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ABSTRACT

The tomato cultivation in the Amazon is not feasible
mainly due to the natural infestation of Ralstonia solanacearum
in the soil. Preventive control through grafting has been one of
the main alternatives to manage this problem. This study aimed to
evaluate the compatibility of Solanaceae genotypes as rootstocks
for ‘Santa Clara’ tomato, aiming to control the bacterial wilt.
Five rootstocks were evaluated: cubiu; red jurubeba; jurubebao;
commercial hybrid tomato rootstock Guardido; and ‘Santa Clara’
tomato (self-grafting). In the seedling phase, characteristics of
rootstock survival rate and compatibility were evaluated; while,
in the field, that happened for survival rate, compatibility and
fruit yield. In the seedling phase, Guardido and red jurubeba
showed the best performances. In the field, red jurubeba presented
a low compatibility, although it obtained the best productive
performance among the wild rootstocks. Guardido obtained
the best compatibility and yield among the studied rootstocks.
Grafting is a viable technique for tomato production under soil-
borne disease conditions.

RESUMO

Enxertia de tomateiro em genoétipos de
solanaceas para o controle da murcha bacteriana
(Ralstonia solanacearum Smith 1896)

Na Amazonia, o cultivo de tomateiro ¢ inviabilizado,
principalmente, pela infestagao natural de Ralstonia solanacearum
no solo. O controle preventivo por meio de enxertia tem sido uma
das principais formas de contornar o problema. Objetivou-se avaliar a
compatibilidade de gendtipos de solandceas como porta-enxertos para
o tomateiro ‘Santa Clara’, visando ao controle da murcha bacteriana.
Foram avaliados cinco porta-enxertos: cubiu; jurubeba vermelha;
jurubebdo; porta-enxerto comercial de tomateiro hibrido Guardiao;
e tomateiro ‘Santa Clara’ (autoenxertia). Em fase de muda, foram
avaliadas caracteristicas de pegamento da enxertia e compatibilidade;
e, em campo, a taxa de sobrevivéncia, compatibilidade e
produtividade das plantas. Na fase de muda, Guardido e jurubeba
vermelha apresentaram os melhores desempenhos. Em campo,
a jurubeba vermelha demonstrou baixa compatibilidade, embora
tenha obtido o melhor desempenho produtivo entre os porta-enxertos
silvestres. Guardido obteve a melhor compatibilidade e produtividade
dentre os porta-enxertos estudados. A enxertia ¢ uma técnica vidvel
para a produgao de tomateiro em condi¢des de patdogenos no solo.

KEYWORDS: Solanum stramoniifolium, Solanum crinitum,
Solanum sessiliflorum.

INTRODUCTION

Tomato (Solanum lycopersicum L.) belongs
to the Solanaceae family and comes from Andean
regions inhabited by the Incas in Peru, Bolivia and
Ecuador (Filgueira 2007). It is cropped in practically
all geographical regions of the world, under different
cultivation and management systems. It is one of the

PALAVRAS-CHAVE: Solanum stramoniifolium, Solanum
crinitum, Solanum sessiliflorum.

most consumed vegetables worldwide and one of the
main vegetables produced in Brazil, reaching the
fresh or processed consumer market (Conab 2019).

Most of the Brazilian tomato production is
concentrated in the states of Goias, Sdo Paulo and
Minas Gerais. The northern region, in 2018, was
responsible for the production of over 11.9 thousand
tons of tomato, with 6.2 thousand tons of this
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production referring to the state of Para; an incipient
value, when compared to the national production
(Agrianual 2019).

The combination of high temperature and
relative humidity in the Brazilian northern region
creates an environment favorable to soil-borne
diseases, complicating the production in the Amazon.
Among these, the bacterial wilt, caused by Ralstonia
solanacearum (Smith 1896), is one of the main
diseases of Solanaceae in tropical climates (Lopes
et al. 2015).

The control of bacterial wilt after its
establishment in the field is difficult, due to the large
number of hosts and the inefficiency of chemical
control. For this reason, integrated management
should be adopted, based on the observation of
several preventive and complementary control
measures (Lopes 2009).

In this scenario, grafting emerges as an
alternative for disease control, wherein the resistant
rootstock remains healthy, assuming the role of
absorbing water and nutrients from the soil, whilst
isolating the susceptible cultivar from the pathogen
present in the soil (Peil 2003), requiring compatibility
between the rootstock and the scion (Fernandes 2016).

