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Abstract

Inhibition of the growth of young tomato plants took place under the influence
of vibrational stress. The response of the plants was stronger in winter than
in summer. The results of the mechanical stress treatment depended on the
dosage: small doses of stress given repeatedly slowed down the growth of
the transplant much more effectively than larger single doses given every
day or every several days. The fresh weight of the shoots decreased under
the influence of the stress, as did the dry weight, but to a smaller degree,
thus the percentage of dry weight increased. The chlorophyll content in the
leaves of plants treated with mechanical stress also increased.

INTRODUCTION

Supplementary illumination of tomato transplants used for accelerated
production under glass or plastic tunnel, effectively prevents their etiola-
tion during the fall-winter insolation deficit. It also allows earlier, higher
and better quality yields to be obtained. This is, however, a very energy-
-consuming method which, in addition, is becoming increasingly more
expensive. For this reason, studies have been in progress for many years
on substituting supplementary illumination by chemical agents inhibiting
excessive growth of the transplant (Michniewicz, 1966).

Numerous studies have shown that although synthetic growth-retard-
ing substances reverse the negative effects of light deficiency and prevent
the etiolation of tramsplants (Will, 1966; Wojtaszek et al, 1977;
Pisarczyk and Splittstoesser, 1979), they very often lower
the fruit yield (Jasa et al, 1973) and usually exert an unfavorable
influence on their chemical composition — especially on the dry weight
and Vit. C contents (Dobrowolski et al, 1969; Ibrahim et al,
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1979). 1t is also hard to exclude a harmful or even toxic effect of chemi-
cal retardants on the human organism.

It is known that mechanical stimuli evoking stress in plants can be
as effective as chemicals in preventing excessive growth, while not caus-
“ing any damage or other negative side-effects (Mitchell et al., 1975;
Klapwijk and Wubben, 1975; Jerzy and Nowaczyk, 1977).
It has been shown that inhibition of plant growth is accompanied by
a decrease in the internode length while the total number of leaves
remains unchanged. It has also been found that the reaction of the plant
to stress is dependent on the strength of the mechanical stimulus and
age of the plant (Mitchell, 1977; Jerzy et al. 1981).

However, many theoretical and practical questions which could have
a bearing on the introduction of this phenomenon into horticultural
practice, have not to date been addressed.

The objective of the experiments presented in this paper was to
obtain more information on the reaction of the greenhouse tomato (Lyco-
persicon esculentum Mill.) to mechanical stress evoked by vibration of
the plant. The influence of stress on the growth of the plant was studied
by applying different doses of mechanical stimuli (Experiment A) and its
different duration (Experiment B). The reaction of the transplants ‘was
also compared in cultures run in the summer and winter (Experiment A).

MATERIAL AND METHODS

Tomato transplants (Lycopersicon esculentum Mill.) of ‘Nortona TnCy’
cultivar growing in pots were subjected to vibration daily, 6 days per
week excluding Sundays, on a type WS-2 shaker, starting from the time
the second leaf was formed until the first flower buds appeared on the
shoot tip. Each Sunday, the plants were measured in order to determine
their growth dynamics. At the conclusion of the experiment, the percent-
age of growth reduction was calculated and the following measurements
and assays done: number of leaves, length of internodes, stem thickness,
fresh and dry weight of stems (dryer method) and chlorophyll content
in leaves on the basis of a standard solution (Czosnowski, 1976).

The results were analysed statistically by the variance analysis method
with a single classification.

Experiment A

The experiment was carried out in the winter of 1981 and repeated
in the following summer. '

The seeds were sown on January 5 and June 10, respectively. The
seedlings were transplanted into pots 10 cm in diameter: after 29 days
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in the winter and 20 days in the summer. They were grown on well-
-decomposed pine bark compost with cow-dung and peat added.

