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Abstract. Trichoderma-based biostimulants are considered the most effective plant
growth–promoting fungi. The purpose of this study is to determine the effect of two
Trichoderma saturnisporum isolates on the growth promotion of melon (Cucumis melo)
seeds and seedlings as well as their effect on the performance of the cantaloupe
‘‘Charentais’’ melon crop cultivar Gandalf cultivated under a typical parral-type
greenhouse. For these purposes, germination trials and two experiments were performed
in a commercial nursery, conventional system, and large plant system. Two experiments
were also established for 2 years (two crop cycles) in a commercial greenhouse in
Almería, Spain. In addition, we evaluated the influence of these isolates (T1 and T2) on
the Charentais melon yield and quality. High values for seedling vigor and root length
were obtained by T. saturnisporum T1 (93.50%) and T2 (93.75%) against control (62%).
Trichoderma saturnisporum T1 and T2 increased the quality of plants in conventional
system and large plant system and can be considered as biostimulant. Trichoderma
saturnisporum treatments resulted in significantly larger crop productivity without
a negative effect on the fruit quality parameters. Melon productivity increased in T.
saturnisporum treatments T1 (13.99%) and T2 (16.04%), while at the same time increases
the average fruit weight up to 7.71% for T2 isolate. Trichoderma saturnisporum act as
biostimulants for nursing and commercial melon crops without negative effects on fruit
quality. This is the first report describing T. saturnisporum as a potential crop yield
promoter.

Trichoderma is one of the most studied
genera and includes plant growth–promoting
fungi and biological control agents that are
used against phytopathogenic fungi. Com-
mercial formulations of Trichoderma have
been developed worldwide because of their
high efficacy, although most are limited to
a few species, including Trichoderma har-
zianum, Trichoderma Asperellum, and Tri-
choderma viride.

Some species of Trichoderma are biosti-
mulants, whereas others function as a control
agent against fungal diseases. Plant root
colonization by Trichoderma often leads to
an increase in morphological parameters and
crop productivity. Many studies report the
benefits provided by Trichoderma to different
horticultural crops, such as cucumber, pepper,
chrysanthemum, and lettuce. These studies
measured crop vigor, vegetative development,
and flowering (L�opez-Bucio et al., 2015).

The benefits of Trichoderma application
on crop yield has also been shown with the
application of T. harzianum to tomato (Bal
and Altintas, 2006a), pepper (Bal and Altintas,
2006b), cucumber (Altintas and Bal, 2005),

and energy crops (Chirino-Valle et al., 2016).
In experiments performed in greenhouses,
there was a considerable yield increase when
plant seeds were previously treated with
spores from Trichoderma (Chet, 1987). These
benefits are associated with the reduction of
salinity stress and a lower incidence of dis-
eases (Harman et al., 2004). Elad et al. (1986)
reported that in a commercial field experi-
ment, testing the ability of four T. harzianum
isolates to control charcoal rot (Macropho-
mina phaseolina) of melons, Trichoderma
treatments increased the total yield by 5.8%
to 8.9% compared with the untreated control.

Recently, Di�anez et al. (2016) character-
ized T. saturnisporum as a new biological
control agent against Phytophthora para-
sitica and Phytophthora capsici and showed
improved development of pepper seedlings.
Several mechanisms that may support its
potential as a growth promoter and biocontrol
agent have been described for T. saturnispo-
rum and include the production of sidero-
phores, indole acetic acid (IAA), and other
metabolites.

The incorporation of Trichoderma in ag-
ricultural production systems may reduce the
current dependence on fertilizers and phyto-
sanitary products for the control of diseases.
These goals are increasingly valued by con-
sumers and agri-food supply chains.

In the present study, two T. saturnisporum
isolates were tested to evaluate their capacity
as biostimulants to enhance seed germination

and melon vigor; promote the growth and
quality of melon seedlings under a conven-
tional production system (35 d) and in a system
called ‘‘big plant’’; and their effect on the yield
and fruit quality parameters of a Cantaloupe-
(Charentais) type melon crop (Cucumis melo
L. cv. Gandalf) under greenhouse.

Materials and Methods

Isolates of T. saturnisporum used in
experiments

Two isolates of T. saturnisporum (T1 and
T2) were selected for their known antagonis-
tic activity and plant growth promotion in
pepper (Di�anez et al., 2016).

Each isolate was grown on potato dex-
trose agar (PDA, Bioxon, Mexico City,
Mexico) for 15 d at 25–27 ± 2 �C under dark
conditions. Spore suspensions were prepared
in sterile distilled water and adjusted to a
concentration of 1 · 109 spores/mL with a
Neubauer hemocytometer.

