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Abstract
Purpose In this study, vermicomposted tannery wastes were applied in the organic cultivation of sweet pepper in a green-
house. The effects of this organic matter addition on plant development and on the distributions of Cr(III) and Cr(VI) in 
plant tissues and organs were assessed.
Methods In a greenhouse, organic sweet peppers were cultivated adding vermicomposted tannery to the substrate (sample 
VRC) and the results were compared with the samples control (dYL; only soil) and reference (NPK; adding mineral fertilizer). 
The growth, nutritive value and fruit production were assessed to evaluate the plant development in different types of sub-
strate. Besides evaluating the biostimulant effect of vermicomposts, the distributions of Cr in plant tissues were also studied.
Results Up to three harvested sweet peppers were obtained per plant, compared with only one fruit for the reference treat-
ment with NPK addition. Based on the Cr dynamics in the plants, the highest concentration was found in the fruits, varied as 
follows: fruits > stem and stalks > leaves = root; however, the Cr concentration in the fruits was statistically the same across 
all treatments. Additionally, only Cr(III) was detected and quantified in the fruits.
Conclusion The addition of vermicompost was biostimulating to plants and positively influenced their development. Based 
on the Cr dynamics in the plants, since the Cr concentration was the same across all treatments, it demonstrated that the 
addition of tannery residues to the vermicompost did not negatively influence the health benefits or food security of the 
produced fruits.

Keywords Waste management · Tannery wastes · Vermicomposting · Sweet peppers

Introduction

In Brazil, annually an amount of ~ 44.7 thousand metric 
tons of leather is manufactured. To hold this high produc-
tion, approximately 450 tanneries plants, located all over 
the country, make Brazil the fourth leading producer in the 

world, behind China (209.8), India (52.7), and Italy (51.7 
thousand metric tons) (CETESB 2005).

Environmental toxins and demand for safe disposal of 
industrial wastes are currently the topics of concern. The 
leather industry is associated with the generation of huge 
amounts of solid wastes, and waste disposal is a serious 
problem. Untreated solid waste and wastewater generated by 
the tanning industry can cause serious environmental dam-
age, particularly to surface water and groundwater (Belay 
2010; Vig et al. 2011; Dixit et al. 2015; Scaglia et al. 2016).

Usually, Cr is introduced mainly in the form of 
 Cr2(SO4)3 [chromium (III) sulfate] aiming to stabilize the 
leather by cross linking the collagen fibbers. As final prod-
uct, the tanned skin by adding Cr salts shows a better tex-
ture and quality, resulting in manufactured products with 
a higher market value. Besides Cr, other contaminants are 
added in the tanning process, e.g., sodium and ammonium 
sulfate, thiobenzothiazole, kerosene, etc., but in small 
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concentration. To avoid such pollution, specific chemical, 
physical and biological treatments have been adopted to 
reduce waste toxicity and enhance tannery waste use/recy-
cling systems (Aira et al. 2008; Yang et al. 2014; Scaglia 
et al. 2016; Makkar et al. 2017).

In this context, vermicomposting is an effective tech-
nology that can reduce the toxic effects of tannery wastes, 
based on earthworm activity of Eisenia fetida L., which 
also improves nutrient availability of OM. Earthworms 
transform organic residues both physically and chemically 
by mixing and grinding the waste mass, whereas microbes 
in the guts of worms are responsible for the biochemi-
cal transformation of OM (Aira et al. 2008; Yang et al. 
2014; Scaglia et al. 2016; Makkar et al. 2017). Moreover, 
earthworms can accumulate heavy metals in their chlora-
gogen cells, resulting in detoxification of polluted biomass 
(Huges 1980; Ricci 1996; Nunes et al. 2016; Karimi et al. 
2017).

Several forms of industrial waste (i.e., paper mill sludge, 
sugar industry waste and textile waste) have been success-
fully vermicomposted to obtain useful and safe organic 
inputs (Ravindran et al. 2008; Vig et al. 2011). In addition, 
vermicompost applications increase the yield and growth of 
several crops, mainly because these organic inputs are rich 
in plant-available nutrients, such as phosphates, nitrates, and 
exchangeable soluble potassium and calcium (Arancon et al. 
2006; Bachman and Metzger 2008; Gopinath et al. 2009). 
The use of organic amendments for improving soil produc-
tivity and health has been reported previously, usually to 
provide a source of nutrients in organically managed sys-
tems, particularly in organic agriculture practices (Ramesh 
et al. 2006; Gopinath et al. 2009; Singh et al. 2011; Karimi 
et al. 2017).

Sweet pepper (Capsicum annuum L.) is a highly con-
sumed vegetable that is better adjusted to and, therefore, 
most frequently produced under greenhouse conditions 
(Pereira 1990; Scivittaro et al. 1999; Silva et al. 2002; Her-
man et al. 2008). Greenhouse cultivation of sweet pepper 
demands the intensive use of agri-inputs and labor; moreo-
ver, this intense activity is part of a dynamic market in which 
seasonal prices fluctuate, demanding rigorous planning by 
the producer for both crop production and the use of technol-
ogy to decrease production risks and increase profits (Pereira 
1990; Silva et al. 2001; Abul-Soud et al. 2014).

Vermicompost fertilization is well known for its effects 
on plant nourishment, which result in reduced require-
ments for (or the elimination of) chemical pesticides and 
inorganic fertilizers. Additionally, an understanding of the 
effects of OM addition on sweet pepper plants at each stage 
of development can provide information to assist with fer-
tilizing programs for crops, even in greenhouses (Bachman 
and Metzger 2008; Llaven et al. 2008; Gopinath et al. 2009; 
Abul-Soud et al. 2014).

Therefore, the aim of this work was to determine the 
effects of application of vermicomposted tannery wastes on 
organic sweet pepper cultivation in the greenhouse. In par-
ticular, the effects of this organic matter addition on plant 
development, i.e., growth, nutritive value and fruit produc-
tion, were assessed. Additionally, the distribution of chro-
mium, a heavy metal in tannery wastes, was determined in 
pepper plant tissues and organs.