On March 1 and July 12, when the transplants had developed a
second leaf, 280 plants of equal height and otherwise well-equalized,
were selected from a total of 500 plants prepared on each date. The
selected plants were then divided into 7 groups, 40 plants in each. One
of them was the control group (C), the 6 remaining groups were subject-
ed to vibration in the following way:

I — six times per day, for 5 s* at 8.00, 10.00, 12.00, 14.00, 16.00 and
18.00 hours;

II — three times per day, for 10 s, at 8.00, 10.00 and 12.00 hours;

III — two times per day, for 15 s, at 8.00 and 10.00 hours;

IV — once per day, for 30 s, at 8.00 hours;

V — every other day, for 60 s, on Mondays, Wednesdays, Fridays at
8.00 hours;

VI — every third day, for 90 s on Mondays and Thursdays at 8.00 hours.

In all of the groups, the plants received during the six days of the
week the same, 180 second total dose of vibration, only the dosage of the
stress stimulus differed.

During the winter, the transplants were grown under natural lighting
conditions, without supplementary light. During this period, the air tem-
perature of the greenhcuse was 14-18°C during the day and 10-12°C at
night. During the summer the temperature was 30-35°C during the day
“and 23-25°C at night.

Experiment B

In Experiment A, the total weekly amount of the stress factor —
regardless of the way it was dosed, was always 180 s. In Experiment B,
however, the dose was lower (0.5-1.5 min), the same (3 min) or higher
(6-108 min). Studied here were the reactions of tramsplants to the stress
factor applied once daily at 8.00 for 5, 15, 30, 60, 90 and 180 s, or
repeatedly six times for 5, 15, 30, 60, 90 and 180 s, in two-hour inter-
vals from 8.00-18.00 hours.

This way of structuring the experiment was intended to help answer
the question if the stress factor applied in Experiment A was strong
enough to evoke the maximum physiological effect, symptomized by
inhibition of the growth processes, without causing any damage to the
above-ground plant parts.

The seeds were sown on September 7, 1982. After 22 days, the seedl-
ings were transplanted to pots 10 cm in diameter. On October 17, when

* The shaker made 8 horizontal reciprocal motions during 5 s.
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Fig. 1. The dynamics of growth of a tomato transplant ‘reated with mechanical

stress during greenhouse cultivation in winter: I — six times per day, for 5 s at

8.00, 10.00, 12.00, 14.00, 16.00 and 18.00 hours; II — three times per day, for 10 s

at 8.00, 10.00 and 12.00 hours; III — twice per day, for 15 s at 8.00 and 10.00

hours; IV -— once per day, for 30 s at 8.00 hours; V — every second day, for

60 s on Mondays, Wednesdays and Fridays at 8.00 hours; VI — every third day,
for 90 s on Mondays and Thursdays at 8.00 hours; C — control
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the plants had formed a second leaf, 280 of the most equalized, with
an average height of 7.4 cm, were chosen for study. They were divided
into 14 groups with 20 plants per group: two groups were controls,
6 groups were given stress once per day and 6 groups — 6 times per day.

The application of vibration once per day for 5-180 s was stopped
on November 20, after 5 weeks, when flower buds appeared on the
plants. The remaining groups of plants subjected to vibration 6 times
per day were removed from the experiment two weeks earlier — on
November 6. This was necessary because many of the plants had begun
to bend and break during growth.

Biometrical measurements and fresh and dry weight determinations
were done on November 7 and 21, respectively.

The air temperature of the greenhouse during the growth of the
transplants was 17-19°C during the day and 12-13°C at night.

RESULTS

Subjecting tomato transplants to mechanical stress caused by vibration
of the entire plants, caused significant inhibition of their growth. It was
also found that the reaction of the plants was greater in the winter than
in the summer (Figs. 1 and 2).

