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Agro-industrial organic fertilizers for bell pepper
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Abstract

Agro-industrial wastes can be transformed into low-cost
agricultural inputs while mitigating environmental risks
associated with improper disposal. Bell pepper (Capsicum annuum
L.)is a vegetable of high economic importance, widely consumed
in Brazil and worldwide. This study evaluated the effect of
organic fertilizers derived from agro-industrial wastes on bell
pepper cultivation in two soil types: Dystrophic Yellow Oxisol
and Quartizarenic Neosol. Two fertilizers were tested: PSSD,
made with spent mushroom substrate from oil palm waste
combined with compost from the dairy industry, and SSSD,
produced with spent mushroom substrate from sisal waste
combined with the same compost. Fertilizer doses ranged from
0 to 60 t ha’, alongside a chemical fertilizer treatment (60 N,
300 P, 240 K kg ha™). Plant growth parameters, including height,
stem diameter, number of leaves, flowers, fruits, and biomass,
were assessed. Nutrient concentrations (N, P, K, Ca, Mg, S) were
measured at flowering (45 days after transplanting). Although
chemical fertilization improved initial plant development, it
resulted in lower fruit yields. Organic fertilizers, particularly
PSSD and SSSD at 60 t ha™, significantly increased plant biomass
and nutrient content, enhancing fruit yield by 62 % compared
to chemical fertilization in Quartizarenic Neosol. Organic
fertilization with these materials, starting at 30 t ha*, promoted
greater dry matter accumulation and productivity. Overall, the
study demonstrates the potential of PSSD and SSSD as sustainable
fertilizers for bell pepper production, especially in sandy soils
such as Quartizarenic Neosol.

Keywords: Agave sisalana, Elaeis guineas, Pleurotus ostreatus, plant
growth and nutrition, spent mushroom substrate.
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Resumen

Los residuos agroindustriales pueden transformarse en insumos
agricolas de bajo costo, mitigando los riesgos ambientales
asociados con su disposicion inadecuada. El pimiento (Capsicum
annuum L.) es una hortaliza de alta relevancia econoémica,
ampliamente consumida en Brasil y a nivel mundial. Este estudio
evalud el efecto de fertilizantes organicos derivados de residuos
agroindustriales en el cultivo de pimiento en dos tipos de suelo:
latossolo amarillo distréfico y neosol cuartzarénico. Se probaron
dos fertilizantes: PSSD, elaborado con sustrato poscultivo de
hongos a partir de residuos de palma de aceite combinado con
compost de la industria lactea, y SSSD, con sustrato poscultivo
de hongos a partir de residuos de sisal combinado con el mismo
compost. Las dosis de fertilizante oscilaron entre 0 'y 60 t ha™,
junto con un tratamiento de fertilizacion quimica (60 N, 300 P,
240 K kg ha™). Se evaluaron parametros de crecimiento vegetal
como altura, diametro del tallo, nimero de hojas, flores, frutos
y biomasa. Las concentraciones de nutrientes (N, P, K, Ca, Mg, S)
se midieron durante la floraciéon (45 dias después del trasplante).
Aunque la fertilizacién quimica mejord el desarrollo inicial
de las plantas, resulté en menor rendimiento de frutos. Los
fertilizantes organicos, particularmente PSSD y SSSD a 60 t ha’
!, incrementaron significativamente la biomasa vegetal y el
contenido de nutrientes, mejorando el rendimiento de los frutos
en un 62 % en comparacion con la fertilizacion quimica en neosol
cuartzarénico. La fertilizacion orgdnica con estos materiales,
comenzando a partir de 30 t ha™, result6 en un volumen mayor
de materia seca y una mayor productividad. El estudio demuestra
el potencial de los fertilizantes PSSD y SSSD para la produccion
sostenible de pimiento, especialmente en suelos arenosos como
el neosol cuartzarénico.

Palabras clave: Agave sisalana, crecimiento y nutriciéon vegetal,
Elaeis guineensis, Pleurotus ostreatus, sustrato poscultivo de hongos.
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Introduction

Bell pepper (Capsicum annuum L.), like most vegetables,
has high nutrient requirements, which can be met
through chemical and organic fertilizers (Shehata et
al., 2018). The interest in organically produced foods,
especially vegetables, has increased with consumer s
growing awareness of the health and environmental
risks associated with chemical inputs in agriculture.
Achieving high yields and ensuring food safety require
efficient plant production systems that promote not
only a greater number and weight of fruits but also
improved fruit quality (Conti et al., 2014).

