this veriely were 1limited to Duraset =lone which

was applied 6, 9, and 16 times. A4 specizl festure of the study with

f there was any reduction in the leafyness
of the clugters in plants induced to be extremely determinate by the
Duraget treatment,

As reported for the éther varieties, plents of Okla 55 were in-
duced to terminate with the first cluster by the Dursscl treatment,
Vegatative growth was checked during the period the plants were being
treated, The average nunber of flowers in tﬁe first cluster was more

2 ~

then doubled by & avplications, remained about the some for 9 sppli-
eations, and was reduced by the lé-applicstion treatment (Table 6).
The reduction in number of flowers in the lalter case was due to abor-
tive or rudinentary 01ustef; in whieh flower formation was inhibited.
Flower fasciation and peduncle fascistion was present.

Vegetative growth resumed vigorously after the trestments ceased.
This wasg especially true of the clusters themselves, This is ilius
roted in a plant of the 6-application series, 30 days after trestment
ceaged and cshorbtly alter vegetative aclivity was initisted (Figure'17).
A Tasclated peduncle was terminated by a mass of fascisted, almost
sesgile, flowers and rudimentary leaves. Figure 18 shows the plant

16 days later, after there had besn much development in the terminal

clugter 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 determinate with fairly good vegetative growth.
Jointless pedicels and leaves are found in the cluster. The first
cluster extends outward to the left from the internode above the 4th
leaf, The first 3 flowers of this cluster did not set fruit but
were persistent because of the jointless pedicel. A vegetative shoot

extends from the terminal of this cluster.
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TABLE VI

AVERAGE HUMBER OF FLOVEES PER CLUSTER, PERCENT OF
FIOWERS PASCIATED ARD PERCENT OF RUDIMENTARY
FLOWERS IN VARIETY OKLA 55 TREATED VWITH
DURASET ATOHE AND DJRASET PLUS IAA®

Duraset 500 npa

Ave, no, of flowers % fascliabion®® % radimentoryis

Ho.%** control 6x Ox 1bx control bx Ox 16x control 6x  9x  16x

N OWwow

A8

itk 3.3 8.1 3.6 1.9 0

22,5 187 O g 0 17,0 85,6

3.5 7.8 3.5 L9 0 20,1 18,1 0 ¢ | 0 9.0 40,3

3.2 6.9 3.81.5 o 18,6 17.8 0 0 0 8.1 50,1

3.4 _ 2.9> 0 7.7 7.6 14.7 O 0 0 B.5
i7.4 15.0 12,1 0O o

18,0 1l.1

iverages for 3 treated plunts and 5 coatrol plants

Percent of total flowers in clusber showing fasciztion and rudimentary
{inhibited) developuent,

According to age; ecluster 1 being oldest,

Cluster No,l was initiated and developed while treabments were being
ﬂppli‘eda :
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Pigure 17, Okla 55 tomato sprayed 6 times with Duraset, Photo-
graphed April 30, 29 days after treatments ceased. The plant was
terminated by the first cluster at the 7th leaf, This cluster has a
fasciated terminal 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 taken place, The termina-
ting cluster has elongated and thickened a2t 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 showm in detail in Figure 19,
Some of the original flowers are much fasciated and nearly sessile
while secondary clusters (or stems terminating in clusters) have deve-
loped in the axils of the ¢luster leaves., Some elongation of the cen=
tral axis or peduncle is élso apparent,

Figure 20 illustrates a typical plant for the Q»application
gseries, 18 days following the last treatment and after limited vege-

tative activity has besn initisted., The fasciabed ternminal ¢

&
=t

uster i

@

shown with large fasciasted flowers and epinastic lesaves, Some the
clusters of this type became very vegetative and the peduncle grew out
like = stem (Figure 21), There was considersble elongation and se-
condary clusters formation., Terminzl - lotersls developed from axils
of the cluster-leaves,

