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KALAPATTI M. SRINIVASAN ABSTRACT

Greenhouse experiments were conducted from the fall
of 1958 to the spring of 1960, to study some of the physio-
logical responses of tomato following foliar applications
of maleic hydrazide (MH). Fruit-set in tomato under high
night temperature (70o - BOOF), as influenced by such
applicatons was of particular interest. Other responses
studied were; general growth responses, accumulation of
certain nutrient elements and respiration of roots in MH
treated plants.

The following were the noteworthy results recorded:

1. Tomatoes(John Baer) when grown under high
night temperatures, produced few flowers,
and high flower abscission. Frulit-set was

either poor or absent.

2. Under the aforesaid condition, foliar ap-
plications of MH (20 p.p.m.) made at a time
the first flowers started to open and follow-
ed by growth regulator treatments to fully
opened flowers ( naphthoxyacetic acid at
50 p.p.m. 88 an aqueous spray) resulted in

increasing fruit-set significantly.

3. The indications of the experiments were that
difficulty in pollination exists under high

night temperature as a secondary factor,

and that MH applications can counteract the
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5.

detrimental effects of high night temperature.

Folliar sprays of MH at 1000 p.p.m. to young
tomato seedlings resulted in the inhibition
of thelr vegetative and reproductive growth.
The most notable effects were; retardation
of stem and root elongation, increase in
stem dlameter, reduction in number of leaves
per plant and decreased length of leaves,

Alteration in appearance, color, texture and

venation of leaves were also noted.

Analysis of MH treated plants (by spectro-
scopic and chemical methods) indicated that
treated plants tend to accumulate lesser

amounts of some important nutrients such as
nitrogen, potassium, phosphorus, calcium,

magnesium, boron, manganese and copper as
compared to non-treated plants grown under

simllar environment and nutritional level.

The rate and total accumulation of phosphorus
were retarded, when tomatoes were grown in
a nutrient culture with varying levels of
phosphorus and treated with foliar sprays of
MH (1000 p.p.m.). The inhibition induced by

MH could not be overcome by increasing the
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level of phosphorus in the nutrient culture.

Foliar applications of MH (1000 p.p.m.) to
young tomato seedlings influenced root
elongation, number and location of root hairs
and respiration of roots. Root hairs were
few and appeared at the very tip of the root.
Resplration and root elongation were inhibit-
ed.

It is believed that MH alters the physliology
of young tomato plants and induce inhibition
of growth by affecting the root-ﬁips, root
hairs, root elongation and respiration of

roots.,
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INTRODUCTION

Malelc hydrazide 1s one of the many chemicals whose
presence in the plant alters its physiological processes.
Applications of maleic hydrazide as a follar spray to
plants are known to result in the retardation of vegeta-
tive growth, reduced respiration and accumulation of car-
bohydrates (21, 44, 45, 46, 53).

When tomatoes are grown under temperatures higher
than optimal for their development, vegetative growth be-
comes dominant, fewer flowers are produced and 1s followed
by heavy abscission of flowers. All these factors result
ultimately in poor fruit-set. The entire'changes in the
growth and development under high night temperature includ-
ing the poor frult-set can be explained on the basis of
avallablility of carbohydrates and its subsequent utiliza-
tion (58, 59, 60, 61, 62). Any attempt to reduce vegeta-
tive growth and respiration would seem to favor accumula-
tion of carbohydrates and improve fruit-set under this con-
ditlcn. Hence, in an attempt to improve frult-set in to-
mats under high night temperature, foliar applications of

maleic hydrazide were undertaken.

'3

in=-

In eddition to th2 use of maleic hydirazlie fo
rroving frult-set in tomato under hich night tezperature,
physiological responses of tomatc (i.e. growth responses,

-1 -



-2 -

accumulation of nutrient elements, respiration) as altered
by foliar applications of maleic hydrazide were studied.
The objectives of these studles were an attempt to
understand some of the physiological responses of the
tomato to applications of maleic hydrazide and to gain
further knowledge about the manner in which maleic hydra-

zide could induce inhibition of plant growth.



REVIEW OF LITERATURE

Effect of High Night Temperature on Frult-Set in Tomato:

Tomato sets fruilt abundantlj when night temperatures
("nyctotemperatures”) are between 15° and 20°C and day tem-
peratures ("phototemperatures"”) are about 25%c.  With
‘higher or lower temperatures,'fruiting is significantly re-
duced or absent (58, 59).

According to Went (62), the factors associated with
fruit-set under higher and lower temperatures than optimal
are different. Under low night temperature the principle
1limiting factor appears to be auxin., While under high night
temperature the carbohydrate availability seems to be the
1imiting factor (59, 62). Went (61, 62), has shown in his
studies that under high night temperatures the trans-
ldcation of sugars 1is poor and there 1s a predominance of
vegetative growth to the detriment of the frulit-set. The
poor frult-set as well as the predominance of vegetative
growth under high night temperatures can be easily under-
stood on the basis of competition for avallable carbo-
hydrates. That deficiency of carbohydrates willvresult in
poor fruit-set in tomato has also been'suggested by Kraus
and Kraybill (33) and Howlett (29, 30). Murneek (42) has

indicated that in tomato under conditions that are not

optimal for frult-set, there exists a negative correlation

-3 -
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between vegetative growth and fruiting.

Poor fruit-set can also result from excessive ab-
scission of floweré. Went (62), observed in tomato under
both high and low night temperatures abscission of flowers
was high. He indicated that abacission of flowers is due
to entirely different factors under high and low night tem-
peratures, Flower abscission under high night temperature
mainly arises from limitation of carbohydrates while lim-
itation of auxin induces flower abscission under low night
temperature (47, 62). Howlett (29), has shown that de=-
ficliency of carbohydrates can induce sterility of pollen
in tomatoes. Hence, under high night temperatures where
there is deficiency of carbohydrates, failure of pollina-
tion could also be expected.

Once the fruit has set, its subsequent development
18 not hampered under high night temperatures (62). On
the whole the poor fruit-set in tomato under high night
temperature seems to mainly rest in the failure of flowers
to develop into fruits. This in turn appears to rest pri-
marily on the availability of carbohydrates. The unfavor-
able utilization of carbohydrates in the vegetative growth
in preference to fruit-set, the production of fewer flowers
tendency for a high flower abscission and the possibility
of fallure of pollination should all be recognized in con-
sldering the fruit-set in tomato under high night tem-

perature.

General Characteristics and Present Uses of Maleic




Hydrazide (MH):

The general blological effect is that application of
maleilc hydrazide results in plant growth inhibition. 1Its
chemical ingredient is 1, 2-dihydro-3, 6-pyridazinedione.
The formulations avallable for experimental and general
uses are:

a. MH-40, a water soluble powder of the
sodium salt of MH, with wetting agent and
sticker, containing 40% MH acid equiva-
lent.

b. MH-30, a solution of MH, as a dlethano-
lamine salt, containing 30% MH acid equi-
valent by welght.

MH is used as a herbicide (14), since its applica-
tions have been noted to be effective in preventing re-
growth of rhizomes (5), flower formation and seed germina-
tion (7, 67). MH treated plants show inhibition of growth
(12, 40, 53), and this property has been made use of in re-
ducing the frequency of mowing lawns, preventing terminal
growth of shade and fruit trees, and for stopping regrowth
of tobacco suckers (51, 67). MH applications can also be
used to substitute hand pruning and for breaking apical
doninance 1in strawberries and chrysanthemums respectively
(2, 28). Since MH treated plants show reduced rates of
respiration, it has found applications in preventing storage
losses in onions and sugar beets and extending life of cut

roses (57, 64, 66). Application of MH to plants results in
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the accumulation of carbohydrates, retardation of vegeta-
tive growth, and has also been used for providing winter

hardiness in citrus seedlings (68). MH 1s used for pro-

motion of abscission of olives (25) and for inducing male
sterility in cucurbits (27).

MH applications are noted to induce an inhibiting
effect on cell division even in dilute concentrations (23).
The inhibibition of cell division in MH treated plants has
been found to be largely restricted to the meristematic
zones (10). Chromosome breakages following applications
of MH are of common occurrence (8). Since the meristems
are influenced, it is not surprising to find as a result of
treatment with MH, the appearance, growth and development
of plants are altered. MH applications also profoundly
influence the physiological processes such as respiration,

photosynthesis and transpiration (6, 45, 67).

General Growth Responses of Plants, Following Folliar

'Agplications of MH:
. Schoene and Hoffman (53) were the first to describe

the effects of applications of MH on plant growth. Since
their report, this compound has aroused interest in ag-
ricultural research. One of the widely reported effects
of application of MH on plants 1s that it retards their
growth. Naylor and Davis (44), found that a wide group of
plant species show a remarkably uniform effect to applica-
tions of MH. By applying MH as a follar spray from 0.05

to 0.4 percent concentrations, on oat, wheat, redtop grass,
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corn, peas, peanuts, sunflower, cocklebur, tomato, to-
bacco and cotton, they concluded that the following were
the chief responses observed:

1. Cessation of activity of terminal meristem

2. Cessation of elongation of internodal region

3. Increase in stem diameter

Greulah (18), reported much more marked inhibition of
MH treated tomato plants than that observed by Schoene and
Hoffman (53). He found that stem diameter of treated
plants was inhibited rather than increased. In addition
to some of the responses observed by Schoene and Hoffman
(53), Greulah (18, 19, 20) noted alteration of leaf mor-
phology, inhibition of leaf growth, delay in flowering and
accumulation of anthocyanin pigments in MH treated tomatoes
The loss of sensitivity with increasing age in tomato and
other plants in their response to MH has also been re-
ported (13, 19, 44).
Responses of tomato plants to foliar applications of

MH have not been consistent. The same author working on
one and the same varliety of tomato observed at different
times éome vhat different responses. Greulach (19) showed
that the differences in responses he observed in his ex-
periments as well as by others could be possibly due to
the difference in age of the seedlings. It 1s also possible
that theee varying effects of MH in inducing respbnses are
due to different degrees of penetration of MH depending

upon the conditions under which experiments are carried

out. That relative humidity is a factor which will
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jnfluence rate of absorption of MH by plants has been
known (54).

