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Abstract 
Brazilian soils are typically highly weathered, naturally poor in P, and rich in minerals with high P-adsorbing 
capacity. The objective of the present study was to evaluate the efficiency of peat-based granulated 
organomineral phosphate fertilizer (OMF) on the phosphorus supply capacity, shoot dry matter production and P 
accumulation of corn plants, as well as its residual effect on soil, compared to that of monoammonium phosphate 
(MAP). The experimental was performed using a randomized block design with a 2 × 5 + 1 factorial scheme 
(two fertilizer: OMF and MAP; five P doses: 15, 30, 45, 60, and 75 mg P2O5 dm-3, and one control treatments 
(no P fertilizer), and three replicates. Two soils (Ferralsol and Planosol) were used in this study. Soil samples 
were incubated with limestone for 30 days and then dried, sieved and used to fill plastic pots (3 dm3 soil per pot). 
Four successive corn cultivations were evaluated and, at the end of each cultivation period, the shoot dry mass 
(SDM) and P content of the corn were determined. In addition, soil P was measured at the end of the experiment. 
OMF and MAP had similar effects on SDM, but MAP provided higher P accumulation (SPA) of the first two 
cultivations, while OMF had higher soil residual P in Ferralsol. However, considering the total accumulated in 
four crops, SDM and SPA were statistically similar between the two P sources. SDM and SPA in Ferralsol 
increased linearly with increasing doses, while in Planosol, SPA increased linearly with increasing P dose, 
regardless of the P source, but SDM was not affected by increasing P doses. According to the results, OMF 
composed of chemically activated peat and MAP can replace MAP as phosphate fertilizer and maintain the same 
agronomic efficiency. 
Keywords: organomineral fertilizer, peat, residual effect, Zea mays, phosphate fertilization 

1. Introduction 
As a result of per capita income and population growth, the projections show that feeding a world population of 
9.1 billion people in 2050 would require raising overall food production by some 70 % between 2005/07 and 
2050. Production in the developing countries would need to almost double (FAO, 2009). However, the 
generation of such products requires agricultural inputs, including P, because a significant increase in global 
phosphorus demand is expected if growing prosperity in developing countries leads to more P-rich diets (Helin 
& Weikard, 2019). In Brazil, most soils are characterized by low pH and high P-retention capacity, which, 
together, reduce the efficiency of phosphate fertilizers (Lopes & Guilherme, 2016). Thus, in order to maximize 
phosphate fertilizer efficiency, growers have adopted the use of humic acids, polymer-coated fertilizers, biochar, 
and seed inoculation (with arbuscular mycorrhizal fungi), among others (Novotny et al., 2012; Heitor et al., 2016; 
Guelfi et al., 2018; Rosa et al., 2018). Alternative phosphate sources are needed for fertilizer productions since 
most of the raw materials used today are non-renewable resources and Brazil has great economic and political 
dependence on the foreign market to obtain phosphate fertilizers (ANDA, 2021; Pantano et al., 2016). Brazil 
possesses an estimated phosphate mining reserve of about 315 Mt, which corresponds to 2.24% of the world’s 
reserves (ANM, 2018). 

Organomineral fertilizers, which are produced by mixing or combining mineral and organic fertilizers (MAPA, 
2009), may be efficient, owing to the reduction of P adsorption by the colloidal fraction of the soil. During the 
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mineralization of the organic fraction of organomineral fertilizers, organic acids are formed and released into the 
soil solution, where they compete for P adsorption sites and form complexes with Al, Fe, and Ca, thereby 
increasing the bioavailability of P in the soil (Hinsinger et al., 2011). The ability of organic acids to compete for 
P adsorption sites in the soil is regulated by both their concentration and the incorporation of carboxylic 
functional groups in their structure (Guppy et al., 2005). Results obtained by Ngo et al. (2022) showed that 
optimum plant growth does not depend solely on immediately available P, and that timing of nutrient supply to 
match plant demand is importante. 

Peat is a porous and humified material that exhibits high adsorption capacity, especially for transition metals and 
polar organic molecules (Couillard, 1994), and that contains a large amount of humic substances (i.e., fulvic acid, 
humic acid, and humine). Humic acid increases P availability in soil by forming variable stability complexes that 
block P adsorption sites and form complexes with Ca, Fe, and Al, thereby preventing phosphate precipitation 
(Rosa et al., 2018). 

Corn (Zea mays L.) is widely cultivated in Brazil, owing to its great economic and social importance, and has 
many uses, ranging from animal feed to uses in the high-tech industry. The low availability of P in most 
Brazilian soils is one of the main factors limiting the nation’s crop productivity (Fletcher et al., 2008). 