Compatibility is the ability of a plant grafted
onto another to successfully achieve union and
development as a single plant; and incompatibility is
the total or partial lack of survival of grafted seedlings
(Miguel 1997). The greater the genetic or botanical
affinity between the plants to be grafted, the greater
is the compatibility and the probability of success in
grafting (Peil 2003).

The use of commercial rootstocks for tomato
has become popular because, in addition to protecting
the plant against diseases, it reduces the problem of
incompatibility associated with the use of different
species/genera (Lopes et al. 2015).

Thus, the use of tomato hybrids as rootstock
has the advantage of facilitating the grafted seedlings
production, with a high rate of success. However,
there is the disadvantage that the resistance level
of the rootstock is not complete (Lopes 2009). In
contrast, grafting tomato onto wild Solanaceae
species guarantees a better level of protection for
the plant, but also a possible compatibility problem
(Lopes 2009).

For this reason, the use of native Solanaceae,
which are adapted to local conditions (high temperatures
and relative humidity) and develop naturally in these

soils, must be based on careful tests that prove both
compatibility and resistance to soil-borne diseases.

In this context, this study aimed to evaluate
the compatibility of Solanaceae genotypes as
rootstock for ‘Santa Clara’ tomato, aiming to control
the bacterial wilt in soil naturally infested with
R. solanacearum.

MATERIAL AND METHODS

The study was carried out at the Universidade
Federal Rural da Amazoénia, in Igarapé-Agu, Para
state, Brazil, from July to December 2018. The
climate of the region is Am,, according to the Képpen’s
classification (Alvares et al. 2013). Temperature and
relative humidity data for the growing period are
shown in Figure 1.

The experiment was divided into two
evaluation phases: the first on nursery seedlings and
the second on plants under permanent cultivation,
in a greenhouse. In the seedling phase, a completely
randomized design was used, with five treatments
(rootstocks), four replications and five plants
grafted per replication. In the permanent cultivation,
a randomized block design was used, with five
treatments (rootstocks), four replications and four
grafted plants per replication.

Five rootstocks (treatments) were evaluated:
cubiu (Solanum sessiliflorum Dunal); red jurubeba
(Solanum stramoniifolium Jacq.); jurubebao (Solanum
crinitum Lam.); commercial hybrid tomato rootstock
Guardido (Takii Seed™); and ‘Santa Clara’ tomato
(Feltrin™) (self-grafting).
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Figure 1. Temperature and relative humidity data collected at an
automatic meteorological station in Igarapé-Acu (Para
state, Brazil), during the experimental period (July to
December 2018).
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The ‘Santa Clara’ tomato was used as scion
because it is the cultivar most used by tomato growers
in the region.

The sowing of rootstocks and self-grafts
was carried out in a greenhouse (nursery), in
expanded polystyrene trays with 200 cells containing
Tropstrato HT Hortaligas™ commercial substrate.
Two seeds were sown per cell, with subsequent
thinning at five days after the seedling emergence.
The rootstocks cubiu and jurubebas were sown at
30 days before the scion, due to the difference in
emergence and growth.

The plants were grafted at 24 days after the
emergence of the scions, presenting three to four true
leaves and diameter similar to that of the rootstocks,
approximately 3.00 mm below the cotyledon leaves,
where the cut for the grafting was performed. The
seedlings were cleft grafted.

To perform the grafting, carbon steel blades
and grafting clips were used. The grafted seedlings
were placed in a humid chamber until healing. Five
days after grafting, the trays containing the grafted
plants were placed in a suspended structure, in the
seedling nursery, until the evaluations.

The seedlings were evaluated for survival
rate at 15 days after grafting - obtained by counting
the number of healed grafted plants, expressed as
percentage (%); seedling height - determined from
the base of the seedling stem to the insertion of the
last leaf; number of leaves; scion and rootstock
diameter - measured at 1.5 cm above and below the
grafting region, respectively, using a digital caliper
(mm); stem and leaf fresh mass - determined by
weighing the fresh stem and leaves on a precision
scale (0.001 g); and stem and leaf dry mass -
determined by storing the stem and leaves in an oven
with air circulation at 65 °C, for 72 hours, followed by
weighing the dry mass on a precision scale (0.001 g).

Before the installation of the field experiment,
the glass test was performed according to Becker et al.
(2016), in tomato plants of the same cultivar planted
in the same area of the experiment. The presence of
R. solanacearum was identified in the soil due to the
exudation of the characteristic bacterial pus.

The soil chemical analysis was carried out for
liming, planting and cover fertilization, using the
recommendation described in Cravo et al. (2007).

