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Abstract

Proper crop management results in higher profitability and the verification of economic viability is paramount
to the definition of the methodologies used. This study aimed to verify the economic viability of seedlings or
seeds use, associated with the inoculation with Azospirillum brasilense and nitrogen in topdressing fertilization
in Cantaloupe melon production. The experiment was designed in randomized blocks with eight treatments.
The treatments were composed of planting methods (seedling or seed), inoculation with Azospirillum brasilense
(with or without), and partial application of 120 kg ha'! of nitrogen as topdressing fertilization (with and without).
It was verified that operations and seed acquisition represent the major cost factors. As for treatments, the use
of seedling transplants with topdressing fertilization with nitrogen results in an increase of up to 37.01% in fruit
production and, consequently, increases the indicators of economic viability. Also, A. brasilense, although not
resulting in significantly higher production, raises the profitability. In this way, the seedling fransplant, combined
with the nifrogen in topdressing ferfilization, results in higher profitability, and the use of A. brasilense is a
technique with the potential for use in melon cultivation.
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Intfroduction

Appropriate handlingtechniquesadoption, which
aims at a better quality of fruits and greater productivity,
is fundamental fo guarantee the product enhancement,
as well as the profitability fo the producer since melon is
recognized as a profitable type of crop (Vendruscolo et
al., 2017). Melon cultivation in a protected environment
has responded fo nitrogen fertilization (Queiroga et al.,
2007) with gains in productivity and quality of Cantaloupe
melon fruits.

Nifrogenis of utmostimportance formelon culture,
as it provides improvements in the physical characteristics
of the fruits (Queiroga et al., 2011), in qualitative aspects
and increases productivity (Queiroga et al.,, 2007). In
this way, Silva et al. (2014) observed a 54% increase in
Cantaloupe melon production with nitfrogen fertilization
increase. The same authors observed that the absence
of nitrogen fertilization influenced the fruit phenotypic

characteristics, with a reduction in nefting and diameter,
characteristics that promote the devaluation of the
product in the market.

Concomitantly with the use of nitrogen fertilization,
the possibility of inserting alternative technologies is
envisaged to reduce the applications of mineral fertilizers.
Thus, the application of plant growth-promoting bacteria,
such as Azospirilum brasilense, can be a promising
practice to improve crop growth and productivity. The
utilization of A. brasilense has several benefits, such
as significantly influence biological nitrogen fixation,
increase nitrate reductase enzyme activity, promote
hormones production, increase phosphate solubility,
favor the beneficial association between mycorrhizae
and plants and even protect the plant to pathogen
attack (Lima et al., 2018).

Besides the correct agronomic techniques, it is
important for the farmer to obtain information on the costs
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of implementing and handling the crop, to reduce costs
and maximize profits. The determination of agricultural
production costs is a primary tool in the productive
activities management and obtaining information, which
should act as a basis for decision making by the producer,
as well as in the strategy formulation (Vasconcelos &
Garcia, 2004).

The purpose of production cost determination is
mainly to assist the producer in administration, in choice
of crops and cultivars, and the practices used, such as the
use of seedlings or seeds, inoculation with A. brasilense,
among others. However, in the literature, there are no
studies that show the economic viability of planting
methods, associated with inoculation with Azospirillum
brasilense and fopdressing ferfilization with nitfrogen for
melon cultivation.

Thus, this study aimed to verify the economic
viability of seedlings or seeds use, associated with the
inoculation with Azospirilum brasilense and nitrogen in

topdressing fertilization in Cantaloupe melon grown in the
Cerrado region.

Material and Methods

The study was conducted in a protected
environment, in Goi@nia, Goids, at the central region of
the state, at following coordinates 16°40’ S, 49°15" W and
altitude of 750 m. In the region, there is a predominance
of Aw type climate, according to the KOPPEN-GEIGER
classification (Cardoso et al., 2014), characterized by
a fropical climate with a rainy season from October
fo April and a period with monthly rainfall below 100
mm between May and September. Average monthly
temperatures range from 20.8°C, in June and July to
25.3°C in October (Cardoso et al., 2014). The climatic
records of temperature and relative humidity in the
protected environment (Figure 1), during the conduction
of the experiment, were obtained through a digital data
logger (AK172, Akso, SGo Leopoldo, RS, Brazil).

