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Abstract

The objective of this study was to evaluate the initial growth of maize plants and phosphorus use efficiency due to phosphate
fertilization with or without polymer coating for controlled nutrient release. The experiment was conducted in a greenhouse. Ten
treatments were accomplished under a 5 x 2 factorial scheme, with five doses of phosphorus and two types of monoammonium
phosphate (MAP), with and without polymer coating. The experimental design consisted of three maize plants grown in a 5 liter
plastic pot. The study was conducted for 30 days when the phosphorus content, dry matter production and nutrient use efficiency
were measured in the plant. The data obtained were submitted to analysis of variance by the F-test at 5% probability, the quantitative
data were submitted to regression analysis according to the doses, and the qualitative data according to the source by the Tukey test.
The plants fertilized with conventional MAP had averages higher than the ones fertilized with polymer-coated MAP at 50, 150 and
200 mg doses of P dm™ soil. The initial growth of maize plants was higher when they were fertilized with conventional MAP. The
efficiency in P use did not increase with the polymer-coated source, but decreased with doses of both sources

Keywords: Zea mays L., monoammonium phosphate, absorption, nutritional efficiency.
Abbreviations: DAE_ days after emergence; DM_ dry matter; MAP_ monoammonium phosphate; NUE_ nutrient use efficiency.

Introduction

Maize (Zea mays L.) is one of the most important cereals causing the soil to establish strong competition with the plant
grown and consumed in the world given its great yield for the phosphorus available in solution (Corréa et al., 2008).
potential, adaptability to different environmental conditions To improve fertilization efficiency, formulas with gradual
and nutritional value. In Brazil, about 79 million tons of nutrient release were developed, which help reduce the losses
grains are produced with yields reaching 14 tons per hectare that normally occur with the use of monoammonium
in experimental conditions. These results reflect investments phosphate (MAP), allowing for lower fertilizer dosage
in technology combined with the use of cultivars with great without effects on crop yields. Among such formulas is
potential productive stability (Forsthofer et al., 2006; Cruz, gradual-release polymer coating.

2013; CONAB, 2012). The polymers used in the coating are monomers that have

One of the determining variables in achieving high yields is carbon and hydrogen in their chemical structure. Some have
the supply of nutrients, among which phosphorus (P) stands their release controlled by humidity, others by temperature.
out. Phosphorus is essential in the plant for photosynthesis, The purpose of adopting this technology is to reduce losses
respiration and energy transfer. Phosphorus use efficiency in by adsorption, surface runoff, volatilization and leaching,
maize fields is critically important, since this nutrient through the gradual release of the element, making the
constitutes one of the most limiting factors to production applied phosphorus more available to plants (Withers et al.,
(Coelho et al., 2009). 2014).

Overall, the soils of tropical regions are characterized by However, in some cases the use of slow release phosphate

high variation of weather conditions and low levels of fertilizer did not yield satisfactory results. Rather, it produced
phosphorus in the form available to plants (Barroso and results similar to those with conventional fertilizer (Silva et
Nahas, 2008). In this case, the lack of phosphorus is due to al.,, 2012) and impaired the development of some crops
strong interaction of this nutrient with soil colloids, which (Malhi et al., 2001). Such contrasting information has raised
causes high setting and low availability (Corréa et al., 2008; the interest of researchers in polymer-coated fertilizers.
Costa et al., 2009). As a result, ensuring proper phosphorus Thus, the objective of this study was to evaluate the initial
concentration for the development of species grown in growth and phosphorus use efficiency by maize plants
weathered soils may be the most important factor fertilized with two sources of phosphate, gradual release
contributing to increase in production costs. The high polymer-coated or conventional.

adsorption power of these soils requires a greater amount of
nutrient to be applied per unit of dry matter produced,
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Results and Discussion
Phosphorus content

The phosphorus content accumulated in the plants was
influenced by both the doses and the sources, and significant
interaction was observed of the two factors on this variable
(Fig.1). The interaction observed indicates that the sources
did not perform in the same way according to the phosphorus
doses applied. The interaction started from the 150 mg P dm™
dose and the conventional MAP source was higher higher
than the polymer-coated MAP. The mean values obtained
with conventional MAP were also higher than those of the
polymer-coated MAP (Table 1).

