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Growth and accumulation of nutrients in papaya tree seedlings
grown on organic substrates1

The use of organic waste for the production of plant substrates is an important environmental and economic
alternative. In this perspective, we performed a work in a greenhouse, with the aim of evaluating the effect of substrates
from organic waste during growth, gas exchange and accumulation of mineral elements in ‘Sunrise Solo’ papaya tree
seedlings. The experimental design adopted was completely randomized, with four treatments and five repetitions,
with six plants in each repetition. The treatments consisted of four types of substrates, three from the composting of
sewage sludge, green coconut shell and carnaubeira palm butt, and one was the Turfa Fértil® commercial. We evaluated
biometric and physiological variables and accumulation of nutrients and heavy metals in papaya seedlings. The green
coconut shell and carnaubeira palm butt substrates promoted superior results for growth, dry biomass, gas exchange
and accumulation of nutrients, whereas the commercial substrate and sewage sludge produced seedlings of inferior
quality considering all the analyzed variables.
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INTRODUCTION
Brazil has great prominence in the world fruit culture,

being the third largest fruit producer and the twentieth
largest exporter. Among the fruits cultivated in the country,
the papaya (Carica papaya L.) deserves to be highlighted,
being one of the most commercialized fruits in the supply
centers. In 2018 alone, about one million tonnes of papaya
were produced in Brazil (IBGE, 2020).

The papaya culture, as well as for several fruit species,
involves the production of seedlings, which is one of the
main phases for the economic exploitation of the species;
therefore, special attention should be paid to this stage,
which is mainly affected by the substrates used and their
volume, since these factors can impair germination, entail
malformation of the plants and their nutritional imbalance
(Mesquita et al., 2012).

Currently, there are several commercial substrates
available on the market, but they are expensive and their

use represents an additional cost for the fruit grower. In
view of this, alternative materials of low cost have been
sought, which can compose new substrates, such as, for
example, agricultural and industrial waste, where we can,
with the use of these materials, reduce costs and produce
seedlings with better quality (Oza et al., 2018), in addition
to reducing the volume of waste discarded in the
environment.

Accordingly, an alternative to using waste in the form
of substrates for plants is its transformation into organic
compost, through the composting process, since waste,
when properly treated and used as organic compost,
provides several nutrients and increases the water
retention (Gomes & Teinbrück, 2012), thereby bringing
benefits to the environment.

In Brazil, there are several waste that have the potential
to compose substrates, including the green coconut
(Cocos nucifera) shell, the carnaubeira (Copernicia
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prunifera) palm butt and the sewage sludge. The use of
coconut shell, especially when added to the soil, is a
means of adding value to this waste, with its physical-
chemical properties and low cost benefits of this material
(Silva, 2014). The carnaubeira palm butt is the waste of
the palm leaf, after the dust removal process (Favaro &
Miranda, 2013), being commonly used as mulch and
substrate. Sewage sludge comes from sewage treatment
and can be used in agriculture when composted (Heck et
al., 2013).

In view of these aspects, this study aimed to
evaluate the effect of substrates from organic waste
during growth, gas exchange and accumulation of
mineral elements in ‘Sunrise Solo’ papaya tree seedlings
(Carica papaya L.).

MATERIAL  AND METHODS
The experiment was carried out from January to

February 2019, in a greenhouse of the Department of
Phytotechnics, at Pici Campus, belonging to the Federal
University of Ceará (UFC), located in Fortaleza - CE, with
geographical coordinates: 3° 44 ‘S latitude, 38° 33’ W
longitude and 19.5 meters altitude.