Experiment 1: Evaluation of T.
saturnisporum isolates to enhance
germination and root vigor on melon
seeds

Seeds of melon C. melo L. cv. Gandalf
were used in this study. Two isolates of T.
saturnisporum were inoculated over melon
seeds, and germination and early seedling
growth were studied. The trial used a random
block experimental design with three treat-
ments (Control, T1, and T2) and four repeti-
tions. Each repetition included 50 seeds that
were germinated in petri dishes (150 mm of
diameter) containing two sheets of Whatman
No. 1 filter paper that were moistened with
sterile distilled water. The melon seeds were
surface sterilized with 1.5% sodium hypo-
chlorite (NaOCl) for 5 min and rinsed twice
with sterile distilled water and dried under
laminar air flow on sterile paper (Jain et al.,
2013). Treatments were performed by pipet-
ting 30 mL of a Trichoderma (T1 or T2) spore
suspension (1 · 108 spores/mL) or 30 mL of
water (control) on each seed; all boxes were
placed in an incubator (25 ± 1 �C in dark).

The number of germinated seeds was
counted daily for up 7 d. Seed vigor index
(Abul-Baki and Anderson, 1973) was calcu-
lated based on the percentage of germination
(%) and seedling length (cm). Root length
(mm) was measured from the tip of the
primary root to the base of the hypocotyl.

Experiment 2 and 3: Promoter effects of
T. saturnisporum isolates on melon
seedlings

Two experiments were performed in a
commercial nursery (Almería, Spain). Exper-
iment 2 was designed to evaluate the effect of
T. saturnisporum isolates to enhance the seedling
quality of melon under a conventional produc-
tion system (35 d). Experiment 3 was designed
to evaluate the effect of T. saturnisporum
isolates to enhancemelon seedling quality under
a system called ‘‘big plant.’’ The ‘‘big plant’’
system enables nurseries to produce larger
plants than conventional systems (35 + 20 d).
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Experiment 2. This experiment was per-
formed in nursery polystyrene planting trays,
each with 96 cells (70 mL volume). Melon
seedlings cv. Gandalf were grown for 35 d in
commercial nursery as described by Di�anez
et al. (2016).

Spore suspension (1.5 · 105 spores/plant
of T1 and T2) was applied by mixing (M)
substrate (sowing day) or irrigating (I) (2 d
after sowing).

The trials used a random block experi-
mental design with five treatments and four
repetitions according to the following linear
additive statistical model: g ij = m + ai + bj +
eij where i = 1, 2, 3, 4, 5; and j = 1, 2, 3, 4.

Experiment 3. The experiment was per-
formed during 20 additional days (35 + 20 d)
in a system called ‘‘big plant’’ in PE containers
(200 mL volume). Four specific trays were
used for each treatment, with 10 replications
per tray. These were previously selected from
treatment ‘‘M’’ fromExperiment 2, transplanted
to the same substrate mixed with 2.4 · 103

spores/mL (4.8 · 105 spores/plant), and com-
pared with controls. For evaluation, 10 seed-
lings were selected at random in each tray for
each repetition, treatment, and experiment.

For both experiments, different morpho-
logical parameters were determined, includ-
ing the number of leaves, stem length, stem
base diameter, total leaf area, and stem, leaf
and root dry weights. Leaf area was measured
using the WINDIAS 3.1 (Delta-T Devices,
Ltd., Cambridge, UK, 2009) leaf area pro-
cessing program. Four different seedling
quality indices were also calculated: Slen-
derness index (SR) (stem height/stem diam-
eter, Ritchie, 1984), Dickson quality index
(DQI) (Dickson et al., 1960), leaf area ratio
index (LAR) (total leaf area/plant dry weight.
proposed by Briggs et al. (1920), and specific
leaf area (SLA) (leaf area/leaf weight; Herrera
et al., 2008, 2009). The experiments were
conducted using completely randomized de-
signs. In the ‘‘big plant’’ assay, secondary
stem plant height and secondary stem plant
weight were also determined. Descriptive
statistics were performed for all measured
parameters. Data were analyzed by analyses
of variance (ANOVA), and treatment means
were compared using the least significant
difference test at P # 0.05.

Experiment 4: Evaluation of effect of T.
saturnisporum isolates to enhance yield of
Cantaloupe- (Charentais) type melon
crop in a typical parral-type greenhouse

Fields experiments were performed in
Níjar (Almería), southeast Spain under a typ-
ical parral-type greenhouse during the pro-
ductive seasons.

A greenhouse (8500 m2) was used, with
a trithermal polyethylene lining of 800 gauge
and zenith and side screens with 50-mesh
density. Climate control was passive. In May
and June, the plastic cover was limed with
calcium carbonate as a control of high tem-
peratures. Cultures were grown on modified
soil, locally known as ‘‘suelo arenado.’’ The
plant material used was the melon (C. melo L.
cv. Gandalf).