These results may be related to the fact that when the
uncoated source is added to the soil, it makes nutrients
available more quickly, increasing the concentration and
facilitating nutrient absorption by the root system. In this
case, the speed in releasing phosphorus occurs because the
conventional MAP is more soluble compared to the slow
release polymer-coated MAP, which is less soluble.
Furthermore, the greater the amount of phosphorus available
in the soil, the higher the element concentration gradient,
which saturates the adsorption surfaces thus increasing P
content in the plant (Bastos et al., 2010). Another explanation
would be the increase in base saturation after soil incubation
with treatment. The pre-liming of acidic soils, besides
providing an increase in pH and base saturation, promotes the
neutralization of aluminum and a great amount of iron and
manganese, reducing the phosphorus setting capacity and
providing increased fertilizer efficiency (Prochnow et al.,
2004). Gazola et al. (2013) points out that in the case of
phosphorus, a simple practice such as liming would be
effective in reducing its problem of high soil adsorption and
slow release fertilizer would not be required for this nutrient.
For Jarosiewicz and Tomaszewska (2003) the efficacy of
coated fertilizers relies on the solubility of the polymer that
coats the granules. Moreover, the thickness and chemical
nature of the coating resin, number of surface microcracks
and fertilizer granule size determine the rate of nutrient
release over time (Girardi and Mour&o Filho, 2003).

Corroborating Jarosiewicz and Tomaszewska (2003), the
study by Chagas et al. (2016) reported that higher phosphorus
accumulation in onion bulb was obtained with the use of
polymer-coated triple superphosphate. The source KIM
COAT (LGP) presented no difference compared to
conventional MAP. However, in the study by Gazola et al.
(2013), MAP coated forms did not differ from conventional
MAP in phosphorus release efficiency and levels of this
nutrient in maize plants.

In maize cultivation, Valderrama et al. (2011) observed that
increasing doses influenced the phosphorus content in the
plant, fitting the quadratic equation and peaking at the
application of 127 kg ha®’ de P,0s. Prado et al. (2001),
worked with increasing doses of phosphorus up to 135 kg ha”
! de P,05 and also found positive effect for the phosphorus
levels in maize plants.

Dry matter production

In the dry matter accumulation by the maize plants, there was
no difference between the use of MAP with and without
polymer coating (Fig. 2). The plants fertilized with
conventional MAP had averages higher than the ones
fertilized with polymer-coated MAP at 50, 150 and 200 mg
doses of P dm™ soil. The mean DM values obtained with
conventional MAP, 6.31 g plant™, were also higher than the

72

polymer-coated MAP, 2.81 g plant™ (Table 1). The data were
adjusted linearly, indicating that the doses tested in the two
sources were not sufficient to meet the demand of the plants
(Fig. 2). The increased phosphorus absorption by the plants
fertilized with conventional MAP (Fig. 1) may have been
responsible for better nutrition, ensuring higher initial growth
of maize plants (Fig. 2). However, Gazola et al. (2013) found
that the polymer-coated MAP showed the same residual
effect as the conventional MAP, because they provided
results similar to the evaluations of irrigated maize.
Regarding phosphorus levels, the maize crop responses are
generally positive with respect to increase in dosage. Silva el
al. (2014) observed linear increase in grain productivity up to
the 120 kg ha® P,0s dose. Veloso et al. (2005) found
response in shoot dry matter up to the 150 mg kg™ P dose in
all the studied maize cultivars.