Bell peppers are the third most cultivated
solanaceous crop in the world and are amongst
the ten most cultivated vegetables in Brazil,
holding significant socioeconomic importance and
prominence in family farming systems and the agro-
industry (Lopes et al., 2018).

The use of by-products from agro-industrial
activities is an important practice aimed at reducing
fertilizer costs. In addition to increasing crop
productivity, this approach is an effective option for
reusing agro-industrial wastes, thereby preventing
their inadequate disposal in the environment
(Mendes et al., 2020). Various agricultural residues
can be used in the formulation of substrates and
fertilizers, which makes it a promising solution
for the reuse of these materials (Singh et al., 2020),
including spent mushroom substrates (Zhu et al.,
2018) and wastes from dairy industries (Oliveira,
2020). Bell pepper cultivation in pots under protected
environments, such as greenhouses, has been gaining
popularity among producers.

Therefore, cultivating bell peppers under these
conditions with organic soil amendments may
represent an economically viable alternative for
producers, while ensuring an organically grown
horticultural crop with high added value. Considering
the abundance of solid wastes from spent mushroom
substrates and dairy industries, our hypothesis
is that formulations with these wastes as organic
amendments for bell pepper production constitute
a viable fertilization technology for this crop. This
study aimed at evaluating bell pepper production
in pots using different sources and doses of organic
fertilizers formulated from agro-industrial wastes.

Materials and methods

Two experiments were conducted under greenhouse
conditions at the geographical coordinates 12°40°19”
S, 39°06'23” W, using pots filled with soil. Each
experiment was carried out with a different soil type:
Dystrophic Yellow Oxisol (LAd) and Quartizarenic
Neosol (NQ), and amended with different organic
fertilizers.

Agro-industrial organic fertilizers for bell pepper
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The experiment with LAd soil was conducted
from February to May 2020 under greenhouse
conditions, with temperatures ranging from 25.3 °C
to 42.1 °C (average 31.3 °C). The experiment with
ON soil took place from July to November of 2020,
with temperatures ranging from 31.4 °C to 39.6 °C
(average 32.5 °C).

The first experiment was conducted using LAd soil,
collected at a depth of 0 - 20 cm in the experimental
field of the Federal University of Reconcavo da
Bahia, city of Cruz das Almas, Bahia, Brazil. The soil’s
chemical and physical characteristics were as follows:
pH (H,0) = 6.6; organic matter (OM) = 20 g dm?; P
(Mehlich 1) = 3.55 mg dm?; K" = 3.0 mg dm; Ca?

=272 cmol dm?3; Mg* = 1.0 cmol dm3; (H+Al)
1.5 cmol dm3 base saturation (BS) = 3.21 cmol dm
5, effective cation exchange capacity (CEC) -
3.21 cmol_dm?; potential CEC = 4.71 cmol_dm?; V
- 68.14 %; sand - 777 g kg silt - 32 g kg'; and clay
=191 g kg'.

The second experiment was conducted using
ON soil, collected at a depth of 0 - 20 cm in the
municipality of Conceicdo do Coité (11°46°07” S,
39°16’29” W), in the state of Bahia, Brazil. This
soil had the following chemical and physical
characteristics: pH (H 0) = 5.15; OM = 1.04 g dm?3;
P (Mehlich 1) - 6.4 mg dm?; K = 14 mg dm?; Ca?

= 1.50 cmol dm?3; Mg* = 0. 34 cmol_ dm?; (H+AD =
2.2 cmol dm’; . BS - 1.88 cmol_dm; “effective CEC -
1.88 cmol_dm >, potenual CEC'= 4.08 cmol dm?; V -
46.1%; 70 - 3.14 mg dm*®; Fe?' = 114.5 mg dm* Mn®
=13.7mgdm?; Cu* = 0.89 mgdm? B=0.17mgdm?3
sand = 790 g kg?; silt = 78 g kg; and clay = 132g kg

Bell pepper (Capsicum annuum L., var Cascadura
Ikeda) seeds were sown in 128-cell polystyrene trays,
measuring 18.5 cm x 19.0 cm x 11.0 cm in width,
length, and depth, respectively, with each cell having
a volume of 50 ml. Two seeds were sown per cell
using inert vermiculite as the substrate. 30 days after
sowing, when the plantlets reached approximately
10 cm in height, they were transplanted into pots
with a capacity of 3.8 L of soil. Plants were watered
once daily with deionized water to maintain
uniform moisture in the substrate, avoiding visible
water deficit and waterlogging. Irrigation was not
standardized to pot field capacity, and leachate was
not intentionally produced. The same schedule was
applied to all treatments (Supplement figure 1).