The plants were transplanted to the soil at 24
days after grafting, in an arch-type greenhouse, 30 m
long and 16 m wide, 3.5 m high ceiling, side protection

screen with 50 % shading and ceiling covered with
150-micron thick low-density polyethylene film. The
spacing used was 0.5 m between plants and 1.0 m
between lines, with four plants per plot.

The two-stemmed plants were tutored using a
vertical stake. Apical pruning was performed when
the plants reached 250 cm. The irrigation system
adopted was drip tape.

The plant-health control was performed
preventively with the use of a copper oxychloride-
based fungicide, weekly and immediately after
pruning the plants.

At 30 and 62 days after transplanting, the
plant survival rate was determined. At 62 days after
transplanting, the compatibility index was determined
through the ratio between the rootstock and scion
diameter at = 1 cm from the grafting region (Simoes
etal. 2014).

Six harvests were carried out, being evaluated
the number of fruits per plant, fresh and dry fruit
mass, and yield. At the fifth harvest, the soluble solids
content (expressed as °Brix and measured with an
analog refractometer; AOAC 2000), cross-sectional
and longitudinal fruit diameter were also evaluated.
For these evaluations, the four plants of the plot were
considered, and five fruits per plant were assessed.
The evaluated fruits were classified according to
the minimum quality standard established by the
Companhia de Entrepostos e Armazéns Gerais de
Sao Paulo (CEAGESP 2019).

The data were submitted to the F test and
the averages compared by the Tukey test at 5 % of
probability. The variables plant survival rate after
grafting and transplanting were transformed to
arcsine\(x/100) (Nishijima et al. 1992), using the
statistical software AgroEstat (Barbosa & Maldonado
2011).

RESULTS AND DISCUSSION

All treatments, except for jurubebao (83.33 %),
presented a percentage of 100 % of survival success
(Table 1). The self-grafted treatment, as well as most
of the tested wild genotypes, demonstrated that the
conditions in which the grafting was performed
favored healing, without interfering in the process
of structure union. This result is also the first
indication that jurubebdo presents less morphological/
physiological affinity with the scion, when compared
to self-grafting. No statistical difference was detected
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Table 1. Survival percentage in ‘Santa Clara’ grafted tomato
seedlings, at 15 days after grafting.

Treatment Survival percentage

Cubiu 100 a
Red jurubeba 100 a
Jurubebao 83a
Guardido 100 a
Self-grafting 100 a
F test 1.9m

CV (%) 6.37

between the treatments; however, the death of the
plants of this treatment indicates the discontinuity in
the vascular bundles between the species, a sign of
incompatibility, in the first days after grafting.

Fernandes (2016) obtained a 100 % survival
rate for all treatments, including cubiu, jurubeba
(Solanum viarum Dunal) and ‘Yoshimatsu’ tomato,
using ‘Santa Cruz Kada Gigante’ (Feltrin™) tomato
as scion.

Similar results were observed by Cantu
(2009), who worked with the rootstocks Guardiao™,
Helper-M™, Anchor-T™, Dr. K™, Kagemuscha™,
Block™, Magnet™ and He-Man™, with the
commercial hybrid Paron™ as scion, obtaining a
survival rate of 100 % for all rootstocks. However,
in the aforementioned study, all rootstocks used are
commercial genotypes, differing from the present
study, which aimed, above all, to use genotypes
adapted to the local edaphoclimatic conditions of
the study region.

As for the characteristics related to the
seedlings development after grafting, the height
of the seedlings differed among the treatments,

L. T. daS. Carvalho et al. (2020)

demonstrating that the red jurubeba, Guardido and
self-grafting were the best treatments (Table 2). At
the initial stage of the newly grafted seedling, the
plant undergoes some stresses that result in growth
delay, due to the rupture of the conducting vessels.
After this time of development stoppage, the plant
re-establishes itself, giving conditions for growth
after the cell divisions of the vessels, if there is
compatibility between the rootstock and scion
(Simdes et al. 2014). Santos & Goto (2004) reported
that, at the initial stage, after grafting, it is important
to note that the early development of a grafted plant
is a good suggestion of compatibility.

The treatments cubiu, red jurubeba and self-
grafting presented the best values for the variable
number of leaves. However, cubiu and self-grafting
did not differ from the treatments jurubebdo and
Guardido, which presented the lowest averages for
number of leaves. This difference, therefore, may be
related to the plant adaptation after grafting.

There was no significant difference between the
treatments for scion diameter. For rootstock diameter,
cubiu presented a larger diameter (Table 2). In general,
the rootstocks showed larger diameters than the scion
for all treatments, possibly due to the morphological
difference between the studied species, which present
larger diameters than the tomato, mainly jurubebao
and cubiu, in which the diameter difference is greater
(Table 2). Assessing the stem diameter of grafted
plants is very important, especially to detect the level
of compatibility between species.

