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INOCULATION OF Trichoderma harzianum DURING
MATURATION OF VINEYARD WASTE COMPOST TO CONTROL
MUSKMELON Fusarium WILT

Agustina Bernal-Vicente, Margarita Ros,* and Jose Antonio Pascual

The utilization of compost vineyard wastes as suppressive growing media
against Fusarium wilt is a good alternative for the disposal and recycling of
these organic wastes. Inoculation of biological control agents (BCAS)
enhances the biocontrol activity of compost. In this experiment, vineyard
compost was sampled at different stages during the composting process,
rating the values of acceptability for growing media. Under greenhouse
nursery conditions, composts inoculated with Trichoderma harzianum T-
78, (Th T-78) gave higher plant fresh weights, as well as lower pathogen
incidence and disease severity than treatments with Th T-78 inoculated at
muskmelon sowing and non-inoculated composts. Comparing the two
composts inoculated with Th T-78 at different stages of the composting
process, the one inoculated at the beginning of maturation phase showed
lower pathogen incidence and disease severity than the one inoculated at
the beginning of the composting process.
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INTRODUCTION

In the region of Murcia (SE Spain), vineyards are widespread and cover large
areas of land. The pruning of the vines is one of the most important procedures in the
production of high-quality grapes. Therefore, the annual production of pruning residues is
high.

Many alternatives for the disposal of these organic wastes have been proposed,
composting being one of the most attractive on account of its low environmental impact
and cost, as well as its capacity for generating a product valuable for increasing soil
fertility (Pascual et al. 2002; Ros et al. 2005, 2006a; Masciandaro et al. 2000) or as a
growing medium for horticultural purposes (Bustamante et al. 2008; Ldopez-Mondéjar et
al. 2010). The main advantages of using composts as growing media are: 1) their high
content of organic matter and nutrients, 2) their pathogen-free nature, and 3) their
suppressive effect against phytopathogens (Ros et al. 2005; Segarra et al. 2007).
Therefore, the application of compost may allow for reduced use of chemical fungicides
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and/or fertilizers, thus reducing environmental problems and cutting the production costs
in greenhouse nurseries.

During composting, organic matter is transformed into a rich humic product by
the action of microorganisms and their enzymes (Garcia et al. 1992). Throughout the
composting process, different microbial communities follow one another according to the
nutritional and environmental conditions prevailing at each phase. Temperature is the
most-influential parameter (Steger et al. 2007), although some other conditions also
favour the presence of microorganisms with specific metabolic capabilities. The starting
material is one of these conditions, since microorganisms in high concentration of the
available carbon substrates will grow to a greater extent (Yogev et al. 2006).

The addition of specific microorganisms (biological control agents, BCAs) to
compost is recommended to enhance disease suppression (Segall 1995; Trillas et al.
2006; Siddiqui et al. 2008), and further research, e.g. Postma et al. (2003), has revealed
reduced severity of carnation diseases when using green compost inoculated with two
different antagonists: Verticillum bigatum and non-pathogenic F. oxysporum, which are
antagonistic to R. solani and F. oxysporum f. sp. Dianthi, respectively. Trichoderma
harzianum is among the biological control agents (BCAs) most widely used against soil-
borne pathogens (Lorito et al. 2010). Bernal-Vicente et al. 2009 have demonstrated the
specific biocontrol effect of T. harzianum T-78 against Fusarium oxysporum f. sp.
melonis under greenhouse nurseries. Different mechanisms are involved, such as
antibiosis, mycoparasitism, competition for space or nutrients, and systemic induced or
acquired resistance by a molecular cross-talk established between Trichoderma and the
plant (Harman et al. 2004; Shoresh et al. 2010). A controlled inoculation strategy could
improve efficacy and thus stimulate the incorporation of this biocontrol approach into
everyday agricultural practices (De Ceuster and Hoitink 1999).

The objectives of this experiment were: 1. To study the feasibility of composting
vineyard waste with and without Th T-78 inoculation, and the degree of Th T-78
establishment in the innermost part of the composting pile according to the time of
inoculation: at the start of the composting process and at the beginning of the maturation
stage. 2. To study the capacity of the composts inoculated with Th T-78 with regard to
their use as suppressive growing media against Fusarium wilt of muskmelon seedlings
compared to vineyard waste-based compost under greenhouse nursery conditions.