When the Duraset aspplicelions were continued for an extended periocd
(16), the plants were characterized by rather severe formetive effeets
with considerable leaf distortion (Pigure 22) and in some coses reduced
to unbranched and {lowerless peduncles (Figure 23), After the effeets
of the treatments wore off these peduncles initisted a flewer or
flovers {as reported oreviously for other verieties), which were fage
cilated and malformed in varinus ways
carpel developsnent,

Root primordia apoeared in abundsnce on the stems and peduncles

ke

on sone plants of this variety. These became evident after the trest-

ments were discontinued and vere associsted with the rapid renewal of

vegetative growbth (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 eclusters appear as laterals in axils of the lea-
ves that were originally present in the cluster.



Figure 20, Okla 55 plant sprayed 9 times with Duraset, FPhoto-
graphed April 30, 17 days after last treatment. A leafy cluster ter-
minates the stem, Epinasty is present in the leaves. Almost sessile

and fasciated flowers amnd emall laterals have developed from the in-
florescence,

49
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Figure 21, Okla 55 tomato plant sprayed 9 times with Duraset.
Photographed May 16, 17 days after last treatment, The terminating
peduncle became very 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,
flower in place of a sepal.
on the terminating peduncle,
gseries)

OUne small leaf (arrow) grew out of the
The cluster produced three large flowers
This plant is in the 16-~treatment
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Figure 23,

Okla 55 plant after
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 vegeta

11 treatments with Duraset,

tive growth in the post

~treatment period.
b-treatment series)

(This plant is in the 1
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Figure 24. Plant of Okls 55 tomato after 15 treatments with
Duraset. Photographed May 25, Note the root primordia found in the
mid  -section of the plant, Root primordia are also found on the
fasciated peduncle of the terminal cluster (to the left 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 Duraset treatmenl was not accompanied by a decrease in the

o,

leafyness of the clusters, Leaf count was complicated by a renswsl

ot

of growth in the clusters affer the treatments were discontinued.
Therefore, the leaf data are given (Table 7) for leaves originally

in the clusters and for those arising from the new growth. The ori-
ginal number of leaves increassed when the plants 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 leaves.

The increase in leaf number in the clusters agrees closely with changes

in numbers of flowers zs shown in Table 6.



TABLE VII

HUMBER OF LEAVES IN THE CLUSTER AMD NUMBER OF
FLOWERS ON THE TERMINATING CLUSTIR IiT THE
QKLA 55 VARIETY '

o, of apulications Ave, no, of lvs,/el¥  Ave, no, of flowers/cl,

of Dursset (500 pom)i* old new total G,new  o0Ld new Lobal G,new<s .

untreated 1.7°0 1.7 0 3.5 0 3.5 0
& application 3.5 2.4 5.9 AR 8.1 4.6 12,7 36,2
9 application L.9 2.4 43 _ 55,8 3.6 2.7 6.3 42,8
16 application 2.1 2.0 AL 48,7 1.9 1.5 3.4 A4l

¥ Average of 10 plants, _
#%  Parcent of total flowers in clusters showing renew.

®¥% Average of first 3. clusters for 10 plants,



6. Yarietal Comparisons:

A. Flowers per cluster As indicated by the data in Table 8, the
Okla 20 D variety showed a three-fold increase in number of flowers
in the first clusters (those differentiated during the treatment
period) when 6 applications of Duraset were made. With 9 applications
the flower 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 flower 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 after 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 APPLICATIONS OF DURASET ALONE IN
COMBINATION WITH IAA, AND IAA ALONE

