International Journal of Recycling of Organic Waste in Agriculture (2023) Special Issue: 159-177
Doi: 10.30486/IJROWA.2023.1973162.1559

ORIGINAL RESEARCH

Effect of sugarcane filter cake-based organomineral fertilizers on
sweet maize growth

Arkan Setiaji ", Budi Santoso !, Hendrawan Wibisono 2

Received: 20 November 2022 / Accepted: 03 August 2023 / Published online: 06 August 2023

Abstract

Purpose: One of the primary wastes of the sugar industry that has the potential to be converted into fertilizer is
filter cake. Organomineral fertilizer is proposed as a promising approach. Therefore, this research evaluated the
efficiency of various filter cake-based organomineral formulations for sweet maize growth under different ferti-
lization rates.

Method: The treatments comprised of seven formulations of filter cake-based fertilizers (filter cake (F), biochar
(B), organomineral filter cake, organomineral biochar (OB), organomineral filter cake + humic acid, or-
ganomineral biochar + humic acid, and conventional mineral fertilizer (M)) and four rates (40, 80, 120, and 160
kg N ha™) based on the nitrogen (N) contents of each fertilizer. Furthermore, fertilizers applied to maize, and
growth performance, nutrient use efficiency (NUE), and soil quality were assessed.

Results: Maize fertilization using F, B, and OB at different rates resulted in the highest vegetative growth per-
formance, NUE, and residual soil status. F fertilizer produced the optimal plant height, leaf area, and stem diam-
eter for maize. The application of OB fertilizer was most efficient in N uptake, potassium uptake, and potassium
recovery, demonstrating values of 42.56%, 91.8%, and 115.4%, respectively. B fertilizer provided a better re-
sidual of P (93.4%) than M and a higher organic matter content (224.7%) than the negative control. As per our
findings, OB is the best treatment for increasing growth performance, NUE, and soil quality with an optimal
dose of 0.96 t ha™™.

Conclusion: Fertilization using OB has significantly improved sweet maize agronomic traits and soil quality.
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Introduction

Agribusiness is a growing market worldwide and is

highly responsible for moving the Indonesian econ-

DX A Setiaji: arkansetiaji@apps.ipb.ac.id

1 Department of Agronomy and Horticulture, Faculty of Ag-
riculture, IPB University, Bogor, Indonesia

2 Division of Corn and Rice Research, ANR Co., Ltd., Pono-
rogo, Indonesia

omy, with the fertilizer market being one of the high-
lighted elements in this chain. According to Allied
Market Research® reports, the market size was
worth USD 184.60 billion in 2021 and is projected to
reach USD 251.57 billion by 2030, with the dry ferti-
lizer subsegment dominating the growth (Pankaj and
Vitika 2022). In 2021, 8.1 million tons of fertilizers
were delivered to the Indonesian market, represent-

ing a growth of 22.8% compared to the previous year
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(BPS-Statistics Indonesia 2022). Fertilizer consump-
tion has been gradually increasing in volume, mainly
due to the demand for sophisticated products, caus-
ing significant gains in agricultural productivity.
Organomineral fertilization can be applied as a strat-
egy to meet the high nutrient demand required by the
agricultural industry. This strategy as an alternative
contributes to the sustainability by acting as a ferti-
lizer and soil conditioner, improving chemical and
physical attributes, and promoting substantial diver-
sity of beneficial microorganisms (Ginting 2019;
Wang et al. 2021), and lowering production costs
with minimal dependence on mineral fertilizers (Fal-
lah et al. 2018). Organomineral fertilizers consist of a
mixture of organic raw materials (bone meal, peat,
manure, sewage sludge, and industrial sugar waste)
and mineral fractions (nitrogen (N), phosphorus (P),
potassium (K), sulfur, and zinc) bound by chemical
or adsorption technology (Smith et al. 2020). This
organic waste emerges as an alternative to improve
the efficiency of organomineral fertilizers without
compromising crop productivity or reducing the sell-
ing price by up to 50% for environmental obligations
(Crusciol et al. 2020; Bouhia et al. 2022; Carpanez et
al. 2022).

Sugar factories in Indonesia produce a large amount
of waste, such as molasses, bagasse, boiler ash, and
filter cake, which are the main economically im-
portant byproducts for fertilizers. An Indonesian sug-
ar factory with a milling capacity of 2400 tons per
day can produce an average of 2960 liters of liquid
waste and 60 tons of filter cake (Kurniasari et al.
2019). For each sugarcane processing unit, only 13%
produces sugar, while the remaining 87% waste
comprises 3% molasses, 4% filter cake, 28% ba-
gasse, and 52% liquid effluents (Ochoa George et al.
2010). Various organic materials have been used to
produce organomineral fertilizers, from which sug-
arcane filter cake is obtained from the mixture be-

tween ground bagasse and decantation sludge during
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the juice treatment production process of sugar (Pur-
wono et al. 2011; Solomon 2011). The amount of
filter cake byproduct depends on the extraction sys-
tem; approximately 18-22 kg t™* sugarcane is pro-
duced by the mill system, and the diffusion system is
highly efficient, producing 5-6 kg t™ (Santos et al.
2019). Junior et al. (2011) revealed that filter cake
leaves the production process with 75%-80% mois-
ture, and due to its organic composition, it is an ex-
cellent product for the recovery of low-fertility soils.
Pressmud cake (PMC) or filter cake is one such
source of organic matter and nutrients (rich in P and
K), which can be profitably utilized for crop produc-
tion. Like other organic manures, in addition to its
favorable effects on the physicochemical and biolog-
ical properties of soil, PMC has a great potential to
supply nutrients for rice growth (Kalaivanan and
Omar Hattab 2016).

Improving the chemical and physical characteristics
of fertilizers is also essential to meeting the demand
for high-quality products. The application of the py-
rolysis process for filter cakes through biochar pro-
duction and the addition of humic acids and poly-
mers to produce organominerals have been studied in
the current research.