EXPERIMENTAL

Inoculum Preparations

The biological control agent (BCA) T. harzianum T-78 (Th T-78) was isolated
from agricultural soil and preserved in the Spanish Type Culture Collection (CECT
20714). 1t was immobilized in bentonite following the protocol for its inoculation into
compost described by Bernal-Vicente et al. (2009).

The phytopathogen F. oxysporum f. sp. melonis (FOM) was isolated from melon
plants showing disease symptoms, using the method of Nash and Snyder (1962). Conidia
of FOM were produced by growing one disc (5 mm diameter) of 7-day-old mycelia
grown on potato dextrose agar (PDA, Scharlau (Spain)) in 100 mL of potato dextrose
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broth (PDB, Scharlau (Spain). Both PDA and PDB were autoclaved at 121 °C for 20 min
and amended with 100 mg L™ sterilised streptomycin. Culture was maintained at 25 °C
on a rotary shaker at 250 rpm for 5 days until the liquid medium was brown-pink in
colour. Conidia were recovered by centrifugation (6000 g, 20 min), rinsed twice with
sterile distilled water and filtered through 101 quartz wool (Panreac, Spain). Conidia
concentrations were determined with a haemocytometer and diluted to the desired
concentration.

Composting Process and Compost Characterisation

Three composting processes were carried out in the fields of the company
Eisercorp (Hellin, Murcia, Spain). Open-air piles of 1 m* were prepared with vineyard
wastes and inoculated with Th T-78 at the following stages of the composting process:
Inoculation of Th T-78 (10° CFUs g) at the start of the process (0 days) [Pile~=Th T-78
(0)], at the beginning of maturation process (60 days) [Pile-Th T-78 (60)], and non-
inoculation of Th T-78 [Control Pile].

The composting processes were developed for 120 days. The moisture content
was set initially between 40% and 50%, and it was maintained by watering. Piles were
periodically turned to ensure aeration and the temperature evolution was monitored
periodically.

Three samples from each of the three different piles were obtained by mixing sub-
samples extracted from nine different locations in each pile. The sampling was performed
at different times of the composting process (0, 26, and 120 days).

The physicochemical and chemical characteristics of the starting material
(vineyard waste) and the final composts are shown in Table 1.

The electrical conductivity and pH of a 1/5 (w/v) aqueous extract were measured
using a microconductivimeter (CM2002, Crison, Spain) and micro pH meter (pH 2002,
Crison, Spain). The total organic carbon (TOC) was determined by the method of
Yeomans and Bremner (1989), and total organic matter was measured by calcinations at
750 °C. Nitrogen was determined by the Kjeldahl method, while total P and total K were
determined according to Murphy and Riley (1962) and by flame photometry
(JENWWAY PFP 7), respectively, after nitric—perchloric acid (1:1, v/v) digestion
(Jackson 1958).

Table 1. Physicochemical and Chemical Properties of the Starting Material and
the Mature Composts Obtained After Composting Process

Parameters Vineyard Pile-ThT-78 (0) | Pile-ThT-78 (60) Control Pile
pH 5.56 ¢ 6.71 ab 6.61b 6.81a
EC (mS cm™) 20 b 1.89 bc 1.72¢ 22la
N total (%) 0.68b 0.89 a 09l1la 0.94a
P total (%) 0.05a 0.06 a 0.06 a 0.07 a
K total (%) 0.52b 0.69 a 0.65a 0.59 a
C/IN 46.32 a 43.58 b 4297 b 39.10 ¢

For each parameter, values with the same lower-case letter are not significantly different
(P <0.05).
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Microbiological Analyses

The culturable microorganisms were estimated following serial dilutions of
compost in sterile quarter-strength Ringer solution (OXOID, England), by plate counts.
Potato dextrose agar (PDA, 39 g L™ 50 mg L™ rose Bengal; autoclaving at 120 °C for 20
min, and amended with 100 mg L™ of sterilized streptomycin) was used to estimate
fungal growth after 3 days of incubation at 25 °C and for estimating (Th-T-78). Tryptose
soy agar (TSA, Oxoid: 3g L™, 15 g L™ agar, 50 mg L™ nystatin) was used to estimate the
bacterial population after 7 days of incubation at 28 °C. The results are presented as the
number of colony-forming units (CFUSs) per gram of compost dried.

