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ABSTRACT: The present study aimed to assess the efficiency of monoammonium phosphate (MAP), with controlled-release
technology, on cowpea, soybean, and corn in the Brazilian Eastern Amazon edaphoclimatic conditions. It were evaluated MAP
conventional, FH Humics MAP that incorporates humic acid, and Potenza MAP that incorporates polymer, and two soils with
different clay contents (23.1 and 37.6%), on the growth of cowpea, soybean, and corn, in a greenhouse. Simultaneously, it
were evaluated four levels of P (0, 40, 80, and 120 kg ha" of P,Q,), for the mentioned formulations on cowpea grain yield, in
cerrado, and upland forest environments. Fertilization with MAP Humics and MAP Potenza promotes similar soybean, cowpea,
and corn growth, and cowpea grain yield compared to conventional MAP, under greenhouse and field conditions, respectively.
MAP formulations promote greater soybean, cowpea, and corn growth, and cowpea grain yield in the sandy loam and cerrado
than in sandy clay soil and upland forest environment, respectively. Increasing levels of MAP formulations have no effect on
cowpea grain yield in the cerrado but promote linear cowpea grain yield increase in the upland forest environment.
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Eficiéncia agrondmica de fertilizantes com tecnologia agregada
na Amazodnia Oriental Brasileira

RESUMO: O presente estudo teve como objetivo avaliar a eficiéncia do fosfato monoaménico (MAP), com tecnologia de liberagéo
controlada, em feijao-caupi, soja e milho nas condigdes edafoclimaticas da Amazonia Oriental Brasileira. Foram avaliados MAP
convencional, FH Humics MAP que incorpora acido humico e Potenza MAP que incorpora polimero, em dois solos com diferentes
teores de argila (23,1 e 37,6%), sobre o crescimento de feij&o-caupi, soja e milho, em casa de vegetag&o. Simultaneamente,
foram avaliados quatro niveis de P (0, 40, 80 e 120 kg ha™ de P,0,) das referidas formulagoes sobre a produtividade de gréos
do feijao-caupi, em ambientes de cerrado e floresta de terra firme. A adubagdo com FH Humics MAP e Potenza MAP promove
crescimento similar de soja, feijao-caupi e milho, e produtividade de gréos do feijao-caupi em relagdo ao MAP convencional, em
condicdes de casa de vegetagdo e campo, respectivamente. As formulagdes MAP promovem maior crescimento da soja, feijéo-
caupi e do milho, e produtividade de grdos do feijao-caupi em solo franco-argiloarenoso e cerrado do que em solo argiloarenoso e
ambiente de floresta de terra firme, respectivamente. O incremento dos niveis das formulagdes MAP nao tem efeito no ambiente
do cerrado, mas promove aumento linear da produtividade de gréos do feijao-caupi, em ambiente de floresta de terra firme.

Palavras-chave: sistemas de liberacdo de fertilizantes; lixiviagao de nitrogénio; eficiéncia do uso do fésforo; Vigna unguiculata

* Wardsson Lustrino Borges - E-mail: wardsson.borges@embrapa.br (Corresponding author) This is an open-access article distributed under the Creative
Associate Editor: Méario de Andrade Lira Junior Commons Attribution 4.0 International License.


https://orcid.org/0000-0002-2960-0638
https://orcid.org/0009-0005-8510-1656
https://orcid.org/0000-0002-1354-1362
https://orcid.org/0000-0001-8455-7057
https://orcid.org/0000-0003-4049-5768
mailto:wardsson.borges%40embrapa.br?subject=
mailto:julianagrc96%40gmail.com?subject=
mailto:adilson.oliveira%40embrapa.br?subject=
mailto:paulo.c.teixeira%40embrapa.br?subject=
mailto:jose.polidoro%40embrapa.br?subject=
mailto:wardsson.borges%40embrapa.br?subject=

Agronomic efficiency of fertilizers with aggregate technology in the Brazilian Eastern Amazon

Introduction

The planted area with temporary, permanent, and
forestry crops reached 77.9, 5.4, and 9.62 million ha in
Brazil in 2020, respectively (IBGE, 2020a; 2020b). Soybean
(37.2 million ha), coffee (1.91 million ha), and eucalyptus
(7.43 million ha) (IBGE, 2020b) are the most representative
in each group. The expansion in the planted area and high
productivities achieved in Brazil are associated with the
adoption of improved cultivars (Moreira et al., 2017), modern
crop practices (Moreira et al., 2020) and plant disease
management, as well as the use of fertilizers (Antonangelo
et al., 2019) to correct the low natural fertility of heavily
weathered Latossolo (Oxisol) and Argissolo (Argisol), the
most representatives soil types in Brazil.

