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Summary

Low temperature-induced fruit malformation in tomato was studied from plant
hormonal view point. Treatment of TIBA (2, 3, 5-triiodobenzoic acid) and NAP (sodium
N-1-naphthylphthalamic acid), auxin-transport inhibitors, increased locule numbers
and induced severe malformation including catfaced and strawberry .fruits with
ovary splits, and oblate and fasciated fruits, Bendroquinone (2-benzimidoyl-3-
hydroxyl-1, 4-napthoquinone), which is considered to have the similar action mecha-
nism to TIBA and NPA, also showed the same effects. Auxins, PCPA (p-chloro-
phenoxyacetic acid), 2,4-D (2, 4-dichlorophenoxyacetic acid) and 2,4,5-T (2,4, 5-tri-
chlorophenoxyacetic acid) reduced oblate and triangular types of malformation by
decreasing locule numbers. Gibberellin (GA;) induced ovary split but CCC [(2-
chloroethyl) trimethylammonium chloride] and SADH (succinic acid-2, 2-dimethylhy-
drazide), which are considered to inhibit gibberellin synthesis, could not reduce
low temperature-induced fruit malformation.

Introduction

In forcing culture of tomato, irregularly
shaped fruits frequently occur through abnor-
mal development of carpels. These deformed
fruits comprise catfaced fruits due to incom-
plete development of the ovary wall near the
base of the style, strawberry fruits with split
ovary by incomplete fusion of carpels, and
oblate or triangular fruits due to the develop-
ment of multilocular ovary, and so on. It
is well known that these abnormal develop-
ments of ovary are caused by exposure of
pre-floral plants to low temperatures (4,9, 16,
14). Excessive fertilizing and frequent water-
ing intensify the degree of irregularities of
fruit shape (8,17,23). As for effects of
growth regulators on the of
fruit malformation in tomato, Sawhney and
Greyson(20) reported that gibberellin applied
to pre-floral plants stimulated the occurrence
of multilocular fruits, and Ito and Fujimoto
(7) reported that the application of N-aryl-
phthalamic acids induced large deformed
flowers with multicarpels. However, the re-
lationship of fruit malformation induced by

occurrence
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low temperature through the aberration of
hormonal balance have not been clarified.
Therefore, we investigated possible role of
hormonal balance on the occurrence of fruit
malformation and tried to reduce low tem-
perature-induced malformation of fruits by
the treatments of auxins and gibberellin
synthesis inhibitors.

Materials and Methods

Tomato cultivar ‘Ogata-fukuju’ was used
for all the experiments, since this cultivar
showed typical fruit malfomation when ex-
posed to low temperature at the seedling
stage.

Seedlings were planted in small plastic pots
filled with gravel and cultured in Mie Uni-
versity nutrient solution of half strength
(24.6 g MgSO,-7H,0, 7.6 g NH,PO,, 26.1¢g
K;SO,, 59g Ca (NOy,-4H,0, 1.2g Fe
EDTA, 0.0188g CuEDTA, 0.0075g Zn
EDTA, 0.22g MnEDTA, 0.001 g Na,;MoO,-
2H,0, 0.225g Na,B,0,-10H,0 /100D in
hydroponic beds (Kubota Co. Ltd.). After
2-leaf stage they were grown for 16 to 25
days under the condition where most of
daily minimum temperatures were below 10
°C, and then transferred to the temperature



ASAHIRA ET AL.: REGULATION OF LOW TEMPERATURE-INDUCED MALFORMATION 469

Fig. 1.

Fig. 2.

Types of fruit malformation.
A : Oblate, B : Catfaced, C : Strawberry,
D : Fasciated, E : Carpel protrudent.
B and C are classified as ovary split in the present

experiment.

condition above 10°C. Chemical treatments
were conducted with foliar spray or pot im-
mersion at 2.5- to 3-leaf stage during the
period of low temperature exposure.

