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Short Communication

ABSTRACT

Phosphorus is an element of low mobility in soil. It is combined with iron compounds, aluminum and
calcium, and organic matter. Phosphorus inorganic compounds found in the soil are conditioned by
pH, type and quantity of minerals present in the clay fraction. This study aimed to evaluate the
influence of three types of organic waste and the incubation time in the solubilization of three
sources of P in the soil of the northeastern semi-arid region. The treatments were arranged in a 3 x
3 x 7 factorial arrangement, and a solo, 3 sources of phosphorus (P), 3 organic waste and 7
incubation times. The treatments were arranged in a randomized block design with three replicates.
All soil samples were determined: pH, Ca and P concentrations, 10, 20, 30, 40, 50, 70 and 90 days
of incubation. Data were submitted to ANOVA and Tukey test to compare the treatment averages.

*Corresponding author: E-mail: jackson.silva.batalha@gmail.com;



Silva et al.; JEAI, 21(2): 1-7, 2018; Article no.JEAI.39596

For the incubation time factor, regression equations were set at the level of 1% probability. The
most efficient organic waste in reducing pH and solubilizing phosphate was Leucaena; The
biofertilizer was the most efficient source of phosphate in making phosphorus available for soil.
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1. INTRODUCTION

The soils of the Brazilian semi-arid region contain
low levels of phosphorus (P), one of the
elements that most limit productivity in this
region. Consequently, to obtain high yields, the
addition of phosphate fertilizers is required. It is
known that only a fraction of P applied to the soil
of which 15 to 25% is used and the rest remains
in the soil. Another part is adsorbed by colloids,
another part is combined with the sall
components, remaining in the insoluble form and
also, another part is immobilized by
microorganisms [1].

Practically, there are no detailed studies on the
desorption of P in soils of the northeastern semi-
arid, perhaps as a consequence of the lack of
use of fertilizers, since, P is an element whose
use is quite expensive in agriculture and
presents great power of adsorption to soil
colloids, which highlights a need to use
alternative sources, such as fertilizers of organic
origin, which present costs lower than
conventional fertilizers and greater residual
effect.

However, since this source of P has low
solubility, one of the alternatives for this is to
increase the activity of the microbiota that
participates in the solubilization of P in the soil.
Thus increasing the production of organic acids
and other products of microbial metabolism [2,3],
which can be increased with the addition of
organic compounds to the soil [4].

Through this process, there is a slow but
continuous release of phosphorus from
phosphate sources (FF), in contrast to soluble
fertilizers that provide high content of soluble
phosphorus immediately after its application.

In this way, it was tried to evaluate the influence
of three types of organic residues and the
incubation time in the solubilization of three P
sources in the Northeastern semi-arid soil.

2. MATERIALS AND METHODS

The experiment was conducted in the Laboratory
of Physics and Soil Management of the

Department of Agroecology, of the Federal
Institute of Alagoas, Campus Piranhas-AL, in
2016.

The experiment consisted of a 3x3x7 factorial
arrangement (phosphate, residue, time), with
three replicates, being the treatments were
arranged in a randomized block design.

The following materials were selected: a
characteristic  Luvisolic  soil with greater
predominance in the region; three sources of
phosphorus: rock biofertilizer, natural phosphate
(Fertipar), and simple superphosphate; and three
organic residues: one legume (Leucaena
leucocephala), earthworm humus, and tanned
bovine manure.

Vegetable residues were ground in forage.
Humus and manure were sieved in a 2-milimeter
sieve. These materials were applied to sail
samples, collected in the 0-20-centimeter layer.
After collection, the soil was air-dried, broken
down and sieved in a 2-milimeter mesh and
submitted to chemical analysis (Table 1),
according to [5]. The pH of water was determined
in the ratio 1: 2.5 soil: solution.

The available phosphorus was determined by
colorimetry using ascorbic acid as a reducing
agent after extraction with 0.05 mol L' HCl
solution and 0.025 mol L' H,SO, solution
(Mehlich). Exchangeable potassium and sodium
were determined by flame photometry, after
extraction  with Mehlich'1, while calcium,
magnesium and exchangeable aluminum were
be extracted with 1mol L™ KCI and determined
by titrimetry. The potential acidity (Al + H) was
evaluated by extraction with 0.5 mol L" calcium
acetate at pH 7.0.

