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SUMMARY

Sewage sludge biosolids, product from urban sewage treatment, are rich in organic matter and nutrients with potential use in forestry. 
This work aimed at evaluating the growth of Ceiba speciosa, Peltophorum dubium and Sapindus saponaria and the concentration of 
nutrients and heavy metals in different soil layers under the application of biosolids as planting fertilizer. Two sequential experiments 
were set up. First in a pot, to determine the best dose for the growth of C. speciosa, using 0.8, 1.6, 3.2 and 6.4 liters of biosolids per 
pit and the absolute witness. Six months after the planting of C. speciosa seedlings, it was concluded that the best dose provided was 
around 3.9 liters. The field experiment was carried out using the three tree species with witness treatment or application of 3.0 liters 
of biosolids per pit, at the time of planting. Growth evaluations occurred at 4 and 12 months after planting and it was observed that C. 
speciosa and P. dubium responded to the application of biosolids. At 12 months, nitrogen, phosphorus, potassium and heavy metals 
contents were evaluated in different layers of the soil. It was found that the pits that received biosolids presented significantly higher 
values for phosphorus (except 75-100 cm soil layer) and heavy metals. There was no leaching of nitrogen, phosphorus and potassium 
in the soil layers. Heavy metals contents were below the maximum values for levels in the soil profile stipulated by legislation.
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RESUMEN

El biosólido de lodos de depuradora, producto del tratamiento de aguas residuales urbanas, es un material rico en materia orgánica 
y nutrientes con potencial uso en silvicultura. El objetivo fue evaluar el crecimiento de Ceiba speciosa, Peltophorum dubium y 
Sapindus saponaria y la concentración de nutrientes y metales pesados   en diferentes capas del suelo con aplicación de biosólido 
como fertilizante al plantar. Se establecieron dos experimentos secuenciales. Primero, en maceta para determinar la mejor dosis para 
el crecimiento de C. speciosa (0,8, 1,6, 3,2 y 6,4 litros de biosólidos por taza) y el testigo absoluto. Seis meses después de plantar C. 
speciosa se concluyó que la mejor dosis fue de alrededor de 3,9 litros. Segundo, el experimento de campo utilizó las tres especies 
de árboles con tratamiento testigo o aplicación de 3.0 litros de biosólidos por hoyo, al momento de plantar. Después de 4 y 12 meses 
de plantar, C. speciosa y P. dubium respondieron a la aplicación de biosólidos. A los 12 meses fueron evaluados los contenidos de 
nitrógeno, fósforo, potasio y metales pesados   en diferentes capas del suelo. Se encontró que las tazas que recibieron biosólidos tenían 
valores de fósforo significativamente mayores (excepto la capa de suelo de 75-100 cm) y metales pesados. No hubo lixiviación de 
nitrógeno, fósforo ni potasio en las capas del suelo. Los contenidos de metales pesados en el perfil del suelo   estuvieron por debajo de 
los valores máximos estipulados por la legislación.

Palabras clave: lodos de depuradora, Ceiba speciosa, Peltophorum dubium, Sapindus saponaria.

INTRODUCTION

 The Atlantic Forest biome corresponds to 15 % of 
the Brazilian territory area and concentrates around 72 % 
of the population (IBGE 2014), with the vast majority resi-

ding in urban areas. According to data from INPE (2018), 
12.4 % of the forest cover remains, usually in the form of 
forest fragments, thus requiring reforestation actions with 
species that occur in this biome. Furthermore, in many ru-
ral properties in Brazil, there is a need for reforestation in 
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areas of permanent preservation and constitution of legal 
reserve areas to adapt to the Federal Law 12.651/12. 

The concentration of population in certain regions ge-
nerates large amounts of waste, such as the production of 
sanitary sewage, which must be sent to sewage treatment 
stations. During this treatment, the solid part is decan-
ted and the sewage sludge is obtained, which after due 
treatment, stabilization and meeting the microbiological 
and chemical criteria established by CONAMA Resolu-
tion 498/2020 (Brazil 2020) is called biosolids. The des-
tination of a large part of the biosolids produced in the 
sewage treatment stations is still landfills, burdening sa-
nitation companies and contributing to reduce the useful 
life of landfills.