Roots appear to be more sensitive to applications of
MH than shoots (4). Both stimulation as well as inhibi-
tion of roots have been reported. The concentration of
the chemical is the determining factor in inhibition or
stimulation of roots (3, 4). In corn, foliar applications
of MH at 1 to 10 p.p.m. stimulated root elongation and at
500 p.p.m it inhibited the roots (9).

Following foliar applications of MH it altered the
color, texture and development of leaves. The leaves be-
came dark green, leathery and brittle and young leaves
falled to expand (4, 18, 20). In certain cases exudates
containing mostly sucrose appear as droplets in MH treated
plants (13).

Flowering in plants 1s affected by folliar applica-
tions of MH (18, 19, 40, 43, 52). The general tendency of
MH 18 to induce inhibition of flowering. The induction of
male sterile flowers ensuing MH applications has also been
observed (27). In general MH treatment alters the size,
structure, number and time of anthesis of flowers.

Application of MH as a spray to flowering panicles
of oat at concentrations ranging from 0.03 to 0.75 percent,
has been noted to affect the embryonic development and con-
sequently, the seedlings that arise from such seeds (38).

It can be concluded that applications of MH alters

the growth and development of seedlings. These changes
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resulting in plants by MH treatments are strcong indicatlons
that the physiology and metabolism of plants are altered,
The changes induced in the growth and development of seed-
lings by MH, are better understood 1f one reviews the
changes induced in the anatomy, physiology and chemical

composition of treated plants.

Physlological Changes 1n Plants Induced by MH Application:

The increase in shoot/root ratio following applica-
tion of MH in tomato as well as in other plants have been
reported (19, 20). This suggests imbalance between top
and root growth with the possibility of interference in
translocation and distribution of food material.

MH treated plants reveal alteration in thelr photo-
synthesis (6), respiration (31), and transpiration (67).
When such processes are affected it has a natural con-
sequence on the metabolism of treated plants.

Naylor and Davis (45, 46), found that MH treated ex-
cised roots of peas, sunflower, tomato, barley, wheat and
oat showed alteration in the respiration. The respiration
rates of the tomato, sunflower, oat, wheat and barley were
more inhibited than in peas or corn. Henderson and Thomas
(26) treated excised stem of pea and sunflower with MH at
concentrations from 800 to 1000 p.p.m. and reported that
oxygen uptake was decreased in pea stems. Low concentra-
tions of MH will stimulate respiration and higher concen-
trations will inhibit it (31).

One of the probable methods by which MH induces
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inhibition of plant growth 1s due to its effects on plant
respiration., When respiration in higher plants is in-
hibited cessation of growth or undesirable morphological
changes may occur (17, 31, 32).

Application of MH increases photosynthetic activity,
which 18 not alwaﬁs accompanied by increase in dry matter
(6). The increase in photosynthetic acpivity observed in
plants treated with MH, is attributed to the modification
of the physiology of individual cells as a result of treat-
ment (6).

MH treatment of plants may result in reduced rate of
transpiration as well as uptake of water (40, 55, 67).

Follar application of MH to plants have influenced
the enzyme systems in them (15, 34). In preparations of
artichoke, cauliflower and pea, applications of MH were
noted to inhibit dehydrogenase activity, both 1in the
soluble and mitochondrial systems. This indicates that MH
can act on the ;SH group of enzymes (15).

Leopold and Klein (37) suggested that MH acts as an
anti-auxin, They found that growth inhibition produced by
low concentrations of MH could be counteracted by addition
of auxin and conversely inhibition of growth by high con-
centrations of auxins relieved by MH. This reversal in
action was independent of pH and furthermore no indication
could be found that MH acted By chemically combining with
the auxin,

On the whole MH applications result in the alteration
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of physiological activities of the plants. The extent
to which they are influenced 1s dependent on the con-
centration of the chemical, plant species, and environ-

mental conditions.

Anatomical Changes Induced by MH Applications in Plants:
Foliar applications of MH induce changes in the

anatomy of shoots, roots and leaves (16, 23, 24). The
nature of changes brought about by MH treatments in them
indicates that the inhibition of plant growth following
application is due to inhibition of meristematic activity
and abnormal enlargement of cells. Collapse of phloem
elements, absence of metaxylem and secondary xylems in the
bundles, a general disorganized arrangement of cells, dis-
integration of chloroplasts, abnormal development and de-
generation of stomata and absence of guard cells have all
been observed in MH treated plants (8, 16, 23, 24). The
nature and extent Qf changes brought about by MH in the
anatomy of shoots and roots are influenced by the con-
centration of the chemical, the treated plant specles, and

the stage and development at the time of treatment.

Effect of Foliar Applications of MH on Chemical Com-

position and Mineral Accumulation of Plants:

The effect of follar applications of MH on chemical
composition of plants have been studied to some extent.
MH treated plants have been observed to show alteration in

carbohydrate, soluble sugars and protein content
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(13, 21, 34, 64, 65, 66, 67). The outstanding effect of
MH applications 1s the accumulation of carbohydrates and
reduction in proteins.

Uptake and accumulation of nutrient elements ensuing
applications of MH have been studied only to a limitéd
extent. Peterson and Naylor (49) found that MH treated
tobacco plants had higher calcium and lower phosphorus con-
tent. Wildon (63) found that a repeat application of
500 p.p.m. solution of MH to tobacco seedlings retarded
accumulation of all major and mlnor elements in shoots and
roots. Bose (4) treated young tomato seedlings with foliar
sprays of MH at 10, 50 and 100 p.p.m. solution and observed
that uptake of nutrient elements were retarded. Greulach
(22) found while application of growth substances could not
counteract the inhibition in growth induced by MH in sun-
flower, repeated foliar applications of complete nutrient
sprays helped to relieve the inhibition. MH treated plants
often show deficlency symptoms of phosphorus (19, 65) which
indicates that phosphorus uptake may be affected.

From the few published reports on accumulation of
nutrient elements in MH treated plants it 1s evident that
roots are unable to take up from the medla effectively the
nutrient elements needed by the plants. Since uptake of
nutrient elements are influenced by treatment, 1t 1s con-
ceivable that some of the changes in growth responses wit-
nessed in MH treated plants could also be secondary effects

not attributable to the chemical alone. Furthermore,
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applications of MH will influence factors assoclated with
absorption of nutrient elements, particularly permeability
of membrane, osmotlc pressure and exchange capacity of

roots.



MATERIALS AND METHODS

Greenhouse experiments were conducted from the fall
of 1958 to the spring of 1960, to study some of the physio-
loglical responses of tomato following follar applications
of MH. Among the responses studied, frult-set in tomato
under high night temperature, as influenced by such applica-
tions was of particular interest. Other studies were the

following:

a. General growth responses resulting from
follar applications of maleic hydrazide.

b. Accumulatlion of certain nutrient elements
of interest in maleic hydrazide treated
plants. )

c. Rate and total accumulation of phosphorus
in maleic hydrazide treated plants grown
in a nutrient culture with varyirg levels
of phosphorus.

d. Resplration of roots as influenced by foliar

applications of malelc hydrazide.

- 14 -
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Cultural Procedure:

The two tomato varlietlies used in the experiments
were John Baer and Michigan Ohio Hybrid. The former was
utllized particularly in the experiments related to fruit-
set under high night temperature, and in experiments per-
taining to growth responses, and accumulation of certain
nutrient elements of importance. John Baer was chosen be-
cause 1t can better withstand the high night temperature
ranges (70° - 80°F) in the experiments (36). The latter,
Michigan Ohio Hybrid, was used in experiments related ﬁo
rate and total accumulation of phosphorus and respiration
of roots following follar applications of maleic hydrazide;
since selection of more uniform seedlings was possible in
this variety than in John Baer,

In all the experiments seeds were sown in soil con-
tained in wooden flats which were placed on greenhouse
bench. The seedlings were subsequently selected for
uniformity and planted to pots of the required size con-
taining elther sand or greenhouse soll as desired. The
selectlion for uniformity was based on height and leaf
length of seedlings. A further elimination of seedlings
that were not uniform was also made before applications
of MH. Thus varlation due to size and age of seedlings was
reduced.