Materials and methods

Vermicompost production

This study was conducted using vermicomposted tannery 
wastes in the form of both sludge and tanned chips mixed 
with cattle manure and sawdust. The vermicomposters were 
established in 25 L plastic barrels containing different pro-
portions of fresh wastes (based on dry volume). The pro-
portion of the residues was determined by a combination of 
their C:N ratios. Designed in triplicate, each barrel received 
20 L of the mixture of wastes as follows, based on fresh 
volume: (1) sludge mix (VRC—S): 14.5 L of cattle manure, 
2.5 L of sawdust, and 3 L of sludge; (2) tanned chips mix 
(VRC—C): 14 L of cattle manure, 2 L of sawdust, and 4 L 
of tanned chips; and (3) sludge + tanned chips mix (VRC—
SC): 14 L of cattle manure, 2 L of sawdust, 1.5 L of sludge, 
and 2.5 L of tanned chips. For comparison, a vermicom-
poster with no leather wastes was also prepared (standard 
treatment, VRC—STD) by mixing fresh-volume 17 L of 
cattle manure and 3 L of sawdust.

Previously analyzed, the raw materials presented as 
main characteristics: (1) sludge (S): pH 7.83, OM 36.32%, 
TOC 17.20%, N 4.63%; (2) tanned chips (C): pH 3.31, OM 
84.96%, TOC 48.26%, N 13.30%; (3) cattle manure: pH 
8.88, OM 63.02%, TOC 34.30%, N 2.02%; and (4) sawdust 
pH 4.84, OM 89.11%, TOC 52.69%, N 0.43%.

After the mixtures were prepared, the material stabilized 
for 1 week; then, all of the contents were turned manually 
once per week. For vermicompost production, 500 newly 
born earthworms (Eisenia fetida L.) were added to each 
vermicomposter. The experiment was conducted during the 
months of April–August 2014 (135 days) in the Laboratory 
of Environmental Chemistry (LQA), Institute of Chemistry 
of São Carlos (IQSC), University of São Paulo (USP), Brazil 
(Nunes et al. 2016).

To characterize the vermicomposts, 0.5 L samples were 
collected from each vermicomposter. Then, a single com-
bined sample was prepared from the triplicate samples. 
The material was air-dried, ground and sieved to 0.5 mm. 
In triplicate, the OM (NEN 5754 1994), total organic 
carbon (TOC) (ISO 10694 1995), pH (ISO 10390 1994), 
cation exchange capacity (CEC) (ISO 11260 1994), humic 
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acid content (HA) (Swift 1996), macro and micronutrients 
(EMBRAPA 2017), and C:N ratio (using a Perkin Elmer 
2400; North Billerica, MA, USA) were determined in the 
vermicomposts.

Sweet pepper organic cultivation

Samples of a dystrophic yellow latosol (dYL) were collected 
on Campus II of the University of São Paulo (21°59′51″S, 
47°56′20″W). Using a tractor, 1.0 ton of soil was drilled at 
a 40.0 cm depth in the arable fraction. Thereafter, the mate-
rial was sieved to 2.0 mm and air-dried. Soil collection and 
preparation were conducted in February 2014, which had an 
average temperature of 24 °C and precipitation of 198 mm.

To characterize the dYL soil, the following attributes 
were determined: pH, organic matter (OM), total organic 
carbon (TOC), cation exchange capacity (CEC), base satura-
tion (BS), macro- and micronutrients, particle-size distribu-
tion, and soil texture.

Sweet pepper seedlings (biologically certified) were pur-
chased from SouAgro—Sociedade Agropecuária (São Car-
los, SP, Brazil). Each seedling was ~ 3.0 cm in height and 
~ 30 days from planting. Seedlings were grown on a com-
mercial substrate of coconut fibre and pine bark  (Bioplant®, 
Nova Ponte, MG, Brazil) and were watered manually daily.

When seedlings reached 5.0 cm in height and had at least 
five permanent leaves, in addition to a healthy appearance, 
the seedlings were transplanted into 0.5 L plastic pots using 
the same commercial substrate. At 10 cm in height, the 
plants were transplanted to 25.0 L vessels for the beginning 
of the experiment.

Each seedling was grown in a 25.0 L vessel containing 
20.0 L of substrate. The cultivation was monitored daily, 
and to prevent pests, an aqueous extract of orange peel was 
sprayed on the leaves, a natural repellent that insects avoid. 
The invasive plants were eliminated manually. Using a 
watering can (manual watering), 1.0 L of water was added 
daily to each plant. The volume of 1.0 L was determined 
from the wilting point, obtained by preliminary tests.

For the organization of the experiment, the vessels were 
distributed randomly on benches, with 42 vessels distrib-
uted on two benches, constructed from two boards on three 
tripods, with a size of 6.0 × 0.6 m. In total, 24 vessels were 
arranged in a 2 × 12 system (column × row) and the other 14 
vessels in a 2 × 7 system (column × row). Each column cor-
responded to one board. The distance between the vessels 
was 10.0 cm and positions were changed weekly at random. 
Positions were modified to minimize possible external influ-
ences, e.g., shade and wind.

Agronomic assays were carried out in triplicate. Accord-
ing to the different types of substrates, the following treat-
ments were studied: SP—dYL: Soil without previous man-
agement (control treatment); SP—NPK: Soil and 3.0% 

(V/V) of mineral NPK fertilizer at 12:5:14 (reference treat-
ment); and SP—VRC: Soil and vermicomposts at concentra-
tions of 1.5, 3.0 and 6.0% (V/V) (Table 1).

Monitoring of sweet pepper cultivation

Sweet pepper growth was monitored biweekly using a metric 
scale. The height (stalk size) of the plants was measured 
from the base (substrate) to the culm apex (highest point of 
the stem). The number of fixed leaves (below the apex) was 
counted and recorded every 2 weeks for each plant. In the 
first month, the count was weekly.

The width (w) and length (h) of the five largest leaves of 
each plant were measured every 15 days. From these data, 
the average leaf area (A) was estimated (Eq. 1) (Lorenzeni 
et al. 2015).