Around 42% (2,144,693) of Brazilian agricultural
establishments use fertilizers (chemical and/or organic)
(IBGE, 2017), and the expansion of the use of fertilizers in
Brazil has occurred through the increase of imports, which
reached 38.34 million tons in 2021 (Conab, 2021). However,
Mani & Mondal (2016) in an extensive review highlighted
that around 40-70% of nitrogen, 50-90% of potassium,
and 80-90% of phosphorus applied fertilizers, are not
used by plants due to the low use efficiency of traditional
fertilizers. In the Brazilian tropical climate conditions and
weathered soils, the low use efficiency of fertilizer is due to
phosphorus loss by adsorption, potassium loss by leaching,
and nitrogen loss by leaching and volatilization, reducing
its availability to the plants, affecting plant growth and
productivity (Moreira et al., 2017; 2020). Borges et al. (2023)
observed that fertilization with NPK formulations made
with the calcined bone meal promoted greater soybean,
cowpea, and corn shoot dry mass in the sandy loam (clay
= 231 g kg) compared to sandy clay soil (clay = 376 g kg?)
in a three-crop greenhouse experiment, corroborating the
assertion that phosphorus adsorption is improved in clayey
soils. Therefore, it is reasonable to say that increase in both
average productivity and production of Brazilian agriculture
can be achieved by increasing both the adoption and the use
efficiency of fertilizer.

Practices such as splitting of the fertilizer application
(Aquino et al., 2021), intercropping (Tang et al., 2021),
crop-forest integration, crop rotation (Moreira et al., 2020),
no-till (Antonangelo et al., 2019; Moreira et al., 2020), and
different crop successions (Moreira et al., 2020) have been
adopted to improve soil volume exploitation by the roots,
increase soil organic matter, increase the nutrient content in
soil organic matter, at the same time, increase the residual
effect of fertilizers in successive crops, reducing losses
associated with adsorption and leaching. The selection of
highly productive cultivars with high nutrient use efficiency
(Moreira et al., 2017), use of the alternative raw material
to produce fertilizer, and fertilizer delivery systems to
improve fertilizer use efficiency and reduce environmental
impacts are promising alternatives (Mani & Mondal, 2016;
Antonangelo et al., 2019).
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New organomineral fertilizers produced from agro-
industrial residues as poultry litter, bone meal, and meat
and bone meal (S4 et al., 2017; Nogalska & Zatuszniewska,
2021), and fertilizers containing biochar (Borges et al., 2020;
Carneiro et al., 2021), polymer (Chagas et al., 2015; Nunes
et al., 2022), humic acids (Khan et al., 2019; Gil-Ortiz et al.,
2020), Al and Fe activity inhibitors (Chagas et al., 2015),
zeolite (Werneck et al., 2012), urease inhibitors (Frazdo et
al., 2014), chitosan (Adlim et al., 2019), as technologies
to control the release and losses of nutrients have been
developed and evaluated in different crops. Based on
these observations, the present study aimed to assess the
efficiency of monoammonium phosphate formulations
(MAP) with aggregate technology for controlled release, on
soybean, corn, and cowpea in the Brazilian Eastern Amazon
edaphoclimatic conditions.

