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Abstract

Purpose Organomineral fertilizers formulated from different organic sources have been studied for the fertilization of
several crops. Filter cake is currently one of the most used sources of organic matter; however, sewage sludge also presents
characteristics of agronomic interest, being one of the major environmental problems in Brazil. In this sense, the efficiency
of pelletized organomineral fertilizers produced with both sources were evaluated for the development of soybean under
different fertilization levels.

Methods The experiment was carried out in greenhouse conditions. The soil was characterized as Red Eutrophic Oxisol. The
experimental design was randomized block design in a 2 x4 4 2 factorial scheme, corresponding to two sources of organic
matter (sugarcane filter cake and treated sewage sludge), in four doses (50, 75, 100 and 125% of recommendation for soybean
cultivation), as well as a mineral fertilization and no-fertilization treatments. The plant development was evaluated (stem
diameter, plant height and chlorophylls a and b) at 30, 60 and 90 days after sowing.

Results Organomineral fertilizers formulated from sanitized sewage sludge or sugarcane filter cake promote a higher soybean
plant height in relation to mineral fertilizer, especially after the middle of the crop cycle. The level of fertilization referring
to 75% of the recommended dose for soybean, when made with sanitized sewage sludge or filter cake, resulted in large stem
diameter in relation to mineral fertilization.

Conclusion Organomineral fertilizers based on sanitized sewage sludge or filter cake promote increases in soybean charac-
teristics up to 90 days.
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Introduction

The dependence upon and need for fertilizer importation
are becoming greater with the expansion of cultivated areas
and the constant growth of Brazilian exports of agricultural
products. Imports of primary materials for fertilizers compo-
sition reached about 24,500 thousand tons in 2016, indicat-
ing an increase of 16.1% compared to the preceding year. In
the same period, nitrogen, phosphorus and potassium ferti-
lizers were recorded to increase their prices by 32.9, 14.4
and 6%, respectively (ANDA 2016).Therefore, the research
for fertilizers that are economically viable, agronomically
efficient and that take environmental liabilities in their com-
position must be stimulated.

An organomineral fertilizer is defined as the product from
the physical combination of mineral fertilizers and organic
products such as environmental liabilities. Among these,
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environmental liabilities are organic sources from sanitized,
or treated, sewage sludge, which is one of the most promis-
ing materials to be an organomineral fertilizer component.
There are other organic sources such as filter cakes, peat
and poultry bed that can also be used in the formulations
of biofertilizers (Tandon 1999; Binder et al. 2002; Amuda
et al. 2008).

The sewage sludge must be first treated for agricultural
use as a fertilizer, named biosolid, which means that it is
ready to be used as a crop fertilizer (Andreoli and Pegorini
1998; Pires and Mattiazzo 2008). The use of hydrated lime
(30% on dry basis), followed by solarisation (7 days),is an
easy and cheap method to reduce the contamination levels
of sewage sludge to a safe point, so it can be released to be
used as fertilizer (Alves Filho et al. 2016). Soil fertilization
with biosolids increases its organic matter, bases availabil-
ity (Ca™*, Mg*™ and K%), sum of bases, CEC and soil pH,
especially when the biosolid is treated with lime (CaCO5)
(Binder et al. 2002; Ferrer et al. 2011).

Filter cakes are one of the most common organic sources
to produce organomineral fertilizer, mostly due to their wide
availability, low costs and physical and chemical uniform-
ity (Chen 1993). The sugarcane-processing mills produce
big amounts of filter cake that are usually rich in P, N and
organic matter which can improve soil chemical and physical
properties (Valdes and Armas 2001). These characteristics
set sugarcane filter cakes as good sources for crop biofertiliz-
ers composition (Prado et al. 2013; Wongkoon et al. 2014).

Currently, soybean is the most important oilseed crop
under extensive cultivation in Brazil, which is the second
largest world producer of this grain (USDA 2016). The
soybean crop fertilization with organomineral fertilizer can
increase crop production, improve fertilization efficiency and
make a rational use of environmental liabilities. Therefore,
the objective of this study was to evaluate environmental
liabilities as sugarcane filter cake and treated sewage sludge

at different levels on soybean crop responses during its
development.