Four periods related to flowering and the formation of 
green and mature fruits were assessed with daily monitor-
ing. The average flowering time was based on initiation of 
flowering. Fruit formation was measured from shortly after 
petal fall. Formation of stable green fruits was determined 
by size and appearance (intense green). The average matu-
ration time was determined by formation of stable, full-red 
(mature) fruits.

(1)A = (0.6379 × w × h)0.9816

Table 1  Details of samples and different treatments adopted in the 
study

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost 
control, S tannery sludge, C tanned chips, SC mixture of tannery 
sludge and tanned chips

Sample/treatment Input Dosage 
(V/V) 
(%)

SP—dYL – –
SP—NPK Mineral fertilizer NPK 3.0
SP—VRC

 SP—1.5%—STD Vermicompost STD 1.5
 SP—3.0%—STD 3.0
 SP—6.0%—STD 6.0

 SP—1.5%—S Vermicompost S 1.5
 SP—3.0%—S 3.0
 SP—6.0%—S 6.0

 SP—1.5%—C Vermicompost C 1.5
 SP—3.0%—C 3.0
 SP—6.0%—C 6.0

 SP—1.5%—SC Vermicompost SC 1.5
 SP—3.0%—SC 3.0
 SP—6.0%—SC 6.0
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The average flowering time was calculated by the dif-
ference in days between the appearance of the flowering 
and the falling of petals. The difference in days between 
the complete formation of the green fruit and the intense 
red coloration of the fruit was used to determine the mean 
maturation time.

The size, circumference and weight were measured of 
fruits that were well shaped and of appropriate color. Then, 
the fruits were dehydrated at 40 °C for future determina-
tions. Fruits containing anomalies or that were malformed 
were counted but not measured and weighed.

The chromium concentration was quantified using an 
Atomic Absorption Perkin Elmer, model PINAACLE 900T 
(Waltham, MA, USA). Cr(III) and Cr(VI) were extracted 
in deionized water using mechanic agitation at 60 rpm for 
30 min, followed by vacuum filtration.

At post-harvest, because of the addition of Cr-rich waste, 
Cr was quantified in all the organs and tissues of the plants 
to determine possible heavy-metal accumulation in sweet 
pepper. After being cropped, the plants were separated in 
roots, stem and stalks, leaves, and fruits. All the analyzed 
replicates were mixed to form a single sample, which was 
analyzed in triplicate.

Statistical analyses

Following one-way bootstrap ANOVA, the differences 
among means were evaluated using Duncan’s multiple range 
tests at p < 0.05. The IBM SPSS statistical software package 
v. 20 was used for data analyses.

Results and discussion

Substrate characterization

To determine the nutritive potential of the vermicomposts, 
macro- and micronutrient contents and the chemical char-
acteristics were analyzed, as shown in Table 2. When com-
pared with the control vermicompost (VRC—STD), the 
attributes of vermicomposts produced from tannery residues 
(VRC—S, VRC—C and VRC—SC) related to agricultural 
fertility, e.g., OM, TOC, and CEC, among others, were not 
significantly different (ANOVA bootstrap, p > 0.05).

For macronutrient contents, the VRC—STD had higher 
concentrations of P (0.70%), K (3.19%) and Mg (0.78%) 
than tannery-based vermicomposts, whereas VRC—S had 
higher values of Ca (2.11%) and S (0.49%). The lowest N 
value (1.32%) was in VRC—C, but the concentrations of 
other macronutrients were not affected. The VRC—SC 
had the lowest values of all vermicomposts for P (0.59%), 
K (0.88%), Ca (0.52%) and S (0.36%). Although the 

determined values were different, the concentrations did not 
exceed 1.00% (Table 2).

When micronutrient contents were compared, the 
differences were extreme (Table 2). Except for Fe, the 
concentrations of micronutrients in VRC—C always 
greatly exceeded those in the others: B (577.67 mg kg−1), 
Cu (602.28  mg  kg−1), Mn (570.22  mg  kg−1) and Zn 
(499.17  mg  kg−1), i.e., values approximately fivefold 
higher than those determined in VRC—SC. However, the 
values observed in these two vermicompost types were 
up to 10,000-fold greater than concentrations determined 
in the VRC—STD and VRC—S. Therefore, micronutri-
ent quantities were found from high to low as follows: 
VRC—C > VRC—SC > VRC—S > VRC—STD.

For the content of Cr, as expected, VRC—STD had val-
ues of Cr(III) and Cr(VI) below the detectable level (LOQ, 
79.80 μg kg−1). In the vermicomposts containing tannery 
residues, the concentrations of Cr(III) were VRC—C at 
7.47 mg kg−1, VRC—S at 4.33 mg kg−1 and VRC—SC 
at 1.09 mg kg−1, with all values significantly different 
(ANOVA bootstrap, p < 0.05). For Cr(VI), this form was 
not detected in any vermicompost (Table 2).

Table 2  Chemical characteristics of the vermicomposted tannery 
waste mixtures (VRC—S, VRC—C and VRC—SC) and control sam-
ple (VRC—STD) (mean, ANOVA bootstrap, p < 0.05, n = 3, on a dry 
matter basis)

VRC vermicompost, STD sample control, S tannery sludge, C tanned 
chips, SC mixture of tannery sludge and tanned chips, OM organic 
matter, TOC total organic carbon, HA humic acids, CEC cation 
exchange capacity
Values in the same row followed by the same letter are not signifi-
cantly different at p < 0.05 according to Duncan’s test