The difference between the scion and rootstock
diameters may be considered an incompatibility
parameter, considering that there is an accumulation
of cells near the grafting region. However, with the

Table 2. Seedlings height (SH), number of leaves (NL), scion diameter (SD), rootstock diameter (RD), fresh stem mass (FSM), fresh
leaf mass (FLM), dry stem mass (DSM) and dry leaf mass (DLM) of tomato seedlings grafted onto Solanaceae rootstocks,

at 15 days after grafting.

Treatment SH NL SD RD FLM DLM FSM DSM
cm mm g

Cubiu 27.00 b 4.50 ab 4.46 a 7.54a 2.88 ab 0.34 ab 4.76 be 0.40 be
Red jurubeba 4525a 5.75a 4.52a 445D 3.53a 0.40 a 6.64 ab 0.92a
Jurubebio 18.75b 4.00b 3.77a 530b 141b 0.13b 1.98 d 0.20 ¢
Guardido 52.00 a 3.75b 3.62a 4420b 2.22 ab 0.21 ab 7.72 a 0.67 ab
Self-grafting 52.50 a 4.25 ab 4.06 a 4.31b 348 a 0.33 ab 449 c 0.41 be
F test 34.51%* 3.93* 1.97"s 15.13%* 6.85%* 3.95* 21.94%* 18.37**
CV (%) 13.37 17.64 13.93 13.47 25.34 37.51 18.37 24.84

Means followed by the same letter in the same column do not differ by the Tukey test at 5 % of probability. ** Significant by the F test at 1 % of probability; * significant
by the F test at 5 % of probability; ™ not significant at 5 % of probability; CV: coefficient of variation.
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analysis of the other characteristics, in the seedling
phase, it is still not possible to affirm the lack of
compatibility among the other treatments tested,
except for jurubebao, which only equaled the other
treatments for scion diameter, presenting, for the
other variables, the worst results.

At 15 days after grafting, significant differences
among the treatments were verified for fresh stem and
leaf mass (Table 2).

For fresh leaf mass, jurubebao differed from
red jurubeba and self-grafting, which presented the
best values. For dry leaf mass, red jurubeba showed
the best result, only differing from jurubebao. The
Guardido treatment, which presented the best value
for fresh stem mass, differed from cubiu, jurubebao
and self-grafting, with no difference in relation to red
jurubeba. For dry stem mass, red jurubeba showed the
best result, not differing from Guardido, which did
not differ from the cubiu and self-grafting treatments.

There was an average value of 97.50 % for
plant survival rate at 30 days after transplanting,
with death only for the self-grafting treatment, which
did not differ statistically from the other treatments
though. At 62 days after transplanting, the self-
grafting treatment differed from the others, with a
survival rate of 6.25 % (Table 3).

These results confirm that ‘Santa Clara’
is not resistant to R. Solanacearum, which was
naturally present in the soil where the cultivation
was carried out. Therefore, non-grafted ‘Santa Clara’
is not recommended for the region, considering
that the death of the plants was due to the cultivar
susceptibility, as in the seedling phase the self-grafted
plants showed a good compatibility and high survival
rate.

As for the compatibility index evaluated at 62
days after transplanting, the cubiu, jurubebdao and
Guardido treatments showed ratios closest to 1, not
differing from each other (Table 3).

Martins (2012) argues that the best
compatibility indexes are those with values close
to 1. The red jurubeba treatment, although resulting
in a compatibility index with a value more distant
from 1, differing from the other treatments, cannot
yet be considered incompatible with ‘Santa Clara’,
because other characteristics, such as productive
performance and plant survival, need to be observed
to complete the incompatibility diagnosis.

Simoes et al. (2014) also reported a
compatibility index quite distant from 1 for red

Table 3. Plant survival rate (PS; %), at 30 and 62 days after
transplanting (DAT), and compatibility index (CI), at
62 DAT, of tomato grafted onto Solanaceae.

Treatment PS-30 DAT  PS-62DAT CI
Cubiu 100.00 a 87.50 a 097a
Red jurubeba 100.00 a 100.00 a 0.71b
Jurubebdo 100.00 a 93.75a 1.00 a
Guardido 100.00 a 100.00 a 0.99 a
Self-grafting 87.50 a 6.25b -

F test 1.00™ 21.59%%* 12.13%*
CV (%) 11.46 21.68 8.50

Means followed by the same letter in the same column do not differ by the Tukey
test at 5 % of probability. ** Significant by the F test at 1 % of probability; ™ not
significant at 5 % of probability.

jurubeba, but did not observe incompatibility with
the tested tomato cultivar. Therefore, compatibility
should not be measured with just one characteristic,
but with all of them.