To formulate the fertilizers, spent mushroom
substrate (SMS) from the cultivation of Pleurotus
ostreatus was used. The SMS was produced using
residues from the decortication of Agave sisalana
leaves for fiber production (Carmo et al., 2021) and
from palm oil production using Elaeis guineensis (Silva et
al., 2020) (Supplement figure 2). The spent mushroom
substrate (mycelial block) remaining after edible-
mushroom cultivation (A); the organic fertilizer PSSD,
formulated with oil-palm (Elaeis guineensis) residue
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plus compost from the dairy industry (B); organic
fertilizer SSSD, formulated with sisal (Agave sisalana)
residue plus compost from the dairy industry (C);
organic compost from the dairy industry (D); as well
as the transplanting of bell pepper seedlings (Capsicum
annuum) (E-F) are shown in Supplement figure 2.

Both organic fertilizers (SSSD and PSSD) were
formulated with a mixture of spent mushroom
substrate from oil palm (PSS) or sisal (SSS) with
organic compost from the dairy industry (D) ata 75:25
volume ratio (v/v) of PSS or SSS and D, respectively,
based on the recommendations of Carmo etal. (2021).

The experimental design followed a 2 x 5 factorial
scheme, consisting of two organic fertilizers (SSSD
and PSSD) and five doses (O tha?, 15 tha?, 30 t ha',
45tha', 60 tha'),and an additional control treatment
with chemical fertilization (CC). Treatments were
arranged in a completely randomized design, with
ten replicates and one plant per pot.

The chemical characterization of the spent
substrates used to formulate the fertilizers (Table
1) was performed according to the methodologies
described in the Manual of Official Methods for Mineral

and Organic Fertilizers and Correctives (Manual de Métodos
Oficiais de Fertilizantes Minerais e Orgdnicos e Corretivos)
(Alcarde, 2009), and the chemical characterization
of the organic compost from the dairy industry was
described by Oliveira (2020).

The pH in CaCl2 0.01 M was determined by
potentiometry, and density was measured as
mass per volume (m/v). Average humidity at
60 °C - 65 °C, average humidity at 110 °C, and
total humidity were quantified gravimetrically.
Organic carbon (OC) content was evaluated by
oxidation with dichromate followed by titration,
while total nitrogen was determined via sulfuric
digestion using the Kjeldahl method. Phosphorus
(P,0.) was quantified spectrophotometrically using
vanadate-molybdate solution, and potassium (KZO)
and sodium (Na) concentrations were determined
by flame photometry. Sulfur (S) was measured
gravimetrically after precipitation with barium
sulfate. The contents of calcium (Ca), magnesium,
copper (Cu), manganese (Mn), zinc (Zn), and iron
(Fe) were determined in HCl extracts through atomic
absorption spectrophotometry, and boron (B) was
analyzed by spectrophotometry using azomethine-H.

Table 1. Chemical characterization of the agro-industrial wastes used to formulate organic fertilizers for bell pepper (Capsicum annuum L.) production

Attribute Unit Palmoil WB PalmoilDB  Sisal WB Sisal DB Organic compost WB  Organic compost DB
pH CaCl2 0.01 Mol L 6.5 - 7.2 - 8.5
Density (organic waste) gcm? 0.2 0.2 - 0.5
Humidity (organic waste) 65 °C (%) 1.3 - 2.5 - 7.7
Humidity (organic waste) 110 °C (%) 6.4 - 4.7 - 0.5
Total humidity (%) 7.8 7.2 - 8.2
Total organic matter (combustion) (%) 62 62.9 49.4 50.7 37.1 40.2
Organic carbon %) 33.1 335 26.2 26.9 19.3 20.9
Total mineral residue
(T™T) (%) 30.1 30.5 433 44.4 54.5 59.1
Mineral residue (MR) (%) 16.2 16.5 25.4 26 19.1 20.7
Insoluble mineral residue (IMR) (%) 13.8 14 17.8 18.3 354 384
Total nitrogen (%) 24 2.5 2.2 - 2.7 2.9
Total phosphorus (P,0,) (%) 1 1 0.3 0.3 1.1 1.1
Total potassium (K,0) (%) 1.2 1.2 1.3 14 1.5 1.6
Total calcium (Ca) (%) 5.6 5.7 9.1 9.3 5.1 5.4
Total magnesium (Mg) (%) 0.6 0.6 0.6 0.6 0.7 0.7
Total sulphide (S) (%) 0.2 0.2 0.1 0.1 0.2 0.2
C/N ratio - 13 13 - 7
Total copper (Cu) (mg kg™ 37 38 12 12 30 33
Total manganese (Mn) (mg kg™ 434 440 175 180 540 260
Total zinc (Zn) (mg kg™ 135 137 119 122 332 360
Total iron (Fe) (mg kg™ 5863 5944 4867 4994 7841 8496
Total boron (B) (mg kg™ 10 10 16 16 12 13
Total sodium (Na) (mg kg™ 2316 2348 2190 2247 25368 27487

