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Abstract

Studies of several agricultural crops have been concluded with
the aim of achieving greater environmental balance by reducing
the use of pesticides, as well as promoting the viability of
cultural management techniques that diminish the proliferation of
phytopathogens. In the melon growing industry, studies of this sort
are scarce. Therefore, the objective of this work was to evaluate
the influence on disease progression and melon crop productivity
of various production systems, including fertilization, spacing,
pesticide use, and pruning of branches and culling of fruits. Organic
fertilization was efficient for the management of phytopathogens
due to the presence of antagonistic microorganisms. Minimizing
pesticide use did not affect crop productivity.
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Introduction

Currently, varieties of melon adapt to various regions such that
they maintain their productive characteristics, providing stability in
terms of fruit quality as well as providing greater profit to the farmers.

Despite the economic importance of the melon crop to Brazil,
melon productivity can be considered low compared to its productive
potential, and the various producing regions are affected by
several factors [1-3] Climatic factors such as temperature, relative
humidity, precipitation and solar radiation exert influence on
growth, development, and fruit quality and melon productivity.
The melon is a typical plant of regions of warm climate, requiring,
for its development and production, a temperature above 20°C [4].
Therefore, research is required to define the optimal management
technologies capable of increasing productivity and quality, allowing
Brazilian melon production to compete on an equal footing in the
national and international markets.
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Among the biotic factors affecting melon growth is gummy stem
blight, or canker of the stem, caused by the fungus Stagonosporopsis
cucurbitacearum (Fr.) Aveskamp, Gruyter and Verkley, also known as
Didymella bryoniae (Auersw.) Rehm [5]. The disease causes seedling
tipping, leaf lesions and cankers of stems and stalks, compromising
the development of plants and reducing yield and fruit quality [6].
Another disease, known as Fusarium wilt, caused by the fungus
Fusarium oxysporum f. sp. melonis (Leach and Currence) Snyd
and Hans is also responsible for serious economic damage [7]. The
pathogen is difficult to control because it survives in soil in resistant
structures, as well as in crop residues and in infected seeds [8].

Due to the seriousness of the damage caused by these diseases, a
proper management is necessary for the development of plants and
improvement of crop production. Although chemicals are the most
widely used form of treatment. Continuous use of fungicides is not
advisable as a long-term solution because of the negative effects of
pesticides on the environment [9] and increasing pathogen resistance
to chemical treatments [10,11].

To reduce the use of fungicides, it is necessary to use more
efficient applications and cultural techniques that minimize the
environment conducive to the development of pathogens. According
to the literature, there are few studies evaluating the effects of various
management techniques and the progression of melon diseases.

The objective of this work was to develop control methods that
minimize the use of fungicides, creating a rational management of
the crop that hinders the proliferation of diseases, maintaining an
acceptable level of productivity and fruit quality.

Materials and Methods

Local and climatic conditions

Were conducted two trials in an area located in the phytosanitary
sector of the Federal University of Tocantins-UFT, municipality
of Gurupi (11°44’44.8667S; 49°3°8.968”W 278 m altitude), State of
Tocantins, from July to September 2014 and June to September 2015.
The area is found in the Cerrado biome and the soil is classified as
dystrophic red-yellow latosol [12] with medium texture.

According to the Koppen classification, the region’s climate
is Aw, defined as tropically hot and humid with rainy seasons in
summer and dry seasons in winter. The average annual temperature
is around 26°C. Average temperature range is very small, with a
monthly average temperature of at least 20°C and a maximum
monthly average of 33°C. The average annual precipitation is 1,632
mm, with the highest rainfall from October to March and lowest from
April to September [13]. Were conducted the initial soil preparation
with two heavy harrows and a leveling harrow, and we used a rotary
hoe for the survey of the beds (0.70 m width at the upper base, 0.90 m
width at the lower base and height 0.30 m). The beds were protected
with double-sided plastic canvas (black/white) with a thickness of 150
um, leaving the white face exposed were employed drip irrigation (3.6
L hour") aiming to achieve field capacity and fixed watering. Were
sowed five seeds per pit at 2 cm depth, and performed plant thinning
at fifteen days, leaving one plant per pit. The cultivar used was the
Hibrix® hybrid.
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Characterization of the treatments