In both assays, the melon growing cycle
was �3 months; plants were transplanted in
mid-February and the last harvest was made
in mid-May.

In transplants, microelements, amino acids
(Rizosane�, S.L.NUTRICROP,Almería, Spain),
(1 cm3·L–1), and humic acid (10 cm3·L–1)
were applied via irrigation. Water require-
ments were established according to climatic
conditions and crop needs. Fertigation was
performed three times per week. The trials
used a random block experimental design
with four treatments and four repetitions,
according to the following linear additive
statistical model g ij = m +ai + bj + eij, where
i = 1, 2, 3, 4; and j = 1, 2, 3, 4 for both studies.

The greenhouses were divided into four
blocks; random treatments were applied in
each block, for a total of the aforementioned
four repetitions. The number of plants per
elemental block was 50, at a density of 0.71
plants/m2.

Two isolates of T. saturnisporum (T1 and
T2) and a commercial T. asperellum (Tc)
were used. Plants were manually irrigated
with 300mL of spores suspension per plant at
4.2 · 107 spores/plant. In the control (T0),
only water was applied. This operation was
made at 0 d (days after transplanting) and
repeated at 21 d in both years.

Harvesting was performed daily, and
yield was measured in both experiments.
Fruit were harvested during the third and
fourth week of May in both years.

A sample of 25 fruit was taken at random
per harvest and elemental plot. Polar perim-
eter (PP), equatorial perimeter (EP), and
weight were measured. A flexometer with
a sensitivity of 1 mm was used for measuring
PP and EP. An AJH-3200 precision balance
with a sensitivity of 0.01 g was used for
weight determination.

The total number of fruit per harvest and
elemental plot was counted; fruit yield per
plot was calculated as the average weight of
25 harvested fruit per plot, as well as the
number of fruit counted per plot and harvest.
The number of fruit per surface unit (m2) and
plot was calculated. Average fruit weight
(AFW) and average PP/EP relationship were
determined for 25 fruit from each plot at each
harvest.

Five fruit on alternate harvesting days
were selected at random from each repetition
(20 fruit per treatment) for quality measure-
ments. Three different measurements were
taken per fruit. The parameters evaluated
were pulp firmness, total soluble solid
(�Brix), pH, size of pistil scar, and rind
thickness. The firmness of the pulp is the
mean value of three different points mea-
sured below the equatorial axis of the fruit
and was determined using a penetrometer
with a probe of 0.5 cm2 and a scale of 0 to 30
kg. This measurement indicates the consis-
tency of the pulp. Total soluble solids (TSS)
content was measured with a refractometer
with a scale from 0% to 32% and a sensitivity
of 0.2%. The pH was measured with a pH
meter with a precision of ± 0.01 units. A
caliper with a sensitivity of 0.01 mm was

used for measuring rind width and the size of
the pistil.

Statistical analysis
All data were analyzed using Fisher’s

least significant difference procedure (P #
0.05). A combined ANOVA without interac-
tion for a complete set of combined experi-
ments as split plots was performed as
recommend by Fern�andez-Escobar et al.
(2010). The logarithm and square root trans-
formations were used if the ANOVA assump-
tions of homogeneity or normality were
violated. The mean and 90% confidence in-
tervals were calculated if possible. Stat-
graphics Centurion XV was used.

Results

Experiment 1: Evaluation of T.
saturnisporum isolates to enhance
germination and root vigor on melon
seeds

The effects of two Trichoderma isolates
on the seed germination parameters of melon
are presented in Table 1. Direct inoculation
of seeds by T. saturnisporum isolate spores
had a significant effect (P# 0.01) on percent-
age seed germination, root length, and seed
vigor index. Both isolates gave similar values
in terms of germination percentage (93.50%
and 93.75%). The highest values for seedling
vigor and root length were obtained by T2.

Promoter effects of T. saturnisporum
isolates on melon seedlings

Experiment 2. The effect of Trichoderma
application by irrigation or substrate mixing
on morphological parameters and plant
quality indices is shown in Table 2. Tricho-
derma applications resulted in increases in
most of the growth parameters evaluated.
Higher values were observed for stem base
diameter, stem length, stem dry weight, total
dry weight, leaf dry weight, and leaf area
compared with the experimental control.
These increases were statistically significant
in some cases. The greatest increases were
29% for stem length (Tr2), 19.85%, and
23.5% for dry stems for Tr1 and Tr2, re-
spectively, and 13.8% for leaf area (Tr1), in
comparison with the experimental control.
Irrigation gave the largest increases in plant
parameters, because this method increased
several evaluated parameters; these in-
creases were statistically significant in most
cases. However, Trichoderma applications
resulted in a decrease in root dry weight.
Analysis of quality indices, indicate that
Trichoderma application in substrate gave
plants whose index values were positively
altered compared with control plants for the
two quality indices. Large values are desir-
able for DQI and SR indices, whereas small
values are best for SLA and LAR indices. For
LAR and SLA, Tm1 and Tm2 gave signifi-
cantly improved values over the control.