For the formation of seedlings, four papaya seeds of
the Solo group, Sunrise Solo variety, were sown at 1.5 cm
deep, in black polyethylene bags, with dimensions of 12 ×
26 cm and a volume of 1 L, filled with the substrates tested:
sewage sludge compost, carnaubeira palm butt compost,
green coconut shell compost and the Turfa Fértil®
commercial substrate. At 21 days after sowing (DAS),
thinning was accomplished, leaving two plants per bag;
subsequently, 28 DAS was carried out the second
thinning, leaving only one plant per container. We held
irrigation manually twice a day, being conducted until the
drainage of the water applied in each treatment was
observed. The weeds were removed manually, as they
appeared in the container.

The experimental design used was completely
randomized (DIC), composed of four treatments and five
repetitions, with six plants in each repetition, totaling 120
plants. The treatments consisted of four types of
substrates: sewage sludge compost, carnaubeira palm butt
compost, green coconut shell compost and the Turfa
Fértil® commercial substrate.

For the production of composted substrates, each
waste was mixed with laying chicken manure, in the
proportion of 3:1 (v/v); subsequently, the material was
organized together with 50 kg of plaster in windrows
layers 1 m high, 2 m wide and 2.5 m long. The windrows
were revolved once a week to speed up the composting
process for a period of seven months. After being ready,
the compounds were crushed and sieved (Oliveira et al.,
2005).

Regarding the commercial substrate, we used Turfa
Fértil®, whose raw materials are peat and carbonized rice
husk. The sewage sludge was supplied in dry form by the
sewage treatment plant (ETE) in Fortaleza, belonging to
the Companhia de Água e Esgoto do Estado do Ceará
(Cagece); the green coconut shell was donated by the
Agroindústria Paraipaba company; the carnaubeira palm
butt and the chicken manure were donated by Tijuca
Alimentos.

The physical and chemical attributes of the
substrates were determined following the methodology
described by the Ministério da Agricultura, Pecuária e
Abastecimento (Brazil, 2007), and the analyzes were
carried out in the soil laboratory of Embrapa
Agroindústria Tropical after the composting of the
substrates. For the physical atributes, we evaluated:
global density and water retention capacity (Table 1).
As for chemical attributes, we determined water-soluble
mineral elements (macronutrients, micronutrients and
heavy metals), in addition to pH, EC and CTC (Table 2).

In order to determine the effect of treatments on the
production of papaya seedlings, at 42 DAS, we evaluated
the following variables in all the 120 plants: plant height
(H), measured with a ruler graduated in millimeters, from
the plant’s neck to the last leaf insertion; stem diameter
(DC), measured with a digital caliper on the plant’s neck;
as well as the number of leaves (NF), obtained by counting
the fully developed leaves.

At 44 DAS, gas exchange evaluations were carried
out between 9:00 and 12:00 h, using photosynthetically
active radiation (1200 µmol photons m–2 s–1), constant CO

2

concentration (400 ppm), temperature and environment
humidity, by means of an infrared gas analyzer (IRGA;
portable model LI-6400XT, LI-COR Biosciences Inc.,
Lincon, Nebraska, USA). We determined the net
photosynthetic rate (A), stomatal conductance (g

s
) and

sweat rate (E). After such measurements, we calculated
the instant water use efficiency (USA) and the instant
carboxylation efficiency (A/Ci).

The collection of vegetative organs was done at 45
DAS, where the length of the main root was measured with
a graduated ruler, and the leaf area was measured with a
surface meter (LI – 3100, Area Meter, Li-Cor., Inc., Lincoln,
87 Nebraska, USA). Then, in order to determine the dry
matter mass, the organs were washed in water with
detergent, in a 30% hydrochloric acid solution and, finally,
in deionized water; after that, the material was stored in
paper bags and placed to dry in an oven with forced air
circulation at 65 ºC, until constant mass. Subsequently, the
organs were weighed on a precision digital scale to obtain
dry masses.

