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Abstract

One of the main phytosanitary problems in the production of tomato (tomate or jitomate in spanish)
(Solanum lycopersicon Mill.), where soil is used as a growing medium, is Fusarium spp., chemical
control is the method frequently used for its management; with important economic and
environmental impacts. The objectives of this study were: to evaluate cabbage as a rotation crop
and the incorporation of residues into the soil in the incidence of permanent wilting on tomato
plants and the incidence of Fusarium spp., in the soil and evaluate the suppression of Fusarium
spp., by applying by-products of cabbage leaves and stems. The study was carried out in two stages:
in the first the evolution of Fusarium spp., was documented in a commercial tomato cultivation,
established under anti-aphid mesh conditions and cabbage as a rotation crop, during the period
2012 to 2019. In the second stage, an aqueous extract and a dehydrated powder, obtained from
residual cabbage leaves and stems, were evaluated. The results show that cabbage used as a rotation
crop and the incorporation into the soil of residual leaves and stems reduced the incidence of
permanent wilting on tomato cultivation and effectively suppressed Fusarium spp. As well, the
dehydrated powder obtained from these residues showed a similar effect on the control of Fusarium
spp., to that obtained in treatments with sodium methyldithiocarbamate.
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Introduction

In the production of tomato (Solanum lycopersicon Mill.), using soil as a growing medium, one of
the main phytosanitary problems is vascular wilt or fusariosis caused by fungi of the genus
Fusarium spp. (Ma et al., 2013). The incidence and severity of the disease is increased when the
crop develops under greenhouses or meshes, due to the monoculture and intensity of the
exploitation. For the control of this disease, the most common is the application to the soil of
fumigants and chemical fungicides, such as sodium methylditiocarbamate, commercially called:
Metam, Busan, Fumisol, Nemasol, Raisan.

These products have allowed to maintain the production of this crop; however, they cause a
significant economic and environmental impact. The economic impact ranges from $7 000.00 to
$40 000.00 pesos per hectare, depending on the quantity applied, recommendations usually start
with 125 L ha and increase to 800 L hal, in addition to the increase of fungicides and additional
actions, such as sanitary mats and elimination of diseased plants to reduce the spread of the
pathogen, once the crop is established (Carmona and Sautua, 2017). The environmental impact is
due to a significant decrease in the native microbiota of soil and the subsequent increase in
pathogen populations, which begin with damage to some plants and subsequently expand, to cover
entire regions (Abdel-Monaim et al., 2011).

On the other hand, there is a growing demand for safe foods produced without the use of
agrochemicals or with the least use of them (Gottschalk and Leistner, 2012; Bryla, 2016). All this
has led to the search for alternatives for disease management through a control more compatible
with the environment, safer and viable (Zavaleta-Mejia, 1998; Ram et al., 2018).

An alternative to chemical control of this disease could be the use of natural substances with
antagonistic properties to pathogens, especially of soil. Cruciferous are a clear example of this,
because they have antimicrobial properties, related to the high content of sulfur compounds in their
tissues called glucosinolates (Brown and Morra, 2005; Rodriguez et al., 2013), in addition to the
enzyme thioglucoside glucohydrolase, called myrosinase (Morra and Kirkegaard, 2002), this
enzyme hydrolyzes glucosinolates by transforming them into an unstable aglycone, which
subsequently undergoes modifications to result in toxic volatile compounds such as sulfhydryl,
nitriles, thiocyanates, isothiocyanates, among others. Each species of cruciferous has different
classes and concentrations of glucosinolates (Rosa, 1997; Brown and Morra, 2005; Campas-
Baypoli et al., 2009; Rodriguez et al., 2013), which are kept even in dehydrated residues (Lazzeri
and Dallavalle, 2004).

The effectiveness of residues from different plants of the genus Brassica incorporated into the soil
for the suppression of Fusarium spp., has been documented in the field (Gilardi et al., 2016; Prasad
and Kumar, 2017; Campanella et al., 2020). The use of this alternative involves using cruciferous
plants as a rotation crop, which is difficult in the protected agriculture system, due to the low
availability of time, so it is proposed to evaluate other options, especially liquid and dehydrated
extracts obtained from residual cabbage leaves and stems, as an option to chemical control and
those who cannot or do not wish to use rotational crops for the management of Fusarium spp.
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Based on the above, the objectives of this research were: To evaluate the effect of the use of
cabbage as a rotation culture, and the incorporation of the residues into the soil, in the incidence of
permanent wilting on tomato plants and on the populations of Fusarium spp., in the soil and
evaluate the suppression of permanent wilting in tomato plants and the incidence of Fusarium spp.,
in the soil by applying by-products of cabbage leaves and stems.

