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ABSTRACT. : e objective of this study is to analyze the growth of wild species
of tomato, of the cultivar Redenção and of the respective F1 hybrids of interspecific
crossings. We evaluated six wild-type accessions (Solanum pimpinellifolium ‘AF 26970’,
S. galapagense ‘LA-1401’, S. peruvianum ‘AF 19684’, S. habrochaites var. hirsutum
‘PI-127826’, S. habrochaites var. glabratum ‘PI-134417’, and S. pennellii ‘LA-716’)
and the commercial cultivar Redenção (S. lycopersicum) together with their respective
interspecific hybrids. In completely randomized blocks and plots subdivided by time
(16, 28, 42, 56, 70, and 84 days aer transplanting), we evaluated leaf area (LA), total
dry matter (TDM), absolute growth rate (AGR), relative growth rate (RGR) and net
assimilation rate (NAR). e distribution of assimilates in the different organs followed
different patterns according to genotype. ere was a greater accumulation of LA and
TDM in the accessions ‘PI-127826’ and ‘PI-134417’ and in the hybrids ‘Redenção’ x
‘PI-127826’ and ‘Redenção’ x ‘PI-134417’. Due to a heterotrophic effect provided by the
crossings, there were higher LA, TDM, AGR, RGR and NAR in hybrids than in parent
plants. e accessions ‘PI-127826’ and ‘PI-134417’ presented a potential to be donor
parents for obtaining tomatoes with a greater capacity of net assimilation and biomass
accumulation.
Keywords: Solanum lycopersicum, wild accessions, growth analysis, pre-breeding.

Introduction

Tomato, in addition to the domesticated and cultivated species Solanum
lycopersicum L. and the cerasiform variety, presents several wild species
with which there is some interspecific compatibility between crosses
(Peralta, Spooner, & Knapp, 2008; Bedinger et al., 2011). e main
consequence of the S. lycopersicum domestication process is genetic
erosion, that is, the loss of important characteristics that provide
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tolerance or resistance, which began to distinguish improved plants from
their wild ancestors (Bai & Lindhout, 2007; Veasey et al., 2011).

e species S. lycopersicum was domesticated and selected outside
its center of origin in South America in an intentional way aiming to
improve the productive characteristics of interest for human needs, thus
suffering several genetic and morphological changes (Bergougnoux, 2014;
Blanca et al., 2015). On the other hand, by natural selection, populations
of wild species have undergone a selection pressure to guarantee their
reproduction and survival under the conditions of their origin. ey
developed mechanisms against the most adverse variations in the natural
environment, such as adaptations to certain edaphoclimatic conditions
and resistance to pests and diseases.

Together with crops such as coffee and cotton, tomato stands out
as one of the main species that underwent a genetic dri due to the
selection process carried out by humans outside its center of origin (Bai
& Lindhout, 2007; Veasey et al., 2011; Bergougnoux, 2014). However,
even on a small scale, the opposite has been happening. Researchers
seek alleles in wild accessions that provide resistance or tolerance and
can be reintroduced by crossing and backcrossing (Albrecht, Escobar, &
Chetelat, 2010). Among such alleles are those that provide resistance
to phytopathogens (Hurtado et al., 2012), insects and pest-arachnids
(Lucini, Faria, Rohde, Resende, & Oliveira, 2015; Dias et al., 2016) and to
abiotic stresses (Morales, Resende, Bordini, Galvão, & Resende, 2015), as
well as those that present improvements in nutritional quality. However,
studies are still needed to identify alleles in wild species and the effects of
interspecific crosses on tomato development and growth.

ere are several studies based on physiological indexes reporting
the growth and productivity of tomatoes cultivated under the most
diverse management conditions (Fayad, Fontes, Cardoso, Finger, &
Ferreira, 2001; Andriolo, Espindola, Godoi, Bortolotto, & Luz, 2004;
Lopes et al., 2011; Soares, Negreiros, Lopes, Dombroski, & Lucena,
2013; Martinazzo, Perboni, Posso, Aumonde, & Bacarin, 2015; Pedó,
Aumonde, Lopes, & Mauch, 2015). In contrast, little is known about
the detailed quantitative physiological indexes of the growth of wild
species and interspecific hybrids of tomatoes in comparison to cultivated
tomatoes.

