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Abstract: Sewage sludge can contain toxic compounds and pathogens therefore it agronomic use must
occur in a safer way to the population and environment. The objective of this study was to investigate
the effects of substrates containing different proportions of sanitized sewage sludge in the growth of
Coffea Arabica seedlings and to verify the cytogenotoxic potential of these substrates using the analysis
of Allium cepa cell cycle. The substrate with the lowest proportion of sewage sludge (15%) was the one
that obtained the greatest growth performance and did not present cytogenotoxic activity. Substrates
with the highest concentrations of sanitized sewage sludge (30, 45 e 60%) were toxics. For coffee seed-
lings, all the growth variables decreased and the significant induction of aberrant meristematic cells in
A. cepa was observed. However, the sewage toxicity was not related to the presence of metals, whose
levels were within the maximum limits allowed by the Brazilian legislation, indicating that these biological
tests are essential for the determination of the quality of sewages before their agricultural use.

Keywords: Biosolid. Initial plant growth. Phytotoxicity. Genotoxicity.

Resumo: O lodo de esgoto pode conter substancias téxicas e patdgenos, portanto seu uso agrondmico
deve ocorrer de modo seguro para a populacao e meio ambiente. O objetivo desse estudo foi investigar
os efeitos de substratos contendo diferentes proporc¢des de lodo de esgoto higienizado no crescimento
inicial de mudas de Coffea Arabica e verificar o potencial citogenotéxico desses substratos mediante a
andlise do ciclo celular de Allium cepa. O substrato com a menor propor¢ao de lodo de esgoto (15%)
foi o que proporcionou as maiores performances de crescimento e ndo apresentou atividade citogeno-
téxica. Substratos com as maiores concentrag8es de lodo (30, 45 e 60%) foram tdxicos. Para as mudas
de café, todas as variaveis de crescimento diminuiram e a inducao significativa de células aberrantes
no meristema de A. cepa foi observada. Entretanto, a toxicidade do lodo n&o foi relacionada com as
concentragdes de metais, cujos niveis ndo ultrapassaram os limites maximos estabelecidos pela legis-
lacdo brasileira, indicando que testes biologicos s@o essenciais para a determinacao da qualidade de
lodos antes de sua disposi¢céo agricola.

Palavras-chave: Bissoélido. Crescimento inicial de plantas. Fitotoxicidade. Genotoxicidade.
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1 INTRODUCTION

Brazil is the biggest producer and exporter of coffee and second biggest con-
sumer of the product in the world (INCAPER, 2010). As the success of the coffee pro-
duction depends primarily on the quality of the seedlings, coffee growers have been
looking for alternatives to reduce the production costs, especially fertilization costs.
Studies on the feasibility of using sewage sludge as substrate of seedlings of economic
interest have been conducted (CUNHA et al., 2006; CALDEIRA et al., 2013), due to
its high content of organic matter and nutrients, replacing conventional organic fertiliz-
ers (BRASIL, 2006). However, few studies have focused on the use of sewage sludge
as alternative substrate for the qualitative and quantitative growth of coffee seedlings
(COSTA et al., 1999; ALVES et al., 2016), which can be evaluated by the morpholog-
ical analysis of the aerial part and root system (TATAGIBA et al., 2010).

Determining the ideal proportion of sewage sludge used in the substrates is
necessary, since this parameter is directly related to the availability of the nutrients
present in the residue and with its toxic potential, which can affect the growth of the
plants (COSTA et al., 1999; ALVES et al., 2016). The toxicity of the sewage sludge
can be attested when it does not meet the criteria established by the environmen-
tal protection agencies, such as acceptable levels of pathogens, toxic metals and
persistent organic compounds (BRASIL, 2006). However, it is very difficult to assess
the toxicity of the sludge only based on the chemical determination of priority pollutants.
Thus, bioassays are recommended, in addition to its chemical characterization, since
they predict the direct action of complex samples on living organisms by detecting ef-
fects from the interactions between the chemicals present (BONOMO et al., 2016;
MARTINS et al., 2016a).

