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Soil solarization coupled or not with three soil amendments (cattle manure, bio-
compost, and Biocat-15) was evaluated for its efficacy against vascular wilt
severity on tomato plants grown under greenhouse conditions in a naturally
infested soil. In solarized plots, wilt severity, estimated through the vascular
discolouration extent and noted on randomly selected tomato plants, was
significantly reduced following all the tested organic amendments. Complete wilt
suppression was achieved using cattle manure. Vascular wilt severity reported
on symptomatic tomato plants was 28% higher in non-solarized plots than in
solarized ones, and this for all organic amendments combined. Plots amended
with Biocat-15 showed 29% less disease severity as compared to the two other
treatments. Fungal isolations performed on Potato Dextrose Agar medium from
roots, collars and stems of symptomatic and randomly selected plants, revealed
the involvement of Fusarium oxysporum, F. solani, Rhizoctonia solani,
Colletotrichum coccodes and R. bataticola in the observed wilts. Their isolation
frequencies varied depending on wilt severity, solarization treatments (solarized
or non-solarized) and tested soil amendments. Tomato production varied
significantly depending on solarization treatments and tested organic
amendments. Plants amended with cattle manure yielded significantly
comparable production in the solarized and non-solarized plots. In contrast, this
production parameter was reduced by 19 and 27% following Biocompost and
Biocat-15 treatments, respectively, on tomato plants grown in non-solarized
plots. As for solarization effects, for all organic amendments combined, tomato
production was significantly reduced by about 15% in the non-solarized
greenhouse compared to the solarized one. Results from the current study
showed that, under natural Tunisian conditions, a single application of
solarization combined with organic amendment not only reduced wilt severity
but also significantly enhanced tomato production. Thus, the repetitive
combination of solarization and organic amendments could be a credible
alternative for managing various soilborne fungal diseases and improving tomato
yield in heavily infested fields.

Corresponding Author: Hayfa Jabnoun-Khiareddine

Email: jkhayfa@yahoo.fr
© The Author(s) 2020.

93


https://doi.org/10.33687/phytopath.009.02.3317
https://esciencepress.net/journals/phytopath
https://esciencepress.net/journals/phytopath
https://esciencepress.net/journals/phytopath
https://esciencepress.net/journals/phytopath
https://esciencepress.net/journals/phytopath
https://crossmark.crossref.org/dialog/?doi=10.33687/phytopath.009.02.3317

Int. J. Phytopathol. 09 (02) 2020.93-103

INTRODUCTION

In Tunisia, soilborne fungal diseases are prevalent in
almost all tomato (Solanum lycopersicum) growing areas.
fusarium wilt, caused by Fusarium oxysporum f. sp.
lycopersici (FOL), fusarium Crown and Root Rot, caused
by F. oxysporum f. sp. radicis-lycopersici (FORL) and
verticillium wilt, incited by Verticillium dahliae, are the
most severe and devastating diseases (Hibar et al., 2005;
Aydi Ben Abdallah et al, 2019; Jabnoun-Khiareddine et
al, 2019; Nefzi et al., 2019). Their prevalence as single
and/or multiple infections leads to considerable yield
losses yearly.

In Tunisia, the management of these pathogens is a hard
task due mainly to their long-lasting resting structures
resides in the soil and to their ability to infect the plant
vascular below ground organs.
Furthermore, the absence of registered fungicides
emphasized the need for effective and environmentally
safe alternatives. Many approaches have been tested in
Tunisia, under laboratory and tomato greenhouse
conditions, where indigenous fungi and bacteria
(Jabnoun-Khiareddine et al, 2009a, 2009b), fungal and
bacterial endophytes (Aydi Ben Abdallah et al, 2019;
Nefzi et al, 2019), aqueous and organic extracts
(Kerkeni et al, 2007; Nefzi et al, 2017), resistant
rootstocks (Hibar et al, 2006a; Jabnoun-Khiareddine et
al, 2019), composts (Hibar et al, 2006b; Kerkeni et al,
2007), as well as some resistance inducers (El-
Mohamedy et al, 2014; Jabnoun-Khiareddine et al,
2015) have been explored. However, farmers are still
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facing the increasing pressure of soilborne pathogens
which frequently reaches high inoculum densities in the
soil, due to the continuous tomato cropping on the same
field, the disease-conducive climate, the cultural
practices used, and the emergence of new pathogen
races (Hibar et al, 2007; Aydi Ben Abdallah et al, 2019;
Jabnoun-Khiareddine et al.,, 2019).

