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ABSTRACT

Tomato (Solanum lycopersicum L.) production in countries like Mexico relies heavily on
the use of chemical pesticides, which can be toxic to a host of other organisms including
beneficial insects and human consumers. Environment-friendly methods of controlling
tomato diseases include agroecological practices, organic fungicides, and biological control.
Plants’ resistance against pathogens is induced by applying agents called elicitors to the
plants and would lead to disease prevention or reduced severity. The objective of this
research was to know the effect of three elicitor; namely, Activane (1.8 g L1), Micobiol (3
mL L) and Stemicol (2.5 g L) plus a control on the incidence of diseases, vigor, yield and
fruit quality of two cultivars of Bola tomato and Saladette in the greenhouse. Elicitors
decreased the incidence and severity of presented diseases and increased plant survival.
Additionally, the elicitors Micobiol® and Activane®were able to increase plant height, stem
diameter, weight and fruit diameter, while Stemicol® considerably increased fruit color,
°Brix and pH and Activane® increased titratable acid. In general, elicitors were able to
reduce disease, increase plant survival, production and improve fruit quality. These
findings provide positive directions for the possible use of these elicitors and induce
resistance in plant protection.
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INTRODUCTION internationally, due to its wide consumption,
harvested area and the economic value of the
product. In addition to its economic and
social importance in the world's production
systems, tomato has increasing nutritional
relevance because it is a significant source of
antioxidant substances (lycopene, beta-
carotene) and vitamins (Marin, 2017; Souri
and Dehnavard, 2018; Souri and Tohidloo,

Tomato (Solanum lycopersicum L.) is one
of the most important vegetables in Mexico,
since it occupies a prominent place within the
horticultural crops that are produced under
protected agriculture conditions. However,
the greenhouse environment is not problem-
free. The higher humidity, temperature and
lush green foliage create conditions that 2019). . ) Lo
enable certain diseases and insects to thrive The main tomato producing countries in the

(FIRA, 2019; SIAP, 2019). The crop is of world are China, the United States, India,
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(FAOSTAT, 2018). The single most
significant trend in tomato growing in
Mexico is the increasing area of about 43,903
hectares coming from greenhouse (including
shade house) and open field cultivation. The
production is highly concentrated, with six
states producing 53 percent of the national
production in 2020. Moreover, it permits a
large internal domestic and international
market during most of the year (SIAP, 2019).

Tomato is very prone to various diseases,
which cause low yield and quality and even
total loss. Due to their aggressiveness, only
preventive treatments show a certain degree
of effectiveness, but once the symptoms
appear, they no longer have an effect, which
is why many applications of synthetic
chemical pesticides are made (Bustamante et
al., 2013). Most pesticides are costly and
harmful to humans and the environment, so,
their use should be limited to emergencies.
However, it is recommended to use combined
strategies of pesticides (with emphasis on
biological control), organic fertilizers and
associated  culture  management and
ecological procedures (Souri et al., 2019;
Ebrahimi et al, 2021).. In these
circumstances, the demand for alternatives
such as organic products for disease and pest
control and the use of inducing molecules
also called elicitors increases (Garcia et al.,
2018; Simmons, 2018). Elicitors are natural
or mineral substances that, when applied to
plants in a preventive way, help to reduce or
avoid damage caused by diseases, pests or
adverse abiotic factors (INTAGRI, 2017).
They are presented as the most promising
method among the pathogen control
alternatives that ensure better tissue vigor,
better post-harvest quality (Souri and
Hatamian, 2019; Souri and Bakhtiarizade,
2019), production profitability and cost
reduction due to reduced use of pesticides and
healthy products (Mota, 2019). For this
reason, the primary aim of this work was to
study the potentiality of selected elicitors to
confer broad spectrum disease resistance and
production of the two tomato cultivars under
greenhouse conditions.
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MATERIALS AND METHODS
Study Area and Plant Material

Tomato is an extremely important crop for
the economy of several countries like Mexico
and thus chosen as the model plant in this
study, using two important cultivars, ‘Bola’
and ‘Saladette’, cultivated in greenhouse
conditions. The aforementioned cultivars
were cultivated under the greenhouse
“Israelita” during the summer—spring 2019-
2020 at the Center for Protected Agriculture
(CAP) of the Faculty of Agronomy of the
Autonomous University of Nuevo Leo6n
(UANL), Nuevo Leon, Mexico.
Subsequently, the analysis of the samples was
conducted at the chemistry laboratory of the
above-mentioned faculty.