T°C (max) T°C (avg) =====T°C (min) «eeeeeeee UR (%)
100 r 1 100
Zg |2 Bag e eckofe ] Zg 3
s 70 - 1 70 ]
0 40 i 160 E
=2 =]
T 50 oy oAl G 15 =
g 40 1 147
E 30 13 ¢
& o0 AN ) 5
10 1 10 =
O 1 1 1 1 1 1 1 1 1 § o
) o o ) o o b o ) o
SN SN NN N NN
AR NRC A RS ORI O N NN
AP A N0 9 N
O N N O N R LR O

Figure 1. Relative air humidity, average, maximum, and minimum
temperature during the experimental period.

The protected environment had 21 m length,
7 m width, and 4 m height, covered with tfransparent
plastic canvas and a white anti-aphid screen on the
sides. Also, two openings at the ends, equivalent to the
upper arch, provided greater ventilation, preventing the
accumulation of excessive heat inside the cultivation
environment.

The soil used is a LATOSSOLO VERMELHO,
classified according to the Brazilian classification system
(Santos et al., 2013) or OXISOL (Soil Survey Staff, 2014).
The soil had the following characteristics: Ca?: 5.70 cmol_
dm=, Mg?": 3.00 cmol_dm?3, K*: 96.00 mg dm, P (Mehlich
[): 170.00 mg dm, organic matter: 23.00 g kg, APF*: 0.0
cmol, dm?, H+Al: 2.40 cmol_dm?®, pH (CaCl,): 5.50, cation
exchange capacity: 11.35 cmol_ dm?, base saturation:
79.00%, according to the methodologies for soil analysis

established by Embrapa (Donagemma et al., 2011). The

granulometric soil analysis showed 48.00 g kg of clay in
layer 0 - 0.20 m, following the analysis proposed by Silva
(2009).

A randomized block design was used, with eight
freatments distributed in five replications. The treatments
were composed of planfing methods (seedling or seed),
inoculation with Azospirillum brasilense (with or without),
and partial application of 120 kg ha' of nitrogen as
fopdressing fertilization (with and without). Each plot
consisted of five plants, and the three central plants were
used for the evaluations.

For seedlings formation, on September 7, 2016,
sowing was carried out on peat moss substrate (Germinar,
Bioflora, Prata, MG, Brazil) of Cantaloupe melon seeds,
cv. Trinity. Twenty-three days after sowing, seedlings
were transplanted to previously prepared seedbeds and
fertilized with 4.0 dm= m™ of caftle manure (O.M.: 88.00 g
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kg'; pH: 7.20; N: 82.00 g kg'; P (Mehlich-1): 3.10 g kg; K:
20.80 gkg'; Ca: 3.00 g kg'; Mg: 3.00 g kg'; C: 50.00 g kg™;
Fe: 0.19 mg kg'; Mn: 36.00 mg kg'; Zn: 26.50 mg kg'; Cu:
0.00 mg kg™'; C:Nratio: 0.60) and 15 g m™ of Yoorin Master.
At this time, sowing was also carried out directly on the
beds, according fo the treatments. A spacing of 45 and
80 cm between plants and rows (seedbeds) was used,
respectively (Vendruscolo et al., 2018).

The nitrogen applications as fopdressing
fertilization, in the freatments composed by this action,
were carried out manually, diluting the urea equivalent
to the dose of 40 kg ha' in 500 ml of water and applying
the solution throughout plot extension, at 15, 30 and 45
days after planting. A. brasilense was applied together
with the first nifrogen fertilization in a drench way. It was
applied the dose of 10 mL L' of the commercial product
NITRO 1000 Gramineas®.

The plants were conducted vertically, using
plastic tapes as staking, and the irrigation was performed
by drip irrigation tapes with drippers spaced at 20 cm.
Fungicides based on Metiram and Pyraclostrobin (55%
and 5% a.i., respectively) and insecticides based on
Thiamethoxam (25% a.i.) and Lambda-cyhalothrin (25 %
a.i.) were applied to control fungal diseases, whiteflies,
and borers, respectively, at 10, 15 and 64 days after
planting.