Greenhouse Experiment

The three mature composts obtained from the composting processes explained
above were used as growing media in a greenhouse nursery. The treatments assayed
were: vineyard waste compost inoculated with Th T-78 at 10> CFUs g™ at the start of the
composting process [C-Th T-78 (0)], at the beginning of maturation process [C-Th T-78
(60)], at the time of muskmelon planting [C-Control +Th T-78], and vineyard waste
compost without microbial inoculation [C-Control].

Muskmelon (Cucumis melo L. cv. Giotto) seeds were sown on the different
growing media assayed as treatments, with a cover of vermiculite, in polystyrene trays
with 150 wells, at one seed per well. The treatments of this experiment were established
in a randomized design with six replicates per treatment (one tray per replication). Three
of the six replicates were inoculated with FOM (3 x 10* CFUs g™* growing medium), at 15
days after sowing.

Germination took place in a growth chamber at 28 + 1 °C and 90 to 95% relative
humidity. Then, the trays were randomized on rails in a polyethylene-covered greenhouse
with natural daylight conditions. The seedlings were irrigated daily and were harvested
30, 37, and 43 days after sowing. The aerial parts of all the seedlings were weighed to
determine the fresh weight. Samples of the different growing media were stored at 4 °C
for analysis.

The % pathogen incidence was calculated for each treatment as: (FW- FWI/FW)
*100. FW: fresh weight of seedlings without pathogen; FWI: fresh weight of seedlings
with pathogen (Lopez-Mondejar et al. 2010). Disease severity of Fusarium wilt was rated
according to a rating scale of 1-4. 1. Healthy; 2. Yellowing; 3. Stem wilting; 4. death.

Statistical Analysis
The data were analysed by SPSS 14.0 software, firstly with ANOVA. When the
F-statistic was significant, Tukeys post-hoc test (P<0.05) was used to separate means.

RESULTS AND DISCUSSION

Composting Process

Temperature fluctuations during composting followed a pattern similar to that of
many other composting systems (Mena 2001; Ros et al. 2006b). The temperature ranged
from 45 to 60 °C during the first 40 days, while pile-Th T-78 (0) did not exceed 46 °C
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(Fig 1), staying around 40 °C during the composting stage (60 days). These temperatures
were reached as a consequence of the rapid breakdown of the readily-available organic
matter and nitrogenous compounds by microorganisms (thermophilic stage). During
maturation, beginning after 60 days of composting, the temperatures ranged between 30
and 35 °C for all piles, where the organic matter became more stable - because the
microbial activities and the organic matter decomposition rate decreased - and the
temperature gradually declined (Ros et al. 2006b). The higher temperatures observed in
Pile-Th T-78 (60) and the Control Pile 57 and 53 °C respectively, compared to Pile-Th T-
78 (0) 46 °C, were probably due to Th T-78 inoculation at the beginning of the
composting process, in which scenario T. harzianum did not permit the colonisation of
ecological niches by other microorganisms (Benitez et al. 2004), thus slowing down the
decomposition of organic matter.
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Fig. 1. Evolution of temperature during composting processes (| = Inoculation of the biological
control, T. harzianum T-78 (Th T-78))

The maximum values of organic matter degradation over the composting process
ranged from 7.0% to 14.5% (Table 2), lower than those reported in other composting
processes (Benito et al. 2003; Garcia-Gomez et al. 2003). These differences might be due
to the nature of the composting material, which was mainly composed of branches,
showing a low content of readily-hydrolysable carbon (Komilis 2006). The incorporation
of Th T-78 gave higher organic matter contents, and the decomposition was slower
during the thermophilic stage for Pile-Th T-78 (0) 1% than for the other piles (Pile-Th T-
78 (60) and the Control Pile, 8% respectively). In addition, the fungal and bacterial
communities were maintained at the same level during this stage. These data do not agree
with those of Singh and Sharma (2002), who observed an acceleration of organic matter
breakdown with the inoculation of T. harzianum, a cellulolytic decomposer (Omar and
Abd-Alla 1998).
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Table 2. Total Organic Matter Content (%) at Three Time Points during
Composting of Vineyard Waste

