Fruit growth characterization of the tomato (So/anum
lycopersicum L.) hybrid ‘Ichiban’ grown under cover
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ABSTRACT

The tomato (Solanum lycopersicum L.) is one of the more
important crops that are consumed worldwide. In Colombia,
the department of Boyaca is characterized as being the big-
gest producer of tomatoes, with production centered in the
municipalities of Sutamarchan, Sachica, Santa Sofia and Villa
de Leyva, where different cultivars and hybrids are produced
that present different physiological behaviors, resulting in
changes in conventional agronomic management. This study
aimed to evaluate the growth and development of fruits from
the tomato hybrid Ichiban under greenhouse conditions. This
study evaluated the parameters of polar and equatorial diam-
eters, diameter ratio, fresh mass and dry mass, and absolute and
relative growth rates. The results were subjected to a descriptive
analysis. Furthermore, the growth model was determined. The
Ichiban hybrid had a simple sigmoid behavior, common in
fleshy fruits, while the fresh mass and dry mass were fitted to
alogistic, nonlinear model. Anthesis was seen at 50 days after
transplant and the fruits reached physiological maturity 49 days
after anthesis; during this period, 510.2 heating degree-days
were accumulated. All of the variables presented significant
differences (P<0.01) and coefficients of determination above
0.9, indicating that the models are suitable for explaining the
studied biological phenomena.
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Dentro de las hortalizas consumidas en el mundo, el tomate
(Solanum lycopersicum L.) es una de las de mayor importancia.
En Colombia, el departamento de Boyaca se caracteriza por ser
el mayor productor de tomate centrando su produccién en los
municipios de Sutamarchan, Sachica, Santa Sofia y Villa de
Leiva, en donde se producen diferentes cultivares o hibridos,
que presentan diferente comportamiento fisioldgico, lo que
implica cambios en el manejo agronémico convencional. El
objetivo del trabajo consisti6 en evaluar el comportamiento del
crecimiento y desarrollo del fruto de tomate hibrido Ichiban
bajo condiciones de invernadero, para lo cual se evaluaron
parametros como didmetro polar y ecuatorial, relacién entre
didmetros, masa fresca y seca, y tasa absoluta y relativa de
crecimiento, los resultados fueron sometidos a un analisis de-
scriptivo. Ademas, se determiné el modelo de crecimiento. Se
encontro6 que el hibrido Ichiban presenta un comportamiento
sigmoide simple comun en frutos carnosos, los didmetros
polar y ecuatorial se ajustaron a modelos polinémicos, mien-
tras que la masa seca y fresca se ajust6é a un modelo no lineal
de tipo logistico. Se presento antesis a los 50 dias después del
trasplante (ddt) y los frutos alcanzaron la madurez fisiologica
49 dias después de la antesis, durante este periodo se acumu-
laron 510,2 GDD Todas las variables presentaron diferencias
estadisticas (P<0,01) y coeficientes de determinacion superiores
a 0,9, indicando, que los modelos son adecuados para explicar
los fendmenos bioldgicos estudiados.

Palabras clave: analisis de crecimiento, tasas de crecimiento,
modelo logistico.

Introduction

The tomato (Solanum lycopersicum L.) is the second most
consumed vegetable crop, after the potato (Baracaldo et al.,
2014). While tremendous improvements in efficiency and
cost of production have been made in the tomato processing
industry world-wide over the past 100 years, there is still
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opportunity for innovation (Barrett, 2015). In Colombia, 18
departments cultivate tomatoes, with 94.1% of the domes-
tic production concentrated in Boyaca, Antioquia, Norte
de Santander, Cundinamarca, Narino, Valle de Cauca,
Huila, Risaralda and Caldas (Miranda et al., 2009). The
production in Boyaca is distributed in the municipalities
of Sachica, Sutamarchan, Santa Sofia, Tenza, Pachavita and
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Villa de Leyva; the latter is the biggest tomato producer at
the domestic level (Castellanos et al., 2014).