Materials and methods
The study was conducted in two stages

First stage: evaluation of cabbage as a rotation crop and the incorporation of the residues into the
soil in the incidence of permanent wilting on tomato plants and incidence of Fusarium spp. in the
soil. The experiment was conducted for seven years (2012-2019), on a commercial planting of
tomato type saladette F1 (of indeterminate growth), planted in bare soil, on an area of 6 ha, covered
with anti-aphid mesh, located in Rancho Poca Luz 1, in San Cristébal, municipality of Catorce,
San Luis Potosi, Mexico. Tomato production cycles were from April to September, and cabbage
(rotation crop) from October to February. In February cabbage was harvested, the extended leaves
and stems were incorporated into the soil as harvest residues.

Plants with permanent wilting were given fungicides (tiabendazole, carbendazim, methyl
thiophanate) directly to the plant neck, only to contain the spread of the pathogen. Prior to the start
of each tomato production cycle, the population of Fusarium in soil was estimated, in a certified
laboratory (CIFEF, 2018), from 2011 to 2016, a sample was made for the entire area and from 2017
to 2019 four samplings were carried out. The incidence of fusariosis on plants was assessed and
verified by CIFEF. From 2012 to 2016 only one register of plants with wilting and dead in the
whole area was carried out at the end of the production cycle, while from 2017 to 2019, plants with
wilting in the same area, but divided into four sections, were sampled. The data from these samples
were used for the incidence analysis of Fusarium spp.

Second stage: it consisted of evaluating the suppression of Fusarium spp., in the soil by applying
by-products of cabbage leaves and stems. It was held in the facilities of the horticulture department
of the Universidad Auténoma Agraria Antonio Narro (UAAAN), in Saltillo, Coahuila, Mexico. To
obtain dehydrated powder, leaves and stems were collected from the cabbage (70-30 p/p), at the
end of the cabbage harvest, the plant was cut from the base of the stem, and both tissues were
exposed directly to the sun until they registered a constant weight (approximately 8 days), then
they were ground with a hand mill and screened using a 3 mm mesh. The aqueous extract: was
obtained from fresh leaves and stems, the tissues were liquefied with a household blender, for three
min at 23 °C, at the rate of 200 g of fresh leaves and stems per 100 ml of distilled water, then it
was filtered using standard filter paper, with a pore size of 10um, the filtrate was preserved in a
flask in refrigeration at 4 °C until use.

In addition, in this test a treatment with segmented leaves and stems, similar to that obtained in
commercial planting, was added. For which fresh leaves and stems were used, that were chopped
to a size of 10 cm, with a stainless-steel knife. The treatments evaluated at this stage are described
in Table 1. Each treatment consisted of 24 polyethylene pots with 10 L (repeats) with infested soil
and each pot contained one plant.
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Table 1. Treatments based on aqueous extract and dehydrated powder from residual cabbage
leaves and stems, evaluated in the suppression of Fusarium spp., on tomato plants.

Number Treatment description
T1 Sterilized floor (absolute witness)
T2 Soil infested with Fusarium spp. (1 000 ufc kg™1) (CIFEF, 2018).
T3 Infested soil + Sodium methyldithiocarbamate”™ (1 cm?® L water)
T4 Infested soil + fresh cabbage segments (150 g pot™
T5 Infested soil + aqueous cabbage extract (210 cm? pot™?)
T6 Infested soil + dehydrated cabbage powder (15 g pot™

"= commercial product Busan 1020. (Metam sodium at 33%). Summit Agro, Mexico.

For the application of treatments with dehydrated powder and segments (pieces) of cabbage,
previously the pots were filled up to half with soil infested, then the treatments were added, and
the pots were covered with soil until filled, for treatments of aqueous extract and sodium
methylditiocarbamate (MDTCNa), they were applied in irrigation water, dissolving the treatments
in 2 L of water. MDTCNa was applied 21 days before transplantation, for the rest of the treatments
the transplantation was carried out immediately after application. A Yamato SQ810C autoclave
was used for soil sterilization.