Piles 0 Days 26 Days 120 Days
Pile-Th T-78 (0) 93.43a A 92.49a A 86.80b A
Pile-Th T-78 (60) 93.50a A 85.90b B 84.76 b A
Control Pile 93.55aA 86.03b B 80.00c B

At each sampling time, values with the same capital letter are not significantly different (P < 0.05).
For each treatment, values with the same lower-case letter are not significantly different (P <
0.05).

Differences in the microbial populations were expected as the temperature rose
during the decomposition progress. The decomposition of organic matter in all piles was
accompanied by a diminution of the CFUs of fungi and bacteria, due to the stabilization
of the organic matter (Vargas-Garcia et al. 2007). The fungal communities diminished to
a lesser extent than those of the bacteria over the composting process (Table 3). It is
possible that lignocellulolytic microbial communities play a key role in the biotransfor-
mation processes that take place during composting, since lignocellulose is the main
component of the organic wastes (Pérez et al. 2002). The population of fungi showed a
reduction during the composting process, except in Pile-Th T-78 (0), where it was
constant over time. The number of CFUs of the bacterial communities showed a signif-
icant reduction after the thermophilic stage. In Pile—Th T-78 (0), the number of bacterial
CFUs at the end of the composting process was significantly higher than in other piles
(Table 3).

Table 3. The Level of T. harzianum T-78 (Th T-78), Total Culturable Fungi and
Total Culturable Bacteria at Three Time Points during Composting of Vineyard
Waste

Th T-78 (log10 (CFUs g™ compost))
0 Days 26 Days 120 Days
Pile-Th T-78 (0) 5.64 a A 472b A 470bB
Pile-ThT-78 (60) <2bB <2bB 5.34aA
Control Pile <2aB <2aB <2acC
Fungi (log10 (CFUs g™ compost))
0 Days 26 Days 120 Days
Pile-Th T-78 (0) 6.31aB 6.46 a A 6.10b A
Pile-ThT-78 (60) 6.47 aB 5.53bB 520bB
Control Pile 6.68 a A 573bB 518bB
Bacteria (log10 (CFUs g™ compost))
0 Days 26 Days 120 Days
Pile-ThT-78 (0) 9.32bB 9.75aA 8.34cA
Pile-Th T-78 (60) 9.79aA 9.42bB 7.78cB
Control Pile 9.85aA 9.69b A 7.74cB

At each sampling time, values with the same capital letter are not significantly different (P < 0.05).
For each treatment, values with same lower-case letter are not significantly different (P < 0.05).
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The number of CFUs of Th T-78 in Pile Th T-78 (0) diminished during the
thermophilic stage, due to its low thermal resistance (Kredics et al. 2003), but it did not
decrease more than one order of magnitude at the end of the composting process (Table
3). However, in Pile-Th T-78 (60), in which Th T-78 was inoculated at the beginning of
maturation process, the final CFUs were of the same order of magnitude as at inoculation.
In the Control Pile, the number of Th T-78 CFUs was below 100 CFU g™ (Table 3).
Vargas-Garcia et al. (2010) observed that the high temperatures favoured a high level of
mesophilic microbial populations. Also, Zeilinger et al. (1993) found that the optimal pH
for cellulose degradation with T. Harzianum enzymes was 4, while in our experiment the
pH ranged between 6.8 and 6.6.

Greenhouse Experiment

The fresh weight of the aerial parts of the muskmelon seedlings in all the
composts used as growing media increased during the greenhouse experiment (Table 4),
independent of Th T-78 inoculation strategy. This was probably due to the 80-85%
organic matter content, which is considered optimal for an ideal growing medium (Abad
2001), and also due to the nutrients available in the composts (Table 1). All the composts
showed higher total N and total K than the starting material. Total P did not increase
during composting. Although the nutrient values of the compost were low compared with
other types of compost (Ros et al. 2003; 2006b; Yogev et al. 2006), the growth of plants
with a low nutrient supply can produce lower pathogen incidence (Khan et al. 2004).

