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Abstract 
 

The elicitors are substances from various inorganic and organic sources that can induce 

physiological effects and changes such as the activation of defensive responses and the 

accumulation of phytoalexins in the organism to which they are applied, therefore, the objective of 

this investigation was to know the effect of the application of two elicitors of natural origin on the 

vigor of plants and the quality of tomato fruits in conditions of biotic stress caused by Fusarium 

oxysporum f. sp. lycopersici (FOL). Elicitors of natural origin (E1 and E2) were applied at 7, 15 

and 56 ddt (days after transplantation); FOL inoculation was performed at 19 ddt, using a 

concentration of 1 × 106 spores mL-1. The vigor in the plants consisted of measuring: the incidence 

and severity of the disease, SPAD units, stomatal conductance during the development of the 

plants, height, total dry weight and yield; as well as the pH, soluble solids, firmness and vitamin C 

content in the fruits. The application of the elicitors decreased the severity of the symptoms of the 

disease. The elicitor E2 increased the height of the treated plants, the accumulation of biomass and 

avoided the reduction in yield, also decreased the content of soluble solids in the fruits. It is 

concluded that the application of elicitors of natural origin from plant extracts had a positive effect 

on the vigor of the tomato plants inoculated with FOL by increasing the height and accumulation 

of total biomass, in addition to that some quality variables were modified of the fruit. 
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Introduction 
 

Plants are organisms that have evolved to grow and develop in environments where there are 

different stress factors, this due to the development of specific mechanisms that allow them to 

detect changes in the environment and respond to them, minimizing possible damage and in 

turn conserving resources that allow him to continue with his development (Atkinson and 

Urwin, 2012). Biotic stress is caused by the attack of a wide range of pests and pathogens that 

include fungi, bacteria, viruses, nematodes and herbivorous insects (Hammond-Kosack and 

Jones, 2015). One of the phytopathogenic fungi that stand out for its distribution and its 

devastating effects is Fusarium oxysporum f. sp. lycopersici, cause of vascular wilt, recognized 

as the main disease that causes problems in the tomato crop and that is responsible for the 

decrease of almost 60% in yield, besides affecting the quality of the product (Ascencio et al., 

2008). 

 

The strategies for the control of this disease in crops consist of the use of fungicide products 

and the development of resistant varieties; however, they have been ineffective due to the 

appearance of new breeds of the pathogen (Mandal et al., 2009). Under these circumstances, 

the demand for alternative products as biological products for the control of pests and diseases 

or the use of inducing molecules increases called elicitors, which are capable of triggering 

defense responses in plants (Nasir et al., 2014). This option is emerging as a promising 

alternative due to the wide variety of compounds in the plants that are generated as part of their 

development and that could act as elicitors (da Cruz et al., 2013); however, it must be 

considered that both the magnitude and extent of the induced response will depend on the type 

of molecule, the signal and its mobility, or ability to induce secondary signaling within the 

tissue (Eder and Cosio, 1994). 

 

For this reason, it was proposed to study the effect of the application of two elicitors of natural 

origin on the vigor of the plant and the quality of the tomato fruits produced in conditions of biotic 

stress. 

 

Materials and methods 
 

Vegetal material 

 

This research was carried out in the facilities of the Department of Horticulture of the Antonio 

Narro Autonomous Agrarian University (UAAAN), in the city of Saltillo, Coahuila, Mexico. 

Tomato seedlings of the Rio Grande variety of determined growth were used, which were 

planted in polystyrene trays with a mixture of mineral perlite of Hortiperl granulometry type, 

of the brand Termolita and peat moss (Klasman ST1) in a 1:1 ratio. (v/v), for germination were 

placed in a bioclimatic room at a temperature of 23° and a photoperiod of 14 h light and 10 h 

of darkness, 25 days later were transferred to the greenhouse for conditioning and subsequent 

transplantation to black bags of 10 L polyethylene with peat moss-perlite mixture (1:1 v/v), 

nutrition was provided through a Steiner solution (Steiner, 1961) according to the phenological 

stage. 
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Description of treatments 

 

In this study four treatments were evaluated, designated as follows: a control treatment (TA) with 

plants without inoculation; two treatments that consisted of the inoculation with Fusarium oxysporum 

f. sp. lycopersici (FOL) and the application of elicitors (E1) formulated from algae extracts and (E2) 

from organic compounds derived from plants; a control treatment of the incidence of (FOL). The 

application of the elicitors was made at 7, 14 and 56 ddt, for which said elicitors were prepared in 

aqueous solution and sprayed on the leaves of the plants, with a dose of 3.75 mL L-1 for E1 and 1.5 

mL L-1 for E2, it should be noted that the E1 and E2 elicitors are prototype formulations of the 

company Arysta LifeScience and the doses applied are those recommended by the company. 