The dose of 600 kg ha™ of P,Os was applied.
Organic residues were submitted to nitric-
perchloric digestion for subsequent determination
of Ca and Mg contents by complexometry, P by
colorimetry, and K by flame emission photometry
[5]. Total organic carbon was determined by the
method of [6]. N content was determined in 100
mg of sample digested with sulfuric acid in the
presence of a mixture of copper sulfate and
potassium sulfate, by the Kjeldahl method [5]
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Table 1. Chemical characteristics of the soil used in the experiment. Piranhas. IFAL, 2016

pH P ca”’ Mg* A" Na" K H+Al
mg dm” cmol, dm™
6.90 11.00 12.50 3.20 0.00 0.07 0.85 1.65
Table 2. Main characteristics of the organic residues used in the experiment. Piranhas. IFAL,
2016
Residues organic Parameters
K Mg P,05 C N C/IN
g kg’
Leucena 3.60 18.10 38.50 4.50 500.00 26.00 19
Humus 12.80 3.88 5.80 8.70 190.00 15.00 12
Bovine manure 14.28 4.65 9.35 5.75 315.50 21.10 15

Table 3. Principal characteristics of the phosphate fertilizers used in the experiment. Piranhas.

IFAL, 2016
Phosphate Parameters
fertilizers” P,O;total  P,0s P,0s P,O0s CNA+ water MgO CaO SiO,
sol.dgua 4ac. citrico
o/

SS 18.7 - 10.3 - - 120 -
RBF 25.6 - 16.6 - 5.0 150 -
FNP 27.7 - 19.0 - - 228 123

”'SS = Simple Superphosphate; RBF = Rock Biofertilizer; FNP = Fertipar Natural Phosphate

(Table 2). Fertilizers were characterized
according to methodology described in [5]
(Table 3).

As an experimental unit, plastic bags with a
capacity of 500 ml with 100 g of soil were used.
After mixing the phosphates, residues and soils,
these will be maintained in the field capacity,
using distilled water, and will be incubated for 90
days. Up to 50 days of incubation, samples were
taken every 10 days. After 50 days, the samples
were taken at intervals of 20 days, completing 90
days of incubation. Immediately after the
withdrawal of samples, they were submitted to
pH and P analysis according to [5]. Available P
was extracted with 0.5 mol L' sodium
bicarbonate solution, with pH adjusted to 8.5 at
1:10 ratio (soil: solution) [7]. The obtained extract
was purified with activated charcoal, filtered and
an aliquot of clarified extract was used for
determination of P by colorimetry, using the
phospho-molybdic complex method according to

(8]

Data were submitted to analysis of variance and,
afterwards, the Tukey test was applied to
compare the means of the treatments. For the
incubation time factor, regression equations were
adjusted at a 1% probability level.

3. RESULTS AND DISCUSSION

The analysis of variance indicated a difference (P
= 0.01) for the pH value and Ca and P contents
as a function of the factors studied and for all
interactions tested (Table 4).

Table 4. Test F in function of the effects of the
following factors: organic residues (R),
phosphorus sources (PS) and incubation
times (T) for the variables pH, contents of P
and Ca. Piranhas. IFAL, 2016

FV Parameters

pH P
Organic Residues (R) 46.65** 5.58**
Phosphorus Sources (PS) 53.85** 19.43**
Incubation Time (T) 14.53** 145.54*
R x FPS 8.41**  14.32*
TxR 13.08** 70.64**
TxPS 3.78**  67.62*
RxPSxT 3.02**  148.29**
CV (%) 1.96 3.55

** significant at 1% probability level.

Of the added residues, those of leucine resulted
in lower mean pH values relative to the
phosphorus sources (PS) used (Table 5). This
behavior may be a reflection of increased
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Table 5. Mean of incubation times of pH values, P content for the type of residue applied and
the source of P used. Piranhas. IFAL, 2016

Residues SS BFR FNP
pH

Leucine 7.18Db 6.79b 720 a
Humus 7.56 a 7.25a 7.21a
Bovine manure 7.62 a 7.28 a 7.33 a
DMS 0.14

Standard error 0.04

CV (%) 2.79

General average 7.27

P (mg dm™)

Leucine 27.51 a 32.83a 32.02a
Humus 26.56 a 23.12b 26.18 b
Bovine manure 2715 a 31.30 a 19.56 ¢
DMS 3.93

Standard error 1.17

CV (%) 19.68

General average 27.36

Means followed by the same lowercase letter in the line do not differ from each other by the Tukey test at 5%
probability level. SS = Simple Superphosphate; RBF = Rock Biofertilizer; FNP = Fertipar Natural Phosphate.
MSD = Minimum significant difference; CV = Coefficient of variation

microbial metabolism  with production of
acidifying compounds [9]. Leucine residues
present higher C/N ratio [10,11] compared to
other residues and, therefore, greater resistance
to decomposition [12].