Experimental Design and Treatments

In this study, a completely randomized
experimental design with four treatments was
used: T1: (Control), T2: (Activane®), T3:
(Micobiol®), T4: (Stemicol®) and four
replications, with a total of 256 plants, were
used to evaluate the effect of the elicitors in
foliar application (eight sprays) during crop
growth period. The dose recommended and
the information about the products by the
production company, “Lida de Mexico”
(Table 1) was used.

Data Analysis

Treatment comparisons according to the
findings were performed using the Tukey (P<
0.05) test to assess the association between
the variables with statistically significant
differences  between the treatments.
Statistical analyses were performed using
SPSS STATISTIC software ver. 21.0 (IBM
2015), program for Windows.
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Table 1. List of the elicitors applied on leaves of the two tomato cultivars.

Elicitor Elicitor source Elicitor properties Dosis applied
Activane® Crustaceans Chito-Oligosaccharides (COS) 18gL™
Vegetable origin Phenols
Micobiol® Yeast B-glucan 3mLL™?
Stemicol® Crustaceans Chito-Oligosaccharides(COS) 25gL™
Parameters of Study where L*, a* and b* values were measured

Vegetative Growth

The data of the variables of interest were
taken at 7-day intervals at the same time for
greater precision. The following agronomic
variables of growth and yield were evaluated
according to the methodology of Mufioz,
(2009) and Urrieta-Velazquez et al. (2012):

A measuring tape was used to measure
plant height (cm) and stem diameter was
measured with a Digital Vernier Caliper in
millimetre (mm). The evaluation of the
SPAD units was made with a SPAD brand
Minolta model 502 Plus, and the weight of
the fruits from several harvest was evaluated
by using an electronic scale. Meanwhile, the
fruit diameter was also measured with a
Digital Vernier Caliper in millimetres (mm).

Fruit Quality Variables

Evaluation of fruit quality variables was
carried out with four fruits per plant, when
they presented an intense and uniform red
surface. Meanwhile the fruit diameter was
also measured with a Digital Vernier Caliper
in millimetres (mm). The pH values and total
soluble solids were determined in the fruit
mash with the help of a potentiometer brand
"HANNA" model 211 and a digital
refractometer brand Atago model Pall,
guantification of the titratable acid content
was carried out by extracting 1.0 g of fruit
material crushed in a tube adding 9 mL of
distilled water. The mixture was titrated with
0.1N sodium hydroxide (NaOH), using 0.1%
phenolphthalein as indicator, and the results
were expressed as a percentage of citric acid
present, fruit color was objectively evaluated
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with a Chin SPEC model colorimeter
previously calibrated (Ruiz and Rodriguez,
2014, Benito-Bautista et al., 2016).

Disease Evaluated

The incidence of the disease was evaluated
considering the presence of healthy and
diseased plants at 50, 100 and 150 days after
transplant. The severity of the symptoms of
the diseases present during the development
of the crop were evaluated according to the
scale proposed by Moreno et al. (2016),
described as follows, 0= No symptoms (0%);
1= Necrotic spots (20%); 2= Necrotic lesions
(40%); 3= Necrotic lesions spots on the
surface of the leaf (60%); 4= Necrotic lesions
distributed (80%); 5= Fully affected (wilting)
or dead (100%).

Molecular Identification of Diseases

Root, stem, leaf and fruit samples were
collected from the two tomato cultivars in the
greenhouse. For fungi and bacteria, the
samples consisted of plant roots, leaves and
fruits with symptoms of pathogen attack. For
the virus, the sample consisted of 2 g of the
newest leaf located in the aerial apex with
symptoms indicating the presence such as
interveinal chlorosis, mottling and leaf
deformation. The samples were taken to the
Phytopathology Laboratory, where the
corresponding analysis was subsequently
carried out for each one as follows: (1)
Isolation of bacterial and fungi strains from
diseased tomato plants, (2) Obtaining of
bacterial DNA and amplification with
polymerase chain reaction (PCR), and (3)
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RNA extraction and virus detection by
generic PCR Begomovirus.

