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ABSTRACT

Tomato plants (Lycopersicon esculentum Mill. cv. Rio Grand) grown in plastic bags were
gradually exposed to water stress by reducing the amount of irrigation water by 0, 20 and 40% to
reach 100, 80 and 60% of field capacity (FC) during vegetative and reproductive phases. The
plants were foliar sprayed by GAj; solution (0, 50 and 100 ppm), three times at beginning of
water stress treatment during vegetative stage. The results showed that the treatment of water
stress (80% of FC) with a concentration of 50 ppm of GAs; maintained the fresh and dry weight
of shoots (FWS and DWS), while the values were increased with 100 ppm of GAj3 treatment. In
contrast, the fresh and dry weight of fruits (FWF and DWF) were decreased under the influence
of water stress at 80% of FC, while the production under influence of water stress was aborted by
60% of FC treatment in presence or absence of GA3 treatment. The values of the fruit number
(FN) and the fruit volume (FV) were decreased due to effect of water stress treatment by 80% of
FC, while the value of total soluble solids (TSS) in fruits was increased with this treatment. The
period of maturity date (MD) was not affected by all treatments in this experiment, while the
period of flowering date (FD) was shortened with a decrease in the applied field capacity. The
water use efficiency (WUE) value of the shoots was increased under influence of water stress at
80% of FC with GAs treatments, and on the contrary, the WUE value of fruits and plants
decreased dramatically under the influence of this condition. The results showed that the role of
GA; under conditions of water stress did not have a positive effect on fruiting process despite the
improvement in the growth of vegetative parts. It appears that the effect of treatment with GA3
on tomato plants depends mainly on the type and development of the growing part of the plant.

Keywords: Tomato; Lycopersicon esculentum Mill.; Water stress; GAs; Vegetative part;
Reproductive phase.

1. INTRODUCTION

The decrease of water availability in arid and semiarid regions is becoming an important
problem for agricultural producers. Hence, the researchers are interested to alleviate the severity
of water deficiency in the agricultural lands. This effect of water deficit was depending on its
severity and duration (Nahar and Gretzmacher, 2002).

The vegetable crops have widely affected such as tomato which is an important crop in the
world. Many researchers have pointed out that tomato plants require a high quantity of water for
optimal vegetative and reproductive development (Mitchell et al., 1991). As the water stress
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caused a reduction in the dry weight of tomato leaves by approximately 30% (Abou Hadid et al.,
1986). The use of native cultivars of wild species in breeding programs may be an interesting
practice for improving the tolerance of plants to water stress (Torrecillas et al., 1996), but there
are many impediments that minify the favour of this object, such as low yield quality. In the last
decades, another perspective arose based on the tolerance mechanisms of the cultivated tomatoes
against water deficit. On the other hand, the application of new strategies and techniques in
irrigation systems to improve water use efficiency in tomato culture (Garcia-Sanchez et al.,
2016). Tavakkoli and Oweis (2004) indicated that the plants subjected to reducing irrigation lead
to increase water use efficiency compared to fully irrigated plants. Improving WUE is necessary
for securing environmental sustainability of food production in these areas (Medrano et al.,
2015). In this way, that may be realised by imposing to the plant a progressive adaptation to
drought condition, consequently, to obtain an acceptable yield with minimum water supply.

The effect of water stress is reflected in reducing the rate of cell division and elongation in
plants (Torrecillas et al., 1995). Manifestations of drought tolerance for tomato plants is its
ability to restore growth and dry matter accumulation to levels equivalent to those recorded for
unstressed plants of the same age during vegetative phase (Boon, 1973; Abou Hadid et al., 1986;
Kowithayakorn and Humphreys, 1987). Conversely, during the reproductive phase which has a
major effect on the yield (Mitchell et al., 1991). The most sensitive periods of tomato to water
stress are the stages of flowering and fruit enlargement (Srinivasa Rao et al., 2000), whereas
Nuruddin et al. (2003) indicate that the application of water stress only during flowering stage
resulted in better yields and quality than stress at other specific developmental stages or at all
times. Somewhat, the fruits resist more than the flowers to dropping against water stress, such as
bean (Mouhouche et al., 1998), for that it may become a disposable organ to study water stress
tolerance.

