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Technical and economic feasibility of irrigated wheat as a
function of nitrogen doses, sources, and inoculation
with Azospirillum brasilense

Viabilidade técnica e econdomica do trigo irrigado em
funcio de doses e fontes de nitrogénio e a inoculacio

com Azospirillum brasilense
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Abstract

Azospirillum brasilense is a bacterium known for its biological nitrogen fixation (BNF) in wheat crops.
However, there is a lack of comprehensive research defining how much mineral N should be applied to
maximize the efficiency of BNF and attain high, economically sustainable yields. Moreover, it would be
interesting to investigate whether adding urea with N- (n-butyl) thiophosphoric triamide (NBPT) urease
inhibitor might increase BNF in grasses. The objective was to study the effect of inoculation with 4.
brasilense, associated with varying doses and sources of N, and economically evaluating the yield of
irrigated wheat. The experiment was conducted in Selviria — MS in crop years 2014 and 2015 in Oxisol
soil type that was not-tilled. The experimental design was a randomized block with four replications, in
a2 x 5 x 2 factorial scheme, where 2 N sources (urea and Super N — urea with urease inhibitor enzyme),
5 nitrogen fertilization doses in top-dressing (0, 50, 100, 150, and 200 kg ha'), were applied to wheat
crops with or without the inoculation of 4. brasilense. Our results showed that the supply of N through
Super N was not economically superior to the use of conventional urea; therefore, we recommend
the use of urea because of the ease of acquisition. The application of 140 kg ha' of N combined with
inoculation with A. brasilense showed higher grain yield. However, the 50 kg ha' dose of urea in the
absence of inoculation provided greater economic viability in wheat cultivation, but was not sufficient
to ensure high profitability with grain productivity.

Key words: Triticum aestivum. Nitrogen fertilization. Total operational cost. No tillage system.

Resumo

O Azospirillum brasilense se destaca na fixa¢do bioldgica de nitrogénio (FBN) em cultivo de trigo.
Contudo, faltam maiores pesquisas para definicdo do quanto se pode aplicar de N mineral quanto a
eficiéncia da FBN, para alcancar altas produtividades economicamente sustentaveis. Além disso, seria
interessante analisar se a ureia com inibidor da enzima urease NBPT pode ser menos prejudicial,
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beneficiando a FBN em gramineas. Sendo assim, objetivou-se estudar o efeito da inoculagdo com
Azospirillum brasilense, associado as doses ¢ fontes de N, avaliando economicamente a produtividade
de graos de trigo irrigado. O experimento foi desenvolvido em Selviria — MS, nos agricolas de 2014 e
2015, em sistema plantio direto, em Latossolo Vermelho distroférrico. O delineamento experimental foi
em blocos aoacaso, com quatro repeti¢des, dispostos em um esquema fatorial 2 x 5 x 2, sendo: 2 fontes
de N (ureia e Super N — ureia com inibidor da enzima urease; 5 doses de N em cobertura (0, 50, 100, 150
e 200 kg ha'); com e sem inoculagdo de sementes com 4. brasilense. O fornecimento de N por meio do
Super N ndo foi economicamente superior ao uso de ureia convencional, portanto recomenda-se utilizar
aureia em fun¢do da facilidade de aquisi¢do. A aplicagdo de 140 kg ha' de N aliada a inoculagdo com 4.
brasilense proporcionou maior produtividade de grios, entretanto a dose de 50 kg ha'!, na auséncia de
inoculagdo ¢ com a fonte ureia, proporcionou maior viabilidade econémica no cultivo de trigo, todavia
ndo ¢ suficiente para garantir elevada lucratividade com a produgao de gréos.

Palavras-chave: Triticum aestivum. Adubagao nitrogenada. Custo operacional total. Sistema plantio

direto.

Introduction

In the 2017 harvest, the Brazilian area planted
with wheat was around 2 million hectares, with a
production of 5.2 million tons and a productivity of
2.7 t ha'. The consumption of wheat in Brazil was
approximately 11.4 million tons of grains of which,
about 60% had to be imported, making Brazil
dependent on countries like Argentina, Canada, and
the United States of America, paying prices higher
than the indigenous product. These are attributed
mainly to the lack of public policies for cultivation
of wheat and adverse climatic conditions in recent
years. Although the southern region is responsible
for approximately 90% of the national production,
the cereal has been introduced gradually in the
Cerrado region, both under irrigation or dry land
(CONAB, 2017).

The Cerrado region has great potential for the
expansion of triticulture as it offers favorable
conditions of climate and soil, strategic market
position and industrialization capacity, as well as
being able to be harvested in the off-season of the
southern states of Brazil and Argentina(ALBRECHT
et al., 2006). However, many soils cultivated with
wheat in the Cerrado region and in the state of Sao
Paulo are acidic and of low fertility, which limits
grain yield (GALINDO et al., 2017). In order to
obtain high grain yields of this cereal it is necessary
to apply high nitrogen (N) doses, because the soils,
in general, are unable to supply the required levels

throughout the lifecycle of these plants. Therefore,
nitrogen fertilization management is carried out
with the aim of guaranteeing high productivity
and, because of the dynamics of N in the soil, large
amounts of this nutrient are added, which increases
the farmer’s production cost (TEIXEIRA FILHO et
al., 2014).

In studies on nitrogen fertilization of maize
cover, conducted by Lara Cabezas et al. (2000), it
is estimated that there may be a reduction in maize
grain yield due to the volatilization of N-NH, in the
ratio of 10 kg ha! of grains to every 1% of volatilized
N. In this context, one possibility of increasing the
efficiency of the nitrogen fertilization is the use of
the N- (n-butyl) thiophosphoric triamide (NBPT)
inhibitor, which can delay the hydrolysis of urea
and significantly reduces NH, losses, depending on
the climatic conditions.