Sequencing and Data Analysis

The procedure for the corroboration of the
identification of bacteria, fungi and viruses
by comparing sequences 16S for bacteria and
18S/5.85/28S for fungi was revised. The
amplified products were sequenced and their
sequences were compared with GenBank of
National  Center for  Biotechnology
Information (NCBI)
(www.ncbi.nlm.nih.gov) of the quantitative
values observed; only those with the greatest
identity were considered.

RESULTS
Vegetative Growth
under

Production of tomato crop

greenhouse  conditions  through  the
applications of the elicitors in the present
study showed a significant effect on
vegetative growth. The highest plant height in
Saladette cultivar was in treatments with
Micobiol® (21.5 cm) followed by Stemicol®
(206 cm) and Activane® (19.4 cm).
Meanwhile, for stem diameter the highest
records were registered in the treatments with
Stemicol® (10.0 mm). Also, the variables of
plant height evaluated in the Bola cultivar
showed significant (P= 0.05) for these
variables, registering the highest average in
stem diameter with Stemicol® (10.0 mm).
Leaf SPAD value showed a significant
difference (P= 0.05) between the means of
the Saladette cultivar, obtaining the highest
value for the treatment Micobiol® (T3) with
46.99, followed by Control (T1), Stemicol®
(T4) and Activane® (T2) with average values
of 45.17, 4.14 and 44.33, respectively.
Meanwhile, the Bola cultivar did not show a
significant difference (P= 0.05) between the
treatments of this variable (Table 2).

Table 2. Effect of elicitors on vegetative growth of the tomato cultivars.”

Treatment Plant height (cm) Stem diameter (mm) Number of leaves SPAD
Saladette cultivar

T1 - Control 18.6875 ¢ 8.9013 ¢ 14.7812 a 45.1750 b
T2 — Activane® 19.4375b 9.2125b ¢ 15.2343 a 44,3312 ¢
T3 — Micobiol® 21.5000 a 9.9894 b 14.9218 a 46.9984 a
T4 — Stemicol® 20.6250 b 10.0788 a 15.0156 a 45.1406 b
Bola cultivar

T1 - Control 28.8667 ¢ 11.6500 a 18.4969 a 50.6870 a
T2 — Activane® 30.7500 a 11.9233 a 18.7188 a 50.0235 a
T3 — Micobiol® 30.2000 b 12.0193 a 19.1240 a 50.6258 a
T4 — Stemicol® 29.7500 b 11.7816 a 18.6563 a 49.7156 a

A Means with the same letter within each column do not differ statistically (P= 0.05).

Fruit Weight and Diameter

The statistical analysis for the parameters
under study showed a significant difference
(P= 0.05) for the variables weight and
equatorial diameter of the fruits in the
Saladette cultivar. Meanwhile significant
difference (P= 0.05) was registered for the
variables of weight and polar diameter of
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fruits in the Bola cultivar. For both cultivars,
the highest value of fruit weight and polar and
equatorial diameter were found in the
treatment Micobiol® with 128.0 g, 64.1 mm,
and 52.4 mm, respectively. The evaluated
variables allow knowing the balance between
the weight and the diameter of the fruit in the
harvest of the two cultivars of tomato (Table
3).
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Table 3. Fresh fruit weight, polar and equatorial diameter of the two tomato cultivars as

affected by elicitors.”

Treatment Fresh weight of fruit (g) Fruit diameter (mm)

Polar Equatorial
Saladette cultivar
T1 - Control 107.13b 60.12a 50.69 ab
T2 — Activane® 91.46¢c 60.02 a 47.23b
T3 - Micobiol® 128.07 a 64.10a 5245a
T4 — Stemicol® 111.45b 63.33a 51.11ab
Bola cultivar
T1 - Control 169.03 b 49.83b 69.38a
T2 — Activane® 131.01¢c 52.24 ab 68.13 a
T3 — Micobiol® 176.21a 53.16 ab 69.46 a
T4 — Stemicol® 175.20 a 54.66 a 69.46 a

A Means with the same letter within each column do not differ statistically (P= 0.05).