Several studies, showed that the contents of IAA and GAj; in leaves decreased as the water
stress increased, whereas the contents of ABA increased significantly under water stress
conditions (Zhang et al., 2002).The researches indicated that it is possible to reduce the damage
caused by water stress by increasing plant growth activity under stress conditions (Li and van
Staden, 1998), as adding substances that promote growth may have a positive effect in this
regard, among the fertilizer materials and compounds, especially nitrogenous fertilizer and
growth regulators such as auxins, gibberellins and cytokinins (Rimski-Korsakov et al., 2009;
Ashraf et al., 2011). The role of growth regulators in increasing plant growth is known to
specialists in this field, while their combined effect and relationship to water stress may provide
more explanation that reduces the water stress problem in many areas with many plant species.
Gibberellins are considered a growth regulators that are important in increasing plant growth
activity under several conditions, they stimulate the division and elongation of cells in sub-apical
of stems, which increases the vegetative growth of the plant. Gibberellic acid plays role on
controlling fruit setting, pre-harvest fruit drop, increasing fruit yield and extending self-life
(Mehta and Mathi, 1975). Gibberellins extend the stem and flowering in plants as well as
preserve the chlorophyll of separated leaves, and also promote the formation of seedless tomato
fruits (Misra and Biswal, 1980; Sawhney, 1984; Bewley, 1997). However, application of GA3
extended flowering and maturity time and increased fruit number per cluster, fruit set percentage
and marketable fruit number per plant over the control (Gelmesa et al., 2012). GA3 treatment (80
ppm) has increased tomato yield (Prasad et al., 2013), and increased the vegetative and
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reproductive growth of tomato (Tomar Saurabh et al., 2016), whereas Kumar et al. (2018)
indicated that GAs at 40 ppm concentration showed significant effects on growth, flowering,
yield and quality of tomato.

In fact, one way to improve production is to provide the complete water requirements of the
plant, this will come with practical solutions to the problem of water stress caused by drought.
Therefore, developing any strategy that leads to reducing this problem will necessarily lead to
improving the water situation for the plant, which will be reflected in improving the quantity and
quality of production.

Therefore, the aim of this paper was to investigate the effects of gibberellic acid (GAs3) on the
growth and development of tomato fruits under applications of water stress during vegetative and
reproductive phases.

2. MATERIALS AND METHODS
Plant material, growth conditions and treatments:

The experiment was carried out by cultivating the tomato plants (Lycopersicon
esculentum Mill. CV. Rio Grand) in the research farm of the Faculty of Agriculture - University
of Benghazi, seeds were sawing in a substrate consisting a 1:1:1 ratio of soil, sand and an organic
matter in 30 litres plastic bags, a fertilization program has been applied by addition the essential
nutrients during the growth and development stages of the plant.

Plants were grown under a plastic canopy to avoid the reach of rainfall in case of
precipitation, at 14h photoperiod, photosynthetic active radiation reached a daytime peak value
of 1200 pmol.m?.s?, the temperature and relative humidity ranged to 30/18°C and 40/75%
during day/night periods, respectively.

Treatments were initiated when the plants reached the first leaf stage with a vary levels of
water stress and concentrations of gibberellic acid (GAs). Plants were gradually exposed to water
stress by reducing the amount of irrigation water by 0, 20 and 40%, to reach 100, 80 and 60% of
field capacity (FC). The plants were foliar sprayed by GAs solution (0, 50 and 100 ppm), three
times in each other days at beginning of water stress treatment during vegetative stage. Amount
of irrigation was adding according to the need of the plant and the change in the daily
temperature with respecting the increase in the size of the plant due to growth. The amount of
irrigation water was calculated according to modified method of Sibomana et al. (2013) by
determining the difference in plant weight with the bag before and after each irrigation. So it has
been taken into consideration the gradual increase in the amount of irrigation water needed by
the plant to reach the whole percentage indicated of field capacity. Treatments have been
continued until the beginning of the fruit maturity stage.

Plants designated for these measurements were cut off at the end of the vegetative stage,
fresh weight of shoots (FWS) were measured for each treatment, these plants were dried three
days in an oven at 65 °C (until there was no decrease in weight) for determination of dry weight
(DWS) and percentage of dry weight (DWS%) of shoots. The water use efficiency (WUE) was
calculated by dividing the dry matter of plants, shoots and fruits by amount of irrigation water
used. When the plants reached flowering stage; flowering date (FD) was determined. When the
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fruits reached maturity, the fruit numbers (FN), maturity date (MD), fruit volume (FV) and yield
were calculated for each plant, and the fresh (FWF) and dry (DWF) weight of fruits were
measured, as well as the total soluble solids of fruits (TSS) was determined.

The data presented are representative the mean of two independent experiments. The
experimentation was conducted in four replicates, using factorial experimental 3x3 in completely
randomized design, with the treatments of water stress and GAsz. Data were subjected to analysis
of variance using a two-way ANOVA. Differences among means of treatments were compared
by Duncan's multiple range test at the 0.05 confidence level.