The analysis of the cell cycle of Allium cepa indicates the presence of environ-
mental contaminants that have as target the DNA and the mitotic machinery, allowing
the understanding of the deleterious action of the compounds with cytotoxic, genotoxic
and/or mutagenic properties (LEME, MARIN-MORALES, 2009). In the review paper of
Martins et al., (2016a), A. cepa was identified as the most used plant species for the
investigation of the cytogenotoxic potential of the sewage sludge. In addition to its low
cost, the bioassay with onion allows the detection of cytogenotoxins even at low con-
centrations (LEME, MARIN-MORALES, 2009), besides presenting high correlation
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(82% of positive responses) with carcinogenicity tests with mammals (RANK,
NIELSEN, 1994).

Based on the foregoing, the present study aimed to investigate the effects of
substrates containing different proportions of sanitized sewage sludge on the growth
of Coffea Arabica seedlings, as well as to verify the cytogenotoxic potential of the sub-

strates using the analysis of the A. cepa cell cycle.

2 MATERIAL AND METHODS

2.1 Biological Material

Seeds of C. arabica (Arabica coffee cultivar IAC 44) were purchased from a
plant nursery located in the municipality of Alegre - Espirito Santo. For the genetic
toxicity assays, seeds of A. cepa were used (baia periforme variety, Isla®, batch n°
774758).

2.2 Collection, characteristics and sanitation of the sewage sludge

Sewage sludge samples were collected in accordance with the Brazilian Asso-
ciation of Technical Standards - ABNT-NBR 10007 (ABNT, 2004) at a Sewage Treat-
ment Station, capable of treating 570 L.s™ of sewage using the activated sludge system
by prolonged aeration (MARQUES et al., 2015). Chemical and microbiological analysis
of the sewage sludge was provided by the Sanitation Agency of State of Espirito Santo.
These analyses showed that the sewage sludge meets the parameters established by
the Resolution n° 375 of the National Environment Council (BRASIL, 2006) regarding
the concentration of metals and organic pollutants (Supplemental Material). However,
the sludge presented thermotolerant coliforms, viable eggs of helminths and Salmo-
nella levels above the allowed (Supplemental Material). Thus, the residue was submit-
ted to a hygienization process that followed the protocol proposed by LIMA et al.,
(2011). For 30 days, the sludge was maintained on plastic canvas, exposed to the sun
and mixed with virgin lime at the proportion of 30% as a function of the dry weight of
the residue. After hygienization, the residue showed pathogens levels acceptable by

Brazilian legislation (Supplemental Material).
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2.3 Substrates containing sanitized sewage sludge

Five substrates (S1-S5), with six replicates, were prepared according to Bergo
et al. (2002) for the growth of coffee seedlings. The substrate S1 was prepared with
Horizon B clay soil (85 L) and bovine manure (15 L), considered traditional by coffee
producers since it is source of organic matter and nutrients. For the other substrates,
increasing doses of sanitized sewage sludge were used to replace bovine manure: 85
L soil + 15 L sewage sludge (substrate S2), 70 L soil + 30 L sewage sludge (substrate
S3), 55 L soil + 45 L sewage sludge (substrate S4) and 40 L soil + 60 L sewage sludge
(substrate S5). Following Bergo et al. (2002), 50 g K20, 150 g calcareous and 100 g
P2 Os were added in each substrate.

Samples of the substrates were submitted to chemical analysis where the fol-
lowing parameters were determined: pH in relation to soil-water 1:2,5; P: extractor
Mehlich-1 and colorimetric determination; K and Na: extractor Mehlich-1 and determi-
nation by flame spectrometry; Ca and Mg: extractor KCI 1 mol/L and determination by
atomic absorption spectrometry; Al: extractor KCI 1 mol/L and determination by titulom-
etry; H + Al: extractor calcium acetate 0.5 mol/L pH 7.0 and organic matter: wet carbon
oxidation with potassium dichromate in acidic medium (H2SO0a4) (EMBRAPA, 1997).
These analyses were performed in the Laboratory of Chemical Analysis of the Soll

Raphael M. Bloise, of the Universidade Federal do Espirito Santo.