WB = wet base, DB = dry base (65 °C).
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The C/N ratio was calculated from the measured
carbon and nitrogen contents. Total organic matter,
insoluble mineral residue (IMR), mineral residue
(MR), and total mineral residue (TMR) were
determined by combustion in a muffle furnace.

In both soil experiments, physiological analyses of
the plants were performed for 120 days. Plant growth
and production were evaluated using the following
parameters: plant height (PH), measured with a
millimeter ruler; stem diameter (SD), determined
with a pachymeter; number of leaves (NL); number
of flower buds (Nb); number of flowers (NF); number
of fruits (NFr); fruit weight (WFr); and chlorophyll
a, b, and total chlorophyl (CI-A, CI-B, CI-T). At 45
days after transplanting (DAT), corresponding to the
beginning of flowering, five plants were collected
from the treatments with doses of 30 t ha!, 45 t ha’!,
and 60 t ha!, as well as from the additional chemical
treatment, for nutritional analysis of N, P, K, Ca, Mg
and S, following the methodology described by Jones
(2001) for determining nutrients in plant biomass.

Plants from each treatment were harvested and
dried in a forced-air oven at 45 °C, to obtain the dry
weight of shoots (ADW, including leaves and stems)
and roots (RDW). The dried samples were ground
in a Wiley mill, passed through a 20-mesh sieve,
and stored in plastic bags. Approximately 0.1 g of
the leaf dry mass was subjected to acid digestion
using a mixture of 3.5 ml of concentrated sulfuric
acid (H,SO,) and 3 ml of 30 % hydrogen peroxide
(HZOZ), as éescribed by Jones (2001). The digested
material was diluted with distilled water to a final
volume of 100 ml to obtain the extract used for
the determination of nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), and
sulfur (S) concentrations.

Plant nitrogen (N) content was determined using
the phenol-hypochlorite spectrophotometric method
(Weatherburn, 1967), phosphorus (P) content by
the molybdovanadate spectrophotometric method,
and potassium (K) content by flame photometry
(Faithfull, 2002). Total plant dry weight was calculated
based on the total dry weight of roots, stems, and
leaves. To evaluate fruit yield, fruits were harvested,
measured with a millimeter ruler, and weighed using
a previously calibrated analytical balance. The harvest
index (HI) was calculated as the ratio between the
dry weight of the fruits, which are the economically
important part of the plant, and the total plant dry
weight.

Data were subjected to analysis of variance
(ANOVA), using the statistical software R. When
significant differences were detected, means
were compared using the Scott-Knott test at a 5 %
probability (p < 0.05). Regression analysis was also
performed.

Agro-industrial organic fertilizers for bell pepper
(Capsicum annuum L.) growth and nutrition

Results and discussion

Across both experiments, a significant interaction
between fertilizer source and dose (p < 0.05) was
observed for key growth traits, resulting in increases
in chlorophyll a, b, and total chlorophyll, as well
as shoot biomass. In the Yellow Oxisol (LAd), both
PSSD and SSSD enhanced shoot dry weight, reaching
maximum values of 1.14 g plant™ (PSSD at 53 t ha™)
and 1.08 g plant™ (SSSD at 36 t ha™). Stem diameter
also showed a linear increase over time (PSSD >
SSSD). In the Quartizarenic Neosol (ON), the organic
formulations resulted in higher fruit yield and
harvest index at the end of the cycle, with doses
of 45 t ha™ - 60 t ha™ achieving gains of up to 62 %
compared to the chemical control and delaying plant
senescence. Overall, both PSSD and SSSD provided
superior final performance, likely due to the gradual
release of nutrients and improved soil conditions.