 

Inoculation of FOL 

 

The strain of F. oxysporum f. sp. lycopersici, was isolated from roots of tomato plants with symptoms 

of vascular wilt. To obtain the inoculum, the reproduction of the pathogen in submerged culture was 

carried out, the concentration was standardized in 1 × 106 spores mL-1, the inoculation was performed 

at 19 ddt, making wounds in the roots of the plants and adding 50 mL of inoculum per plant. 

 

Evaluation of variables 

 

Agronomic variables. The evaluation of the variables of interest was carried out at different dates 

of the development of the plants (Figure 1). The incidence of the disease was evaluated considering 

the presence of healthy and diseased plants; the severity of the symptoms of the disease caused by 

FOL was evaluated according to the scale proposed by Diener and Ausubel (2005), which is 

described as follows, 0= dead plant (100%); 1= dead old leaves and young leaves with arrested 

growth (80%); 2= old chlorotic leaves and young leaves with arrested growth (60%); 3= old leaves 

with vascular chlorosis and young leaves with arrested growth (40%); 4= leaf petioles with arrested 

growth (20%); 5= no visible symptoms (0%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Schedule of applications of the elicitors and evaluation of variables (the points indicate the 

number of evaluations performed per variable analyzed). 
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The evaluation of the SPAD units was made with a SPAD brand Minolta model 502DL and the 

stomatal conductance with a Decagon Devis model SC-1 porometer, the data was obtained 

from the measurement of the third physiologically mature leaf, making two readings per sheet 

per each plant evaluated, the record of the readings was made during the first hours of the 

morning. 

 

The height of the plants was measured with a tape measure, considering from the base of the 

stem to the apex of the same. The total dry weight of the plants was carried out by destructive 

sampling of the plants, then they were placed in paper bags and kept in a Lindberg Blue drying 

oven model GO1350C-1, for 72 h at 80 °C, and subsequently, the weight of the samples was 

determined on a scale of Oahus model OHA PIONEER PB1, for obtaining yield per plant they 

were harvested and weighed the fruits produced to the second cluster. 

 

Fruit quality variables. The evaluation of fruit quality variables was carried out on the fruits of 

the first bunch, considering one fruit per plant, when they presented more than 90% of the red 

surface, called stage six (USDA, 1997) and consisted of obtaining of the firmness of the fruits 

by means of a penetrometer brand Wagner Instruments model FDK, using the 8 mm strut, while 

the values of pH and total soluble solids were determined in the fruit mash with the help of a 

potentiometer mark Daigger model 550 and a digital refractometer brand Atago model Pal1, 

the quantification of vitamin C content was carried out according to the technique of AOC 

(1990), for which 10 g of fresh sample was weighed, crushed in a mortar adding 10 mL of 2% 

hydrochloric acid, the mixture was filtered and adjusted to 100 mL with distilled water, then a 

10 mL aliquot was taken and placed in a flask, the sample was titrated with 2, 6 

dichlorophenolindophenol solution, until the first pink tone that persisted for 30 seconds 

appeared, with the data obtained from the titrations of the samples and the blank, the vitamin 

C content was calculated, substituting the values in the following formula: 

 

Vitamin C ( mg 100 g
-1

 ) =
(Vm-Vb)(M)(FC)(100)

w
V(a)

 

 

Where: Vm= volume spent on the sample; Vb= volume spent on the target; M= molarity of 2,6-

dichlorophenolindophenol (0.001 N); FC= conversion factor of 1 mL of 2,6-

dichlorophenolindophenol to 0.088 mg of vitamin C; W= sample weight in mg; V= total volume; 

a= aliquot. 

 

Statistical analysis 

 

The analysis of the data was carried out by means of analysis of variance and tests of comparison 

of means by means of Tukey (p≤ 0.05), a completely randomized experimental design was used, 

considering 4 treatments with 5 repetitions and a plant as experimental unit, for the severity variable 

the values obtained in percentages were adjusted according to the angular transformation of Bliss 

(Steel and Torrie, 1985). 
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Results and discussion 
 

Agronomic variables. The incidence (Table 1) and the severity of the disease caused by FOL 

(Figure 2) were reduced by the application of elicitors of natural origin compared to the control 

treatment, in the evaluation performed at 57 ddt, a decrease was presented of 5% for the 

incidence of the disease and 66% for the severity of the symptoms shown for the treatment of 

E1, while for E2, a 3% decrease in the incidence and 44% of the severity of the disease was 

observed. 