2.4 Seeding, production and analysis of the coffee plants growth

After being prepared, the substrates were packed in polyethylene bags suitable
for the production of coffee seedlings. Sowing and seedling production followed the
methodology proposed by Bergo et al., (2002). Three seeds of Arabica coffee were
distributed per substrate/replicate at a depth of 2 cm. Later, the seeds were covered
by a thin layer of substrate and maintained under cover of jute (Corchorus capsularis)
fibre fabric moistened twice a day until the emergency began. After germination, the
plants were maintained at 50% shade condition and the irrigations were performed
twice daily until the end of the experiment. At the development stage of “jaguar ear” a
thinning was made maintaining one plant per plastic container.

During the seedlings growth, three pulverizations containing macronutrients (N,

Mg and S) and micronutrients (Fe, Cu, Mn, B, Zn and Mo) were performed by foliar via
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(BERGO et al., 2002). The first application was carried out 150 days after the sowing
and the two subsequent applications were performed with an interval of 15 days, that
is, at 165 days and 180 days.

After eight months of sowing, the height (cm), stalk diameter (cm), foliar area
(cm?), dry weight of the aerial part (g) and dry weight of the roots (g) of the plants were
measured. The height and the diameter of the stalk were obtained with graduated ruler
and pachymeter, respectively. A leaf perforator with a known circular area (0.91 cm?)
was used to determine the foliar area. The discs were removed, avoiding sampling the
central vein. Posteriorly, these discs were disposed together with the leaves in paper
packs to be taken to forced ventilation oven at 60°C during 72 hours. Using the dry
weight (g) of these discs and the total dry weight (g) of the leaves, the foliar area was
calculated (LOPES, MAESTRI, 1973). The dry weight of the aerial part and of the root
were quantified by weighing these regions, after drying in the forced ventilation oven,
at 70°C, for a period of, approximately, 72 hours.

The statistical analyses were performed using the computational software
Genes (CRUZ, 2006). For each growth variable of the coffee seedlings a variance
analysis was made for the regression study of orthogonal polynomials (BANZATTO,
KRONKA, 2006). The equation model for each dependent variable was determined
from the regression equation of the highest significant degree (p<0.05), where it was
possible to establish the relationship between the dose of sanitized sewage sludge

with the variables in question.

2.5 Bioassay with A. cepa

Seeds of A. cepa were germinated (in BOD chamber at 24°C) directly in Petri
dishes containing the substrates (S1-S5) and pure sanitized sewage sludge (LE). Dis-
tilled water and colchicine 0.025% were used as negative and positive control, respec-
tively. After reaching approximately 1.5 cm in length, the radicles were fixed in ethyl
alcohol + acetic acid (3:1). For the preparation of the slides, the radicles were hydro-
lysed in HCI 1N at 60°C for 8 minutes and submitted to Schiff's Reactive, where they
remained for two hours in a dark place. The meristematic region of the roots was sec-
tioned on the slide, stained with acetic carmine 2%, covered with coverslips and mac-
erated. The material was analysed under light microscope with magnification of 400x.

5,000 cells were counted per treatment (500 cells in 10 slides). The criteria for analysis
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were determined according to LEME and MARIN-MORALES (2009). Cytotoxicity of
the substrates was determined by the mitotic index analysis. Aberrant cells, observed
in each state of the cell cycle (prophase, metaphase, anaphase and telophase), were
grouped into the same category. The frequency of each alteration observed was also
individually calculated. Statistical analysis was carried out using the software Bioestat
5.3. The Shapiro-Wilk normality test was used to verify the normality of the samples.
As the normality criteria were not met, the Kruskal-Wallis non-parametric test, with

posterior Dunn’s test (p<0.05) was used.