The objective of this study was to compare the efficiency of peat-based granulated organomineral phosphate 
fertilizer (OMF) on the phosphorus supply capacity, dry matter production and P accumulation of corn shoots, as 
well as its residual effect on soil, to that of monoammonium phosphate (MAP). 

2. Materials and Methods 
2.1. Study Area 

The experiment was conducted in a greenhouse, under natural light, in the municipality of Seropédica, Estate of 
Rio de Janeiro (RJ), Brazil (22°45′33″ S and 43°41′50″ W), with an average altitude of 30 m. The climate of the 
study region is classified as Aw, by Köppen, characterized by hot and humid summers and dry winters. The 
average of recent years has a maximum average temperature of 32.2 °C, with a minimum of 20.3 °C. The annual 
averages of temperature and precipitation of the last 20 years, are, respectively, 23.7 °C, 1,275 mm, with a 
relative humidity of 69.3%, obtained from the meteorological station of PESAGRO, RJ, the closest to the 
experiment site.  

2.2. Soils Sampling 

Samples from two soils, which were classified as Latossolo Vermelho-Amarelo (Ferralsol) and Planossolo 
Háplico (Planosol) according to Brazilian system of soil classification (Santos et al., 2018), were collected in the 
municipalities of Paula Cândido, Estate of Minas Gerais, Brazil, and Seropédica, RJ, Brazil, from the upper 20 
cm of soil (0-20 cm layer). The soil samples were chemically and physically analyzed (Table 1) following 
methodologies as described by Teixeira et al. (2017), and the results are presented in Table 1. Soil samples were 
incubated with limestone for 60 days with humidity maintained around 80% of field capacity and then dried, 
sieved and used to fill plastic pots (3 dm3 soil per pot). 
 

Table 1. Physicochemical parameters of experimental soils (0-20 cm depth) 

Soil 
Parameters 

Na Ca Mg K H+ Al Al SB T V m pH H2O P1/ Clay O.M. Bulk Density

 ------------------- cmolc dm-3 ------------------- ------ % ------  ppm ------ % ----- g cm-³ 

Planosol 0.0 0.9 0.3 0.1 2.8 0.3 1.3 4.1 32 7 4.6 26 10.0 1.1 1.52 

Ferralsol 0.0 0.6 0.3 0.3 3.8 1.0 1.2 5.0 24 20 4.4 4 38.0 2.5 1.03 

Note. Analyzes performed following methodologies as described by Teixeira et al. (2017); SB = sum of 
exchangeable bases (SB = Ca + Mg + K + Na); T= cation exchange capacity [T = SB + (H+Al)]; V = base 
saturation rate [V = (SB/T) × 100]; m = aluminum saturation rate [m = [Al/(SB + Al)] × 100]; O.M. = organic 
matter. 1/ Mehlich-1 extractor.  

 

2.3. Experimental Design  

The experimental was performed using a randomized block design with a 2 × 5 + 1 factorial scheme (two 
fertilizer treatments: OMF or MAP; five P doses: 15, 30, 45, 60, or 75 mg L-1 of P2O5, and one control treatments 
(no P fertilizer), and three replicates per treatment for a total of 11 treatments and 33 experimental units for each 
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soil. Two types of soil (Ferralsol and Planosol) were used in the study, each evaluated as a separate experiment. 
The granulated organomineral fertilizer was primarily composed of chemically activated peat and MAP and had 
the formulation of 05-26-00 (N-P2O5-K2O) plus 2% Mg and 0.3% Zn. The MAP fertilizer had 54% of P2O5 an 10% 
of N. 

2.4. Conducting the Experiment and Plant Phytotechnical Assessments 

In the experiment, four successive cultivations of corn (Zea mays L. cv Ipanema) were cultivated. Before each 
cultivation, 0.1 L of a nutrient solution (Table 2) was applied to each pot. The application of the treatments with 
phosphate fertilizers was done to furrows, just before the first sowing. Between the sequential cultivations, that is 
between the harvest of the plants and the replanting of others, the soil of the pots remained dry, without water 
supply. 

 

Table 2. Nutrient solution components 

Nutrient Source Source concentration (mg L-1) 

N CO(NH₂)₂ 1,330 

K 

S 

KCl 

MgSO4 

900 

9300 

B H3BO3 136.9 

Cu CuSO4·5H2O 133.1 

Fe FeCl3·6H2O 224.6 

Mn MnCl2·4H2O 395.2 

Mo NaMoO4·2H2O 10.3 

Zn ZnSO4·7H2O 529.8 

Source: Adapted from Furlani et al. (2009). 