Yield

The highest fruits yield was obtained from
the plants treated with elicitors in comparison
with the untreated ones. The statistical
analysis did not show any significant
difference (P= 0.05) for the Bola cultivar.
However, a significant difference (P= 0.05)
was recorded for the Saladette cultivar,
obtaining the highest average in the
treatments Activane® (T2) with 70 fruits per
square meter and 7.2 kilograms per square
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meter. The treatments with elicitors Control
(T1) presented the lowest average for the
number and weight of fruits (Figure 1).

Fruit color

The colors of the ripe fruits were deep and
uniform red. Visual perception was not
different between the treatments for the two
cultivars evaluated during the period of the
evaluations (Figure 2).
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Figure 1. Effects of the elicitors on yields of the two tomato cultivars: (A) Saladette and (B)

Bola under greenhouse conditions.
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Figure 2. Ripe fruits of intense and uniform red color in both tomato cultivars
were selected and evaluated for greater precision of this variable.

Coordinates (a*: b*: C*)

Under the study conditions, statistical
analysis of the parameter a*did not show
significant difference (P= 0.05) for the two
tomato cultivars. However, for the
parameters b* and c* showed significant
difference (P= 0.05) between the means of
the treatments in Saladette cultivar; treatment
Stemicol® (T4) being the one that had the

most influences on these coordinates. On the
other hand, the Bola cultivar showed a
significant difference in the Hue angle (H*)
and Color Index (IC). The values of this
cylindrical coordinate H* showed the highest
value for the treatment Activane® (T2) in the
two cultivars (54.17 and 50.38), with
treatment Control (T1) as the one that
presented the lowest values in both (Table 4).

Table 4. Comparison of means of the fruits color coordinates of the two tomato cultivars as affected by

elicitors.A

Treatments Luminosity (L*) Hue angle Red contribution Yellow Chroma Color

(H*) (a*) contribution (b*) (%) Index
(I1S)

Saladette cultivar

T1 - Control 36.57 a 46.18 a 20.70 a 21.50b 29.84 b 27.06 a

T2 — Activane® 37.11a 50.38 a 19.96a 23.76 ab 31.50 ab 23.52a

T3 — Micobiol® 34.97 a 46.19a 2151a 2241 ab 31.12ab 27.06a

T4 — Stemicol® 35.78 a 47.36 a 21.87a 23.93a 3251a 26.08 a

Bola cultivar

T1 - Control 38.76 a 4855¢ 18.10a 20.53 a 2744 a 23.10a

T2 — Activane® 39.16 a 54.17 a 16.13 a 22.45a 27.79 a 18.80b

T3 — Micobiol® 38.86 a 51.45Db 18.05a 22.36a 28.86 a 21.19ab

T4 — Stemicol® 38.26 a 50.45b 17.82a 21.61la 28.175a 22.05ab

A Means with the same letter within each column do not differ statistically (P= 0.05).

Total Soluble Solids (TSS), pH and
Titratable Acidity of Fruits

In this study, the total soluble solids (°Brix)
registered a significant difference (P= 0.05)
for the Saladette cultivar, obtaining the
lowest value for the treatment Micobiol® (T3)
with 5.26, followed by Activane® (T2),
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Control (T1) and Stemicol® (T4) with values
of 537, 543 and 552, respectively.
However, for the Bola cultivar it did not show
significant difference (P= 0.05) between the
variables. The reported pH values are within
the range (4.23-4.59) obtained for the four
treatments of both tomato cultivars. The
statistical analysis did not present a
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significant difference for the variables of the
Bola cultivar. On the other hand, analysis
regarding the acidity of the fruits, showed a
significant difference for the two cultivars
with the highest being treatment Activane®

(T2) with 0.52% of citric acid, followed by
the other three treatments with an average of
0.35% (Figure 3).