In the presence of such inoculum pressure, the use of a
single control measure is not sufficient to efficiently
manage such diseases. Thus, it is crucial to markedly
reduce soil infestation level below the critical threshold,
in order to guarantee a favourable environment for
tomato growth and production and also to enhance the
proliferation of beneficial microorganisms (Blok et al,
2000). An integrated approach that uses all available
control strategies could manage pathogen populations,
like soil solarization, alone or in combination with other
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methods. In fact, among the non-chemical control
methods explored, soil solarization is considered as an
increasingly attractive soil disinfestation approach,
especially for Mediterranean countries such as Tunisia.
Solarization is a pre-planting soil treatment consisting of
a hydrothermal process in which moist soil is covered
with transparent plastic mulches and exposed to
sunlight, allowing it to heat to temperatures that are
lethal to many soilborne plant pathogens, insects, and
weed seeds (Katan, 1981). The long-term efficacy of soil
solarization against soilborne diseases and its ability to
improve crop yield has been demonstrated on various
vegetable crops grown under field or greenhouse
conditions and for more than one season (Davis, 1991).
Soil solarization controls soilborne pathogens either
directly through physico-thermal killing, or indirectly via
the stimulation of antagonistic activity (Katan and
Devay, 1991) or by weakening the resting structures of
pathogens released in the soil, thus exposing them to
antagonistic microorganisms (Freeman and Katan,
1988). Moreover, one of the advantages of soil
solarization is its compatibility with other physical,
chemical, and biological methods for effective control of
soilborne diseases (Gamliel et al, 2009). The effects of
solarization against soilborne pathogens may be more
enhanced by the addition of organic amendments
(composts, animal manures and green manures) and/or
biological control agents (Gamliel and Stapleton, 1993;
Keinath, 1996). Increasing attention has been given to
the use of such organic amendments to improve soil
properties, plant health and yield and to control
soilborne pathogens (Bonanomi et al, 2007). In fact,
application of organic amendments and solarization,
singly or in combination, can alter the chemical, physical,
and biological properties of treated soils and
consequently result in pathogen bio-suppression and
subsequently, effective control of associated diseases
(Klein et al., 2007).

As in Tunisia, the summer temperatures are relatively
high, soil solarization could be a successful alternative
for the control soilborne bio-aggressors. However, as in
the Tunisian Sahel (centre-east regions), soils are
heavily infested with soilborne pathogens, soil
solarization applied alone maybe not -consistently
effective for their control. Thus, the objective of this
study was to evaluate the effectiveness of various
organic amendments (animal manure, biocompost and a
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humic corrector of vegetable origin), applied singly or
following soil solarization, against wilt diseases and
their subsequent effects on associated fungal pathogens
and tomato production.

MATERIALS AND METHODS

Plant Material

Tomato cv. Sahel, commonly used for fresh market
production under plastic greenhouses in the Tunisian
Sahel regions, was used in this study. It is known to be
resistant to FOL races 1 and 2, FORL and V. dahliae race
1 (Syngenta, 2015).

Seedlings were grown in alveolus plates (3 x 3 cm) filled
with sterilized peat® (Floragard Vertriebs GmbH fiir
gartenbau, Oldenburg) under greenhouse conditions (16
h photoperiod, 65-75% relative humidity and 22-29 °C
air temperature). They were watered regularly until
reaching the two-true-leaf growth stage.