Table 4. Fresh Weight of Aerial Parts of Muskmelon Plants without FOM, at
Three Different Time Points during the Greenhouse Nursery Experiment

Treatments 30 Days 37 Days 43 Days
(9) (9) (9)
C-Control 1.37bA 205aA 201aB
C-Control + ThT-78 1.26¢cB 1.72aB 155bC
C-ThT-78 (0) 1.35cA 200b A 2.13a A
C-ThT-78 (60) 1.19bC 2.08aA 2.00aB

At each sampling time, values with the same capital letter are not significantly different (P < 0.05).
For each treatment, values with same lower-case letter are not significantly different (P < 0.05).

The pH values of the mature composts, ranging from 6.6 to 6.8, were higher than
that of the starting material (vineyard waste) (Table 1). This could be attributed to the
degradation of organic acids and the evolution of ammonia during the composting
process. These values are slightly above the acceptable range for an ideal growing
medium, pH 5.3 to 6.5, as defined by Abad et al. (2001). The electrical conductivity
values of the composts obtained from piles inoculated with Th T-78 (Pile-Th T-78 (0)
and Pile-Th T-78 (60)) were lower than those of the starting material and the other
mature composts (Table 1). However, the mature composts showed electrical
conductivity values above the limits established for ideal growing media, <0.5 dS m™
(Abad et al. 2001), but below the upper limit of acceptability reported by Noguera et al.
(2003), 3.5 dS m™. Mangal et al. (1988) showed the salt tolerance of muskmelon (the
electrical conductivity at which growth is reduced significantly) to be 5.20 to 6.32 dS m™.
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Also, the growth of muskmelon plants could have been influenced by the presence of
hormone-like compounds acting as growth promoters (Bernal-Vicente et al. 2008). An
increase of plant biomass in growing media containing composts also has been observed
by other authors (Bustamante et al. 2008; Tittarelli et al. 2009; Bernal-Vicente et al.
2008).

Harman et al. (2004) suggested the use of Trichoderma spp. as plant growth
enhancers, due to its production of growth hormones and enhanced transfer of minerals to
the rhizosphere. However, in the greenhouse nursery assay, the inoculation of Th T-78 in
the C-Control +Th T-78 treatment produced a significant decline in muskmelon fresh
weight compared to other treatments, and a higher number of Th T-78 CFUs, which
probably was because Th T-78 colonized the ecological niches of the composts and
utilized nutrients and C sources from the composts.

The CFUs of Th T-78 in the C-Control treatment were below 100 UFC g™ (Table
5). The number of CFUs in the C-Control +Th T-78 treatment was significantly higher
than in C-Th T-78 (0) and C-Th T-78 (60). And this level was constant over the
experiment. The treatment C-Th T-78 (60) gave higher numbers of Th T-78 CFUs than
C-Th T-78 (0) during the experiment. The CFUs showed similar behaviour in the absence
or presence of F. oxysporum (Table 5).

Table 5. Level of T. harzianum T-78 (Th T-78) at Three Different Time Points
during the Greenhouse Nursery Experiment, with and without FOM

without FOM

(Log10 (CFU/g compost))
Treatments 30 Days 37 Days 43 Days
C-Control <2abDb <2aDb <2aC
C-Control + ThT-78 517b A 589aA 528b A
C-ThT-78 (0) 420aB 345bC 400aB
C-ThT-78 (60) 472acC 4.66 a B 440bB

with FOM

(Log10 (CFU/g compost)
Treatments 30 Days 37 Days 43 Days
C-Control <2abDb <2acC <2aDb
C-Control + ThT-78 520cA 596aA 548b A
C-ThT-78 (0) 4.09acC 341bB 341bC
C-ThT-78 (60) 487cB 584aA 5.12bB

At each sampling time, values with the same capital letter are not significantly different (P < 0.05).
For each treatment, values with same lower-case letter are not significantly different (P < 0.05).