 

Ten corn seeds were sown in each pot, and at 8 days after emergence (DAE), the seedlings were thinned to three 
per pot. At 21 DAE, the plant shoots were collected. Plant harvesting was performed close to the ground. The 
collected shoots were placed in paper bags and dried in a forced air oven at 65 °C until constant weight was 
reached. The first cultivation cycle was shorter than the others due to electrical problems in the greenhouse that 
compromised the maintenance of the experiment for a longer time. 

After the first plant harvest, the pots were re-fertilized using 70% of original dose of nutrient solution, and P 
fertilizer was not re-applied. For the second planting, sowing and thinning were performed as described above. 
However, cover fertilization was applied at 20 DAE by applying urea (120 mg N pot-1), and the plants were 
harvested at 54 DAE. As described above, the collected shoots were dried to constant weight.  

Meanwhile, the third and fourth cultivation periods were performed using the same procedures used for the 
second planting, except that the corn shoots were harvested at 46 and 51 DAE, respectively. 

The dried shoots from all four cultivation periods were weighed, ground using a Wiley mill, and then subjected 
to P measurement using a sulfuric digestive solution and spectrophotometry, as described by Tedesco et al. 
(1995). 

After the last cultivation period, a sample of soil was collected from each pot, and P was extracted from each 
sample, in order to measure residual P content, using Mehlich-1 extractor, as described by Teixeira et al. (2017). 

2.5 Statistical Analysis 

The normality of the data was verified using the Shapiro-Wilk test and the homogeneity of variances was 
verified using the Bartlett test. Then the data were submitted to analysis of variance using the R program (R Core 
Team, 2021). When the F-test indicated significant differences, the data were subjected to regression analysis. 

3. Results and Discussion 
In the first crop, P source failed to affect shoot dry matter production, regardless of soil type (Table 3), but did 
affect the P accumulation of plants grown in the Ferralsol, with MAP treatment yielding greater P content. In 
addition, both dry matter production and P accumulation increased linearly with increasing P, regardless of soil 
type (Figures 1 and 2). 
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Table 3. Effect of phosphorus source and dose on the shoot dry mass (SDM) and phosphorus accumulation (SPA) 
of corn plants grown in two Brazilian soils and four successive cultivations 