Among the products tested as a urease inhibitor,
NBPT is the one that has been obtaining the best
results (PRANDO et al.,, 2013). Some results
obtained in studies carried out in temperate
countries also prove this (ABALOS et al., 2014;
CUI et al., 2010; LINQUIST et al., 2013). Most
studies carried out in Brazil have shown that urea
with urease inhibitor and conventional urea have
the same efficiency in the nutrition and yield of
wheat grains. In other words, the inhibitory action
of urease has not been effective in reducing NH,
volatilization losses, since the action of NBPT
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depends on meteorological conditions (temperature
and precipitation) and soil physical and chemical
characteristics (CANTARELLA et al., 2008).

One of the alternatives to reduce the cost of
production because of the use of high cost of
fertilizers, would be incorporating the use of
inoculants containing bacteria that promote growth
and increase plant productivity. In Brazil, biological
nitrogen fixation (BNF) by Azospirillum in
associations with grasses has been well researched,
but until recently there were no commercial
inoculants with these bacteria in the country
(HUNGRIA, 2011).

Several studies have confirmed that Azospirillum
produces phytohormones that stimulate root growth
of several plant species (BARASSI et al., 2008;
BASHAN etal., 2006; TIEN et al., 1979). However,
although most of the research involving seed
inoculation using Azospirillum ssp. have reported
some benefits relating to the phytohormonal effect,
nitrogen fixation potential, and drought tolerance,
the increase in grain yields of wheat was not always
observed (FERREIRA et al., 2014; GALINDO et
al., 2015; NUNES et al., 2015). This indicates that
additional studies of this nature are important. In
addition, there is a lack of research done to define
the amount of mineral N required to be applied to
succeed in BNF and reach high grain yield.

In view of the above, it is necessary to look
for viable alternatives to increase the efficiency of
nitrogen fertilization, making possible a reduction
in the amount applied to the production system,
without causing a reduction in the production and
the quality of agricultural products. However, there
are few studies that report the economic benefits
of inoculation with Azospirillum brasilense when
associated with various sources of N and for
different N doses applied to the plant. To be viable
to the farmer, it is not enough that technological
innovations raise productivity. Studies should
jointly report the economic viability (KANEKO et
al., 2015).

Thus, the objective of this study was to verify
the effect of the inoculation with Azospirillum
brasilense, in association with various doses and
sources of N, and economically evaluate the yield
of wheat grains cultivated in the Cerrado region.

Material and Methods

The study was conducted in the experimental
area of the Faculty of Engineering — UNESP, located
in Selviria — MS, at an altitude of 335 m. The soil of
the experimental area was classified as a dystrophic
Red Latosol, with clay texture (EMBRAPA, 2013),
cultivated with annual crops for more than 27 years,
the last 10 years under no-tillage system. In 2014
and 2015, the crop prior to sowing wheat was maize.
Figure 1 shows the meteorological conditions
(temperature, precipitation, and relative humidity)
during the experiment.

The experimental design was a randomized
complete block design with four replicates, arranged
in a2 x5 x 2 factorial scheme, which included two
sources of N (conventional urea, 45% N and Super
N — urea with inhibitor of the enzyme urease NBPT
(45% N); five N doses (0, 50, 100, 150, and 200
kg ha'') applied by broadcast cover; and treatments
with and without inoculation of the seeds with 4.
brasilense. The study plots were 6 m in length with
12 rows of wheat with spacing of 0.17 m, and plot
area of 8 central lines, excluding 0.5 m from the
extremities.

The herbicides glyphosate (1800 g ai ha') and
2,4-D (670 g ai ha') were applied to the area two
weeks before planting wheat, both in 2014, and
2015. The chemical attributes of the soil in the
0-20 cm layer were determined according to the
methodology proposed by Raij et al. (2001), and
showed the following results: 13 mg dm? of P
(resin); 6 mg dm” of S-SO,; 23 g dm™ O.M.(organic
matter); 4.8 pH (CaCl)); K, Ca, Mg, H+Al = 2.6,
13.0, 8.0, and 42.0 mmol  dm”, respectively; Cu,
Fe, Mn, Zn (DTPA) = 5.9, 30.0, 93.9, and 1.0 mg
dm?, respectively; 0.24 mg dm B (hot water); and
36% base saturation.
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Based on the soil analysis and with the aim of
increasing the base saturation to 70%, 2.5 t ha! of
dolomitic limestone (PRNT = 88%) was applied, as
recommended by Cantarella et al. (1997), 65 days

before the sowing of maize crop, the predecessor
to the wheat in 2014. Fertilization at the time of
planting included 350 kg ha' of the formula 08-28-
16, which was based on the soil analysis and the
crop requirement, in both crops.

Figure 1. Precipitation, relative humidity, and maximum, average, and minimum temperatures obtained during the
wheat experiment in 2014 (A) and 2015 (B) at the meteorological station located at the Teaching, Research and
Extension Farm FE/UNESP. The period from May to September 2014 (A) and 2015 (B) are shown.

A.
80 /Sowing
- 70
E 60
£E_ %0
SED 40
EET 30
HE
g O
285 O N
R AICY & ¥
2 o S )

mmm Precipitation

—O— Min. Temp.

o
(o)
(=]

Sowjing

A W
o O

temperatures (°C)
(%]
<

Precipitation (mm) maximum,
average and minimum

—A— Av. Temp.