Materials and methods

The experiment was conducted in a glasshouse at the Federal
University of Uberldndia (UFU), in Uberlandia city, Brazil,
between January and April 2016. The experimental site was
located at 843 m altitude, latitude 18° 54'S and longitude
48°15'W. The predominant climate of the region is subtropi-
cal type Cwa, according to Koppen (1948) classification.
The glasshouse average temperature during the experiment
period was 26.4 °C, varying from 17.5 to 28.5 °C.

A red Eutrophic Oxisol was used as classified by
EMBRAPA (2018), with the following chemical character-
istics at 0-20 cm soil depth (Table 1). Soil correction with
lime was not necessary due to soil acidity (pH=16.2) within
the ideal range for growing crops and to the lack of toxic
Al (m=0).

The sewage sludge (SS)used in this study was derived
from the Municipal Department of Water and Sewage
Sludge (DMAE) of Uberlandia and treated according Alves
Filho (2014) to become a biosolid. The filter cake (FC) used
was from Delta Sugarcane Mill Ltd at Uberaba city, Brazil.
The chemical characteristics of the sewage sludge and filter
cake used in this study were determined at the Laboratory of
Soil Analysis (LABAS-UFU) (Table 2). The sewage sludge
and filter cake present distinct P stocks, respectively, 2.23
and 0.95% P,0s (Table 2), and therefore, different quantities
of organic material were necessary to balance the P added
in soil (Table 3).

The experimental design was a randomized complete
block design with four replicates in a 2 x4+ 2 factorial
scheme, corresponding to two sources of organic matter for

Table 1 Chemical

Al V M OM. OC.

(%) (dag kg™")

Mg** H+Al BS T T

o PHH,0 P K* Ca*t
characterization of the red i .
Eutrophic Oxisol (mgdm™) (cmoldm™)

6.2 2.3 0.31 23

0.8 0 2.8 341 341 621 55 0 27 1.6

pH in H,0O; P, K: Mehlich™! extrator; Ca, Mg, Al: KCI1 1 mol L~! extractor; H+ Al: SMP at pH 7.5; BS:
base sum; t: effective CEC; T: CEC at pH 7; V: base saturation; m: aluminum saturation. O.M.: organic
matter, O.C.: organic carbon. Methodologies based on EMBRAPA (2017)

Table 2 Chemical properties of

. . Sources PH? 0.Cct N? P,0% K,0* C/N?
the sewage sludge biosolid and
the sugarcane filter cake (%)
Sewage sludge 7.60 19.80 0.79 223 0.24 25
Filter cake 6.81 23.49 0.61 0.95 0.30 38

“Evaluations proposed by EMBRAPA (2017)
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the production of pelletized organomineral fertilizers (SS
and FC), four levels of fertilization (50, 75, 100 and 125%)
of the recommendation for the cultivation by the Soil Fer-
tility Commission of the State of Minas Gerais (CFSEMG
1999) and two additional treatments: fertilization exclusively
via mineral sources (MF) and a control without fertilization
(NF). The organomineral fertilizers were produced by Geo-
ciclo Company in the formulation 3-17-10 plus B (0.2%),
Zn (0.3%) and Mn (0.3%), one being a sewage sludge base
and another filter cake.

The rates were based in P available in soil (2.3 mg dm™)
and clay content (60%), which in our experiment P contents
in soil was low with high clay contents, therefore needing a
dose of 120 kg ha™! to supply the P needed. In this way, P
rate of 150 kg ha™! (125%) was performed to check if there
is P fixing in soil. In addition, according to Withers et al.
(2018), for new areas, an initial single input of 35 kg P ha™!
is required to overcome soil P fixation, following a constant
input of 25.2 kg ha™!, the average annual fertilizer P use on
crop land over the past 10 years. Therefore, a rate of P of
140 kg ha™!' P,0 is commonly recommended in tropical
soils. The mineral fertilizer used as one of the additional
treatments had the same formulation 3-17-10 plus B (0.2%),
Zn (0.3%) and Mn (0.3%). All treatments are specified in
the Table 3.

Five seeds were sown per pot with a volume of 3 L of
soil at a depth of 2 cm, with subsequent thinning at 14 days
after sowing, maintaining one plant per pot. The cultivar
UFUS Carajas was used, with determined growth habit, rec-
ommended for low latitudes and early flowering, which has
a cycle between 100 and 110 days.