Indexes determined by a physiological analysis of plant growth
measure the ability of plants to synthesize and allocate carbohydrates
to various organs that depend on photosynthesis, thus quantifying the
performance of net assimilation during a certain period (Lopes et al.,
2011). Basic studies on the quantitative growth of tomato species and
interspecific hybrids in different environments may contribute to the
understanding of the interactions between genotypes and environments
and, consequently, contribute to the development and selection of
cultivars with high yields under certain growing conditions.

Considering the information above, the objective of this study is to
analyze the growth of wild tomato species, of the cultivar Redenção and
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of the respective F1 hybrids of interspecific crossings cultivated in two
environments.

Material and methods

e experiments were conducted during the agricultural year 2015/2016
in the Center for Research on Vegetables of the Department of
Agronomy of the State University of the Center-West (Unicentro),
located in the municipality of Guarapuava, Paraná State, latitude 25° 38’
S, longitude 51° 48’ W, and altitude of 1,100 meters.

e experiment was conducted in a protected external environment,
where we used a greenhouse with evaporative air cooling provided by an
air extractor installed on opposite sides and running water in expanded
clay. Within this environment, the seedlings were transplanted to pots
with a capacity of 10 dm3 containing sieved soil and cattle manure at
a 3:2 ratio. For the external environment, a field 110 m distant from
the protected-environment experiment site was used. In it, plowing was
performed, and then a rotation waxer was used for the preparation of 1.0
m-wide beds.

In the protected environment, we evaluated six wild accessions
(Solanum pimpinellifolium accession ‘AF 26970’, Solanum galapagense
accession ‘LA-1401’, Solanum peruvianum accession ‘AF 19684’,
Solanum habrochaites var. hirsutum accession ‘PI-127826’, Solanum
habrochaites var. glabratum accession ‘PI-134417’ and Solanum pennellii
accession ‘LA-716’) and the commercial cultivar Redenção (strain of
Solanum lycopersicum with characteristics for processing), along with
their interspecific hybrids (‘Redenção’ x ‘AF 26970’), (‘Redenção’ x
‘LA-1401’), (‘Redenção’ x ‘AA-1961’), (‘Redenção’ x ‘PI-127826’),
(‘Redenção’ x ‘PI-134417’), and (‘Redenção’ x ‘LA-716’). In the
external environment, we evaluated all the genotypes of the protected
environment, except for the S. pennellii accession, because the plants died.
Interspecific parents and hybrids were arranged in a block design with
random plots subdivided into time, with three replications. Each plot
consisted of eight genotypes, and the subplots were divided by sample
collection times.

e sowing was performed in expanded polystyrene trays with 200
cells containing commercial substrate based on bio-stabilized pine bark
and incubated in a hydroponic floating system inside a greenhouse.
e sowing of the accessions ‘AF 26970’ and ‘AF 19684’ and the
interspecific hybrids was performed together with that of the Redenção
strain. e sowing of the accessions ‘LA-1401’, ‘PI-127826’, ‘PI-134417’,
and ‘LA-716’ was performed ten days earlier due to differences in
germination, emergence and initial development. e seedlings were
transplanted 27 days aer the emergence of the female parent plant, when
they had 4 to 5 expanded leaves (December 22, 2015).

In the experimental units of the protected environment, the pots
containing plants were organized in four rows spaced 0.40 m apart at 0.40
m between plants. In the external environment, each experimental unit
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consisted of a bed with two continuous rows spaced 0.90 m apart and 0.40
m between plants.

In both environments, the soil classified as a Brown Latosol, with a very
clayey texture (Empresa Brasileira de Pesquisa Agropecuária [Embrapa],
2013), was corrected early, according to the needs indicated by soil
chemical analysis, by applying calcitic limestone to increase the base
saturation to 80% and maintain a 4:1 ratio between Ca and Mg. To
carry out basic fertilization, 15 g of NPK (4-20-20) and 7.0 g of simple
superphosphate were used per plant. Irrigation was carried out using
micro-drippers according to the needs of the crop and based on the
criteria established for tomatoes in each environment.