Brasil et al. (2007), while studying the influence of
phosphorus in nutrient solution on dry matter in eight maize
genotypes, also found that higher phosphorus concentration
promoted higher dry matter accumulation. Corréa et al.
(2008) and Bastos et al. (2010) obtained similar results; the
increase in doses of phosphate fertilizers caused proportional
increase in dry matter production by maize plants. In the
study by Cruz et al. (2009), the increase in dry matter
production by sorghum plants was due to the increase in
phosphorus levels.

Nutrient utilization efficiency

No differences were observed for nutrient utilization
efficiency (NUE) among the tested sources and between the
phosphorus concentrations in the soil (Table 1), i.e. even with
increasing phosphorus availability and regardless of the
source, the maize reduced linearly the efficiency rate, from
0.7 t0 0.4 g DM per mg phosphorus (Fig. 3). These results
agree with those of Corréa et al. (2008) in maize crops and
Chagas et al. (2015) in two lettuce crops, who observed a
reduction in phosphorus use efficiency with dosage increases.
However, Chagas et al. (2015) found increased phosphate
efficiency with polymer-coated MAP fertilizer in both lettuce
crops, improving residual phosphorus used, but not for
onions (Chagas et al., 2016). However, increased nutrient
availability and the source used are not the only factors that
can alter the efficiency rate. Another important factor would
be the cultivar intrinsic characteristics. According to DoVale
and Fritsche-Neto (2013) and Chen et al. (2009), maize
cultivars show variation in the phosphorus use efficiency rate
in tests conducted both in nutrient solution and in the field.

Materials and Methods
Experimental site

The experiment was conducted in a greenhouse at Goias State
University (UEG), Ipameri Campus, Municipality of Ipameri,
GO, Brazil. The soil was classified as Red Yellow Latossol
(Ferralsol) (EMBRAPA, 2013), with average texture. Soil
samples were collected which were used for the chemical
characterisation (Table 2).

Experimental procedure and treatments

There were ten treatments in 5 x 2 factorial scheme with five
P doses (0, 50, 100, 150 and 200 mg P dm™ soil) and two
types of monoammonium phosphate (MAP), with and
without polymer coating, in a total of 30 plots. The experimental



Table 1. Phosphorus content, dry matter (DM) and nutrient utilization efficiency (NUE) by maize plants at 30 days after emergence

(DAE), fertilized with polymer-coated MAP or conventional MAP.

Treatments P Content Dry Matter NUE
—__mgplant® __gplant! ~_gDMmgP?t

A - Polymer-coated MAP 5.34b 2.81b 0.62 a

B - Conventional MAP 12.66a 6.31a 0.57a

DMS 2.53 1.10 0.06

CV.% 36.9 317 13.0

Means followed by the same letters do not differ by Tukey’s test (p<0.05).
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Fig 1. Phosphorus content accumulated by maize plants at 30 days after emergence (DAE), fertilized with polymer-coated MAP or

conventional MAP.

Table 2. Chemical attributes of the soil used in the study.

pH (CaCl,) \Y OM P (Mel.) S Ca Mg K T
% mg dm? cmol, dm™®
4.4 28 17.0 15 2.8 0.8 0.6 0.22 5.8

V —Base saturation; OM —Organic matter; Mel. — Extractor Mehlich-1; T —Cation exchange capacity.
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Fig 2. Dry matter accumulated by maize plants at 30 days after emergence (DAE), fertilized with two sources of MAP with and

without polymer coating.
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Fig 3. Nutrient utilization efficiency (NUE) rate by maize plants 30 days after emergence (DAE), fertilized with two sources of

MAP, with and without polymer coating. D.M.= Dry matter.

experimental plot was made up of three maize plants grown
in a plastic pot with 5.0 dm® soil capacity. The soil acidity
was corrected, by incubating for 30 days in plastic pots with
the respective CaCO; dose, and moisture was corrected to
32%. This moisture level was maintained throughout the
experimental period. The nitrogen (N) content was adjusted
taking into consideration the amount provided by MAP so
that all the treatments had the equivalent of applying 120 mg
N dm soil, using urea. For potassium (K) a dose of 120 mg
K,O dm soil was applied, and potassium chloride was used
as a K source. The NPK doses were incorporated into the soil
and then maize was sown, six seeds per pot, on 10 October
2012. After seedling emergence, the plants were thinned and
only 3 seedlings per pot were left.