At 30, 60 and 90 days after sowing (DAS), stem diameter
(mm) was measured using a digital caliper at 1 cm above
ground level. The plant height (m) was measured using a
ruler, considering the level of the soil to the apical meris-
tem. The chlorophylls a and b were evaluated as the Falker

Table 3 Treatments specifications

index (FI) on the first fully expanded soybean leaf using a
ClorofiLOG® (FALKER 2008).

The data were tested for assumptions of normality of resi-
dues by the Smirnov—Kolmogorov test (p <0.01), for homo-
geneity of variances by the Levene test (p <0.01) and for
the additivity of the blocks by the test of Tukey (p <0.01),
before ANOVA (F test, p<0.01). When ANOVA indicated
significant differences between treatments, all were com-
pared by the Dunnet test (p < 0.05) for each additional treat-
ment (MN or NF). The sources of organic matter (SS or
FC) were compared by the Tukey’s test (p <0.05) and the
fertilization levels (0, 50, 75, 100 and 125%) were submitted
to regression analysis (significant regression: p <0.05 and
R*>70%). The statistical programs used were ASSISTAT
(Silva and Azevedo 2009) and SISVAR (Ferreira 2011).

Results and discussion

No differences were observed between the sewage sludge
and the sugarcane filter cake sources related to the soybean
biometric characteristics or chlorophylls (Table 4). This
shows that both organic sources (SS or FC) used to produce
the organomineral fertilizers generate similar results for the
development of soybean plants. However, the sugarcane fil-
ter cake source has some advantages in relation to treated
sewage sludge, since filter cakes from sugarcane mills are
more available in many regions of Brazil. In contrast, there is
less volume available of treated sewage sludge. The produc-
tion of a biofertilizer based on treated sewage sludge could
considerably contribute to reduce soil and water contamina-
tion, rationally discharging an environmental liability and
making human living more sustainable (Tadon 1999; Usman
et al. 2012).

Regarding the study of fertilization rates or levels, it was
verified that there was a highly significant effect on stem

Source of organic matter Relative dose P,0; (ha™) Applied per (ha™1) Applied per (pot™) Nomenclature
Treated sewage sludge 50% P,0s5 60 kg 32.287 kg 0.048 g SS50
75% P,05 90 kg 48.431 kg 0.073 g SS75
100% P,0O5 120 kg 64.574 kg 0.097 g SS100
125% P,Os 150 kg 80.718 kg 0.121g SS125
Sugarcane filter cake 50% P,0s5 60 kg 75.790 kg 0.114 ¢ FC50
75% P,05 90 kg 113.685 kg 0171 g FC75
100% P,05 120 kg 151.579 kg 0227¢g FC100
125% P,Os 150 kg 189.475 kg 0.284 g FC125
Mineral fertilizer 705 kg ha™! 3-17-10 120 kg 120 kg 0.180 g MF
No fertilizer 0 0 0 0 NF

For the calculation of fertilization levels of 50, 75, 100 and 125% of the P,Os, the recommendation proposed by the Commission of Soil Fertil-

ity of Minas Gerais State (CFSEMG 1999) was considered
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Table4 ANOVA for soybean stem diameter (D—mm), plant height (H—m) and chlorophylls @ and b to compare sources (without additional

treatments) and doses

Source of Variation df 30 DAS? 60 DAS 90 DAS

D H a B D H A b D a b
Source (S) 1 0.186 <0.000 4.493 3.677 3.015 0.114 1.422  0.555 0.003 0.088 1.529
Dose (D) 4 52330 12.626%% 14.308%* 7.064** 6.636*F  9.792%* 1.793 1.887 6.625*%* 1.020 0.962
SxD 4 2.732 0.848 3.639 2.038 1.118 0.549  0.481 1.164 2.048 0.339 0.243
block 3 1.561 9.706 6.971 2.157 7.683 4670  2.341 2418 6.623 0296 3.774
CV (%) 3.83 11.31 3.73 7.41 4.67 17.03 7.99 12.16 8.97 505 9.16

*DAS: days after sowing

YF test values with two asterisks (**) indicate differences at 1% significance

diameter at 30, 60 and 90 DAS and plant height at 30 and
60 DAS. However, a significant effect of fertilization levels
(doses) for chlorophyll a and b (Table 4) occurs only at 30
DAS.