The effectiveness of the stress factor depended on the manner in
which it was applied: small doses of stress applied frequently during
the day were more effective in inhibiting growth than larger single
doses applied daily or every few days (Table 1).
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Fig. 2. The dynamics of growth of a tomato transplant treated with mechanical
stress during greenhouse cultivation in summer. Explanations — see Fig. 1



Table 1

The characteristics of a tomato transplant treated with mechanical stress during winter and summer, depending of the dosage*

Height of ducti h of hick; Fresh weight D ioht G Contents of
eight o Reduction Number Length o Thickness resh weight Dry weight ontents chlorophyll

Way of shoots of height of internode of stem of shoots of shoots of dry weight . 1

stress dosage cm % leaves mm mm g g % fn teaves
’ ’ mg/g
Winter
Control 34.0 - 10.2 33.3 6.8 28.82 2.31 8.00 3.07
I 18.7 45.0 9.7 19.3 6.8 23.34 2.04 8.76 3.28
1I 20.6 39.4 9.7 21.2 6.6 25.32 2.07 8.16 3.25
111 22.8 329 9.8 233 6.6 25.84 2.02 7.80 3.28
v 24.6 27.6 99 24.8 6.5 25.72 2.04 7.92 3.27
v 25.7 244 9.9 26.0 6.5 27.14 223 8.20 3.28
Vi 26.9 20.9 9.9 27.2 6.6 26.96 222 8.23 320
LSD <59% > 1.8 — 0.5 1.7 0.3 1.60 0.15 0.44 0.17
Summer

Control 60.6 - 11.0 55.1 8.1 41.25 3.33 8.08 3.51
I 41.9 30.8 10.5 40.0 8.1 35.57 3.14 8.84 3.70
1I 45.3 25.2 104 43.6 7.9 36.25 2.96 8.16 3.65
11T 47.7 21.3 10.4 45.9 8.0 36.07 2.85 7.89 3.70
v 512 15.5 10.3 49.7 8.0 37.12 2.94 7.92 3.65
\% 52.3 13.7 10.3 50.8 8.1 38.21 3.07 8.04 3.60
VI 53.0 12,5 10.4 51.0 8.1 © 38.53 3.14 8.14 3.69
LSD <59% > 2.3 — 0.6 2.0 0.3 1.95 0.19 0.39 0.17

* I-VI For explanations see Figure 1.
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The more frequently the plant was subjected to stress, the more the
growth was inhibited, in spite of the fact that the total weekly dose was
the same. The greatest reduction in height was observed in plants
subjected to stress 6 times per day at 2 hour intervals; during the win-
ter it equaled 45%,, during the summer — 30.8%/,. Stress applied less fre-
quently but in higher single doses was less effective in inhibiting the
growth of the transplant. The plants subjected to stress every three days
showed the lowest reduction in height although the amount of stress
applied was in this case increased by a factor of 3. It was also found
that during the winter the height of the transplants was lower by 20.9%,
in the summer by 12.5%,.

The reaction of the plants to the time the stress factor was applied
(varied from 5 to 180 s) depended on if the plants were vibrated once or
many times per day (Table 2).

When the stress factor was applied once daily, the inhibition of
growth was greater the longer the factor had been applied; the maximal
effect was observed when the plant was stressed for 90 s continuously.
The prolongation of vibration to 180 s daily did not significantly in-
crease the effect caused by 90 s application of the stress factor. When
the plants were treated with the stress factor repeatedly daily, the
maximal inhibition of growth was already attained when this stimulus
was applied for a total of only 30 s — applied in six H-second doses.
This means that the reduction in height observed in plants treated with
the stress factor 6 times per day was not dependent on the length of
its single application. In both cases, the stress did not cause any damage
to the above-ground plant parts.

The stress did not exert a significant influence on either the stem
thickness or number of leaves formed by the transplant, while the
internode length decreased in the treated plants.

The fresh weight of the shoots decreased under the influence of
stress; the dry weight also increased, but to a lower exftent — thus the
percentage of dry weight in some of the plants subjected to stress,
increased. A significant increase in the percentage of dry weight was
found only in those plants whose growth had been maximally inhibited
as the result of vibration 6 times per day.

These plants were also characterized by a significantly higher chloro-
phyll content in their leaves.

