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Carica papaya The use of organic waste in the composition of substrates for seedlings constitutes an alternative
quality seedlings to the recycling of these materials. Thus, an experiment was conducted with the objective
mineral nutrition to evaluate the production of ‘Formosa’ papaya seedlings in substrate containing carnauba

wax residue, under foliar fertilization. The experimental design was completely randomized
with five replicates, with treatments distributed in a 5 x 2 factorial scheme, corresponding
to five materials used as substrates, in the presence and absence of foliar fertilization. The
materials used were: earthworm humus, carnauba residue + fresh rice husk; carnauba residue
in powder; carnauba residue semi-decomposed and mixture of carnauba residues: carnauba
residue + fresh rice husk + carnauba residue semi-decomposed + carnauba residue in powder,
at the proportion 1:1:1. The agroindustrial residue of carnauba wax semi-decomposed can
be used as substrates in the production of ‘Formosa’ papaya seedlings. The foliar fertilization
increases the quality of papaya seedlings, leading to increment in leaf area, root volume and
sulfur content in the leaves, thus becoming a necessary practice.

Palavras-chave: Substrato contendo residuo agroindustrial de carnauba

Carica papaya - . ~ .
quahdiep s para producdo de mudas de mamoeiro sob adubacéo foliar

nutri¢do mineral
RESUMO

O uso de residuos orgénicos na composi¢cdo de substratos para mudas constitui uma
alternativa a reciclagem desses materiais. Neste sentido, um experimento foi realizado com
o objetivo de avaliar a producido de mudas de mamoeiro formosa produzidas em substrato
contendo residuo de cera de carnauba com adubagio foliar. Adotou-se delineamento
experimental inteiramente casualizado com cinco repeti¢des, com tratamentos distribuidos
em esquema fatorial 5 x 2, referentes a cinco materiais utilizados como substratos na
presenca e auséncia de adubagéo foliar. Os materiais usados foram: humus de minhoca;
residuo de carnauba + casca de arroz in natura; residuo de carnauba em pd; residuo de
carnauba semidecomposto e mistura de residuos de carnauba: residuo de carnauba + casca
de arroz in natura + residuo de carnauba semidecomposto + residuo de carnauba em p6
(1:1:1). O residuo agroindustrial da cera de carnauba semidecomposto (RCSD) pode ser
usado como substrato na produgido de mudas de mamoeiro formosa. A adubagio foliar
incrementa a qualidade de mudas de mamoeiro, propiciando expanséo na drea foliar, no
volume radicular e no teor foliar de enxofre tornando-se, portanto, uma pratica necessaria.
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INTRODUCTION

Papaya (Carica papaya L.) is a herbaceous plant of tropical
and subtropical climates, well adapted to the Brazilian territory,
where it has great economic importance among fruit crops,
especially in the Northeast region, with annual production of
250,954 t (IBGE, 2012).

Papaya orchards have been installed adopting seedlings
propagated through seeds, for commercial purposes, using
commercial substrates with high cost and without the use
of regional materials with potential, a fact that stimulates
the conduction of research projects involving inputs of wide
availability, reduced costs and efficient in the seedling production
process (Matos et al., 2012; 2016; Albano et al., 2014).

The use of agroindustrial residues as components of
substrates to produce seedlings minimizes the disposal in the
open air or in landfills and, consequently, their accumulation
in the environment (Silva Junior et al., 2014), but it requires
studies especially on the quality of the formed seedling. One of
the residues with potential to be used as substrate component is
the residue of carnauba (Copernicia prunifera Mill.), produced
from the agroindustrial process of carnauba wax extraction,
which has, according to the scientific literature, promising
results for crops such as pineapple (Weber et al., 2003), acerola
(Lima et al., 2006), heliconias (Cavalcante et al., 2011) and
tomato (Silva Junior et al., 2014).

One of the evaluation methods used in the analysis
of seedling quality is the nutritional status, aiming at the
fertilization management and, consequently, maximum
efficiency of absorption, translocation and redistribution
through the determination of critical and adequate levels for
the species (Falcao Neto et al., 2014). In the production of
fruit crops, the use of foliar fertilization has been adopted as
an important tool in the nutritional management, including
by certified nursery owners, to obtain higher-quality seedlings.
However, there are not many data in the literature related to
the effects of foliar fertilization on the production of fruit crop
seedlings associated with substrate composition and its effects
on biometry, quality and nutritional status of the seedlings,
especially when the substrate receives agroindustrial residues,
particularly from the carnauba agroindustry.