The node number to the first truss and
the flower number of the first truss were
recorded at anthesis, and the sepal and locule
numbers of the first and second fruits of the
first truss at harvest (green mature stage).
The degree of fruit malformation was deter-
mined according to the criterion shown in
Fig.1. The types of fruit malformation were
classified to five groups (normal, oblate or
triangular, ovary split, fasciated and pro-

Degree of fruit malformation.
intermediate, 3------ strong, 4--- severe.

trudent carpel) (Fig.2).

Ten to fifteen plants were replicated for
each treatment and most of the experiments
were carried out from fall to spring.

Results
Ezxperiment 1. Effect of TIBA, NPA

and bendroquinone on occurrence of fruit
malformation.

Ten ppm TIBA, 10ppm NPA and 50 ppm
bendroquinone were sprayed twice at 2.5-
and 3-leaf stages. Mean minimum tempera-
ture for 16 days after 2-leaf stage was 6. 6°C.

The node number to the first truss did not
change, while the flower numbers consider-
ably increased following the chemical treat-
ments (Table 1). The treated plants increased
in the flower number of the first truss, pro-
duced extra inflorescence in the position of
the terminal bud, and became self-topping.

The chemical treatments induced a variety
of fruit malformation from oblate to extreme
fasciation (Figs.3 and 4). Some oblate fruits
were accompanied by ovary splits. The degree
of malformation was greatly intensified by
the treatments (Fig.5), and the sepal and
locule numbers also increased remarkably in
fruits of the treated plants (Table 1). TIBA
treatment induced fruit malformation even
when the seedlings were grown at high tem-
peratures of 20°C and above (Fig. 6).

Experiment 2. Effect of gibberellin on
occurrence of fruit malformation.

Five and ten ppm GA; was sprayed once
at 2.5-leaf stage. Mean minimum tempera-
ture for 25 days after 2-leaf stage was 6. 6°C.

The node number to the first truss was
not decreased by 10 ppm GA, treatment, and
the flower number was decreased (Table 2).
The locule number increased considerably and
the sepal number, slightly. The degree of
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mation types.

NPA- and bendroquinone-
Some fruits share two malfor-

malformation was higher in fruits of gib-
berellin treated plants than in those of the
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A variety of fruit malformations induced
by NPA treatment.

Fig. 4.

TI1BA 10ppm

NPA 10ppm

[ BEE=

Bendroquinone

50 ppm
[INormal E= Slight [E5Intermediate
Y Strong -Severe
Fig. 5. Effect of TIBA, NPA and bendroquinone
on degree of malformation in the Ist fruit.
control, and all fruits of the treated plants

had ovary splits. GAj; intensified the degree
of malformation even when the seedlings
were grown above 12°C and fruit malforma-
tion was very little in the control (Fig. 6).

Table 1. Effect of TIBA, NPA and bendroquinone on development of flower and fruit.
\ ' ‘
T Nodes to ‘Howcr numberT Sepal number ‘ Locule number B
reatment 1st truss e e T —
& Ist truss ’ 1st fruit ‘ 2nd {fruit \ Ist {ruit } 2nd fruit
Control 6.9 { 7.9 ' l 6.8 s | 7.2
TIBA 10 ppm 7.1 | 28.6 J 18 8 12.9 20.0 18.0
NPA 10 ppm 73 | 2602 23.3 ‘ 14.8 24.3 10.6
Bendroquinone 50 ppm 7.8 “ 11.1 11.9 8.9 i 17.9 13.2

Table 2.

malformation in the 1st fruit.