During the experimental period, the daily minimum and maximum
air temperature data for the external environment were collected at
the automatic meteorological station of the Central-Western State
University, campus Cedeteg, located 180 m from the experiment site. In
the protected environment, data collection was performed daily using
maximum and minimum temperature thermometers.

To obtain primary growth data, successive samplings were performed
in the morning at fourteen-day intervals up to 84 days aer transplanting
(DAT). e leaf area of green leaves (LA) was obtained using a bench leaf
area meter (Area Meter, LI-COR®, LI 3100C) and expressed in square
centimeters per plant (cm2 plant-1). At each collection, the plants were
fractionated into roots, stems, leaves and fruits; then, the roots were
washed under running water. To obtain dry matter, the material was
placed in a forced-air circulation oven at 65ºC until constant weight, and,
in sequence, we determined the dry matter of roots, stems, leaves and
fruits using a 0.001 g precision scale. e total dry matter (TDM) was
obtained by summing the dry matter accumulations of the different plant
parts (g): TDM = roots + stems + leaves + fruits.

According to studies on the quantitative analysis of tomato growth
(Lopes et al., 2011; Soares et al., 2013), we determined the following
functions of LA and dry matter: absolute growth rate (AGR) = (TDM2

- TDM1)/(T2 - T1) (g plant-1 day-1); relative growth rate (RGR) =
[ln(TDM2) - ln(TDM1)]/(T2 - T1) (g g-1 day-1), where ln(TDM2)
and ln(TDM1) are natural logarithms of the TDM of two successive
samplings; net assimilation rate (NAR) = [(TDM2 - TDM1)/(T2 - T1)]
x [ln(LA2) - ln(LA1)/(LA2 - LA1)] (g cm-2 day-1), where ln(LA2) and
ln(LA1) are natural logarithms of LA of two successive samplings. In all
equations, TDM2 and TDM1 and LA2 and LA1 corresponded to the
TDM and LA of two successive samplings, respectively, and T2 and T1

represent the times of sampling.
e data of the evaluated characteristics were tested for normality

and homogeneity of residual variances by Lilliefors and Bartlett tests,
respectively, and later submitted to analysis of variance. When the F test
was significant, the averages were submitted to Scott-Knott test at 5%
probability for the genotypes and polynomial regression for sampling
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times, as analyzed by ASSISTAT statistical soware version 7.7 (Silva &
Azevedo, 2016).

Results and discussion

We observed that in the protected environment, the minimum
temperature ranged between 13.3 (03/07/2016) and 21.8ºC
(12/31/2015), and the maximum temperature ranged between 24.0
(03/04/2016) and 33.9ºC (01/09/2016); in the external environment,
the minimum temperature ranged between 9.8 (03/12/2016) and 21.0ºC
(12/22/2015), and the maximum temperature ranged between 22.0
(03/04/2016) and 30.0°C (02/15/2016).

For leaf area (LA), we observed an intensified increase at 42 and 56
DAT for the protected cultivars, except for the accessions ‘PI-127826’ (S.
habrochaites var. hirsutum), PI-134417 (S. habrochaites var. glabratum),
and ‘AF 26790’ and the interspecific hybrids ‘Redenção’ x ‘PI-127826’
and ‘Redenção’ x ‘AF 19684’, which increased up to 70 DAT (Table 1).
In the external environment, the hybrid ‘Redenção’ x ‘PI-134417’ stood
out because it presented the highest values for LA at all collection times.

e stabilization and decrease of leaf area when approaching 84 DAT
(Table 1) possibly occurred due to senescence suppressing the emergence
of new leaves in most genotypes, as was also observed for tomatoes
cultivated by Lopes et al. (2011), Soares et al. (2013), and Martinazzo et
al. (2015).