Plants were watered dally with measured quantity of
water. The seedlings were given nutrient solutions as

needed. Half molar stock solutions of calcium nitrate,
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magnesium sulfate, and potassium dihydrogen phosphate were
first prepared. The final nutrient solution was prepared
by utilizing nine milliliters of each of the half molar
solutions per liter of water. Each seedling received
250 milliliters of the nutrient solution during its early
stage of growth. The amount used was ralised to 500 mile
liliters at a later stage of its development. Seedlings
grown 1in pots fflled with fine sand received their nutrient
solutions on alternate days, whereas seedlings growniln
pots filled with greenhouse so0il received the nutrient
solution once a week. In the nutrient culture experiment
related to rate and total uptake of phosphorus by tomato
seedlings treated with MH, when grown under varying levéls
of phosphorus with all other nutrients at the same level,
a different solution and procedure was adopted. This 1is
described in the latter part of 'material and methods'
given for individual experiments.

MH was ayailable as a‘30 percent diethanolamine salt.
From this stock solution, a 1000 p.p.m. solution of MH
was prepared in distilled water and was subsequently used
for the preparation of other concentrations. All applica-
tions of MH were made as follar sprays until the leaves
were completely saturated with the solution., When MH
was applied, the soil and the flower clusters,if any, were
covered with polyethylene sheets to prevent contact with
the chemical sprays.

The growth regulator used in the frult-set experiment
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was B naphthoxyacetic acid (BNOA) and was applied as an
aqueous spray at 50 p.p.m. solution to only the fully
opened flowers.

All the experiments were conducted at temperatures,
ranging from 70° - 80°F, utilizing the natural photoperiods
available during the seasons in which they were carried
out, Conditions related to experiments on fruit-set de-
serve an additional mention. These experiments were con-
ducted during winter and early spring when it was possible
to maintain the high night temperatures required., Special
attention was paid to keep the night temperature at
70° - 80°F. The average length of the day, during the
period of these experiments, ranged between 9 to 10 hours.
The temperature ranges maintained in this experiment, par-
ticularly the high night temperature, is high for any
variety of tomato (62). Since conditions related to the
experiments were not avallable in the field, experiments

had to be confined to the greenhouse.

Sampling Methods and Procedures Used 1n the Analysis of

Plant Materials:

Wherever planp samples were collected for purposes
of analysis, the following general procedure was adopted:
The plants were removed carefully from the pots in such
a manner as to permit maximum possible retention of roots.
The the above ground portions and roots were separated.

The roots were washed repeatedly with water to remove all

the soll particles, and at the same time only minimum loss
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of roots was allowed. Then the roots were carefully

blotted to remove as much of the moisture as possible. The
shoote and roots were transferred into paper bags, properly
labelled, to permit each treatment as well as roots and
shoots in each treatment, being maintalined separately. These
were then dried 1in an oven kept at 70°C, for three days.
After recording their dry welghts, they were ground, and
kept in well stoppered bottles. The bottles in turn were

. maintained in the dessgicators until the samples were needed
for analysis.

Spectrographic and chemical methods were used to de-
termine the nutrient elements., Nitrogen was estimated by
Kjeldahl's method, potassium by flame photometric methods
(1), calcium, magnesium, phosphorus, manganese, boron and
copper by spectrographic methods, (11). Phosphorus, in one
of the experiments (experiment IV) was determined by de=-
veloping molybdenum blue color on the plant extract obtained
by wet ashing with nitric acid and perchloric acid methods
as described by Piper (50).

The above procedure is a broad outline of general
materials and methods used in these experimengs. Addi-
tional detalls for individual experiments, wherever nec-

essary are provided separately.

I. Experiments on frult-get in tomato grown under high
night temperature, 70° - 80°F:

Two experiments were designed during 1958 - 1959,
in an effort to determine the effect of follar appllications
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of MH on frult-set in tomato grown under high night tem-
perature, 70° - 80°F. Seedlings were grown in eight-inch
pots filled with greenhouse soll, one seedling per pot.

Each of these experlments included the following
four major groups of treatments:

a., Folliar applications of MH at the time the
first flower in the flrst cluster started
to open

b. An aqueous spray of BNOA to fully opened
flowers

c. Combination of MH and BNOA

d. Control

The control plants indicate the effect of high night

temperature on fruit-set as well as provide comparisons for
other treatments.

The general design of the experiments provided for
replications and randomizations of treatments. Each silngle
plant in a pot was considered as a replicate. Based on the
number of flowers taken for each treatment, flower abscis-
sion and frult-set were expressed as a percentage. When-
ever comparisons of treatments for evaluating frult-set was
required, a 't' test was run.

The first experiment was conducted between November,
1958, to February, 1959 (winter), and the second experiment
was between February to April, 1959 (early spring). The
average length of the day, and light intensities in ex-

periment 1, were comparatively less than in experiment 2.
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The number of plants and flowers utilized for the
treatments 1n both the experiments are shown in Table 1.

Applications of foliar sprays of MH, in experiment 1,
were made on January 7th, 1959, when the first flowers
started to open. In experiment 2, similarly applications

of MH were conducted on April 3rd, 1959.

II. Experiments related to general growth responses of

tomato to folliar applications of MH:

The growth responses of tomato as affected by foliar
applications of MH, was determined during summer 1959. On
June 20th, 1959, the tomato seedlings growing in eight-inch
pots fllled with fine sand were separated into four groups.
Each pot contained a 47 day old seedling and solutiocns of MH
was applied as a follar spray at concentrations of 10, 100
ard 1000 p.p.m. Non-treated plants served as the control.
Each single plant in a pot was considered a replicate and
15 seedlings were alloted for each treatment. The treat-
ments were then randomized on the greenhouse benches,

Following applications, periodic observations were
made for the length of the stem, stem diameter, number of
leaves, length of the largest leaf, length of flower clus-
ters, and number of flowers and green buds produced in all
the treatments. The activity of the terminal meristem of
the shoot, color, texture and venation of the leaves were
also recorded. For examination of roots some plants were

removed from each treatment periodically. The total number

of such plants removed were three per treatment.
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Table I: Number of Plants and Flowers Utilized in

Experiments Related to Fruit-Set in Tomato

(John Baer), Under High Night Temperature

Experiment 1:

Treatments* Number of plants Number of flowers
per treatment per treatment
Group I (MH) 44 156
a., 10 p.p.m. 14 51
b. 20 p.p.m. 14 50
c. 40 p.p.m. 16 55
Group II (BNOA) 10 32
Group III (MH + BNOA) 48 159
a. MH 10 p.p.m. + BNOA 16 53
b. MH 20 p.p.m. + BNOA 16 54
¢c. MH 40 p.p.m. + BNOA 16 52
Group IV (Control) 16 54

Experiment 2:

Treatments™ Number of plants Number of flowers
per treatment per treatment

Group I (MH) 16 58

Group II (BNOA) 8 28

Group III (MH + BNCA) 16 55

Group IV (Control) 8 32

*Treatments: (MH) as a foliar spray; (BNOA) as an aqueous
spray to fully opened flowers: (MH + BNOA) as their

co?binations. In Experiment 2, MH was used at 20 p.p.m.
only.
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The experiment was terminated on July 20th, one month
after application of MH,when the control flowered. The
plants were harvested and six plants from each treatment
were removed for subsequent analysis, to determine the

amounts of nutrient elements of interest.

III. Experiments related to determinations of nutrient

elements of interest in MH treated plants:

Tomato seedlings, six each per treatment, removed
from the previous experiment on July 20th, 1959, provided
the samples needed for analysis. The methods of collecting
samples and procedures of determining the nutrient elements
have already been mentioned (p. 17-18). The following
nutrient elements were determined: Nitrogen, potassium,
phosphorus, calcium, magnesium, boron, manganese, and
copper.

The accumulation of each nutrient element in the
various treatments was determined by the following formula:

Amount of nutrient _ Av, dry welight of plant X Av.% mineral
element per plant ~ 100

IV, Experlment concerning rate and total accumulation of

phosphorus in MH treated tomato plants grown in a

nutrient culture with varyingﬁlevels of phosphorus:

In a nutrient culture, by maintaining all other nu-
trients except phosphorus at the same level, the rate and
accumulation of phosphorus in MH treated plants as compared

to non-treated plants growing under similar conditions were

studied. The levels of phosphorus in the experiments were
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16, 32, 64 and 128 p.p.nm.

Tomato seedlings were grown in one gallon glazed pots
contalning the nutrient solutions. Provisions were made
for maintaining equal volumes of nutrient solutions in all
pots as well as for having regulated air supply. Each pot
accomodated four tomato seedlings.

The design of the experiment provided for replications.
For each level of phosphorus, six pots were alloted. Out of
this, in each level of phosphorus, seedlings 1n three pots
were used for MH treatments. Thus 12 seedlings for each
level of phosphorus were treated with MH, and 12 were left
non=-treated. Each single seedling was considered as a
replicate.

On December 6th, 1959, when seedlings were 30 days
0ld, two seedlings were removed from each pot for each
level of phosphorus present,at the time of application of
MH, On January 3rd, 1960, all seedlings were removed from
all the treatments for final determinations of phosphorus.

Besldes determining the amounts of phosphorus, ob-
servations were made on the general condition and appearance
of plants.

The nutrient solutions used in the experiment for
providing the desired levels of phosphorus are shown in
Table 2.

The preparation of nutrient solutions was a modifica-
tion of one suggested by Meyer (39).