Experiment 1 - Bell pepper growth in a
Yellow Oxisol

There was a significant interaction (p < 0.05) between
the organic fertilizer formulations and application
doses for the variables ‘plant height’, ‘number of
leaves’, ‘above-ground plant dry weight’, and the
values of chlorophyll a, b, and total. For the variable
‘stem diameter’, there was an individual effect of the
doses, and for the variables ‘number of flowers’ and
‘flower buds’ there were no significant differences
(p > 0.05).

Stem diameter increased linearly over time and
showed a system interaction, with SSSD showing a
steeper growth response than PSSD (p < 0.05) (Figure
1B). The final mean SD was higher in SSSD (0.50 cm
plant™) compared to PSSD 0.46 cm plant™?).

There was a significant interaction between the
source and the dose of the organic fertilizers, with a
quadratic response (p < 0.05) for shoot dry weight.
Plants grown in LAd soil with PSSD at a dose of
53 t ha' showed a higher mean shoot dry weight
value (1.14 g plant?), compared to plants grown
with SSSD at a dose of 36 t ha' and with a mean of
1.08 g plant?, and to the treatment with chemical
fertilization (0.78 g plant?) (Figure 1C).

The increase in chlorophyll content is attributed
to higher nitrogen accumulation in the leaves (Table
2). Bell pepper plants with higher a, b, and total
chlorophyll values also showed a greater number of
leaves and above-ground plant dry weight, indicating
greater plant biomass (Figure 1). Other studies
have shown that the chlorophyll index serves as an
important indicator of the nitrogen nutritional status
of plants (Silva et al., 2017).

Godoy et al. (2003) and Padilla et al. (2018)
evaluated the use of chlorophyll measurements and
the different chlorophyll responses to increased
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Figure 1. Average plant height (PH) (A), stem diameter (SD) (B), dry weight of the aerial parts (DWAP) (C), chlorophyll a (Cl-A) (D), chlorophyll b (CL-B) (E),
and total chlorophyll (CL-T) (F) of bell pepper plants (Capsicum annuum var. Casca Dura lkeda), 45 days after transplantation (DAT).

Note. Plants were cultivated in Dystrophic Yellow Oxisol (LAd) soil fertilized with different doses of SSSD (formulated with sisal residues and organic
compost from the dairy industry) and PSSD (composed of a mixture of oil palm residues and organic compost from the dairy industry), as well as an additional
treatment with chemical fertilization.

nitrogen supply in bell peppers and sweet peppers,
and concluded that these measurements can
serve as a good indicator for nitrogen fertilization
management in the cultivars they studied. When
determined at the time of nitrogen fertilization
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management, chlorophyll measurements can help
adjust N levels according to the plants’ requirements,
thereby increasing the efficiency of N application.
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Figure 2. Bell pepper plants (Capsicum annuum var. Casca Dura Ikeda) at 15 (A), 30 (B), 45 (C), and 60 (D) days after transplantation (DAT).

Note. Plants were cultivated in a Dystrophic Yellow Oxisol (LAd) soil fertilized with different doses of SSSD (formulated with sisal residues and organic
compost from the dairy industry): T1=0tha',T2=15tha"’, T3 =30tha', T4 =45tha’, and T5 = 60 t ha''; and PSSD (composed of a mixture of oil palm
residues and organic compost from the dairy industry): T6 = 15tha’, T7 =30 tha”, T8 =45 tha”,and T9 = 60 t ha™, plus an additional treatment with

chemical fertilization (T10).

Experiment 2 - Bell pepper growth in
a Quartizarenic Neosol

Variations in plant height were observed among the
different organic fertilizers at the concentration of
60 tha, with the organic amendment SSSD showing
superior performance compared to PSSD. However,
the treatment with chemical fertilizer resulted in
higher values for all variables, regardless of the
fertilizer dose or source. The greater average plant
height observed in plants grown in soil amended
with SSSP compared to those amended with PSSD
may be related to the nutrient availability in the soil,
which depends on the type of the organic amendment
(Table 1).