Soybean biometrics (stem diameter and plant height) and
chlorophyll contents comparing the organomineral fertilizer
treatments (SS and FC) to the additional treatments (MF and
NF)are presented in Table 5.

Organomineral fertilizers formulated from sanitized sew-
age sludge or sugarcane filter cake promote higher soybean
plant height in relation to mineral fertilizer, especially from
the middle of the crop cycle. The level of fertilization refer-
ring to 75% of the recommendation for soybean, when made
with organomineral fertilizer based on treated sewage sludge
or filter cake, results in larger stem diameters at 90 DAS in
relation to mineral fertilization. There is no evidence that
organomineral fertilizers formulated from sanitized sewage
sludge or sugarcane filter cake promote changes in chloro-
phylls a and b in soybean plants up to 90 DAS.

Stem diameter differs from the additional treatments (MF
or NF) at 30 and 90 DAS; however, at 60 DAS, there were
no differences between the treatments. These results indi-
cated that approximately at the soybean flowering stage (60
DAS), the soybean stem diameter is similar among the fer-
tilized treatments (SS, FC and MF), and at this period, stem
diameter is not a biometric characteristic largely influenced
by fertilizers variation. In the evaluation performed at 90
DAS, the 75% dose was among the most adequate for both
organomineral fertilizers, resulting in a larger diameter in
relation to the mineral fertilizer.

In spite of the greater reactive chemical potential of min-
eral fertilizer compared to organomineral, this characteris-
tic is compensated by presenting a gradual release of its
nutrients during the development of the crop, thus having a
greater agronomic efficiency (Kiehl 2008). It seems that the
gradual release of nutrients promoted by mineral fertilizers
has not necessarily been characterized with a problem in the
early stages of plant development, as reported by Oliveira

Table 5 Dunnet’s test for

. Treatments 30 DAS? 60 DAS 90 DAS

soybean stem diameter (D—

mm), plant height (H—m) and D H a b D H a b D a b

chlorophylls (@ and b—Falker

index) to compare biofertilizer SS50 2.85 038 2575 476 360 0.72 2843 476 3.65 33.46 10.23

treatments with the additional SS75 2.86%% 042+ 27.88* 521 396 086* 2971 521 4.06* 31.84 9.65

treatments SS100 2.83* 039 28.11* 532 379 072 2688 532% 391  33.03 10.64
SS125 2.92%%  0.46* 29.71*%t 5767 4.40 0.92*% 27.03 5.76* 4.33*" 3320 10.28
FC50 2.93*F 038 26.44 489 353 0.78*% 28.51 4.89 3.89 3278 9.44
FC75 2.67 039 27.81* 517 375 0.82* 2738 517 4.42*%t 3274 944
FC100 2.76 0.44* 26.83 488 3775 0.82% 2658 4.88 3.83 32.19 10.06
FC125 2.67 0.45* 26.98 499 373 0.87% 2543 499 3.8 33.04 10.06
MF 2.46 032 25.86 478 339 0.63 2678 478 3.43 3236  9.78
NF 241 031  25.08 448 324 052 2783 448 340 33.85 10.15
CV (%) 3.79 4.63 444 721 463 16.03 735 1194 8.27 511 9.34

“DAS: days after sowing

Values with asterisks (*) and plus sign (+) indicate differences by Dunnet’s test (p <0.05) from the addi-
tional treatments MF (mineral fertilization) and NF (no fertilization), respectively

(]
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(2016). Other factors need to be better studied, such as the
effects of release of organic acids from organic matter.

The plant height was always higher for the SS75, SS125
and FC125 treatments when compared to the mineral ferti-
lization. At 60 DAS, all levels of the organomineral ferti-
lizer from sugarcane filter cake presented taller plants than
the MN treatment. Organomineral fertilizers in equivalent
doses, or even when lower than the recommended mineral
dose (100%), resulted in stem diameter and plant height
equivalent, or superior, to the mineral fertilizer treatment
(Table 4). Similar results were observed by Alane (2015),
who evaluated an organomineral fertilizer pellets in the for-
mulation 3-15-15 in soybean cultivation, where, compara-
tively, 200 kg ha™! of an organomineral fertilizer resulted in
the same productivity obtained when using 400 kg ha™' of
exclusive mineral fertilizer. Also, the soybean treated with
the organomineral fertilizer presented higher foliar nitrogen
and about 17% more grain production than the soybean fer-
tilized with the mineral fertilizer.