-DISCUSSION

The experiments performed in this study mainly dealt with the
external, observable effects of mechanical stress on a plant. In respect
to the most important symptoms, they turned out to be strikingly similar



Table 2

The characteristics of a tomato transplant treated with mechanical stress once and six times per day for 5-180 s

Duration Height Reduction Number Length Thickness Fresh weight Dry weight Contents

of stress of shoots of height of leaves ©F internode  of stem of shoots of shoots  of dry weight
treatment cm % mm mm g g %
Control 394 - 104 37.9 6.7 31.25 2.33 7.46
_§ 5s 37.1 5.8 10.3 36.0 6.6 30.94 2.21 7.14
5 15 s 35.5 9.9 10.3 34.5 6.6 29.68 2.21 7.44
Q& 30 s 34.6 12.2 2.9 349 6.6 29.76 2.21 7.44
§ 60 s 334 152 10.0 334 6.7 29.65 2.17 7.32
o 90 s 31.5 20.1 10.1 31.2 6.8 28.12 2.13 7.58
180 s 31.8 19.3 10.1 3t.5 6.7 28.46 2.14 7.52
LSD <59%> 2.0 - 0.5 1.6 0.2 1.47 0.12 0.46
2 Control 23.6 - 8.1 29.1 6.3 14.72 1.13 7.68
o 5s 16.8 288 7.8 21.5 6.3 10.58 0.85 8.04
E 15 s 16.9 28.4 7.7 21.9 6.3 11,05 0.87 7.90
2 30s 16.8 28.8 7.8 21.5 6.2 10.65 0.84 7.86
E 60 s 16.7 29.2 7.8 21.4 6.3 10.72 0.85 7.94
: 9 s 16.3 30.9 7.7 21.2 6.3 10.94 0.86 7.87
%) 180 s 16.3 30.9 7.8 21.2 6.2 11.01 0.86 7.81
LSD <39%> 1.5 - 0.4 1.3 0.2 1.12 0.06 0.42
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to the effects obtained by using chemical growth regulators of a retardant
nature.

The transplants became dwarfed as the result of the decrease in
internode length, the intensity of the green color of the leaves increased.
No deformations in the shape of the plants took place.

The results obtained in this study support the hope that this method
may find use in horticultural practice and replace the retardants now
used in transplant production. They do not, however, give a basis for
drawing wider, theoretical generalizations, especially on the mechanisms
of dwarfing of plants in effect of mechanical stimuli. In the same way,
the results obtained by authors cited in this paper, still are too insub-
stantial to form a firm basis for explaining the mechanism of stress.
For this reason, it seems necessary and purposeful to undertake further,
more detailed studies.

The reports by Rees and Grace (1980a, b; 1981) allow the asso-
ciation of the essence of the stress evoked by the mechanical effect of
wind or shaking of plants with water stress. These suggestions, however,
result from experiments conducted on a woody plant (Pinus contorta)
and it is difficult to transfer them directly to an annual plant such as
the tomato.
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Reakcja rozsady pomidora (Lycopersican esculentum Mill) na stres
mechaniczny

Streszczenie

Pod wplywem stresu mechanicznego wywolanego wibracja nastepowalo istotne
zahamowanie wzrostu rozsady pomidora odmiany ‘Nortona TmC, uprawianej
pod szklem, Zimg reakcja ro§lin na stres byla silniejsza niz latem.

Efektywnos$é dzialania bodZca stresowego uzalezniona byla od sposobu jego
dozowania: male dawki stresu stosowane wielokrotnie w ciggu dnia oddzialywaly
bardziej skutecznie na hamowanie wzrostu rozsady niz wieksze dawki jednorazowe
stosowane codziennie lub co kilka dni.

Pod wplywem stresu malala $wieza masa peddow; sucha masa roéwniez, ale
w mniejszym stopniu — dzieki czemu procentowa zawarto$¢ suchej masy ulegla
zwiekszeniu, Zwiekszyla sie takze zawarte$é chlorofilu w liSciach roslin traktowa-
nych stresem.
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