The total dry matter mass was also determined by
adding the dry matter mass of the shoot and the roots,
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where we calculated the Dickson’s quality index to estimate
the seedling quality. The Dickson quality index (DQI) was
calculated using the values of total dry matter mass
(PMST), height (H), stem diameter (DC), shoot dry matter
mass (PMSPA) and root dry matter mass (PMSR) (Dickson
et al., 1960), as displayed below:

After obtaining the dry masses, the material was
crushed in a basic analytical mill, submitted to
nitroperchloric digestion and sent to Argon Plasma (ICP
– OES) to determine the levels of P, K, Ca, Mg, S, Cu, Fe ,

Mn, Zn, Ni, Na, Al, As, Cd, Cr, Hg, Pb and Se (Silva, 2009).
With the contents and dry matter content of the aerial
part (PMSPA) and roots (PMSR), we calculated the
accumulation (A). For the calculation of accumulation in
the aerial part and in the roots, we used the expression: A
(mg) = PMSPA or PMSR × mineral element content. The
total accumulation of elements in the plant was obtained
by the sum of the values accumulated in the aerial part
and in the roots. In this work, only the data related to the
accumulation in the entire plant will be displayed.

The data were subjected to analysis of variance
(ANOVA) and, when the test was significant at 5% or 1%,
the means comparison test was performed using the
Tukey test, using the computer program Assistat 7.7 Beta.

RESULTS
The biometric variables plant height, stem diameter

and number of leaves were significantly influenced by
the applied treatments. The green coconut shell and
carnaubeira palm butt substrates provided superior results
for plant height (Figure 1A), stem diameter (Figure 1B)
and number of leaves (Figure 1C) of papaya tree seedlings.

As for the variables on leaf area (Figure 2a), length of
the main root (Figure 2b), dry matter mass of the shoot
(Figure 3a), dry matter mass of the roots (Figure 3b), total

Table 1: Global density (Dg) and water retention capacity (CRA)
of substrates organic composted, Fortaleza-CE, 2019

Substrato Dg (kg m-3) CRA(%)

Commercial 326 64
Green coconut shell 638 55
Carnaubeira palm butt 627 53
Sewage sludge 645 52

Dg - determined by the self-compacting method; CRA - determined
with volumetric rings on a tension table.

Table 2: Values of pH, CE, CTC and mineral elements of the substrates composted: commercial (C), green coconut shell (CC),
carnaubeira palm butt (B) and sewage sludge (L), Fortaleza-CE, 2019

                                   Substrate

C CC B L

pH 5.5 6.7 6.4 6.4
EC (mS cm-1) 1.97 2.84 2.61 2.62
CTC (mmol

c
 kg-1) 870 201 225 210

N-NH
4
+ (g L-1) 0.024 0.024 0.024 0.019

N-NO
3
- (g L-1) 0.096 0.043 0.053 0.058

P (g L-1) 0.001 0.027 0.052 0.024
K (g L-1) 0.058 0.142 0.162 0.163
Ca (g L-1) 1.737 2.566 2.469 1.850
Mg (g L-1) 0.327 0.629 0.517 0.236
S (g L-1) 1.277 1.931 1.777 1.275
Na (g L-1) 0.135 0.078 0.081 0.073
Zn (mg L-1) 0 0 0 4.90
Fe (mg L-1) 1.4 0.15 0.20 0.50
Mn (mg L-1) 3.05 1.10 2.35 1.35
Cu (mg L-1) 0.05 0.10 0.10 0.95
Al (mg L-1) 1.00 0.70 1.10 1.05
Ni (mg L-1) 0 0.05 0 7.30
As (mg L-1) 0 0 0 0
Cd (mg L-1) 0 0 0 0
Cr (mg L-1) 0.05 0.05 0.05 0.05
Hg (mg L-1) 0 0.05 0 0
Pb (mg L-1) 0 0 0 0
Se (mg L-1) 0 0 0 0.15

Extracted by the water-soluble nutrient method; pH in water 1:5; EC – electrical conductivity; CTC – cation exchange capacity.

Chemical element
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dry matter mass (Figure 3c) and Dickson Quality Index
(Figure 4), all showed superior results when papaya tree
seedlings were grown on the green coconut shell and
carnaubeira palm butt substrates.