Atere and Olayinka (2012) also report that soybean
plants fertilized with organomineral fertilizer from aque-
ous compound of Hyacinthus orientalis enriched with
N (25 kg ha™! urea) and P (26 kg ha™' single superphos-
phate - SSP) obtained gains significant in height and dry
mass weight. The association of organic and mineral sources
to produce biofertilizers allows a better use of nutrients by
the plants. The organic fraction of an organomineral ferti-
lizer minimizes the nutrient losses, since it promotes their
slow release over the crop development period (Antille et al.
2013; Nakayama et al. 2013). In this study, the association
of an organic source (SS or FC) with a naturally fertile soil
increases the efficiency of the nutrients available in the sys-
tem soil—plant, promoting a higher development of the plants
treated with organomineral fertilizer.

32 y =-0,0000397x> + 0,007882 x +2,4193
R>=0.70

Stem diameter (mm)

0 50 75 100 125

% of mineral fertilizer

It was found that at 30 DAS, the dose that provided the
greatest stem diameter (2.81 cm) was equivalent to 99.3% of
the recommended dose (Fig. 1a), regardless of the sources of
organic matter used in the organomineral fertilizer formula-
tion, sugarcane filter cake or treated sewage sludge (Table 5).
There was no significant polynomial model adequate in
using the data of soybean stem diameter at 60 and 90 DAS,
and the maximum stem diameter observed at these periods
was about 2.8 mm and 4.2 mm, respectively, for the 125 and
75% dose.

The graph of soybean plant height and organomineral fer-
tilizer doses was better described by a positive linear regres-
sion for 30 DAS (Fig. 1b), indicating that the soybean plant
height increased 0.0011 m for each percent increase in the
organomineral fertilizer applied. No significant polynomial
model is adequate when using the data of soybean plant
height at 60 DAS, and the maximum plant height observed at
the dose of 125% was about 0.90 m and 0.45 m, respectively.

In sorghum plants cultivated in pots, Oliveira (2016)
observed increased stem diameter, plant height, leaf area,
dry biomass and chlorophylls a and b, in plants treated with
organomineral fertilizer (filter cake, peat or biosolids) com-
pared to plants treated solely with mineral fertilizer. It was
also observed that low doses of organomineral fertilizer
performed equivalent results to the highest dose of mineral
fertilizer (450 kg ha™! of NPK 5-17-10). In the present study,
organomineral fertilizer doses such as 75% of the recom-
mended dose obtained good results for the soybean vari-
ables evaluated, indicating a good potential of this kind of
fertilizer for soybean crop production.

No significant differences in chlorophylls levels were
observed between fertilization with organomineral ferti-
lizer and with mineral fertilization (Table 5). Similar results
were observed by Magela (2017) when evaluating the effects
of organomineral fertilizer and mineral fertilizers in corn,

0,55 -
0,50
045
0,40

0,35 1

Plant height (m)
o+

y=0.0011x +0.3128
R2=0.71

0,30 §

0,25 1

0,20

0 50 75 100 125

% of mineral fertilize

Fig.1 Soybean stem diameter (a) and plant height (b)at 30 days after sowing
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where no differences were observed for the contents of
chlorophylls a, b and total (a+ b) at 35 DAS. The soybean
chlorophyll varies significantly only at 30 DAS, but no dif-
ferences were observed for their contents in the other periods
(Table 5).The chlorophylls content (@ and b) at 30 DAS are
presented as linear regressions in Fig. 2. For each percent
of organomineral fertilizer increased, an increase of about
0.0265 and 0.00609 IF for chlorophylls a and b, is expected,
respectively.

Chlorophylls are characterized as the main plant pigments
for light energy capture in the process of photosynthesis
(Hopkins 1999). This makes chlorophylls important to pho-
tosynthetic efficiency, to plant growth and adaptability to
different environments (Engel and Poggiani 1991). However,
in this study, no improvement in chlorophylls contents was
observed after 30 DAS, and even so, the continuous applica-
tion of organomineral fertilizer might improve soil nutrient
availability, as a consequence of are is dual effect, and favors
cropping stability in relation to the exclusive mineral fertili-
zation (Galvao et al. 1999).