Nutrient solutlons were changed once a week,
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Table 2., Proportion of Cne Mclar Salt Solutions Required

to Make Up 18 Liters of Final Nutrient Solutions:

KCl1 NaH_PO

Level of KNO., KH PO, Ca(NO,). MgSO

Phosphorus 3 24 372 4 o'y
16 p.p.m. 35 ml. 9 ml. 54 ml. 26 ml. 27 ml. ml.
32 p.p.m. 36 " 18 " 54 " 36 18 "
64 p.p.m. 36 " 36 n 54 M 36 o "
128 P.Losle 36 " 36 " 5}4 " 36 " —n 36 "

To 18 1liters of completed solution, 18 ml. of ferric
tartarate and 18 ml. of minor element solutions were added.

Preparation of Mlnor Element Solution:

-H3B03 5 grams
"
Mn012.2H20 3.6
Zn012 0.2 "
’ L]
Cucl2.2H20 0.1
MoO3 0.15 "

All were dissolved in two liters of distilled water.

V. Experiments related to influence of foliar applications

of MH on root hairs and respiration of roots:

The influence of follar applications of MH on respirs-
tion of roots were studlied. For this purpose tomato seed-
lings were grown in four-inch pots filled with fine sand.
Soclutions of MH was applied as a foliar spray at 1000 p.p.m.
when the seedlings were one month old. Each pot contained

one seedling. Following application of MH, root tips were

removed at needed intervals for determination of rates of
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respiration. A group of non-treated plants were used as
control for comparative measurements.

Oxygen uptake was determined by Warburg Respirometer
by using standard manometric techniques (56). An initial
trial determination showed that 20 root tips of 1 cm. length
each, collected from six plants, per flask was adequate for
measuring oxygen uptake. Root tips from MH treated plants
could not be used for more than one hour in the determina-
tion results. Each treatment was duplicated and the amount
of oxygen utilized was recorded in microliters per milli-
gram dry weight of root tips. Root tips for final deter-
minations were collected 192 hours after application of MH,

A group of tomato seedlings grown in sphagnum moss,
soaked in nutrient solutions and kept wrapped 1in poly-
ethylene sheets were used for studying the influence of MH
on root hairs,

Out of the 24 seedlings grown in this manner, half
of them were treated with solutions of MH, applied as a
folliar spray at 1000 p.p.m. The seedlings were one month
old at the time of treatment. Ensuing application the
nature of roct halrs formed was carefully observed period-
ically.

Since the seedlings were wrapped in polyethylene
sheets, 1t was easy to unwrap the sheets and observe the
root hair development without removing and disturbing the
seedlings. After an examination they were wrapped up again

and this permitted observation on the same seedlings each

time.,



RESULTS

I. it-gset in rat e rown under i

temperature (70o - 80°F) as influenced by foliar

applications of malelc hydrazide, growth regulator

treatment to fully opened flowers and Their Combinations:

Tomatoes grown under high night temperature produced
fewer flowers per cluster., On an average each plant had
3.4 to 2,6 flowers per cluster, (Appendix Table 1). Sub-
sequent to flowering, abscission of flowers was recorded to
te high (Tables I, II). All these resulted in poor or no
fruit-set (Tables I, 1I, Figure 1).

Under this condition, foliar applications of maleic
hydrazide combined with growth regulator treatment to fully
opened flowers improved fruit-set (Tables I, II). The in-
crease in fruit-set noted in this treatment as compared to
the control, was significant at the 17 level (Table II A).
Neither applications of follar sprays of malelc hydrazide,
nor treatment of fully opened flowers with growth regulator
alone, resulted in significantly better fruilt-set than the
control, (Table II A).

It was observed that whenever applications of malelc
hydrazide was combined with growth regulator treatment,
besides the terminal flower, other flowers developed into

fruits.
- 26 -
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Influence of Folliar Applications of Maleic Hydra-

zide, Growth Regulator Treatment to Fully Opened Flowers,

and Thelr Combinations, on Flower Abscission and Frult-Set

in Tomato (John Baer), When Grown Under High Night Tem=-

perature (70°- 80°F).

Experiments Conducted During November,

1958 to February, 1959.

Treatments” Flower Abscission Fruit-Set
in percentage in percentage
I. Control 100 0
II., BNOA 96,87 3.13
ITI. MH - 10 p.p.m. 100 0
MH - 20 p.p.m, 100 0
MH - 40 p.p.m. 100 0
IV. ¥4 - 10 p.p.m. + BNOA 94,34 5.66
MH - 20 p.p.m. + BNOA 90.74 9.26
MH - 40 p.p.m. + BNOA 96.15 3.85

*Treatment symbols: MH - Malelc Hydrazlde

BNOA - # naphthozyacetlc acid as
an aqueous spray at 50 p.p.m.

MH + BNOA - Combinations
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Table II: Influence of Folliar Applications of Malelc
Hydrazide, Growth Regulator Treatment to Fully Opened
Flowers, and Their Combinations, on Flower Abscission and
Frult-Set in Tomato (John Baer) When Grown Under High Night
Temperature ( 70° - 80°F). Experiments Conducted During
February to May, 1959.

'
Treatments ~ Flower Abscission  Frulit-Set
in percentage in percentage

I. Control 90,62 9.38
II.> BNOA 85.71 14.29
I1I. MH - 20 p.p.m. | 75.69 24,31
IV, MH - 20 p.p.m. + BNOA 65.82 34,18

Table II A: Comparison of Data Obtained on Fruit-Set

(in Table II) For Statistical Significance.

Treatments Compared - 't' Distribution
I. Control vs BNOA 0.59
II. Control vs MH 1,96
III. Control vs MH + BNOA 3,300
IV. MH + BNOA vs BNOA 2.16"
V. MH + BNOA vs MH 1.16
— i

Significant at 1% level
* Significant at 5% level

]
Treatment symbols:

MH - Maleic hydrazide; BNOA - 7 naphthoxyacetic acid;
MH + BNOA - Combinations.
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Fruit-set in tomato (John Baer) grown under high night
temperature (70o - 80°F) as influenced by applications of

growth regulator to fully opened flowers, and combined
treatments of follar applications of maleic hydrazide and
growth regulator,

Upper:
Left to right: Control, growth regulator alone and

combination of growth regulator and maleic hydrazide.

(Note the lack of fruits in control, only the terminal
flower developing into fruilt in growth regulator treat-
ment #nd in combined treatments of maleic hydrazide and
growth regulator, besldes the terminal flower other flowers

also developing into fruits.)

Lower: A group of fruiis obtained by the combined treat-
ments of maleic hydrazide as a foliar spray and

growth regulator to fully opened flowers.,
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In other treatments whenever fruits set, it was always the
terminal flower which developed into fruit (Figure 1),

In experiment 2, which was conducted during February
to May 1959, better fruit-set was recorded for all the
treatments as compared to experiment 1, which was carried
out between November 1958 to February 1959. In the former
better 1light intensities as well as longer days existed

as compared to the latter.

II. Physiological responses of tomato as influenced by

foliar applications of maleic hydrazide:

A, General Growth Responses:
Foliar applications of maleic hydrazide to young to-

mato plants (John Baer) resulted in the alteration of their
growth and development, The growth responses elicited by
such applications indicated that treatment with maleic
hydrazide sprays will induce inhibition of plant growth.
The chief responses observed were:

l. Rate of stem elongation was retarded.

2. Stem dlameter was 1lncreased.

3. The number of leaves per plant were reduced.

4, The length of the leaf was shortened.

5. The color, texture, and venation of leaves

were ealtered, 1.e. the leaves dark green,

leathery and brittle and venation less
prominent.

é. Root elongation was inhibited and fewer

root-hairs developed.
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The extent to which changes were brought about by
applications of maleic hydrazide 1n tomato seedlings, were
influenced by the concentration of the chemical.

The total amount of growth made by the stem in malelc
hydrazide treated plants and the control, from the time of
application of the sprays to the end of the experiment 1is
shown in Graph 1, With increasing concentrations of maleic
hydrazide, the rate of stem elongation decreased. The con-
trol plants had the maximum elongation of stem.

The lowest concentration used (10 p.p.m. solution) had
the least effect on the appearance and growth of plants.
Plants treated with 10 p.p.m. solutions of maleic hydra=-
zide sprays resembled the control (untreated) in almost
every respect, Growth measurements made.(Table III) in
plants treated with 10 p.p.m. solutions were compared with
those of untreated plants, statistically. Except for shoot
weights the other growth measurements did not show any sig-
nificant differences as compared to the control. The re-
duction in shoot weights was significant at the 1% level.

Plants sprayed with 100 p.p.m. solutions of malelc
hydrazide as compared to the control revealed that the
differences between them for the followlng growth measure-
ments (Table III) were significant at the 1% level:

a., Height
b. Stem diameter

¢c. Number of leaves per plant
d. Dry weights of shoots.
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Table III: Growth Measurements of Tomato (John Baer) as
Influenced by Varying Concentrations of Maleic Hydrazide,
When Applications Were Made as a Foliar Spray to 47 Days
014 Seedlings:

Measu;e- _ Treatments i%EZE&eggg
ments Control 10p.p.m. 100p.p.m. 1l000p.p.m. 5% 1%
1. Height 30.11 28.57 26.85 24,40 1.45 2,00
(in cms)
2. Stem
Diameter 5.18 5.15 6.70 5.95 0.47 0.67
(in mm)
3. Number of
Leaves 8.00 7.67 7.50 5.33 0.27 0.37

(per plant)

4, Lergth of
the Largeat
Leaf 22,00 20.93 20.50 16.48 1.41 1.88
(in cme)

5. Dry Weights
(in gms)

a. Shocts 4.08 3.50 3.30 3.13 0.36 0.49
b. Roots 1.55 1.30 1.05 0.95 0.84 1.16

6. Length of
the Flower .
Stalk 2.48 1.87 l.47 0 1.03 1.06
(in cms)

7. Number of
Open Flowers

and Green Not
Buds 3.67 2.67 2.00 0 Significant
(per plant)

8. Shoot/Root
Ratio 2.60 2.60 3.10 3.30 - -

*
All measurements were taken one month after application
and from six replications per treatment,
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Alteration in appearance, growth and development of
Tomato Seedlings as a result of foliar applications

of solutlons of maleic hydrazide at 1000 p.p.m.