Regarding the gas exchange analysis of papaya tree
seedlings, we found that only the variables
photosynthesis (A) and instantaneous efficiency of water
use (USA) showed significant responses depending on
the applied treatments. When the seedlings were grown
with green coconut shell and carnaubeira palm butt, there
was a superior result for photosynthesis (Figure 5a) and
for the instant efficiency of water use (Figure 5b).

When analyzing the accumulation of nutrients, we
found that all determined macronutrients, in addition to
the sodium, were significantly influenced by the applied

treatments. As for micronutrients, only iron did not suffer
a significant effect from the treatments. The carnaubeira
palm butt provided the best results with higher
accumulation for all elements, except for Ni, while the
commercial substrate promoted lower accumulation for
macronutrients, micronutrients and the sodium (Table 3).

For the accumulation of heavy metals, we found that
all the evaluated elements had significant responses (Table
4). In the tissue analysis of the seedlings, As, Cd and Hg
were not detected, which, however, does not signalize the
absence of these metals in the plant tissue, which may be
present in quantities below the detection limit of the argon
plasma. The failure in identifying these heavy metals by
the methods used made it impossible to quantify their
accumulation in plant tissues.

Figure 1: Height (A), stem diameter (B) and number of leaves (C) of papaya tree seedlings grown on commercial substrates (C),
carnaubeira palm butt (B), green coconut shell (CC) and sludge sewage (L), Fortaleza - CE, 2019.

Figure 2: Leaf area (A) and main root length (B) of papaya tree seedlings grown on commercial substrates (C), carnaubeira palm butt
(B), green coconut shell (CC) and sewage sludge (L), Fortaleza - CE, 2019.
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DISCUSSION
Only seedlings grown with carnaubeira palm butt and

green coconut shell showed recommended height for
planting in the field, since according to literature
recommendations, papaya tree must be transplanted to a
definitive location when it reaches 15 to 20 cm in height
(Chaves et al., 2000). The higher height of the seedlings
is the result of the greater supply of nutrients from these
substrates, especially calcium (Table 2). The effect of Ca
on plant height growth stems from its function in plant
metabolism, since this nutrient participates in cell division
and elongation, in addition to playing a structural role,
participating in the composition of the cell membrane and
providing resistance to the cell wall primary (Barker &
Pilbeam, 2015).

The stem diameter followed the same trend as the
height, signalizing that the seedlings did not undergo
stiolation, since the growth in height was accompanied
by the development of the stem. Plants with a high stem
diameter tend to excel in the field, due to their greater
vigor (Diniz et al., 2018). This result corroborates the study
by Albano et al. (2017), where the highest values of height
and diameter of the stem of papaya tree seedlings were
obtained from the substrates of semidecomposed
carnaubeira palm tree and earthworm humus, with the
largest stem diameter being related to the height of the
plant, due to the accumulation of photoassimilates.

For the number of leaves, we found that the difference
of more than 100% between the quantity of leaves of the

plants of the commercial substrate and of the seedlings of
the green coconut shell substrate can be attributed to the
lower supply of nutrients from the commercial substrate,
which showed, in general, the lowest concentrations of
nutrients among the tested substrates. The positive effect
of carnaubeira palm butt and green coconut shell on leaf
emission in seedlings is due to the higher concentration
of macronutrients in these treatments (Table 2), since plant
growth variables are related to higher concentrations of
K, Ca and Mg (Melo et al., 2019).

The lower input of macronutrients from the commercial
substrate and from the sewage sludge promoted both the
reduced leaf emission in the plants of these treatments, as
well as provided the decreased development of the leaf
area of the seedlings. This situation was also observed
by Nomura et al. (2008), where the substrate that promoted

Figure 3: Mass of dry matter of the aerial part (A), mass of dry matter of the roots (B) and total dry matter mass (C) of papaya tree
seedlings grown on commercial substrates (C), carnaubeira palm butt (B), green coconut shell (CC) and sewage sludge (L), Fortaleza
- CE, 2019.