The tomato is considered a species that has a high number
of genotypes from conventional breeding programs, result-
ing in variation in the morphological, biochemical and
physiological behaviors of the plants. Knowledge on these
aspects determines the biological efficiency and suitable
agronomic management for achieving the best genetic and
agronomic potential for new cultivars (Ardila et al., 2011).
The department of Boyaca, since it is the biggest producer, is
constantly introducing new cultivars and hybrids that have
unknown physiological behaviors under the agroecological
conditions of the zones where they are cultivated. Among
these, the Ichiban hybrid has characteristics such as semi-
flat, round fruits that are extra-firm, uniform, smooth
with a good appearance, green in color with a semi-dark to
intense-red shine at maturation, and weights that oscillate
between 160 and 250 g per fruit (Semillas Magna, 2015).

Analyzing the growth and development of species is es-
sential for planning different agronomic practices in crops.
According to Rodriguez et al. (2006), this can be carried
out taking into account the time intervals for generating
calculations, which provides an analysis through a simple
computation. Furthermore, a series of growth rates has
been created that can be used to interpret behaviors in the
best way possible; these rates are calculated from the dry
material accumulated by the organ of interest and analyzed
with defined time intervals, chronological or physiologi-
cal (Hunt, 1990). According to this author, among these,
the more representative ones in terms of the fruit growth
dynamic are the absolute growth rate (AGR) and the rela-
tive growth rate (RGR). The AGR indicates the change in
size per unit of time, while the RGR expresses the variation
rate of the size per initial size unit. The growth condi-
tions for plants have been improved significantly through
understanding crop physiology in combination with new
technologies (Marcelis et al., 2014).

The growth of any species or organ is calculated over time,
which plays a very important role. However, when calculat-
ing from the net chronological point of view (hours, days,
years etc.), this does not directly demonstrate the growth
behavior of plants or some plant organs from the biological

perspective because factors such as temperature are not
taken into account. The use of thermal-time (growing day
degrees) increases the precision in determining the dura-
tion of the development and growth cycle of the plant or
organ (Ruiz et al., 1998) because it takes into account the
threshold temperatures (maximum and minimum) that
control the development and growth of the species for the
analysis (Ruiz-Corral et al., 2002), even more so if the fact
that crop productivity is strongly driven by climatic vari-
ables is taken into account. Some crops, such as the tomato,
will suffer heavily with the predicted climate change for
the current century due to their summer growing cycle
(Garofalo and Rinaldi, 2015). Studies carried out on these
aspects have demonstrated that temperatures that exceed
these limits impede plant development (Trudgill et al.,
2005). In the case of the tomato, the minimal threshold
temperature or base temperature is found at 10°C (Zotarelli
etal.,2009; Ardila et al., 2011). Considering the above, this
study aimed to characterize, in thermal-time, the growth
of fruits from the tomato hybrid ‘Ichiban’ cultivated under
a plastic cover with the agroecological conditions of the
municipality of Sachica (Boyaca).

Materials and methods

This study was conducted between the months of June and
September of 2014 on the Andalucia Farm, located in the
Ritoque district of the municipality of Sachica (Boyaca-
Colombia) and found at 05° 35°07” N and 73° 32'42” W
with an altitude of 2,150 m a.s.L.

A 1,960 m” lot was covered with a plastic cover (greenhouse)
and cultivated with a commercial ‘Ichiban’ tomato crop,
characterized by a high percentage of fruits with a mean
weight of 250 g, uniform maturity, homogenous coloration
and excellent postharvest behavior. The greenhouse had
a mean temperature of 19.5°C, with daily temperature
averaging maximums of 29.7°C and minimums of 10.4°C
(Tab. 1).

The plants were sown at a distance of 0.3 m between the
plants and 1.1 m between the rows, with a cultivation
density of 30,303 plants/ha. The fertilization program
was established through an analysis of the soil and was
implemented through fertigation. The phytosanitary

TABLE 1. Maximums and minimums temperatures in the days after anthesis for the tomato hybrid Ichiban crop in the municipality of Sachica-Boyaca.