Experiment 3. The effect of the promoter
of T. saturnisporum on melon seedlings un-
der the ‘‘big plant’’ production system is
shown in Table 3. After 55 d of cultivation,
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T1 and T2 were highly effective in promoting
the growth of melon seedling plants. The
largest significant increases were 24.60%
(T1) and 28.81% (T2) for stem length;
5.74% (T1) and 4.67% (T2) for diameter;
8.5% (T1) and 11.46% (T2) for leaf dry
weight; 17.28% (T1) and 22.22% (T2) for
principal stem dry weight; 34.48% (T1) and
37.93% (T2) for root dry weight; 15.15% (T1
and T2) for total dry weight; and 11.60% (T1)
and 13.55% (T2) for leaf area, compared with
control plants.

For root and stem indices, SLA and DQI,
T1 and T2 gave significantly improved in-
dices compared with control results. No
significant difference among treatments was
observed for both isolates, although T2 ob-
tained better results.

Experiment 4: Evaluation of the ability
of T. saturnisporum to enhance yield of
a Cantaloupe- (Charentais) type melon
crop under a typical parral-type
greenhouse: Productive parameters

Field evaluations were undertaken using
different climate and soil conditions in the

2-year trials. Harvesting began 85 d after
transplanting in Experiment 1 and 75 d after
transplanting in Experiment 2. Table 4 shows
the influence of different Trichoderma treat-
ments on total yield (kg·m–2) and profit com-
ponents (AFW and fruit/plant) for ‘Gandalf’
melon in both years.

Both isolates of T. saturnisporum in-
creased melon productivity in both years. In
year 1, the increase was 4.10%, 19.84%, and
3.79% in T1, T2, and Tc, respectively,
compared with controls (T0). T2 and T0
showed statistically significant differences.
In year 2, total yield increased by 24.81%,
10.74%, and 2.22% in T1, T2, and Tc,
respectively, compared with controls. Statis-
tically significant differences were observed
between T. saturnisporum treatments (T1 and
T2) compared with the control. A combined
ANOVA without interaction for a complete
set of combined experiments were performed
as Split Plots. Statistically, higher melon
production was noted from plants treated
with T1 (13.99%) and T2 (16.04%) compared
with control plots. The results are shown in
Table 4.

T2 increased AFW in both the first
(3.86%) and second year (7.71%), with a sta-
tistically significant difference from the con-
trol. In T1, a significant increase (4.96%) was
observed only in the second experiment. A
small decrease was observed in plants treated
with Tc compared with the control in both
experiments (–0.21% and –1.45% on exper-
iments 1 and 2, respectively) but without
statistically significant differences in the
controls. Regarding the number of fruit per
plant, T2 increased this parameter in both the
first (10.23%) and second year (10.30%),
with statistically significant differences from
the control. Nevertheless, T1 and Tc signif-
icantly increased the number of fruit only in
the second year (17.98% and 9.70%) com-
pared with the control. A combined ANOVA
without interaction indicated that significant
differences were noted compared with the
control. Both isolates (T1 and T2) of T.
saturnisporum increased by 10.36% melon
fruit per plant compared with controls. Tri-
choderma asperellum (Tc) increased the
number of fruit per plant (3.77%), without
significant differences from the control.

Quality parameters
The results obtained from the fruit quality

parameters are shown in Table 5. On average,
soluble solids (�Brix) content in T1 was
higher than in other treatments but there
was no significant difference between them.
The average soluble solid content values of
fruit at harvest were for all treatments be-
tween 9.55–10.07 and 9.75–10.16 �Brix in

Table 1. Effect of T. saturnisporum isolates (T1, T2, 30 mL of a suspension of 1 · 108 spores/mL) on melon
seed germination 7 d after treatment.

% Germination Root length (mm) Seed vigor index

P value P = 0.0013 P = 0.0000 P = 0.0143
T1 93.50 ± 9.14 bz 47.20 ± 15.77 a 4,487.75 ± 176.95 b
T2 93.75 ± 12.5 b 55.56 ± 19.21 b 5,295.0 ± 1,430.89 b
T0 62 ± 4.69 a 47.28 ± 17.90 a 2,958.61 ± 559.18 a
zDifferent letters indicate significant differences according to analyses of variance (P < 0.05).