Figure 4: Dickson Quality Index of papaya tree seedlings, grown
on different substrates, Fortaleza - CE, 2019.
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the smallest leaf area and the growth of banana tree
seedlings typified as Nanicão showed the lowest
concentrations of N, S, Ca and Mg. Such results show
that, for adequate plant nutrition, it is necessary that all
nutrients are available in adequate quantities.

The growth of the root system of plants is affected by
the physical and chemical characteristics of the
substrates; however, in this experiment, the physical
variable global density (Table 1) did not affect root growth.
According to Petry (1999), the ideal substrate density for
growing agricultural species in plastic containers is
between 350 and 500 kg m-3. Therefore, the density values
of the tested substrates are outside this classification;
however, as this variable did not affect root growth, it is
concluded that the ideal density varies depending on the
plant species grown.

The chemical attribute that most influenced the growth
of the roots was the nutritional composition of the
substrates, since the carnaubeira palm butt and the

coconut shell showed the highest concentrations of
phosphorus, which stimulates root growth. Although P is
the macronutrient required in the least amount by papaya
tree, this element is of great importance in the root growth
phase (Oliveira et al., 2009), since it stimulates the
production of plant biomass (Dias et al., 2009).
Nevertheless, P deficiency causes damage to plant
growth, due to the lower production of roots and shoots
(Saraiva et al., 2011), a fact observed in the commercial
substrate and sludge seedlings.

The greater volume of root dry matter of seedlings
grown with carnaubeira palm butt and green coconut shell
was accompanied by the production of dry matter from
the shoot. This fact results from well-developed roots,
which promotes greater absorption of water and nutrients,
boosts plant growth and produces good quality seedlings.
Adequate nutrition promotes the growth of the aerial part
and promotes better development of the roots, thereby
benefiting the exploration of larger volumes of substrate

Figure 5: Photosynthesis (A) and water use efficiency (B) of papaya tree seedlings, grown on commercial substrates (C), carnaubeira
palm butt (B), green coconut shell (CC) and sewage sludge (L), Fortaleza - CE, 2019.

Table 4: Average values of accumulation of heavy metals in the whole plant of papaya tree seedlings grown on commercial substrates
(C), carnaubeira palm butt (B), green coconut shell (CC) and sewage sludge (L), Fortaleza - CE, 2019

Al Cr Pb S e

                                     (mg plant-1)

C 147 b   1.9 b   0.8 c 0.03 b
B 1156 a 23.0 a 18.4 a 0.0 b
CC 1154 a 20.6 a 11.0 b 0.89 b
L 320 b   5.6 b   1.5 c 2.3 a

Means followed by the same letter in each column do not differ by Tukey test.

Substrate

Table 3: Average values of accumulation of macronutrients, sodium element and micronutrients in the whole plant of papaya tree
seedlings grown on commercial substrates (C), carnaubeira palm butt (B), green coconut shell (CC) and sewage sludge (L), Fortaleza-
CE, 2019

P K Ca Mg S Na Zn Mn Cu Ni

                  (mg plant-1)

C 0.7 d 6 b 10 c 8.0 b 4.2 b 1.8 c   21 c 62 c 6 b 1 b
B 13.3 a 84 a 47 a 30.7 a 14.5 a 7.4 a 226 a 148 a 33 a 13 b
CC 9.9 b 75 a 33 b 27.8 a 12.7 a 5.2 b 176 ab 106 b 45 a 14 b
L 3.2 c 14 b 20 c 5.9 b 6.0 b 3.5 bc 137 b 38 c 28 a 101 a

Means followed by the same letter in each column do not differ by Tukey test.

Substrate
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and stimulating greater absorption of water and essential
elements (Natale et al., 2018).