VRC—STD VRC—S VRC—C VRC—SC

pH 8.26b 8.08b 7.67a 8.57c
OM (%) 36.24b 36.98b 33.80a 36.04b
TOC (%) 21.66c 17.65ab 25.47cd 14.64a
HA (%) 2.07b 1.68a 1.46ab 1.07a
CEC  (cmolc kg−1) 451ab 459.38ab 478.89ab 424.48a
C:N ratio 8.94bc 8.14bc 6.26b 2.68a
Cr(III) (mg kg−1) < LOQ 4.33b 7.47c 1.09a
N (%) 1.48ab 1.54b 1.32a 2.74c
P (%) 0.70b 0.63b 0.63b 0.59ab
K (%) 3.19 cd 2.09c 1.88b 0.88a
Ca (%) 1.76ab 2.11b 1.49a 1.38a
Mg (%) 0.78b 0.75b 0.71b 0.52a
S (%) 0.45a 0.49a 0.40a 0.36a
B (mg kg−1) 4.90a 35.01b 577.67d 145.93c
Cu (mg kg−1) 6.40a 33.47b 602.28d 171.93c
Mn (mg kg−1) 2.13a 35.90b 570.22d 145.74c
Zn (mg kg−1) 0.01a 40.68b 499.17d 160.47c
Fe (mg kg−1) 1462.10a 1605.11ab 1455.80a 1614.03ab
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Sweet pepper cultivation

The attributes of the latosol were typical of a dYL 
soil (EMBRAPA 2018), i.e., acidic with a pH of 5.74, 
poor OM content of 1.52%, TOC of 0.25%, CEC of 
64.91 cmolc kg−1, and small base saturation of BS 27.99%. 
For soil particle size distribution, the texture of the dYL 
was classified as sandy clay loam, with 31.00% clay, 
11.00% silt and 58.00% sand (Table 3).

For nutrients, the dYL had low levels of essential ele-
ments for plants (Table 3). Therefore, the dYL did not 
satisfy the nutritional requirements for cultivation for 
agricultural production, with low levels of the exchange-
able bases: K (0.33 cmolc kg−1), Ca (13.03 cmolc kg−1) 
and Mg (4.81 cmolc kg−1). For micronutrients, the con-
centrations from high to low were Mn (337.21 mg kg−1), 
Zn (191.26  mg  kg−1), Cu (179.03  mg  kg−1) and Fe 
(59.19 mg kg−1). Levels of Na and some other micronu-
trients were below the detectable level (LOQ) (Table 3).

Poor in OM and with low CEC and nutrients, the dYL 
was ideally suited to evaluate the nutritive potential of the 
vermicomposts. A soil rich in OM could confound inter-
pretation of the results following vermicompost applica-
tion because the effects of soil OM and OM added from Ta
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Table 4  Sweet pepper plant development on different cultivation sub-
strates (SP—STD, SP—S, SP—C and SP—SC), the reference sam-
ple (SP—NPK) and the control sample (SP—dYL) (mean, ANOVA 
bootstrap, p < 0.05, n = 3)

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost 
control, S tannery sludge, C tanned chips, SC mixture of tannery 
sludge and tanned chips
Values in the same column followed by the same letter are not signifi-
cantly different at p < 0.05 according to Duncan’s test
a After 120 days of cultivation (post-harvest)
b After 45 days of cultivation

Heighta (cm) Number of 
 leavesb

Leaf  areab  (cm2)

SP—dYL 12.7a 7.6a 8.33a
SP—NPK 19.0a 22.3ab 29.80bc
SP—1.5%—STD 32.0cd 28.3bcd 27.24c
SP—3.0%—STD 34.0cd 35.3bcde 43.12cd
SP—6.0%—STD 41.0de 37.6cde 60.73de
SP—1.5%—S 24.7bc 20.6ab 23.82b
SP—3.0%—S 30.3c 28.0bcd 30.93bc
SP—6.0%—S 43.7e 47.0e 66.43ef
SP—1.5%—C 32.0cd 26.6bcd 31.27bc
SP—3.0%—C 45.0e 39.3de 55.26de
SP—6.0%—C 49.7e 46.6e 79.50f
SP—1.5%—SC 25.7bc 25.6bcd 24.69bc
SP—3.0%—SC 44.0e 48.6ef 67.91ef
SP—6.0%—SC 49.7e 62.3f 128.35g
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the vermicompost on plant nutrition cannot be discerned 
individually. Additionally, incorporating OM into soil 
leads to improved CEC and BS, in addition to increasing 
TOC levels, which are fundamental attributes for soil qual-
ity in agricultural systems (Ndegwa et al. 2000; Canellas 
and Santos 2005; Tobiašová 2011).

Criteria were established for the transfer of seedlings 
from the trays to the plastic pots and then to the cultivation 
vessels: 5- and 10-cm height, respectively. Approximately, 
7 and 30 days passed for each transplant, respectively.

In general, plants from the SP—dYL and SP—NPK 
treatments had distinctly less development compared with 
those from SP—VRC. Plants grown on substrates contain-
ing vermicomposts showed more growth and more fruits 
were produced, with better appearance and greater weight 
and dimensions. Generally, as the amount of vermicom-
post increased, the yield (number of fruits) and plant 
health (visual analysis) increased.

The development of sweet pepper plants in SP—dYL 
and SP—NPK (control and reference treatments) was sim-
ilar; however, fruits were only produced on plants in the 
SP—NPK treatment. Although vermicomposts with differ-
ent compositions have been examined in previous studies, 
similarly satisfactory results have been reported (Bachman 
and Metzger 2008; Kaur et al. 2010; Vig et al. 2011; Ken-
yangi and Blok 2013; Nunes et al. 2016). Data related to the 
development of sweet pepper plants (e.g., growth, nutritive 
value, and fruit production, among others) obtained in this 
study are discussed below.

Plant growth in treatments SP—dYL and SP—NPK 
was not significantly different at 12.7 and 19.0 cm, respec-
tively (ANOVA bootstrap, p < 0.05; Table 4). Therefore, the 
addition of NPK fertilizer did not significantly affect plant 
growth. Plant growth in the control and reference treatments 
was significantly different from all treatments in the SP—
VRC group at all studied concentrations (ANOVA bootstrap, 
p < 0.05).

Plants cultivated with the control vermicompost (VRC—
STD) added at 1.5%, 3.0% and 6.0% did not show significant 
differences in growth (ANOVA bootstrap, p < 0.05), after 
120 days of the experiment. The difference in plant growth 
was ~ 6–28%, with mean growth between 32.0 and 41.0 cm 
(Table 4).