! o |
T e X

Harvest 100

80
60
40
20
0
% *
Q> Q>
v o
O N
Q Y

—e— Max. Temp.

Rel. Humidity

g / Fextilization

100

80

60

Relative air humidity (%)

. ’ X 40
20 (-..‘....‘:.l( ..(‘.‘ BT%S "....%'{(. ;".‘h '.....:;:.,‘. Q .'. ‘L.. ('(..
10 © G O ‘ 20
0 | [ 1 I | 1l | .‘A 0
10/05/2015 10/06/2015 10/07/2015 10/08/2015 10/09/2015

B Drecipitation
—o— Min. Temp.

The inoculation of wheat seeds with the bacterium
Azospirillum brasilense strains AbVS5 and AbV6
(guarantee of 2 x 108 CFU mL™") was carried out at 300
ml dose of inoculants (net) per hectare of wheat seeds
sown (300 mL per 150 kg of seeds), one hour before
sowing the crops and after the treatment of seeds with

—A— Av. Temp.

—®— Max. Temp.

Rel. Humidity

insecticide. In the treatment of seeds, Carbendazim +
Thiran fungicides (45 + 105 g ai per 100 kg seed) and
the insecticide Imidacloprid + Thiodicarb (45 + 135
g.ai per 100 kg seed) were used.

The experiments were conducted in a no-tillage
system. The area was irrigated by a central pivot
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type sprinkler system with an average water depth
of 14 mm and irrigation time of approximately 72
hours in both crops, when necessary. Seeding was
performed mechanically using cultivar CD 116 in
May 2014 (harvest 2014) and 2015 (harvest 2015)
with 80 seeds per linear meter. Seedling emergence
occurred on the sixth and fifth day after sowing
(05/22/2014 and 05/20/2015).

Weed management was carried out with
the application of the herbicide Metsulfuron-
Methyl (3.0 g ai ha'), post-emergence, at 20 days
after emergence (DAE), in both cultures. Cover
nitrogen fertilization was performed at 32 and 35
DAE manually, distributing the fertilizer on the
soil surface (without incorporation), next to and
approximately 8 cm from the sowing lines. After
the cover fertilization was completed, the area was
irrigated by spraying (14 mm blade) at night to
minimize N losses by volatilization of ammonia,
which is common in irrigated wheat cultivation.
The harvest was done manually at 110 DAE of the
wheat, in the two harvests.

The wheat grain yield was determined by
collecting the plants contained in the useful area of
each plot, the grains mechanically separated from
the spikelet and the yield quantified later, with the
data transformed to bags of 60 kg and corrected to
13% of humidity (base humid). The results were
submitted to analysis of variance and Tukey’s test
at 5% probability for comparison of means of N
sources and with or without Azospirillum brasilense
inoculation, and adjusted to the regression equations
for the effect of N doses, using the program SISVAR.

For the economic analysis, the structure based
on the total operational cost (TOC) of production
used by the Institute of Agricultural Economics
(IEA) was implemented, according to Matsunaga et
al. (1976), which is made up of the sum of costing
expenses including performed operations, inputs
(fertilizers, seeds, pesticides, etc.), labor, machinery,
and irrigation, and referred to as the effective
operational cost (EOC). In this study, other costs
and interest costs were taken into consideration at
5% of the EOC, resulting, therefore, in the total

operational cost (TOC), which was extrapolated to
one hectare.

To determine the profitability of the treatments
involved, profitability analyzes were performed
according to Martin et al. (1998). For this purpose,
gross revenue (GV) in BRL, as the quantity of
the product produced (in number of 60 kg bags)
was determined by the average selling price in
BRL. Operating income (OI) was calculated as
the difference between gross revenue and total
operating cost; accumulated operating profit (AOP),
as the sum of OI obtained in the 2 years of study;
profitability index (PI) was obtained as the ratio
between operating income (OI) and gross revenue
(GV), expressed as a percentage; equilibrium price,
given a certain level of total operational cost of
production, as the minimum price to be obtained to
cover this cost, given the average productivity of
the producer; and equilibrium productivity, given a
certain level of total operating cost of production,
was calculated as the minimum productivity to
cover this cost, given the average value paid to the
producer.

The average prices were collected in the region
of Selviria — MS, in the years 2014 and 2015 (IEA,
2016). In this study, simulations were made as
if each treatment of the experiment represented a
commercial crop, considering the values paid for
the inputs for the 2015 harvest. To facilitate the
discussion, the values referring to the productivities
were transformed into bags of 60 kg, since this is the
basic marketing unit for local producers. The value
of the wheat bag in the municipality of Selviria —
MS was 40.00 BRL per unit produced. Regarding N
sources, the value paid by the farmer was 1,780.00
BRL and 2,000.00 BRL per ton respectively for urea
and urea with urease inhibitor. For the Azospirillum
brasilense inoculant, the price was 10.00 BRL per
dose, and three doses per hectare were used in the
two growing seasons. It is worth mentioning that
the sale values of wheat and nitrogen fertilizers
used were based on the average price received by
the producer over the last 3 years.
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Results and Discussion
Productivity of wheat grains

Conventional urea and Super N showed similar
results in wheat grain yield (Table 1), which agree
with Megda et al. (2009) and Theago et al. (2014).
Prando et al. (2012), evaluating sources of urea,
urea + NBPT, and coated urea in temperate climatic
conditions, did not observe changes in yield, grain

mass, number of spikes per m? and plant height,
but partially obtained results similar to the present
study. It is worth noting that N sources may have
presented similar behavior because of the use of
irrigation during the whole crop cycle, which would
have reduced volatilization losses, mainly in the
form of NH,, which occur in a higher proportion in
the first days after application of urea.