Site, Climate and Soil

Plastic greenhouse trial was conducted at the
experimental station of the Regional Research Centre
on Horticulture and Organic Agriculture, located in
Teboulba region (centre-east of Tunisia). Soil is of
sandy clay texture. The experimental plots were
located in a vegetable field with a long history of
tomato soilborne fungal diseases such as verticillium
and fusarium wilts, Black dot, and Rhizoctonia stem
canker. This site was under the conventional farming
system and had a history of intensive commercial
vegetable production. The local is semi-
and hot,
rainless summers. The mean maximum summer
temperatures were 28 °C (June), 32.5 °C (July), 32 °C
(August) and 29.2 °C (September). Two separate and
nearby plastic greenhouses (solarized and non-
solarized) of 8 x 60 m-size were used in this study.

climate

arid/Mediterranean, with mild winters

Soil Solarization

One day prior to solarization, the soil was prepared using
a moldboard plough followed by a disk harrow and was
irrigated under reaching the field capacity to take
advantage of the greater effectiveness of solarization in
moist soils. Solarization technique with 60 days duration
was applied during the hottest period of the year (from 20
July to 20 September). The soil was manually covered
with transparent polyethylene film (135 pm thickness)
which was stretched close to the soil surface and then
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anchored. The edges of the plastic sheet were covered
with soil to avoid wind disturbance. At the end of the
solarization period, the sheets were carefully removed,
avoiding as much as possible any disturbance to the soil.
For both greenhouses, the covering was done after soil
solarization.

Organic Amendment Application

Three soil amendments were tested in the current study,
i.e. cattle manure (CM), biocompost (BC) and Biocat-15
(B-15). The last treatment is a humic corrector of
vegetable origin. CM is the most commonly used
amendment by tomato farmers in the study region. Just
after solarization, the solarized and non-solarized
control greenhouses were similarly divided lengthwise
into three 8 x 20 m-plots. Each plot was supplied with
one of the three tested organic amendments. CM and BC
were uniformly applied and hand incorporated on the
soil surface at the rates of 35 and 11.5 t ha¥l,
respectively. The biocat-15 was applied twice at the rate
of 100 1 ha1, two days prior to planting and 12 days after
tomato planting.

Planting was carried out 70 days post soil amendments
with CM and BC. Two-true-leaf growth stage seedlings
were set into a 15-cm high, 75-cm wide raised bed
plasticulture system with 75-cm row spacing and 40-cm
in-row spacing. There were four beds in the greenhouse
with two rows per bed. Seedlings were arranged
according to a completely randomized factorial design,
and the individual treatments were arranged as follows:
solarized and CM-amended, solarized and BC-amended,
solarized and B-15 amended, non-solarized and CM-
amended, non-solarized and BC-amended, non-solarized
and B-15 amended. There were 8 rows in the plot, and
each individual treatment was arranged into eight rows
of 35 seedlings each. Cultural
consistent with typical commercial production in the

management was

region. Black plastic mulch and drip irrigation were
used, and stake-and-weave cultural management was
used to train the plants vertically.

Monitoring of Disease
Production
For the assessment of wilt severity, plants were sampled

Severity and Tomato

at two dates, at 165- and 180-days post-planting. For the
first sampling, 11 randomly selected plants (consecutive
plants with or without wilt symptoms), were uprooted
per row and per each individual treatment, while for the
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second, 11 symptomatic plants showing typical wilt
signs were sampled.

For each sampled plant, stems were longitudinally cut
and visually examined for the presence of vascular
discolouration and the measurement of its spreading
extent upward from collar when present. For each
individual treatment, stems, collars, and roots of all
sampled plants were brought to the laboratory for
fungal isolations. They were mixed, surface-sterilized in
0.5% NaOCl, rinsed in sterile water, cut into 3-5 mm-
fragments, and plated on Potato Dextrose Agar (PDA)
medium, and incubated at 25 °C for 4 days.