This material can also be used to obtain biochar by-
products from the slow pyrolysis process in the total
or partial absence of oxygen and at a temperature
between 300°C and 600°C due to the high content of
organic matter in the filter cake (Tripathi et al. 2016).
This product increases N, P, K, Ca, Mg, and Fe lev-
els and can also be considered as an excellent source
of organic matter for the formulation of or-
ganomineral fertilizers (Puga et al. 2020; Sornhiran
et al. 2021). The results of previous works indicate
that biochar application significantly contributes to
soil structure and consistency due to the changes in
surface area density, distribution, and size of pores
and particles (Atkinson et al. 2010; Xu et al. 2012;
Shaaban et al. 2018). According to Hussain et al.
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(2017), because of the solid aromatic structure char-
acterized in biochar, it has a high resistance to degra-
dation compared to other types of organic matter
applied to the soil, thereby facilitating the formation
of negative functional groups on its surface and
slowing down soil oxidation. Furthermore, biochar
retains ions from the soil through electrostatic phe-
nomena, complexation, and capillary forces on its
surface and pores (Ajema 2018). However, the influ-
ence of biochar on soils can vary differently because
its properties depend on heterogeneity in the soil
status and the quality and quantity of added biomass.
Fertilizers with the addition of humic substances also
appear in special fertilizers. Humic acid may increase
fertilizer efficiency due to its ability to compete for
P adsorption sites and prevent nutrient adsorption by
iron oxides and aluminum, maintaining the availabil-
ity of the element for plants (Maluf et al. 2018; Xing
et al. 2020). Another technology that has a high abil-
ity to be used is polymer coating which is produced
from polyurethane and polyolefin. Polymer coats
have been used to increase the efficiency of fertiliza-
tion by fixing problems of nutrients immobilization
in the soil, lost by leaching, volatilization, and deni-
trification through the gradual release of nutrients,
which is the so-called slow-release fertilizer (Li et al.
2021; Sim et al. 2021).

A few studies have shown that organomineral ferti-
lizers could improve plant growth and vyield
(Kominko et al. 2017; Smith et al. 2020; Bouhia et
al. 2022; Carpanez et al. 2022). Using organomineral
fertilizers, the productivity of potatoes and melons
have been reported to be increased by 22% and 100%
over mineral fertilizers, respectively (Makinde et al.
2007; Cardoso et al. 2017). Kominko et al. (2017)
reported that organominerals derived from sewage
sludge were potentially superior to mineral fertilizers
due to the gradual release of nutrients and the opti-

mal N, P, and K ratio. Furthermore, organomineral
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fertilizers could mitigate tomato salinity (Rady 2012)
and water stress in cucumbers (Abd El-Mageed and
Semida 2015). Therefore, this research analyzed the
efficiency of agricultural production of mashed or-
ganomineral fertilizers from filter cake or its biochar,
with their mixture with humic substances, and com-
parison of them to other types of mineral fertilizer in

sweet maize growth.

Materials and methods

Production of fertilizers

The fertilizers were produced at the Kebumen vil-
lage-owned enterprises (BUMDes) based in the Ken-
dal regency, with fertilizer production facilities at the
factory. Filter cake from Industri Gula Nusantara Co.
Ltd. assisted composting until stabilization with sub-
sequent drying and reaching a water content of
around 25%. Then, the composted filter cake was
separated into organic fertilizer or mixed with solu-
ble mineral fertilizers (urea, monoammonium phos-
phate (MAP), and KCI) to obtain the mashed or-
ganomineral fertilizer. In other processes, the filter
cake was added to a pyrolysis reactor at a constant
temperature of 400°C. After carbonization of this
material, the final product was biochar, whose ash
content was about 77%. . Biochar was also separated
into organic fertilizer or used to manufacture or-
ganomineral fertilizer. After the production of or-
ganomineral fertilizers obtained from the composting
and pyrolysis of the filter cake, samples derived from
this product were separated for adding humic acids in
the proportion of 15 kg ton™* of organomineral ferti-
lizer produced. Conventional mineral fertilizer was
obtained as a positive control by mixing granules
from urea, MAP, and KClI-soluble minerals. The
chemical composition of the fertilizers used in the

experiment is described in Table 1.
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Table 1. Treatments and chemical composition of the fertilizers used in the experiment

Parameters F B OF OB OFH OBH M
MC (%) 22.6 6.6 4.4 4.3 10.5 4.1 0.9
C (%) 16.6 16.0 8.2 8.1 7.67 7.9 -

N (%) 0.5 0.4 12.0 12.0 12.0 12.0 18.0
P (%) 0.8 0.5 12.0 12.0 12.0 12.0 18.0
K (%) 0.4 0.3 12.0 12.0 12.0 12.0 18.0
CEC (mmol kg'?) 366.1 2219 110.2 116.3 187.5 198.8 -
pH 6.2 6.6 7.2 6.8 6.5 6.7 5.8
EC (dSm™) 0.7 0.3 11 1.1 1.7 1.3 2.0

MC: moisture content, C: organic carbon, N: total nitrogen, P: total P20s, K: potassium, CEC: cation exchange capacity, EC:

electrical conductivity, F: filter cake, B: biochar, OF: organomineral filter cake, OB: organomineral biochar, OFH: or-

ganomineral filter cake + humic acid, OBH: organomineral biochar + humic acid, M: conventional mineral fertilizer