Source of variation DF 

Mean square 

Ferralsol  Planosol 

SDM SPA  SDM SPA 

First cultivation 

Block 2 1.26ns 43.55*  0.92ns 85.13o 

Source 1 0.12ns 38.92o  0.01ns 28.82ns 

Dose 4 32.98** 348.05**  4.86* 393.02** 

Source*dose 4 1.28ns 40.77*  1.38ns 47.85ns 

Control vs. Factorial 1 68.18** 627.27**  52.49** 861.66** 

Residue 20 0.66 9.59  1.32 26.47 

Coefficient of variation (%)  14.1 17.76  16.49 20.21 

Second cultivation 

Block 2 21.94ns 36.93ns  56.80** 289.61** 

Source 1 68.07ns 51.08ns  11.38ns 14.37ns 

Dose 4 178.01* 179.87*  17.99ns 37.31ns 

Source*dose 4 111.51ns 148.39o  10.06ns 61.37ns 

Control vs. Factorial 1 403.47* 535.58**  0.07ns 86.92ns 

Residue 20 51.06 57.35  8.94 35.58 

Coefficient of variation (%)  58.26 53.1  14.65 20.73 

Third cultivation 

Block 2 1.78ns 9.05ns  2.33* 10.95ns 

Source 1 2.02ns 0.00ns  0.57ns 6.56ns 

Dose 4 7.42ns 19.43ns  2.03* 26.28o 

Source*dose 4 3.97ns 13.63ns  0.16ns 2.24ns 

Control vs. Factorial 1 11.56ns 29.09ns  0.88ns 43.03* 

Residue 20 4.01 11.3  0.57 9.46 

Coefficient of variation (%)  30.64 31.46  11.3 20.08 

Fourth cultivation 

Block 2 1.34ns 2.01ns  1.74ns 14.50ns 

Source 1 2.66ns 13.54ns  0.13ns 0.90ns 

Dose 4 0.27ns 16.15*  0.56ns 26.12ns 

Source*dose 4 2.50ns 8.13ns  0.49ns 34.06ns 

Control vs. Factorial 1 14.60** 1.05ns  0.02ns 48.53ns 

Residue 20 1.63 4.85  1.18 18.43 

Coefficient of variation (%)  25.34 24.09  30.79 29.27 

Total accumulated in four cultivation cycles 

Block 2 5.49ns 26.88ns  24.93ns 18.06ns 

Source 1 30.68ns 95.02ns  14.60ns 3.74ns 

Dose 4 394.08** 1430.79**  26.56ns 1109.89** 

Source*dose 4 64.50ns 73.84ns  12.23ns 126.43ns 

Control vs. Factorial 1 779.67** 2981.76**  64.85* 2725.16** 

Residue 20 46.37 53.86  12.22 105.81 

Coefficient of variation (%)  23.00 14.24  9.30 12.21 

Note. **, *, and o: Significant at the 1, 5, and 10% probability, respectively (F-test); ns: not significant at 10% 
probability.  
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Phosphorus mainly moves from where it is applied via diffusive flow into the soil solution, until it contacts roots 
and is absorbed (Santner et al., 2015). Diffusive flow and, consequently, P availability are affected by soil 
moisture, density, clay content, mineralogy, and P source and concentration (Hinsinger et al., 2011). Therefore, in 
the Planosol, the response of shoot dry matter production to dose increase was not pronounced, most likely 
because the initial available P content was much higher than that of the Ferralsol (Table 1) and because the 
Planosol possessed a lower clay content than the Ferralsol. These properties (i.e., high available P content and 
low clay content) facilitate P diffusion, thereby favoring P absorption, even in treatments that received little or no 
P2O5. 

In the more clayey soil (Ferralsol), which exhibited a relatively high P adsorption capacity and relatively low 
available initial P concentration, the rate of phosphate diffusion is usually lower than that of the Planosol 
(Valladares et al., 2003). Because the solubility of OMF is lower than that of MAP (Frazão et al., 2019), 
diffusion may have been greater when MAP, rather than OMF, was applied to the Ferralsol, thereby reflecting the 
higher P content of the MAP-fertilized plants. 

The diffusion of P in the soil solution differed according to the solubility of the P source. When using 
more-soluble sources, diffusion tends to stabilize more rapidly, owing to the saturation of sorption sites that limit 
the additional movement of P in the soil. In contrast, phosphate diffusion from less-soluble sources occurs more 
slowly and gradually. However, the radius of the P diffusion zone tends to be similar for different phosphate 
sources, regardless of solubility (Lustosa Filho et al., 2019). Because corn grows rapidly, the lower solubility of 
OMF may been responsible for the relatively low P content compared of the OMF-fertilized plants. 

In the second crop, P dose and the interaction between P source and dose were observed to affect shoot dry 
matter production and P accumulation, respectively (Table 3). Indeed, in the Ferralsol, the shoot dry matter 
production of MAP-fertilized plants increased linearly with increasing P dose (Figure 1), and the response of P 
accumulation to increasing P dose was more pronounced in the MAP-fertilized plants than in the OMF-fertilized 
plants (Figure 2). 

In the third cultivation, P source failed to affect either dry matter or P accumulation in the Ferralsol (Table 3), 
whereas the dry matter production of plants grown in the Planosol responded to increases in P dose (Figure 1). 
Costa et al. (2011), who evaluated soil attributes and corn yield under different management and fertilization 
systems, reported that, during the first year of cultivation, mineral fertilization promoted greater crop yields than 
organomineral fertilization. However, no statistical differences were observed during the second year, thereby 
highlighting the need for longer studies. 

In the fourth cultivation, P source failed to affect either dry matter or P accumulation in the Planosol (Table 3), 
whereas the P accumulation of plants grown in the Ferralsol responded linearly to increased P dose P dose 
(Figure 2). Because P fertilizer was only applied before the first planting and the supply of P to subsequent crops 
was derived from native and residual P, it is likely that the initial properties of the Ferralsol (e.g., relatively high 
P adsorption capacity and low available P content) were responsible for the more apparent responses of shoot P 
content to increases in P dose. 

The dry matter production and P accumulation of the four sequential cultivations (Table 3 and Figure 3) were 
statistically similar, regardless of P source. The dry matter production and P accumulation of shoots in the 
Ferralsol increased linearly with increasing in P dose, while for Planosol, only the P accumulation increased 
linearly with increasing P dose, regardless of P source (Figure 3). In relation to the production of shoot dry 
matter in the Planosol, there was an effect of the application of P in relation to the control treatment, but the 
responses were the same regardless of the applied dose. Ferralsol proved to be a soil more responsive to P 
application because it had much lower initial P levels and due to its higher capacity for P adsorption, while in 
Planosol, due to its higher initial P level, P application had less influence on dry matter accumulation in the four 
cultivations. Regardless of the type of soil, under the conditions studied, it can be said that, in the accumulated of 
the four cultivations, the relative efficiency of the OMF in relation to the MAP was 100% both for the production 
of dry matter and for the accumulation of P. 