The experimental design was a randomized complete block design
with four replicates and five treatments (production systems):

T1 - Conventional System I (CS I): Planting spacing 2 x 0.5 m.
Fertilization at 1000 kg ha' with formulation 5-25-15 (N-P-K), 262
kg ha! potassium chloride (60% K) and 454 kg ha! urea (44% N)
total coverage, divided in four parts. We applied the recommended
commercial doses of fungicides Cerconil® (methyl thiophanate, 0.7
g L'+chlorothalonil, 1.7 g L) and Score® (difenoconazole, 0.3 g L)
and the insecticides Decis® (deltamethrin, 1.0 ml L) and Evidence®
(imidacloprid, 0.3 g L') weekly. There was no thinning.

T2 - Conventional System II (CS II): similar to T1, differing only
in that were maintained two branches and two fruits per plant.

T3 - Integrated Production System I (IPS I): Planting spacing 2
x 1 m, fertilization according to the soil analysis, where 640 kg ha™ of
5-25-15 (N-P-K) was applied to the plantings in both years, 114.3 kg
potassium chloride (60% K) and 318 kg urea (44% N), divided in four
parts. Two branches were maintained per plant and all fruits were
retained. Cerconil® (methyl thiophanate, 0.7 g L"'+chlorothalonil, 1.7
g L") and Score® (difenoconazole, 0.3 g L) and insecticides Decis®
(deltamethrin, 1.0 ml L) and Evidence® (imidacloprid, 0.3 g L") was
applied. Were monitored every three days, recording the incidence of
diseases and pests according to the norms established for collection
and respecting the level of damage defined for each pest according to
the relevant literature.

T4 - Integrated Production System II (IPS II): similar to T3,
differing in that were maintained only two fruits per plant.

T5 - Organic Production System (OPS): Plant spacing 2 x 0.5
m, fertilization with 20 t ha' cattle manure, without application
of pesticides, leaving two branches and two fruits per plant.
Characterization of manure: pH: 7.8; (K: 1200; P: 357.2) mg dm?;
(Ca:4.7; Mg: 7.6) cmolc dm; M.O.: 11 dag kg™'. Manure was collected
to analyze the presence of microorganisms. Were added 99.0 ml of
sterilized distilled water to the organic sample, obtaining a stock
solution of 10 g L. Each sample was homogenized for 5 minutes with
a magnetic stirrer at 150 rpm. Subsequently, we added 1.0 mL of the
stock solution to 99.0 mL of sterilized distilled water to give a final
dilution of 1073, i.e., one gram of soil per 99 ml sterilized distilled water.
From this final concentration 1.0 mL was pipetted and deposited in
the center of Petri dishes containing potato-dextrose-agar (PDA)
culture medium. The solution was spread on the surface of the culture
medium and the plates were sealed, identified and incubated at
25°C + 2°C with photoperiod of 12 hours for 7 days. After this time,
we identified the fungi by magnifying glass and common optical
microscope. Bacteria grown in PDA medium were spiked into Luria
Bertani medium (LB) in test tubes and placed in a shaker at 200 rpm
for 72 hours. Then Gram-stained slides were prepared to identify the
bacteria.

Disease evalution

To evaluate the progression of diseases in melon plants, we
recorded the severity in relation to the time, and the plants were
evaluated every seven days using a scoring scale described by Santos
et al. [14] as follows: 0 - healthy plants ; 1 - plants with less than 1%
of the leaf area affected; 3 - plants with 1- 5% of the leaf area affected;
5-plants with 6-25% of the leaf area affected ; 7 - plants with 26-50%
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of the leaf area affected; 9 - plants with more than 50% of the leaf
area affected. Subsequently, the scores attributed to the disease in
the leaves were converted to percentages of diseased leaf area by the
midpoint of each score. The number of evaluations of each trial was
set according to the onset of disease. At the end of the evaluations, the
severity data were converted into the Area under Disease Progression
Curve (AUDPC), according to the method described by Shaner and
Finney [15].