Analyzing plant growth under application of the ver-
micompost S, the mean growth of plants in treatments 
SP—1.5%—S and SP—3.0%—S was not significantly 
different at 24.7 and 30.3 cm, respectively. However, both 
levels of growth were significantly different compared with 
that of plants in the treatment SP—6.0%—S, with growth of 
43.7 cm (ANOVA bootstrap, p < 0.05; Table 4).

When vermicompost C was applied, mean plant growth in 
treatments SP—3.0%—C and SP—6.0%—C was 45.0 and 
49.7 cm, respectively, which were not significantly different. 

Plants in the treatment SP—1.5%—C grew 32.0 cm, which 
was significantly different from growth in the other levels 
of vermicompost C (ANOVA bootstrap, p < 0.05). At all 
concentrations, plant growth in the SP—SC treatments was 
not significantly different compared with that in the SP—C 
treatments (Table 4).

In general, the growth of all plants that received 1.5% 
vermicompost was not significantly different (ANOVA 
bootstrap, p > 0.05). Among all treatments, plants with the 
highest growth were in SP—6.0%—C and SP—6.0%—SC, 
both at ~ 49 cm. In samples from the group SP—VRC, plant 
growth was proportional to vermicompost concentration, 
with growth at 1.5% < 3.0% < 6.0% (Table 4).

Data related to the leaves (e.g., number, area, and nutri-
tive value) were important to monitor and to qualify in the 
development of sweet pepper plants in different types of sub-
strate. From the beginning of the experiment (~ 15 days after 
planting), the uniqueness in the dimensions of leaves could 
be observed. After 45 days, whereas the size of leaves from 
the SP—dYL and SP—NPK treatments remained with the 
same, leaves in the SP—6.0%—SC treatments had dimen-
sions that were larger than a hand. For the leaf area (A), after 
60 days, the area of leaves in SP—dYL was significantly 
smaller than that in the other treatments (8.33 cm2). In SP—
NPK and SP—1.5%—VRC treatments, the areas of leaves 
were not significantly different, with values varying between 
23.82 and 31.27 cm2 (ANOVA bootstrap, p < 0.05; Table 4).

In general, the nutrient contents in the leaves varied ran-
domly, without tending to the expected. As the sweet pep-
per continued to develop, the concentrations of nutrients 
decreased as expected, primarily because of ion dilution in 
the tissues and organs of the plants (Tables 5 and 6) (Mala-
volta 1980; Malavolta et al. 1997); however, exceptions were 
observed.

Nutrients directly influenced plant development, as dem-
onstrated by sweet pepper growth and production. Addition-
ally, visual assessment of the plants, based primarily on the 
color, shape and texture of leaves, provided important infor-
mation on the nutritional statuses of the plants (Malavolta 
1980; Epstein 1997; Faquin 2005; Epstein and Bloom 2006; 
Fontes 2006).

Concerning the appearance of leaves, a yellowing was 
observed in plants of the SP—dYL treatment after 5 days 
of cultivation that persisted for the entire experiment, with 
the same occurring after 45 days for plants of the group 
SP—1.5%—VRC. At concentrations of 3.0% and 6.0% 
vermicompost, the yellowing occurred at 75 and 90 days 
of cultivation, respectively. In the SP—NPK treatment, no 
change was observed in leaf color throughout the experi-
ment. Although the application of mineral fertilizer did not 
contribute significantly to plant development, nutrition was 
guaranteed at all plant developmental stages.
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For plants that received the vermicompost control, leaf 
area in the SP—1.5%—STD treatment (27.24 cm2) was 
significantly different from that of the others (43.12 cm2 
in SP—3.0%—STD and 60.73 cm2 in SP—6.0%—STD), 
with the difference between the two higher levels not sig-
nificant. Leaf area of plants from SP—C and SP—SC treat-
ments was not significantly different and their leaves had the 

largest dimensions and therefore areas (ANOVA bootstrap, 
p < 0.05).

For macronutrients (Table 5), in a comparison between 
the control and reference treatments (SP—dYL and SP—
NPK, respectively), the concentrations in plants from SP—
NPK were higher than those in the control, as expected. 
However, concentrations of K (5.71%) and S (0.79%) were 
the exceptions and were below those of plants in SP—dYL. 

Table 5  Leaf 
analysis (macronutrients) on 
sweet pepper leaves cultivated 
on different substrates (SP—
STD, SP—S, SP—C and SP—
SC), the reference sample (SP—
NPK) and the control sample 
(SP—dYL) (mean, ANOVA 
bootstrap, p < 0.05, n = 3)

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost control, S tannery sludge, C tanned 
chips, SC mixture of tannery sludge and tanned chips
Values in the same column followed by the same letter are not significantly different at p < 0.05 according 
to Duncan’s test

N (%) P (%) K (%) Ca (%) Mg (%) S (%)

SP—dYL 1.97ab 0.25a 5.71b 1.67a 0.24a 1.03b
SP—NPK 2.29b 0.41a 5.71b 2.99bc 0.73ab 0.79ab
SP—1.5%—STD 2.14b 0.44a 6.63b 2.22ab 0.58ab 0.81ab
SP—3.0%—STD 1.93ab 0.47ab 6.58b 1.85a 0.43a 0.83ab
SP—6.0%—STD 2.18b 0.22a 5.41b 3.57c 0.71ab 1.03b
SP—1.5%—S 1.83ab 0.32a 5.01b 3.11c 0.71ab 1.14bc
SP—3.0%—S 1.80ab 0.48ab 5.42b 3.04c 0.64ab 1.05b
SP—6.0%—S 1.50a 0.67b 5.73b 2.13ab 0.51a 0.92ab
SP—1.5%—C 1.58a 0.20a 5.85b 2.13ab 0.65ab 0.85ab
SP—3.0%—C 1.85ab 0.51a 5.62b 2.48b 0.67ab 0.94ab
SP—6.0%—C 1.99ab 0.65 b 5.71b 2.17ab 0.66ab 0.72a
SP—1.5%—SC 1.54a 0.23 a 2.58a 2.26ab 0.58ab 0.71a
SP—3.0%—SC 1.69a 0.18a 2.56a 2.10ab 0.62ab 0.78a
SP—6.0%—SC 1.74ab 0.24a 2.16a 2.04ab 0.65ab 0.76a