Table 1. Productivity of wheat grains as a function of N doses and sources and inoculation with Azospirillum brasilense

recorded at Selviria — MS in 2014 and 2015.

¥ Grain Yield (60 kg bag)!
N doses (kg ha') 2014 2015
0 37.8 31.8
50 50.1 50.5
100 52.2 56.1
150 544 52.8
200 52.7 54.4
Source of N
Urea 493 a 48.8 a
Super N 49.6 a 493 a
M.D.S. (5%) 3.8 3.5
Inoculation
With Azospirillum 49.9 50.1
Without Azospirillum 49.0 48.1
M.D.S. (5%) 3.8 3.5
General average 49.4 49.1
C.V. (%) 17.12 16.08

Means followed by the same letter, in the column, do not differ among themselves by the Tukey’s test at 5% probability.

"bag of 60 kg of wheat.

The interaction between doses and inoculation
with A. brasilense was significant for grain yield in
the years 2014 and 2015. In 2014, at a 150 kg ha’!
N dose, inoculation provided higher productivity
than non-inoculated treatment (Table 2). The grain
yield of wheat in 2014 increased linearly with N
doses in treatments without inoculation and the
quadratic function was adjusted for the inoculated
treatments, with a positive response up to the 139
kg ha! N dose. In 2015, in the 100 kg ha! N dose,
inoculation provided higher productivity than the
non-inoculated treatment (Table 2). The grain yield
in 2015 adjusted to the quadratic function for doses

in the treatments with and without inoculation with
A. brasilense, with a positive response up to 142 and
134kgha'of N, respectively. The N doses mentioned
above to obtain the maximum yield of grains were
high, because the wheat was cultivated on the maize
stover, that is, part of the N that was applied could
have been used by immobilized decomposers and/
or mineralizing soil microorganisms (ACOSTA
et al., 2014), since the higher the C/N ratio of the
stover, the longer the N release time of the vegetal
residue, and consequently N demand will be higher
for the mineral fertilizer.
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Table 2. Deployment of the inoculation interaction and N doses of the analysis of variance referring to grain yield of

wheat studied at Selviria — MS in 2014 and 2015.

Year 2014
Inoculation' N Doses (kg ha)
0 50 100 150 200
With™ 36.6a 48.6 a 534 a 59.1a 52.0a
Without™ 39.0a 51.5a 51.0a 49.8b 534 a
M.D.S. 8.5
Inoculation® Year 2015
With™ 279 a 50.6 a 61.1a 52.8a 583 a
Without™ 357a 503 a 51.1b 52.8a 50.5a
M.D.S. 7.9

Means followed by the same letters, in the column, do not differ among themselves by the Tukey’s test at 5% probability.

** significant at p<0.01;

* significant at 0.01<p<0.05; ns: not significant

'Ywith = 36.3594 + 0.2957x — 0.00106x* (R? = 0.97 and PM = 138.6 kg ha™)

Ywithout = 43.5478 + 0.0540x (R? = 0.56)

2¥with =29.9050 + 0.4302x — 0.00152x2(R? = 0.87 and PM = 141.5 kg ha'!)
Ywithout= 36.9534 + 0.2516x — 0.00094x*(R? = 0.92 and PM = 134.1 kg ha™).

The inoculation with 4. brasilense in association
with the N doses in the 140 kg ha!' range provided
the maximum yield of the wheat crop in both years of
the study. In contrast, in the absence of inoculation,
the magnitude of response to N doses was higher,
because in the first year there was adjustment to
the increasing linear function (Table 2). It is also
worth noting that the estimated productivity of
the inoculated treatments was higher, numerically,
in most of the doses tested in the two cultures (in
2014 at 100 and 150 and in 2015 at 100 and 200
kg ha! of N doses), even using N doses considered
high, evidencing the benefit of inoculation with A.
brasilense in the irrigated wheat crop. A possible
explanation, reported by Bashan et al. (2004), is that
production of plant hormones, mainly indoleacetic
acid (IAA) by bacteria of the genus Azospirillum,
plays an essential role in the promotion of plant
growth and, according to Hungria et al. (2010),
may improve the absorption of several macro and
micronutrients, increasing the efficiency of the use of
the available nutrients, as an increased development
of the root system of the plants inoculated with this
bacterium may have occurred.

Regarding grain yield, several authors also
reported a positive response to nitrogen fertilization
in wheat crop (CAZETTA et al., 2007; TEIXEIRA

FILHO et al., 2007, 2008, 2010a; POVH et al.,
2008). In similar climatic conditions for the
cultivation of wheat as winter crop in the low
altitude Cerrado region, Cazetta et al. (2007)
predicted maximum grain yield at 78 kg ha' N dose,
Teixeira Filho et al. (2007, 2008) at the 90 kg ha'' N
dose, and Teixeira Filho et al. (2010a) at 120 kg ha!
N dose. This difference in the N rates that provide
the maximum yield of wheat grains is due to the
different requirement of each genotype, as well as
the variation in the edaphoclimatic conditions of
these surveys, for example as a function of climatic
conditions, and cropping
systems.

predecessor  crops,

In relation to inoculation with A. brasilense,
positive and similar results were reported by Lemos
et al. (2013), studying five cultivars of wheat (CD
104, CD 108, CD 119, CD 120, and CD 150) with
and without inoculation and associated with N
doses. According to these authors, the response
to inoculation with A. brasilense in culture of
wheat occurs satisfactorily when carried out in
conjunction with nitrogen fertilization, elucidating
that 4. brasilense assists in the development of the
plant with a reflection on crop productivity, not
as a substitute for nitrogen fertilization, but as a
complement, allowing to reduce the N dose to be
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applied. This has been verified and mentioned in
the current study carried out at low altitudes in the
Cerrado.