Table 2. Morphological parameters and quality index of melon plants treated with T. saturnisporum isolates. T1 and T2 applied by irrigating (Tr1 and Tr2) or by
mixing with the substrate (Tm1 and Tm2) comparing with control (T0).

Morphological parameter

Treatment Stem length (cm) Stem base diam (mm) No. of leaves Leaf dry wt (g) Stem dry wt (g) Root dry wt (g) Total dry wt (g)

P value 0.000 0.0001 0.0634 0.0011 0.0053 0.0001 0.6195
Tr1 6.84 ± 0.24 bz 5.78 ± 0.11 c 3.63 ± 0.12 0.42 ± 0.02 a 0.163 ± 0.02 bc 0.142 ± 0.01 b 0.721 ± 0.03
Tr2 7.64 ± 0.32 c 5.34 ± 0.09 a 3.58 ± 0.11 0.39 ± 0.01 a 0.168 ± 0.01 c 0.142 ± 0.01 b 0.703 ± 0.03
Tm1 6.29 ± 0.27 a 5.67 ± 0.09 bc 3.38 ± 0.12 0.47 ± 0.02 b 0.144 ± 0.01 ab 0.119 ± 0.01 a 0.735 ± 0.03
Tm2 5.84 ± 0.19 a 5.34 ± 0.11 a 3.60 ± 0.11 0.13 ± 0.02 a 0.131 ± 0.01 a 0.141 ± 0.01 b 0.695 ± 0.03
T0 5.92 ± 0.25 a 5.54 ± 0.13 ab 3.70 ± 0.10 0.43 ± 0.02 a 0.1360.01 a 0.152 ± 0.01 b 0.717 ± 0.03

Quality index

Treatment Leaf �area (cm2) Slenderness index Root and shoot index Specific leaf area Leaf area ratio Dickson quality index

P value 0.000 0.000 0.0057 0.000 0.000 0.000
Tr1 104.82 ± 3.88 d 2.16 ± 0.04 c 1.17 ± 0.19 bc 252.92 ± 4.43 c 147.57 ± 4.73 d 0.056 ± 0.01 b
Tr2 97.60 ± 2.89 c 1.94 ± 0.04 a 1.21 ± 0.05 c 250.58 ± 5.024 c 139.56 ± 5.02 c 0.046 ± 0.01 a
Tm1 87.56 ± 2.70 ab 2.15 ± 0.04 c 1.28 ± 0.08 c 187.34 ± 3.77 a 120.22 ± 2.39 a 0.061 ± 0.01 bc
Tm2 82.47 ± 3.52 a 2.07 ± 0.04 b 0.98 ± 0.07 ab 197.23 ± 5.80 a 118.83 ± 5.81 a 0.059 ± 0.01 bc
T0 92.05 ± 4.41 bc 2.14 ± 0.05 bc 0.95 ± 0.09 a 218.05 ± 6.78 b 129.03 ± 6.78 b 0.063 ± 0.01 c
zDifferent letters indicate significant differences according to analyses of variance (P < 0.05).

Table 3. Effect of T. saturnisporum strains (T1 and T2) (2.5 · 105 spores/plant) to enhance seedling quality of melon under big plant production system.

Treatment Length of stem (cm) Diam (mm) Number of leaves Leaf dry wt (g) Stem dry wt (g) Root dry wt (g)

P value 0.0001 0.0044 0.0538 0.0599 0 0
T1 33.17 ± 1.23 b 8.83 ± 0.10 b 13.22 ± 0.49 b 1.922 ± 0.05 b 0.95 ± 0.03 b 0.39 ± 0.02 b
T2 34.29 ± 1.29 b 8.74 ± 0.07 b 14.31 ± 0.46 ab 1.973 ± 0.05 b 0.99 ± 0.02 b 0.40 ± 0.01 b
Control 26.62 ± 1.23 a 8.35 ± 0.13 a 12.78 ± 0.42 a 1.77 ± 0.05 a 0.81 ± 0.03 a 0.29 ± 0.01 a

Treatment Total dry wt (g) Leaf area (cm2) Root and stem index Specific leaf area (cm2·g–1) Leaf area coefficient (cm2·g–1) Dickson quality index