In the metropolitan region of Rio de Janeiro, which is 
nestled in Mata Atlântica biome, one of the most popu-
lous in Brazil, according to information from engineers, 
the State Water and Sewer Company pays around U$ 
50.00 per ton (price taken in December 2019) for depo-
sition of biosolids in landfills. Considering the chemical 
and physical characteristics and that the biosolids from 
sewage treatment stations in the metropolitan region of 
Rio de Janeiro meet the parameters of CONAMA Reso-
lution 498/2020 and are rich in nutrients and organic mat-
ter (Abreu et al. 2017, Cabreira et al. 2017, Alonso et al. 
2018, Sousa et al. 2019), its use as fertilizer for planting 
tree species can give a more sustainable destination to 
this material. In addition, Art. 20, $ 2º and Art. 21, $ 3º 
of CONAMA resolution 498/2020 mention that “there is 
no restriction for the application of biosolids in planted 
forests, soil recovery and degraded areas”.

 Normally, rural producers in Brazil use the best 
areas of the property for food production or animal hus-
bandry, therefore forest restoration occurs in areas that are 
poor in nutrients and organic matter, and it is necessary, 
according to Gonçalves (1995), in many situations to fer-
tilize planting. For forest restoration, there are some plan-
ting fertilization works with sewage sludge biosolids from 
tree species occurring in the Atlantic forest (Paiva et al. 
2009, Silva and Pinto 2010, Lopes and Leles 2020, Silva 
et al. 2020) and the responses have been quite different, 
depending on the edaphic and climatic conditions where 
the stands are located and the differences in behavior of 
native tree species. Another characteristic of the biosolid is 
when applied to the soil, its substances have a high power 
of adsorption to the soil and thus, according to Campos 
et al. (2019), there is no leaching to deeper layers of soil, 
there is no risk of contamination of the water table. Further 
field studies on this topic are indicated, due to the large di-
fferences in soil and climatic conditions existing in Brazil.

In the formation of stands for the restoration of the At-
lantic Forest, diversity of tree species is usually used trying 
to imitate what occurs in the forest. Among the species 
commonly used are Ceiba speciosa (A. St.-Hil.) Ravenna, 
Peltophorum dubium (Spreng.) Taub. and Sapindus sapo-
naria L. The first belongs to the Malvaceae family, is clas-

sified as a pioneer stage and has a relatively rapid growth, 
in addition to being a species that has a wide geographi-
cal distribution in the Brazilian territory (Lorenzi 1992). 
Peltophorum dubium belongs to the Fabaceae family, a 
pioneering species, which is relatively fast-growing and 
deciduous. Its wood can be used for various purposes, its 
flowers, in addition to meliferous, have a great ornamental 
effect (Lorenzi 1992). Sapindus saponaria belongs to the 
Sapindaceae family, according to Lorenzi (1992), it is a 
species of the secondary successional stage, a characteris-
tic broadleaved semideciduous forest and comparatively 
slower in growth than the other two species.

The hypothesis of this work is that the three tree spe-
cies occurring in the Atlantic Forest will be responsive to 
biosolids as planting fertilizers and that it will not contami-
nate the soil, based on the “maximum permitted values   of 
chemical substances” of Art. 10 of CONAMA Resolution 
498/2020.

 The objective is to evaluate the growth of Ceiba 
speciosa, Peltophorum dubium and Sapindus saponaria 
and the concentration of nutrients and heavy metals in the 
different layers of the soil under the application of the bio-
solid as planting fertilizer.

METHODS

The work was divided into two sequential stages: the 
first one was an experiment in pots to verify the respon-
se of Ceiba speciosa to biosolids doses. Based on this in-
formation and on the operational aspect of transport and 
application of biosolids, a field experiment was carried out 
with the absence and presence of biosolids as fertilization 
in a pit, in the operation of planting the seedlings of three 
tree species.

Stage 1 - Pots conditions. This stage was carried out in the 
municipality of Seropédica, State of Rio de Janeiro, from 
November to May, in pots with volumetric dimensions of 
18 liters, with a smaller diameter of 25 cm, larger diameter 
of 30 cm and a height of 28 cm, simulating a planting pit. 
The climate of the region, according to Koppen’s classifi-
cation, is of Cwa type. The soil used came from the 0-40 
cm layer of a slope, classified expeditiously (in the field) 
and based on results of chemical analyses by a professor 
in the field of genesis, soil physics, as dystrophic endoalic 
Yellow Latosol with clay texture, whose chemical analysis 
is shown in table 1.

For the definition of biosolids doses, the application 
of P2O5 for planting fertilization in native species recom-
mended by Gonçalves (1995) was considered, both in the 
chemical analysis of pot soil (table 1) and in the chemical 
analysis of biosolid (table 2). Based on this information, a 
standard dose of 3.2 liters of biosolids per pot was adop-
ted. The other doses were 1/4, half and twice the standard 
dose, that is, 0.8, 1.6, 3.2 and 6.4 liters of biosolids per pot, 
in addition to absolute witness. The biosolid had an avera-
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Table 1. Chemical analyses of soils used for the growth of tree species in planting fertilization experiments.
 Análisis químico de suelos utilizados para el crecimiento de especies arbóreas en experimentos de fertilización de plantaciones.