On the other hand, Ferreira et al. (2014),
analyzing the foliar application of A4. brasilense
and N doses as top-dressing in wheat cultivations
in the Cerrado, observed that the inoculation did
not influence plant height, number of spikes per
m? and grain per spike, hectoliter mass, mass of
1,000 grains, and grain yield. Likewise, Nunes et
al. (2015) studying inoculation with A. brasilense
in soils with high and low availability of N and
Galindo et al. (2015) studying times of application
of A. brasilense via leaf also did not observe any
effect of inoculation on the productive components
and wheat grains yield. It is worth mentioning that
bacteria of the genus Azospirillum are native to the
soil (SALA et al., 2007), so it is possible that these
were found in high densities in the soils under study
and, thus, emulating the effect of inoculation. In
addition, the affinity of the cultivar to the strains of
this diazotrophic bacterium may vary and determine
whether or not the inoculation is successful.

Therefore, there is still high divergence in the
use of A. brasilense in the wheat crop and even in
other grasses, due to the very variable results with
inoculation. However, it is important to highlight
the importance of research on the subject and the
potential of using this technology, mainly because
it is inexpensive and easy to apply, and with great
potential to increase the efficiency of nitrogen
fertilizers, since the N dose can be reduced when
associated with A. brasilense inoculation. Therefore,
it is possible to produce wheat in a more sustainable
way, justifying an analysis of the economic viability
of the application of this bacterium allied to the N
doses.

Economic analysis

Table 3 shows the structure of the total operational
cost (TOC) in the wheat crop, in the municipality of
Selviria — MS. The treatment at 0 kg ha'! dose of
urea without inoculation is described. This model of
TOC structure was used in all treatments.

It can be seen from the data in Table 3 that
the costs of mechanized operations, followed by
fertilizers, were the highest, corresponding to 43.6
and 35.7% of the TOC, respectively, corroborating
with Kaneko et al. (2010), who studied the economic
viability of the maize crop in the Selviria — MS
region and found higher releases with fertilizers and
mechanized operations, corresponding to 32.74%
and 30.91% of the TOC. It is noteworthy that with
an increase in the nitrogen dose applied and a change
in the source of N taken into consideration, our
results show an increasing trend in the percentage
of expenses in relation to the TOC of the fertilizers.

The costs of nitrogen fertilization in cover, due to
the increasing N doses, ranged from 9.84 to 30.39%
of the TOC for urea and from 10.92 to 32.90% for
Super N. Kaneko et al. (2015), working with N
doses (0, 45, 90, 135, and 180 kg ha'! in cover),
and two sources (urea and coated urea), with and
without inoculation with 4. brasilense in the Maize
crop, obtained costs, with sowing fertilization, in
the first harvest and second harvest, that were 31.80
and 24.16% of the TOC, respectively. For the costs
of nitrogen fertilization, the values varied between
12 and 14 and 16 and 18% with urea and coated
urea, respectively, in both crops. Gitti et al. (2012),
studying the economic viability of the wheat crop
for the low altitude Cerrado region, under no-tillage
system with different green fertilizers and nitrogen
doses (0, 25, 50, 75, and 125 kg ha!) reported that
the expenditure with fertilization was 23.52% of
the TOC, for yields ranging from 34.5 and 66.5 bag
ha'!, and cost with nitrogen fertilization in cover, as
a function of increasing doses, varied from 4.85 to
20.29% of TOC.
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Table 3. Estimated total operational cost (TOC) of wheat for treatment with urea source at 0 kg ha' dose without and
with inoculation of A. brasilense in one hectare at Selviria — MS in 2014 and 2015.

Description Specification' No. of times Coefficient Umz%r}}égl)alue ,;r;t;ll (\1/;2;3
A. MECHANIZED OPERATIONS

Liming MH 1.00 0.30 85.00 25.50
Desiccation MH 1.00 0.50 85.00 42.50
Clearing (triton) MH 1.00 0.50 85.00 42.50
Sowing MH 1.00 0.60 150.00 90.00
Pulverization MH 2.00 0.60 85.00 102.00
Coating Fertilizer MH 1.00 0.40 150.00 60.00
Harvest MH 1.00 1.00 118.00 118.00
Irrigation (pivot) mm 1.00 150.00 2.50 375.00
Subtotal A 855.50

B — Supplies

Dolomite Limestone t 1.00 0.63 85.00 53.13
Fertilizer 08-28-16 t 1.00 0.35 1,998.00 699.30
Urea t 1.00 0.00 1,780.00 0.00
Inoculant (4. brasilense) L 1.00 0.00 10.00 0.00
Wheat Seed CD 116 50 kg bag 1.00 1.10 45.00 49.50
Herbicide glyphosate L 1.00 4.00 14.51 58.04
Herbicide 2,4-D L 1.00 1.00 13.24 13.24
Carbendazim + Thiran L 1.00 0.20 46.42 9.28
Imidacloprid + Thiodicarb L 1.00 0.30 236.32 70.90
Metsulfuron methyl g ha'! 1.00 3.00 1.02 3.05
Subtotal B 956.44
Effective operational cost (EOC) 1,811.94
Other costs 90.60
Costing interest 58.89
Total operational cost (TOC) 1,961.42

! MH = Machine hour.