 



jas.ccsenet.

Figure 3.
accumula
(Ferralso

 

Table 4 su
was a sig
significant
rate than t
the availab
immediate
the fertiliz

 

Table 4. E
cultivation

Note. **, *

probability

org 

. Effect of soil 
ation (B and D
ol: A and B and

ummarizes the 
gnificant effect
t effect for dos
to increasing M
ble P increases
e effect and pro
zers did not dif

Effect of phosp
ns 

Source of variat

Block 

Source 

Dose 

Source*dose 

Controls vs Fac

Residue 

Coefficient of v
* and o: signi
y. 

type, and pho
D) of corn plan
d Planosol: C a

e

analysis of var
t for source, 
ses. The residu
MAP rate (Fig
s with increasin
omoted a high

ffer in the other

horus source a

tion 

ctorial 

variation (%) 

ificant at 1, 5

Journal of A

sphorus source
nts accumulated
and D). Note. V
error); OMF: o

riance for soil 
dose and sou

ual P content o
ure 4), wherea
ng dose. Accor
her dry matter 
r cultivations.

and dose on th

DF

2

1

4

4

1

20

 

5 and 10% p

Agricultural Sci

85 

e and dose on 
d in four succe
Values and err
organomineral 

P content afte
urce × dose in
of the Ferralsol
as that of the P
rding to Sá et a
yield in the fi

he phosphorus 

Ferr

10.8

27.

12.7

7.70

4.23

1.62

13.2

probability, res

ience

the shoot dry m
essive cultivati
ror bars represe
fertilizer 

er the four succ
nteraction whi
l responded mo
Planosol was u
al. (2017), OM
rst cultivation

contents of tw

Med

rralsol 

82**

15**

70**

0**

3ns 

2 

21 

spectively (F-

mass (A and C
ion cycles in tw
ent mean±MSE

cessive crops. F
ile for Planos
ore dramatical
unaffected by 

MF from poltry
; however, the

wo soils after fo

dium square 

Planosol 

85.13o 

28.82ns 

393.02** 

47.85ns 

861.66** 

26.47 

20.21 

test); ns: not 

Vol. 14, No. 8;

C) and phospho
wo Brazilian s
E (mean stand

For Ferralsol, 
sol there was 
lly increasing O
P source, alth

y litter had a gr
e residual effec

four sequential

significant at

2022 

orus 
oils 

dard 

there 
only 

OMF 
ough 
reater 
cts of 

corn 

t 5% 



jas.ccsenet.

Figure 4
(Ferralso

 

Granular o
P colloid a
al., 2018),
the presen
differences

Humic sub
classified a
OMF-ferti
fraction of
contents af

Frazão et 
efficient a
more-solub
differences
litter) or tr
the plants 
fertilizatio

Carvalho e
trees, repo
who inves
Brachiaria
deficiency
important 
requiremen
on stalks y
plant cane
(2022) sho
especially 

4. Conclus
The OMF 
responses 
Ferralsol, 
dry matter
P content o
can replac

org 

4. Effect of soi
ol: left and Plan

repres

organomineral 
adsorption site
 and such com

nt study was in
s were only ob

bstances form 
as highly stabi
ilized soils ma
f the OMF bou
fter the first tw

al. (2019) rep
as conventiona
ble sources te
s in the shoot 
riple superpho
were cultivat

on (50 mg P kg

et al. (2015), w
orted that fertil
stigated the ag
a, found that 
y during the s

for OMF pro
nts and can co
yield. In addit
e, being, on av
owed that OMF
in acid tropica

sions 
and MAP fert
of dry matter
and when com

r production, in
of the Ferralso
e MAP as pho

il type and pho
nosol: right) af
sent mean±MS

fertilizers con
es, which are a
mpetition can m
nitially much h
bserved for P s

most of the o
ility and high-
ay have reach
und to organic

wo crop cycles

ported that, in
al soluble min
end to be mo
dry matter pro
sphate, when p
ted in P-poor 
g-1 soil) was gre

who evaluated 
lizer source fai
gronomic effi
plants that w

second cultiva
oduction. Crus
ompletely repl
tion, organomi
verage, 96 and
F is an efficien
al soils. 

tilizers exerted
r production a
mpared to OMF
n the first two 
ol, when comp
osphate fertilize

Journal of A

osphorus sourc
fter four succe
SE (mean stand

ntain large amo
abundant in tro
momentarily re
higher than tha
ource in the Fe

organic compo
-molecular-wei
hed their max
c matter and so
. 

n highly weat
neral fertilizers
ore effective. 
oduction of co
plants were gr
sandy soil, th
eater. 