Growing media

The experiment was conducted in a screenhouse
from July to October 2022 in plastic polybags with
approximately 18 kg of oxysol-type soil. After col-
lecting, the soil was sieved using a 4 mm mesh and
received the application of dolomitic limestone (Ka-
pur Pertanian Kebomas™), with a plaque reduction
neutralization test of 90%, CaO content around 46%,
and MgO of 8% under 18 g per pot proportion, con-
sidering subsequent incubation for 60 days for in-
creased acidity (pH 6.5-7) and base saturation to
60%. The chemical and physical characteristics of
the soil after incubation are as follows: pH (H20) 6.7,
Ca 0.74 cmolc kg™, Mg 0.37 cmol. kg™, P 0.74 cmol,
kg, K 14.81 cmolc kg™, H*Al 1.7 cmol. kg™, CTC
1.26 cmol; kg™, S-SO4 41 mg kg™, organic matter
6.0 g kg, organic carbon 4.0 g kg%, Cu 0.7 mg
kgl, Fe9mg kg™, Mn 2.4 mg kg™, Zn 0.5 mg kg%,
base saturation 58%, coarse sand 297 g kg, thin
sand 250 g kg%, thin sand silt 54 g kg™, and clay 400

gkg™
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Experimental design

The experiment was carried out in a completely ran-
domized design with two factors (7 x 4) (n=5). The
first factor was included seven different formulas of
fertilizers all applied at the base 5 cm below the sow-
ing spot, and the second factor was also different
doses based on the N contents of the fertilizers (40,
80, 120, and 160 kg N ha™). Except for filter cake
and biochar fertilizers with different doses of P and
K, the experimental pots received the same doses of
these nutrients due to the equality of P and K con-
tents in organomineral and mineral fertilizers. There-
fore, the dosage of both treatments was calculated
considering the N content, fixing this element as the
basis for calculating the application dosage, as shown
in Table 2. Finally, an additional negative control
(without fertilizer application) was added to the ex-

perimental pots.

Maize seed sowing and fertilizer performance

analysis

Sixty days after soil incubation, fertilizers were in-
cluded and two seeds of maize (Tamara sweet maize

variety) were sown in each pot.
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Table 2. Fertilizers, amount of nutrients, and doses provided for each treatment

NPK content (kg ha™?)

Equivalent of doses applied

Fertilizers
P20s N K20 tha' g kg soil g plant™
Control 0 0 0 0 0 0
64 40 32 8 4 72
128 80 64 16 8 144
] 192 120 96 24 12 216
256 160 128 32 16 288
50 40 30 10 5 90
100 80 60 20 10 180
5 150 120 90 30 15 270
200 160 120 40 20 360
40 40 40 0.33 0.17 3
80 80 80 0.66 0.33 6
oF 120 120 120 1.00 0.50 9
160 160 160 1.33 0.67 12
40 40 40 0.33 0.17 3
OB 80 80 80 0.66 0.33 6
120 120 120 1.00 0.50 9
160 160 160 1.33 0.67 12
40 40 40 0.33 0.17 3
OFH 80 80 80 0.66 0.33 6
120 120 120 1.00 0.50 9
160 160 160 1.33 0.67 12
40 40 40 0.33 0.17 3
OBH 80 80 80 0.66 0.33 6
120 120 120 1.00 0.50 9
160 160 160 1.33 0.67 12
40 40 40 0.22 0.11 2
80 80 80 0.44 0.22 4
M 120 120 120 0.66 0.33 6
160 160 160 0.88 0.44 8

F: filter cake, B: biochar, OF: organomineral filter cake, OB: organomineral biochar, OFH: organomineral filter cake + hu-

mic acid, OBH: organomineral biochar + humic acid, M: conventional mineral fertilizer

Thinning was performed fifteen days after planting
(DAP), leaving only one plant per pot. Meanwhile, at
20 DAP, micronutrients (S, Zn, B, Cu, and Mn) in
liquid form were applied to the pots in a proportion
of 60, 6.0, 2.2, 1.5, and 2.0 kg ha %, respectively.
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At 45 DAP, when the plants had five fully developed
leaves, the soil plant analysis development (SPAD)
index was measured using a portable SPAD-502 plus
chlorophyll meter (Minolta Co., Ltd.). Measurements

were taken from the central parts of newly expanded
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but physiologically mature leaves. Using the SPAD
indirectly facilitates the status assessment of plant N
in real time (Hou et al. 2021). At 70 DAP, plant
height (cm), stem diameter (mm), and leaf area (cm?)
were measured when the plants had 10 fully devel-
oped leaves:. Dry mass (g) of the aerial part of the
plants (leaves and stems) and roots were determined
after these evaluations. The samples were then ini-
tially ground in a Willey-type mill (2 mm) and sent
to the Sucofindo Laboratory, where chemical anal-
yses followed the methodology described by Motsara
(2015). The accumulation of nutrients in the shoot
was calculated by multiplying the shoot’s dry weight
(9) by the nutrient content in grams per kg. The per-
centage of P and K recovered for each treatment was
calculated in accordance with the methodology de-
scribed in the document efficiency of use of nutrients

in plants based on the results (Baligar et al. 2001).

NUF — NUC
—X

ARE (%) = ONA

100

where ARE denotes apparent recovery efficiency;
NUF is the nutrient uptake fertilizer: Accumulated P
or K at a dose of 160 kg N ha™t; NUC is the nutrient
uptake control: Accumulated P or K at a dose of 160
kg N ha’; QNA is the quantity of P or K at an ap-
plied dose of 160 kg N ha™* (column 2 and 4 in Table
1). The dose equivalence of fertilizers was calculated
using equation 2 based on the dry mass results and
mineral fertilizer as a definitive source. The calcula-
tion of the mineral fertilizer equivalent (MFE) and
nutrient use efficiency (NUE) was described in the
document as methodological principles for the agro-

nomic evaluation of P sources.

o) — LGfia0—x)+(xf160—x8)] o
MFE(%) [(xmy20—x)+(xm160—x1)] x 100%
where xfiz is the shoot dry weight (SDW) in tested
fertilizer 120 kg N ha™*; xfio is the SDW in tested
fertilizer 160 kg N ha; xmizo is the SDW in mineral
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fertilizer 120 kg N ha™; xmyeo is the SDW in mineral
fertilizer 160 kg N ha®; xt is the SDW of the nega-
tive control.