Regarding TOC and productivity of the
evaluated treatments (Table 4), the highest value
for TOC (BRL 2,956.12) was obtained for the
treatment using the Super N source at the 200 kg
ha' of N dose, inoculated with A. brasilense. The
lowest value corresponds to the treatments without
nitrogen fertilization in the cover (0 kg ha') and
without inoculation with 4. brasilense, with TOC
in the amount of BRL 1,961.42. However, as
nutrient extraction takes place, the soil N stocks are
depleted and if this is not restored to the soil, it may
compromise crop productivity over time. It was
verified that the TOC of the treatments that did not
receive nitrogen fertilization (0 kg ha™') presented

equal values, independently of the source. This was
because in the absence of nitrogen fertilization the
relative cost for nitrogen fertilizer is equal to 0 for
both sources. Regarding productivity, the highest
values were recorded in the treatments where
the crop was fertilized with the Super N source
at a dose of 150 kg ha' and were inoculated with
A. brasilense in the 2013/14 harvest, and in the
treatments where urea was the source of fertilizer
applied at a dose of 100 kg ha' to crops that were
inoculated in the 2014/15 harvest and presented an
average productivity of approximately 65 and 61
bags of 60 kg, respectively (Table 4).
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Table 4. Total operational cost (TOC), grain yield (PROD), and gross revenue (GV) of wheat crop as a function of
doses, sources, and inoculation with Azospirillum brasilense at Selviria MS in 2014 and 2015.

Without Azospirillum brasilense

Urea Super N

2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14  2014/15

Doses TOC PROD GV TOC PROD GV

BRL 60 kg ha! bag (BRL) 60 kg ha! bag BRL
0 1,961.42  38.30 3244 1,532.11 1,297.45 1,961.42 39.75 3893  1,589.96 1,557.37
50 2,175.52 5544 50.40 2,217.44 2,015.86 2,201.98 47.61 50.19  1,904.60 2,007.58
100 2,389.61 52.98 51.36  2,119.19 2,054.43 2,442.34 49.01 50.74  1,960.42  2,029.50
150  2,603.71 54.38 54.05 2,175.08 2,192.13 2,683.09 45.25 5147 1,810.05 2,058.92
200 2,817.80 55.02 51.97  2,200.65 2,078.26 2,923.65 51.75 49.00 2,070.12 1,960.15
Average 2,389.61 51.22 48.04 2,048.89 1,927.63 2,442.50 46.67 48.07 1,867.03 1,922.70

With Azospirillum brasilense
Urea Super N

2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14  2014/15

Doses TOC PROD GV TOC PROD GV

BRL 60 kg ha! bag (BRL) 60 kg ha' bag BRL
0 1,993.90 37.08 28.21 1,483.30 1,128.44 1,993.90 36.13 27.50 1,445.26 1,100.01
50 2,207.99  45.57 52.03 1,822.97 2.081.34 2,234.45 51.62 49.17  2,064.67 1,966.83
100 2,422.09 48.61 61.20 1,944.55 2,448.16 2,475.01 58.23 6091 2,329.11 2,436.25
150  2,636.18 53.59 5036  2,143.47 2,014.54 2,715.57 64.53 5522 2,581.22  2,208.67
200  2,850.28 52.19 56.34 2,087.53 2,253.69 2,956.12 51.78 60.23  2,071.03  2,409.01
Average 2,422.09 47.41 49.63 1,896.36 1,985.23 2475.01 52.46 50.61 2,098.26 2,024.15

* Commercial price of wheat: BRL 40.00 per bag.

Regarding the gross revenue per hectare obtained
for the different combinations of treatments in
the two harvests studied, it was observed that
when wheat prices are constant, gross revenue
for different treatments follow the same trend as
productivities (Table 4), that is, increases in revenue
occur due to the increase in grain yield. This result
is in agreement with Silva et al. (2007) and Duete
et al. (2009), according to which productivity is
a prime factor to ensure good profitability for the
producer. According to Duete et al. (2009), even in
regions where the producer gets good grain prices,
if productivity is low, profitability is compromised.
Thus, investment in management practices, such as
balanced nitrogen fertilization, increases grain yield
and gross margin of planted crops, regardless of
location.

For the values referring to the operating profit,
in the 2013/2014 harvest (Table 5), OP was

60

negative for all treatments, regardless of dose,
source, or presence of inoculation, except at 50 kg
ha' dose with urea as source and in the absence
of inoculation, where the OP obtained was BRL
41.92. Similarly, in the 2014/2015 harvest, the OP
was negative (there were losses) in most of the
treatments studied, except for the application of
100 kg ha' of urea with inoculation, giving an OP
of BRL 26.07 (Table 5). These results agree with
those obtained by Gomes et al. (2007), who studied
N doses in cover (25, 50, 100, and 150 kg ha'') with
urea as source and obtained a negative profitability
regardless of the applied dose. This variation among
crops occurred mainly because of the unfavorable
climatic conditions, with high temperatures and the
lack of rainfall in the region, which during the two
years of our study were attenuated with the use of
irrigation.
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Table 5. Operating profit (OP) and profitability index (PI) of wheat crop as a function of doses, sources, and inoculation
with Azospirillum brasilense at Selviria MS in 2014 and 2015.