3 RESULTS AND DISCUSSION

3.1 Chemical characterization of the substrates

The substrate containing bovine manure presented pH of 6.9. The substitution
of manure by sanitized sewage sludge led to the increase of the pH of the substrates
and reduction of the content of P. Contents of K and Mg were higher in the substrate
containing bovine manure. Sewage sludge promoted the increase of the concentration
of Ca. A reduction of the contents of Al and H+Al was observed, concomitantly with an
increase of the pH. The organic matter content increased as a function of the increase
of sanitized sewage sludge, being the lowest concentration reported for substrate S1
(5.0 g/Kg) and the highest for S5 (16.69 g/Kg) (Table 1).

Table 1- Chemical analysis of substrates prepared from bovine manure or sanitized sewage sludge

Substrates pH P K Mg Al H+ Al OM

(H20) Ca (cmolc/dm?3) (9/Kg)
(mg/dm?3)

S1 6.90 37.73 270.0 3.43 165 O 0 5.67

S2 7.73 36.07 176.0 482 105 O 0 5.0

S3 7.99 594 1490 531 096 O 0 9.68

S4 7.78 20.81 190.0 654 155 O 0 16.02

SH 8.11 21.72 1200 6.48 1.39 O 0 16.69

S1: Substrate containing 15% bovine manure: S2: Substrate with 15% sanitized sewage sludge: S3: Sub-
strate with 30% sanitized sewage sludge. S4: Substrate containing 45% sanitized sewage sludge. S5: Sub-

strate with 60% sanitized sewage sludge.

3.2 Growth of C. arabica plants

The results regarding the analysis of the growth of coffee seedlings are shown
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in Figure 1. The substrate containing bovine manure promoted growth values similar
to those available in the literature for Arabica coffee (SOUZA et al., 2017). Among the
substrates with sewage sludge, S2, with the lowest sludge proportion (15%), obtained
better growth performance, but resulted in seedlings of inferior quality than those of
the conventional treatment. The increase of the sanitized sewage sludge doses af-
fected negatively the coffee seedlings, due to the reduction of the growth variables.
The reduction of the foliar area compromises the photosynthetic process, reflecting in
the height and stalk diameter. The stalk diameter measures the survival capacity of the
seedling in the field, since it has direct relationship with the average size of the root
system. Dry matter is a reflex of the liquid photosynthetic production added to the
amount of mineral nutrients absorbed (TATAGIBA et al., 2010). Therefore, in the ex-
perimental conditions of this study, seedlings produced in substrates with 45% and
60% of sewage sludge would not be able to survive in the field. These data corroborate
the results of ALVES et al. (2016), who verified that the use of sewage sludge in tis
pure form or at high doses reduced significantly the quality and viability of coffee seed-
lings.

Sanitation of the sewage sludge is a necessary practice for its agricultural des-
tination, since it aims to reduce the contamination by pathogens and parasites to levels
acceptable by the Conama Resolution n°® 375 (BRASIL, 2006). Disinfection by the
addition of virgin lime occurs due to an exothermic reaction that raises the temperature
and pH of the sludge, which makes the medium improper for the survival and develop-
ment of pathogens (LIMA et al., 2011). But, although essential, sanitation process can
elevate the pH of the substrate at levels above the optimum for the coffee plantation
(pH 6.0 to 6.5), which tends to decrease the availability of soil nutrients to the plants
(EMBRAPA, 2004). Thus, COSTA et al. (1999) and SILVA (2015) attributed the under-
development of coffee seedlings to the high pH of substrates containing limed sludge.
COSTA et al. (1999) verified that with the increase of the lime dose and consequent
elevation of pH (greater than 9), the seedlings of C. canephora presented visual symp-
toms typical of nutritional deficiency and decrease, below the foliar levels considerate
adequate, of the contents P, K, Fe, Zn, Mn and Cu. In the same way, the results ob-
tained in this study indicated that the alkalinity of the substrates containing sanitized
sewage sludge promoted mainly the reduction of the levels of P, which is essential for
the development of the plants, since it has crucial role in the cell energy transference,

respiration and photosynthesis. It is also a structural component of the nucleic acids,
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as well as of many coenzymes, phosphoproteins and phospholipids that constitute the
cell membranes. Reduction in the P availability in the beginning of the vegetative cycle
may result in development restriction (SCHUMACHER et al., 2003).