Left: Control Right: Treated

(Note the reduction in height, number of leaves and

activity of lateral buds in treated plants.)

Applications of solutions of maleic hydrazide were carried
out at a time when seedlings were 47 days old. Photo=-

graphs taken one month after application.
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Foliar applications of solutions of malelc hydrazide to
young tomato seedlings at 1000 p.p.m. resulted in injury

to the apical meristem of shoot, malformation of leaves

arising from such meristem and inhibition of flowering.

Upper: Control plants showing normal activity of terminal
meristem of the shoot, normal leaves and flower

buds.

Lower: Plants treated with solutions of 1000 p.p.m. maleic

hydrazide showing injury to the terminal meristem,

malformed leaves and inhibition of flowering.

Solutions of maleic hydrazide were applled as a folliar

spray to 47 day old seedlings of tomato and photographs

were taken one month after application.
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Plants receiving 1000 p.p.m. solutions of maleic hydrazide
as a foliar spray were distinctly different in appearance
from that of the control and other treated plants (Figure 2).
The terminal meristem of the shoot was most severely affect-
ed 1n these plants. The leaves arising from the terminal
meristem were malformed and showed signs of injury. The
lateral buds were activated and flowering was inhibited.

No signs of flower buds could be detected by a visual ob-
servation (Figure 3).

The growth measurements taken in plants treated with
solutions of maleic hydrazide at 1000 p.p.m. were compared
with those of the control. Except for the dry root weights,
the differences 5etween them for}all the growth measure=-
ments were significant at the 1% level (Table III).

The differences in the growth measurements between
treated plants, when statistically evaluated indicated the
following:

1., The differences in height, stem diameter,
number of leaves per plant and the length of
the largest leaf, between plants treated with
1000 p.p.m. solutions of MH and plants treated
with other concentrations were significant

at the 1% level.

2. Plants treated with 100 p,p.m. solutions of
MH as compared to plants treated with

10 p.p.m. solutions of MH had a significantly

increased stem dlameter and reduced height.
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Differences between them for other growth
measurements made and compared were not

significant.

B. Nutrient element contents:

The contents of some nutrient elements of maleic
hydrazide treated and control plants, determined one month
after application of the chemical are presented in Table IV.
The nutrient elements are expressed as a percentage as well
as in grams or milligrams as the case may be, based on the
dry weights of plants, (For dry weights, Appendix Table 2).
All comparisonsbetween treatments are made on data expressed
on dry weight basis of plants., The indications are that
malelc hydrazide treated plants show a tendency for lesser
accumulation of nutrient elements as compared to the con-
trol.

Among the treated plants the tendency for accumula=-
tion of nutrient elements were:

1. In so far as the roots were concerned, all
the treated plants for all the nutrient ele-
ments determined, showed a tendency towards
a decreased amount of accumulation with in-
creasing concentration of the chemical.

2. In shoots such a tendency was observed only
for boron,

3. The combined amounts of nutrient elements of

shoots and roots indicated for potassium,

phosphorus, boron and manganese, the contents
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Table IV: Some Nutrient Element Contents in Shoots and
Roots of Tomato, Determined One Month After Application of
Maleic Hydrazide. Applications Made as a Follar Spray to
47 Day 014 Seedlings:

Total

Nut'rient -----.---§ngg&§-.‘--- ------ ROOEB -ew (Shoots +
Elements Welght % Welght Root t.
% basis baslis o%a:ia'
NITROGEN
Control 1.29 52,63 1.14 17.67 70.30
MH - 1 1.24 43,40 1.47 19.11 62.51
MH - 2 1.13 37«29 1.50 15.75 53.04
MH - 3 1.46 45.70 1.12 10.64 56.34
POTASSIUM
Control 3.50 142,80 2.75 42.63 185.43
MH = 1 3,30 115.50 2,50 32.50 148,00
MH - 2 3.14 103,62 2.58 27.09 130.71.
MH = 3 3.39 106.10 2,05 19,48 125,58
CALCIUM
Control 2.07 84,46 1.16 17.98 102,44
MH - 1 2.03 71.05 1023 15099 87.04
MH - 2 2,35 77.55 1.16 12.18 89.73
MAGNESIUM
Control 0.62 25.30 0.69 10.70 36.00
MH - 1 0.57 19.95 0.71 9.36 29.31
MH - 2 0.77 25.41 0.71 7.46 32,87
MH = 3 0.79 24,73 0.60 5.70 30.43
PHOSPHORUS
Control 0.23 9.38 0.30 4.65 14,03
MH = 1 0.20- 7.00 0.29 3.T7 10.77
MH - 3 0.23 7020 ' 0026 ‘ 2.47 9067

Table continued next page.
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Table IV (Continued)

Nutrient Shoots Roots Total
""""""""""""""""" (Shoots +

Elements ] g:zﬁ‘t % ::t at Roots, wt.
basis

BORON

Control Q.0027 110.16 0.0028 43,40 153.56

MH - 1 0,0025 87.88 0.0021 27.30 114,80

MH - 2 0.0026 85. 0.0023 24.15 109.95

MH - 3 0.0027 84,51 0,0021 19.95 104,46

MANGANESE

Control 0.0035 142,80 0.0053 82.15 224,95

MH - 1 0.0029 101.50 0.0041 53.30 154,80

MH - 2 0.0031 102,30 0.0040 42,00 144,30

MH - 3 0.0032 100.16 0.0039 37.05 137.21

COPPER

Control 0.0027 110.16 0.0054 83,70 193.86

MH - 2 0.0021 69.30 0.0042 44,10 113.40

MH - Maleic hydrazide

HH - 1. at 10 popomo

MH - 2. at 100 p.pom.

MH - 3’ at 1000 popomo

Nitrogen, Potasslium, Calcium, Magnesium and Phosphorus
expressed in milligrams. Boron, Manganese and Copper
expressed in microgranms,



decreased with increase in concentration of

maleic hydrazide.

C. Rate and total accumulation of phosphorus:
Applications of solutions of maleic hydrazide as a

folliar spray at 1000 p.p.m. to tomato plants grown in a
nutrient culture with varying levels of phosphorus resulted

in reduced uptake and accumulation of phosphorus (Table V).

Table V: Rate and Total Accumulation of Phosonrus in
Tomato (Michigan Ohio Hybrid) When Grown Under Varying
Levels of Phosphorus in a Nutrient Culture, With and With-
out Maleic Hydrazide. Maleic Hydrazide Applied as a Foliar
Spray When Seedlings Were 30 Days 01d:

Level Total Accumulation Rate of Efficiency

of 'P' of 'P' (in mgs) Accumulation of Accumulation
n of 'P' (mgs) as a percentage

P.P.M, of Control

Control Treated Control Treated Control Treated

16 19.14 13,20 17.14 11.20 100 65.34
32 26,42 22,46 23.66 19.70 100 83,26
64 35.66 27.84 30,26 22,44 100 T74.15
128 46,00 32.00 40,32 26.32 100 65.33
OPl

- Phosphorus.
The efficliency of accumulation of phosphorus in

treated plants ranged between 65,33 to 83.26 percent and
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was influenced by the level of phosphorus in the nutrient

culture. In both the control and treated plants, the rate

and total accumulation of phosphorus increased with the

increase in level of phosphorus in the nutrient culture

(Table V).

Observations made on the growth and development of

the tomato seedlings in the same experimemt indicated the

following:
1.

3.

With decrease in level of phosphorus in the
nutrient culture, the length of the roots
decreased. With application of maleic hydra-
zide as a foliar spray this was further in-
hibited (Figure 4).

Shoot growth was also inhibited in tomato
seedling irrespective of level of phosphorus
in the nutrient culture as a result of
application of maleic hydrazide (Figure 5).
The most pronounced effect of maleic hydra-
zide was seen on the leaves in all the seed-
lings in all the levels of phosphorus. The
number of leaves per plant was reduced. The
color, texture, margin of leaves and venation
were also influenced. Leaves were dark green,
leathery and brittle. Venatlion was less prom-
inent and the axlllary angles that leaves
made with the stem were narrower,Aae compared

to the controls (Figure 5).
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Decrease in length of roots in tomato seedlings with de-
crease in level of phosphorus in the nutrient culture.
With foliar applications of solutions of maleic hydrazide
at 1000 p.p.m. this was further inhibited.

Roots from treated plants alternated with their controls.
Left extreme is the control seedlings grown in 128 p.p.m.
level of phosphorus showing the root growth., They are

followed by seedlings grown in 64 and 16 p.p.m. levels of

prhosphorus.