517

Duraset _ Combined IAA
Variety Cluster 500 ppm Duraset + 1AA 25 ppm
Number Control 6x 9x 16x 6x 9x 16x 6x 9x
Okla 20D 1st 6.4 18,3 3.0 1.7 8.2 20 1.5 6.0 6.9
Ave,2,3,/ cl. 13:3 6.4 3.2 5.9 47 42
Ave,5,6,7 cl. 8.5 09 2,0 13.3 7.3 5.3
Okla 35 1st 6.2 L0 &7 A8 10,3 &0 3.7 7.0 %%
A“.2.3.4 cla 7.4 7.4 5.8 6-3 8.7 5.8
Ave.5,6,7 el. 5.1 8.4 5.6 4.5 6.3 4.6
Rutgers 1st 7.3 200 13 4D 159 72 3.5 60 60
A-“Oz’jl& el. 12.3 9.4 8-8 904 4el 4.1
Ave,.5,6,7 cl, 65 6,5 6.5 4.8 1.8 2.4
Okla 55  Original* 3.3 8,1 3.6 1.9
New* 3.0 2.7 1.5
Total 13,7 6.3 3.4

Original indicates flowers first formed and before second
growth was "new" lcwers originated in the secondary.
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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
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 is additive to Duraset,

The most determinate 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 intermediate, 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 (inereased) less at the low treatment levels and that flower
inhibition appeared sooner in this variety as the treatment level

increased,
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B, Fasciation The data for flower fasciation are presented for
first clusters (during treatment), in contrast with those 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 was about 50%, It
should be pointed out that this most determinate variety naturally
shows some fasciated (4,5%) flowers, The other varieties ranked in
deereasing order Okla 35, Okla 55 and Rutgers, as they naturally
rank in the determinateness scale, As an average for all varieties
fasciation was highest in the first cluster when 6 applications of
Duraset were made, The addition of IAA decreased the percentage
faseiation from the Duraset treatment alone.

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 IAA was added to the 6 and 9
applications series, The variety Okla 35 showed similar trends.

When IAA 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.
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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 IAA

Duraset 500 ppm

Glgster 6 agglicati.ons g s.gglication 16 aﬁgl!.cation
Oe

20D 35 gers 55 20D 35 gers 55 20 D 35 gers 55

lst 51.5 33.3 25.0 22,3 44.5 30.8 13,6 18.7 0 19.1 © 0
Ave,2,3,4 39,0 10,4 13.5 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 6,417.7 O 140 0 13,5 155 0 0 12,1

Duraset 500 ppm oombined with IAA 25 ppm
[ app icati.on 16 alication

20D 35 gers 55 EDD 35 gers 55 20D 35 gera 55

1st 18.4 33.3 26.0 A4 10,0 O 5.0 © 0
Ave.2,3,4 39.4 12,1 25,5 275 17:0 20,7 28,0 13.8 0O
Ave.5,6,7 47.3 0 0 51.0 26,8 14.3 0 0 0

JIAA 25 ppm
6 application 9 application 16 application

Okla Okla Rut-= Okla Okla Okla Rute- Okla Okla Okla Rute Okla
20D 35 gers 55 20 D 35 gers 55 20 D 35 gers 55

1st 52 3.5 0 43 0 -0 3.8 0 O
Ave.2,3,4 4.3 0 O bo@ 42O A9 0 @
Ave,5,6,7 0 0 0 0 0 0 : SR e

¥ Percent of total flowers in cluster showing fasciation,
%% (Okla 20 Dy, Okla 35, Rutgers total for three plants, control for
six plants, Okla 55 total for tem plants
%% jAccording to age, cluster number, was first to appear and deve-
loped during the treatment period.
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C. 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
elusters, 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 wes found
and leafy clusters appeared only cn plant of the indeterminate

Rutgers variety.



TABLE X

FASCIATION IN THE STEMS AND LBEVES IN THE CLUSTERS®
IN THE NEW VEGETATIVE GROWIH FOLLOWIRG CEASA-
TIOHS OF TREATMENTS ON OXKLA 20 D, OWLA
35, AND RUTGERS VARIETIES

Okla 20 D Okls 35 Rutgers

Lvs, in ¢l, FPas Lvs, in cl. Pas, Lyvs, in cl, Tas,

N0, NG, in no, noa, in no, no, in

el, lvs., Stems e¢l, lvs., Ztone el, 1lva., Stems
Contral 0 4] ] 0 0 4] 0 O ]
Duraset alone O 0O 4 A 7 14 17 22 18
Durazset 4+ IA4A 0 o. i3 3 3 24 13 24 i2
4 G 0 5 2 2 7