the effect of o
iled to affect e
ciency of var

were only ferti
ation cycle. Th
sciol et al. (2
lace mineral fe
ineral fertilizer
d 113% more 
nt farm input th

d similar effect
and P accumul
F-fertilization.
crops of the F

pared to MAP. 
er and maintai

Agricultural Sci

86 

ce and dose on
essive cultivati
dard error); OM

ounts of organi
opical soils, es
educe P fixatio
at of the Ferra
erralsol. 

onents of peat
ight compound
imum after th
olubilized grad

thered soils w
s. However, in
In fact, Frazã

orn plants ferti
rown in a clay
he dry matter 

organomineral
either leaf or so
rious organom
ilized using p
hus, the enric
020) conclude
ertilizer. Howe
r efficiency in
efficient than

that can be use

ts on the dry m
lation to incre
. MAP-fertiliz
erralsol. The O
The OMF com

in the same agr

ience

n the accumula
on cycles of co
MF: organomi

ic anions that c
specially those
on. Since the P
alsol, this prop

t (Vasilevich e
ds (Wu et al., 
he four succes
dually, thereby

with high P ad
n sandy soils 
ão et al. (201
ilized with eith
yey soil with h

production ob

and mineral fe
oil nutrient con

mineral compou
eat did not d

chment of this
ed that OMF 
ever, its influe
n stalks and su
n mineral ferti
ed for residue d

matter product
eases in P dos
ation promote

OMF yielded g
mposed of che
ronomic effici

ation of phosph
orn. Note. Valu
ineral fertilizer

could eventual
e with clayey t
P content of th
perty may exp

et al., 2018) an
2019). Thus, t
ssive crop cyc
y yielding rela

dsorption capa
with low P ad

19) reported t
her OMF (pro

high P-adsorpti
btained by trip

fertilizers on th
ntent, and Ben
unds in succe
evelop well, o
s organic sour
is suitable to

ence on sugar 
ugar yield is m
lizer, respectiv
destination and

tion of corn sh
se were more 
d higher P acc

greater residua
emically activa
ency. 

Vol. 14, No. 8;

horus in the so
ues and error b
r 

lly compete fo
textures (Schm
he Planosol us
lain why statis

nd are traditio
the P content o
cles because t
atively lower s

acities, OMF 
dsorption capa
that there wer
duced with po
ion capacity. W
ple superphosp

he nutrition of 
nedito et al. (2
essive planting
owing to seve
rce with P is 

o supply sugar
yield is lower

more pronounc
vely. Benites 
d nutrient recy

hoots. Howeve
pronounced in

cumulation, bu
al effects on the
ated peat and M

2022 

ils 
bars 

r soil 
mitt et 

ed in 
stical 

nally 
of the 
the P 
soil P 

is as 
acity, 
re no 
oultry 
When 
phate 

olive 
010), 
gs of 
ere P 
very 

rcane 
than 

ed in 
et al. 
cling, 

r, the 
n the 
ut not 
e soil 
MAP 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

87 

Acknowledgements 
The authors thank EMBRAPA, the Soil Department of the Federal Rural University of Rio de Janeiro (UFRRJ), 
Arthur Bernardes Foundation (FUNARBE), Agrária Indústria e Comércio LTDA, and the National Council for 
Scientific and Technological Development (CNPq), for their logistical and financial support. 

References 
ANDA (Associação Nacional para Difusão de Adubos). (2021). Anuário estatístico do setor de fertilizantes 2020. 

São Paulo: ANDA, Statistics Committee.  

ANM (Agência Nacional de Mineração). (2018). Sumário Mineral 2018 [Mineral summary 2018]. Brasília: 
ANM. Retrieved from https://www.gov.br/anm/pt-br/centrais-de-conteudo/publicacoes/serie-estatisticas-e- 
economia-mineral/sumario-mineral/sumario-mineral-brasileiro-2018 

Benedito, D. S., Prochnow, L. I., Silverol, A. C., & Toledo, M. C. M. (2010). Eficiência agronômica de 
compostos organominerais obtidos pelo processo Humifert. Bragantia, 69(1), 191-199. https://doi.org/ 
10.1590/S0006-87052010000100024 

Benites, V. M., Dal Molin, S. J., Menezes, J. F. S., Guimarães, G. S., & Machado, P. L. O. A. (2022). 
Organomineral fertilizer is an agronomic efficient alternative for poultry litter phosphorus recycling in an 
acidic ferralsol. Frontiers in Agronomy, 4, 785753. https://doi.org/10.3389/fagro.2022.785753 

Carvalho, R. P., Moreira, R. A., Cruz, M. C. M., Oliveira, A. F., & Fagundes, M. C. P. (2015). Comportamento 
nutricional de oliveiras com a aplicação de fertilizante organomineral. Comunicata Scientiae, 6(2), 224-233.  