Applications of solutions of maleic hydrazide were carried
out when tomato seedlings were 30 days o0ld and photographs

taken 28 days after application.
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Foliar applications of solutions of maleic hydrazide at

1000 p.p.m. to young tomato seedlings growing in a nutrient

culture with varying levels of phosphorus resulted in

inhibition of shoot growth and alteration in color, texture,

lobing of margin, venation and orientation of leaves to the

stem.

Upper:

Lower:

Treated tomato seedlings in all levels of phosphorus
showing inhibition of shoot growth. Treated plants
alternated with contréls. Left extreme is the con-
trol seedling growing in 16 p.p.m. level of phos-
phorus. It 1s followed by seedlings grown in 64

and 128 p.p.m. level of phosphorus.

A comparison of treated plants with the control for

showing the difference in number of leaves, lobing

of margins and orientation of leaves with the stem.

Left: Treated Right: Control

Photographs were taken 28 days after application of

solutions of maleic hydrazide at 1000 p.p.m. to 30 day

old seedlings,
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It was evident from the observations made that maleic
hydrazide applications as a foliar spray resulted in the
inhibition of growth of young tomato seedlings. Further-
more, by increasing the level of phosphorus in the nutrient
culture, 1t was not possible to relieve completely the in-
hibition induced by maleic hydrazide.

D. Influence of maleic drazide on root hairs and

respiration of roots in tomato:

When solutions of maleic hydrazide were applied as a
foliar spray at 1000 p.p.m. to one month o0ld tomato seed-
lings, the development of root-hairs and respiration of
roots were influenced. Following application, examination
of plants made within a week revealed that root-hairs in
treated plants were few and they had a tendency to be lo-
cated near the tip of the roots. Rates of respiration in
treated root tips determined 192 hours after application
of the chemical as compared to the root tips of non-treated
plants, showed a marked reduction (Table VI, Appendix
Table 4).

Table VI: Respiration of Roots in Tomato (Michigan Ohio Hy-
brid) as Influenced by Foliar Applications of Maleic Hydra-
zide. Applications Made When Seedlings Were 30 Days 0l1d:

-~
Treatments . Oxygen Consumed
(in microliters/milligram
dry weight)
1. Control . 9.04
2. Treated 1.30

*192 hours after application of maleic hydrazide.



DISCUSSION

Frult-Set in Tomato (John Baer) Grown Under High Night

Temperature:

When tomatoes are grown under night temperatures
higher than optimal for thelr growth, they are subjected
to an unfavorable environment. Under this condition, veg-
etative growth becomes dominant, fewer flowers are produced,
and flower abscission 1s excessively high. All these result
in poor or no frult-set (62); Such was the case in the
present experiments also, when tomatoes (John Baer) were
grown under high night temperature, 70° - 80°F (Tables I,
11).

Under the aforesald condition, independent follar
applications of maleic hydrazide or growth regulator treat-
ment to fully opened flowers fall to increase frult-set,
but their combinations resulted in significant increase of
fruit-set (Tables II, IIA). The indications of these re-
sults are best appraised in the light of factors associated
with fruit-set under high night temperature in tomato.
According to Went (62) the crux of the fruit-set problem in
tomato under high night temperature lies in the critical
avallability of carbohydrates and the manner in which it is

subsequently utilized. The poor fruit-set under this

- 45 -
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condition arises out of the available carbohydrates being
made use of in an excessive vegetative growth to the

detriment of frult-set (62). By reducing vegetative

growth, accumulation of carbohydrates 1s favored which im-
proves fruit-set. Applications of malelc hydrazide result
in the reduction of vegetative growth, retardation of res-
piration and accumulation of carbohydrates in many plants.
Since applications of maleic hydratzide alone did not re-
sult in better frult-set, there are two possible explana-
tions. One 1s, the application of maleic hydrazie failed
to reduce vegetative growth and increase carbohydrate
accumulation adequately. The second reason 1s that, besides
deficliency of carbohydrates some other secondary factor 1is
involved. Growth regulator applications are often known
to improve fruit-set where failure of pollination exists
(48). Since combined treatments of maleic hydrazide and
growth regulator have been shown to increase fruit-set, it
is surmised that under high night temperature besides lack
of adequate availabllity of carbohydrates, failure of
pollination also exists. Howlett (29, 30) has reported
that the deficlency of carbohydrates in tomatoes, induces
pollon sterility.

Folliar applications of maleic hydrazide combined with
growth regulator treatment, gave significantly better
fruit-set as compared to growth regulator treétment alone,
(Tables II, IIA). Fallure of pollination has been in-

dicated to be a secondary factor assoclated with high night
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temperature. Then it 1s only reasonable to attribute a
greater significance to the foliar applications of maleic
hydrazide for the increased fruit-set recorded in the ex-
periment. Hence the indications are thatAmaleic hydrazide
can be used to counteract the unfavorable influence of
high night temperature. Foliar applications of solutions
of maleic hydrazide at 2000 p.p.m. to citrus seedlings
helped them to withstand as low a temperature as 22°F (68).
The principle was to provide for the accumulation of car-
bohydrates to overcome the effects of low temperatures,
Learner and Wittwer (35), making soil applications of
maleic hydrazide to young tomato transplants concluded that
the chief objection in using this chemical for hardening
practices was that it reduced early yields. Roots are more
sensitive than shoots in their response to maleic hydra-
zide and treatment of young seedlings are known to result
in undesirable morphological changes (4, 9, 31). This in-
dicates that the time and method of applications of maleic
hydrazide are important when used for hardening practices.
In the present experiments maleic hydrazide was used as a
foliar spray after the plants started to flower. The
flower clusters as well as the soll were protected from the

chemical sprays.

Physlological Responses of Tomato Seedlings to Foliar

Applications of Maleic Hydrazide:
When young tomato seedlings were treated with foliar

sprays of maleic hydrazide their growth and development
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were altered. The extent to which they were influenced
depended upon the concentrations of the chemical used., At
the highest concentration (1000 p.p.m. solutions), both veg-
etative and reproductive growth were affected (Table III,
Figures 2,%). At higher concentrations the chemical induced
inhibiticn of growth. These observations are in agreement
with thcse of others who have reported on inhibiticn c¢f
plant growth in tomato and other plants ensulng follar
aprlications of maleic hydrazide (12, 13,‘18, 44, 53),

The external changes observed in growth and develop-
ment of tomato seedlings following foliar applications of
maleic hydrazide are possibly the relfections of alteration
in their physlological activity. Such an assumption
appears to be logical when the accumulation of nutrient
element, root growth, extent and nature of root hairs and
root tips present and respiration of roots in treated
plants are all considered.

Following follar applications of maleic hydrazide in
tomatoes the root elongation was inhibited, and the root
tips were found to show injuries as well as necrosis. The
roots were shorter and fewer as compared to the non-treated
plants. The chemical appeared to act as a root pruning
agent. Root pruning is known to produce vegetative growth
and favor accumulation of carbohydrates (82). One of the
probable reasons for inhibition of vegetative growth and
accumulation of carbohydrates in maleic hydrazide treated

plants, which has been frequently reported, could be due
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to its effect on the root tips and roots in general.

Maleic hydrazide treated plants were found to have
fewer robt hairs as compared to the non-treated plants.
The root hairs instead of being present a few millimeters
behind the root tips in the 'zone of maturation', appeared
at the very tip of the roots. Either the region of elonga-
tion was reduced to such an extent as to make the root
hairs in the 'zone of maturation' come closer to the root
tips or the location of root hairs were possibly altered.

The root hairs play a vital role in the absorption
of water and the nutrient elements., When the number and
location of root hairs appeared to be altered, it is con-
celvable that the uptake of nutrient elements could be
affected. The experiments on the accumulation of some
important nutrient elements following folliar applications
of maleic hydrazide to the tomato plants showed that they
accumulated lesser amounts of nitrogen, potassium, phos-
phorus, magnesium, boron, maganese and copper as compared
to the non-treated plants (Table 1V).

Reduced accumulation of nutrient elements observed
in the treated plants in the present experiments can be
considered to reflect the efficiency of uptake of nutrients
by the roots, from the media. It then suggests that fac-
tors associated with the absorption of nutrients, such as
membrane permeability, osmotlc pressure and exchange ca-
pacity of the roots are likely to be influenced.

Since uptake of nutrient elements are affected by
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treatment with maleic hydrazide, some of the growth re-
sponses resulting by its application could be secondary
effects not attributable to the chemical alone.

Foliar sprays of maleic hydrazide to the tomato
plants grown in a nutrient culture, with varying levels
of phosphorus, have shown that the efficiency of uptake,
the rate and accumulation of phosphorus were retarded
(Table V). Increase in level of phosphorus in the nutrient
culture did not help to completely overcome the inhibition
induced by maleic hydrazide. This indicates that the roots
are unable to take up phosphorus as efficliently as the non-
treated plants from the media. Uptake of phosphorus depends
upon an ‘active uptake' mechanism involving the use of
respiratory energy (32, 41). A few workers have suggested
that the inhibitory effects of maleic hydrazide on plant
respiration are reflected by the reduced uptake of water
and phosphorus (55, 65).