3. RESULTS

The exposure of tomato plants to water stress has reduced the FWS and DWS, with a
decline of about 40% recorded under the influence of water deficit treatment at 60% of the field
capacity (FC), and no significant effect of GA3 treatment with this condition of water stress (60%
of FC) (Table 1.). On the other hand, the interaction effect between water stress and GAj
treatments (80% of FC and 50 ppm) has maintained the FWS and DWS, while the treatment of
80% of the FC with the concentration of 100 ppm of GA3 has increased the average of FWS and
DWS by 28% and 60% for both 50 and 100 ppm concentrations, respectively (Table 1.).

Table 1. Effect of GA3 and water stress treatments on fresh weight of shoots (FWS), dry
weight of shoots (DWS), fresh weight of fruits (FWF), dry weight of fruits (DWF) (g/plant)
and percentage of shoot dry weight (DWS%) of tomato plants.

Treatments Measurements
Water Stress GA3
_ _ FWS DWS DWS%  FWF DWF

(Field capacity %) (ppm)
0 24.9% 43" 17.4® 3157 5.187

100 50 23.6° 3.3 14.0° 7.8° 1.27¢
100 38.22 5.72 14.8% 13.3¢ 2.18°
0 22.3% 3.2¢ 14.4" 23.4° 3.84°

80 50 24.0° 4.4 18.1% 9.5° 1.56°
100 29.3° 5.32 18.2% 17.0° 2.80P
0 14.8° 2.50 18.0° - -

60 50 15.8° 1.9¢ 12.1¢ - -
100 17.3% 1.9¢ 11.8° - -

Each value represents mean of four replicates. Means followed by the same letter in each column
are not significantly different by Duncan's multiple range test at 5% level.
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The treatment with GA3 increased the DWS% with 80% of FC being treated, and vice
versa reduced it with 60% of FC being treated. Water stress of 80% of FC led to a 25% reduction
in the FWF and DWF, also the treatments at 50 and 100 ppm of GAj3 resulted ina 75% and 57%
reduction in the FWF and DWF, respectively, with or without water stress (Table 1.). On the
other hand, the treatment of 60% of FC completely aborted the reproduction process due to the
fall of flowers and fruits at early stages of growth and development (Table 1.).

Water stress shortened the period required for the onset of flowering (FD), with the
period from 75 to 71 and 65 days with water stress treated at 100% to 80% and 60% of FC,
respectively (Table 2.). Water stress treatment (60% of FC) has aborted the reproduction phase
by eliminating developing flowers and fruits, while water stress treatment (80% of FC) reduced
the FN and FV, and GAs treatment reduced these measurements with water stress treatments of
100% (control) and 80% of FC (Table 2.). The period required to reach the stage of maturity of
fruits (MD) has not been affected either by the treatment of water stress or by GAs, while the
TSS of fruits has increased with the treatment of water stress (80% of FC) (Table 2.).

Table 2. Effect of GA3 and water stress treatments on flowering date (FD), maturity date
(MD) (days), fruit number (FN), fruit volume (FV) (cm®) and percentage of total soluble
solids (TSS) of tomato plants.

Treatments Measurements
Water Stress GA3
_ _ FD FN MD FV TSS

(Field capacity %)  (ppm)
0 75.3% 4.33° 39.5° 57.6° 13.75°

100 50 76.0° 1.00° 34.3% 14.2° 14.50°
100 72.3% 1.75% 32.2° 24.2% 14.75°
0 71.5% 3.25° 37.3% 42.7° 20.00°

80 50 69.7% 1.33% 32.0° 17.4% 16.25%
100 67.3% 2.25¢ 32.8° 31.1° 19.252
0 65.0° - - - -

60 50 66.3% - - - -
100 66.3% - - - -

Each value represents mean of four replicates. Means followed by the same letter in each column
are not significantly different by Duncan's multiple range test at 5% level.
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The treatment with 100 ppm of GA;s has clearly increased the WUE of shoots, this effect
is enhanced under water stress conditions by 80% of FC, while the WUE of shoots has
significantly decreased under water stress conditions by 60% of FC (Figure 1.). There is no
significant difference in the value of WUE for fruits under the influence of water stress (80% of
FC), while its value has been reduced to more than half with the use of GAs, and it should be
noted that no data has been recorded with the application of water stress at 60% of FC due to the
absence of production from fruits (Figure 1.). In regard to WUE of the plants, there has been a
significant decrease in the value due to the treatment of water stress 60% of FC, while the
treatment of water stress 80% of the FC has had no effect (Figure 1.). On the other hand, the
treatment with GAs has preserved the WUE of the plants under water stress condition of 80% of
FC, while reducing its value under the influence of 100% and 60% of the FC (Figure 1.).