The harvest started at 72 days after planfing and
continued for ten days until all fruits were harvested. The
fruits were harvested when there was a natural cracking
of the stalk next to the fruit, characterizing the species
harvest point. Then, the fruits were weighed on a digital
scale (W15, Welmy, Sta. Bdarbara d'Oeste, SP, Brazil) and
the production calculated in boxes (boxes) of 14 kg ha',
which is the form that the fruits are marketed in the region.

For determining the production
a Cantaloupe melon production cycle,

cost  of
the total
operational cost (TOC) structure was used. In this, the
TOC is obtained by the sum of expenses with operational
cosfts, The effective
operational cost (EOC) is composed of the expenses of
the operations and inputs used (Martin et al., 1998).
The economic analysis was made considering the
different freatments as commercial crops. Considering the
existence of structural elements such as the greenhouse,

depreciation, other expenses.

imigation system, and other elements used by more than
one harvest in the cultivation area, the costs paid for their
implementation were disregarded in the present study.
The values practiced in the first half of 2018, atf
CEASA-GO, in Goidnia, were considered as average
prices received by the producers. The average price of

the 14 kg box received by the producers was R$ 48.00,
which was used in the present study. The fertilizer values
were obtained from the Instituto de Economia Agricola
(IEA). The values of the other inputs were obtained from
companies specialized in the commercialization of
agricultural products in the region of Goidnia. The values
were converted in U$ dollars, considering USD 1.00 = R$
3.77, which was the quotation for the fime.

Labor costs were calculated using the index
generated by the need for manual operations for each
operatfion, obtained in men/day (MD), then multiplied by
the average value of labor force in the region in 2018 (R$
70.00). For inputs, the cost was calculated based on the
average product value in the region and the amount of
material used. A rate of 5% of the fotal expenses with the
EOC was considered for other expenses, and the interest
costs are taken as 6.5% at a year about 50% of the EOC
(Martin et al., 1998).

The were calculated to
determine the profitability of each treatment, according
to Martin et al. (1998):

a) gross revenue, obtained between the quantity
produced (14 kg boxes) and the average price received
by the producer in the period from January to May 2016;

b) operational profit, such as the difference
between gross revenue and total operational cost;

following indexes

c) profitability index, understood as the proportion
of gross revenue that represents the final amount after
covering the total operational cost of production;

d) equilibrium price, obtained at a given level
of total operational cost of production, as the minimum
price necessary to be obtained to cover TOC, considering
the average productivity obtained by the producer;

e) equilibrium productivity, obtained at a given
level of total operational cost of production, as the
minimum productivity necessary to cover the TOC.

The data from the productivity of melon were
submitted to analysis of variance, and the means were
compared by the Tukey test at 5% probability.

Results and Discussion

A cost of R$ 4,825.99 was observed for 1000 m?
of Cantaloupe melon production. From this amount, it
was found that the largest share was due to the need
for operations, mainly concerning the conduct and
management of the crop. It was also found that the seed
participates with 94.40% of the total amount related to
the acquisition of inputs, being a factor that significantly
affects the Cantaloupe melons production (Table 1).
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Table 1. Total operational cost estimated for a Cantaloupe melon crop in 1000 m2.

. Unity Quant.  Unitary value Total value Participation
A- Operations ) ) (R$) (RS (USD) (%)
Soil preparation HD 0.67 70.00 46.67 12.38 0.97
Seedling fransplant HD 1.33 70.00 93.33 24.76 1.93
Conducting and handling HD 28.67 70.00 2,006.67 532.27 41.58
Weed control HD 2.67 70.00 186.67 49.51 3.87
Fertirrigation HD 4.00 70.00 280.00 74.27 5.80
Spraying HD 2.00 70.00 140.00 37.14 2.90
Harvest HD 6.00 70.00 420.00 111.41 8.70
Subtotal A 3,173.33 841.73 65.76
B- Inputs
B1 - Fertilizers and correctives
Limestone kg 46.67 0.09 3.97 1.05 0.08
Simple Superphosphate kg 8.00 1.31 10.48 2.78 0.22
KCI kg 12.00 1.91 22.92 6.08 0.47
Yoorin kg 8.00 1.90 15.20 4.03 0.31
B2 - Seeds
Cultivar Trinity Package 2.67 450.00 1,200.00 318.30 24.87
B3 - Pesticides
Insecticide Mospilan® 100 g 0.17 27.00 4.50 1.19 0.09
Insecticide Actara® 100 g 0.13 28.43 3.79 1.01 0.08
Fungicide 1,000 g 0.20 120.00 24.00 6.37 0.50
Subtotal B 1,284.86 340.81 26.62
Effective Operational Cost 4,458.19 1,182.54 92.38
C - Other expenses 222.91 59.13 4.62
D — Cost Interest 144.89 38.43 3.00
Total Operational Cost 4,825.99 1,280.10 100.00