Meanwhile, agronomic efficiency (AE) was calculat-

ed in the following equations:

SDW of fertilized plot—SDW of control
QNA

AE(kg kg™) =

Chemical analysis (P, K, and organic matter) of soil
sample was performed in accordance with the meth-
od described by Motsara (2015) to determine the
effect of fertilizer on the improvement of soil chemi-

cal characteristics.
Statistical analysis

Statistical analysis was performed using the Smart-
statXl ver. 3.0.05 software program. The data were
submitted to analysis of variance, and the means
were compared by the Scott—Knott test (0.05 of sig-

nificance) for specific comparison.
Results and discussion

Effects of fertilizer
growth

rates and types on maize

The results showed that applying fertilizers generally
increased the SPAD index in maize. Apart from the
mineral (M), biochar (B), and organomineral filter
cake (OF) treatments, a decrease in the SPAD index
was observed with the application of the highest dos-
es (Table 3). The maximum results (35.99) were ob-
served with the treatments using OF at doses of 120
kg N ha™, where the result was not significantly dif-
ferent from the filter cake (F) and OF at 160 kg N
ha™t. No significant difference (p < 0.05) was ob-
served in the control for all doses of the B treatments,
120 kg N ha™* organomineral biochar + humic acid
(OBH), and M fertilizer at doses of 120 and 160 kg
N ha™*. Rocha et al. (2005) observed positive correla-

tions between N content and SPAD index in maize at
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the stages of four and eight leaves and silking. The
SPAD index has a high relationship with maize grain
yield, and this correlation is like that between N con-
tent in the leaf index (first leaf below the ear) and
grain yield (Szulc et al. 2021). Dong et al. (2015)
indicated that the chlorophyll meter determined the
intensity of the leaf’s green color (the amount of light
absorbed by the chlorophyll) and increased the pos-
sibility of obtaining indirect values of chlorophyll
present in the leaves. In practice, using the SPAD
index facilitated the indirect evaluation of the N con-
tent of the plant in real time. This device was charac-
terized by rapid, handheld spectral tools and nonde-
structive reading material.

All types and fertilization doses significantly affected
plant height (Table 3). The optimal height of maize
was obtained after applications of 160 kg N ha™ F
fertilizer and organomineral biochar (OB), with a
height of 163.86 and 161.57 cm, respectively. A de-
crease in this variable was observed when OBH and
M fertilizers (120 and 160 kg N ha™?, respectively)
were applied to the soil. Widodo et al. (2018) found
the best formulation of organomineral fertilizer, by
comprising the mixture of 15% chicken manure, 20%
mineral, and 65% straw. This fertilizer enhanced the
height and dry weight of maize. In general, the use of
organominerals increases the plant height and the
number of corn leaves, which correlate with the re-
sults obtained during the harvest (Anetor and Omueti
2014; Subiksa and Husnain 2019). Considering the
leaf area, treatments F, OB, organomineral filter cake
+ humic acid (OFH), and OBH were observed to
increase with increasing doses of fertilizers (Table
3). The treatments B, OF, and M obtained maximum
responses when applied at 80, 120, and 160 kg N
ha™, respectively, with a decrease in this variable
when applied to higher doses. The highest value for
leaf area was recorded with the treatment based on F,
OF, and OB fertilizers at a dose of 160 kg N ha™.

Fertilization with filter cake is widely used in sugar-
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cane plantations because the location between the
processing plant and the estate is generally close to-
gether; thus, this fertilizer provided optimal results.
The increase in the leaf area of sugarcane was con-
sistent with that in the dose of filter cake used (Civ-
iero et al. 2014). The leaf area parameter is mostly
affected significantly due to the application of cake
filters (Santos et al. 2014; Wibisana et al. 2020).
Analyzing the effect of fertilizer on stem diameter,
the highest values (16.73 mm) were found for the
treatments using OB at a dose of 160 kg N ha™, fol-
lowed by F at 120 and 160 kg N ha™* (Table 3). The
treatment of OB and OBH at 40 and 120 kg N ha™?,
respectively, did not show significant difference
when compared to the control. Analysis of stem di-
ameter analysis is essential because it not only indi-
cates the plant’s ability to collect nutrients and redis-
tribute them to the grains at the time of filling, but
also reduces plant lodging and breakage in the field
(Ebrahimi et al. 2011). Mendes et al. (2011) demon-
strated that maize stem diameter at 45 DAP was
highest when organomineral fertilizer was applied;
however, 75 DAP mineral fertilization showed better
results.

In other studies, maize growth performance (plant
height, stem diameter, number of leaves, and first
insertion of the ear) did not show significant differ-
ences in various organomineral fertilizer formula-
tions but differed significantly from control and min-
eral-only fertilizers (Santana 2012; Martins et al.
2017; Wulansari et al. 2022). These findings con-
firmed the importance of combining mineral sub-
stances with organic matter to increase the agro-
nomic potential of maize.