Measurements

The experiment was conducted for 30 days, when the plants
were evaluated for phosphorus content, dry matter production
(DM), and nutrient use efficiency (NUE). For this purpose,
the three plants that formed the plot were collected. Then the
plant material (root + shoot) was chopped, weighed and dried
in an oven with forced ventilation at 65°C for 72 hours. After
determining the dry matter mass per plant, the plants were
ground, and the quantity of phosphorus in the dry matter was
measured after nitric-perchloric digestion by metavanadate
colorimetrics (Malavolta et al., 1989). The phosphorus use
efficiency was determined by the NUE index given by the
ratio between the amount of dry matter and nutrient content
accumulated in the tissues (g DM mg™* P).

Data analysis

The data were submitted to analysis of variance by the F test
at 5% probability, the qualitative data according to the source
by the Tukey test, and the quantitative data were submitted to
regression analysis in relation to dosage. The model with the
greatest regression coefficient, significant at 5% probability
by the F-test, was chosen from among the linear and
quadratic models.

Conclusion

The initial growth of the maize plants was higher when they
were fertilized with MAP without polymer coating
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(conventional). P use efficiency did not increase with
polymer-coated source, but decreased with doses of both
sources.

Acknowledgments

We are grateful for the financial support provided by the
Auxilio AUXPE-FAPEG 2370/2014. The authors thank the
UEG for providing fellowships (PROBIP 2016) to the first
author.

References

Barroso CB, Nahas E (2008) Solubilizagdo de fosfato de
ferro em meio de cultura. Pesq Agropec Bras. 43(4):529-
535.

Bastos AL, Costa JPV, Silva IF, Raposo RWC, Souto JS
(2008) Influence of phosphorus doses in diffusive flow in
the soils of Alagoas. Rev Bras Eng Agri Ambient.
12(2):136-142.

Brasil EC, Alves VMC, Marriel IE, Pitta GVE, Carvalho JG
(2007) Dry matter and mineral nutrition in efficient corn
genotypes in relation to phosphurus acquisition. Ciénc
Agrotec. 31(3):704-712.

Chagas WFT, Emrich EB, Guelfi DR, Caputo ALC, Faquin
V  (2015) Productive characteristics, nutrition and
agronomic efficiency of polymer-coated MAP in lettuce
crops. Rev Ciénc Agron. 46(2):266-276.

Chagas WFT, Guelfi DR, Emrich EB, Silva AL, Faquin V
(2016) Agronomic efficiency of polymer-coated triple
superphosphate in onion cultivated in contrasting texture
soils. Rev Ciénc Agron. 47(3):439-446.

Chen J, Xu L, Cai Y, Xu J (2009) Identification of QTLs for
phosphorus utilization efficiency in maize (Zea mays L.)
across P levels. Euphytica. 167(2):245-252.

Coelho AM, Franca GE, Pitta GVE, Alves VMC, Hernani LC
(2009) Fertilidade de solos: nutricdo e adubacéo do milho.
In: Cruz, JC (Ed.). Cultivo do milho. 5. ed. Sete Lagoas:
Embrapa Milho e Sorgo.

CONAB - Companhia Nacional de Abastecimento. 2012.
Brasilia, DF. Available at: <www.conab.gov.br> Accessed
on: 01 June 2012.



Corréa RM, Nascimento CWA, Freire FJ, Souza SKS, Silva
GB (2008) Disponibilidade e niveis criticos de fosforo em
milho e solos fertilizados com fontes fosfatadas. Rev Bras
Ciénc Agrar. 3(3):218-224.