At this stage it was evaluated: incidence, measured as plants with symptoms of fusariosis
(permanent wilting and dead plants), additionally at the end of the cultivation a disk was taken
from the base of the stem, this disk was washed with distilled water on the outside to avoid
contamination with other microorganisms, subsequently they were sectioned into four parts, to
expose the inside of the stem, and put in a PDA culture medium, at 72 h growths were reviewed
to check for the presence of Fusarium spp. To estimate productivity and quality of tomato,
number and weight of fruits were measured in each cut and for quality the average weight of
the fruits was determined.

The data obtained were subjected to a variance analysis (Andeva)(p> 0.05 and 0.01) under a
random complete block design and a Tukey’s mean separation test (p> 0.05), (Zar, 2010), using
Statistica version 7.0 software.

Results and discussion

First experimental stage: evaluation of cabbage as a rotation crop and the incorporation of
the residues into the soil in the incidence of permanent wilting on tomato plants and incidence
of Fusarium spp., in soil.

Population of Fusarium in the soil. Based on soil analyses at the beginning of each tomato cycle,

the species of F. oxysporum and F. solani were identified (CIFEF, 2018) and a downward trend of
both Fusarium populations in the soil was generally observed, when using cabbage as a rotation
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crop and the incorporation of residual stems and leaves into the soil. As well, in general, the largest
reduction was observed in the first two production cycles, and from the third cycle the population
remained at average values of 1 000 ufc kg™ (Figure 1).
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Figure 1. Population dynamics of Fusarium oxysporum and Fusarium solani in the soil used for the
cultivation of tomato and cabbage as a rotation crop.

The decline in the populations of F. oxysporum and F. solani appears to be related, on the one
hand, to the use of cabbage as a rotation crop, which limits the availability of food, taking advantage
of the documented specificity of these Fusarium species towards solanaceous and not so for
cruciferous (Gil, 1972; Fahey, 2001), being the availability of food the main condition for the
growth of the populations of any organism (Bell et al., 1991).

On the other hand, the populations of Fusarium could be affected by products derived from the
decomposition of the cabbage leaves and stems incorporated into the soil as residues or esquilmos,
because glucosinolates and myrosinase when contacted result in a number of compounds such as:
sulfhydryl, nitriles, thiocyanates and isothiocyanates, the latter with biofumigant or biocidal
capacity against soil fungi including Fusarium spp. (Fahey et al., 2001; Morra and Kirkegaard,
2002; Lazzeri et al., 2004; Pérez, 2014).

Incidence of Fusarium spp. The initial incidence of plants with permanent wilting or dead was
11.3%. After the first rotation with cabbage and the incorporation of the residues, this value
decreased significantly to 6.8%. In subsequent cycles this incidence was variable, but with a
downward trend. During the 2017 to 2019 cycles, the incidence remained more stable and below
close to 4% (Figure 2).
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Figure 2. Incidence of permanent wilting caused by Fusarium spp., in tomato cultivation, using

cabbage as a rotation crop and incorporating its residues into the soil. Over a seven-year
sampling period.

The incidence of permanent, wilting through the 2017-2019 tomato growing cycles (Figure 3),
showed low percentages (< 0.3) in the first months after tomato cultivation was established and
increased rapidly in June, and remained until August. The above may have been due to rains usually
recorded in June, coupled with the fact that June to August are the warmest months of the year in
the region where the experiment was conducted, which favors the development of Fusarium spp.,
as it has been documented that this pathogen grows optimally in warm climates and moist soils
(Agrios, 1985). While the incidence tends to drop in September and October, possibly to the
decrease in temperature.
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Figure 3. Dynamics of the incidence of permanent wilting in tomato plants during the growing cycle.
The three-cycle average (2017-2019) is shown.
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On the other hand, the tomato grown under the conditions described above begins to produce at 65
days after transplantation, at this stage the plant increases the accumulation of carbohydrates and
as a consequence the susceptibility of the plant to the attack of phytopathogenic fungi, which could
be reflected in the increase in the incidence of permanent wilting by Fusarium from June, with an
upward trend until August, in each cycle of cultivation.

Part two: evaluation of an aqueous extract and a dehydrated powder, obtained from residual
cabbage leaves and stems.