The F and OF treatments showed the optimum shoot
dry mass results, with emphasis on the application of
filter cake at 120 and 160 kg N ha™* and OF at 160
kg N ha™l, with the production of 24.52, 23.20, and
23.10 g of dry mass, respectively (Table 3).
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Table 3. Growth performance of maize subjected to different fertilizers

Fertilizers N rate SPAD Height Leaf area Stem diameter ~ Shoot dry Root dry
(kg ha™®) (cm) (cm?) (mm) weight (g) weight (g)
Control 0 21.89 57.85 464.78 4.59 0.92 0.38
40 28.04° 122.12f 1562.9i 10.40¢ 8.92f 2.48f
80 30.37° 133.42¢ 2623.3¢ 11.70° 17.23° 5.74¢
F 120 34.30° 149.65° 3100.2¢ 15.07° 23.202 8.88%
160 35.71*  163.86% 3660.62 15.22° 24522 5.752
40 24.64™ 97.93" 1179.7' 9.46¢ 6.769 3.889
80 24.37™ 123.84f 1911.8" 11.92° 10.07¢ 4.02¢
. 120 23.64™ 130.63¢ 1636.1i 12.37¢ 13.51¢ 4.43¢
160 22.19™ 136.35¢ 1650.1i 13.32° 13.85¢ 4.96¢
40 28.92¢ 132.35¢ 2148.59 9.85¢ 8.88f 4.16"
80 33.15% 139.48°¢ 232751 11.98° 10.64¢ 4.58¢
oF 120 35.99%  149.19° 3384.5° 14.47° 15.62°¢ 8.03¢
160 34.41F  145.04° 2525.7¢ 12.87¢ 23.102 10.192
40 30.65" 116.389 1377.6% 7.03™ 5.499 1.669
80 31.85° 136.94¢ 2217.29 13.57¢ 19.59° 7.87°
o8B 120 34.40*0  137.29¢ 2409.2 14.15° 24218 7.892
160 36.62¢2  161.572 3365.0° 16.732 16.77¢ 8.11°¢
40 27.80° 111.72¢9 1629.4i 8.75¢ 6.419 4.499
80 27.83¢ 112.30¢ 1826.5 10.93¢ 7.86f 453
OFH 120 29.55 113.669 2143.99 10.38¢ 9.42 6.08"
160 32.96% 135.16¢ 2979.9¢ 13.76° 19.77° 6.53P
40 31.70° 128.36° 1678.11 9.93¢ 7.249 4.779
80 33.58% 141.55° 1907.4" 12.82° 11.29¢ 4.91°
OBH 120 26.22"™ 109.36¢ 2215.19 7.90™ 12.63¢ 7.08¢
160 34948 127.68¢ 2871.9¢ 12.82° 17.39¢ 7.95¢
40 3213 110.73¢9 1321.6% 8.65¢ 6.03° 3.199
M 80 33.66 133.32¢ 2968.5¢ 12.41° 13.36¢ 8.89¢
120 21.89™  144.98° 3173.0°¢ 14.57° 12.31¢ 3.36¢
160 20.81™ 120.87f 2361.3 11.98° 9.34f 4.15°

Means followed by distinct letters in the same column differ from each other by the Scott—Knott test at 0.05 of significance,
ns: not significant to control. F: filter cake, B: biochar, OF: organomineral filter cake, OB: organomineral biochar, OFH:

organomineral filter cake + humic acid, OBH: organomineral biochar + humic acid, M: conventional mineral fertilizer

The use of organomineral fertilizers increases the mineral fertilizer NPK 10-30-10, Teixeira et al.
dry weight of shoots at least six times compared to (2011) verified a 20% increase in plant dry weight
the control. Similarly, considering the organomineral with the application of organomineral fertilizer.
fertilizer NPK 5-15-5 in maize and comparing it with These results demonstrated that the association of
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organic and mineral fertilizers could increase the
efficiency of mineral use, providing better results in
the field (Kaur et al. 2005; Herencia et al. 2008). In
contrast, Lana et al. (2014), working with two types
of soil (red-yellow argisol and eutroferric red latosol)
and evaluating the SDW of maize after applying the
organomineral fertilizer Umostart™ and mineral
MAP, found high levels of P in soil and shoots when
using the mineral fertilizer compared to the or-
ganomineral fertilizer. The authors revealed that the
results may be related to the excellent solubility of
the MAP mineral fertilizer and its consequent high
availability for the plants in the soil.

Silva et al. (2011) studied the effect of humic sub-
stances isolated from a peat bog in the Serra do Es-
pinhaco, Brazil, on the root growth promotion of
tomato seedlings and found that humic acids pos-
sessed a high capacity to induce lateral roots in the
initial stage of tomato development, promoting the
appearance of root hairs on seedlings. However, in
this study, optimum root dry weight was obtained on
fertilization using OF, F, and M at 160, 120, and 80
kg N ha, respectively (Table 3). Fertilizer added
with humic acid only produces a maximum dry
weight of root (7.95 g) in the OBH treatment. Apply-
ing a filter cake as fertilizer that contains 16.6% or-
ganic carbon could promote optimal biomass accu-

mulation in maize.

Effects of fertilizers on NPK accumulation in

shoot

Different types and fertilization rates significantly
affected the concentration of N, P, and K in the shoot
(Table 4). The fertilization using OF, OB, and OFH
had a definite effect at the concentrations of 120 and
160 kg N ha™* for the accumulation of N, P, and K.
Except for biochar treatment, accumulated N was
comparable with an increase in the fertilization dose.
The use of biochar as a soil amendment improved N