The isolation frequency of each recovered fungus was
calculated as the percentage of root, collar or stem
fragments showing typical growing colonies relative to
the total number of fragments plated on PDA medium.
Isolated fungi were identified using classical taxonomic
procedures and growth characteristics on the media.
Furthermore, each harvest was noted per individual
treatment, and the total production was calculated at the
end of the trial, i.e. 190 days post-planting.

Statistical Analyses

For all measured parameters, statistical analyses were
performed following a completely randomized factorial
design with two factors: solarization treatment
(solarized and non-solarized greenhouse) and soil
amendments (CM, BC, and B-15). In total, 280 replicate
plants were used per individual treatment. Means were
separated using Duncan's Multiple Range test (at P <
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0.05). Statistical analyses were performed using SPSS
software version 16 for windows.

RESULTS

Combined Effect of Soil Solarization and Organic
Amendments on Vascular Wilt Severity

The suppressive effect of soil solarization coupled or not
with the three tested organic amendments against
vascular wilt severity was evaluated on randomly
chosen tomato plants (symptomatic and asymptomatic)
and on selected wilted plants. Sampling was carried out
at the end of the growing season per soil treatment and
per greenhouse (solarized and non-solarized).

Disease Severity Noted on Randomly Sampled Plants
Disease severity estimated through the wvascular
discolouration extent varied significantly (at P < 0.05)
depending on solarization treatment (solarized or non-
solarized), tested soil amendments, and their
interactions. In a solarized greenhouse, tomato plants
were grown on CM- and Biocat-15-amended soil did not
show any vascular discolouration compared to those
grown on BC-treated soil
discolouration extent reached 15 cm from the collar and
upward (Figure 1). However, in the non-solarized
greenhouse, the most severe wilt, noted on randomly
selected tomato plants, was observed on CM-amended

where the vascular

plants where the vascular discolouration extent reached
65 cm compared to 15 and 5 cm noted on those treated
with BC and Biocat-15, respectively.
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Figure 1: Vascular discolouration extent (cm) noted on randomly collected tomato cv. Sahel plants depending on
solarization treatment (solarized or non-solarized) and tested organic amendments. For each individual treatment,

data presented are means for 88 plants.
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LSD (Solarization treatments x Organic amendments) = 35.32 cm at P < 0.05.

Fungal isolations performed from roots, collars and
stems of tomato plants randomly collected and
representative of different treatments, revealed the
presence of various soilborne fungi such as Fusarium
oxysporum, F. solani, Rhizoctonia solani and
Colletotrichum coccodes. As shown in Table 1, these
soilborne fungi were isolated at different frequencies
depending on the tested factors. F. oxysporum was

isolated from 0 to 30% from all tomato organs and for
all tested soil treatments tested, compared to 0-60%
and 0-100%, noted for F. solani and R. solani,
respectively. C. coccodes was isolated from 30% of
tomato roots collected from plants grown in non-
solarized and BC-amended plots and from 10% of the
roots of those grown on solarized and Biocat-15-
amended plots.

Table 1: Isolation frequency of phytopathogenic fungi from roots, collars and stems of randomly collected tomato
plants depending on solarization treatment (solarized or non-solarized) and tested soil amendments.

Roots
Solarization Organic Fusarium F solani Rhizoctonia Colletotrichum
treatments amendments oxysporum ) solani coccodes

Cattle manure 30 0 60 0
Solarized Biocompost 30 0 40 0
Biocat-15 0 10 100 0
Non- Ca‘Ftle manure 0 0 100 0
solarized qucompost 0 20 70 30
Biocat-15 0 20 100 0

Collars
Cattle manure 20 10 40 0
Solarized Biocompost 0 20 0 0
Biocat-15 0 0 10 10
Non- Ca‘Ftle manure 10 60 0 0
solarized Blgcompost 0 30 0 0
Biocat-15 0 0 20 0

Stems
Cattle manure 20 20 30 0
Solarized Biocompost 10 10 30 0
Biocat-15 10 10 0 0
Non- Ca‘Ftle manure 0 50 0 0
solarized Biocompost 20 0 0 0
Biocat-15 10 0 0 0

Disease Severity on Symptomatic Plants

Vascular wilt severity noted on symptomatic tomato
plants varied significantly (at P < 0.05) depending on
solarization treatment used and organic amendments
tested, but no significant interaction was noted between
the two factors. As shown in Figure 2, the vascular
discolouration extent noted on plants collected from the
non-solarized plots, whatever the organic amendment
used, was 28% higher than that noted on symptomatic
plants grown in solarized plots.