Figure 1. Effect of GA; and water stress treatments on water use
efficiency (WUE) of plants, shoots and fruits of tomato
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4. DISCUSSION

The exposure of most plant species to water deficit conditions is one of the main causes
that lead to reduction in biomass (Turner, 1979). The results of our experiment indicate that
exposing the plants to a level of 60% of FC during their entire life cycle had a very severe effect
on the reproductive growth, as a complete abortion occurred resulting in loss of fruit production
(Table 1). Our results are consistent with what was indicated by Mitchell et al. (1991) and
Srinivasa Rao et al. (2000) that the most sensitive period to water stress is the reproductive
phase. This result is in contrast to the effect of water stress only applied during the fruiting phase
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(Nuruddin et al., 2003). Water stress had inhibited vegetative growth but enhanced fruit
development (Nyabundi and Hsia, 2009). Whereas, the effect of water stress depends on the
phase of growth and the duration of exposure (Nahar and Gretzmacher, 2002). The treatment of
water stress 60% of FC obviously reduced the growth of plants in the vegetative growth, while it
led to the loss of the reproductive growth. On the other hand, treatment with GAs did not affect
the direction of improvement of growth under water stress conditions (60% of FC). The results
indicated in table 1 that the treatment of GAs had a positive effect represented in maintaining or
increasing the growth of the shoots under the influence of water stress level 80% of FC. It
appears that the application of water stress at 80% of FC allowed the emergence of the effect of
treatment with GA3, which promoted the growth process in the plant by promoting FWS and
DWS (Table 1). Perhaps, this level of water stress is close to the optimum state at which the
water requirements of the plant become available. In contrast, the effect of GAs; on the
reproductive growth was particularly negative, as the FWF and DWF were significantly reduced
(Table 1.). This result did not agree with several studies indicating the effect of GAs in extending
the flowering phase subsequently increasing production (Bewley, 1997; Sawhney, 1984), and
desirable effects on growth, flowering, yield and quality of tomato (Gelmesa et al., 2012; Kumar
et al., 2018).

The manifestations of the reducing effect of water stress on the growth of the
reproductive part in tomatoes were presented in the case of reducing the FN and FV (Table 2.).
Although the FD under a water stress condition was reduced (such as from 75 to 71 days with
80% of FC), this effect was not reflected in the MD, which was not affected by water stress
and/or GAs treatments (Table 2.). In fact, one of the effects of exposing plants to water stress
conditions is to reduce the period of FD and enhanced fruit development (Nyabundi and Hsia,
2009). On the other hand, our results are consistent with what was reported in previous research
regarding the increase in the TSS of the fruits of plants subjected to water stress (Basit et al.,
2020). High stress resulted in the highest soluble solids (Ozbahce and Tari, 2010). Table 2
indicates that the wvalue of dissolved solids of fruits increased significantly under water stress
conditions by 80% of the field capacity. Also, no clear effects of treatment with GA3; were shown
in this measurement. Increasing the soluble solids has an important role in increasing the
concentration of the compounds responsible for improving the flavor, which is reflected in
raising the product quality.

Plant water use efficiency (WUE) is becoming a key issue in semiarid areas, where
crop production relies on the use of large volumes of water (Medrano et al., 2015). Despite the
increase in the WUE of the shoots due to treatment with GA3; under the level of water stress at
80% of FC (Fig. 1.), and this corresponds to what was mentioned by Tavakkoli and Oweis
(2004), but this promising effect did not appear for WUE of the fruits that showed an obviously
decrease in its value (Fig. 1.). The reduced effect of treatment with GAsz; on growth in the
flowering and fruiting parts indicated in table 1 and 2 must be reflected and expressed in a value
of WUE of the fruits and plants.

5. CONCLUSION

There are many studies that agree with the fact that the plant’s response to environmental
conditions such as the abiotic stress, that is represented here by water stress depends on the type
of growth and development that occurs during the plant’s life cycle. The results of this
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experiment showed that the response of the vegetative growth to the treatment with GAs under
the conditions of moderate water stress was effective, in contrast to the response of the
reproductive growth, which had severe damage, which led it to completely lose production.
Despite several studies indicating the harmful effect of GAs; on flowering and fruiting process,
we tried to find the beneficial role of GAs in growth during the reproduction phase under the
condition of water stress.
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