Materials and Methods

Greenhouse experiment

A three-crop greenhouse experiment was carried out in
2018, in the Fazendinha experimental area (0°01’01.51"S,
51°06’35.18"W) at Embrapa Amapa, in Macapa municipality,
state of Amapa, Brazil. The experiment had a 3 x 2 factorial
design in randomized blocks with four replications. The
experimental plots consisted of pots with 5 dm? of soil. The
treatments consisted of three monoammonium phosphate
formulations (MAP), and two soils with different clay
contents. It was evaluated the conventional MAP 11-52-
00, FH Humics MAP 08-42-00 (Heringer), and Potenza MAP
10-49-00 (FortGreen). FH Humics is a MAP developed by
Fertilizantes Heringer that incorporates humic acid, and
Potenza is a MAP developed by FortGreen that incorporates
polymer. Soils used were collected in Cerrado (cerrado
environment) and Mazagdo (upland forest environment)
experimental areas, located in the Macapa and Mazagdo
municipalities, respectively. Both experimental areas are
owned by Embrapa Amapa and the soils in the experimental
areas are Latossolo Amarelo, according to the Brazilian soil
classification system (Santos et al., 2018), i.e., an Oxisol.
The areas had previously been farmed with cowpea in the
Mazagdo, and soybean, corn, cowpea, among other crops in
the Cerrado. The soils used had the following characteristics
at 0-20 cm depth: Cerrado pH 5.5, O.M. 14.3 g kg, P 7 mg
dm?, K* 0.12 cmol_dm?, Ca*> + Mg* 1.7 cmol_dm?, Al 0
cmol_dm?, H* + Al"* 2 cmol_dm?, V 47%, CEC 3.8 cmol_dm?,
texture sandy loam, sand 66.5%, silt 10.4%, and clay 23.1%,
and Mazagdo pH 4.4, O.M. 23.8 g kg, P 7 mg dm?3, K* 0.14
cmol_dm?, Ca* + Mg* 0.7 cmol_dm?, Al** 1.3 cmol_dm?,
H* + Al** 6.3 cmol dm?3, V 11%, CEC 7.1 cmol dm3, texture
sandy clay, sand 48.5%, silt 13.9%, and clay 37.6%.

It were evaluated in sequence, using the same pots,
the corn (Zea mays) cultivar BRS 206, soybean (Glycine
max) cultivar BRS Tracaja, and cowpea (Vigna unguiculata)
cultivar BRS Tumucumaque. Five seeds per pot were sown,
and seven days after sowing (DAS), thinning was performed
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keeping two plants per pot. All pots received in each sowing
the equivalent of 80 kg ha™* of P,O_as MAP, FH Humics MAP
or Potenza MAP, 35 kg ha™ of K,O as potassium chloride
(KCI, 60% of K,0). Cowpea and soybean received N only as
MAP, and corn received 50 kg ha? of N, part as MAP and
supplemented with urea (44% N). Cowpea plants were
harvested at 43 DAS and soybean, and corn at 55 DAS, at
flowering. Shoots were oven-dried at 65 °C and weighed.
The shoots were ground from which the P, K*, Ca?*, and Mg?*
contents were determined. In the end, soil samples were
collected for analysis of the remaining P and K*.

Field experiments

Two further field experiments were carried out in 2018,
one in a cerrado environment (00°23'44” N and 51°03'31
W, Macapad, AP, Brazil), and the other in an upland forest
environment (0°07°19.2” S and 51°17'57.4” W, Mazagao, AP,
Brazil), to evaluate cowpea response to the MAP levels. In
the cerrado environment according to the Képpen-Geiger
classification, the climate is of the Ami type, with an average
annual temperature of 26.3 °C and an average annual rainfall
of 2,475 mm. In the upland forest environment, the climate
is of the Am type, with an average annual temperature of
27.3 °C and an average annual rainfall of 2,410 mm. Two
well-defined climatic seasons are observed in both areas,
the first, between December and July, is characterized as
rainy (winter), where 90% of annual precipitation occurs and
the second, between August and November, is characterized
as drought (summer), where 10% of annual precipitation
occurs, associated with high temperature and low relative
humidity (Tavares, 2014). The sowing was carried out in the
periods indicated as low climate risk, corresponding to the
15% and 16 tenths of each year.

The soils and the cowpea cultivar used were the same
as used in the greenhouse experiment. A randomized block
design with four replications was adopted. It was used plot
with 2 x 3 m contained four 3 m lines, spaced at a distance of
0.5 m, with seven cowpea seeds per meter. The treatments
consisted of conventional MAP 11-52-00, FH Humics MAP 08-
42-00 (Heringer), and Potenza MAP 10-49-00 (FortGreen),
and four levels, equivalent of 0, 40, 80, and 120 kg ha! of
P.,O,. All plots received at sowing the equivalent of 35 kg
ha™ of K,0 as KCI. At maturity, 60 DAS cowpea grains were
weighed to determine grain yield from the 2 m? central of
each plot.

Statistical analysis

Analysis of variance (ANOVA) was used, and when
confirming a statistically significant value in the F test (p <
0.05) Tukey tests at the 5% probability level were used to
compare differences among formulations and soils on shoot
dry mass (SDM), P, Ca*?, Mg*?, and K*shoot accumulation,
and P and K*soil contents. Regression analysis was used to
evaluate the effect of applied formulations levels on cowpea
grain yield. All statistical analyses were conducted using the
software Sisvar (Ferreira, 2019). It was used the agronomic
efficiency index (AEI) to evaluate the agronomic efficiency
of the MAP with aggregate technology at the applied
phosphorus levels, according to Grohskopf et al. (2019). AEI
compares the crop grain yields obtained with the phosphate
fertilizer with aggregate technology and with the mineral
fertilizer (conventional MAP) at the same phosphorus
level. The AEI was calculated using the equation: AEI (%) =
[(phosphate fertilizer with aggregate technology test level -
level 0) / (Mineral fertilizer test level - level 0)] x 100.