The pathogen incidence and disease severity (Table 6) increased during the
greenhouse assay in all treatments, reaching values ranged from 16% to 50% and 1.4 to
3.6, respectively. Seedlings grown on the C-Th T-78 (0) and C-Th T-78 (60) growing
media showed lower pathogen incidence (0% to 22%) and disease severity (1 to 2.1) than
the other growing media ((16% to 50%) and (1.6 to 3.6) respectively) over the
experiment. The C-Th T-78 (60) treatment gave the lowest pathogen incidence and
disease severity, ranging from 0% to 16% and 1 to 1.4, respectively. The inoculation of
Th T-78 during composting [C-Th T-78 (0) and C-Th T-78 (60)], or at sowing [C-Control
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+ Th T-78] showed that the pathogen incidence and disease severity can be reduced
significantly in greenhouse nurseries. Trichoderma harzianum has been used widely as
antagonistic fungal agent against Fusarium oxysporum (Celar 2003; Benitez et al. 2004).
Mycoparasitism, spatial and nutrient competition, antibiosis by enzymes and secondary
metabolites, and induction of the plant defence system are typical biocontrol actions of
this fungus (Viterbo et al. 2001; Howell 2003). However, the C-Th T-78 (0) and C-Th T-
78 (60) treatments, where Th T-78 was inoculated during the composting process, gave
lower pathogen incidence and disease severity than C-Control + Th T-78, where
inoculation was performed at sowing. However, in the latter case the CFUs of Th T-78
were one order higher (Table 5), indicating that the number of CFUs is important. The
number does not reflect the real activity of fungi (Frankland 1990), due to the limitations
of distinguishing between active forms (mycelia) and inactive forms (conidia, dead
mycelia, etc.) of Th T-78 with such measurements (Lievens et al. 2006; Bridge and
Spooner 2001).

Table 6. Pathogen Incidence and Disease Severity at Three Different Time
Points during the Greenhouse Nursery Experiment

Pathogen incidence (%) / Disease severity

Treatments 30 Days 37 Days 43 Days

C-Control 26.80/2.8bA 23.69/28cA 50.36 /3.6 aA
C-Control + ThT-78 18.10/1.7bB 16.16 /1.6 b B 29.63/3.0aB
C-ThT-78 (0) 1351/15bC 12.30/15bC 2239/21acC
C-ThT-78 (60) 0.00/1.0cD 6.84/1.0bD 1595/14aDbD

At each sampling time, values with the same capital letter are not significantly different (P < 0.05).
For each treatment, values with same lower-case letter are not significantly different (P < 0.05).

The C-Th T-78 (60) treatment gave the lowest pathogen incidence and disease
severity over the greenhouse experiment, probably due to the time at which Th T-78 was
inoculated. The C-Th T-78 (0) treatment produced the second-lowest pathogen incidence
and disease severity but the lowest number of CFUs, perhaps because T. harzianum
activity was damaged during the thermophilic stage, due to its low thermal resistance
(Kredics et al. 2003). The inoculation of Th T-78 during compost maturation probably
increased its formation of complexes with organic matter, which increased its survival
rate and activity, while avoiding loss by successive watering.

The pathogen incidence and disease severity for the C-Control treatment was
higher (from 26.80% and 2.8, at 30 days, to 50.63% and 3.6 at 43 days, respectively) than
those of the rest of the treatments over the greenhouse nursery assay. However, these
values agreed with some reported works where suppression of pathogens by composts
was obtained (Ntougias et al. 2008; Bernal-Vicente et al. 2008; Yogev et al. 2006). The
suppression effect was strongly and repeatedly associated with microbial competition.
Specific, antagonistic microorganisms that apparently re-colonize the compost following
the thermophilic stage act as biocontrol agents, inducing plant resistance (Alabouvette et
al. 2006; Hoitink et al. 1997; Perez-Piqueres et al. 2006).
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CONCLUSIONS

1. Composting of vineyard waste is a good alternative for the disposal and recycling
of these organic wastes, and the obtained compost can be used as a growing
medium for muskmelon at greenhouse nursery conditions independently of the
inoculation of T. harzianum.

2. The inoculation of T. harzinum at the beginning of maturation phase of
composting process showed for this compost, lower pathogen (F. oxysporum)
incidence and disease severity on muskmelon plants than the one inoculated at the
beginning of the composting process, and at sowing time. This compost is a good
suppressive growing media for muskmelon growth and to control Fusarium wilt.
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