Foliar applications of maleic hydrazide resulted in
a reduction of respiration of the roots (Table VI). Naylor
and Davis (45, 46), by treating excised roots of several
species of plants with maleic hydrazide came to similar
conclusions. The inhibition of respiration in higher
plants 1s frequently accompanied by cessation of growth or
undesirable morphological changes (31). Hence the inhibi-
tion of growth in the tomato plants treated with maleic
hydrazide observed, could be attributable to its effect

on root respiration.
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Maleic hydrazide accumulates in actively growing
meristem, affecting cell division and growth (8, 18, 67).
In the shoots of a young tomato plant, the most active
meristem is the apical meristem. On the other hand in
roots for every root tip we have an active root meristem
and roots beilng more in number it can be expected that the
chemical exerts a greater influence on the roots than on
any other organ,

The physiological changes observed in tomatoes
following follar applications of maleic hydrazide appears
to be mainly due to its effect on the root growth, root

hairs, root tips, root meristems and roots in general.



SUMMARY

Greenhouse experiments were carried out from the fall
of 1958 to the spring of 1960, to study some of the physio-
logical responses of tomato following follar applications
of malelic hydrazide. Fruite-set in tomato under high night
temperature, as influenced by such applicaticns was of par-
ticular interest. Other responses investigated were, general
growth responses, accumulation of certain nutrient elements,

and respiration o7 roots in maleic hydrazide treated plants, -

The following were the noteworthy results recorded:
1. Tomatoes (John Baer) grown under high night
temperature (70o - 80°F), produced few
flowers, a high flower absclission and a

poor fruit-set.
2. Folliar applications of malelc hydrazide
(20 p.p.m.) followed by growth regulator
treatment (50 p.p.m., BNOA) to fully opened
flowers increased fruit-set significantly.
3. It has been indicated that under high night
temperature, fallure of polllnation 1is a
secondary factor in influencing fruit-set
in the tomato.

4, The increased fruit-set recorded in tomato

- 52 -
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undgr high night temperature, was mainly
attributed to foliar applications of malelc
hydrazide. It appears that maleic hydrazide
counteracts the unfavorable influence of
high temperature on plants.

Foliar applications of solutions of 1000
p.p.m. of maleic hydrazide to young tomato
seedlings resulted in the inhibition of their
vegetative and reproductive growth. The
most notable effects were retardations of
stem and root elongation, increase in stem
diameter , lesser number of leaves per plant
and decreased length of leaves. Alteration
in color, texture and venation of leaves

were also noted,

Maleic hydrazlide treated plants tend to
accunulate lesser amounts of some important
nutrient elements such as nitrogen, potassium,
phosphorus, clacium, magnesium, boron, copper
and maganese.,

The rate and total accumulation of phosphorus
were retarded, when tomatoes were grown in a
nutrient culture with varying levels of phos-
phorus and treated with maleic hydrazide.

The inhibition induced by maleic hydrazide
could not be overcome effectively by in-

creasing the level of phosphorus in the
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nutrient culture. Roots of'the treated
plants were unable to absordb phosphorus
efficiently from the media.

Follar applications of maleic hydrazide to
young tomato seedlings influenced the root-
tips, root hairs, and respiration of roots.
Many root-tips showed injury as well as
necrosis., Root hairs were few and appeared
at the very tip of the root. Root elonga-
tion and respiration of roots were also in-
hibited.

It 1s believed that maleic hydrazide alters
the physiology of tomato plants and induces
inhibition of growth by affecting the root-
tips, root hairs, roots and respiration of

the roots.



10.

LITERATURE CITED

Assoclation of Official Agriculture Chemists.
Officlal methods of analyses. Eighth edition,

1955.

Beach, R.G. and A.C. Leopold. The use of maleic
hydrazide to break apical dominance of Chrysan-
themum Morifolium. Proc. Amer. Soc. Hort. Sci.

Bertossi, F. Malelc hydrazide as a plant growth
regulant, 1lst. botan. univ., Lan. crittogam.
Pavia, Atti 8:155-166, 1950. (Univ, Pavia,
Italy) (Chem. Abst. 45:10465).

Bose, P.C. Growth, development and mineral uptake
in Tomato plants, as affected by maleic hydrazide
and Gibberellin. Michigan State Univ. Ph. D.
thesis, 1958.

Buchholtz, K.P, Dalapon and maleic hydrazide for
control of quack grass. Proc. North Central Weed
Control Conference. 62-63, 1954,

Callagan, J.J. and R.W. Van Norman. Effect of foliar
sprays of maleic hydrazide on photosynthesis.
Science. 123:894-895, 1956.

Cardér, A.C. The selective control of wild oats
in cereal crops by use of maleic hydrazide. Proc.
North Central Weed Control Conference. 50, 1954,

Carlson, J.B. Cytohistological responses of plant
meristems to maleic hydrazide. Iowa State College.
Jour. Sci. 29:105-128, 1954,

Choudri, R.S. and V.B. Bhatnagar. Effectiveness of
maleic hydrazide as a growth inhibitor. Jour. Sci.
Research, Banares Hind: Univ. 3:86-95, 1952-53,

Compton, W. The effects of malelc hydrazide on

growth and cell division in Pisum Sativum. Bul.
Torrey Bot. Club. 79:205-21T, 1952.

- 55 =






- 56 -

11. Conner, J. and S.T. Bass. Improvement in preclsion
of spectrochemical analysis of plant materials
by changing electrode geometry and methods of di-
gesting for use in high voltage and spark ex-
cigation. Jour, Assoc. Agri. Chemists. 43:1,
1960.

12 Crafts, A.S., H.B. Currier and B.E. Day. Response
of several crop plants and weeds to maleic hydra-
zide. Hilgardla. 20:57-80, 1950.

13 Currier, H.B., B.E. Day and A.S. Crafts. Some
effects of malelc hydrazide on plants., Bot. Gaz.

112:272-280, 1951.

14, Curtis, O0.F. Maleic hydrazide for grass control in
fruit plantings. Proc. North Central Weed Control
Conference. Supplement. 115-117, 1951.

15. Dunghani, E.M. Inhibiting effect of antiauxins on
some dehydrogenase enzyme systems in the soluble
and in the particulate fractions of extracts
from plant tissues. Nuovo. Giron. Bot. Ital.
61:214-2329, (Biol. Abst. 30: 32756).

16. Esau, Katherine. Anatomic effects of barley yellow-
dwarf virus and maleic hydrazide on certain
graminae. (191, Literature Summary on maleic
hydrazide. Naugatuck Chemicals, 1959).

17. Goddard, D.R. and B.J.D. Meause. Respiration in
higher plants. Ann. Rev, Plant. Physiol.

18. Greulach, V.A. Growth inhibition and inJjury of
plants by maleic hydrazide. Texas Jour. Sci.

19, Greulach, V.A. The effect of maleic hydrazide on
tomato plants in relation to thelr age at the
time of treatment. Plant. Physiol. 26:848-852,
1951.

20. Greulach, V.A. The effects of various concentra-
tions of maleic hydrazide on tomato and etiolated
bean plants. Texas.Joru. Sci. 3:322-325, 1951.

21, Greulach, V.A. Notes on the starch metabolism of
plants treated with maleic hydrazide. Bot. Gaz.
114:480-481, 1953.

22. Greulach, V.A. A search for antagonist of malelc
hydrazide. Texas., Joru. Sci. 29:179, 1954.



23.

24,

25.

26.

27.
28.

29.

30.
)
32.
33.

34.

35.

- 57 =

Greulach, V.A, and E. Atchinson. Inhibition of
growth and cell division in onion roots by maleic
hydrazide. Bul. Torrey. Bot. Club. 77:262-267,
1950.

Greulach, V.A, and J.G. Haesloop. Some effects of-
malelc hydrazide on internode elongation cell
enlargement and stem anatomy. Amer. Jour. Bot.
41L 44-50, 1954,

Hartmann, H.T. Inductlon of absclssion of olive
fruits by maleic hydrazide. Bot. Gaz. 117:24-28,
1955.

Henderson, L.T. and E.A, Thomas. Influence of
sodium salt of malelc hydrazide on the oxygen
uptake of pea and sunflower stem sections. Texas.
Jour, Sci. 9:109-112, 1957.

Hillyer, I1.G. Effect of growth substances on flower-
ing of cucurbltaceous plants. Mich. State. Univ.
Ph.D. thesis, 1956.

Hitz, C.W. and M.S. Brown. Control of strawberry
runner growth with sprays of maleic hydrazide,
Proc. Amer., Soc. Hort. Sci. 67:324-330, 1956.

Howlett, F.S. The effect of carbohydrate and nit-
rogen deficlency upon microsporogensis and the
development of the male gametophyte in the tomato

iL§copersicum Escultentum). Ann. Bot. 50:767-803,

Howlett, F.S. The modification of flower structure
by environment in varities of Lycopersicum
Esculentum. Jour. Agri. Res. 59:78-117, 1939,

Isenberg, F.M.R. The effect of maleic hydrazide

on plants. Univ., of Mich. Ph.D. thesis. Abst.
407-409p., 1954.

James, W.0. Respiratory inhibitors. Amer. Rev,
Plant Physiol. 4:59-90, 1953.

Kraus, E.J. and H.R. Kraybill. Vegetation and re-
production with spelcal reference to the tomato.
Oregon. Agri. Expt. Sta. Bul. 149, 1918.

Landgraf, J.E. BSome effects of maleic hydrazide

on Phaseolus Vulgaris. Mich. State. College.
M.ST‘TEEETET'TQSET"—

Learner, E.N. and S.H. Wittwer. Comparative effects



36.

37.

38.

39.

40.

41,

42,

43,

44,

45.

46,

47.