Days after anthesis 14 21 28 35 42 49 56 63
Maximum temperature (°C) 31.6 28.7 29.5 21.7 28.2 28.7 34.2 291
Minimum temperature (°C) 115 8.8 9.6 114 12.0 9.4 10.7 9.6
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management and other cultivation tasks were carried out
with the technical recommendations of the plant physiol-
ogy laboratory of the Universidad Pedagogica y Tecnologica
de Colombia (UPTC), Tunja.

Three plants were taken per sampling unit, for a total of
24 plants, randomly marking four clusters in each one.
Of these, 30 flowers in the anthesis stage were marked.
After fruit set, five fruits were taken from each cluster for
the respective physical evaluations, which were taken im-
mediately under cold conditions to the UPTC laboratory
in Tunja. The measurements were taken every 8 d for a
total of eight samplings. The sampling started 14 d after
anthesis (DA A) and lasted until the fruits reached grade 5
according to NTC 1103-1 (Icontec, 1995) with a completely
red fruit epidermis color, 59 (DAA), thereby completely
encompassing the development and growth of the fruits.

In order to determine the thermal-time (accumulation
of heating degree-days (GDD)), a humidity/temperature
Datalogger RHT-20 (Extech Instruments Waltham, MA)
was installed that registered the minimum and maximum
temperatures from anthesis to harvest. With the obtained
data, the GDD was calculated with Eq. 1, used by Rodriguez
and Flérez (2006):

Thax + T,

2"”") - T base (1)

HDD = <
where T max is the maximum daily air temperature; T min
is the minimum daily air temperature; and T base is the
minimum temperature for the metabolic processes of the
plant organs. In the particular case of tomato fruits, the
latter is 10°C when using studies conducted under condi-
tions similar to those of the reference, Zotarelli et al. (2009)
and Ardila et al. (2011).

The variables evaluated to determine the growth of the
fruits included: fresh mass (g), obtained immediately after
collecting the samples; dry mass of the fruits (g), obtained
after subjecting the fruits to 75°C until reaching constant
weight, taken with a 0.01 g precision balance (Ohaus, model
AS-1208S, Parsippany, NJ); and equatorial and polar diam-
eters (mm), taken with a 0.05 mm precision digital vernier
caliper (Mitutoyo Corporation, Kanagawa Japan). With
these data, the absolute growth rate (AGR) and the relative
growth rate (RGR) were calculated with the methodology
employed by Carranza et al. (2009), using a functional ap-
proach for this model. The obtained data were analyzed
with descriptive statistics by calculating the arithmetic

mean and the standard error. The logistic, nonlinear model
was created with SAS® v.9.2e (SAS Institute Inc., Cary, NC).

Results and discussion

The statistical analysis demonstrated that, in all of the
evaluated variables, there were significant differences
(P<0.01) for the employed models. The variables fresh mass
and dry mass were fitted to a logistic model; the polar and
equatorial diameters were fitted to a polynomial model;
and the polar and equatorial diameter ratio was fitted to a
linear model. All of the parameters presented coefficients of
determination (R”) higher than 0.9, indicating a high good-
ness of fit in each of the models for explaining the studied
biological phenomena as a function of the chronological
time and thermal-time (GDD) (Tab. 2). Ardila et al. (2011)
found similar results when studying three tomato hybrids.
In addition, Casierra-Posada et al. (2007) fitted the studied
variables to a cubic model, except for the AGR, which was
titted to an exponential model. However, the response was
similar to the one found in the present study.