Fertilizers usually account for about 35% of the total
crop production costs (Broch and Pedroso 2012), and orga-
nomineral fertilizer can reduce costs and improve crop
productivity. Ferreira (2015) found that the production of
potato (Agata cultivar) was similar between mineral fer-
tilizer and doses of organomineral fertilizer greater than
50% of the mineral fertilizer dose. In sugarcane, Sousa
(2014) found yield increments of up to 24% when using
biofertilizer in replacement of mineral fertilization. Our
results show organomineral fertilizer benefits to soybean
crop development, presenting similar soybean evaluations
among mineral and organomineral fertilizations, even at
low organomineral fertilizer doses.

30
=
5 28
R=
2
= 26
=
S
;: 24
e y=0.0265x +25.11
)
% 22 R2=0.77
20 + : : . .
0 50 75 100 125

% of mineral fertilizer

Organomineral fertilizers are proved to be a viable
alternative and interesting for total or partial substitution
of mineral fertilization. Usually, they provided similar
or superior results for plant growth characteristics, and
have none to low potential for soil contamination with
heavy metals such as nickel, cadmium, cobalt, chromium,
molybdenum and lead (Magela 2017). However, Teixeira
(2013) highlighted the lack of studies on the dynamics
of the organomineral fertilizer reactions in soils related
to nutrient release and their availability to plants or how
organomineral fertilizer impacts crops development.

This study was conducted in a glasshouse under condi-
tions less variable than on field and these primary results
support the knowledge that organomineral fertilizer cover
a series of attributes that can increase crop productivity
and reduce its production costs with mineral nutrients.

Conclusions

Organomineral fertilizer doses equal or superior to 50%
of the mineral fertilization recommended dose resulted
in increased soybean stem diameter and plant height, but
no great effects were observed for chlorophylls (a and b)
contents later than 30 days after soybean sowing; Sugar-
cane filter cake and treated sewage sludge (biosolid) can
be used to compound organomineral fertilizer that can
replace exclusive mineral fertilization for soybean crop
production.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
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Fig.2 Soybean leaf levels of chlorophyll a (a) and b (b) at 30 days after sowing

* @ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

International Journal of Recycling of Organic Waste in Agriculture (2019) 8:131-137 137

credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

ANDA Associacdo Nacional para difusdo de Adubos (2016) Princi-
pais indicadores do setor de fertilizantes. http://anda.org.br/index
.php?mpg=03.00.00. Accessed 21 Dec 2017

Alane FFF (2015) Organomineral fertilizer in soybean crop. Gradua-
tion Work, Federal University of Uberlandia

Alves Filho A (2014) Desinfeccdo de lodo de esgoto anaerébio para
fins agricolas. Dissertagdo, Universidade Federal de Uberlandia

Alves Filho A, Camargo R, Lana RMQ, Moraes MRB, Maldonado
ACD, Atarassi RT (2016) Treatment of sewage sludge with the
use of solarization and sanitizing products for agricultural pur-
poses. Afr J Agric Res 11:184-191. https://doi.org/10.5897/
AJAR2015.10571

Amuda S, Deng A, Alade AO, Hung Y-T (2008) Conversion of Sew-
age Sludge to Biosolids. In: Wang L.K., Shammas N.K., Hung
YT. (eds) Biosolids Engineering and Management. Hand book of
Environmental Engineering, Humana Press 7:65-119. https://link.
springer.com/chapter/10.1007%2F978-1-59745-174-1_2

Andreoli CV, Pegorini ES (1998) Gestao de biossélidos: situacdo e
perspectivas. In: Seminario sobre gerenciamento de biossélidosdo
Mercosul, 1, Curitiba, pp 11-18

Antille DL, Sakrabani R, Tyrrel SF, Le MS, Godwin RJ (2013) Char-
acterisation of organomineral fertilisers derived from nutrient-
enriched biosolids granules. Appl Environ Soil Sci 2013:11. https
://doi.org/10.1155/2013/694597

Atere CT, Olayinka A (2012) Effect of organo-mineral fertilizer on soil
chemical properties, growth and yield of soybean. Afr J Agric Res
7:5208-5216. https://doi.org/10.5897/AJAR11.1378