Table 6  Leaf 
analysis (micronutrients) on 
sweet pepper leaves cultivated 
on different substrates (SP—
STD, SP—S, SP—C and SP—
SC), the reference sample (SP—
NPK) and the control sample 
(SP—dYL) (mean, ANOVA 
bootstrap, p < 0.05, n = 3)

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost control, S tannery sludge, C tanned 
chips, SC mixture of tannery sludge and tanned chips
Values in the same column followed by the same letter are not significantly different at p < 0.05 according 
to Duncan’s test

B (mg kg−1) Cu (mg kg−1) Mn (mg kg−1) Zn (mg kg−1) Fe (mg kg−1)

SP—dYL 88.25b 1.36 294.63bc 100.30ab 1223.76c
SP—NPK 89.75b 2.88 353.97c 107.93ab 1002.25c
SP—1.5%—STD 85.04b 0.13 157.44a 99.93ab 738.69a
SP—3.0%—STD 72.65ab 0.23 133.19a 88.09a 577.78a
SP—6.0%—STD 164.12c 1.44 375.32c 145.84b 1316.88d
SP—1.5%—S 116.46c 0.57 211.31b 99.25a 1762.12e
SP—3.0%—S 104.06c 0.54 203.55b 102.22ab 1264.24c
SP—6.0%—S 57.26a 1.97 127.09 a 102.95ab 858.62b
SP—1.5%—C 88.68b n.d. 277.32b 104.61ab 762.32a
SP—3.0%—C 76.07ab 0.64 100.14a 102.91ab 813.51ab
SP—6.0%—C 50.64a 0.04 245.17b 101.82ab 861.84b
SP—1.5%—SC 78.21ab 0.67 492.57d 143.87b 1091.23
SP—3.0%—SC 58.54a 0.29 356.25c 94.47a 812.90ab
SP—6.0%—SC 67.95a 0.11 305.76c 125.56b 527.06a
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Furthermore, the addition of N, P and K from the mineral 
fertilizer did not guarantee the highest concentrations of 
these nutrients among treatments, except for N (2.29%). 
The highest value of P was determined in SP—6.0%—S 
(0.67%) and that of K in SP—1.5% —STD (6.63%). The 
lowest concentrations of macronutrients were in SP—C 
and SP—SC treatments, with the lowest values of P (0.18% 
in SP—3.0%—SC), K (2.16% in SP—6.0%—SC) and S 
(0.71% in SP—1.5%—SC), most likely due to ion dilution 
in the plant tissues (Malavolta 1980; Malavolta et al. 1997).

Concerning the micronutrients (Table 6), the highest 
concentrations were in plants from the SP—6.0%—STD 
treatment, with high levels of B (164.12  mg  kg−1), Zn 
(145.84 mg kg−1) and Fe (1316.88 mg kg−1); and in the 
plants from SP—SC treatments, with high levels of Cu 
(29.64 mg kg−1 in SP—3.0%—SC) and Mn (492.57 mg kg−1 
in SP—3.0%—SC). With the exceptions of Zn and Fe, the 
lowest concentrations of micronutrients were in plants 
from the SP—C treatments: B (50.64 mg kg−1) and Cu 
(0.04 mg kg−1) in SP—6.0%—C; and Mn (100.14 mg kg−1) 
in SP—3.0%—C.

Consistent with our findings, many studies have demon-
strated the effects of nutrients on growth, development and 
fruit production in sweet pepper (Malavolta 1980; Marti and 
Mills 1991; Aguilera-Gomez et al. 1999; Riga and Anza 
2003; Faquin 2005; Albuquerque et al. 2011).

Marti and Mills (1991) studied the effects of Ca uptake 
by roots on plant growth and development, in addition to 
its correlation with the N concentration in the substrate. 
Albuquerque et al. (2011) studied the effect of the soil K 

concentration on the production of red sweet pepper, in addi-
tion to that on biometric fruit data. Riga and Anza (2003) 
evaluated the effects of Mg deficiency on the physiology of 
pepper plants and found that it affected plant growth and 
development. Moreover, Aguilera-Gomez et  al. (1999), 
among other studies, examined the effects of P uptake on 
the development of sweet pepper plants. Overall, vermicom-
posts clearly sufficiently nourished the sweet pepper plants 
to promote their growth, development and fruit production.

Fruit production (red sweet pepper, at the mature stage), 
in addition to fruit characteristics (dimensions, weight and 
appearance), are important attributes for evaluating the 
effects of vermicompost addition on sweet pepper cultiva-
tion. In general, the addition of vermicompost was a biostim-
ulant to the plants in this study, increasing the number and 
quality of cropped fruits (Table 7).

Regarding production, plants subjected to the control 
treatment (SP—dYL) did not produce any fruit, whereas 
those exposed to the reference treatment (SP—NPK) 
produced only one harvested  fruit per plant. The opti-
mum results were obtained for the plants exposed to the 
SP—3.0%—SC and SP—6.0%—SC treatments, which pro-
duced three fruits per plant. In addition, the plants subjected 
to the SP—6.0%—S, SP—3.0%—C, and SP—6.0%—C 
treatments produced two fruits. For the other treatments, 
the plants only produced one fruit (Table 7).