Growth and development

The tomato hybrid Ichiban, under the studied conditions,
presented anthesis at 50 d after transplant (dat) and the
fruits reached physiological maturity 49 DAA, seen as the
moment when the fruits had developed all of their organo-
leptic characteristics; during this period 510.2 GDD were
accumulated. These results are similar to those reported
by Ardila et al. (2011), who studied three tomato hybrids
and found that the accumulation was higher than 700
GDD when obtaining the physiological maturity of the
fruits, demonstrating the envirogenomic relationship with
the growth of fruits for each of the hybrids of a species.
Casierra-Posada et al. (2009), in studies carried out on the
tomato hybrids Sofia, Bravona and Granitio under similar
conditions, found that physiological maturity was reached
at 64 DAA, 5 d later than the hybrid in this study. This led to
the conclusion that the studied hybrid could be considered
an early-ripening tomato with very good characteristics of
adaptation to zones over 2,200 m a.s.l. and a mean tempe-
rature of 24°C under a covered production system.

According to De Koning (1994) and Islam (2011), tem-
perature accelerates the fruit development rate, i.e. a
high temperature results in an earlier attainment of the
maximum growth rate and fruit maturation, in agreement
with the present study. Therefore, temperature is one of
the more important ambient factors that determine the
growth period of fruits, exercising influence on the sink
strength of fruits through an increase in the development
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rate and can be represented through an accumulation of
degree-days throughout the fruit growth cycle, from fruit
set to maturation (Rodriguez-Fuentes et al., 2012), which
confirms the effect of temperature seen in the greenhouse
during this research.

According to Jaramillo et al. (2013), tomato production
depends mainly on two factors: the physiological condi-
tion of the plant and external conditions thereof. The
external conditions include: soil and air moisture, radia-
tion and temperature, which influence the physiological
condition of the plant. The development of the cluster,
flower, pollen viability, fruit shape, plant growth and fruit
set of the fruit are affected by temperature and thus affect
production (Hatfield and Prueger, 2015). Therefore, the
temperature and climate are the main influential factors
in most developmental stages and physiological processes
of the plant, this depends on the thermal value reached in
the greenhouse at each critical period. As the tomato crop
of temperate climate, this benefits from mild temperatures.
Fluctuations of day-night temperatures (thermal period) or
temperature swings (Almanza et al., 2012) benefit growth
and development in the case of the tomato, with differences
of 6 and 7°C day/night (Maroto, 2000); in the present study,
19°C temperature variations generated by the greenhouse
environment were seen.

Likewise, an effect from the temperature oscillations, which
can occur over short periods of time, was observed on the
sink strength of the vegetative organs through modifica-
tions of the metabolic reaction rates, meaning biochemical
reactions are accelerated with increases in temperature (De
Koning, 1994; Gary et al., 2003).

Fruit diameter

The polar and equatorial diameters of the ‘Ichiban’ hybrid
were fitted to a polynomial model, which described three
growth stages: an initial cellular division phase, which
coincided with an accumulation of 50 HDD; followed by
a rapid accumulation of the diameter due to processes of

cellular elongation, from 50 to 300 HDD; and a final phase
in which the fruits reached maximum growth when they
were harvested with a total accumulation of 510 HDD. The
fruits achieved the maximum polar and equatorial diame-
ters at 450 HDD (42 DAA); this behavior was fitted to a
simple sigmoid model, which is common in fleshy fruits.
In Fig. 1A, the primary low growth phase is not evident
because, in order to clearly observe changes, more closely
spaced samples must be taken, as indicated by Casierra
and Cardoso (2009).

An increase in the diameters and in the volume of tomato
fruits depends on the epidermal extensibility (Thompson,
2001). While the epidermal cells divide throughout the en-
tire development of the fruits, the division in the pericarp is
limited to a short period of fruit development and is located
in the external tissues around which there is vascular tissue
and, in the hypodermis once the cellular division is over,
cellular expansion starts in order to increase the fruit size
(Bertin, 2005).