For total dry matter (TDM), the hybrids ‘Redenção’ x ‘LA-1401’,
‘Redenção’ x ‘AF 19684’, ‘Redenção’ x ‘PI-134417’, and ‘Redenção’ x
‘LA-716’ obtained the greatest accumulations at 56 DAT in the protected
environment. In the external environment, the hybrid ‘Redenção’ x
‘PI-134417’ was highlighted with the highest values of TDM in all
collections (Table 2).

In both environments, the lowest TDM accumulations were observed
for the cultivar Redenção and the wild accessions ‘AF 26970’, ‘LA-1401’,
‘AF 19684’, and ‘LA-716’. In contrast, there were higher TDM values
for their interspecific descendants ‘Redenção’ x ‘AF 26970’, ‘Redenção’ x
‘LA-1401’, ‘Redenção’ x ‘AF 19684’, and ‘Redenção’ x ‘LA-716’ (Table
2).

is is possibly related to the expression of the heterotic effect of such
crossings, increasing the carbohydrate accumulation of hybrids in relation
to the average of parent plants. In general, similar performances have also
been verified for the hybrids ‘Redenção’ x ‘PI-127826’ and ‘Redenção’ x
‘PI-134417’ (Table 2).

As occurred for LA, there was a greater accumulation of TDM in
the accessions ‘PI-127826’ and ‘PI-134417’, related to the species S.
habrochaites, and in the interspecific hybrids of those accessions related to
the ‘Redenção’ cultivar. e species S. habrochaites, because it is adapted
to a wide range of latitudinal distributions, presents characteristics that
allow development and growth even when conditions are not favorable
for the development of other tomato species (Liu & Heins, 2002;
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Venema, Boukelien, Bax, Hasselt, & Elzenga, 2008; Poudyala, Khatria, &
Uptmoora, 2015).

Studies report that the use of S. habrochaites as rootstock, in
comparison with other tomato species, provided an increase in shoot
and root dry matter (Zeist, Resende, Giacobbo, Faria, & Dias, 2017)
and presented higher values for photosynthetic yield, water use efficiency
and fruit production (Zeist et al., 2017), corroborating this study, where
S. habrochaites was an interesting alternative to promote increases in
biomass accumulation.

e distribution of assimilates to the different tomato plant organs
followed different patterns according to genotype (Figure 1). When
entering the reproductive phase, more precisely with the beginning of
fruiting, there was a greater orientation of photoassimilates toward fruits
of the cultivar ‘Redenção’, the accession ‘AF 26970’ and the hybrid
‘Redenção’ x ‘AF 26970’ (Figure 1A to C).

e species S. pimpinellifolium, related to the accession ‘AF 26970’,
is a direct ancestor of the cultivated tomato, which could have migrated
from an Andean center of origin to the north of South America,
been domesticated by the Indians and been taken to other continents
(Peralta et al., 2008). e highest percentage of dry matter of fruits in
S. pimpinellifolium and S. lycopersicum and their respective interspecific
hybrids are due to the characteristics related to fruit production.
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Table 1
Leaf area (LA), in cm2 plant-1, of the cultivar Redenção (female parent), wild accessions

(male parent) and the respective interspecific hybrids of tomatoes cultivated in a protected
and an external environment at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).

*Means followed by the same lowercase letters in rows belong to the same group by Scott Knott test
at 5%. For the lines, the treatments are quantitative, and the means comparison test does not apply.
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Table 2
Total dry matter, in grams, of the cultivar Redenção (female parent), wild accessions (male
parent) and the respective interspecific hybrids of tomatoes cultivated in a protected and

an external environment at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).

*Means followed by the same lowercase letters in rows belong to the same group by Scott Knott test
at 5%. For the lines, the treatments are quantitative, and the means comparison test does not apply.

Unlike ‘Redenção’ and its ancestor S. pimpinellifolium, the species S.
galapagense (‘LA-1401’), S. peruvianum (‘AF 19684’), S. habrochaites
var. hirsutum (‘PI-127826’) and var. glabratum (‘PI-134417’), and S.
pennellii (‘LA-716’), as well as their interspecific hybrids, showed a low
photoassimilate targeting to fruits (Figure 1D to M). is aspect is
possibly because such wild species present characteristics unfavorable to
fruit production, which, in addition to being pubescent, are very small
(Peralta & Spooner, 2005; Peralta et al., 2008).