 

Table1. Percentage of the incidence of diseased plants inoculated with FOL and treated with 

elicitors of natural origin. 

ddt TA E1 E2 FOL 

57 0% 90% 95% 95% 

80 0% 100% 100% 100% 

 

In the sampling carried out at 80 ddt, the incidence among the treatments inoculated with the 

pathogen showed the same values for the disease, although the severity of the symptoms increased 

over time, during this sampling the severity presented by the treatments with the application of the 

elicitors was lower 28% for E1 and 18% for E2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Severity of the disease caused by FOL in tomato plants treated with elicitors of natural 

origin (according to the scale used the plants that do not present symptoms have a value of 

zero). Means with the same letter do not differ statistically (Tukey, p≤ 0.05). 

 

The application of plant extracts from various sources promotes the induction of resistance in 

treated plants, they also have an effect on the growth and development of the pathogen (Arzoo et 

al., 2012) as observed in this study, where the incidence of disease caused by FOL and the severity 

of its symptoms during the first evaluation were reduced by the application of the elicitors of natural 

origin, this could be due to the fact that the applied compounds activated some mechanism related 

to the defense of the plant, to cope with conditions of biotic stress. 
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This response can be from the induction of some physical barriers or biochemical reactions that 

alert the uninfected cells to danger (Glazebrook, 2005). Although the severity continued to be lower 

in the treatments where the elicitors were applied, the incidence at the end of the experiment was 

the same for all the treatments inoculated with FOL. This may be conditioned to the number of 

applications made, as well as to the regularity of the same, since it is reported that the weekly use 

of the extract of C. paradisi, allowed a better control of the disease caused by Fusarium, which 

when applied in only one occasion (Rodríguez and Montilla, 2002). 

 

The evaluation of the SPAD units (Figure 3) showed an increase during the development of the 

tomato plants, the readings obtained at 15 ddt, which corresponds to the second application of the 

elicitors, did not show significant differences between the treatments evaluated, finding values for 

this variable between 43 and 45 SPAD units. At 23 ddt, values between 49 and 52 SPAD units 

were observed, although no significant difference was found between the treatments, otherwise for 

the readings recorded at 57 ddt, where highly significant differences were found between the 

treatments, observing that the treatments were inoculated with the pathogen showed a decrease for 

this variable. The SPAD units for this sampling were similar between the plants of the control 

treatment and the E1 treatment, while the treatments E2 and FOL showed a decrease of 31% and 

65%, respectively in comparison with the control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Effect of elicitors of natural origin on the SPAD units in tomato plants subjected to 

biotic stress. Means with the same letter do not differ statistically (Tukey, p≤ 0.05). 

 

On the other hand, stomatal conductance (Figure 4) showed a decreasing tendency through the 

development of plants. For the measurement made at 15 ddt no statistical differences were observed 

between the treatments, while the data obtained at 23 ddt, showed an increase in this variable for 

the treatments that were inoculated by the pathogen, being the plants corresponding to the treatment 

with the application of E2 showed the highest values, with an increase of 22%, while the treatment 

E1 and FOL showed an increase of 11% with respect to the control. Conductance readings at 57 

ddt, showed similar values between the absolute control and the treatment with the application of 

E1, treatments E2 and FOL showed a decrease of 28% and 65% respectively in comparison with 

the control. 
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Figure 4. Effect of elicitors of natural origin on stomatal conductance in tomato plants subjected to 

biotic stress. Means with the same letter do not differ statistically (Tukey, p≤ 0.05). 

 

The decrease of the SPAD units and the stomatal conductance in the plants inoculated with the 

pathogen, is directly related to the development of the disease, since it has been described that one 

of the symptoms caused by this disease is yellowing of the leaves followed by its detachment from 

the plant (González et al., 2012). Foliage of the foliage also occurs as a result of the invasion of 

the root by the pathogen with the subsequent colonization of the xylem vessels severely 

compromising the transport of water that ends in complete wilting of the individual (Michielse and 

Rep, 2009), which coincides with the results obtained by Dong et al. (2015) who indicate that in 

banana plants inoculated with F. oxysporum a significant decrease was found for this pair of 

variables in the last dates evaluated by the advance of the disease. 