Data analysis

The fruits were harvested and weighed, and we calculated
the total soluble solids (TSS) content. Productivity was expressed
as t ha! and TSS in °Brix. The data were subjected to analysis of
variance (ANOVA) and Tukey’s test was applied at 5% probability
for comparison of means. T test was used to comparing estimates for
contrasts of interest.

Results and Discussion

Disease incidence

In 2014, in July and September the temperature ranged between
15.2°C and 37.7°C, and the relative humidity of the air ranged from
48.7% to 66.8%. During the course of the test, cumulative precipitation
of 65 mm was found distributed in several phases of the culture cycle.

During the 2015 growing season, the temperature ranged from
14.6°C to 38.9°C and relative humidity ranged from 44.9% to 71.7%.
During this period, there was no rain during the test period.

The climatic variables in 2014 prevalent at 65 days after planting
(DAP), favored the appearance of gummy stem blight caused by the
fungus Stagonosporopsis cucurbitacearum. These climatic conditions
favored the infection of the pathogen and allowed the progression of
the disease during most of the treatments until the harvest period.

The severity of gummy stem blight on the leaves (Figure 1)
increased in all treatments at 65 DAP, when the first rains occurred,
causing initial infections in the plant leaves. The maximum final
values of affected leaf area (at 86 DAP) ranged from 21.1% for
Conventional System I and Organic Production System to 38% for
Integrated Production System I. Keinath [16], observed that there
was infection despite irregular leaf wetting, and the pathogen was
capable of causing an increase in the severity of the disease in the
plant. This phenomenon was also described by Santos et al. [14].
They reported that, during periods unfavorable to the disease when
water was present only for a short period of time, there was sufficient
water for the fungus to penetrate through natural openings of leaves
and branches, or through caused different injuries. These authors
commented that under these conditions, the values of affected leaf
area did not exceed 40% in the treatments most affected. Dalcin et
al. [17] found that the severity of this disease increased even at the
end of the crop cycle, when the melon fruits had virtually completely
formed. Rennenberger and Keinath [18] also demonstrated the high
capacity of Stagonosporopsis to infect several genera of cucurbitaceae.

In the experiment conducted in 2015, we also detected gummy
stem blight on the leaves, however, it was of low severity in the plant
leaves (Figure 1). The area under the disease progression curve did
not differ significantly (P>0.05) between treatments compared within
each year (Table 1). However, different values are observed between
harvests, with the year 2015 having lower values of the AULBPC.
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Figure 1: Temporal progress of leaf gummy disease (% affected leaf area) as a function of different melon production systems, in the municipality of Gurupi,

Tocantins, Brazil, during two years of cultivation.

Table 1: Area Under Leaf Blight Progress Curve (AULBPC), percentage of dead plants by stem blight (DPSB), and dead plants by fusariosis (DPF) in different melon

production systems, in Gurupi, Tocantins, Brazil.

Production system 2014

2015

AULBPC Leaf blight DPSB (%) AULBPC Leaf blight DPF (%)
Stem blight Fusariosis

CS| 117.3a 20 28.8a 18

Ccsl 131.3a 15 28.0a 35

IPS | 129.5a 28 29.8a 30

IPS I 105.0 a 50 26.3a 28

OPS 117.3a 0 245a 0

CV% 10.47 12.01

Treatments: CS I: Conventional System [; CS II: Conventional System II; IPS I: Integrated Production System I; IPS II: Integrated Production System II; OPS: Organic
Production System; * OPS: Organic Production System. After plating of manure used, at the dilution of 103, a large number of antagonistic microorganism’s colonies

were found: Bacillus sp. and Trichoderma spp.

Means followed by the same lowercase letter in the column do not differ statistically from each other by the Tukey test at the 5% probability level.