Stage pH P K+ Ca2+ Mg2+ Al3+ H+Al SB CTC (t)

H2O ------- mg.dm-3 -------- -------------------------------------- cmolc
.dm-3 ----------------------------------

Pot 5.1 1.0 27 0.4 0.2 0.9 4.5 1.7 1.9

Field 5.7 3.3 115 1.3 0.5 0.0 3.3 2.1 2.4

pH in water; phosphorus and potassium: Mehlich extractor 1; calcium, magnesium and aluminum: 1.0 nitrogen KCl extractor; hydrogen+aluminum: 
calcium acetate extractor 0.5 N - pH 7.0; SB = sum of exchangeable bases; CTC (t) = effective cation exchange capacity.

Table 2. Total elements, organic carbon (CO) and biosolid pH used in the experiments, from the sewage treatment of Alegria, located 
in Rio de Janeiro City, Brazil.
 Elementos totales, carbono orgánico (CO) y pH de biosólidos utilizados en los experimentos, del tratamiento de aguas residuales de Alegría, 
ubicada en la ciudad de Río de Janeiro.

Nutrients Amount Heavy metals Content (mg kg-1) Maximum limit (mg kg-1 total solids)*

Nitrogen (g kg-1) 17.2 Arsenic 1.3 41

Phosphorus (g kg-1)   7.5 Barium 462.2 1.300

Potassium (g kg-1)   2.1 Cadmium 2.3 39

Calcium (g kg-1) 17.2 Lead 191.9 300

Magnesium (g kg-1)   3.0 Copper 354.0 1.500

Sulfur (g kg-1) 8.5 Chrome 172.1 1.000

Organic carbon (%) 17.4 Mercury 0.7 17

pH (H2O)  5.0 Molybdenum 1.1 50

Nickel 53.2 420

Selenium 1.2 36

Zinc 1.103 2.800

Nitrogen - Kjeldahl method; organic carbon - Walkley Method - Black and others determined in the acid extract (nitric acid with perchloric acid). 
* Maximum permitted levels of chemical substances in Class 1 biosolids to be used for soil use, according to Art. 20, $2º of resolution CONAMA 
498/2020.

ge density of 0.65 g cm-3, corresponding approximately to 
0.5, 1.0, 2.0 and 4.0 kg pot-1, respectively.

The biosolids used in both experiments come from the 
Alegria Sewage Treatment Station, located in the Caju 
neighborhood, city of Rio de Janeiro - RJ. The mate-
rial was provided by the Rio de Janeiro State Water and 
Sewage Company (CEDAE). The treated sewage is deri-
ved from urban households and commercial areas. In this 
sewage treatment station, the primary treatment is carried 
out, which consists of the chemically assisted method (use 
of aluminum sulphate or ferric chloride as a sludge coa-
gulant) and the secondary treatment is using the activated 
sludge system. The sludge from the secondary treatment 
is thickened and mixed with the sludge from the primary 
treatment to pass through a dewatering centrifuge. After 

this process, the material is taken to the thermal dryer, 
where it remains until it reaches low moisture content. 
Finally, it is deposited in a dry and ventilated place until 
complete composting. Chemical analyses of the biosolids 
are shown in table 2.

The biosolids doses were mixed with the soil and af-
terwards, the pots were filled with the soil-biosolids mixtu-
re. For the absolute witness, the pots were filled only with 
soil. After filling, Ceiba speciosa seedlings were planted 
in tubes of 280 cm³, with a standard height of 50 cm. The 
substrate used for the production of seedlings was compo-
sed by 90 % commercial substrate and 10 % clayey soil.

 The experiment was installed in a completely 
randomized design, composed by five replications of a 
single plant. Due to temperature and precipitation condi-
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tions at the time of the experiment, when it did not rain, 
once a day the plants were irrigated with 1.5 liters of wa-
ter. When necessary, spontaneous plants were removed to 
avoid competition interference.

Six months after planting the seedlings, height and 
crown diameter of plants were measured. Data were sub-
mitted to a regression analysis, in which the growth curves 
were constructed according to the control and the biosolids 
doses.

Stage 2 – Field. The study was conducted in a settlement 
formation area for forest restoration in the Municipality 
of Bom Jardim, State of Rio de Janeiro. According to data 
from 2012 to 2014 from the nearest meteorological station 
to the experiment spot, the average annual precipitation 
in this period was 1.378 mm, with rainfall concentration 
from November to March and a dry period from June to 
September. The minimum annual average temperature was 
16.0 ºC in July, and the maximum average was 28.0 ºC in 
February, with average annual temperature of 22.0 ºC. The 
average altitude of the region is 530 meters.