In both environments, at 14 and 28 DAT, the leaves were source
drains since they were responsible for the production of photoassimilates.
ey also accumulated most of the TDM, which, from then on, was
redistributed to organs not self-sufficient photosynthetically. In contrast,
the stems, from the beginning until 84 DAT, were similar to drains, with
a continuous accumulation of dry matter (Figure 1).

From the beginning of the formation of the first fruits, we observed
that there was a higher orientation of assimilates of leaves to fruits and
stems. is was more evident for the commercial cultivar ‘Redenção’, the
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wild accessions ‘AF 26970’, ‘LA-1401’, ‘AF 19684’ and ‘LA-716’, and the
hybrids ‘Redenção’ x ‘AF 26970’ and ‘Redenção’ x ‘LA-1401’ (Figure 1A
to E).

In general, the roots in all samples were source drains (Figure 1). While
leaves provide carbon, roots provide the other organs with water and
minerals and, at the same time as the accumulation of dry matter in
shoots, new roots are emitted for absorbing essential elements that will
promote growth, flowering and fruiting (Xu, Yang, & Yang, 2001).

For all genotypes, in both environments, the net assimilation rate
(NAR) presented a cubic fit, reaching the maximum estimated values at
approximately 34 DAT and decreasing from then on until presenting a
slight increase at 84 DAT (Figure 2). As reported by Lopes et al. (2011)
and Soares et al. (2013) for cultivated tomatoes, it is possible to state that,
in this study, from 28 to 42 DAT, due to an increase in the growth of
genotypes, specifically leaf area, there was a self-shading of the vegetative
canopy, thus causing a decrease in NAR.

In general, between 28 and 56 DAT, higher values of NAR were
observed in relation to the protected environment (Figure 2). In
relation to the characteristics absolute growth rate (AGR) and relative
growth (RGR), similar performances were observed between cultivation
environments (Figures 3 and 4). ese results are because, from 42 to 72
DAT, the accumulation of dry matter in the external environment was
higher than in the protected environment (Table 2).
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Figure 1
Participation of assimilates of ‘Redenção’ (A), ‘AF 26970’ (B), ‘Redenção’ x ‘AF

26970’ (C), ‘LA-1401’ (D), ‘Redenção’ x ‘LA-1401’ (E), ‘AF 19684’ (F), ‘Redenção’ x ‘AF
19684’ (G), ‘PI-127826’ (H), ‘Redenção’ x ‘PI-127826’ (I), ‘PI-134417’ (J), ‘Redenção’
x ‘PI-134417’ (K), ‘LA-716’ (L) and ‘Redenção’ x ‘LA-716’ (M) cultivated in protected
and external environments at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).
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Figure 2
Net assimilation rate (NAR) of ‘Redenção’ (A), ‘AF 26970’ (B), ‘Redenção’ x ‘AF

26970’ (C), ‘LA-1401’ (D), ‘Redenção’ x ‘LA-1401’ (E), ‘AF 19684’ (F), ‘Redenção’ x ‘AF
19684’ (G), ‘PI-127826’ (H), ‘Redenção’ x ‘PI-127826’ (I), ‘PI-134417’ (J), ‘Redenção’
x ‘PI-134417’ (K), ‘LA-716’ (L) and ‘Redenção’ x ‘LA-716’ (M) cultivated in protected
and external environments at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).
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Figure 3
Absolute growth rate (AGR) o ‘Redenção’ (A), ‘AF 26970’ (B), ‘Redenção’ x ‘AF

26970’ (C), ‘LA-1401’ (D), ‘Redenção’ x ‘LA-1401’ (E), ‘AF 19684’ (F), ‘Redenção’ x ‘AF
19684’ (G), ‘PI-127826’ (H), ‘Redenção’ x ‘PI-127826’ (I), ‘PI-134417’ (J), ‘Redenção’
x ‘PI-134417’ (K), ‘LA-716’ (L) and ‘Redenção’ x ‘LA-716’ (M) cultivated in protected
and external environments at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).
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Figure 4
Relative growth rate (RGR) of ‘Redenção’ (A), ‘AF 26970’ (B), ‘Redenção’ x ‘AF