AR alone 3] 0O

% Total for 27 plants (eombined three series trestments,e.g.
6,9,16), control totsl for 18 plants,
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D. Flower Inhibition At the higher treatment levels Duraset had
an inhibitory effect on flower initiation. This appeared first, as
a reduction in number of flowers 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—§pplicat1an level and continued into the clusters
initiated on the new growth during the post-treatment period. There
was a decline in the inhibitory effect with the passing of time as
indicated by £h¢ data for clusters 2 to 6,

As previously indicated the terminal meristems were retained
in these abortive pedicels and peduncles, In the absence of any
inhibitory effect they were capable of differentiating floral parts
with the resulting flowers showing some degree of abnormal structure
(fasciation) and least development with reference to the carpels,
Control plants and those treated with IAA alone did not show abortive

pedicels or peduncles,
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TABLE XI

PERCENT ABORTIVE FLOWERS FOR CLUSTER OF 4 DIFFERENT
VARIETIES IN RELATION TO TREATMENT WITH DURASET
ALONE, AND COMBINED WITH IAA¥®

Duraset 500 ppm

Cluster 65 application 9 application 16 application
No, ouﬁo%i‘mﬂ‘ﬁ!" Okla OEIa Rut- Okla Okla O%a Rut- Okla

20D 35 gers 55 20 D 35 gers 55 20D 35 gers 55

1 Sk s TR 29.2 15,4 14 17.0 66,6 73.8 100 85,6
2 8 0. &0 25.% % 0 9.0 60,0 40,0 72,0 60.3
3 0. g 9 e 5 © 0 8,1 60,0 37,5 29.4 50.1
4 .- 09 9 0 0 0 o 58,1 33.3 8.6
5 6.5 0 0 0 26,6
6 18,2

Duraset 500 ppm combined with IAA 25 ppm

6 APPLICATION 9 APPLICATION 16 application
Okla Okla Rut- Ok;._a Okla Okla Rut- Oktla Okla Okla Rut- Okla
20 D 35 gers 55 20D 35 gers 55 20 D 35 gers 55

1 82,0 14.3 O 20 40 48 95 83,5 100
2 37.5 0 0 18,7 43.5 16,7 100 82 98
3 33.3 0 0 18  54.5 29.6 87.5 76

4 0 0 0 0 41.0 23,2 507 T

5 0 0 0 o 3 14.3 56.5

6 0 0 0 0 0 0

# Percent of total potential for flowers in the cluster showing
abortion,
## Total for three plants,
k¥## Total for tem plants,



E, Root Primordis As indicated by the datae in Table 12, Okla

55 was the only varlety that showed root primordiz in respense to
treatment with Duraset alone, The number of primordiz increased
as the treatment intensity increased thorugh 46, 9, and 16 applica-
tions, The primordisz appeared on pedimecles as well as on stems of
this variety,

Plants of the other varieties developed root primordia only
when given the combined Duraset-IAA treatment, with Rutgers plants

nroduced the most primordia especislly at the 16-application level.

TABLE XII

AVERAGE WEIGHT INDEX* FOR ABUNDANCE OF ROOT
PRIMORDIA ACCORDING TO NUMBER OF APPLI~
CATIONS OF DURASET ALONE AND COMe
BINED WITH IA4

Treatnents ~ﬁuraset alone Duraset combined with IAA®¥
Okla 55 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 3.5 1.3 1.7 4O

# Index calculated on basis of 1.0~ no root primordia,
2z low number of root primordia, 3= medium number of
root primordia, 4= high number root primordia. See
Figure 25 for example of high nmumber of primordia,

**Root primordia eppeared on plants of these varieties
only when IAA was applied with Duraset except for a
few primordia sppearing on plants treatsed with IAA
alone,