The experiment was implemented in January (mid-
rainy season) 2013, in poorly managed pasture, dominated 
by weed species belonging to the genus Urochloa sp., lo-
cated in the middle third of a slope. The soil in the experi-
mental area was classified as Yellow Red Latosol with clay 
texture (46 % clay, 16 % silt and 38 % sand), whose che-
mical analyses of the 0-30 cm layer are shown in table 1. 
The experiment was intended to be carried out in the same 
area that was removed from the pot experiment (stage 1), 
though, at the time, the area had not been surrounded and 
the reforestation was not taking place.

Treatments consisted in the application of 3.0 L of bio-
solids per pit, whose chemical characteristics are shown 
in the table 2, corresponding to approximately 2 kg mixed 
with the soil of the pit and absolute witness. This dose of 
biosolids was based on the results of the pot stage, the che-
mical analysis of the soil (table 1) and the execution of 
the operation to transport the biosolids to the middle third 
of the slope. For each species, each treatment was formed 
by twelve repetitions, of a plant, adopting a completely 
randomized design. The planting spacing was 2 m x 2 m.

The species used were Ceiba speciosa, Peltophorum 
dubium. and Sapindus saponaria. The seedlings were pro-
duced in plastic bags of 9.7 x 20 cm (diameter x height), 
on a substrate composed by tanned bovine manure, clay 
subsoil and washed sand, in a volumetric ratio of 5: 4: 1. 
At the time of planting, the seedlings were approximately 
80, 35 and 60 cm high for Ceiba speciosa, Peltophorum 
dubium and Sapindus saponaria, respectively.

To prepare the soil for planting, initially the pits were 
marked in a level direction, obeying the pre-defined spa-
cing.  Next morning and with wind speed below 10 km / h, 
a glyphosate-based herbicide was applied over a total area 
(dose of 4.0 L ha-1), using a costal sprayer with capacity 
of 16 liters. After 20 days, the surrounding of the pits was 

crowned, approximately 60 cm in diameter. The pits were 
opened with the aid of a hoe, with the dimensions of 25 x 
25 x 30 cm (length x width x depth). Subsequently, in half 
of the pits, 3.0 liters of biosolid were fertilized and the 
seedlings were planted.

The cultural treatments involved control of leaf-cutting 
ants (before, during and until the end of the experiment) 
and weed control, with crown and mowing in May and 
October 2013, and the application of glyphosate (dose of 
2.5 L ha-1) in November 2013, to minimize the effects of 
competition with other plants.

For growth evaluation, the variables shoot height and 
diameter at 5 cm from the soil surface (D5) were measured 
at 4 and 12 months after planting. In this last evaluation, 
the transverse (L1) and longitudinal (L2) widths of the tree 
planting line were also measured for the calculation of the 
crown area (Ci), considering them as an ellipse [1]:

                                 Ci = π [(L1+L2)/4)2]  [1]

Where: Ci = crown area (m2); L1 = transverse crown width 
(m); L2 = longitudinal crown width (m).

 Soon after measurements and analyses of height and 
D5 data, performed 12 months after planting, the four 
plants closest to the average height of Ceiba speciosa and 
Sapindus saponaria were chosen from the two treatments 
used, to analyze the concentration of nitrogen, phospho-
rus and potassium and also heavy metals (chromium, nic-
kel, cadmium and lead) in the soil profile. The choice of 
these two species was aimed at covering the species with 
relatively fast growth (Ceiba speciosa) and the slowest 
(Sapindus saponaria), observed with height and diameter 
measurements. This analysis consisted of collecting soil 
samples, up to 10 cm away from the base of the plant stem, 
in layers of depth 0-25, 25-50, 50-75 and 75-100 cm, with 
a probe. The soil samples from the different layers were 
dried in air and subjected to chemical analyses at the Labo-
ratory of Chemical Analyses of Soil, Vegetable Tissue and 
Fertilizers of the Federal University of Viçosa, to obtain 
the concentration of nitrogen, phosphorus, potassium and 
heavy metals. These data, together with the growth data, in 
both seasons were subjected to the homoscedasticity tests 
of variance and normality of the residues, verifying that 
there is no need for data transformation. Accordingly, they 
were submitted to an analysis of variance. Subsequently, 
for the levels of nutrients and heavy metals between soil 
layers, with significant differences being verified by the F 
test, these were subjected to the Tukey test (P ≥ 0.95).