uptake, which resulted in 1.76 times higher N accu-
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mulation at 120 kg N ha™* OB treatment compared to
the 160 kg N ha™ mineral treatment. These results
are consistent with those obtained by other studies
(Huang et al. 2019; Khan et al. 2021). A study on
two sugarcane varieties showed that additional bio-
char led to an increase of up to 24% and 30% in N
uptake (Chen et al. 2022). The positive effect of OB
is probably due to the adequacy of N (12%) con-
tained in fertilizer; the presence of biochar can also
improve nutrient holding capacity, reduce water
evaporation, minimize nutrient leaching, and thus
improve N availability for roots. Notably, the effect
of biochar cannot be compared to compost or ma-
nure, which increases soil fertility in different ways.
Thus, combining compost and manure is the best
fertilization option. The highest increase in P concen-
tration (102.90 mg plant™) was observed in the
treatment with OB. The treatment resulting in the
lowest P concentration was detected in 40 kg N ha?
filter cake. The interaction of N and P with biochar
can improve the performance of symbiont microbes
in soybean (Egamberdieva et al. 2022). The meta-
analysis study by Glaser and Lehr (2019) predicted
an increase in soil P availability of 4.6 times when
the soil was ameliorated with biochar. Availability
increased 2.4 times when applied to soil pH 6.5-7.5
and continued to increase in acid soils (Ahmed et al.
2021). The optimal value for the K accumulation
showed no significant difference  between OB
(1295.38 mg plant?) and OFH (1298.59 mg plant?)
treatments at a dose of 160 kg N ha™. K is absorbed
by roots in the form of K*, which is facilitated by
high-affinity transporters and ion channels. In pots
with limited soil volume, K transport generally fol-
lows the mass flow; therefore, air circulation and soil
moisture play an important role (Mackay and Barber
1985; Rosolem et al. 2003). de Mello-Prado (2021)
found that K absorbed from soils with sufficient hu-
midity (approximately 33 kPa) was 1.72 times higher
than soils with deficient humidity (—170 kPa). High
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K absorption after the application of fertilizers con-
taining biochar and filter cake compost enhances
nutrient and water-holding capacity in the root area.
However, this phenomenon needs further confirma-
tion, especially in terms of the water-holding capaci-
ty of media and soil nutrient content after fertiliza-
tion. Mahmood et al. (2019) observed that the in-
crease in the absorption of nutrients by plants after
the application of humic acids was promoted by the
rise in the plasma membrane (PM) permeability
through their surfactant action and the activation of
PM H*-ATPase. Notably, the electrochemical gradi-
ent generated by H*-ATPase is directly involved in
mechanisms responsible for plant development, such
as the energization of secondary systems responsible
for the absorption of nutrients by plants and the in-
crease in cellular plasticity accountable for plant
growth. Considering acid growth theory, which in-
duces an increase in proton extrusion mediated by
H*-ATPase, the latter promotes apoplast acidifica-
tion, activating specific enzymes that act on the cell
wall and thus allowing plant cell elongation (Shao et
al. 2021).

Most of the research revealed that humic acid signif-
icantly enhanced the activity of nitrate reductase,
nitrite reductase, and glutamine synthetase enzymes
involved in the reduction and assimilation of N (Am-
pong et al. 2022). However, the present research re-
vealed that adding humic acid in formulations of
OFH and OBH in overall rates did not significantly
increase NPK uptake. This finding might be due to
the interaction between humic acid and other ingre-
dients under concentrated conditions. The relative
content of carboxyl groups in humic acid combined
with high POs-based fertilizers and low O/C and
(O+N)/N atomic ratios was previously reported to
enhance the hydrophilicity for nutrient release (Jing
et al. 2020). However, additional research is neces-
sary to obtain a clear picture. Different from the ob-

served results, Costa et al. (2011) evaluated the ef-
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fects of the use of cover crops and the application of
three different fertilizers (mineral, organomineral,
and organic) for the maize plants and found high
levels of foliar N with the application of mineral
treatment. The mineral fertilizer presented large N
solubility concerning the organomineral and organic
sources due to the differences in the solubility during
fertilization. This finding could be due to the low
immediate availability dependent on the mineraliza-
tion of the organic matter present in the sources con-
taining organic matter in their structure. Numerous
studies have been conducted on N, P, and K accumu-
lation in different organs; however, the critical con-

centration of these nutrients has been unavailable.

ARE, MFE, and AE value of different types of

fertilizers

ARE represented the contents of nutrients recovered
from the soil and accumulated in the aerial part of the
plants. High efficiency of potassium (K) recovery
was observed for the treatment OFH (Fig. 1A). The
treatments OF and OB demonstrated the best results
for phosphorus (P) (Fig. 1B). ARE demonstrated the
difference between the contribution of the original P
and K from within the soil and that accumulated in
the plant tissues with fertilizer. The physical and
chemical protection provided by the addition of or-
ganic matter to organomineral fertilizers, with a con-
sequent improvement in the supply efficiency of nu-
trients to the maize, was attributed to a high content
of P and K recovered from the soil and translocated
to the aerial part of the maize. The MFE revealed a
large value of all fertilizers, mainly highlighting the
fertilization using F (227.55%), OB (198.84%), and
OF (155.07%) (Fig. 1C). A value of more than 100%
indicated that the use of organic fertilizer was not
only equivalent but the nutrient content was also sub-

stantially better than mineral fertilizer.
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Table 4. Nitrogen (N), phosphorus (P), and potassium (K) accumulated in shoot maize

Fertilizers N rate (kg ha™) N (mg plant™) P (mg plant™) K (mg plant™)
Control 0 18.81 281 70.71
40 54.51' 6.93™ 170.14"
. 80 116.94° 40.919 388.90!
120 142.79' 56.26¢ 506.04"
160 225.36' 63.69°¢ 808.04¢
40 28.46™ 15.67' 147.58°
B 80 47.17° 20.92i 234.69P
120 68.931 27.17 336.86™
160 64.359 30.10" 416.42/
40 86.74° 18.13K 230.88P
OF 80 132.72™ 24.68! 311.74"
120 354.25¢ 48.78¢° 689.83¢
160 443.42° 74.56° 1064.95°
40 69.334 15.79' 187.561
oB 80 187.25% 63.54°¢ 294.24°
120 482.442 102.902 635.97
160 328.61¢ 77.78° 1295.382
40 57.40" 18.89K 187.849
OFH 80 126.87" 18.31K 293.27°
120 216.72 28.88" 640.59f
160 363.02° 63.65° 1298.592
40 57.68" 11.41™ 197.399
OBH 80 123.34" 25.86' 374.87¢
120 234.16" 38.62¢9 381.26K
160 264.43¢ 46.08f 926.84°¢
40 71.049 14.52' 188.614
M 80 181.10¢ 39.869 806.74¢
120 222.97 43.70f 578.36¢
160 273.79 37.479 364.22'