26970’ (C), ‘LA-1401’ (D), ‘Redenção’ x ‘LA-1401’ (E), ‘AF 19684’ (F), ‘Redenção’ x ‘AF
19684’ (G), ‘PI-127826’ (H), ‘Redenção’ x ‘PI-127826’ (I), ‘PI-134417’ (J), ‘Redenção’
x ‘PI-134417’ (K), ‘LA-716’ (L) and ‘Redenção’ x ‘LA-716’ (M) cultivated in protected
and external environments at 14, 28, 42, 56, 70 and 84 days aer transplanting (DAT).

As for AGR, interspecific parents and hybrids presented different
results explained by quadratic, cubic and fourth-degree regression
equations. e estimated absolute growth rates were different from
one genotype to another, with the maximum growth occurring in the
protected environment between 33 and 54 DAT and in the external
environment between 44 and 76 DAT (Figure 3). It can be stated that the
difference in absolute growth is due to the genetic diversity of the studied
genotypes.

Regarding RGR, as also observed for NAR, all genotypes presented a
cubic fit. e maximum estimated growth data occurred at approximately
34 DAT, decreasing thereaer, and slightly increasing at 84 DAT (Figure
4). In studies conducting analyses of tomato growth, decreases in the
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values of RGR along the cycle are commonly reported. ey are related
to decreases in the net assimilation rate and in the ratio between leaf area
and total dry matter (Fayad et al., 2001; Soares et al., 2013).

Biomass accumulation and growth rates may be due to a balance
between plant availability and carbon demand. For Aumonde, Lopes,
Moraes, Peil, and Pedó (2011), this phenomenon presents a logistic
behavior because at the beginning of development the growth is slow, and
from then on, there is an exponential phase in which there are increases
in rates until growth becomes slow again. us, growth is characterized
as limited.

Although the accessions referring to wild species presented NAR,
AGR, and RGR similar to ‘Redenção’, we observed higher NAR and RGR
for interspecific hybrids in the external environment when compared to
their parent plants (Figure 2B to K and Figure 4B to K) and increased
AGR in both growing environments (Figures 3B to 4K). As also verified
for the accumulation of total dry matter, it can be considered that the
heterotic effect of interspecific crossings resulted in an increase in net
assimilation rates and absolute and relative growth in comparison to
parent plants.

Due to low fruit production, wild tomato species have a low
commercial value (Peralta et al., 2008), as shown in Figure 1. However,
the crossings of wild accessions with ‘Redenção’ were promising for
breeding programs, as they provided interspecific hybrids with increased
NAR, AGR, and RGR (Figures 2 to 4). Among them, ‘PI-127826’ and
‘PI-134417’, related to the species S. habrochaites var. hirsutum and
glabratum, stood out. ey also provided the greatest increase in leaf area
accumulation and total dry matter.

Although the accessions ‘PI-127826’ and ‘PI-134417’ are commonly
used by means of interspecific variability to incorporate features that
confer resistance to pests into the tomato species S. lycopersicum, no
interspecific cross-breeding information is available for the species S.
habrochaites for maximizing biomass accumulation.

Based on the evaluated characteristics of quantitative growth, it
is possible to state that the tomato species and interspecific hybrids
studied presented a diversity of behaviors regarding the synthesis and
allocation of carbohydrates. Until then, there was no information in the
literature addressing the quantitative growth of interspecific species and
tomato hybrids, and this type of analysis, in addition to allowing growth
evaluation, also allows measuring vegetative behavior based on different
physiological processes, adaptation under cultivation conditions and fruit
yield.

e results obtained by the growth analysis could be used by breeding
programs of tomatoes aiming to develop genotypes with increased
biomass accumulation.
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Conclusion

e tomato species Solanum habrochaites var. hirsutum accession
‘PI-127826’ and Solanum habrochaites var. glabratum accession
‘PI-134417’ have the potential to be used as donor parents for the
development of lineages with a greater capacity for net assimilation and
biomass accumulation.
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