P value 0.0004 0.0039 0.0112 0.6696 0.1625 0.0349
T1 3.42 ± 0.09 bz 507.86 ± 17.02 b 2.49 ± 0.08 a 265.67 ± 7.8 a 148.34 ± 3.12 a 0.56 ± 0.02 b
T2 3.42 ± 0.09 b 516.74 ± 9.79 b 2.53 ± 0.08 a 258.42 ± 5.24 a 145.67 ± 2.98 a 0.54 ± 0.02 ab
Control 2.97 ± 0.09 a 455.07 ± 13.45 a 2.92 ± 0.15 b 258.72 ± 6.08 a 154.42 ± 3.73 a 0.49 ± 0.02 a
zDifferent letters indicate significant differences according to analyses of variance (P < 0.05).
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the first and second experiments, and 9.66–
10.11 �Brix in a combined analysis. The
average pH values of fruit at harvest were
for all treatments between 6.26–6.32 and
6.33–6.40 in the first and second experi-
ments, and 6.30–6.36 in a combined analysis.
There were no statistically significant differ-
ences in average pH. Pulp firmness did not
show significant differences between treat-
ments. Pulp firmness values varied from 1.77
to 1.84 kg·cm–2 and 1.70 to 1.86 kg·cm–2 for
the first and second experiments, respec-
tively. The combined average values in both
experiments varied from 1.70 to 1.84 kg·cm–2.
There were no statistically significant differ-
ences in average pulp firmness value. The
size of the pistil scars showed no statistically
significant differences between treatments.
Measured averages were 15.35, 15.45, and
15.40 mm for Experiment 1, Experiment 2,
and combined values, respectively. Average
rind thickness measurements oscillated be-
tween 3.00–3.24, 3.02–3.28, and 3.01–
3.16 mm for Experiment 1, Experiment 2,

and both experiments, respectively; there
were no statistically significant differences
between treatments. The results from PP
showed no statistically significant differences
between treatments for each season. Never-
theless, when a combined ANOVA without
interaction was performed, statistically sig-
nificant differences between treatments were
found. The highest fruit perimeters were in
T2 (38.03 cm) and T1 (37.66 cm). The results
from EP were higher in T2; in all compari-
sons there was a statistical difference from
the control. When a combined ANOVA with-
out interaction was performed, there were
differences between T1 (36.13 cm) and T2
(36.63 cm) for Tc (35.84 cm) and control
(35.87 cm). The values of the PP/EP ratio did
not show statistically significant differences.

Discussion

Many studies report the biostimulant and/
or biofertilizer activity of different Tricho-
derma species, both in vitro and in vivo. For

example, Pereira et al. (2014) described an
increase in the size of bean seedlings after the
application of T. harzianum under in vitro
conditions. Similarly, the application of T.
harzianum increased plant growth and bio-
mass of melon stems in commercial seedling
nurseries (Martínez-Medina et al., 2009).
Under field and greenhouse conditions, some
reports have shown increases in the chloro-
phyll content and dry weight of zucchini
roots using Trichoderma atroviride (Colla
et al., 2015); growth promotion in tomato
plants after the application of Trichoderma
parareesei (Rubio et al., 2012); promotion of
seed germination; and increases in dry root
weight of peppers using T. harzianum (Chang
et al., 1986) and T. atroviride (Colla et al.,
2015).

In this study, T. saturnisporum isolates
enhance germination and root vigor in melon
seeds and enhance several parameters in
seedling plants produced on ‘‘conventional’’
and ‘‘big plant’’ systems. The results have
shown that T. saturnisporum application via
irrigation in conventional systems signifi-
cantly increased stem diameter, stem length,
stem dry weight, and leaf area. In addition,
results have shown that T. saturnisporum
application via irrigation in a ‘‘big plant’’
system significantly increased all parameters
studied. Di�anez et al. (2016) described for the
first time a biostimulant effect of T. saturnis-
porum on pepper seedlings that were kept for
50 d in commercial seedbeds; they noted
a 17% increase in total seedling dry weight.
This increase was similar to that (15.15%)
found in melon seedlings that were grown for
55 d. There was no influence on melon plants
grown for only 30 d in the conventional
system. Similar results were obtained by
Marín-Guirao et al. (2016) after 30 d of
inoculation of T. saturnisporum T1 in pepper,
tomato, and cucumber seedlings. These re-
sults suggest that the application of T. sat-
urnisporum requires more than 30 d (the
standard residence time of seedlings in the
nursery) to promote plant growth. However,

Table 4. Effect of T. saturnisporum isolates (T1 and T2) and commercial Trichoderma (Tc) on production
and on main yield components in Gandalf cv.