Effect of gibberellin on development of flower and occurrence of fruit

“Rate of malformed

Treatment Nodes to ‘FloweroFumberl Of st fruit ( fruits (%)
atm Ist truss Ist trus Sepal | Locule Intermediatel  gji.1,
uss number | number and over | 8
]
Control | 67 | 5.3 7.3 1| a2 67.5
GAs 5 ppm | 65 5.1 7.8 25.3 100.0 0
GA; 10 ppm \ 6.6 3.2 8.4 22.6 86.0 14.0
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Table 3. Effect of auxins on development of flower and fruit.
Treatment Nodes to Floweronumber Sepal number ‘ Locule number
Ist truss 1st truss I 1st fruit | 2nd fruit \ 1st fruit | 2nd fruit
Control 7.3 4.8 9.4 8.0 16.1 11.2
2,4-D 1 ppm 7.2 5.9 9.1 6.9 12.3 7.5
2,4,5-T 1ppm | 7.1 6.0 9.1 6.4 12.7 8.7
PCPA 10 ppm 1 7.0 5.8 6.7 6.4 9.3 10.8
Control % 100¢
Control
TIBA 4ppm 507
100
Control I
S 2,4-D 1 ppm
< 50l
g
GA; 10ppm = é £ |_| I—I
. £ i} |_| —_—
Fig. 6. Effect of TIBA and GAj3 on degree of mal- <
formation in the Ist and 2nd fruits. TIBA- EIOOr
treated seedlings were grown above 20°C and =
GAj-treated ones above 12°C. ° 2,4,5-T 1 ppm
s 50 ]
o
Lol
1001
_ PCPA 1 ppm
50}
g g2 & 2. 2%
B E° 2o
58 3 o g
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Fig. 7. Fruit with only two locules which Fig. 9. Types of malformation in the Ist and 2nd

developed in PCPA-treated plant.
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Effect of auxins on degree of malformation
in the 1st fruit.

Fig. 8.

fruits in auxin-treated plants. Some {ruits share
two malformation types.

Experiment 3. Effect of auxzins on occur-
rence of fruit malformation.

One ppm 2,4-D, 1ppm 2,4,5-T and 10 ppm
PCPA were sprayed once at 3-leaf stage.
Mean minimum temperature for 25 days after
2-leaf stage was 6. 1°C.

Auxin spray induced slight curling of
young leaves and delayed flowering a few
days. The node number to the first truss
and the flower number did not differ so much
from those of the control (Table 3). The
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Table 4. Effect of gibberellin synthesis inhibitors on development of flower and
occurrence of fruit malformation. '
T Flower Sepal number Locule number Degree of malformation*
Treatment Il\if;diiutsz number of -
Ist truss | st fruit | 2nd fruit | 1st fruit | 2nd fruit | Ist fruit | 2nd fruit
Control 7.2 10.7 9.5 7.4 22.8 10.6 2.1 1.4
CCC 100 ppm 7.3 9.6 8.5 7.8 19.1 10.6 1.8 1.6
SADH 1000 ppm 7.5 11.9 9.0 6.4 32.0 11.3 2.3 1.0

* Refer to Fig.1

sepal number of fruits was decreased by
PCPA treatment. The locule number in aux-
in-treated fruits decreased to 60~90% of the
control in the first fruit and 70~80% in the
second fruit. In the extreme case, one of
PCPA-treated fruits had only two locules
(Fig. 7).

The degree of malformation was decreased
by all of the auxins with maximum effect
of PCPA (Fig. 8). Particularly, reduction of
triangular and oblate fruits was considerable
(Fig. 9). Fruits with split ovaries were not
decreased so much by 2,4-D and 2,4,5-T
but was decreased to 40% by PCPA.

Experiment 4. Effect of gibberellin syn-
thesis inhibitors on occurrence of fruit mal-
fermation.

The roots of seedlings at 2.5-leaf stage
were immersed in 100 ppm CCC solution free
of nutrients for 24 hours and then the seed-
lings were returned to CCC-free culture
solution. 1000 ppm SADH was sprayed to the
other seedlings at 2.5-leaf stage. Mean mini-
mum temperature for 21 days after 2-leaf
stage was 10. 4°C.

The node number to the first truss and
the flower number were not influenced by
the treatments (Table 4). The locule number
of fruits was increased by SADH. The degree
of malfomation was not decreased by CCC
and SADH.