The factor that most affected the Cantaloupe
melon production was the increased need for labor to
carry out the fransplanting of preformed seedlings fo the

field, followed by the application of A. brasilense and
ureq, respectively. Thus, the most expensive treatment
was the combination of these three factors (Table 2).

Table 2. Cost variation factors participation in the total operational cost (TOC) for Cantaloupe melon cultivation in 1000 m?2.

Treatment Planting Nifrogen A. brasilense TOC increase
(R$) (USD) (R$) (USD) (R$) (USD) (%)
S+AZ - - - - 28.80 7.64 0.60
S+Az+N - - 23.50 6.23 28.80 7.64 1.08
S - - - - - - 0.00
S+N - - 23.50 6.23 - - 0.49
Ps+Az 72.00 19.10 - - 28.80 7.64 2.09
Ps+Az+N 72.00 19.10 23.50 6.23 28.80 7.64 2.58
Os 72.00 19.10 - - - - 1.49
Ps+N 72.00 19.10 23.50 6.23 - - 1.98

S =seed; Ps = preformed seedlings; Az = A. brasilense; N = nitrogen fertilization.

The increase in the TOC provided by A. brasilense
application was high when compared to other studies
that used this bacterium application for the composition
of their freatments. This is mainly due to the method of
application since, in other studies, the application is
carried out via seed treatment (Kaneko et al.,, 2015)
or leaf (Nakao et al., 2014), decreasing the amount of
product applied by area.

For the production, it was observed that the
combined use of seedlings transplanting and topdressing
fertilization with nitrogen resulted in a production 37.01%
higher than the freatment with the lowest performance,

composed of seedlings fransplanting and without

fopdressing fertilization with nitrogen or application A.
brasilense. However, there was no significant difference
concerning other freatments studied (Table 3).

This same behavior was observed for the
variables related to the economic viability, gross revenue,
operational profit, and profitability index, in which it was
observed that the transplant of seedlings, combined
with topdressing fertilization with nitrogen, provided
increments (Table 3).

Although the use of seeding directly in the field for
some cucurbit species is observed, such as watermelon
(Silva et al., 2013), pumpkin (Balin et al., 2017), cucumber
(Sahin et al., 2015), and melon (Rashidi & Keshavarzpour,
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2011), in different management forms, this method can
result in lower development of plants than the seedlings
fransplanting (Dalastra et al., 2016). This is due to the fime

that the seed, in pre- or post-emergence, remains under
environmental variations influence (Dalastra et al., 2016),
exposed to biotic and abiotic factors.

Table 3. Production, gross revenue, operational profit, and profitability index for the melon crop grown with different planting
methods, topdressing ferfilization with nitrogen, and inoculation with A. brasilense.

Treatment Production’ GR OP Pl
(cx 14 kg) (R$) (USD) (R$) (USD) (%)
S+Az 160 ab 7,680.00 2,037.14 2,825.21 749.39 36.79
S+Az+N 189 ab 9.072.00 2,406.37 4,193.71 1,112.39 46.23
S 172 ab 8,256.00 2,189.92 3,430.01 909.82 41.55
S+N 170 ab 8,160.00 2,164.46 3,310.51 878.12 40.57
Ps+Az 207 ab 9,936.00 2,635.54 5,009.21 1,328.70 50.41
Ps+Az+N 195 ab 9.360.00 2,482.76 4,409.71 1,169.68 4711
Ps 154 b 7,392.00 1,960.74 2,494.01 661.54 33.74
Ps+N 211 a 10,128.00 2,686.47 5,206.51 1,381.04 51.41
Average 182.77 - - - -
DMS 54.24 - - - -
CV% 15.91 - - - -

S =seed; Ps = preformed seedlings; Az = A. brasilense; N = nitrogen fertilization; GR = gross revenue; OP = operational profit; Pl = profitability index. *Averages followed by the same letter do not differ by

Tukey's test at 10% probability.