Treatment kg·m–2 Avg fruit wt (g) Fruit/plant

First year
P value P = 0.0412 P = 0.0004 P = 0.0114
T1 3.30 ± 0.16 az 800.12 ± 8.83 a 5.87 ± 0.30 a
T2 3.80 ± 0.19 b 847.81 ± 13.21 b 6.25 ± 0.33 b
Tc 3.29 ± 0.21 a 814.60 ± 40.68 a 5.59 ± 0.31 a
T0 3.17 ± 0.13 a 816.29 ± 23.01 a 5.67 ± 0.29 a

Second year
P value P = 0.0462 P � 0.0000 P = 0.0066
T1 3.37 ± 0.17 c 778.02 ± 17.31 b 5.84 ± 0.26 b
T2 2.99 ± 0.25 b 798.41 ± 25.10 b 5.46 ± 0.41 b
Tc 2.76 ± 0.30 ab 730.52 ± 33.80 a 5.43 ± 0.40 b
T0 2.70 ± 0.18 a 741.28 ± 15.47 a 4.95 ± 0.25 a

Combined analysis
P value P = 0.0471 P = 0.0067 P = 0.0006
T1 3.34 ± 0.16 b 776.09 ± 12.28 b 5.86 ± 0.24 b
T2 3.40 ± 0.21 b 809.36 ± 9.17 b 5.86 ± 0.27 b
Tc 3.03 ± 0.16 a 755.50 ± 34.01 a 5.51 ± 0.24 a
T0 2.93 ± 0.14 a 759.81 ± 11.73 a 5.31 ± 0.25 a
zNumbers followed by different letters denote statistical significance according to Fisher’s least significant
difference test (P < 0.05).

Table 5. Effect of Trichoderma isolates on quality parameters in Gandalf cv. Melon.

Treatment �Brix pH
Pulp firmness
(kg·cm–2) Rind thickness (mm) Pistil scar (mm) Polar perimeter (cm)

Equatorial
perimeter (cm) PP/EP

First year
P value P = 0.1170 P = 0.6631 P = 0.4807 P = 0.5329 P = 0.1010 P = 0.3729 P = 0.0003 P = 0.1857
T1 10.07 ± 0.06 6.33 ± 0.01 1.84 ± 0.04 3.24 ± 0.03 15.71 ± 0.15 37.83 ± 0.11 36.17 ± 0.11 az 1.046 ± 0.001
T2 9.70 ± 0.05 6.31 ± 0.01 1.81 ± 0.03 3.20 ± 0.03 15.78 ± 0.15 38.40 ± 0.11 36.89 ± 0.10 b 1.042 ± 0.001
Tc 9.55 ± 0.04 6.26 ± 0.01 1.68 ± 0.03 3.02 ± 0.02 14.87 ± 0.15 37.99 ± 0.12 36.35 ± 0.11 a 1.045 ± 0.001
T0 9.83 ± 0.06 6.32 ± 0.01 1.77 ± 0.03 3.00 ± 0.03 15.27 ± 0.19 37.92 ± 0.11 36.35 ± 0.11 a 1.044 ± 0.001

Second year
P value P = 0.2110 P = 0.5161 P = 0.4902 P = 0.0733 P = 0.2112 P = 0.2458 P � 0.0000 P = 0.1645
T1 10.16 ± 0.04 6.40 ± 0.01 1.86 ± 0.04 3.28 ± 0.13 15.87 ± 0.16 36.53 ± 0.13 36.36 ± 0.12 b 1.039 ± 0.001
T2 9.80 ± 0.03 6.36 ± 0.01 1.83 ± 0.03 3.15 ± 0.14 15.82 ± 0.14 36.67 ± 0.12 36.36 ± 0.12 b 1.036 ± 0.001
Tc 9.75 ± 0.03 6.33 ± 0.01 1.70 ± 0.03 3.04 ± 0.15 14.85 ± 0.16 37.43 ± 0.13 35.36 ± 0.12 a 1.036 ± 0.001
T0 9.93 ± 0.03 6.39 ± 0.01 1.79 ± 0.03 3.02 ± 0.12 15.43 ± 0.19 37.64 ± 0.13 35.41 ± 0.13 a 1.040 ± 0.001

Combined analysis
P value P = 0.1811 P = 0.1927 P = 0.1745 P = 0.1697 P = 0.1352 P = 0.0003 P � 0.0000 P = 0.8756
T1 10.11 ± 0.05 6.36 ± 0.01 1.85 ± 0.03 3.26 ± 0.08 15.79 ± 0.19 37.66 ± 0.11 b 36.13 ± 0.11 b 1.043 ± 0.001
T2 9.75 ± 0.07 6.34 ± 0.44 1.82 ± 0.10 3.17 ± 0.29 15.79 ± 0.15 38.03 ± 0.11 c 36.63 ± 0.10 c 1.039 ± 0.001
Tc 9.66 ± 0.04 6.30 ± 0.01 1.70 ± 0.02 3.03 ± 0.09 14.85 ± 0.18 37.24 ± 0.12 a 35.84 ± 0.11 a 1.039 ± 0.001
T0 9.88 ± 0.05 6.35 ± 0.07 1.78 ± 0.02 3.01 ± 0.07 15.35 ± 0.22 37.28 ± 0.13 a 35.87 ± 0.12 a 1.039 ± 0.001
zNumbers followed by different letters denote statistical significance according to Fisher’s least significant difference test (P < 0.05).
EP = equatorial perimeter; PP = polar perimeter.
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inoculation of T. saturnisporum in the seed-
ling phase after transplanting increased the
yield of melon crops for two growing seasons.