Discussion

It has been reported in eggplant that ir-
regulary shaped multistyled ovaries often de-
veloped in the cool cultural season(12).
Hartsema(6) mentioned the phenomenon that
the number of floral parts increased when
flower formation proceeded at low tempera-
ture. Especially, in large-fruited cultivars of
tomato which have been bred through ac-

cumulation of genes increasing carpel num-
bers, the increase of carpel numbers and
the following abnormal development of ovary
seem liable to occur at low temperature.

Fujimura et al. (§), and Saito and Ito(18)
observed the phenomenon that ample ferti-
lization intensified fruit malformation, and
suggested on the mechanism of occurrence
of fruit malformation in tomato that devel-
opment of extralocules and split ovaries were
induced by nutrient accumlation in the flower
bud which developed at low temperature.

Zimmerman(24) found that TIBA induced
fruit malformation in tomato. Saito(15) also
recognized that TIBA treatment promoted
an increase of carpel numbers. In the present
experiment, most of fruits affected by TIBA
resembled severe ones of low tempereture-
induced malformed fruits. It is well known
that TIBA treatment increases the number
of flowers in tomato plants(25), and there
are some evidences to suggest that promotion
of flowering response by TIBA is correlated
with a lowered auxin level in the plant.
In fact, it is well known that TIBA is one
of auxin-transport inhibitors(2, 11).

From these facts, it is considered that low
temperature lowers endogenous auxin level
in the shoot apex, resulting in malformation
of fruits. NPA, which is another auxin-
transport inhibitor(8, 10, 13), also
flower numbers and induced severe fruit mal-
formation in the present experiment. We
observed in the preliminary experiment that
bendroquinone, which is a new type of plant
growth regulator(21,22), had the similar
flowering effect to TIBA in tomato. This
chemical induced fruit malformation as TIBA
and NPA in Experiment 1. Therefore, ben-
droquinone would also affect ovary develop-
ment of tomato through lowering auxin lev-

increased
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el.

Based on this supposition, synthetic auxins
were tested to elevate auxin level in the
shoot apex of the seedlings exposed to low
temperature. All the auxins tested reduced
the degree of fruit malformation, especially
in oblate or triangular type, but NAA (a-
naphthaleneacetic acid)and HCPA (2-hydroxy-
methyl, 4-chlorophenoxyacetic acid) were
less effective (data not shown). Since fruits
with split ovary (catfaced and strawberry
fruits) were not decreased so much by 2-4-D
and 2-4-5-T, another factor such as nutrient
accumlation might be involved in occurrence
of this type of abnormality. Slight decrease
of fruits with ovary splits by PCPA may be
due to ease of carpel envelopment,
ovary diameter decreased with reduction of
carpel numbers. Audus(l) referred to an
example of reduction in sepal numbers by
fusion with a-phenoxypropionic acid treat-
ment, but did not mention its effect on
carpel numbers. Since we recognized a high
correlation between sepal numbers and locule
numbers (r=0.90, significant at 5%) in the
fruit which developed at low temperature,
locule numbers in Audus’ example might
have been reduced by the auxin treatment.

since

As for effect of gibberellin on ovary de-
velopment, many reports show that multi-
locular or multistyled ovaries are induced by
gibberellin treatment ([eggplant(12), pepper
(19), tomato(20)]). In the present study also,
GA,; promoted the occurrence of multilocule
as well as ovary split. However, the flower
number decreased, contrary to the case of
low temperature-experienced seedlings. More-
over, CCC and SADH, gibberellin-synthesis
inhibitors could not alleviate fruit malfor-
mation induced by low temperature. There-
fore, rise of endogenous gibberellin level by
low temperature would not be so great as
decline of endogenous auxin level. This sup-
position should be testified by analyses of
endogenous auxin and gibberellin  levels in
the shoot apex exposed to low temperature.

Auxin treatment could alleviate fruit mal-
formation of multilocular type, but for prac-
tical use, reduction of fruit size and delay
of flowering must be counteracted effectively.
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