66
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. 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 treatménts ceased, The indeterminate Rutgers variety made the
greatest vegetative recovery. Six applications of IAA resﬁlted 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 theation of certain
émea 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 thqg‘outh habits found in the plants of the tomato
varieties relate to variations in their auxin systems end 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 "growth-
response" genes probably through it's interaction with the auxin-type
plant hormones, That Duraset indnces 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 plants

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 formative
effects with much leaf distortion and abbreviation.,

The treatments with IAA slone resulted in some formative effects,
including fasciation in flowers and stems, development of leaves in
clusters, and the formation of root primordias on stems,

The renewal of vegetative activity in several varieties,after
treatments with Duraset and IAA were discontinued and the nature of
this growth, are of considerable interest., Duraset is known 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 after 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 were 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 were tied up by unstable chemical eombina-
tions with the Duraset, or were bound in some way, and released in

abundance when the treatments ceased,



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 plant 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 certain reactive groups in the auxin molecule to modify its
influence on growth processes (13), Thus, fasciation of flowers ( a
high auxin response) appears in a plant in a highly reproductive con-
dition that is incapable of vegetative growth,

It has previously been demonstrated that the different growth
activities iIn plants have different optima with reference to auxin
conecentration (13). Inhibition of the growth process then results
at a supra-optimal level., This is clearly indicated in the results of
this study.

High auxin concentrations reduces or prevents flowering in some
plants and it is generally conceded that a medium or low auxin level
is most effective in promoting flowering. A speecial flowering hor-
mone (florigen) may exist in some plants,

The highest degree of reproductive activity was found in plants
of Okla 20 D receiving 6 applications of Duraset. This is represented
by both an increase in the number of flowers in the cluster as well
as in number of clusters, Many of the clusters arise in the axils
of the leaves in place of lateral shoots. The replacement of lateral

in the leaf axils by flower clusters in response to treatment with



72

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 number of flowers
per cluster returned to the level of that of the control plant or was
markedly reduced. As previously pointed out, the optimum hormone
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 frequently
fasciated, Ordinarily fasciation would be classed as a high auxin
response and yet in this study it appeared to be associated with or
running parallel 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-treatment
period when the plants were growing vigorously. Faseciated 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 IAA and to
some extent by Duraset. Their presence might be taken as an indiecation
of a high auxin level.

The optimum auxin level for root formation is low compared to

that for vegetative parts., However, during the post-treatment period
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the hormone balance in the treated plents of Rubgers and Okla 55 es-
pecially, beceme favorable to the initiation of root primordia. These
were initiasted in abundsnce well up on the stems instead of in the
older tissues at the base of the plant as is normal, In Okla 55 they
were initiated on the pednnclés ag well,

The growth responses in the clusters of Okla 55 induced by Duraset
treatment were of speeial interegt, Some of the terminating first
clusters, developed during the treatment. period, were made up largely
of fascisted flowers on a fascieted peduncle, Thus, the flowers were
almost sessile and placed close together with the leaves at the termi-
nal of these peduncles., In the post-trestment period fhe terminal por-
tion of these peduncles elongated andbroedened, Shoots or secondary
clusters grew out from the axils of the cluster leaves, In some,
the peduncles grew upward with all the characteristics of a stem and
appeared as a conbinuation of the main axis of the plant., On the
basis of these growth reponses andlecause of the initiation of root
primordie on these, it must be concluded that the peduncles of the
elusters of Okla 55 are most stem~like. Perhaps they are stems bearing
s solitary flowers. The leaves in these clusters probably served in
the prqduction of auxin and this created a balénce favorable to vege-

tative growth,
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SUAMARY

The groyth patterns of tomsto plahts were changed by treatment
with n-neta~tolyliphthalanie acid (Duraset) when aprlied alone or
in combination with indolescetic acid (IpA),

Plents of a2ll varieties (indeteminate to deterninate) becone e
tremely deterninate while under treatment with Duraset. Vegete-
tive aeti‘vity‘ was lamgeiy inhibited during the treatment pericd.
Plants of the iadeterninate and the intermediste types actively
renewed vegetative growth in the post-treatnent period; while

the plants of thg determinate 20 D nmode little vegelative recovery
and sxillary inflorescences replaced lateral stoms.