This higher resistance to decomposition, besides
a higher content of N, resulted in a greater
decrease of soil pH because of humus and
bovine manure residues. A higher acidity
observed in treatments with leucine residue had
a higher available content of P only when
associated to the biofertilizer (Table 5). However,
the availability of P must be related to other
parameters, because the higher acidity will not
result in higher P, since AI**, Fe®* and Mn*" were
more available in acid soil. Having these
minerals more positive charges, although there
are negative and positive sites, the
predominance of positive charges attracts
H.PO, easily. Therefore, phosphate ions absorb
the oxide surface of Al, Fe and Mn by changing
with OH and OH?¥. With respect to bovine
manure, it is possible to observe that it provided,
on average, lower release of P, showing
differences of the other residues in the
phosphates of simple superphosphate and
natural phosphate.

The content of P made available by the other
phosphates is dependent on the type of residue
used. In addition, one of the conditions for the

solubilization of phosphates is the existence of
acidic soil conditions [13,14,15].

The greater decrease in soil pH and increase in
P availability of the phosphates when in the
presence of leguminous residues, may be due to
their higher ammoniacal N content. Organic
waste has a higher concentration of N [16], which
produces acidification of the environment after
oxidation due to the transformation of ammonium
into nitrate. Acidification is one of the necessary
conditions for increased solubilization of
phosphates [13]. Solubilization of P may also
result, of the production of CO, and organic acids
from the mineralization of C-organic and the
production of enzymes and chelating and
complexing compounds by the microbiota [17].
These factors may exert direct solubilizing action
on phosphates [18]. The reaction of CO, with
water, in basic medium, releases H* and HCO;
ions being able to solubilize Ca and Mg
carbonates and phosphates [19,20].

As for P, there is a great fluctuation in the levels
released, in relation to incubation time. For the
three sources used, a slow release of P was
initially observed in the first 10 days, occurring,
from that point, a great increase in the available
P content, reaching the maximum value between
30 and 50 days of incubation (Fig. 1). Some
researchers, studying the kinetics of P release by
phosphate solubilizing microorganisms, observed
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Fig. 1. Application of biofertilizer phosphorus sources, natural phosphate and simple
superphosphate (A); and leucine residues, humus and bovine manure (B) on pH change as a
function of incubation time
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Fig. 2. Application of legume residues, humus and bovine manure in the availability of P as a
function of incubation time

variations in solubilized P contents giving rise to  [21,22,23,24]. These changes in P concentration
several peaks of maximum concentration may be a consequence of their precipitation with



organic metabolites [21,24] and/or of the
formation of compounds with the excreted
organic acids, which are subsequently used as
energy source or nutrient, which can occur

several times in the medium [22]. Another
alternative to explain this behavior is the
difference between the release and the

assimilation of P by microorganisms.

The upward trend observed at the beginning of
the incubation may reflect a microbial
solubilization of the added phosphate, while the
subsequent drop may reflect microbial
immobilization in response to increased microbial
metabolism. Similar results were observed by [4],
using as carbon source soybean straw, corn and
sugarcane bagasse, and [25] afterwards,
addition of glucose. In addition, the decrease in P
concentration in the solution may be associated
with its attachment to the colloidal particles [13].

Regression equations were adjusted using
dependent variables, pH (Fig. 1) and P (Fig. 2),
and the incubation time as an independent
variable. Quadratic equations were fitted for most
treatments. In relation to soil pH, their values
remained constant throughout the incubation
time for all treatments.

4. CONCLUSION

The most efficient organic residue in reducing pH
and solubilizing phosphate was leucine.
However, other factors also alter the availability
of P.

Natural phosphate and simple superphosphate
showed very similar pH at all incubation times.
All the materials used showed a certain pH
instability = during the incubation time.
Nevertheless, studies with a greater time of
incubation, with the exception of the biofertilizer
of rock that stabilized around pH 6.7 at 70 days,
are still necessary.

In the first 10 days, it was found that the release
of P was slow for the three sources of P. From
that point, we observed an increase in the P
content available, having reached peaks of
availability from 40 to 50 days for legume
residues, humus and bovine manure.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Silva et al.; JEAI, 21(2): 1-7, 2018; Article no.JEAI.39596

REFERENCES

1. Tisdale SL, Nelson WL. Soil fertility and
fertilizers. 2th ed. London: Macmillan;
1969.

2. Gadd G. Fungal production of citric and
oxalic acid: Importance of metal
specification, physiology and biochemical
processes. Adv. Mic. Phys. 1999;41(1):47-
92.