RESULTS

In the pot experiment evaluation, Ceiba speciosa plants 
showed responses with quadratic equations of height and 
crown diameter (figure 1) in relation to the treatments, 
showing that the maximum growth point, for these condi-
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tions, is between 3.9 and 4.2 L per pot of biosolids. With 
this information and in accordance with the logistics of 
transportation and distribution of biosolids in the pits, it 
was decided to use the fertilization of 3.0 liters of bioso-
lids per pit, for the field experiment. Another important 
observation of figure 1 is that the coefficient of determina-
tion (R2) was relatively low, mainly in height, indicating 
a high dispersion of the data, even in pots conditions and 
the care taken.

On field conditions, it can be seen from table 3 that 
the plants of Peltophorum dubium fertilized with 3.0 liters 
of biosolids per pit showed a significantly higher growth 
than that shown by those unfertilized. For Ceiba speciosa 

Figure 1. Height of the aerial part and crown diameter of the Ceiba speciosa on the basis of biosolids per plant grown in pots, six 
months after planting, in pots. * significant at 1 %, using the t test.
 Altura de la parte aérea y diámetro de copa de Ceiba speciosa según biosólidos por planta cultivada en maceta, seis meses después de la 
plantación, en maceta. * significativo al 1 %, utilizando la prueba t.

 

 
 

Table 3. Average values (and standard deviation) of three tree species at 4 and 12 months after planting, submitted to fertilization with 
3 liters of biosolids or without fertilization, for the formation of stands for forest restoration, in the state of Rio de Janeiro, Brazil.

 Valores promedio (y desviación estándar) de tres especies arbóreas a los 4 y 12 meses después de la plantación, sometidas a fertilización con 
3 litros de biosólidos o sin fertilización, para la formación de rodales para restauración forestal, en el estado de Río de Janeiro, Brasil.

Specie Biosolids --- 4 months after planting --- -------------------12 months after planting -------------

Height (m) D5¹ (cm) Height (m) D5¹ (cm) Crown diameter (m2)

Peltophorumdubium
3.0 L pit-1 0.75* (0.15) 1.83* (0.29) 1.94* (0.42) 4.54* (1.10) 2.31* (1.14)

Absent 0.41  (0.06) 0.99  (0.12) 1.48  (0.37) 3.42  (0.70) 0.94  (0.53)

Ceiba speciosa
3.0 L pit-1 1.09n.s (0.13) 2.75* (0.58) 2.43* (0.52) 8.23* (2.01) 3.88*  (2.66)

Absent 1.01  (0.08) 1.56  (0.21) 1.78 (0.33) 5.84 (1.50) 0.97  (0.84)

Sapindus saponaria
3.0 L pit-1 0.74n.s  (0.10) 1.09* (0.21) 1.16* (0.24) 2.59 n.s  (0.70) 0.18n.s  (0.10)

Absent 0.64 (0.10) 0.76  (0.20) 0.76 (0.16) 1.94  (0.61) 0.13  (0.07)

¹Diameter 5 cm from the soil surface. For the same species, age e growth profile, * indicates significantly higher mean by the F test (P ≥ 0.95) and n.s 
averages do not present significant differences by the F test (P ≥ 0.95).

the difference was not significant only for height, at four 
months after planting and for Sapindus saponaria, three of 
the five evaluations did not show significant differences.

In evaluating the concentrations of nitrogen, phospho-
rus and potassium and heavy metals in the pit region at 12 
months after planting, it was found that, for all four layers, 
there were no significant differences in the concentration 
of nutrients and heavy metals among  samples removed 
in the pits of Ceiba speciosa and Sapindus saponaria  
(P ≥ 0.95). Thus, the data presented in tables 4 and 5 refer 
to the average levels, based on data from the two species.

Regardless of the layer of the soil profile evaluated, it 
appears that there were no significant differences in the 
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levels of nitrogen and potassium of the soil of the pits that 
received biosolids and levels presented by those that did 
not receive (table 4). For phosphorus, significantly higher 
values   were found, on average, in the pits that received 3.0 
liters of biosolids, except for the 75 to 100 cm layer.

The average values   of the concentration of nitrogen, 
phosphorus and potassium in the four evaluated layers of 
the soil presented in table 4 indicate that there was no lea-
ching of nutrients in the layer of this soil classified as cla-
yey, when 3 liters per biosolids pit were applied.