 

The plants inoculated with the pathogen and treated with the elicitor E2 showed similar values in 

the total dry weight accumulation with approximately 166 g (Figure 5), while the plants inoculated 

and treated with E1 showed 3% less than the control plants and the treatment subjected to biotic 

stress showed a decrease of this variable 39% with respect to the absolute control. 

 

The application of the elicitors of natural origin in the plants inoculated by FOL promoted the 

increase in the height of the plant (Figure 6), showing an increase of 6% for the plants treated with 

E1 and 13% for the plants treated with E2, in comparison with the height of the plants used as a 

control, whose height was 89.4 cm, otherwise it happened for the FOL treatment, where there was 

a 6% decrease in the height of the plants. 

 

The positive effect of the application of the elicitors of natural origin was not only observed in the 

reduction of the symptoms of the disease; it was also found that its application promoted the 

accumulation of total dry biomass, the increase in height and a lower yield loss per plant compared 

to the inoculated plants that were not treated. This is because some plants have the capacity to 
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synthesize and accumulate secondary metabolites in their organs, which intervene in complex 

interactions between living organisms and which also have stimulating effects on the growth of 

other plants (Rodríguez and Hechevarría 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Effect of elicitors of natural origin on total dry weight in tomato plants subjected to biotic 

stress. Means with the same letter do not differ statistically (Tukey, p≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Effect of elicitors of natural origin on height in tomato plants subjected to biotic stress. 

Means with the same letter do not differ statistically (Tukey, p≤ 0.05). 

 

The stimulating effect of growth induced by plant extracts is reported in several species, such as 

the increase in biomass accumulation of maize plants under salinity conditions with the use of a 

biostimulant derived from alfalfa plants (Ertani et al., 2013). On the other hand, the application of 

extracts of H. longipes in tomato seedlings increased the height and the biomass accumulation and 

when subjected to conditions of biotic stress, the decrease of these variables was lower than in the 

untreated plants (González et al., 2015). 

 

The disease caused by F. oxysporum is recognized as one of the causes of crop losses (Agrios, 

2005), this could be verified with a 27% reduction in the yield of the plants inoculated with the 

pathogen and that did not receive control. The results of the effect caused by the elicitors on the 
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(2002) who indicate that there is a direct relationship between the decrease of wilting in plants and 

their production, since as the severity of the symptoms of the disease decreased, the decrease in 

performance was lower. 

 

Quality variables the fruit. The presence of the pathogen and the application of the elicitors induced 

changes in the fruit quality variables (Table 2). The pH values obtained showed no changes for any 

of the treatments, while the content of total soluble solids was modified in the fruits of plants treated 

with the pathogen and the application of the elicitors, in the same way, the firmness was affected 

by the presence of the disease, although there was a loss of firmness less of the fruits from the 

plants to which the elicitors were applied, no significant differences were found in the vitamin C 

content for the fruits of the different treatments. 

 

Table 2. Effect of the application of elicitors of natural origin on quality parameters in tomato 

fruits subjected to biotic stress. 

Treatment pH 
Total soluble solids 

(°Brix) 

Firmness 

(kg cm-2) 

Vitamin C 

(mg 100 g-1) 

TA 4.3 a* 6.3 a 1.8 a 30.26 a 

E1 4.4 a 5.4 b 1.36 bc 29.14 a 

E2 4.4 a 5 b 1.62 ab 28.98 a 

FOL 4.4 a 5.7 ab 1.34 c 29.3 a 

 

The results obtained in this study for pH (4.3-4.4) and for total soluble solids (5-6.7) coincide with 

those reported by García et al. (2014) for tomato fruits produced in greenhouses. The attributes that 

confer quality to the fruit such as color, total soluble solids, acidity index, pH and firmness, are 

affected by genotypic variations, growth conditions, irradiance, growing season, nutrition, 

irrigation, temperature, diseases and post-harvest conditions (Turhan and Seniz, 2009; Fischer et 

al., 2016). 

 

The loss of firmness in the harvested fruits of the plants inoculated with the pathogen may be 

influenced by the lack of generalized water in the plant as a consequence of the infection of the 

pathogen; likewise, it would affect the transport of photoassimilates in the fruit, observing the 

decrease in total soluble solids. 

 

Conclusions 
 

The application of elicitors of natural origin from plant extracts and algae had a positive effect on 

the vigor of the tomato plants inoculated with FOL by increasing the height and accumulation of 

total biomass, in addition to modifying some quality variables of the fruit. 
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