Costa, M. S. S. M., Pivetta, L. A., Costa, L. A. M., Pivetta, L. G., Castoldi, G., & Steiner, F. (2011). Atributos 
físicos do solo e produtividade do milho sob sistemas de manejo e adubações. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 15(8), 810-815. https://doi.org/10.1590/S1415-43662011000800007 

Couillard, D. (1994). The use of peat in wastewater treatment. Water Research, 28(6), 1261-1274. 
https://doi.org/10.1016/0043-1354(94)90291-7 

Crusciol, C. A. C., Campos, M. D., Martello, J. M., Alves, C. A., Nascimento, C. A. C., Pereira, J. C. R., & 
Cantarella, H. (2020). Organomineral fertilizer as source of P and K for sugarcane. Scientific Reports, 10, 
5398. https://doi.org/10.1038/s41598-020-62315-1 

FAO (Food and Agriculture Organization). (2009). Global agriculture towards 2050. High Level Expert Forum, 
Rome. Retrieved October 12-13, 2009, from http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_ 
papers/HLEF2050_Global_Agriculture.pdf 

Fletcher, A. L., Moot, D. J., & Stone, P. J. (2008). Solar radiation interception and canopy expansion of sweet 
corn in response to phosphorus. European Journal of Agronomy, 29(2-3), 80-87. 
https://doi.org/10.1016/j.eja.2008.04.003 

Frazão, J. J., Benites, V. M., Ribeiro, J. V. S., Pierobon, V. M., & Lavres, J. (2019). Agronomic effectiveness of a 
granular poultry litter-derived organomineral phosphate fertilizer in tropical soils: Soil phosphorus 
fractionation and plant responses. Geoderma, 337, 582-593. https://doi.org/10.1016/j.geoderma. 
2018.10.003 

Furlani, P. R., Silveira, L. C. P., Bolonhezi, D., & Faquin, V. (2009). Cultivo hidropônico de plantas: Parte 
2-Solução nutritiva. Campinas: Instituto Agronômico. 

Guelfi, D. R., Chagas, W. F. T, Lacerda, J. R., Chagas, R. M. R, Souza, T. L., & Andrade, A. B. (2018). 
Monoammonium phosphate coated with polymers and magnesium for coffee plants. Ciência e 
Agrotecnologia, 42(3), 261-270. https://doi.org/10.1590/1413-70542018423002918 

Guppy, C. N., Menzies, N. W., Moody, P. W., & Blamey, F. P. C. (2005). Competitive sorption reactions between 
phosphorus and organic matter in soil: A review. Australian Journal of Soil Research, 43(2), 189-202. 
https://doi.org/10.1071/SR04049 

Heitor, L. C., Freitas, M. S. M., Brito, V. N., Carvalho, A. J. C, & Martins, M. A. (2016). Crescimento e 
produção de capítulos florais de calêndula em resposta à inoculação micorrízica e fósforo. Horticultura 
Brasileira, 34(1), 26-30. https://doi.org/10.1590/S0102-053620160000100004 

Helin, J., & Weikard, H. P. (2019). A model for estimating phosphorus requirements of world food production. 
Agricultural Systems, 176, 102666. https://doi.org/10.1016/j.agsy.2019.102666 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

88 

Hinsinger, P., Brauman, A., Devau, N., Gérard, F., Jourdan, C., Laclau, J. P., … Plassard, C. (2011). Acquisition 
of phosphorus and other poorly mobile nutrients by roots. Where do plant nutrition models fail? Plant Soil, 
348, 29-61. https://doi.org/10.1007/s11104-011-0903-y 

Lopes, A. S., & Guilherme, L. R. G. (2016). A career perspective on soil management in the cerrado region of 
Brazil. Advances in Agronomy, 137, 1-72. https://doi.org/10.1016/bs.agron.2015.12.004 

Lustosa Filho, J. F., Barbosa, C. F., Carneiro, J. S. S., & Melo, L. C. A. (2019). Diffusion and phosphorus 
solubility of biochar-based fertilizer: Visualization, chemical assessment and availability to plants. Soil and 
Tillage Research, 194, 104298. https://doi.org/10.1016/j.still.2019.104298 

MAPA (Ministério da Agricultura, Pecuária e Abastecimento). (2009). Instrução Normativa nº 25, de 23 de Julho 
de 2009 (Diário Oficial da República Federativa do Brasil, nº 173). Retrieved July 28, 2009, from 
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-agricolas/fertilizantes/legisla
cao/in-25-de-23-7-2009-fertilizantes-organicos.pdf/view 