The chemical characterization of SSSD showed
higher moisture and organic matter contents, as
well as greater concentrations of macronutrients
such as phosphorus, potassium, and calcium, and
micronutrients such as copper and zinc, along with
lower sodium levels when compared to organic
residues [COP (organic compost from tree pruning +
cattle and goat manure) and CLU (organic compost
from urban wastes)]. Moreira et al. (2018) found that
these attributes promoted the increasing growth
of Caesalpinia pulcherrima. In the present study, oil
palm residue contributed to increased bell pepper
productivity due to its role in plant nutrition,
thereby influencing plant growth and development,
increasing plant productivity and fruit quality
(Shehata et al., 2018).

Plant growth varies depending on the chemical
characteristics of the organic wastes used as crop
fertilizers, like the compounds derived from fungal
metabolism (Abreu et al., 2020; Siqueira et al.,
2019). Soil amendment of these agro-industrial
wastes used as organic fertilizer contributed to an
increase in soil pH and, consequently, a decrease
in the availability of essential nutrients for plants.
When the chemical composition of crop fertilizers
is not favorable for plant development, nutritional
imbalances may occur, limiting plant development
due to competition for nutrient uptake in the
roots (Lima et al., 2018). Thus, in this study, plants
grown with chemical fertilization exhibited greater
development, but lower fruit yield (Figure 3).

The LAd soil promoted an increase in shoot dry
weight, which may be attributed to its properties
such as texture, organic matter content, and water
retention capacity, favoring a gradual water supply
for plants for a longer period of time (Moreira et al.,
2018). It can be inferred that the higher bell pepper
yield observed when cultivated in NQ soil using
SSSD and PSSD may be related to the presence
of primary minerals and greater water infiltration
(Oliveira, 2008), as well as the incorporation of
residues in the substrate, which enhanced water
and nutrient retention, preserving their availability
to plants and consequently improving fruit yield.
Both soil classes presented low nutrient contents;
however, the addition of organic residues in the
substrate improved fertility, resulting in a positive
plant response, as evidenced by increased biomass
accumulation and fruit yield (Figure 3).
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Figure 3. Plant height (PH) (A), stem diameter (SD) (B), number of flowers (NF) (C), dry weight of the aerial parts (DWAP) (D), root dry weight (RDW) (E), and
total plant dry weight (PDW) (F) of bell pepper plants (Capsicum annuum var. Casca Dura Ikeda), 45 days after transplantation (DAT).

Note. Plants were cultivated in Quartizarenic Neosol (ON) soil fertilized with different doses of SSSD (formulated with sisal residues and organic compost
from the dairy industry) and PSSD (composed of a mixture of oil palm residues and organic compost from the dairy industry), as well as an additional

treatment with chemical fertilization.

Different doses of PSSD and SSSD significantly
influenced the yield components of bell pepper
(p < 0.05). During the crop cycle, up to 60 days after
sowing, there was an increase in the physiological
indexes evaluated with increasing doses of organic
fertilizers, with higher values observed for the
chemical fertilizer, which was used as a control
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treatment. The greater development under chemical
fertilization is attributed to the higher availability of
nutrients for plant absorption. However, after this
stage of bell pepper development, the plants grown in
soil amended with the formulated organic fertilizers
showed a considerable increase in the physiological
indexes. This result can be attributed to the slower



and more gradual mineralization process that
reduces volatilization and denitrification, leaching,
and nutrient immobilization by soil microorganisms
(Figure 5). In addition, it was observed that the
plants with chemical fertilization began to exhibit
senescence symptoms, such as leaf yellowing and leaf
fall at 90 DAT (Figure 4F), as reflected in the average
LDW value (0.26 g plant?) at 120 DAT (Figure 4D).

Other studies have reported that fertilization with
P. ostreatus spent substrate (PSS) provides a wide
variety of nutrients, although many of them are not
immediately available to the plants and are released
gradually through mineralization (Roy et al., 2015).
This is particularly true for nitrogen, phosphorus,
and potassium (Hackett, 2015; Lou et al., 2015; Zhu
et al., 2018). However, the combination of PSS with
organic or mineral fertilizers has been associated
with a significant increase in mineral N in the soil
(Lou et al., 2017).

This slow nutrient release from SSSD and PSSD
allowed the values of PH, SD, NL, FRDW, DWAP,
RDW, and TDW to increase after 45 DAT, as a result
of the doses of these organic composts added to the
soil (Figure 5). According to Lou et al. (2017), after
evaluating the variability in the composition of PSS
after continuous cultivation and the composting
process, as well as the effects on mineral N
transformation in the soil, it was observed that
the application of PSS significantly increased the
mineral N content in the soil. Moreover, Lou et al.
(2015) reported that the combined application of
PSS with other organic nutrient sources alters soil
characteristics and promotes immobilization, thereby
reducing its leaching.