The higher concentration of macronutrients in the
carnaubeira palm butt and in the coconut shell provided
the superior growth of the plants, which became a greater
production of total dry matter. This result corroborates
that of Melo et al. (2019), where the authors observed
that the highest values of dry biomass, leaf area and root
length of guabiroba plants were related to the highest
concentrations of Ca and Mg in the substrate and, also,
with the highest availability of N, P, K and S by increasing
the pH. In this study, the pH values of the tested
substrates are within the appropriate range for the papaya
tree culture, which is 5.5 to 6.7 (Oliveira et al., 2009),
thereby not affecting the availability of nutrients.

The negative results of the commercial substrate and
the sewage sludge on the biometric variables of the
seedlings can be explained by the chemical composition
of these treatments, which, in general, showed the lowest
values of macronutrients and highest values of
micronutrients. Micronutrients, although essential to
plants, taking part in metabolic processes and acting as
an enzymatic cofactor (Oliveira & Silva, 2016) are required
in small amounts and can, therefore, easily take place in
toxic concentrations that harm plants and delay plant
growth (Alexandre et al., 2012).

As for the quality of seedlings, only plants grown
with carnaubeira palm butt and green coconut shell showed
Dickson quality index above the recommended minimum
value, which is 0.20 (Hunt, 1990). These higher quality
seedlings have a greater chance of survival in the orchard,
besides optimizing production systems due to their shorter
formation time, since the seedlings in only 45 DAS were
suitable for planting in the field. This situation increases
the quantity of seedlings produced during the year due
to the shorter time spent in the nursery, which increases
the productivity of the production systems.

With respect to gas exchange, we found that, although
papaya tree seedlings had the same chronological age in
all periods of evaluation, they showed very different
growth, which suggests that the plants were in different
stages at the end of the experiment. This fact affects gas
exchange, as the growth of the leaves increases the
photosynthetic activity and the capacity of plants to
produce photosynthesis (Silva et al., 2013). The leaves
start their development as drains and, when they reach 40
to 50% of the final size, they change state, thereby
assuming the function of source (Taiz et al., 2017).

The good nutritional composition of the green coconut
shell and the carnaubeira palm butt provided the greatest
growth of the plants, which fostered the faster
development of the leaves of the seedlings in these
treatments, thereby increasing their photosynthetic rate

and transforming them into source organs. This increase
in photosynthesis is linked to episodes such as leaf
development, increased leaf area and photosynthetic
pigments (Campostrini et al., 2001). As for the seedlings
of commercial substrates and sewage sludge, their lower
photosynthetic rates result from their leaf immaturity, since
new and expanding leaves do not have the fully developed
photosynthetic apparatus (Dantas et al,. 2007).

Similar to what happened for the photosynthetic rate,
the seedlings of the substrates green coconut shell and
the carnaubeira palm butt were the most efficient in the
use of water, which signalizes that more CO

2
 was

assimilated by these plants with less water loss (Silva et
al., 2013), while the commercial substrate and sewage
sludge seedlings showed less momentary efficiency in
water use.

When evaluating the accumulation of macronutrients
in papaya tree plants, we found that this was generally
related to the highest concentrations of these nutrients in
the carnaubeira palm butt and in the coconut shell, which
provided the best accumulation results. Combined with
the good nutritional composition of these substrates,
another factor that contributed to the greater accumulation
was the high production of biomass from seedlings in
these treatments, since there is a parallel between the
production of dry matter and the accumulation of nutrients
in vegetables (Malavolta, 2006) and that the accumulation
is the product of the dry mass by the nutrient content in
the plant.

The accumulation of macronutrients in the seedlings
took place in the following sequence: K> Ca> Mg> S> P.
This result corroborates that observed by Oliveira et al.
(2009) for the absorption of macronutrients by the shoot
of adult papaya tree plants in the first year of cultivation,
which took place in the following decreasing sequence:
K, N, Ca, Mg, S and P. In this study, it was not possible to
analyze N due to the reduced biomass production of plants
in the commercial substrate. Such results suggest that
the accumulation of macronutrients by papaya plants in
the seedling phase follows the same sequence of
absorption of the plants in the adult phase.