Results and Discussion

The use of the MAP formulations containing humic acid
or polymer, to control the release of nutrients, promoted
the growth of the soybean, corn, and cowpea equivalent to
that promoted by the conventional MAP, thus not imposing
any restriction on the accumulation of shoot and nutrients,
under the conditions evaluated in this study (Tables 1 and 2).

MAP coated with polymers promoted fresh and dry
matter, the efficiency of phosphate fertilization, and the
use of residual phosphorus in two short 45 days lettuce
crops (Chagas et al., 2015). Corn dry matter and grain
yield were increased with the use of MAP coated with
polymers, especially at base saturation levels of 40% and
50% (Figueiredo et al., 2012). MAP fertilizers coated with
organic acid, synthetic organic acid, or humic acid extracted
from peat modified the pattern of P release, the movement
from the fertilizer granule to the soil, and P availability to
corn plants over time, and corn plants accumulated slightly
less shoot dry matter than those fertilized with conventional
MAP, but they required lower P doses to do so (Teixeira et al.,
2016). According to Volf & Rosolem (2020), the potential of
phosphates with polymer or humic acid as tools to increase
P use efficiency is low since the effects of the base fertilizer
and soil characteristics are pre-dominant. The availability of P

Table 1. Summary of the analysis of variance for shoot accumulation (mg per pot) of corn (Zea mays), soybean (Glycine max),
and cowpea (Vigna unguiculata) grown in a greenhouse, as a function of the MAP formulation (conventional MAP 11-52-00,
FH Humics MAP 08-42-00, and Potenza MAP 10-49-00), and soil type (sandy loam, 23.1% of clay, and sandy clay, 37.6% of

clay).
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Table 2. Shoot dry mass (SDM - g per pot), and P, K*, Ca?*, and Mg? shoot accumulation (mg per pot) of corn (Zea mays),
soybean (Glycine max), and cowpea (Vigna unguiculata) grown in a greenhouse, as a function of the MAP formulation
(conventional MAP 11-52-00, FH Humics MAP 08-42-00, and Potenza MAP 10-49-00), and soil type (sandy loam, 23.1% of

clay, and sandy clay, 37.6% of clay)

Means followed by the same letter within a row did not differ significantly by Tukey test at the 5% level.

in the soil depends primarily on the soil adsorption capacity,
which can be altered by the management of phosphorus
fertilization (Volf & Rosolem, 2020) and base saturation
(Figueiredo et al., 2012).

Regarding the evaluated soils, it was possible to observe
higher shoot dry mass and shoot nutrient accumulation in
the three species, when cultivated in sandy loam compared
to sandy clay soil. In this case, the difference was significant
among the soils, except for Mg?* accumulation in cowpea.
In a greenhouse experiment with four successive corn
crops, Sa et al. (2017) observed no significant difference in
the first, second, and fourth cultivations, but a significantly
increased dry matter production in the sandy loam (100
g kg clay) compared to clay loam soil (380 g kg™ clay) in the
third cultivation. It has been widely reported that weathered
clayey soils adsorb most of the P applied as fertilizer,
reducing its availability to plants and consequently affecting
growth and vyield (Silva et al., 2010; Sa et al., 2017; Volf &
Rosolem, 2020).

There was no significant difference among the MAP
formulations and soils evaluated for the remaining soil
content of P and K*, except among the soil’'s K* content
(Table 3). When averaged across the different soils the
remaining P content was 21.1, 26.0, and 28.8 mg dm™ when
conventional MAP, FH Humics MAP, and Potenza MAP were
applied, respectively. Additionally, the remaining P contents
difference, between soil with higher and lower clay content,
was 8.25, 9.5, and 0.5 mg dm? for conventional MAP, FH
Humics MAP, and Potenza MAP sources, respectively. This
result may be associated with the ability of the polymer to
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Table 3. P (mg dm?) and K* (cmol_dm?) in the soil after
harvested corn (Zea mays), soybean (Glycine max), and
cowpea (Vigna unguiculata) grown in a greenhouse, as a
function of the MAP formulation (conventional MAP 11-52-
00, FH Humics MAP 08-42-00, and Potenza MPA 10-49-00),
and soil type (sandy loam, 23.1% of clay, and sandy clay,
37.6% of clay).