The ratio between the polar diameter and equatorial di-
ameter was fitted to a linear model with a coefficient of
determination of 0.91. The Ichiban hybrid was observed
to have a fruit shape that was determined almost at the
start of fruit set (Fig. 1B). The fruit, when starting growth,
presented a spherical shape in order to increase the polar
diameter; therefore, a slightly elongated fruit shape was
observed, which was lost during development, resulting
in a final, slightly flattened shape that is characteristic of
this hybrid. Some tomato hybrids cultivated under similar
conditions as the present study present a differential be-
havior for this parameter, with oblong or flattened fruits.
This indicates that fruit shape, in addition to being linked
to the solute and seed content, also results from the genetic
characteristics of each hybrid (Casierra-Posada et al., 2010).

Fruit shape has a high correlation with the number of
seeds, which is seen in some species of the Solanacea fam-
ily (Pefia et al., 2010). Developing seeds is a strong sink for

TABLE 2. Equations for the parameters evaluated in the determination of the development and growth of the tomato hybrid Ichiban in the municipality

of Sachica-Boyaca.

Parameter

Polar diameter (cm)
Equatorial diameter (cm)
Polar diameter/Equatorial diameter ratio
Fresh mass (g)
Dry mass (g)

Model R?
y = -2E-05x% + 0.0217x + 1.5066 0.99*
y = -0.0004x* + 0.3249x + 17.717 0.99*
y =-0.0002x + 0.8578 0.91*
y — 2467/ 1+ e(—0.0WBA‘(GDD—TR]) 099*
y = 13.3108/ 1+ (-0.0178"(6DD-160.7) 0.99*

*= significance (P<0.01)
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FIGURE 1. Polar and equatorial diameters of the tomato fruit (S. /ycopersicum) hybrid Ichiban under covered conditions in Sachica-Boyaca. A, polar
diameter and equatorial diameter; B, polar diameter/equatorial diameter ratio. Vertical bars represent the standard error (n=4).

carbohydrates that are provided as sucrose via the phloem
(Opik and Rolfe, 2005). The shape that is acquired by the
fruit during the primary growth stages results from the ef-
fect of the growth regulators produced by immature seeds,
in which, high quantities of abscisic acid (ABA) have been
found in the pericarp, in the axils, and in the loculal tissue
during the early growth stages of the fruits; however, large
quantities of indole acetic acid (AIA) were subsequently
seen, which determine the growth rhythm and the fruit
shape, with the flow of photosynthates and water being
the final determinates of fruit growth, both for size and
shape (Kojima, 2005).

Fresh mass and dry mass of the fruits

The variables of fresh mass and dry mass of the fruits were
fitted to a logistic, nonlinear model, describing the simple
sigmoid type growth found in fleshy fruits (Salisbury and
Ross, 1994; Agusti, 2013). These results agree with those
reported by Casierra-Posada et al. (2007) for tomatoes
under conditions similar to those of the present study. It
was observed that the fruits rapidly increased the accu-
mulation of dry mass starting at an accumulation of 90
HDD (7 DAA), achieving the maximum dry mass with the
accumulation of 300 HDD (29 daa), followed by entrance
into the maturation phase. ‘Ichiban’ tomato hybrid fruits
present three growth phases as described by Opara (2000)
both for the fresh mass and the dry mass: an initial phase
with a low mass quantity, possibly due to the fact that this
phase is dominated by cellular division; followed by fruit
filling with a predominance of cellular elongation and a
possible decrease in respiration (Kays, 2004); and a final
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phase of slow growth (Fig. 2), almost imperceptible; during
this phase, fruits begin to present physical, physiological,
and biochemical changes that are characteristic of the fruit
maturation process (Seymour et al., 2013).