3. Whitelaw MA. Growth promotion of plants
inoculated with  phosphate-solubilizing
fungi. Adv. Agron. 2000;69(1):99-151.

4. Minhoni MTA, Cardoso EJBN, Eira AF.
Effect of five types of organic matter
on the microbial solubilization of rock
phosphate. Rev. Braz. of Sci. of Soil. 1991;
15(1):29-35.

5. EMBRAPA. Brazilian  company  of
agricultural research. Brazilian system of
soil classification. Brasilia: Embrapa; 2009.

6. Yeomans JC, Bremner JM. A rapid and
precise method for routine determination of
organic carbon in soil. Comm. Soil Sci.
Plant. 1988;19(1):1467-1476.

7. Raij BV. Selection of laboratory methods to
evaluate the availability of phosphorus in
soils. Rev. Braz. of Sci. of Soil. 1978;2(1):
1-9.

8. Braga JM, Defelipo BV. Spectrophoto-
metric determination of phosphorus in soil
and plant extracts. Rev. Cer. 1974;113(1):

73-85.
9. Nahas E, Centurion JF, Assis LC.
Phosphate solubilising microorganisms

and producers of phosphatases from
various soils. Rev. Braz. of Sci. of Soil.
1994;18(1):43-48.

10. Fontes RLF, Jucksch I, Mendonga ES,
Santos RHS, Dias LE. Environmental
impacts of agricultural land use. In: Fontes
RLF. Fertility and soil management.
Brasilia: ABEAS; 1998.

11. Zucareli C. Seed production of four
species of green summer fertilizer and its
effect on the fertility of an Eutrophic Purple
Latosol. Londrina; Brazilian Congress on
Soil Science [/ Publishing Company
Midiograf; 2001.

12. Peld A, Silva MS, Costa LA, Silva CJ,
Zucareli C, Decarli LD, Matter UF.
Evaluation of the resistance to the
decomposition of ten species of cover
crops for no-till. Rev. Plant. Dir. 1999;
53(1):26-33.

13. Novais RF, Smith TJ. Phosphorus in
tropical conditions. Vigosa: UFV; 1999.



14.

15.

16.

17.

18.

Gongalves GK, Sousa RO, Vahl LC,
Bortolon L. Solubilization of the natural
phosphates of ducks of mines and arad in
two flooded soils. Rev. Braz. of Sci. of Soil.
2008;32(5):2157-2164.

Chagas Junior AF, Oliveira LA, Oliveira

AN, Willerding AL. Phosphate
solubilization capacity and symbiotic
efficiency of rhizobia isolated from

Amazonian soils. Acta Sci. Agro. 2010;
32(2):359-366.

Freire VP. Study of the C:N ratio in several
organic substrates grown with corn, Zea
mays L. Londrina; Brazilian Congress on

Soil science / Publishing company
MIDIOGRAF; 2001.
Souza DI, Fagotti DL, Saturno DF,

Cerezini P, Cervantes VNM, Nogueira MA.
Green fertilization associated with basalt
and natural phosphate in agroecological
systems in southern Parana and northern
Santa Catarina. Agroec. Not. 2011;6(2):1-
5.

Souza CES, Silva MO, Duda GP, Mendes
AMS. Phosphorus solubilization  of
phosphate fertilizers after treatment with
different organic residues. Rev. of Biol. and
Ear. Sci. 2007;7(1):1-7.

19.

20.

21.

22.

23.

24,

25.

Silva et al.; JEAI, 21(2): 1-7, 2018; Article no.JEAI.39596

Skujins J. Semiarid lands and deserts: soil
resource and reclamation Logan. Utah:
Marcel Dekker; 1991.

Meurer EJ. Fundamentals of soil
chemistry. Porto Alegre: Genesis; 2006.
Babenko YS, Tyrygina G, Grigoryev EF,
Dolgikh LM, Borisova TI. Biological activity
and physiologo-biochemical properties of
bacteria dissolving phosphates. Mikr.
1984;53(1):533-539.

llmer P, Schinner F. Solubilization of
inorganic phosphates by microorganisms
isolated from forest soil. Soil Biol. and
Bioc. 1992;24(1):389-395.

Rodriguez H, Rodriguez M, Goire |I.
Characterization of Phosphorus
solubilizing Pseudomonas strains. Rev
Icidca. 1996;30(1):47-54.

Khan JA, Bhatnagar RM. Studies on
solubilization of insoluble phosphate rocks
by Aspergillus niger and Penicillium sp.
Fert. Tec. 1977;14(1):329-333.

Minhoni MTA, Eira AF, Bull LT. Microbial
biomass, release of CO,, available
phosphorus and pH in soil receiving
glucose and rock phosphate. Rev. Braz. of
Sci. of Soil. 1996;20(2):387-392.

© 2018 Silva et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/23518