Ngo, H. T. T., Watts-Williams, S. J., Panagaris, A., Baird, R., McLaughlin, M. J., & Cavagnaro, T. R. (2022). 
Development of an organomineral fertiliser formulation that improves tomato growth and sustains 
arbuscular mycorrhizal colonization. Science of the Total Environment, 815, 151977. https://doi.org/ 
10.1016/j.scitotenv.2021.151977 

Novotny, E. H., Auccaise, R., Velloso, M. H. R., Corrêa, J. C., Higarashi, M. M., Abreu, V. M. N., ... Kwapinski, 
W. (2012). Characterization of phosphate structures in biochar from swine bones. Pesquisa Agropecuária 
Brasileira, 47(5), 672-676. https://doi.org/10.1590/S0100-204X2012000500006 

Pantano, G., Grosseli, G. M., Mozeto, A. A., & Fadini, P. S. (2016). Sustentabilidade no uso do fósforo: uma 
questão de segurança hídrica e alimentar. Química Nova, 39(6), 732-740. https://doi.org/10.1016/ 
j.still.2019.10429810.5935/0100-4042.20160086 

R Core Team. (2021). R: A language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. Retrieved from: https://www.R-project.org/ 

Rosa, S. D., Silva, C. A., & Maluf, H. J. G. M. (2018). Humic acid-phosphate fertilizer interaction and 
extractable phosphorus in soils of contrasting texture. Revista Ciência Agronômica, 49(1), 32-42. 
https://doi.org/10.5935/1806-6690.20180004 

Sá, J. M., Jantalia, C. P., Teixeira, P. C., Polidoro, J. C., Benites, V. M., & Araújo, A. P. (2017). Agronomic and P 
recovery efficiency of organomineral phosphate fertilizer from poultry litter in sandy and clayey soils. 
Pesquisa Agropecuária Brasileira, 52(9), 786-793. https://doi.org/10.1590/s0100-204x2017000900011 

Santner, J., Mannel, M., Burrell, L. D., Hoefer, C., Kreuzeder, A., & Wenzel, W. W. (2015). Phosphorus uptake 
by Zea mays L. in quantitatively predicted by infinite sink extraction of soil P. Plant Soil, 386(1), 371-383. 
https://doi.org/10.1007/s11104-014-2271-x 

Santos, H. G., Jacomine, P. K. T., Anjos, L. H. C., Oliveira, V. A., Lumbreras, J. F., Coelho, M. R., ... Cunha, T. J. 
F. (2018). Brazilian soil classification system (5th ed.). Brasília: EMBRAPA. E-book.  

Schmitt, D. E., Gatiboni, L. C., Orsoletta, D. J. D., & Brunetto, G. (2018). Formation of ternary organic 
acids-Fe-P complexes on the growth of wheat (Triticum aestivum). Revista Brasileira de Engenharia 
Agrícola e Ambiental, 22(10), 702-706. https://doi.org/10.1590/1807-1929/agriambi.v22n10p702-706 

Tedesco, M. J., Gianello, C., Bissani, C. A., Bohnen, H., & Volkweiss S. J. (1995). Análise de solo, plantas e 
outros materiais (2nd ed., p. 174). Porto Alegre: UFRGS, Soil Department.  

Teixeira, P. C., Donagemma, G. K., Fontana, A., & Teixeira, W. G. (2017). Manual de métodos de análise de 
solo (3rd ed., p. 574). Brasília, DF: EMBRAPA. Retrieved from https://ainfo.cnptia.embrapa.br/digital/ 
bitstream/item/181717/1/Manual-de-Metodos-de-Analise-de-Solo-2017.pdf 

Valladares, G. S., Pereira, M. G., & Anjos, L. H. C. (2003). Adsorção de fósforo em solos de argila de atividade 
baixa. Bragantia, 62(1), 111-118. https://doi.org/10.1590/S0006-87052003000100014 

Vasilevich, R., Lodygin, E., Beznosikov, V., & Abakumov, E. (2018). Molecular composition of raw peat and 
humic substances from permafrost peat soils of European Northeast Russia as climate change markers. 
Science of the Total Environment, 615, 1229-1238. https://doi.org/10.1016/j.scitotenv.2017.10.053 

Wu, M., Zhang, J., Bao, Y., Liu, M., Jiang, C., Feng, Y., & Li, Z. (2019). Long-term fertilization decreases 
chemical composition variation of soil humic substance across geographic distances in subtropical China. 
Soil and Tillage Research, 186, 105-111. https://doi.org/10.1016/j.still.2018.10.014 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

89 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