Meny growth snonalies appeared in the trested plents, such as
faseiation in flovers, peduncles and stemg, leaves In the clusters,
leaflet distortion, and root primordias on the stens. All of these
relate in some way to auxin scbivity.

These aberstions iln growbth varied acenrding to variety. the number
of Duraset trestments and with time in the 1ife of the plaﬁt.
Those aberrant growth responses continued iﬁ‘i:a the post~treatnent
period =nd at a time that the Dnraset was not actively present in
the plant,

The number of flowers per cluster was incressed by Duraset tregte
ment to s maximum of approximately A00 pereent.

4o illustrsted by the nunber of flowers, the responses to the

7L
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growth substances were carried through the prponmotional phase into
the inbibitional phzse ne the tresiment intensity inereased.

9, Indoleccetic aseid had an addltive effect when applied in combina-

tion with Duraset,

10. The resulis of this study wos auggested that gemetic differences
in growth hablt in the tomato are the result of differeat suxin
complexes,

il. The peduncle in leafy ciugter in the Ukla 55 variety is uost sten-
like and ig readily eapoble of lnitiating vegetative growth., The
presence of o sbten-like suxin systenm la this unusuzl peduncle is

indicated.



1.

LITERATURE CITED

Bonner, J. F,, 1950, Plant Biochemistry., Acsdemic Press Inc,

Bonner, J, F.;, and Galston, A, W., 1952, Principle of Plant Phy-
siology. W. H, Freemon and Co., San Francis Co,

Crene M., B,, 1915, Heredity Types of Inflorescences and Fruits in
Tomata., Jour, of Genetics, 5:1-11,

Clerk, H, B, and Kerns, K. R,, 1942, Control of Flowering with
Phytohormonss., Seil., 953536~537,

Cordner, H. B, and Hedger, G., 1959, Detorminateness in the Tomato
in Relation to Variety snd teo Application of Hemeta-telylohthalomic
Acid of High Concentration. Proe. Amer, Soc. Hort, Sei., 73:323-333.

Hoffwmann, O. L. and Smith, A, E., 1949. A Ney Grouy of Plant
Growth Regulstors  Sci., 1091 588500

Jones, H, A, and Rosa, J. T., 1928, Truck Crop Plants. McGraw-Hill
Book GCo., Ine,

Kramer, M, and Went, F. A,, 1949. The Nature of the Auxin in To-
meto tip. Plent Physiol., 24:207-221,

Loomis, W, BE,, 1949, Growth and Differentistion in Plants. Iowa
State College Press.

Leopold, A. C. and Guernsey, F. S., 1953, Modification of Floral
Initistion with Aovxing and Tempersztures., Amer, Jour, Bob., 40:

603607

Leopold, A, C, and Thimann, K., V., 1949, The Effect of Awdin on
Initistion. Amer, Jour, Bob., 36:342-347,

Leopold, A. C., 1955. Auxins and Plant Crowbth. Univ. of Calif,
Press, Berdeley.

Morre, Je Foy 1957, H=l-naphthyl Phthalamic Acid Nen-tolylphthalamie
Acid and Other Growth Regulators Aoplied as Whole Sprayv to Field-
Grown Tomatces. Proc. Amer. Sco. Hort, Sei., 70:350-356,

Morrison, G., 1938, Tomato Varietieg. Mich, Agr. Exp. Stat.

s ey

Spec., Bull,, 290,

76



7

Hann, L. K, and Minges, P. A., 1949. Experiments on Sebting Fruit
with Growth Refulatiqg Substances on Pield Grown Tomato ln Calif-
OI‘l’lla. }Iilg El'dla,; 19 :309"337

the Tomato Genetice
, Jan., 53126-27.