Costa JPV, Bastos AL, Reis LS, Martins GO, Santos AF
(2009) Difusdo de fosforo em solos de Alagoas
influenciada por fontes do elemento e pela umidade. Rev
Caatinga. 22(3):229-235.

Cruz SJS (2013) Caracteristicas morfofisiologicas de plantas
e produtividade do milho. 77p. Tese Doutorado.
Universidade Estadual Paulista. Botucatu-SP, Brasil.

Cruz SJS, Oliveira SSC, Cruz SCS, Machado CG, Pereira RG
(2009) Phosphate fertilization for forage sorghum crop.
Rev Caatinga. 22(1):91-97.

DoVale JC, Fritsche-Neto R (2013) Genetic control of traits
associated with phosphorus use efficiency in maize by
REML/BLUP. Rev Ciénc Agron. 44(3):554-563.

EMBRAPA - Brasilian Company of Agriculture and
Livestock Research. 2013. Brazilian system of soil
classification. Brasilia, DF: Embrapa, 3% ed. rev.ampl.
353p.

Forsthofer EL, Strider ML, Minetto T, Rambo L, Argenta G,
Sangoi L, Suhre E, Silva AA (2006) Agronomic yield and
economic performance of maize in different management
levels and sowing times. Pesq Agropec Bras. 41(3):399-
407.

Gazola RN, Buzetti S, Dinalli RP, Teixeira Filho MCM,
Celestrino TS (2013) Residual effect of monoammonium
phosphate coated with different polymers on maize. Rev
Ceres. 60(6):876-884.

Girardi EA, Mourdo Filho FAA (2003) Use of slow release
fertilizers in citrus crops. Rev Laranja. 24(2):507-518.

Jarosiewicz A, Tomaszewska M (2003) Controlled-release
NPK fertilizer encapsulated by polymeric membranes. J
Agric Food Chem. 51: 413-417.

Malavolta E, Vitti GC, Oliveira AS (1989) Avaliacdo do
estado nutricional das plantas. Principios e aplicages.
Piracicaba: Associacéo Brasileira para Pesquisa da Potassa
e do Fosfato, 201p.

75

Malhi SS, Haderlein LK, Pauly DG, Johnston AM (2001)
Improving fertilizer phosphorus use efficiency. B Crop
Plant Food. 85(2):18-23.

Prado RM, Fernandes FM, Roque CG (2001) Effects of
fertilizer placement and levels of phosphorus on foliar
phosphorus content and corn yield. Rev Bras Ci Solo.
25(1):83-90.

Prochnow LI, Alcarde JC, Chien SH (2004) Eficiéncia
agrondmica dos fosfatos totalmente acidulados. In: Yamada
T, Abdalla, SRS (Ed.). Fésforo na agricultura brasileira.
Piracicaba: POTAFOS, p.605-663.

Silva GF, Oliveira FHT, Pereira RG, Silva PSL, Diogenes
TBA, Silva ARC (2014) Doses of nitrogen and phosphorus
for economic production of corn at Chapada do Apodi, RN.
Rev Bras Eng Agri Ambient. 18(12):1247-1254.

Silva AA, Silva TS, Vasconcelos ACP, Lana RMQ (2012)
Influence of application of different sources of map coated
with gradual release polymers in corn culture. Biosc J.
28(1):240-250.

Valderrama M, Buzetti S, Benett CGS, Andreotti M, Teixeira
Filho MCM (2011) NPK sources and doses on irrigated
corn under no-till system. Pesq Agropec Trop. 41(2):254-
263.

Veloso CAC, Carvalho EJM, Souza FRS, Pereira WLM
(2005) Resposta de cultivares de milho a adubagéo
fosfatada em Latossolo Vermelho do sul do Para. Rev
Ciénc Agrér. 44:145-156.

Withers PJA, Sylvester-Bradley R, Jones DL, Healey JR,
Talboys PJ (2014) Feed the crop not the soil: rethinking
phosphorus management in the food chain. Environ Sci
Technol. 48(12):6523-6530.