The deficiency of P can explain the results obtained for the dry mass of the root.
In this condition, there was a significant reduction of this parameter in function of the
increment of sewage sludge up to the dose of 30%. From this dose there was an in-
version, represented by a slight increase of the root dry mass in the substrate contain-
ing 45% of the sewage sludge and a more pronounced increase in the substrate with
60% of sludge. The coefficient of determination obtained was 89.57%, which shows
that 89.57% of the variations in the dry matter content of the root are explained by the
variation in the sludge doses. The maximum availability of the phosphorus generally
occurs in soils with a pH range of 6.0 to 7.0. The sludge liming promoted an elevation
of the pH of the substrates and increase of the content of calcium and this may have
favoured the formation of calcium phosphate that is insoluble and not usable by the
plants. Several studies have shown that plants in P deficient soils tend to increase the
root dry matter in detriment of the aerial part, since, in these conditions, the photosyn-
thesis products are directed to the development of the root system, aiming to increase
the P absorption area, seeking to compensate the low concentration of this element
(CRUSCIOL et al., 2013).

The coefficients of determination (R2) obtained were 48.98%, 65.68%, 26.93%
and 21.91% for the variables height, stalk diameter, foliar area and dry weight of the
aerial part respectively. The coefficient of determination indicates in percentage how
much the statistical model can explain the values observed. The higher the R2, the
greater the response variation is explained by the regression obtained. In this study
we found values considered low for R2, but as in the regression method by orthogonal
polynomials the criterion of choice of the model was the linear regression of the highest

significant degree, the adjusted models were maintained even with low R2 values.
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Figure 1 - Variables of growth of the coffee seedlings.
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3.4 Bioassay with A. cepa

Table 2 shows the results for the mitotic index and frequency of aberrant cells.
The negative control test presented 25.9% of cell in division and only 4% of altered
cells. Colchicine 0.025% induced a significant reduction (p<0.05) of the cell prolifera-
tion rate and statistically significant increase (p<0.05) of the frequency of cells with
aberrations, validating the test. Substrates S1 and S2 did not present cytogenotoxic
activity for A. cepa. Substrate S3 was the only one that promoted a mitodepressive
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effect (p<0.05) which characterizes this sample as cytotoxic (LEME, MARIN-
MORALES 2009). The blockage of the cell cycle of the onion roots in the interphase is
consistent with the P deficiency in this substrate and the low root growth of the coffee
seedlings. The interphase is characterized by the synthesis of DNA, which has phos-
phorous as one of its components. Thus, the low availability of P tends to inhibit the
cell division and consequently delay the growth of the primary roots and the beginning
of the differentiation process (TYBURSK et al., 2010). When an agent is highly cyto-
toxic, its genotoxic effect can be masked. Thus, the mitodepressive action of the sub-
strate S3 resulted in the low rate of aberrant cells for this treatment.

The frequencies of genetic damages increased proportionally with the increase
in the concentration of sewage sludge (except for S3 that presented cytotoxic activity),
and substrates S4, S5 and LE were statistically significant (p<0.05) (Table 2).

Table 2- Cytogenotoxicity of the substrates for A. cepa.
Controls N° of dividing cells* Mitotic index (%) % of aberrante cells

NC 1294 25.92 (+4.1) 42(+0.6)
PC 491 9.8°(x2.1) 7.34°(+ 2.5)
Substrates
S1 875 17.52(+ 5.5) 1.52(+ 2.8)
S2 734 14.72(+ 3.6) 2.12(x 2.5)
S3 79 1.6°(x4.5) 1.32(x4.1)
S4 742 14.82(+ 5.2) 8.2°(x 1.1)
S5 730 14.62 (£ 3.2) 12°(x 3.4)
LE 961 19.22 (+ 2.8) 17.1°(x 4.7)

S1: Substrate containing 15% bovine manure. S2: Substrate with 15% sanitized sewage sludge. S3:
Substrate with 30% of sanitized sewage sludge. S4: Substrate containing 45% of sanitized sewage
sludge. S5: Substrate with 60% sanitized sewage sludge. LE: 100% of sewage sludge. NC: Negative
control — distilled water. PC: Positive control — colchicine 0.025%. Equal letters do not differ significantly
by the Kruskal-Wallis test (p<0.05). *Average of 5,000 cells analyzed .