It can be seen from table 5 that the application of 3.0 
liters of biosolids per pit provided significantly higher nic-

Table 4. Soil nutrient content after 12 months of 3 liters of biosolids application in the pit during planting of the seedlings and 
unfertilized treatment in four layers of soil in the area of settlement formation for forest restoration, state of Rio de Janeiro, Brazil.
 Contenido de nutrientes del suelo después de 12 meses de aplicación de 3 litros de biosólidos en la taza durante la siembra de las plántulas 
y el tratamiento sin fertilizar en cuatro capas de suelo en el área de formación de asentamientos para restauración forestal, estado de Río de Janeiro, 
Brasil.

Layer of soil ----- Nitrogen (g kg-1) ------ --- Phosphorus (mg dm-3) ---- --- Potassium (mg.dm-3) ---

(m) 3.0 L pit-1 Absent 3.0 L pit-1 Absent 3.0 L pit-1 Absent

0.00 - 0.25 1.8n.s a 1.7 29.8* a 2.8 64.0 a 91.5n.s

0.25 - 0.50 1.8n.s a 1.7 7.3* b 2.1 54.1 a 78.0 n.s

0.50 - 0.75 1.6n.s a 1.6 4.2* b 2.1 58.5 a 63.5 n.s

0.75 - 1.00 1.5n.s a 2.1 3.4n.s b 4.4 57.6 a 54.9 n.s

Nitrogen = total nitrogen: sulfuric digestion-Kjeldhal distillation; phosphorus and potassium: Mehlich -1 extractor. For each nutrient and layer of soil, 
* indicates significantly higher mean by the F test (P ≥ 0.95) between the two treatments and n.s averages do not show significant differences by the F 
test (P ≥ 0.95) between the two treatments. For the treatment with biosolids, average of the column followed by the same letter does not statistically 
differ by Tukey’s test (P ≥ 0.95).

Table 5.  Heavy metals in the soil (mg dm-3), after 12 months of application 3 liters of biosolids in the pit before planting and unfertilized 
treatment, in an area of settlement formation for forest restoration, state of Rio de Janeiro, Brazil.
 Metales pesados   en el suelo (mg dm-3), después de 12 meses de aplicación 3 litros de biosólidos en la taza antes de la siembra y tratamiento 
no fertilizado, en un área de formación de asentamientos para restauración forestal, estado de Río de Janeiro, Brasil.

Layer of soil Nickel1 Cadmium1 Lead1 

(m) Absent 3.0 L pit-1 Absent 3.0 L pit-1 Absent 3.0 L pit-1

0.00 - 0.25 0.09 0.30* a 0.05 0.15* a 0.04 0.27* a

0.25 - 0.50 0.09 0.26* a 0.08 0.14* a 0.02 0.10* b

0.50 - 0.75 0.10 0.21* a 0.07 0.14* a 0.01 0.06* b

0.75 - 1.00 0.08 0.13* b 0.08 0.10n.s a 0.01 0.01n.s bc

2CONAMA 498/2020 29.6 1.6 16.4

1Extractor Mehlich -1. For each element, * indicates significantly higher mean by the F test (P ≥ 0.95) between the two treatments and n.s averages do 
not show significant differences by the F test (P ≥ 0.95) between the two treatments. For the treatment with biosolids average of the column followed 
by the same letter does not statistically differ by Tukey’s test (P ≥ 0.95). 2Maximum limit stipulated pela Resolução CONAMA nº 498/2020 for nickel, 
cadmium and lead contents in the soil by the application of sewage sludge biosolids.

kel, cadmium and lead contents in the pits that received 
biosolids, except for the last element in the 75 to 100 cm 
layer. No chromium content was found or it remained be-
low Mehlich -1 method determination limit.

Even with the application of biosolids, the levels of 
the three heavy metals were much lower, in all layers, 
than the limits stipulated by Resolution nº. 498/2020 of 
the National Environment Council - CONAMA for the ac-
cumulation of heavy metals in the soil by the application 
of sewage sludge biosolids (Brasil 2020), corresponding 
respectively to average values of 9.4, 1.0 and 1.1 % of this 
maximum value.
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DISCUSSION

Positive responses for the application of biosolids in 
pots and field conditions probably occurred because the 
material had a relatively high content of nutrients and 
organic matter (table 2), as also reported by Abreu et al. 
(2017, 2019) and Sousa et al. (2019). Another factor is the 
improvement of physical conditions in the pit, as reported 
by Guerrini et al. (2017) and Balduino et al. (2020), the 
organic material of the biosolid acts as a soil conditioner, 
having a direct influence on the results presented by the 
plants, as it improves the chemical quality (Caldeira Junior 
et al. 2009) and the physical attributes, acting on the struc-
ture and state of aggregation particles, decreasing density 
and increasing aeration and moisture retention in the soil 
(Nobrega et al. 2007). In addition, tree species in the At-
lantic forest live in environments relatively rich in organic 
matter and normally respond to fertilization with organic 
materials.