- 58 -

of low temperature exposure, limited soill moisture
and certain chemical growth regulators as hardening
agents for greenhouse tomatoes. Proc. Amer. Soc.

Learner, E.N. and S.H. Wittwer. Some effects of
photoperiodicity and thermoperiodicity on veg-
etative growth, flowering and fruiting of tomato.
Proc. Amer. Soc. Hort. Sci. 61:373-380, 1953.

Leopold, A.C. and Klein, W.H, Maleic hydrazide as
an anti-auxin, Physiologia Plantarum. 5:91-99,
1952.

Mericle, L.W., A.M. Eunus, and R.P. Mericle. Effects
of maleic hydrazide on embroyological development.
I. Avena Sativa, Bot. Gaz. 117:142-147, 1955.

Meyer, B.S. Effects of deficiencles of certain
mineral elements on the development of Taraxacum

kok-saghyz. Amer. Jour. Bot. 32:523-528, 1945.

Moore, R.H. Several effects of maleic hydrazide on
plants. Science. 36:230-232, 1950.

Mulder, E.J. Mineral nutrition of plants. Ann.
Rev. Plant Physiol. 1:1-21, 1950,

Murneek, A.E. Effects of correlation between veg-
etative and reproductive functions in the tomato
(Lycopersicum Esculentum, Mill.). Plant.
Physiol., 1l:3.56, 1926,

Naylor, A.W, Observations on the effects of maleic
hydrazide on flowering of tobacco, maize and
cocklebur. Proc. National Acad. Sci. 36:230-232,
1950.

Naylor, A.W. and E.A. Davis., Maleic hydrazide as a
plant growth inhibitor. Bot. Gaz. 112:112-126,
1950.

Naylor, A.W. and E.A, Davis, Some effects of malelc
hydrazide on growth and respiration of representa-
tive monocots and dicots. Proc. Amer. Soc. Plant.
Physiologist. (24th meeting) Abst. p 13, 1949,

Naylor, A.W. and E.A. Davlis, Respiration of root-
tips to maleic hydrazide. Bul. Torrey. Bot. Club.
78:73-79, 1951.

Osborne, D.J. and F.W. Went. Climatic factors in-
fluencing parthenocarpy and normal fruit set in



48,

49,

50.

51.

52,

53.

54,

55.

56.

5T.

58.

59.

- 59 -

Overbeek, V.J. Agricultural applications of growth
regulators and their physiological basis. Ann.
Rev. Plant. Physiol. 3:87-108, 1952.

Petersen, E.L. and A.W. Naylor. Some metabolic
changes in tobacco stem tips accompanying maleic
hydrazide treatment and the appearance
of frenching symptoms. Physiologlia Plantarum.
6:816-828, 1953.

Piper, C.S. Soll and plant analysis. Interscience
Publishers, N.Y., 1950.

Rai, G.S. and C.L. Hamner. 1Inhibiting the growth
of plants with maleic hydrazide. Mich. State.
Coll. Quart., Bul. 37: 375-386, 1955.

Rood, P.J. The influence of maleic hydrazide on the
blossoming and frulting of strawberries and the
formative affects produced., Mich. State. Coll.
M.S. thesis, 1950.

Schoene, D.L. and O.L. Hoffman. Maleic hydrazide,
a unique plant growth regulant. Sclence. 109:
588, 19550

Smith, A,E., J.W., Zukel, G.M. Stone, and J.A. Riddell.
Factors affecting the performance of maleic hydra-
zide Agri. and Food Chem. T7:341, 1959.

Ts'0, P. and G.P. Steinbauer. Effects of malelc
hydrazide on auxin induced water uptake by pea
stem segments. Science. 118:193-194, 1953.

Umbreit, W.W., R.H. Burris and J.F. Stauffer,
Manometric techniques. Burgess Publishing Com-

pa'ny 1 1959 .

Weinstein, L.H. Progress on rose research at Boyce
Thompson Institute. Rose. Incorp. Bul., 210, 1955.

Went, F.W, Plant growth under controlled conditions.
II. Thermoperiodicity in growth and frulting of
the tomato. Amer. Jour. Bot. 31:135-150, 1944,

Went, F.W., Plant growth under controlled conditions.
III. Correlation between various physiological
process and growth in the tomato plant. Amer.
Jour. Bot. 31:597-618, 1944,



- 60 -

60. Went, F.W. Plant growth under controlled con-
ditions. V. The relation between age, light
variety, and thermoperiodicity of tomatoes. Amer,
Jour. Bot. 32:469-479, 1945,

61. Went, F.W. The effect of temperature on plant
growth. Ann. Rev, Plant. Physiol. 4:347-362,
1953,

62, Went, F.W, Experimental control of plant growth.
Published by Chronica Botanica Publishing Co.,
1957.

63. Wildon, C.E. Influence of folliar applications of
gibberellin and maleic hydrazide on the mineral
content of tobacco. Unpublished data.

64, Wittwer, S.H. and C.M. Hansen, The reduction in
storage loss 1in sugar beets by preharvest foliage
sprays of malelc hydrazide. Agron. Jour. 43:
340-341, 1951.

65. Wittwer, S.H. and H.M. Sell. Effects of growth
regulators on plant composition. Mich. State
Univ., Centennial Symposium, Nutrition of Plants,
Animals, Man. p. 32=44, 1955.

66. Wittwer, S.H., R.C. Sharma, L.E. Wller, and H.M.
Sell. The effects of preharvest sprays of cer-
tain growth regulators on sprout inhibition and
storage quality of carrots and onions. Plant,
Physiol. 25: 539-549, 1950.

67. Zukel, J.W. Literature summary on maleic hydrazide.
Naugatuck Chemicals. Naugatuck, Connecticut, 1957.

68. Zukel, J.W, Use of maleic hydrazide in preventing
frost damage in citrus seedlings. By correspond-
ence, letter dated March, 14, 1960.



APPENDTIX

- 61 -



- 62 -

Table 1: Influence of High Night Temperature (70°-80°F)
on the Number of Flowers Produced per Cluster

in Tomato (John Baer):

Experiment Season  Number of Number of Average/cluster

Number plants flowers

1. Winter 118 401 3.4
. 1958-59

2. Spring 48 173 3.6

1959
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Table 2: Influence of Varying Concentrations of Maleilc
Hydrazide on Dry Welights of Shoots and Roots
of Tomato (John Baer). Maleic Hydrazide Applied
as a Follar Spray to 47 Day 0ld Seedlings, and
Welghts Determined One Month After Applicatlon:

Treatment Averagg dry Average, dry
weight of weight " of
shoots (in gms). roots (in gms).
Control 4,08 1.55
MH - 10 pop.m. 3.50 1.30
MH - 100 pop.mo 3.30 1.05
MH - 1000 p.p.m. 3.13 0.95

’All welghts from an average of six replicates for each
treatment.

MH - Maleic hydrazide,



- 64 -

Table 3t Effect of Follar Applications of Maleic Hydra-
zlde on the Dry Weights of Tomato (Michigan Ohio
Hybrid) Grown in a Nutrient Culture With Varying
Levels of Phosphorus. Maleic Hydrazide was
Applied to 30 Day 014 Seedlings and Welghts
Recorded at the Time of Treatment and 28 Days

Following Treatment:

Level of Dry Weights*
Date Phosphorus (in gms)
(p.p.m.)
December e
6th, 1959 128 0.49
64 0.50
32 0.46
16 0.40
Shoots Roots

- ]
Control Treated Control Treated

January

3rd, 196C 128 4.00 3.20 1.00 0.60
64 4,60 3.60 0.80 0.40
32 3,80 3.40 0.80 0.40
16 3.00 3.00 0.60 0.30

Weighta on the whole plant basis for plants removed on
December 6th,

*a11 welghts are averages from three replicates, each
replicate consisting of two plants.
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Table 4: Effect of Follar Applications of Malelc Hydra-
zide on the Phosphorus Contents of Tomato
(Michigan Ohio Hybrid) Grown in a Nutrient
Culture With Varying Levels of Phosphorus.
Maleic Hydrazide Was Applied to 30 Day 0ld Seed-
lings and Phosphorus Content Determined at the
Time of Treatment, and 28 Days Following Treat-

ment:
Date Level of Concentration
Phosphorus of phosphorus
(p.p.m.) (1n percent)
December
6th, 1959 128 1.16
64 1.08
32 . 0.60
16 0.50
Shoots Roots
Control Treated Control Treated
January
3rd, 1960 128 0.80 0.73 1.40 1.44
64 0.61 0.66 0.95 1.20
32 0.51 0.57 0.88 0.77
16 0.47 0.38 0.84 0.60

* .
Initial phosphorus content determined on whole plant basis
for plants removed on December 6th, 1959.
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Table 5: Effect of Foliar Applications of Maleic Hydra-
zide on Respiration of Tomato (Michigan Ohio
Hybrid) Root-Tips. Maleic Hydrazide was Applled
at 1000 p.p.m. to 30 Day 014 Seedlings, and
Determinations of Rates of Respiration Made
192 Hours After Applications:

Flask Readings of manometer

Number Initlal Final
4.00 pm. 4.15  4.32  4.50  5.13

I Control 249 238 238 238 234
Ir " 249.5 239 235 234 234
IV Treated 250 248 248 248 248

\'s " 249 .5 247 247 247 247

20 root-tips of lcm each were used per flask. Final
consumption of oxygen expressed in microliters on
milligram dry weight of root-tips.
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