The dry mass accumulated by tomato fruits mostly results
from the photoassimilates produced in the leaves and
transported to the fruits, according to the dynamic of the
source/sink ratio. Therefore, the sink strength of an organ
is the potential demand or capacity of the organ for the ac-
cumulation of assimilates (Marcelis and Heuvelink, 2007).
As such, fruits are established as the principal sink organs
and can compete with others, such as the vegetative organs,
for the available assimilates (Peil and Galvez, 2005). It is
for this reason that these effects on yield are mainly due
to a higher CO, concentration (Marcelis et al., 2014). The
tomato, in its early growth stages, accumulates a minimum
amount of dry matter, but this is high when observed in
the last stage of full production. This is due to the high
metabolic demand that occurs during fruit filling and oc-
curs even when there is a phenotypic difference between
cultivars of the same species. This makes, that the order
of priority in the allocation of assimilates change with the
phenological stage (Casierra-Posada et al., 2007; Andriolo
and Falcdo, 2000; Hernandez et al., 2014).

Absolute growth rate and relative growth rate

In terms of the absolute growth rate (AGR), based on
the dry mass of the Ichiban hybrid tomato fruits, a bell-
shaped, typical behavior was observed, characteristic of
this fruit type, demonstrating an increase from the start
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FIGURE 3. Absolute growth rate and relative growth rate of the tomato fruit (S. lycopersicum) hybrid Ichiban under covered conditions in Sachica-

Boyaca. A, absolute growth rate; B, relative growth rate.

of GDD accumulation in the fruit until reaching 150 GDD
(16 DAA), with a subsequent decrease until 400 GDD (89
DAA), then stabilizing until harvest, accumulating 510.2
GDD in the chronological time of 49 DAA (Fig. 3A).

According to Hunt (2003), the AGR is a reliable parameter
in terms of the instantaneous accumulation of dry mass, as
well as the sink strength of fruits, making it a very impor-
tant parameter for the planning of agricultural tasks that
must be carried out in crops because, when presenting the
highest AGR, the fruits are more sensitive to influences
from activities such as foliar fertilization, providing water
and a higher supply of solar energy (Casierra-Posada and
Cardozo, 2009). Likewise, the AGR can be used to inves-
tigate the ambient effect on growth and development,
which results in a better understanding of the nature of the
plant-environment interaction (Mora-Aguilar et al., 2005).
Studies carried out by Mazorra et al. (2003) indicated that
the AGR, as a growth index used in fruits, is very useful
for determining exact values for fruit growth over time,
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comparing locations and fruit placement on the plants,
but demonstrates limitations for evaluating the efficiency
of plants.

The relative growth rate (RGR) for the Ichiban hybrid
under the conditions of the present study demonstrated
a behavior similar to the one reported by Ardila et al.
(2011), presenting a constant decrease over time (Fig.
3B) because the RGR is an index of the efficiency that
expresses growth in terms of an increased rate in size per
size unit over time. In the case of tomato fruits, it indicates
the gains obtained as a sink, with the majority of the fruit
photoassimilates coming from the leaves (Casierra-Posada
and Cardozo, 2009) and a smaller amount coming from
the photosynthesis carried out by immature fruits. It is
for this reason that the comparison of the growth curves
of the AGR and RGR turn out to be important for select-
ing promising materials for the different environments in
which they develop (Gémez de Enciso, 2012), especially
given the fact that light, as an important factor in all stages
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of growth, is reflected in the growth rates and production
factor (Florez et al., 2012).

Conclusions

The Ichiban hybrid presented a simple sigmoid behavior
that is common in fleshy fruits. The polar and equatorial
diameters were fitted to polynomial models, while the fresh
mass and the dry mass were fitted to a logistic, nonlinear
model. All of the variables presented statistical differences
(P<0.01) and coefficients of determination above 0.9, in-
dicating that the models are suitable for explaining the
studied biological phenomena. The analysis of the growth
and development for the thermal-time led to the conclu-
sion that the studied hybrid could be considered an early-
ripening tomato with good characteristics of adaptation to
zones over 2,200 m a.s.l. and a mean temperature of 24°C
under a covered production system. The logistic, nonlinear
model facilitated a functional analysis with a high goodness
of fit, indicating that it is suitable for estimating biological
phenomena such as fruit growth and development.
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