Without Azospirillum brasilense

Urea Super N
2013/14  2014/15  2013/14  2014/15  2013/14 2014/15 2013/14 2014/15
Doses OP PI opP PI
BRL - (%)-------- BRL - (%)--------

0 -429.31 -663.97 -28.02 -51.18 -371.47 -404.06 -23.36 -25.94
50 41.92 -159.66 1.89 -7.92 -297.39 -194.41 -15.61 -9.68
100 -270.42 -335.19 -12.76 -16.32 -481.93 -412.84 -24.58 -20.34
150 -428.63 -441.58 -19.71 -20.42 -873.04 -624.17 -48.23 -30.32
200 -617.15 -739.14 -28.04 -35.56 -853.54 -963.50 -41.23 -49.15

Average -340.718  -467.91 -17.33 -26.28 -575.47 -519.80 -30.60 -27.09
With Azospirillum brasilense
Urea Super N
2013/14  2014/15  2013/14  2014/15  2013/14 2014/15 2013/14 2014/15
Doses OP PI OP PI
BRL e (%)-------- BRL e (%)--------

0 -510.60 -865.46 -34.42 -76.70 -548.64 -893.89 -37.96 -81.26
50 -385.02 -126.65 -21.12 -6.09 -169.68 -267.62 -8.22 -13.61
100 -477.54 26.07 -24.56 1.06 -145.91 -38.77 -6.26 -1.59
150 -492.71 -621.64 -22.99 -30.86 -134.35 -506.90 -5.20 -22.95
200 -762.75 -596.59 -36.54 -26.47 -885.10 -547.12 -42.74 -22.71

Average -525.72 -436.85 -27.93 -27.81 -376.74 -450.86 -20.08 -28.42

In the 2013/14 crop, the highest OP was obtained
using urea at 50 kg ha' dose without inoculation
with 4. brasilense (BRL 41.92). For the 2014/15
crop, the highest OP was provided by the use of urea
at 100 kg ha'! dose together with the inoculation
with A4. brasilense (BRL 26.07) and, although it was
the best result obtained in this harvest, it was much
lower compared to the previous harvest (Table 5).
Even in the absence of nitrogen fertilization in the
cover (both urea and Super N) in the absence or
presence of inoculation with A. brasilense, wheat
cultivation would not be feasible after maize due to
the losses obtained with these yield levels of grains.

Aguiar et al. (2008) found a positive effect of
maize marketed in April 2007, cultivated under
no-tillage system, without nitrogen fertilization,
which is partially different from what was observed
in this study. Similarly, Kaneko et al. (2015)
obtained positive OP in the maize crop, without
and with inoculation, ranging from BRL 1,178.30

to BRL 1,783.9 and BRL 763.00 to BRL 1,617.40,
respectively. Moreover, Sabundjian et al. (2014)
studied the N doses(0, 40, 80, and 120 kg ha') in
cover of irrigated winter bean crop, with different
cover vegetation inoculated with 4. brasilense, and
obtained a positive gain margin of BRL 515.81
and BRL 2,425.4 with 40 and 80 kg ha' doses,
respectively, for the treatments with A. brasilense
applied in the predecessor vegetal cover, reinforcing
the issue that it would not be economically viable
to plant wheat, compared to the crops of safflower,
corn, and winter bean, planted at the same wheat
season in the region, due to the greater profitability
of other crops.

Table 5 shows that the profitability index (PI),
followed the same trend of operating profit. In the
2013/14 harvest, the treatment with the urea at 50 kg
ha! dose without 4. brasilense provided PT of 1.89%.
For the 2014/15 crop, the application of urea at 100
kg ha! dose to crops that were inoculated provided
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PI of 1.06%. Teixeira Filho et al. (2010b), studying
N doses (0, 50, 100, 150, and 200 kg ha™'), sources
(ammonium sulfonitrate, ammonium sulfate, and
urea) and wheat cultivars (E21 and IAC 370) in the
low altitude Cerrado in irrigated cultivation, obtained
higher gross margin of gain with 50 kg ha' dose
in cover, however urea gave lower values of gain
compared to ammonium sulfate, presenting values
close to BRL 550 and BRL 500, respectively. Gitti
et al. (2012), obtained a higher cost-benefit ratio,
because of different plant covers, in doses between
50 and 75 kg ha'!, values that were in agreement with
the doses that provided higher PI in the two crops
evaluated in the present study.

Silva et al. (2005), working with N doses (30,
60, 90, 120, and 180 kg ha') in cover, in no-tillage
maize culture in the Cerrado region obtained PI
between 12.62 and 21.51%, while in the absence of
nitrogen fertilization, PI was —17.37%, reinforcing
the importance of nitrogen fertilization management
to obtain profitability with cereal crops. In contrast,

Kaneko et al. (2015) obtained PI ranging from 42.36
to 51.56 and 42.36 and 52.71 and between 39.80 and
57.84and41.41 and 57.84% with urea and coated urea
sources without and with 4. brasilense inoculation,
according to the applied doses of fertilizer at 0, 45,
90, 135, and 180 kg ha'. These values were higher
than those seen in the present study.

In the absence of inoculation, the highest OP
was obtained, regardless of the source used, at the
50 kg ha! dose (BRL —117.74 and BRL —491.80,
respectively for urea and Super N). When the
treatments were inoculated with A. brasilense, the
highest OP (BRL —451.57) was obtained at 100 kg
ha'! dose using urea as the fertilizer. For Super N
with inoculation, the highest OP occurred when the
dose of 50 kg ha! was applied, giving a value of
BRL —437.30. There is a negative OP at the end of
the 2 years of evaluation, which was regardless of
the source and dose applied, as well as inoculation
with 4. brasilense (Table 6).

Table 6. Accumulated operating profit (AOP), equilibrium price (EQP), and equilibrium productivity (EQPROD) of
wheat crop as a function of doses, sources, and inoculation with Azospirillum brasilense at Selviria MS in 2014 and 2015.