In pots conditions, the decline in growth curves in re-
lation to the higher doses can be attributed to the fact that 
the biosolids excessively increase the amount of salts in 
the substrate, which can cause tissue necrosis, especially 
in roots, interfering in the growth of the plant (Arthur et 
al. 2007). Similar results were found by Maia (1999), in 
a study with Pinus taeda L., in which the biomass of the 
aerial part and roots showed quadratic effects regarding 
the increased use of sewage sludge biosolids. The feature 
of non-proportional gains is probably due to the biosolids, 
increasing the amount of nutrients in the soil in such a way 
that Ceiba speciosa, being a specie with no degree of im-
provement, is unable to assimilate nutrients with the same 
speed, which may cause loss of nutrients by leaching pro-
cesses (Fernandes and Souza 2006, Novais et al. 2007). 
Silva et al. (2008) mention that when the doses of bioso-
lids rise too high, the loss of productivity can be attributed, 
among other factors, to the possible limitation caused by 
the scarcest nutrients in the material, such as potassium.

Considering that the largest sewage treatment plants 
are in large urban centers, where a larger volume where 
most biosolids are produced (Abreu et al. 2017), it is im-
portant to analyze transport costs when choosing doses, as 
Ceiba speciosa plants did not respond linearly with incre-
asing doses. Another factor is labor for the distribution of 
biosolids in the planting pits, which depends on the distan-
ce from where the biosolids lot is located in the field and 
the pits, in addition to the topography of the land.

In the field, responses significantly higher than those 
presented to the dose of 3.0 liters of biosolids per pit, in 
relation to the witnesses of the plants of Peltophorum du-
bium and Ceiba speciosa, probably occurred because these 
species are of pioneer successional stage (Lorenzi 1992) 
and because they present higher growth speed than that 
presented by Sapindus saponaria and, thus, responding 
more to fertilization. Responses differentiated by tree spe-
cies in relation to the application of sewage sludge bioso-

lids in the planting pit are also reported by other studies. 
Paiva et al. (2009) observed that Schinus terebinthifolia 
Raddi, Cytarexyllum myrianthum Cham. and Bauhinia 
forficata Link, which are considered pioneer species (Car-
valho 2003) obtained a response to the application of 80 g 
biosolids in 4-liter pots better than that obtained by Myro-
xylon peruiferum L. f ., a species considered to be the final 
stage of succession (Lorenzi 1992). 

Silva et al. (2020) concluded that Schinus terebinthi-
folia Raddi, Peltophorum dubium, Lafoensia glyptocarpa 
Koehne, Inga laurina (Sw.) Willd. and Senna multijuga 
(Rich.) benefited from the dose of 4 L biosolid per hole in 
a sandy texture planosol, while Genipa americana (Vell.) 
Brenan and Enterolobium contortisiliquum (Vell.) Morong 
did not respond to the application of biosolids. Lopes and 
Leles (2020) observed that in soil of the same classifica-
tion as the field stage of this work, and relatively poorer 
in nutrients, the species Guarea guidonia L. Sleumer and 
Cordia superba Cham. responded to the application of 4.5 
biosolids per pit, nonetheless, Inga laurina plants showed 
no significant differences in the pits that did not receive 
biosolids 18 months after the application and planting of 
the seedlings. The result of this work and those of the three 
other cited works indicate that the responses to the applica-
tion of sewage sludge biosolids as planting fertilizers vary 
depending on the tree species and soil conditions. In addi-
tion, they show that the application of biosolids as planting 
fertilizer does not harm the growth of tree species.

Significantly higher means of nitrogen values were 
expected in the pits that received biosolids 12 months 
ago, as table 2 shows that this material is relatively rich 
in nitrogen. One possible explanation for the absence of 
differences is that, according to Souza and Fernandes 
(2006), the nitrogen is part of the leaf structures, having a 
direct influence on the crown area of the plants, being the 
element that most limits the growth of the plants. Thus, 
as the application of biosolids promoted more important 
growth of tree species and, as a consequence, there may 
have been higher absorption of nitrogen from the soil, no 
significant differences in the nitrogen content between the 
soils influenced by the pits of these two treatments may 
have occurred. Values   of phosphorus content in the signifi-
cantly higher pit, 12 months after application of biosolids 
in the pit, probably occurred due to the low content of this 
element in the soil (table 1). Based on data from table 2, 
the application of about 15 g of phosphorus, which corres-
ponds to 34.4 g of P2O5 per pit, within the standards of 80 
kg of P2O5 ha-1, recommended by Gonçalves (1995), con-
sidering the 2 x 2 m planting spacing used, corresponds to 
32 g of P2O5 per pit. 