Plant responses to fertilization vary according to
the type and proportion of the organic matter and the
soil type (Moreira et al., 2018; Amalfitano et al., 2017).
Therefore, the types and proportions of organic
fertilizers must meet the nutritional requirements of
the crop. In this study, plants grown with 60 t ha of
PSSD showed the highest accumulation of N, P, K, and
Mg in the aboveground parts, differing statistically
from the other doses and the control with chemical
fertilization. The dose of 45 t ha! of PSSD promoted
the greatest accumulation of S in the aerial parts of
the plants, but it did not differ significantly from the
chemical treatment (Table 1).

Similarly, plants grown in soil with SSSD at a
dose of 60 t ha' exhibited the highest accumulation
of N, P, and Ca, while no significant differences
were observed among the doses for K and Mg
accumulation. For S accumulation in the aerial parts,
the dose of 30 t ha! resulted in the highest mean
value, which is different from the other treatments,
but not from the treatment with chemical fertilization
(Table 2).

Marcussi (2005) also reported that K (39.9 g kg?)
was the mineral element that accumulated the most
in bell pepper fruits, followed by N (28.3 g kg"),

Agro-industrial organic fertilizers for bell pepper
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Ca (12.8 g kg"), Mg (5.9 g kg'), S (4.1 g kg'), and P
(3.7 g kg'). Albuquerque et al. (2012) found in their
study the following order of nutrient accumulation:
N (32.69 g kg") > K(13.32 g kg") > Mg (11.06 g kg™)
>Ca(4.88gkg") >P(3.38gkg") >S(2.71 gkg") in
the leaves, and K (26.00 g kg?) > N (25.92 g kg!) > P
(3.75 g kg") > Ca (3.45 g kg') > S (1.99 g kg!) > Mg
(1.76 gkg?) in the fruits. Finally, Ogunlade et al. (2013)
reported the following order of nutrient accumulation
(100 g kg") in Capsicum annum: P (154.66 g kg?) > K
(89.25 gkg") > Ca (80.42 gkg") > Mg (27.52 g kg?).

According to Peixoto (2020), the harvest index (HI)
isakey factor in crop production and is defined as the
ratio between plant yield (dry weight of fruits) and
the efficiency of conversion of synthesized materials
into fruits, which represent the commercial part of
the plant. This index reflects the allocation of dry
matter to the commercial product, which in our study
corresponds to bell pepper fruits, and the total dry
matter produced by the plant, providing an indicator
of the optimal harvest time and, consequently, higher
economic productivity. At 90 DAT, the highest harvest
index was obtained in the treatment with 43 t ha! of
PSSD, with an average of 0.83 g plant™, and 45 t ha'
of SSSD, with an average of 1.11 g plant* (Figure 6).

Increasing amounts of organic fertilizer influenced
the accumulation of dry matter in branches, leaves,
stems, fruits, and roots of the plants. There was an
increase in the allocation of dry matter to the aerial
parts, and during the physiological maturation, a
decrease in the leaf area was observed due to the
greater translocation of assimilates to other organs
of the plant (Almeida et al., 2021).

Fertilization with PSSD and SSSD at a dose
of 30 t ha” promoted an increase in the fruit dry
weight of bell pepper plants, with values ranging
from 4.77 g plant’ to 6.01 g plant! (Figure 4G). The
60 t ha' dose of these organic fertilizers resulted
in a 62 % increase in fruit production compared to
the treatment with chemical fertilization. These
results are in line with previous findings in the
literature. Mohd Hanafi et al. (2018), in a review on
the beneficial uses of SSP combined with organic
sources, concluded that it can be incorporated
into organic fertilizer formulations, offering the
additional benefits of reducing production costs and
minimizing the environmental impact associated with
its accumulation. Thus, the use of agro-industrial
residues for the formulation of organic fertilizers
can play an important role in agriculture, by ensuring
sustainable production and reducing the inadequate
disposal of these materials in the soil. Therefore,
formulations based on PSSD and SSSD are viable
options for bell pepper cultivation. However, small
variations in plant development and yield were
observed depending on the agro-industrial residue
type and the applied dose, indicating the need for
further research under field conditions.
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Figure 4. Plant height (PH) (A), stem diameter (SD) (B), number of leaves (NL) (C), leaf dry weight (LDW) (D), dry weight of the aerial parts (DWAP) (E), root
dry weight (RDW) (F), fruit dry weight (FDW) (G), and total plant dry weight (TDW) (H) of bell pepper plants (Capsicum annuum L. var. Casca Dura lkeda), 120

days after transplantation (DAT).