Different authors establish the direct re-
lationship between the resistance of the
seedlings to the transplant stress and the
subsequent early and total production with
the dry matter content (Basoccu and Nicola,
1989; Castillo et al., 2004; Herrera et al.,
2008; Pimpini and Gianquinto, 1991).
According to Herrera et al. (2008), the leaf area
of the tomato seedlings seems to be directly
related to the production of fruit per plant.

In our study, the incorporation of T.
saturnisporum in melon crops produced
higher yields and fruit quality compared with
the control and commercial products. In
addition, these results confirm those obtained
by Herrera et al. (2008), because both melon
isolates showed increased leaf area.

By contrast to our results, Martínez-
Medina et al. (2011) found that T. harzianum–
inoculated melon plants did not differ in fruit
number relative to noninoculated plants.

Maturity indices play a very important
role in the postharvest quality management
of cantaloupes. The main factors limiting
melon fruit quality are texture, sweetness,
and odor (Luna-Guzm�an et al., 1999; Portela
and Cantwell, 1998; Pratt, 1971). Canta-
loupes are harvested by maturity rather than
size. The determination of harvest maturity
is particularly difficult in honeydew melons,
because the abscission zone, a useful har-
vest criteria for cantaloupes, does not form
until the fruit are overripe (Pratt et al., 1977).
The market quality of melon fruit is deter-
mined based on sugar content and, more
routinely, as the TSS content measured in
�Brix (Lester and Dunlap, 1985; Villanueva
et al., 2004). In this research, �Brix values
were within the acceptable commercial re-
quirements. Soluble solids content always
had higher values than the minimum (9) ac-
ceptable market values for all melons (Shellie
and Lester, 2004) and especially for canta-
loupes (Fonseca, 2005). The TSS content
recommended for melon fruit sold in markets
should be higher than or equal to 9 �Brix for
cantaloupes (NFSMI, 2013) (National Food
Services Management Institute). The pH of
the intact fruit remained at�6, in accordance
with Supapvanich et al. (2011). Portela and
Cantwell (1998) observed an average pulp
firmness of 1.75 kg·cm–2 at harvest. The
results from the present study showed that
all T. saturnisporum treatments were above
this value. The commercial quality standards
developed by UNECE (2010) (United Nations
Economic Commission for Europe) reports a
minimum size, by weight, of 250 g for Char-
entais melon and, by a diameter of 7.5 cm
(23–24 cm of perimeter). In our research,
all values surpassed these standards. Cir-
cumference ratios were near unity at all
stages, indicating round fruit, a characteris-
tic preferred in grading and packing fruit for
shipping.

Trichoderma species are well known as
biocontrol agents for the control of several
crop diseases. Trichoderma spp. can stimulate

the growth of plants, including various flori-
cultural and horticultural plants. Trichoderma
spp. are opportunistic plant symbionts. They
can proliferate, compete and survive in soil
and other complex ecosystems.

There are a few reports that investigate T.
saturnisporum as a biocontrol agent (Di�anez
et al., 2016) or plant promoter (Di�anez et al.,
2016; Marín-Guirao et al., 2016). However,
this is the first time that it has been described
to its field application and its effect on crop
yields and fruit quality parameters.

Our results demonstrate that T. saturnis-
porum acts as a biostimulant for nursing and
commercial melon crops. Melon productivity
increased with T. saturnisporum treatments
T1 (13.99%) and T2 (16.04%). Our results
demonstrate that T. saturnisporum (T1 and
T2) applied via irrigation on intensive melon
crops improved crop yields without negative
effects on the fruit quality. This is the first
report that describes T. saturnisporum as
a potential crop yield promoter.

Conclusions

Our results demonstrate that T. saturnis-
porum act as a biostimulant for nursing and
commercial melon crops. Melon productivity
increased with T. saturnisporum treatments
T1 (13.99%) and T2 (16.04%). Our results
demonstrate that T. saturnisporum (T1 and
T2) applied via irrigation on intensive melon
crops improved crop yields without negative
effects on the fruit quality. This is the first
report that describes T. saturnisporum as
a potential crop yield promoter.
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