1905 A 450 B
445 -
440 -
e 435 -
@ T 430-
425 -
1 Saladette
s Saladette 420 4 “Bol
mBola 415 - oa
CONTROL ACTIVANE MICOBIOL STEMICOL
CONTROL ACTIVANE MICOBIOL STEMICOL m) (12) (T3) (T4)
m @ m
Treatments Treatments
7000 C
. 6000 - a
£ 5000 - 2 by b
° c
T A0+ ¢ © be
2 .3000 -
E
6 20001 Saladett
4000 - Araalele
0000 = Bola
CONTROL ACTIVANE MICOBIOL STEMICOL
m) (12) (T3) (T4)
Treatments

Figure 3. Effects of the elicitors on: (A) Total soluble solids (°Brix), (B) pH, and (C) Titratable acid

of the two tomato cultivars.
Incidence and Severity of Diseases

The incidence of diseases was observed
mainly in plants of treatment Control (T1).
However, the result of the treatments T2, T3,
and T4 showed an incidence of 3-17% for
Enterobacter cloacae, 6-45% for Oidiopsis
taurica and 3% for Tomato Yellow Leaf Curl
Virus (TYLCV) in the Bola cultivar and 6-7%
for Oidiopsis taurica and 3% for TYLCV in
Saladette cultivar (Table 5).
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For plant survival a significant difference
(P= 0.05) was recorded for the Bola type
cultivar, while for the Saladette type cultivar
did not present a significant difference (P=
0.05). Saladette showed the highest
averagesof plants in the treatments Micobiol®
(T3) w ith (94%) and Activane® (T2) with
(91%). Finally, the lowest percentages were
presented in the Bola cultivar in the treatment
Control (T1) with (47%) (Figure 4).
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Table 5. Incidence and severity of diseases in the two tomato cultivars growing in greenhouse conditions

as affected by elicitors.

Bacteria (Enterobacter cloacae)

Fungi (Oidiopsis taurica)

Virus (TYLCV)

Incidence (%) Severity Incidence (%) Severity Incidence (%) Severity
Days after transplant (%) Days after transplant (%) Days after transplant (%)
50 100 150 50 100 150 50 100 150
Tomate Bola
T1 6 10 17 80 - 10 45 40 - - 3 5
T2 - 3 3 20 - 7 20 20 - - -
T3 6 6 6 40 - 6 22 20 - - -
T4 6 6 6 40 - 6 25 20 - - 3 5
Tomate Saladette
T1 - - - - - 7 21 20 - - 3 5
T2 - - - - - 6 19 10 - - -
T3 - - - - - 6 13 10 - - -
T4 - - - - - 6 16 10 - - -
s CONtrOl (T1) Activane (T2) A —Co_nt@(Tl) ACti"?"e (T2) B
-Micobiol (T3) s Stemiicol (T4) 105% Micobiol (T3) === Stemicol (T4)
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g p—— g 100% -
= 80% - g %%
S 2
E G c 90% -
a 3
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Days after transplant Days after transplant

Figure 4. The plant survival trend shown in the two tomato cultivars: (A) Saladette and (B) Bola under

greenhouse conditions as affected by elicitors.

Morphological and Molecular
Identification of Diseases

Out of the two tomato cultivars sampled
and with symptoms of necrosis on roots,
stems and leaves, bacterial, fungal and viral
isolations were obtained, most of which were
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characterized by having a white or creamy
color. After sequencing them (Figure 5), the
Bacteria (Enterobacter Cloacae) with an
identity of 97.8%, Fungi (Oidiopsis taurica)
and Tomato Yellow Leaf Curl Virus
(TYLCV) with an identity of 99.6% were
identified.
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Figure 5. Amplifies fragments of the bacteria and fungi identified through PCR. (A)
Amplifies fragment of the bacteria in lane 3; (B) Morphological identification of the fungus
with microscopic photos of the mycelium of the fungus, and (C) Amplifies fragment of the
virus DNA (TYLCV) in lanes 1-2. (M) Molecular weight marker.