Another factor is that the phosphorus present in orga-
nic materials, according to Novais et al. (2007) is usually 
in a complex form and is poorly soluble. In this way, they 
are gradually made available to the plants (Abreu et al. 
2019), thus presenting significantly higher values   in the 
pits where 3.0 liters of biosolids were applied 12 months 
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ago. Absence of potassium (K+) response in the soil to the 
application of biosolids is due to the low content of this 
element in the biosolids (table 2). As the material dewa-
tering phase occurs during its treatment, a step that takes 
some nutrients with water (Abreu et al. 2019), especially 
potassium, since it is an exchangeable base with oxidation 
number +1, which makes a simple connection with oxyhy-
droxides and clays, while the exchangeable bases +2 (Ca2+ 
and Mg2+) create double bond.

Absence of significant differences in nitrogen, phos-
phorus (except for a 0-25 cm layer) and potassium indica-
tes that there was no leaching of these nutrients until the 
depth of 1.0 meter of the soil surface in the pit 12 months 
after the application of 3.0 liters of biosolid. A significantly 
higher phosphorus value in the 0-25 cm layer is probably 
due to the low mobility of this element in the soil (Novais 
et al. 2007), mainly clayey, as in this work, and thus the 
phosphorus present in the biosolid was accumulated in the 
region of the pit, which provided values   significantly hig-
her than those of the contents in the most superficial layer.

Significantly higher differences in nickel, cadmium 
and lead in the soils that received 3.0 liters of biosolids 
in relation to the witness, occurred due to the presence of 
these elements in the biosolids (table 2), which are below 
the maximum limits stipulated by Art. 10 of CONAMA 
Resolution 498/2020. Data also indicate that there was 
no leaching of these elements in the 75 to 100 cm layer 
and that the values   found in all layers are very low, co-
rresponding to less than 10 % of the maximum limits of 
CONAMA Resolution 498/2020 (Brasil 2020). Campos et 
al. (2019) studied the leaching from the application of 8 
liters of sewage sludge biosolids in the layer of 0-25 cm 
of soil in columns of 20 cm in diameter, filled with clayey 
Latosols or sandy Planossols. They found in the samples 
of all collections, that in the leaching from both soils, the 
levels of nitrates, phosphates and heavy metals were below 
the limit stipulated by the CONAMA Resolution 498/2020 
(Brasil 2020), showing that there is practically no possibi-
lity of soil layer contamination by the application of this 
dose of biosolids, even in sandy soils. Listing the dose 
used by Campos et al. (2019), with the 2 x 2 spacing used 
in this work, it corresponds to the application of 20 m3 ha-1 
and considering the density of 0.65 g cm-3 of the biosolids 
of this study, at 13 Mg ha-1.

Among the three heavy metals presented, the signifi-
cant difference between lead content in the 0-25 cm layer 
and lower 75-100 cm layer should be highlighted. Accor-
ding to Maciel et al. (2012), heavy metals added by bio-
solids applications tend to remain in the area where the 
residue is incorporated into the soil (where the planting pit 
is covered) as a result of the interaction with oxides, clay 
minerals and organic matter, which will favor its use in fo-
rest restoration, since the number of interventions are sma-
ller and less frequent than in agricultural crops. Normally, 
according to Silva et al. (2006) the inorganic constituents 
of the biosolids adsorb heavy metals, with no increase in 

availability expected over time and the tendency is to de-
crease the levels of metals in the soil, as the process of 
metal occlusion on the surfaces of the precipitates, which 
favors the application of biosolids in forest restoration.

CONCLUSIONS

For the conditions under which the field experiment 
was carried out, Ceiba speciosa and Peltophorum dubium 
plants showed higher growth with the application of 3 li-
ters of biosolids per pit. Sapindus saponaria practically 
did not respond to the application of biosolids.

The pits fertilized with biosolids showed only signifi-
cantly higher levels of phosphorus than those presented by 
unfertilized ones 12 months after application and planting 
of seedlings. Data indicate that there was no leaching of 
nitrogen, phosphorus and potassium in the soil layers.

Twelve months after the application of biosolids and 
planting of tree species seedlings, nickel, cadmium and 
lead contents in the soil were significantly higher in the 
fertilized pits, nonetheless, corresponding respectively 
to mean values   of 9.4, 1.0 and 1.1 % of the maximum 
soil limit stipulated by CONAMA Resolution 498/2020. 
Chromium contents were below those determined by the 
analytical method.
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