Some plants also produced red sweet peppers that did not 
meet esthetic standards, with irregular shape and coloration, 
resulting in no commercial value. The worst results were 
observed for plants in the treatments of group SP—STD 

Table 7  Red sweet pepper 
production on different 
substrates (SP—STD, SP—S, 
SP—C and SP—SC), the 
reference sample (SP—NPK) 
and the control sample 
(SP—dYL) (mean, ANOVA 
bootstrap, p < 0.05, n = 3)

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost control, S tannery sludge, C tanned 
chips, SC mixture of tannery sludge and tanned chips
Values in the same column followed by the same letter are not significantly different at p < 0.05 according 
to Duncan’s test

Fruit production 
(fruit  plant−1)

Time forma-
tion (days)

Fruit characteristics

Size (cm) Circumference (cm) Weight (g)

SP—dYL 0a – – – –
SP—NPK 1bcd 94a 11.3bcd 19.1cde 96.8bcd
SP—1.5%—STD 1bcd 121bcde 10.7bcd 13.3abc 46.7abc
SP—3.0%—STD 1cd 105abcd 11.9cd 17.0abcd 93.0bcd
SP—6.0%—STD 1cd 87a 10.9bcd 18.8bcde 134.5d
SP—1.5%—S 1bcd 126e 6.2a 11.2a 23.1a
SP—3.0%—S 1cd 123de 8.6abc 14.7abcd 47.0abc
SP—6.0%—S 1cd 91ab 12.4d 23.0e 107.0cd
SP—1.5%—C 1bcd 110bcde 8.0ab 13.3abc 37.0ab
SP—3.0%—C 2de 92ab 11.7bcd 14.5abcd 84.6bcd
SP—6.0%—C 2de 100abc 12.5d 19.8de 113.3d
SP—1.5%—SC 1bc 120cde 6.0a 13.0ab 24.8a
SP—3.0%—SC 3e 97ab 11.2bcd 17.2bcd 86.7bcd
SP—6.0%—SC 3e 87a 10.5bcd 19.0bcde 100.8cd
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because for each two well-formed fruits, one fruit was an 
anomaly (50% of production). Some treatments showed 
a significantly higher proportion of well-formed fruits, 
including in SP—6.0%—SC (5:1 ratio), with only two of 
ten total fruits showing anomalies, and in SP—3.0%—SC 
(ratio 8:0), SP—6.0%—C (ratio 6:0), and SP—3.0%—C 
(ratio 4:1) (ANOVA bootstrap, p < 0.05). Plants exposed to 
some of the treatments showed only well-formed fruits, i.e., 
SP—6.0%—C, SP—3.0%—SC and the reference treatment, 
SP—NPK (Table 7).

For fruit formation, less time was required for formation 
and maturation of red sweet peppers as the vermicompost 
concentration increased, except for the plants in the SP—C 
treatments, which all had maturation times between 92 and 
110 days that were not significantly different (ANOVA boot-
strap, p < 0.05). Additionally, plants in all the treatments 
with 6.0% vermicompost, some treatments with 3.0% (i.e., 
SP—3.0%—STD, SP—3.0%—C and SP—3.0%—SC) and 
the SP—NPK reference treatment showed maturation times 
that were not significantly different at 87–105 days (ANOVA 
bootstrap, p < 0.05, Table 7).

In general, fruits with shorter maturation times had higher 
weights, varying between 100.8 and 134.5 g, with no sig-
nificant differences (ANOVA bootstrap, p < 0.05). Fruits 
obtained on plants from treatments with 1.5% vermicom-
post had fruits that weighed between 23.1 and 46.7 g, with 
values that were significantly different (ANOVA bootstrap, 
p < 0.05). The difference between fruit weights in the treat-
ments SP—STD and SP—VRC was approximately 480%, 
indicating the biostimulant effect of vermicompost applica-
tion on fruit production and attributes.

Concerning the dimensions of fruits, a relation between 
size and circumference could not be established because 
larger fruits could have a smaller circumference and vice 
versa. In general, plants that received 3.0% and 6.0% ver-
micompost produced fruits with the largest dimensions, var-
ying between 10.5 and 12.5 cm in size and 17.0 and 23.0 cm 
in circumference, with no significant differences (ANOVA 
bootstrap, p < 0.05). In the treatments that received 1.5% ver-
micompost, the fruit size and circumference ranged between 
6.0 and 8.0 cm and 11.2 and 13.3 cm, respectively (Table 7).

Ribeiro et al. (2000) studied the use of vermicomposts as 
an alternative for the organic production of sweet pepper in 
a protected environment. Additionally, the authors compared 
their results with experiments using a eutrophic red argisol 
(eRA) and under the application of NPK, imitating a conven-
tional plantation. Although the structure and design of their 
study were similar to those of this study, the soil selected 
was different. An eRA (4.26% OM) could mask the results 
and influence of vermicompost on sweet pepper develop-
ment because this soil had a certain nutritional potential, 
different from that of the dYL (EMBRAPA 2018). These 
findings are similar to those observed in our study. However, 

in that study, plants that received vermicompost had bet-
ter results than those planted with NPK and in the control 
soil based on the following: (1) in organic cultivation (with 
vermicompost), the production was 16.0 t ha−1, whereas in 
the conventional planting, production was below 13.1 t ha−1; 
(2) the production in the control treatment (eRA) was below 
that obtained in organic cultivation but above that in conven-
tional planting at 13.60 t ha−1; and (3) organic sweet peppers 
had an average weight of 72.9 g, compared with 67.8 g in the 
conventional and 65.5 g in eRA treatments.

In a comparison of studies, the fruit weight 
(84.6–134.5 g), for example, when 3.0% and 6.0% ver-
micompost were applied in our study, was notably higher 
than the 72.9 g found by Ribeiro et al. (2000). For fruit 
size, our organic sweet peppers also had larger dimensions, 
9.3 cm in circumference, than the 9.0- and 8.9-cm circum-
ferences found in the conventional cultivation and in eRA, 
respectively. Although our results were apparently superior, 
both studies indicated the efficacy and viability of the use of 
vermicompost in systems of organic agriculture and sweet 
pepper cultivation.

In general, because of the variety of soils in Brazil and 
the wide availability of agricultural wastes, scientific works 
are produced with different aims and goals, making com-
parisons among studies difficult. However, in all studies 
reported in the literature, specifically in the areas of envi-
ronmental chemistry or agronomy and focused on organic 
agriculture, results and conclusions are consistent with those 
of this study; organic wastes prepared as inputs for organic 
agriculture can be applied in the planting of sweet pepper or 
other crops of economic and social interest.

Chromium

For the dynamics of Cr, the absorption of Cr(III) begins at 
the root, followed by transport through the tissues of the 
stem and stalks, reaching the leaves and fruit (Gropper et al. 
2009; Thor et al. 2011; Hua et al. 2012). In this study, in 
some of these stages, Cr accumulation occurred (Table 8).