As for the single effects of the tested organic
amendments (the cumulated data of solarized and non-
solarized treatments), Figure 3 shows that the severity
of the vascular wilt noted on CM-amended plants was
significantly compared to that recorded on BC-treated

82

plants, where the vascular discolouration extent reached
almost 170 cm above the collar. Conversely, Biocat-15-
amended plants showed 29% less disease severity
compared to the two other amendments and the
recorded vascular discolouration extent reached 125 cm.
Fungal isolations carried out on PDA medium from roots,
collars and stems of wilted plants and representative of
each individual treatment revealed the presence of
Fusarium oxysporum, F. solani, Rhizoctonia solani,
Colletotrichum coccodes, and R. bataticola and their
involvement, with varying degrees, in the observed wilt
symptoms (Table 2). In fact, whatever the organic
amendment applied, F. oxysporum was isolated from
tomato plants grown in the solarized greenhouse at 20-
80, 10-50, and 20-40% from roots, collars, and stems,


https://doi.org/10.33687/phytopath.009.02.3317

Int. J. Phytopathol. 09 (02) 2020.93-103

respectively.

However, in the non-solarized one, this fungus was
recovered from sampled symptomatic tomato plants at
20-50, 30-60, and 60-90% from roots, collars, and stems,

DOI: 10.33687 /phytopath.009.02.3317

30% in the non-solarized one. R. solani was the most
frequently recovered fungus (isolation frequency
varying from 10 to 100%) from tomato plants whatever
the solarization treatments and organic amendments

tested. C. coccodes was isolated at 10% from roots of
tomato plants grown in solarized and CM-amended soils.

respectively. The isolation frequency of F. solani varied
from 0 to 10% in the solarized greenhouse and from 0 to
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Figure 2: Vascular discolouration extent (cm) noted on wilted tomato cv. Sahel plants depending on solarization
treatments (data for all organic amendments combined).

Bars sharing the same letter are not significantly different, according to Duncan’s Multiple Range test (P < 0.05). For
each solarization treatment, data presented are means for 264 plants.

Table 2: Isolation frequency of phytopathogenic fungi from roots, collars, and stems of wilted tomato plants
depending on solarization treatment (solarized or non-solarized) and tested soil amendments.

Roots
Solarization Organic F. oxysporum F. solani R. solani C. coccodes R. bataticola
treatments amendments

Cattle manure 30 10 10 10 0
Solarized Biocompost 80 0 10 0 0
Biocat-15 20 0 100 0 0
Nori- Cattle manure 50 0 100 0 0
solarized Biocompost 30 10 100 0 0
Biocat-15 20 0 100 0 0

Collars
Cattle manure 10 0 100 0 0
Solarized Biocompost 20 0 100 0 0
Biocat-15 50 10 90 0 0
Cattle manure 60 0 100 0 10
Soi\;‘;?z'e . Biocompost 30 0 60 0 20
Biocat-15 60 0 100 0 0

Stems
Cattle manure 20 0 100 0 0
Solarized Biocompost 20 10 60 0 80
Biocat-15 40 0 100 0 0
Cattle manure 90 30 10 0 0
Soi\;‘;?z'e q Biocompost 60 10 20 0 0
Biocat-15 70 20 30 0 0
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F.: Fusarium; C.: Colletotrichum; R.: Rhizoctonia
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Figure 3: Vascular discolouration extent (cm) noted on wilted tomato cv. Sahel plants depending on tested organic
amendments (data for all solarization treatments combined).