DISCUSSION

Tomato is a world important vegetable
crop, which is severely constrained by
diseases and pests. Uncovering elicitors that
may replace the genetically modified plants
and the heavy use of agrochemicals in tomato
agriculture grasped researchers’ attention.
Several elicitors were reported to induce
resistance reactions in tomato (Lee et al.,
1999). In the present scenario of food safety
and sustainable agriculture, development of
safe and useful strategies toward better biotic
and abiotic stresses tolerance is highlighted
(Souri et al., 2019; Hatamian et al., 2020;
Ebrahimi et al., 2021). Plants need
appropriate stimuli or signal to activate their
array of defense mechanisms. Elicitors, the
small molecules, can mimic the pathogen
insight by a plant following activation of
various modes of complicated defence
reactions that includes hypersensitive
response, antimicrobial compound synthesis,
lignin accumulation in the cell wall, and over-
expression of plant defense related genes
(Chandra et al., 2014).

It was evident from our results that elicitors
Micobiol®, Stemicol® and Activane®, at a
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specific concentration significantly improved
plant growth, yield, and quality, also induced
the plant defense molecules. However,
Micobiol® (3 mL L) and Stemicol® (2.5 g
L™) were found to be most efficient among
the tested elicitors. The values of the growth
variables recorded in the present study
exceed that reported in tomato cultivation by
Mufioz, (2009). According to Maldonado et
al. (2015), tomato crop presented two well-
defined growth stages, one exponential in the
first four weeks after transplantation and the
other linear from the fourth week on. The
Micobiol® (T3) was the best treatment with
respect to the SPAD value after the eighth
application of elicitors. These results
coincide with the findings of Garcia et al.
(2018), who, after evaluating the effect of two
elicitors on the tomato crop, found a
significant difference (P=0.05 ) between the
treatments, after the second application and
an increase in chlorophyll content during the
development of the plants. With respect to
treatments with the elicitors, manganese is
said to participate in the synthesis of
chlorophyll and assimilation of nitrates.
Likewise, it has a fundamental role in
photosynthesis, respiration, water photolysis,
and assimilation of Carbon dioxide (CO2)
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INTAGRI  (2017). In the present
investigation, given that these three
treatments contain Mn that is related to
increases in photosynthetic activity, organic
treatments could be a viable option to be used
as a source of nutrients for tomatoes in the
greenhouse, when seeking to reduce the use
of conventional fertilizers (Preciado et al.,
2011).

In addition, Grijalva et al. (2009) reported
the weight of the fruit of a Saladette cultivar
ranged between 20-135 grams, and the
diameter between 25-59 mm, while in Bola
cultivar the weight of the fruit ranged
between 20-220 grams, and the diameter
between 25-59 mm. Regarding the titratable
acid results, they coincide with Nielsen
(2009), who reported that the typical amount
of acidity in tomato was citric acid and
ranged between 0.2-0.6. It is worth
mentioning that in this study, the elicitors
increased the number of fruits in the treated
plants and decreased the reduction in total
yield. These results coincide with Garcia et
al. (2018) after evaluating the effect of two
elicitors on the tomato crop found that
application of elicitors of natural origin from
plant extracts had a positive effect on the
height of the treated plants and accumulation
of biomass decreased the reduction of total
yield. On the other hand, Grijalva et al.
(2009) indicated an average yield of 25.3
kg.m? in Bola tomato, and for Saladette as the
most consistent, an average yield of 26.1
kg.m? during three years under greenhouse
conditions. Regarding the color of the fruit,
these results could be due to the different
degradation times of chlorophyll in each
cultivar, due to the content and activity of
chlorophylase and the presence of other
degrading enzymes, or to the ease of
degeneration of chloroplast structures
(Hornero-Méndez and Minguez-Mosquera,
2002). On the other hand, L6pez and Goémez
(2004) report that, for tomato fruits, the C*
coordinate is not an adequate indicator of
maturity, since it is essentially an expression
of purity for a specific color. Lépez and
GOmez (2004), reported H* values of 59.3 for
fruits at maturity for consumption (red color).
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Similarly, Santamaria Basulto et al. (2009)
reported value of 65 for H* when the fruit
reached maturity for consumption. These
results can be compared with the color index
for tomato (Lycopersicon esculentum Mill)
obtained by Lo6pez and Gémez (2004), who
found a direct correlation between this
expression and the degree of ripening, with
Color Index (CI) values around 21.8 for ripe
fruits for consumption.