The treatments varied for number of fruits
per plant and yield (Table 4). Regarding the number
of fruits per plant, Guardido showed the best result,
producing 23 fruits per plant. Mendonga et al. (2017)
observed a lower result employing Guardido as a
rootstock for ‘Ellen’ (Feltrin™) tomato, obtaining
7.5 fruits per plant in six harvests.

There was 0.624 kg plant’ in yield for
Guardido as a rootstock, being the best treatment.
However, the yield was lower than the national
average, what may be explained by the high local
temperatures.

Among the climatic factors, temperature
is the one that most affects tomato. According to
Filgueira (2007), the optimum temperature for tomato
production varies between 21 °C and 28 °C during
the day and 15 °C and 20 °C during the night, and
higher day and night temperatures affect the fruiting
and fruit fixation. The fall of tomato flowers grown
in an environment with daytime temperatures above
32 °C is due to the impracticability of the pollen
grain and the non-fertilization of eggs (Gusmao
et al. 2006). Furthermore, the air temperature in a
protected environment is always higher than in the
open (Beltrao et al. 2002, Silva et al. 2002). Thus,
the temperatures observed during the study period
(Figure 1) are outside the appropriate range for
tomato growth and development, reflecting on the
final fruit production.

For fresh and dry fruit mass, there was no
statistical difference among the treatments. Average
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Table 4. Number of fruits per plant (NFP), fresh fruit mass (FFM), dry fruit mass (DFM), transversal fruit diameter (TD), longitudinal
fruit diameter (LD), soluble solids content (SS) and yield of tomato plants grafted onto Solanaceae.

Treatment NFP FEM DEM D LD SS Ylel(?
g mm kg ha!

Cubiu 6.00 ¢ 2793 a 1.58 a 39.60 a 3527a 3.08a 2,534.47 ¢
Red jurubeba 12.18b 32.02a 145a 41.81 a 39.29a 3.00a 7,410.42 b
Jurubebao 293¢ 26.36a 0.96 a 36.08 a 3436 a 3.10a 1,859.47 ¢
Guardido 23.18 a 3591 a 121a 44.46 a 39.62 a 3.10a 1,2497.68 a
F test 70.86%* 2.19™ 1.04" 0.99™ 2.46™ 0.14™ 26.29%*
CV (%) 19.17 18.99 40.96 17.63 9.30 8.61 31.74

Means followed by the same letter in the same column do not differ by the Tukey test at 5 % of probability. ** Significant by the F test at 1 % of probability; ™ not

significant at 5 % of probability.

values 0f 35.91 gand 1.21 g were observed for fresh
and dry fruit mass, respectively (Table 4).

Different values for fresh fruit mass were
found by Cardoso et al. (2006), evaluating the quality
of tomato fruits with and without grafting of ‘Santa
Clara’ and ‘Santa Cruz Kada’ cultivars, and the hybrid
‘Débora Plus’, reporting values higher than those
obtained in the present study for all the evaluated
treatments.

As for the quality characteristics, there was no
effect of treatments. Mean values of 40.48 mm and
37.13 mm were found for transversal and longitudinal
diameter, respectively (Table 4). According to
Cardoso et al. (2006), grafting does not alter fruit
physical characteristics. These same authors found
higher values than those in this study when they
physically characterized tomato fruits from grafted
plants, in comparison with non-grafted plants,
not observing any difference between treatments.
Gomes et al. (2017), working with rootstocks for
four-stemmed tomato, also detected no difference
between treatments.

The soluble solids content is responsible for
the fruit flavor and influences the consumers choice.
In this study, the mean value for soluble solids was
3.07 °Brix, with no difference among the treatments
(Table 4). These values are lower than those observed
by Loos et al. (2009), testing ‘Santa Clara’ grafted
onto ‘Hawaii 7996’ rootstock, wherein they obtained
a soluble solids content of 4.30 °Brix.

CONCLUSIONS

1. Grafting is a viable technique for tomato production
under soil-borne disease conditions;

2. The commercial rootstock Guardido is
recommended for the study region, since it showed

a high compatibility index and 100 % of plant
survival, as well as a higher yield,;

3. Red jurubeba showed lower indications of
compatibility; however, it provided the best
productive performance to tomato among the
wild rootstocks, being able to be tested with other
cultivars for compatibility.
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