The seedlings formation also means that, when
transferred to the field, the plant will have its root system
developed, being able to start absorption of water and
nutrients. This explains the superior result obtained with
the seedling transplanting and topdressing fertilization
with nitrogen. Since it is verified the high responsiveness
of the species to this nutrient, in this sense, for net melon,
linear and positive responses were obtained concerning
nitrogen application, up to the dose of 160 mg dm of
soil, for biometric and organoleptic variables of the fruits
(Silva et al., 2014).

The effects inherent to nitrogen presence are
numerous. However, it is possible to highlight this nutrient
influence on leaf blade expansion, which is favored by
the increase in the doses used (Castellanos et al., 2011).
A larger photosynthetically active area means a higher
amount of available photoassimilates for the continuity of
vegetative development and an increase in productivity
and quality of the fruits (Queiroga et al., 2008; Vendruscolo
et al., 2016).

It was also found that
brasilense in the field of transplanted seedlings also
raised the economic parameters (Table 3). This result is
also related to a larger root volume presence, allowing

inoculation with A.

the survival and performance of the bacteria in terms
of atmospheric nitrogen fixation (Moreira et al., 2010).
Also, despite the large number of studies aimed at the
application of this bacterium in grasses, positive results
are observed for the application in different species
such as fomatoes, peppers (Madhaiyan et al., 2010) and
cucumbers (Pereyra et al., 2010; Mangmang et al., 2015).
These effects resulted from the nitrogen fixation, and its
action on plant development, as mentioned above.

The lowest equilibrium production was obtained
in the treatment consisting only of sowing in the field. At
the same time, the highest was observed for the freatment
that consisted of seedling
fertilization, and the use of A. brasilense (Table 4). These
results are expected due to the sum of expenses with
labor and product acquisition. However, it was observed
that the equilibrium production remained, on average,
44.12% below the average production obtained with the
freatments.

In general, the equilibrium price was significantly
below the sales value practiced in the region (R$ 48.00 per
box with 14 kg'), following the production frend, due to
its direct relationship with it. Also, the treatment consisting
of seedling transplanting and fopdressing ferfilization
with nitrogen favored the drop in this variable (Table 4),
which reduces the producer’s risks. The low equilibrium
prices obtained can provide a good safety margin for
producers in the face of market variations, which can
occur in cases of fluctuations in the supply-demand ratio
(Oliveira et al., 2015).

From the results obtained in the present study,
thereis ahigh profitability of Cantaloupe melon production
for the region, regardless of the techniques used, which
may be an optfion for vegetable species producers.
Concomitantly, it is inferred that the use of topdressing
fertilization with nitrogen results in higher profitability rates
and greater stability in the face of market fluctuations,
and the use of A. brasilense is a technique with potential
for use in melon cultivation.

fransplanting, nitrogen
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Table 4. Production and equilibrium price for the melon crop grown with different planting methods, topdressing fertilization with

nitrogen, and inoculation with A. brasilense.

Equilibrium production

Equilibrium price

freatment (bx 1000 m?) (R$ bx 14 kg (USD bx 14 kg')
S+AZ 101.14 30.34 8.05
S+AZHN 101.63 25.81 6.85
s 100.54 28.06 7.44
S+N 101.03 28.53 7.57
Ps+AZ 102.64 23.80 6.31
Ps+AZ+N 103.13 25.39 6.73
Ps 102.04 31.81 8.44
PS+N 102.53 23.32 6.19

S = seed; Ps = preformed seedlings; Az = A. brasilense; N = nitrogen fertilization; bx = boxes.

Conclusions

The seedling transplanting, together with nitrogen
in topdressing fertilization, increases the profitability of
Cantaloupe melon production.

Azospirillum  brasilense represents a promising
technique, when combined with the use of preformed
seedlings, to obtain higher profitability with Cantaloupe
melon crop.
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