Means followed by the same letter within a row did not differ significantly by Tukey
test at the 5% level.

change the maximum soil P adsorption capacity, as proposed
by Volf & Rosolem (2020), after sequential use.

There was no significant difference between conventional
MAP, FH Humics MAP, and Potenza MAP formulations.
Cowpea grain yield varied between 418 and 1,183 kg hal, and
972 and 1,488 kg ha™ as a function of phosphorus sources and
levels (Table 4), in upland forest and cerrado environments,
respectively. The results showed that the MAP formulations
with the incorporation of humic acids or polymer promoted
cowpea grain yield equivalent to that provided by the
conventional MAP, notimposing any restriction, as observed for
shoot dry mass and nutrient accumulation, under greenhouse
conditions. Cowpea grain yield in the forest environment, in
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Table 4. Grain yield (kg ha?) and agronomic efficiency for cowpea (Vigna unguiculata) BRS Tumucumaque cultivar as a
function of the MAP formulation (conventional MAP 11-52-00, FH Humics MAP 08-42-00, and Potenza MAP 10-49-00)
increasing levels, cultivated in cerrado and upland forest environments, respectively in Macapd and Mazagdo municipalities,

state of Amapa3, Brazil.

n.s.: no significant effect, in terms of P levels as determined by the F test at the 5% level. Coefficient of variation 35.39% and 16.92% to the upland forest and cerrado environments,

respectively.

soil with higher clay content, corresponding to 62, 52 and
60% of the grain yield observed in the cerrado environment,
in soil with lower clay content, for the sources conventional
MAP, FH Humics MAP, and Potenza MAP, respectively. The
results achieved for cowpea grain yield observed here in the
upland forest environment corroborate the results previously
reported by Borges et al. (2021), that observed in a three-
year field experiment cowpea grain yield varying from 373
to 984 kg ha, when it was used increasing levels of P,O, as
triple superphosphate, in an Oxisol with 241 g kg? of clay,
and it was possible to adjust linear equation as a function of
the increasing P,O, levels. On the other hand, there was no
statistical effect of levels, regardless of source, in the cerrado
environment. In cerrado Oxisol, with 179 g kg* of clay in the
State of Roraima, cowpea grain yield increased in response
to the applied phosphorus rate until 90 kg ha* P,0, (Silva
et al., 2010). The lack of response to P rates in the cerrado
environment may be related to the history of use of the area,
given that it has been used for successive experiments that
affect the fixation capacity and the availability of P in the soil.
Overall, the agronomic efficiency of conventional
MAP was higher than FH Humics MAP and Potenza MAP
(Table 4). The agronomic efficiency of FH Humics MAP and
Potenza MAP concerning conventional MAP was higher
in the upland forest than in the cerrado environment. The
agronomic efficiency of FH Humics increased with increasing
P levels, in both environments. The Potenza MAP proved to
be more efficient for cowpea than the FH Humics MAP, in
both environments. The results found in the present study
contribute to our understanding of the behavior of fertilizers
with controlled nutrient release in the Brazilian Amazon
edaphoclimatic conditions. Long-term studies including
long-cycle crops should be conducted to better understand
the residual effects of these fertilizers, and to increase the
efficiency of P use in different agricultural systems.
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Conclusions

This study improves our understanding of the relationship
between phosphorus supply with fertilizers with aggregate
technology, soil clay content, and environmental conditions
on cowpea, corn, and soybean plants. We have demonstrated
that: (i) fertilization with MAP Humics and MAP Potenza
promotes similar soybean, cowpea, and corn shoot dry mass
and shoot nutrient accumulation compared to conventional
MAP, under greenhouse conditions., (ii) fertilization with MAP
formulations promotes greater soybean, corn, and cowpea
shoot dry mass and shoot nutrient accumulation in the sandy
loam compared to the sandy clay soil, except for cowpea
Mg?* shoot accumulation, under greenhouse conditions; (iii)
fertilization with MAP Humics and MAP Potenza promotes
similar cowpea BRS Tumucumaque cultivar grain yield
compared to MAP conventional, in both cerrado and upland
forest environments, and (iv) fertilization with increasing
levels of MAP formulations promotes linear cowpea BRS
Tumucumagque cultivar grain yield increase, in the upland
forest, but has no effect in the cerrado environment.
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