Means followed by distinct letters in the same column differ from each other based on the Scott—Knott test at 0.05 of signifi-

cance, ns: not significant to control. F: filter cake, B: biochar, OF: organomineral filter cake, OB: organomineral biochar,

OFH: organomineral filter cake + humic acid, OBH: organomineral biochar + humic acid, M: conventional mineral fertilizer

The application of 100 kg N through a cake compost
filter with an MFE value of 227.55% will resulted in
the same N uptake of corn as 227.55 kg of N mineral
fertilizer. Terms, such as NUE, AE, and partial nutri-
ent balance, also refer to the same description (Syers
et al. 2008; Masclaux-Daubresse et al. 2010; Drech-
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sel et al. 2015), which showed the capability of crops
to consume and utilize the N or other specific nutri-
ents for optimum growth. AE could also be ex-
pressed as the ratio between the output of biomass
and the input of fertilizers. The highest AE values
were obtained in the OB (198.84%), F (127.55%),
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and OF (55.07%) (Fig. 1D). Plants with a high AE
value could maximize the conversion of absorbed
nutrients to form plant biomass. Some studies con-
ducted in the field to evaluate the AE of using or-
ganomineral fertilizer in the cultivation of sugarcane
demonstrate that the organomineral fertilizer was
more efficient than the conventional mineral fertiliz-
er in cane plants and ratoon cane. This efficiency

could be due to the capability of the organomineral

fertilizer to replace the mineral fertilizer and offer up
to 23.8% more efficiency in the production of sugar-
cane stalks, thus providing high profitability for the
segment (Souza et al. 2014). Fertilization using bio-
char did not obtain higher AE compared with con-
ventional mineral fertilizer application. The high
recalcitrance of this material affected insufficient
time for the total release of the nutrients, thereby

revealing a low biomass accumulation.
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Fig. 1 Apparent recovery of K (A) and P (B) efficiency, mineral fertilizer equivalent (C), and

Agronomic efficiency (D) of different types of tested fertilizers

Effects of fertilizers on P, K, and organic matter
content in the soil

Evaluating the levels of P and K present in the soil at
70 DAP, an increase of these nutrients was observed
along with an increase in the applied fertilizer dose.
The application starting from 40 kg N ha™ caused a
significant difference in P content compared to the

control (Table 5). The maximum available P present
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in the soil, approximately 252.14 mg kg™, was ob-
served in the application of 160 kg N ha™* of OF fer-
tilizer. P in the soil was only 3.54 mg kg in the un-
treated control. The increase of P available in the soil
provided by organomineral fertilizers might be
linked to the organic matter in these fertilizers. The
effect of the organic matter present in the or-
ganomineral fertilizer might have contributed to re-

ducing the fixation of P, thus favoring the presence



Int. J. Recycl. Org. Waste Agric, Special Issue: 159-177, Summer 2023

of high levels of this element in soil (Borges et al.
2019). Martins et al. (2017) evaluated the residual
effect of P after the application of mineral and or-
ganomineral phosphate fertilizers and found a ten-
dency for better results when associated with the
application of organomineral fertilizers compared
with super triple phosphate despite the absence of
statistical differences in the levels of available P in
the soil depending on the applied fertilizers. The or-
ganic functional groups in the filter cake coukd fill
the P fixation sites, increasing the availability of this
element to plants due to decreased P reaction with
clay minerals and iron oxides. When mineral fertiliz-
ers were applied, mixed with an organic source, the
present organic carriers can improve the solubility of
P compounds in the soil, gradually releasing this
element to the plants. The soil available K was sig-
nificantly affected by fertilizers (Table 5). B treat-
ment at doses of 120 and 160 kg N ha* and M and
OF treatments at 160 kg N ha™* showed the best in-
crements of this element compared to the other ferti-
lizers. The highest K content (312.98 mg kg™) in soil
was obtained from B treatment at doses of 160 kg N
ha™l. Teixeira (2013) verified the AE of the or-
ganomineral fertilizer in the sugarcane crop and ana-
lyzed the data on the residual effect of K in the soil
133 days after the application of the organomineral
and mineral fertilizer. This verification revealed that
the application of organomineral fertilizer provided
an average increase of 18% in the K content in the
soil in relation to mineral fertilizer. This result might
be related to the low release of K due to the gradual
release of the nutrient provided by the organic frac-
tion of the fertilizer and the consequent decrease in
leaching and loss of K in the soil. By contrast,
Wietholter et al. (1994) analyzed the effect of fertili-
zation with conventional mineral, organomineral
fertilizers, and the direct application of organic com-

post based on poultry litter in the soil and found no
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significant difference in the K content regardless of
the fertilizers used. The availability of organic matter
in soil plays an important role in the provision of N,
where mineralization can provide 54%—78% of total
N compared to N from mineral fertilizers, which are
easily denitrified and leached (Intansari and Subiksa
2022). All doses of OF, OB, OFH, OBH, M, and F
40 kg N ha™* did not differ markedly from the control
(Table 5). The application of B fertilizer at 120 kg N
ha significantly increased soil organic matter
(SOM) four times more than the control (from 8.5 g
kg™ to 37.0 g kg1). Except for filter cake treatment,
160 kg N ha* applications lowered the SOM con-
tent. Research suggested that the application of bio-
char in the soil could lead to a stabilization of SOM
(Chen et al. 2020). Thus, in soils with modern ag-
rosystems, the net carbon gain from applying biochar
based on soil management strategies would be con-
siderably improved, favoring the fixation of organic
carbon. Filter cake fertilizer (160 kg N ha™ ) also has
a beneficial effect on SOM, by enhancing its concen-
tration 1.8 times higher than the control. Another
study by Ossom et al. (2012) in Swaziland reported
that the high application of filter cake (40 t ha™?) in
maize fields markedly improved SOM and P concen-
tration by nine times. The P content in the soil in-
creased by 78% when a combination of filter cake
and rice husk ashes was applied. This treatment also
increased plant biomass by 11.9% and P uptake by
2.7 folds compared with the untreated soil (Utami et
al. 2012). Different results were found in a study
conducted by Costa et al. (2011). They evaluated the
rotation effect of cover crops associated with three
sources of fertilization (mineral, organic, and or-
ganomineral) on the chemical attributes of a eutrofer-
ric red latosol and found better results in 0-10 cm
soil samples where the application of organic fertiliz-

er was better than other treatments.
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Table 5. P, K, and organic matter in the soil after application of different doses of fertilizers