Binder DL, Dobermann A, Sander DH, Cassman KG (2002) Biosolids
as nitrogen source for irrigated maize and rainfed sorghum. Soil
Sci Soc Am J 66:531-543

Broch DL, Pedroso RS (2012) Production cost of soybean crop
2011/2012. http://www.fundacaoms.org.br/base/www/funda
caoms.org.br/media/attachments/24/24/5385dbacc881331
6b1159baac903432995f37dbf25894_11-custo-de-producao-da-
soja_1016324339.pdf. Accessed 30 De Jun 2017

CFSEMG (1999) 5° Aproximagdo. Recomendacdes para o uso de cor-
retivos e fertilizantes em Minas Gerais. Comissdo de Fertilidade
do Solo do Estado de Minas Gerais, Vigosa

Chen JCP (1993) By-products of cane sugar processing. In: Chen JCP,
Chou CC (eds) Cane sugar handbook, 12th edn. Wiley, New York

EMBRAPA (2017) Empresa Brasileira De Pesquisa Agropecudria.
Manual de métodos de analises de solo, 3rd edn. Embrapa Solos,
Rio de Janeiro

EMBRAPA (2018) Sistema Brasileiro de Classificacdo de Solos, 5th
edn. Empresa Brasileira de Pesquisa Agropecudria, Brasilia

Engel VL, Poggiani F (1991) Estudo da concentracdo de clorofilas nas
folhas e seu espectro de absor¢@o de luz em fung¢do do sombrea-
mento em mudas de quatro espécies florestais nativas. Rev Bras
Fisiol Veg 3:39-45

FALKER (2008) Manual do medidor eletronico de teor clorofila
(ClorofiLOG/CFL 1030). Automagdo Agricola Ltda, Porto Alegre

Ferreira DF (2011) Sisvar: a computer statistical analysis system. Cién-
cia e Agrotecnologia 35(6):1039-1042. https://doi.org/10.1590/
S$1413-70542011000600001

Ferreira DM (2015) Produgao e qualidade de batata cultivar dgata sob
adubag@o mineral e organomineral. Universidade Estadual do
Sudoeste da Bahia, Tese Doutorado

Ferrer A, de Oiia J, Osorio F, Mochén 1 (2011) Evolution of the Soil
and Vegetation Cover on road embankments after the application

of sewage sludge. Water Air Soil Pollut 214:231-240. https://doi.
org/10.1007/s11270-010-0419-8

Galvao JCC, Miranda GV, Santos IC (1999) Adubacdo organica.
Revista Cultivar 2:38—41

Hopkins WG (1999) Introduction to plant physiology. Wiley, New York

Kiehl EJ (2008) Fertilizantes organominerais, 4th edn. Degaspari,
Piracicaba

Koppen W (1948) Climatologia: con un estudio de los climas de la
tierra. Fondo de Cultura Econdmica, México, p 479

Magela MLM (2017) Desenvolvimento inicial do milho adubado com
fertilizantes organominerais a base de biossélido e torta de filtro.
Dissertacdo, Universidade Federal de Uberlandia

Nakayama FT, Pinheiro GAS, Zerbini EF (2013) Eficiéncia do Ferti-
lizante Organomineral na Produtividade do Feijoeiro (Phaseolus
vulgaris L) em Sistema de Semeadura Direta. Forum Ambiental
da Alta Paulista 9:122—-138. https://doi.org/10.17271/1980082797
2013551

Oliveira DP (2016) Fontes de matéria organica para a formulacio de
fertilizantes organominerais peletizados no desenvolvimento da
cultura do sorgo. Dissertacdo, Curso de Pés-Graduagdo em Agro-
nomia, Universidade Federal de Uberlandia

Pires AMM, Mattiazzo ME (2008) Avaliac@o da viabilidade do uso
de residuos na agricultura, 19th edn. Circular Técnica Embrapa,
Jaguaritina

Prado RM, Caione G, Campos CNS (2013) Filter cake and vinasse as
fertilizers contributing to conservation agriculture. Appl Environ
Soil Sci 2013:1-8. https://doi.org/10.1155/2013/581984

Silva FAZ, Azevedo CAV (2009) Principal components analysis in the
software assistat-statistical attendance. In: World Congress On
Computers in Agriculture, 7, Reno-NV-USA: American Society
of Agricultural and Biological Engineers