Dehydrated cabbage leaves and stems significantly reduced the incidence of the disease and the
population of Fusarium spp., in soil (Table 2), attributed to the fact that both glucosinolates and
myrosinase remained in dehydrated tissues and that the synthesis of thiocyanates and
isothiocyanates started when hydrating with soil moisture (Sarwar et al., 1998; Caballero, 2017).
The incidence values obtained with this treatment were similar to those obtained with conventional
MDTCNa fumigant (Table 2). The aqueous extract had a limited effect respect to untreated soil
(T2), possibly due to the liquefaction process, which might have accelerated the process of
synthesis of thiocyanates and isothiocyanates, by allowing rapid contact of glucosinolates with
myrosinase, in addition, as they were volatile compounds, it may have drastically decreased their
concentration (Wu et al., 2015).

Table 2. Incidence of permanent wilting by Fusarium spp., on tomato plants and colonization of
Fusarium in soil treated with by-products of cabbage leaves and stems.

Treatments Wilted plants (%) Dead plants (%) gg:?ﬂ;ﬁi‘é’_g‘
T 4d 0d 33¢
T2 40a 40a 2400 a
T3 4d 4c 300 ab
T4 12¢ 8¢ 566.66 ab
T5 28 b 20 b 1833 a
T6 8.8 cd 4¢ 500 ab

Different letters in the same column indicate statistical difference in the means according to the Tukey test (p> 0.05).
ufc= colony forming units.

The low presence of plants with wilting is possibly related to the synchrony of thiocyanate and
isothiocyanate synthesis and the increase in the population of Fusarium spp., since the infection
Is not immediate, so for the synthesis of isothiocyanates to occur, the process of hydration of
cabbage powder must occur, since there must be an aqueous means for the enzyme to meet
glucosinolates.

Effect on yield and quality
The yield and quality of the treated tomato plants are shown in Table 3. The yield was different,

due to the elimination of dead plants or due to the reduction of productivity of the plants with
wilting.
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Treatment with aqueous cabbage extract was the least efficient, possibly attributed to the
volatilization of thiocyanates and isothiocyanates (Wu et al., 2015; Hashimoto et al., 2020), so the
plant was most severely affected by the disease and consequently its productivity decreased
(Rodriguez-Araujo et al., 2010).

Treatment based on powdered cabbage (T6) showed the highest yield, even higher than that
obtained in plants treated with MDTCNa (Table 3). This response may be related, in addition
to the reduction of plants with wilting, to the addition of organic matter, which occurs when
incorporating dehydrated powder from cabbage leaves and stems. By adding 15 g per 10 L of
soil pot, it is equivalent to supplying 4 500 kg haof dry organic matter, which is similar to the
amount of harvest residues that is incorporated into the soil when cabbage is used as a rotation
crop.

Cabbage produces from 80 to 100 tons of green matter, about half of which are residues left in the
field, this amount of organic matter is sufficient to induce significant changes in the chemical-
physical properties and fertility of soils and therefore in the improvement of crops (Salas-Pérez et
al., 2016; Oldfield et al., 2017; Pinedo et al., 2018).

Table 3. Effect of the by-products of cabbage leaves and stems applied for the suppression of
Fusarium spp., and its impact on the yield and quality of tomato.

Treatments ~ Number of fruits  Average fruit weight (g)  Yield (kg) Reduction in yield

(%)
T1 202.34 a 114.16 ab 23.09 a +5.19 a
T2 103.5b 101.87 b 10.54 a -51.85a
T3 195.54 ab 111.95ab 21.89 a Oa
T4 175.13 ab 109.54 b 19.18 a -12.38 a
TS5 145.79 ab 108.7 b 1584 a -27.63 a
T6 175.42 ab 127.54 a 22.37 a +2.19a

Different letters in the same column indicate statistical difference in the means according to the Tukey test (p> 0.05).
ufc= colony forming units.

Conclusions

Cabbage (Brassica oleracea var. capitata L.), used as a rotation crop and the incorporation of its
residual leaves and stems into the soil, decreased the population of Fusarium oxysporum and
Fusarium solani in the soil and reduced the incidence of plants with permanent wilting caused
by Fusarium spp., in tomato (Solanum lycopersicon Mill.) grown in soil and ant-aphid mesh. As
well, the dehydrated powder obtained from the residual cabbage leaves and stems reduced the
incidence of fusariosis on tomato plants and suppressed the population of Fusarium spp., in the
soil, in a similar way to sodium methylditiocarbamate.
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