Note. Plants were cultivated in Quartizarenic Neosol (ON) soil fertilized with different doses of SSSD (formulated with sisal residues and organic compost
from the dairy industry), and PSSD (composed of a mixture of oil palm residues and organic compost from the dairy industry), as well as an additional
treatment with chemical fertilization.
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17 .18 19 T10

Figure 5. Bell pepper plants (Capsicum annuum var. Casca Dura Ikeda) at 15 (A), 30 (B), 45 (C), 60 (D), 75 (E), and 90 (F) days after transplantation (DAT).
Note. Plants were cultivated in Quartizarenic Neosol (ON) soil fertilized with different doses of SSSD (formulated with sisal residues and organic compost
from the dairy industry): T1 =0tha’, T2 =15tha’, T3 =30tha’, T4 =45tha’,and T5 = 60 t ha’; and PSSD (composed of a mixture of oil palm residues
and organic compost from the dairy industry): T6 = 15 tha”, T7 =30 tha', T8 =45 tha”, and T9 = 60 t ha’; plus and an additional treatment with chemical
fertilization (T10).

Table 2. Macronutrient content in dry matter of the aerial parts of Capsicum annuum L. at 45 days after transplantation (flowering period)

Fertilizer Dose N P K Ca Mg S

tha’ tha’ tha’ gKg’ gKg’ gKg’ gKg’
PSSD 30 21.00b 6.12a 43.75b 11.15a 3.49¢ 2.68a
PSSD 45 24.38b 6.10a 53.75a 11.62a 3.97b 3.06a
PSSD 60 29.29a 6.26a 60.00a 13.08a 4.40a 2.12b
SSSD 30 24.83b 6.40a 45.00b 11.58a 3.55¢ 2.69a
SSSD 45 24.63b 4.67b 48.33b 10.42a 3.60c 2.37b
SSSD 60 32.95a 5.64a 42.50b 11.50a 3.83c 2.22b
Ad. Treat. - 19,41b 4.12b 35.83b 8.63a 2.54d 2.69a
CV (%) 12.6 5.6 10.3 1.4 5.6 12.5

Note. Plants were cultivated in Quartizarenic Neosol (ON) soil fertilized with different doses of SSSD (formulated with sisal waste and organic compost from
the dairy industry) and PSSD (composed of a mixture of oil palm residues and organic compost from the dairy industry), and with an additional chemical
fertilization treatment. Ad. Treat = Additional treatment.
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Figure 6. Harvest index (HI) of bell pepper plants (Capsicum annuum var. Casca Dura lkeda) at 90 days after transplantation (DAT).
Note. Plants were cultivated in Quartizarenic Neosol (ON) soil fertilized with different doses of SSSD (formulated with sisal residues and organic compost
from the dairy industry) and PSSD (composed of a mixture of oil palm residues and organic compost from the dairy industry).

319




Acta Agronémica. 73-3 / 2024, p 310-322

Conclusion

Organic fertilizers formulated from agro-industrial
residues —SSSD (sisal residue + compost from the
dairy industry) and PSSD (oil palm residue + compost
from the dairy industry)—proved effective for bell
pepper cultivation, supporting plant growth, nutrition
uptake, and fruit production, and serving as viable
alternatives or complements to mineral fertilization.

Organic formulations exhibited soil class-
dependent effects. In the Dystrophic Yellow Oxisol,
they promoted greater shoot biomass accumulation
and vegetative vigor, whereas in the Quartizarenic
Neosol, the more gradual nutrient release sustained
growth and increased yield. These findings reinforce
the potential of agro-industrial residues for use in
horticultural fertilization and highlight the need for
field-scale validation to optimize application rates
and management practices.
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Supplemental material

Supplement figure 2. Mycelial block after edible mushroom production (A); after-cultivation substrate formulated with Elaeis guineensis (B); after-cultivation
substrate formulated with Agave sisalana (C); organic compost from the dairy industry (D); and transplantation of bell pepper plants (E, F).
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