The contribution of each alteration for the genotoxicity of the substrates S4, S5
and LE is showed in Figure 2. The most commonly observed alterations were micro-
nucleus, polyploidy, binucleated cells, peripheral nucleus and lobulated nucleus and

chromosome loss.
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Figure 2 - Distribution of the frequency of cell aberrations in the meristematic cells of A. cepa treated
with substrates used in the growth of coffee seedlings.
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S1: Substrate containing 15% bovine manure. S2: Substrate with 15% sanitized sewage sludge. S3:
Substrate with 30% sanitized sewage sludge. S4: Substrate containing 45% sanitized sewage sludge.
S5: Substrate with 60% sanitized sewage sludge. LE: 100% sewage sludge. NC: Negative control —
distilled water. PC: Positive control — colchicine 0.025%.

The analysis of the alterations observed indicated that the samples with the
highest concentration of sewage sludge predominantly interacted with the cellular ap-
paratus that regulates the integrity of the genome, such as the mitotic spindle: poly-
ploidy, multipolar cells and chromosomal loss (KIRSCH-VOLDERS et al., 2002;
FERNANDES et al., 2009). Micronuclei result from damages (fragments or chromo-
some losses) in the parental cells, which are transmitted to the daughter cells
(RIBEIRO, 2003). Possibly, the micronuclei observed in this study originated from an-
eugenic mechanisms, since chromosomal breaks were not observed. Lobed nuclei
would be derived from chromosome bridges with subsequent absence of cytoplasmic
division. The induction of peripheral nuclei and chromosome adherence are alterations
characteristic of cells in cell death process (FISKESJO, 1985), indicating the toxic ac-
tion of the sewage sludge. The results of this study corroborate other studies that have
shown that sewage sludge of different origins (domestic and industrial) can promote
chromosome aberrations in plants (AMIN et al., 2009; MAZZEO et al., 2015).
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Despite the direct effects of the sludge on the coffee seedlings and in the onion
root cells, priority environmental pollutants related to the deleterious effects of the sew-
age sludge studied could not be detected, since the levels of the metals and organic
pollutants did not exceed the maximum levels established by the CONAMA Resolution
n® 375 (BRASIL, 2006). Since the sewage sludge is a complex mixture, and it is prac-
tically economically impossible to identify and quantify all the chemical elements pre-
sent, biological tests are of paramount importance for a more realistic analysis of the
quality of the residue. In the present study, it was clear that the treatment of the sewage
that arrives at the Treatment Station removes cytogenotoxins of the effluents, but does
not inactivate them. Therefore, these agents end up being captured in the sewage
sludge and probably, act synergistically. The effects of these compounds have been
readily detected by genetic toxicity tests performed with higher plants (MAZZEO et al.,
2015; MARTINS et al., 2016b) and other test systems such as mammalian cells
(BONOMO et al., 2016).

4 CONCLUSION

Coffee seedlings from substrate with the lowest proportion of sludge (15%) ob-
tained the best growth performance. This substrate also did not present cytogenotoxic
activity, being equivalent to the bovine manure. In addition to the influence of the pH
and the nutritional deficiency, we infer that the increasing concentrations of sewage
sludge in the substrates may be the main responsible for the low growth of the seed-
lings, due to the presence of pollutants in the residue, resulting in toxicity. This result
is supported by the data obtained in the bioassay with A. cepa, in which the frequency
of aberrant cells increased as a function of the addition of sludge. As the level of each
pollutant did not exceed the maximum limits allowed by the Brazilian legislation, the

toxic action of the sludge can be attributed to the synergic effect of all pollutants.
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