Initially, the root is expected to act as a type of filter that 
prevents assimilation of an excessive concentration of Cr by 
the plant, with accumulation in root tissues (Gropper et al. 
2009; Thor et al. 2011; Hua et al. 2012). In the rhizosphere, the 
Cr(III) levels varied among treatments, although no trend was 
observed, with values ranging from 23.86 to 65.12 μg kg−1. 
However, for the treatments SP—dYL, SP—NPK, SP—STD, 
and SP—1.5%—S, Cr(III) was below the detectable level in 
roots, indicating metal absorption followed by transport, with-
out accumulation in the root system.

In general, the Cr(III) concentrations varied as follows: 
fruits > stem and stalks > leaves = root, with exceptions 
(Table 8). The Cr(III) levels in fruits, stems and stalks were 
higher than those in the other tissues, most likely because of 



322 International Journal of Recycling of Organic Waste in Agriculture (2018) 7:313–324

1 3

their abilities to accumulate metals in their cells and tissues. In 
the leaves, the levels of Cr(III) were not significantly different 
among the treatments, ~ 41 μg kg−1. In the stems and stalks, 
the levels of Cr(III) in the treatments SP—dYL, SP—NPK, 
SP—STD, and SP—1.5%—S were statistically similar, rang-
ing between 60.71 and 64.50 μg kg−1; in the other treatments, 
levels of Cr(III) were also not significantly different, ranging 
from 82.19 to 92.44 μg kg−1 (ANOVA bootstrap, p < 0.05; 
Table 8).

Finally, the fruits are the organs that are of greatest con-
cern because the food security of the consumer is ultimately 
affected (Gropper et al. 2009; Thor et al. 2011; Hua et al. 
2012). In the sweet peppers, Cr(III) concentration varied 
between 145.06 and 165.20 μg kg−1. Fruits cropped in the 
treatments SP—NPK and SP—STD, at all concentrations, 
had levels of Cr(III) that were statistically similar. The Cr(III) 
levels determined in the treatments involving vermicomposted 
tannery residues were also statistically similar (SP—S, SP—C 
and SP—SC; ANOVA bootstrap, p < 0.05; Table 8). Addi-
tionally, tannery residues added in vermicomposting did not 
increase the Cr contents in fruit because the fruit concentra-
tions of Cr(III) were statistically similar to those quantified 
in the fruits that received the vermicompost control (VRC—
STD) at the same concentration (1.5%, 3.0% or 6.0% V/V).

When comparing the Cr(III) determined in the fruits 
in this study with other foods from different studies that 
are commonly reported as ‘Cr-rich’ or a ‘Cr-source’, at the 
level of chromium enrichment in our cropped red sweet pep-
pers, the fruits would be available for human consumption 
(Table 9). For example, broccoli has 22.0 μg Cr 100 g−1, and 
brown bread and potatoes have 4.4 and 1.5 μg Cr 100 g−1, 

respectively. In red and green grapes, the Cr concentrations 
are 6.5 and 2.1 μg Cr 100 g−1, respectively. In our study, 
red sweet pepper showed, in general, concentrations rang-
ing from 3.8 to 21.4 μg Cr 100 g−1, which are close to the 
concentrations present in other foods (Vique et al. 1997; 
Oliveira and Marchini 2008; NHI 2012).

Conclusions

The present study confirmed the expectation that the ver-
micomposted tannery wastes can be applied in the organic 
cultivation of sweet pepper. The vermicompost addition was 
biostimulating to the plants, influencing development posi-
tively, in addition to increasing fruit production. Although 
the fruits obtained in the SP—NPK (reference treatment) 
were statistically similar in characteristics to those cultivated 
with vermicomposted tannery wastes, the production in this 
treatment was limited to one fruit per plant, whereas in other 
treatments, up to three red sweet peppers were harvested per 
plant. Based on the results obtained in the agronomic assays, 
the suggested dosage to be applied in the organic cultiva-
tion of sweet pepper was the 6.0% of vermicompost. Also, 
mixing both forms of residues, sludge and tanned chips, 
it is possible to reach a best agronomic efficiency of the 
vermicompost, by increasing significantly the fruit produc-
tion. When the levels of Cr were investigated in the plant 
tissues and organs, only Cr(III) was detected and quanti-
fied, as expected. The highest Cr content was found in the 
fruits; however, the Cr content was the same in fruits in all 
treatments, which demonstrated that the addition of tannery 

Table 8  Chromium distribution 
in vegetal tissues and organs 
(roots, stems, stalks, leaves and 
fruits) of sweet peppers plants

SP sweet pepper, dYL dystrophic yellow latosol, STD vermicompost control, S tannery sludge, C tanned 
chips, SC mixture of tannery sludge and tanned chips
Values in the same column followed by the same letter are not significantly different at p < 0.05 according 
to Duncan’s test

Roots (μg kg−1) Stem and stalks 
(μg kg−1)

Leaves (μg kg−1) Fruits (μg kg−1)

SP—dYL < LOQ 60.71a 41.65a –
SP—NPK < LOQ 61.69a 41.93a 145.06a
SP—1.5%—STD < LOQ 61.77a 41.64a 145.40ab
SP—3.0%—STD < LOQ 62.81a 41.60a 156.49ab
SP—6.0%—STD < LOQ 64.50a 41.57a 159.24ab
SP—1.5%—S < LOQ 61.74a 41.85a 165.12bc
SP—3.0%—S 44.56cd 82.23b 41.74a 165.20bc
SP—6.0%—S 33.61bc 82.29b 41.64a 164.83bc
SP—1.5%—C < LOQ 82.19b 41.53a 165.22bc
SP—3.0%—C 44.18cd 92.44c 41.53a 165.12bc
SP—6.0%—C 24.99a 82.28bc 41.69a 164.90bc
SP—1.5%—SC 56.01bcd 82.27b 41.58a 164.88bc
SP—3.0%—SC 23.86ab 82.19b 41.60a 165.03bc
SP—6.0%—SC 65.12e 83.20bc 41.56a 164.69bc
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residues in the vermicompost did not negatively influence 
the quality, health or food security of the produced sweet 
peppers.
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