Fertilizers N rate (kg ha™) P (mg kg™®) K (mg kg™) Soil organic matter (g kg™)
Control 0 3.54 14.8 8.5
40 49.629 57.92! 8.8m™
. 80 147.86' 158.36" 13.5¢
120 75.82M 95.641 10.5f
160 206.92°¢ 98.621 15.5¢
40 88.18' 66.44% 11.3f
B 80 148.98! 142.129 28.2°
120 242.80° 212.86° 37.02
160 252.142 312.982 33.7°
40 41.56" 29.60° 7.1
OF 80 136.92i 60.18' 6.6™
120 134.28i 174.98¢ 8.4m™
160 199.96¢4 176.68°¢ 8.2m
40 57.50° 39.92" 6.5™
80 58.06° 52.38™ 7.1m
OB
120 113.20% 55.68™ 8.4m™
160 170.08f 160.62 8.1m™
40 42.50" 15.44" 6.0™
80 61.94° 28.24° 5.4m
OFH
120 164.729 70.32K 7.6™
160 159.68" 102.58 7.0m
40 42.68" 17.66™ 7.2™
80 33.70° 18,20™ 7.0™
OBH
120 65.82" 113.68" 5.5™
160 159.76" 115.94" 6.8™
40 14.80 11.74™ 6.5™
M 80 15.08 13.66™ 6.6
120 171.18f 202.38¢ 7.0m
160 177.36¢ 219.42° 8.3m™

Means followed by distinct letters in the same column differ from each other by the Scott—Knott test at 0.05 of significance,

ns: not significant to control. F: filter cake, B: biochar, OF: organomineral filter cake, OB: organomineral biochar, OFH:

organomineral filter cake + humic acid, OBH: organomineral biochar + humic acid, M: conventional mineral fertilizer

Determination of the optimal rate of OB fertilizer

The availability of nutrients in the planting medium
determined the response of plants to fertilization.

This response was also affected by the type and orig-
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inal nutrient status of the media. Plants will not show
a significant response to N fertilization in soils with
high or remarkably high N availability classes; there-
fore, determining the optimal dose is necessary.

Based on the regression equation X = —25.695 +
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120.71X — 62.289X? (Fig. 2) with a correlation value
(r) of 0.989 and a coefficient of determination (R?) of

97.87%, the optimal dose of fertilization with OB
0.00
30

00

20.00

Biomassa (g)

0.00

0.4

Fig. 2 Relative biomass response to OB fertilizer rate*

0.6

was 0.96 t ha™l, with optimal biomass reaching 32.79

g.

® ® .
y =-62.289x2+120.71x- 25.695
R?=0.9787

0.8 1.4

OB rates (t ha'!)

*to facilitate application suggestions in the field, units of t ha* were used instead of kg N ha* (see Table 2 column 5)

Practical implications of filter cake-based or-

ganomineral products

A single formulation of sugarcane filter cake com-
post was not considered. The material availability
was limited only during the harvest season, which
also had an unbalanced nutrient concentration and
lack solubility (excessively slow nutrient release). If
the composting process is incomplete and the com-
post gains a long decomposition period, then these
phenomena could raise unpleasant odors in the field.
Other reports suggest a potential for phytotoxicity
and immobilization of nutrients due to undegradable
residues (Butler et al. 2001; Sen and Chandra 2007).
Therefore, the use of this process must be combined
with other materials to achieve sustainable or-
ganomineral fertilizer production. Organomineral

fertilizer production technology is currently compa-
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rable to conventional mineral fertilizers. This condi-
tion was proven by the research of Deeks et al.
(2013), which compared the performance of the two
types of fertilizers to the productivity of wheat, rape,
oleaginous plants, barley, beans, and maize for three
years of testing. The use of organic fertilizers is not
to replace conventional mineral fertilizers but as a
complement to improve soil quality and crop produc-
tivity in a sustainable way. The combination of or-
ganomineral and filter cake or biochar has been

demonstrated to improve these wastes.

Conclusion

The higher AE provided by the application of filter
cake and organomineral fertilizers compared to min-
eral fertilizers could be explained by the physical

protection and gradual release of the nutrients con-
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tained in these fertilizers, thus providing highly bal-
anced nutrition and consequently the highest biomass
production. Treatment of biochar from filter cake (B
fertilizer) provided a better residual P of 93.4% than
mineral fertilizer as well as organic matter, which
was 224.7% more than the negative control. Optimal
vegetative growth, especially in plant height, leaf
area, and stem diameter, was obtained via filter cake
fertilization. The highest accumulation of N was
482.44 mg plant™ and P was 102.96 mg plant™, and
P recovery of 5.17% was obtained from fertilization
using OB. Therefore, OB was the best treatment for
increasing growth performance, NUE, and soil quali-
ty with an optimal dose of 0.96 t ha’. The SOM
analysis revealed that the organomineral and mineral
fertilizers did not exhibit significant differences in
relation to the control. These results proved that the
high efficiency of organomineral fertilizers was not
linked to an increase in the content of organic matter
in the soil but to the direct effects of the organic frac-
tion in protecting against losses of the existing min-

eral part in the fertilizer.
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