Without Azospirillum brasilense

Urea Super N
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
Doses AOP EQP EQPROD AOP EQP EQPROD
BRL BRL bag 60 kg ha! bag BRL BRL bag 60 kg ha! bag
0 -1,093.28  51.21 60.47 49.04  49.04 -77553 4935  50.38 49.04 49.04
50 -117.74 39.24 43.17 5439 5439  -491.8 4625  43.87 55.05 55.05
100 -605.61 45.10 46.53 59.74 5974 -894.77 49.83  48.14 61.06 61.06
150 -870.21 47.88 48.17 65.09  65.09 -1497.21 59.29  52.13 67.08 67.08
200  -1,356.29 51.22 54.22 7045 7045 -1817.04 5649  59.66 73.09 73.09
Average  -808.63 46.93 50.51 59.74 5974 -109527 51.18  50.84 58.06 58.06
With Azospirillum brasilense
Urea Super N
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
AOP EQP EQPROD AOP EQP EQPROD
BRL BRL bag 60 kg ha! bag BRL BRL bag 60 kg ha' bag
0 -1,376.06  53.77 70.68 4985  49.85 -1,442.53 55.18 7251 49.85 49.85
50 -511.67 48.45 42.43 5520 5520 4373 4329 4544 55.86 55.86
100 -451.47 49.82 39.57 60.55  60.55 -184.68 4251  40.64 61.88 61.88
150  -1,11435  49.19 52.34 6590 6590 -641.25 42.08  49.18 67.89 67.89
200  -1,359.34  54.62 50.59 7126 7126 -1,432.22 57.09  49.08 73.90 73.90
Average -962.58 51.17 51.12 60.55  60.55 -827.60 48.03  51.37 61.88 61.88
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In relation to equilibrium productivity (minimum
productivity required to cover costs), it can be seen
in Table 6 that, for the price of BRL 40.00 per
bag of 60 kg of wheat, when the source used was
Super N, at a dose of 200 kg ha! with inoculation
with A. brasilense, the equilibrium productivity
was higher, being 73.90 bag ha'!, while at the
same dose of 200 kg ha'! of Super N in absence of
inoculation, the equilibrium price remained very
close, with 73.09 bag ha"'. Without the application
of nitrogen fertilizer, regardless of the source used,
the lowest equilibrium productivity was observed,
which were 49.04 and 49.85 bag ha’', without and
with inoculation with 4. brasilense, respectively.
Although lower equilibrium productivity was
obtained in the absence of nitrogen fertilization,
it is emphasized that the non-supply of N in
cultivated soils may lead to their decrease in the
soil over the years, thus compromising success of
the activity. Lack of nutrient replacement in the
long term would culminate in greater investment to
build soil fertility lost through inadequate nutrient
management. Regarding the inoculation, there was
a variation in the equilibrium productivity between
the uninoculated and inoculated treatments, at the
same doses and sources applied, which is due to the
low cost of inoculants and inoculation (BRL 10.00
per dose), which shows the benefits of inoculation.

Table 6 shows the values (in BRL) of the 60 kg-
bag of wheat, for the equilibrium price (minimum
price to cover TOC). Grains that were produced
using urea as the source obtained a lower equilibrium
price when compared to those produced using Super
N, in both 2013/14 and 2014/15. In relation to the
nitrogen fertilization management, treatments with
urea at 50 kg ha' without inoculation and 100 kg
ha' with inoculation with 4. brasilense provided
a lower equilibrium price, presenting values in
2013/14 and 2014/15 of BRL 39.24 and BRL 39.57,
respectively. On the other hand, when treatments
with Super N at 150 kg ha'! dose and Super N at 0
kg ha' dose, without and with inoculation with 4.
brasilense, respectively, were used in 2013/14 and

2014/15, the equilibrium price presented the highest
values, at BRL 59.29 and BRL 72.51, respectively.

The magnitude of results inherent to profitability
and economic return due to N doses is very high.
This is not only due to different years of cultivation,
but also as evident from other studies, a function
of the locality studied, emphasizing, therefore, the
importance of new studies of cost and profitability
analysis, that consider nitrogen fertilization as
a factor. Regarding inoculation, the use of A4.
brasilense, because of the variation in the obtained
results, requires further studies related to the
economic viability of this technology, along with the
studies related to the improvement and adaptation of
strains of Azospirillum, related to wheat genotypes,
in order to obtain better results in crop productivity,
combining yield and economic viability.

Brazil is an essential importing country of
wheat, importing about 50% of what is consumed,
becoming dependent on countries like Argentina,
Canada and the United States, selling the cereal in
dollars, in this way, buying wheat over BRL 50.00
per bag of 50 kg, which is much higher than that
paid to wheat produced in the country, which is
around BRL 40.00 per bag. Thus, the need for the
Government to provide incentive to the national
wheat producers is evident, not only to stimulate
production, but also to invest more in technology
and in the reduction of the use of foreign currency
for the acquisition of the product, since the value of
the dollar is on the upward trend.

Conclusions

Increase in the doses of N applied, positively
influences the grain yield of wheat.

Inoculation with Azospirillum brasilense alone
does not increase grain yield. However, it may
increase the efficiency of N fertilization, and it is
feasible to use this diazotrophic bacterium even at
high doses of N.

The supply of N through urea, with inhibitor of
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the enzyme urease, was not economically superior
to the use of conventional urea; therefore, it is
recommended to use the conventional urea due to
its ease of acquisition and lower cost.

The application of 140 kg ha™! of N together with
the inoculation with Azospirillum brasilense in low-
altitude irrigated wheat fields that were cultivated
after maize resulted in the highest grain yield.

The dose of 50 kg ha! of N fertilization, in the
absence of inoculation with Azospirillum brasilense
with the conventional urea as source, provides
greater economic viability in irrigated wheat
cultivation. However, it is not sufficient to ensure
high profitability with the production of wheat
grains.
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