The Brix degree results coincide with that
of Ramirez-Godina et al. (2013), who
indicated a range from 5.95 to 6.63 °Brix,
with a significant difference (P= 0.05 )
between the populations of different tomato
cultivars. On the other hand, our data
regarding fruit pH value were similar to those
reported by Jiménez et al. (2012), who
indicated a range of pH 3.51 to 4.51, between
three genotypes and tomato cultivars with a
significant difference (P= 0.05 ) due to the
effect of the cut-off date.

Garcia et al. (2018) found that application
of elicitors was not only observed to decrease
the symptoms of incidence of the disease, but
also promoted accumulation of total dry
biomass, the increase in height, and a lower
yield loss per plant compared to the plants
that were not treated. In this study, excised
leaves of the two tomato cultivars when
elicited with Activane® (1.8 g L™),
Micobiol® (3 L L™) and Stemicol® (2.5gL™)
induced decrease in the incidence of disease
symptoms compared to the control.
Although, treatment of tomato leaves with
other elicitors such as Micobiol® (T3) and
Stemicol® (T4) showed a greater positive
effect on the incidence of diseases than the
Control (T1). As shown in both experiments,
where the incidence of diseases and the
severity of their symptoms during the
evaluations were reduced by the application
of elicitors, this could be due to the fact that
the active compounds applied from these
elicitors activated some mechanism related to
the defense of the plant to face these
conditions.

Mortality in the treatments was influenced
by the incidence and severity of the diseases.
Both cultivars presented the highest survival
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rates at 234 Days After Transplanting (DAT)
in the plants treated with the elicitors. A
probable reason for this trend is that elicitors
promote the induction of resistance in the
treated plants; therefore, it was possible to
reduce the incidence and severity of the
disease and improve survival. These results
coincide with the findings of Garcia et al.
(2018), who evaluated the effect of two
elicitors on the tomato crop and found that the
incidence of the disease caused by F.
oxysporum and the severity of its symptoms
during the first evaluation were reduced by
the application of the elicitors of natural
origin. To explain that this could be due to the
compounds applied, they activated some
mechanism related to the defense of the
plants to face conditions of biotic stress.

Moreover, the bacteria E. cloacae
registered in this work was found affecting up
to 4% of chili seedlings (Capsicum annuum
L.) in greenhouses in Chihuahua, Mexico
(Garcia-Gonzalez et al., 2018). In this study,
we registered a new bacterial disease in
tomato crops caused mostly in plants without
elicitors. Meanwhile the powdery mildew
(Oidiopsis taurica) registered attacking the
leaves was reported by Guzman et al. (2011)
associated with four tomato genotypes of
indeterminate habit produced in greenhouse
conditions in Coahuila, Mexico. The present
study also indicates the same results where
attacks on the leaves appear as yellowish-
green spots on the upper part of the leaves,
and then the central part of the lesions
dehydrates and turns brown. Also, virus
TYLCV that belongs to the genus
Begomovirus, family Geminiviridae, is
another virus that stands out enormously for
its incidence and severity in tomato crops. It
is a DNA virus transmitted by the whitefly
Bemisia tabaci. This virus has been reported
under the shade houses and greenhouses of
The State of Sonora, Mexico, and more
recently in the agricultural area of Caborca
(Guerrero et al., 2016). In the present
investigation, we found this virus mostly in
Control plants (T1). However, Stemicol®
(T4) treated plants also showed less infection
of this virus over control.
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CONCLUSIONS

The growth and production of these two
tomato cultivars were favoured by the
application of elicitors. The elicitors that had
the highest influence in terms of plant height,
stem diameter, weight, and fruit diameter
were Micobiol and Activane, while for the
variables like fruit color, °Brix, and pH it was
Stemicol, and Activane had significant effect
on titratable acid of both cultivars. Moreover,
the incidence and severity of diseases
decreased and survival increased in plants
treated with elicitors. The elicitors Activane,
Micobiol, and Stemicol may represent an
important potential in greenhouse tomato
production to counteract the negative effects
of increased incidence and severity of
diseases and to prevent unfavourable
conditions in the development of tomato
crops.
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