Bars sharing the same letter are not significantly different, according to Duncan’s Multiple Range test (P < 0.05). For

each tested organic amendment, data presented are means for 176 plants.

As shown in Table 2, R. bataticola was isolated, at 80%,
only from stems of plants grown in solarized and BC-
amended plots. However, in the non-solarized
greenhouse, this fungus was isolated, at 10 and 20%,
only from the collars of CM- and BC-amended plants,
respectively.

Combined Effect of Soil Solarization and Organic
Amendment on Tomato Production

The combined effect of soil solarization and tested
organic amendments were evaluated through the
cumulative production (i.e. a total of echeloned harvests)
recorded till the end of the tomato growing season.
ANOVA analysis indicated that tomato production varied

significantly depending on solarization application and
tested organic amendments. As shown in Figure 4, this
production parameter varied significantly (at P < 0.05)
depending on solarization treatments and amendments.
The total production recorded on CM-amended plants
was significantly comparable in solarized and non-
solarized plots while it was reduced by 19 and 27% in
the non-solarized plots following BC supply and Biocat-
15 amendment, respectively.

Furthermore, as shown in Figure 5, and for combined
data of all tested organic amendments, tomato
production was significantly 15% higher in the solarized
greenhouse (~ 687 kg) as compared to the non-solarized
one (~ 581 kg).
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Figure 4: Tomato cv. Sahel production (kg) noted 190 days post-planting on depending on solarization treatment
(solarized or non-solarized) and tested organic amendments. For each individual treatment, data presented are
means for 280 plants. LSD (Solarization treatments x Organic amendments) = 14.75 kg at P < 0.05.

82


https://doi.org/10.33687/phytopath.009.02.3317

4 N
800 - a
g 700 - b
o 600 - T
o
B 500 -
=
< 400
o
a8 300 -
g 200 -
E 100 -
0 i
Solarized Non-solarized
9 Solarization treatment )

Figure 5: Tomato cv. Sahel production (kg) noted 190 days post-planting in solarized and non-solarized greenhouses.
Bars sharing the same letter are not significantly different, according to Duncan’s Multiple Range test (P < 0.05). For
each solarization treatment, data presented are means for 280 plants.

DISCUSSION

Under suitable climatic conditions, soil solarization
which is a non-chemical method of soil disinfestation
can effectively suppress a wide range of soilborne pests,
including fungi, bacteria, weeds, nematodes and insects,
either directly, through physicothermal action, or
indirectly, by stimulating antagonists and/or weakening
the pathogen’s resting structures present in the soil
(Gilardi et al,, 2014).

Results of our study further showed that, under natural
greenhouse conditions, soil solarization was an effective
soil disinfestation approach for suppressing soilborne
diseases associated to tomato. In fact, a single
application of soil solarization for 60 days had
significantly reduced the severity of vascular wilt
diseases as expressed by the lowered vascular
discolouration extent, on randomly collected as well as
on symptomatic plants as compared to the non-solarized
soil. These diseases, as determined and confirmed
through the performed fungal isolations, were mainly
attributed to Fusarium oxysporum, F. solani, R. solani, and
C. coccodes. Their isolation frequency has decreased
following soil solarization. Our results are consistent
with several previous reports stating the efficacy of soil
solarization in reducing Fusarium Crown and Root Rot
(due to F. oxysporum f. sp. radicis-lycopersici) (Gamliel et
al, 2009) and Southern blight (caused by Sclerotium
rolfsii) on tomato (Stevens et al, 2003), Charcoal rot
(incited by Macrophomina phaseolina) of cowpea
(Ndiaye et al, 2007), and Fusarium wilts of carnation
(Melero-Vara et al., 2011), cucumber (Yao et al, 2016),
and strawberry (Abada et al., 2014).