Sousa RTX (2014) Organomineral fertilizer for the production of sugar
cane. Thesis, Federal University of Uberlandia

Tandon HLS (1999) Organic fertilizers and biofertilizers: a techno-
commercial source book. Fertilizer Development and Consulta-
tion Organization, New Delhi

Teixeira WG (2013) Bioavailability of phosphorus and potassium from
mineral fertilizer and organomineral. Dissertation, Federal Uni-
versity of Uberlandia

USDA (2016) World Agricultural Supply and Demand Estimates.
https://usdasearch.usda.gov/search?utf8=%E2%9C %93 &aftil
iate=usda&query=production+soybean&commit=Search.
Accessed 02 Oct 2016

Usman K, Khan S, Ghulam S, Khan MU, Khan N, Khan MA, Khalil
SK (2012) Sewage sludge: an important biological resource for
sustainable agriculture and its environmental implications. Am J
Plant Sci 3:1708-1721. https://doi.org/10.4236/ajps.2012.312209

Valdes DA, Armas CC (2001) Sugar processing and by-products of the
sugar industry. FAO, Rome

Withers PJA, Rodrigues M, Soltangheisi A, CarvalhoTS Guilherme
LRG, Benites VM, Gatiboni LC, Sousa DMG, Nunes RS,
Rosolem CA, Andreote FD, Oliveira A Jr, Coutinho ELM, Pavi-
nato PS (2018) Transitions to sustainable management of phos-
phorus in Brazilian agriculture. Sci Rep 8:25-37. https://doi.
org/10.1038/s41598-018-20887-z

Wongkoon T, Boonlue S, Riddech N (2014) Effect of compost made
from filter cake and distillery slop on sugarcane growth. Khon-
Kaen Univ Res J 19:250-255

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

=

’r @ Springer


http://anda.org.br/index.php?mpg=03.00.00
http://anda.org.br/index.php?mpg=03.00.00
https://doi.org/10.5897/AJAR2015.10571
https://doi.org/10.5897/AJAR2015.10571
https://link.springer.com/chapter/10.1007%252F978-1-59745-174-1_2
https://link.springer.com/chapter/10.1007%252F978-1-59745-174-1_2
https://doi.org/10.1155/2013/694597
https://doi.org/10.1155/2013/694597
https://doi.org/10.5897/AJAR11.1378
http://www.fundacaoms.org.br/base/www/fundacaoms.org.br/media/attachments/24/24/5385dbacc8813316b1159baac903432995f37dbf25894_11-custo-de-producao-da-soja_1016324339.pdf
http://www.fundacaoms.org.br/base/www/fundacaoms.org.br/media/attachments/24/24/5385dbacc8813316b1159baac903432995f37dbf25894_11-custo-de-producao-da-soja_1016324339.pdf
http://www.fundacaoms.org.br/base/www/fundacaoms.org.br/media/attachments/24/24/5385dbacc8813316b1159baac903432995f37dbf25894_11-custo-de-producao-da-soja_1016324339.pdf
http://www.fundacaoms.org.br/base/www/fundacaoms.org.br/media/attachments/24/24/5385dbacc8813316b1159baac903432995f37dbf25894_11-custo-de-producao-da-soja_1016324339.pdf
https://doi.org/10.1590/S1413-70542011000600001
https://doi.org/10.1590/S1413-70542011000600001
https://doi.org/10.1007/s11270-010-0419-8
https://doi.org/10.1007/s11270-010-0419-8
https://doi.org/10.17271/19800827972013551
https://doi.org/10.17271/19800827972013551
https://doi.org/10.1155/2013/581984
https://usdasearch.usda.gov/search%3futf8%3d%25E2%259C%2593%26affiliate%3dusda%26query%3dproduction%2bsoybean%26commit%3dSearch
https://usdasearch.usda.gov/search%3futf8%3d%25E2%259C%2593%26affiliate%3dusda%26query%3dproduction%2bsoybean%26commit%3dSearch
https://doi.org/10.4236/ajps.2012.312209
https://doi.org/10.1038/s41598-018-20887-z
https://doi.org/10.1038/s41598-018-20887-z

	Biosolid and sugarcane filter cake in the composition of organomineral fertilizer on soybean responses
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	References