Santos etal. [10] reported that the pathogen Didymella bryoniae (8.
cucurbitacearum) infected and damaged not only to stem but also the
leaves of the plants. This was influenced by leaf wetness, an essential
condition for the development of the disease. The value of AULBPC
was measured by leaf severity assessment showed higher levels of the
disease in 2014, when the disease occurred more severely in the leaves.
In the same year, the disease also occurred in the stems, causing death
in all treatments, except in the treatment with organic fertilization
where there was high infestation of Bacillus and Trichoderma.
Lecomte et al. [19] and Cao et al. [20] assert that the biological control
of Fusarium oxysporum through these microorganisms is efficient.

The lack of difference in control of the disease in leaves due to
the application of fungicides among the treatments in 2014 can be
explained by the considerable resistance of S. cucurbitacearum to
fungicides reported by several authors [10,11].

In 2015, there was a low incidence of gummy stem blight on
the leaves, however, there was a high incidence of Fusarium wilt,
caused by the fungus Fusarium oxysporum f. sp. melonis (Leach and
Currence) Snyd and Hans. With regard to spatial distribution, the
disease was distributed in sectors within the experimental plots. There
were wilted and dead plants already on 30 DAP, extending from the
period of flowering until 50 DAP, with fruits in development. Yang
et al. [21] observed that melon root exudates significantly promoted
spore germination and mycelial growth of F. oxysporum f. sp. melonis
resulting in a high incidence of fusariosis, thus confirming the
influence of the roots of the plants on the development of the pathogen.
This fact may lead us to infer that successive melon cultivation in the
same area may have stimulated and/or favored the high incidence of
this pathogen in plants.

On the other hand, observing the results obtained in relation to
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the dead plants by Fusarium and/or Stagonosporopsis, we believe that
fertilization with manure probably contributed to the suppression
of these pathogens in root and stem tissues. Organic fertilization
made the environment favorable to the development of fungal and
antagonistic bacteria, inhibiting the development of soil-dwelling
pathogens such as those of the genus Fusarium spp. [22-24] and
D. bryoniae [25]. In the present study, was evaluated microbiota in
manure and found microorganisms considered antagonists such as
fungi of the genus Trichoderma sp. and bacteria of the genus Bacillus
sp. This agrees with results described in the literature [26,27]. Thus,
believe that organic fertilization with bovine manure was effective
in controlling plant mortality, both by S. cucurbitacearum and by F.
oxysporum.

Agronomic evaluation

The results obtained in the two trials in different years suggested
that the different levels of disease incidence in the plants may have
influenced agronomic characteristics and crop yields (Table 2).

In the 2014 harvest, lower productivity among treatments was
obtained by IPS II, producing only 8.2 t ha', significantly different
(P<0.05) from those of CS I and OPS with 15.6 t ha! and 15.2 t
ha', respectively. The mortality of plants caused by the fungus
Stagonosporopsis severely affected the productivity of this treatment.
Santosetal. [28] stated that gummy stem blight caused large reductions
in yield and fruit quality. In the 2015 crop, the conventional systems
maintained productivity stability. In IPS II treatment, there was an
increase in productivity due to a decrease in plant mortality. Greater
number of plants meant higher production. Were observed that a
greater application of pesticides in the conventional treatments (CS
I, CS 1I), did not provide higher productivity than did the integrated
systems (IPS I, IPS II), nor was there a significant difference (P>0.05)
in AFW.

However, the OPS had a reduction in productivity even though
it was not affected by plant mortality. It should be borne in mind that
the manure used in the 2015 harvest was the same manure used in the
2014 planting season. Thus, this fertilizer had been exposed for a long
time to the climatic elements (rain and sun) that cause degradation
and loss of nutrients, primarily nitrogen. Azeez and Averbeke [29],
reported that bovine manure released large amounts of nitrogen
after 120 days, after contact with the soil and when exposed to rain,
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leaving the material nitrogen-deficient. The same authors suggested
supplementing manure fertilization with inorganic nitrogen sources
to meet the needs of the plants. In the present study, the nutritional
deficiency of nitrogen was quite evident in the plants, demonstrated
by chlorosis in the leaves.