100

In the current investigation, the recorded decrease in
wilt severity on tomato plants may be the combined
effects of soil solarization and organic amendments. In
fact, cattle manure is the most used animal manure by
tomato growers in the study region. It is interesting to
note that, in this experiment, tomato plants grown in
solarized and cattle manure-amended plots did not
show any fungal vascular proliferation. In fact, it has
been stated that poultry and cattle manures, which are
widely available in commercial quantities, seem to be an
appropriate material to be used in combination with
soil solarization (Mihajlovic et al, 2017). In the same
(Gilardi et al, 2014) mentioned that soil
solarization combined with organic amendments
displays great potential for controlling soilborne
pathogens and is considered one of the most effective
methods because it is ecologically friendly and with low

sense,

Previous results have also shown that the
solarization with organic
amendments is able to suppress the populations of
various plant pathogens (Blok et al, 2000; Klein et al,
2011; Melero-Vara et al,, 2011; Gilardi et al, 2014) as
well as some formae speciales of F. oxysporum, F. solani
and Fusarium equiseti as demonstrated in sweet pepper
(Martinez et al., 2010).

However, the disease-suppressive potential of organic
amendments tested in the present study against wilt
severity is not constant and seems to be dependent on
nature (randomly collected or symptomatic) of sampled

costs.
association of soil

plants. In fact, it has been suggested that the
effectiveness of organic amendments, in suppressing

soilborne plant diseases, depends greatly on their
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original composition, released amounts, and application
method (McSorley, 2011; Simmons et al, 2016).
Likewise, combining solarization with appropriate
organic material activates a chain reaction of chemical
and microbial degradation, generating antimicrobial
compounds (Klein et al, 2007; Gamliel et al, 2009).
Thus, it is possible that the reduced added efficacy of
organic amendments tested in the current investigation
could be due to the method of their application. In fact,
in almost all studies describing the effect of organic
amendment supply with solarization, the organic matter
was incorporated into the soil before solarization, thus
resulting in an additional rise in temperature which may
be a supplementary factor leading to more efficient
control of target pathogenic organisms. For example,
Gamliel and Stapleton (1997) mentioned that the
temperature of solarized soil amended with compost
increased by 2-3 °C compared with the temperature rise
recorded in solarized but non-amended soil.
Furthermore, because of the long elapse of time between
solarization, organic amendments application and
planting tomato, it is possible that the lowered efficacy
of soilborne diseases management could be the result of
possible rapid soil recontamination. In addition, it is
possible that in the case of highly infested soils, animal
manure with high-nitrogen-containing organic materials
should be applied, such as chicken manure. In fact,
during their decomposition, the formed nitrogen
ammonia is known to be highly toxic to several plant
pathogens (Gamliel and Stapleton, 1997).

Results from the current experiment also demonstrated
that, under natural greenhouse conditions, soil solarization
applied singly or in combination with tested organic
amendments had improved tomato production. In fact, soil
solarization has the capacity to enhance the physical and
chemical properties of the soil, improve plant growth and
increase the yield of subsequent crops (Davis, 1991)
probably through the release of nutrients induced by high
temperature (Katan, 1981; Stapleton and DeVay, 1984;
Chellemi et al, 1997). Also, according to Gamliel and
Stapleton (1997), the combination of solarization and
organic amendments often results in an increased crop
yields. In the same sense, Mauromicale et al (2010)
mentioned that under the Mediterranean conditions,
organic supplementation before soil solarization has been
proven to be an excellent means of improving soil chemical
properties and, consequently, plant growth and fruit yield
of greenhouse-grown tomatoes.
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CONCLUSIONS

Results from the current experiment showed that, under
natural greenhouse conditions, a single application of
solarization combined with organic amendment not only
reduced vascular wilt severity but also significantly
enhanced tomato production. However, additional trials
are required to evaluate the effectiveness of two- or
multi-year application of soil solarization. The
combination of solarization with other soil amendments,
especially those with high nitrogen/carbon ratios or
with other control strategies such as the use of
biocontrol agents, should also be explored. Further
studies are needed to select which compositions,
amounts, and application methods of organic
amendments are the most effective when combined with
soil solarization for the management of soilborne tomato
diseases.
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