As for the accumulation of micronutrients and the
sodium element in the seedlings, we noticed that there
was a greater relationship with the production of dry
matter in plants than with the concentration of these
elements in the substrates. Although Zn was detected
only in sewage sludge and Ni in green coconut shell and
sewage sludge, these metals accumulated in the tissues
of all seedlings. This may be due to the mineralization of
these elements during the experiment, or the fact that only
water-soluble nutrients were quantified in the substrates,
which suggests that plants can absorb a greater fraction
of elements than only those soluble in water.
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Although the seedlings of the sewage sludge
substrate had reduced biomass production, there was a
higher accumulation of nickel in the plants, which suggests
a possible excess of this metal in the plants cultivated
with sludge. The excess of Ni negatively affects the
growth of plants, because, when present in high values in
plant tissue, nickel inhibits processes such as respiration
and photosynthesis, thereby causing disturbances in the
Calvin-Benson cycle, in addition to affecting the
absorption of other nutrients when present in high
concentrations in the substrate (Torres et al., 2016).

The accumulation of micronutrients in papaya tree
seedlings was, in general, similar to the results of mass
production of dry matter, except for copper and nickel,
which had higher accumulation in seedlings cultivated
with sewage sludge, and the plants accumulated the
micronutrients in the following sequence: Fe> Zn> Mn>
Ni> Cu. This result corroborates the work of Mesquita et
al. (2010) regarding the leaf contents of adult papaya tree
(little) plants from Santa Amália under different
biofertilizers.

Regarding the accumulation of heavy metals in papaya
tree seedlings, this was influenced by the dry matter
production of the plants, since the seedlings cultivated
with carnaubeira palm butt and green coconut shell, which
produced greater dry biomass, showed, in general, higher
accumulation of these elements, with the exception of
selenium, which had a superior result in plants grown with
sewage sludge.

Although there was a significant accumulation of
aluminum in the seedlings grown with carnaubeira palm
butt and green coconut shell, there were no symptoms of
toxicity in the plants of these treatments, which manifest
themselves primarily in the roots with reduced growth of
the main axis and inhibition of the formation of the lateral
roots (Malavolta, 2006). During the experiment, no toxicity
symptoms were observed in the plants of any of the tested
treatments.

The concentration of heavy metals in sewage sludge
is below the maximum limit considered appropriate by
Resolution nº 375/2006 of the Conselho Nacional do Meio
Ambiente, which ensures that this waste can be safely
used in agriculture without causing damage to the
environment (Brazil, 2006). Nevertheless, the higher values
of heavy metals and micronutrients in the sewage sludge,
in comparison to the other substrates, impaired the growth
of the plants, thereby resulting in low quality papaya tree
seedlings and with higher accumulation of the following
elements: Cu, Ni and Se.

In view of these aspects, an alternative to mitigate the
highest concentrations of micronutrients and heavy metals
in the sewage sludge is the use of smaller containers,
which reduces the volume of substrate in contact with

the plant, or, the use of this waste in lower proportion in
the substrate, as checked by Siqueira et al. (2019), where
the lowest proportion of sewage sludge was adequate for
the production of vineyard seedlings (Plathymenia
reticulata).

CONCLUSIONS
The substrates made of carnaubeira palm butt and

green coconut shell proved to be the most efficient for
the production of papaya tree seedlings in polyethylene
bags, as these waste produced seedlings with superior
biometric and physiological variables, in addition to
providing an adequate supply of nutrients.

The commercial substrate and the sewage sludge
produced seedlings of inferior quality, with low growth
and reduced accumulation of nutrients, thereby not being
indicated for the production of papaya tree seedlings
under the conditions in which this study was held.
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