Riek, C, M, and Sawant, A, C.,, 1955, Report
Coopersbive. Dept, of Veg., Crop Univ, of 0al

of
if.

&

Skoog, Fo, 1949, Crouth Substances in Hich Plants.,  Biochen,
Ann, Rev,, 16:520-557;

Skoog, F., Schneider, C. L., and Molan, P., 1242, Interactions of
g Auxin in Crowth and Inhibition. Amer. Jour, Bot., 29:5569-576,

£3

himenn, X, V, and Bonner, W. D., 1948, The
zoic Acid on Growth. Plent Physiol., 232158w161,

Teubner, F, G, and Wittwer, 5. H., 1955. Effect of N-n-tolylph-
halemic Acid on Tomato Flower Formation, Sei., L223574-75.

Teubner, ¥, G, and YWittwer, S. H., 1957. Effect of N-arylphthg.
lemic Acid on Tomate Flower Formstion. Proc. Amer. Soc, Hort. Seci.,

698345=351.,

Uittwer, S. H, and Teubner, ¥, C., 1957. The effect of Temnersture
and Nitrogen Nutriention Flower Formstion in the Tomato, Amer,
Jour. Bot, 44:125,

Wittwer, S, H, and Teubner, F, C., 1956 Hew Practices for Incres-
ging the Fruit of Green-house Grown Tomatoes. Mich, Agr. Exper,
Stat, Quart. Bull., 39:198-207,

Young, P. A, and MacArthur, J. W., 1947. Horticultural Charscters
of Tomsto. Texas Agr. Exper. Stat., Bull,, 698,

Yeager, A. F., 1927, Deteruinate Growth in the Tomatg. Jour.
Hered., 18:262-26%5,

Warnke, H. B, and Warmke L., 1950. ‘the Hole of Auxin in the

ey G
Bifferentiation of Rogt and Shoot Primordisa from Root Cutting of
Taraxacun and Cichorium. Amer, Jour, Bot., 37:272-279,

Zielinski, Q. B., 1945. Tagcietion in lorbiculture Plants with
Special Reference Lo the Tomato., Proc. Amer, Soc., Hort. Sci,,
,4,() H g63“268

Zirmermen, P, W, end Hitchecock, A, E,, 1949, Triiocdeobenzoic Acid
f'r"l

Influence on Flower Formations of Tomato. Contrib, Boyee Thompson
Inst.,, 153 $353-342,

Zimnermen, P, W, and Hitchecock, A, E,, 1942, Flowering Hsbit and
Correlation of Organg Modified _x Triicdobenzoic Acid. Contr.
Boyce Thompson Inst,, 1R2:492-295,




30.

31,

32,

78

Zimmerman, P, W,, 1943. Ihe Formative Influence and Comparative
Effectiveness of Various Plant Hormone-like Compound. Torreya,

43:98-115,

Zimmerman, P, W., 1948, Plant Growth Substances. Encyclopedia of

Zimmerman, P, W., 1951. Formative Effects of Hormone Like Growth
Hiﬁggu%tor. Plant Growth Substances. Univ. of Wesc, Press, Madison,
n Skoog (Ed.).




79

VITA
TENG YUNG CHIEN
Candidate for the Degree of
Master of Science:
Thesis : THE EFFECT OF N~META-TOLYLPHTHALAMIC ACID AND INDOLE ACETIC
ACID ON CERTAIN MORPHOLOGICAL RESPONSES IN THE TOMATO AND
PROBABLE INFLUENCE ON THE ACTION OF CERTATN GENES
Major Field : Horticulture
Biographical :

Personal data : Born in Chekiang, China, December 25, 1935, the
daughter of Wen-jew Chen and Kao-you Chien.

Education : Graduated from Taiwan Provincial Taichung Girl's High
School, in May 19523 received Bachelor of Science degree in
Horticultural in 1956 from the Provincial Agricultural Coll-
ege of Talchung; completed requirements for the Master of
Scicnce degree in August, 1959.

Date of Final Examination : August, 1959.