Table 2 also shows the estimates for contrast of interest among
similar treatments, differing only in terms of thinning of branches
and fruits. Comparing the productivity between the treatments we
found no significant difference (P>0.05) between them (CS I vs. CS
IT; IPS I vs. IPS II). Regarding weight (AFW), there was a significant
difference by the t test (P<0.05). In the 2014 harvest, CS I and CS
IT were distinct, as were IPS I and IPS II in 2015. These results
suggest that the thinning of branches and fruits can be efficient for
the producer aiming to obtain larger fruits for marketing. Salehia
et al. [30] showed similar results, where they demonstrated that the
pruning and maintenance of two branches in the plant stimulated the
production of larger fruits.

The practice of branching influenced the crop cycle, altering the
total soluble solids content and delaying the harvest.

Table 3 shows that the harvest was staggered due to the uneven
maturity of the fruits between the treatments. The CS I differed
statistically (P<0.05) from the others at 65 DAP in both years,
presenting physiologically mature fruits at the acceptable value
of °Brix for commercialization [31]. Were observed that in the
treatments subjected to the thinning of branch thinning (CS II,
IPS I, IPS II, OPS) there was a prolongation of the cycle in 15 days.
Usually, in tropical regions, the cycle of the cultivar ends at 65 DAP.
Miao et al. [32] Performed pruning of branches in melon plants and
observed that the practice extended the life of functional leaves, better
balancing the growth of the aerial part and the roots and delayed the
senescence of the plant.

Conclusion

The incidence and severity of diseases in the melon crop was a
determining factor in crop productivity. Fertilization with bovine
manure reduced plant mortality with the presence of antagonistic
organisms in the microbiota. The thinning of fruits increased the size
and mass of the product, however the thinning of branches increased
the crop cycle by approximately 15 days.

Table 2: Average productivity (PROD) and average fruits weight (AFW) of melon as a function of different production systems in two years of cultivation, in Gurupi,

Tocantins, Brazil.

Production system 2014
PROD AFW
(tha?) (kg)
CSl| 156 a 0.622 a
CSli 14.4 ab 0.899 a
IPS | 10.3 ab 0.763 a
IPS I 8.2b 0.975a
OPS 1562 a 0.859 a
CV% 22.13 19.13
Estimates for contrasts of interest
CSlvs.CS I 1.2m -0.277*
IPS1vs. IPS I 2.1ms -2.213

2015
PROD AFW
(tha) (kg)

17.8 ab 0.85 abc
12.9 ab 1.02 ab
16.2 ab 0.80 bc
18.7 a 1.09a
11.2b 0.71¢c
20.91 1213
5.0 -0.1634"
-2.5™ -0.2882*

Treatments: CS I: Conventional System I; CS II: Conventional System II; IPS I: Integrated Production System I; IPS II: Integrated Production System Il; OPS: Organic
Production System; * OPS: Organic Production System. Means followed by the same lowercase letter in the column do not differ statistically from each other by the
Tukey test at the 5% probability level. *Significant at 5% probability in the T test. ": Not Significant.
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Table 3: Total soluble solids content (°Brix) of melon in different production systems and fruit development season in Gurupi, Tocantins, Brazil.

Production System 2014
65 DAP 80 DAP

csli 11.63 aA 11.75 aA
csl 9.25 bB 11.88 aA
IPS| 8.63 bB 11.25 aA
IPS Il 9.63 bB 11.75 aA
OPS 9.88 bB 11.75 aA
CV% Production System: 10.0

Harvest season: 6.2

2015

65 DAP 80 DAP
12.5aA 12.4 aA
9.0 bB 12.3 aA
8.9 bB 11.8 aA
9.9 bB 12.1aA
10.0 bB 11.8 aA

Production System: 7.54 Harvest season: 7.50

Treatments: CS I: Conventional System I; CS II: Conventional System II; IPS I: Integrated Production System I; IPS II: Integrated Production System II; OPS: Organic
Production System; * OPS: Organic Production System. Means followed by the same lowercase letter in the column and upper case in the row do not differ statistically
from each other by the Tukey test at the 5% probability level. The comparisons are made independently between the years.

DAP: Days after Planting
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