Therefore, this study aimed to evaluate the production of
‘Formosa’ papaya seedlings in substrate containing carnauba
wax residue and under foliar fertilization.

MATERIAL AND METHODS

The experiment was carried out from September to
November 2014, in a protected environment, at the Federal

University of Ceara (UFC), Fortaleza, CE, Brazil. During
the experiment, mean temperature of 27.5 °C and mean
relative air humidity of 72.5% were recorded using a digital
thermohygrometer (Instrutemp’, Brasil).

The experimental design was completely randomized with
treatments distributed in a 5x 2 factorial scheme, corresponding
to five substrate compositions based on carnauba residue. The
materials used as substrate were: Earthworm humus (EH)
(commercial substrate); 2) carnauba residue + fresh rice husk
(FRH); 3) carnauba residue in powder (CRP); 4) carnauba
residue semi-decomposed (CRSD) and 5) mixture of carnauba
residues: carnauba residue + fresh rice husk + carnauba residue
semi-decomposed + carnauba residue in powder (MCR), 1:1:1,
in the presence or absence of foliar fertilization. Five replicates
were used with five seedlings per plot, totaling 250 seedlings.

Foliar fertilization was weekly performed using the
fertilizer Niphocan™ (composition: 10, 8, 8, 0.5, 1, 2, 1, 0.5,
0.1, 0.1, 0.2 and 0.5% of N, P,O,, K,O, Mg, Ca, S, Zn, B, Fe,
Mo, Cu and Mn, respectively) at the concentration of 1 mL L7,
according to the recommendations of the manufacturer, only
in the treatments with foliar fertilization (WFF), totaling 6
applications.

For the formation of the seedlings, plastic bags (16 x 26 cm)
were used as containers, filled with standardized substrates in a
volume of approximately 2.5 L. Two seeds of ‘Formosa’ papaya
(cv. Tainung 01) were planted in each container and thinning
was performed 15 days after emergence of the seedlings, leaving
only the most vigorous.

For the determination of the necessity of water replacement,
the plastic bags filled with the respective substrates were
saturated with water up to field capacity and again weighed to
record the reference mass. The bags were daily weighed on a
scale (Balmak Economic’) and the amount equivalent to 70%
of evaporation was replaced.

Chemical (Table 1) and physical (Table 2) characterization
of each substrate was performed at the Laboratory of Soil
Sciences of the Federal University of Ceara, respectively
following the methodologies described by MAPA (2007) and
Schmitz et al. (2002).

For the determination of the effects of the respective
treatments on the formation of ‘Formosa’ papaya seedlings,
the following variables were determined at the end of the
experiment, 60 days after sowing (DAS): i) seedling height
(cm); ii) stem diameter (mm); iii) chlorophyll (index),
according to the recommendations of El-Hendawy et al. (2005).

The seedlings were removed from the substrates, washed
in running water and taken to the Laboratory of Agricultural

Table 1. Values of pH, electrical conductivity (EC) and total contents of nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca) and magnesium (Mg) of the materials used as substrates

EC N P K Ca Mg S
Substrates pH ds m* ok Gmolokg”
EH 6.8 4.62 14.56 0.002 7.71 28.0 2.8 3.30
CRRH 5.3 6.84 24.56 0.097 17.36 8.0 15.5 5.34
CRP 5.6 6.53 30.30 0.089 20.07 6.5 17.0 2.55
CRSD 5.6 5.90 26.54 0.055 23.93 6.0 16.8 3.52
MCR 5.5 5.58 21.50 0.058 24.45 8.5 13.5 3.75

EH - Earthworm humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP - Carnauba residue in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture of

carnauba residue (carnauba residue with rice husk + carnauba residue semi-decomposed + carnauba residue in powder)
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Table 2. Soil bulk density (DS), soil particle density (DP),
moisture [field capacity - 0.033 MPa (FC), permanent
wilting point - 1.5 MPa (PWP) and available water (AW)]
and porosity (P), of the materials used as substrates

compared by Tukey test to evaluate the significant difference
using the software Assistat.

RESULTS AND DI1SCUSSION

Density Moisture
Substrates (kg dm?) (g 100g7) P (%) As observed in Table 3, there was isolated effect of the
DS DP FC PP AW different substrates on plant height, stem diameter, leaf
EH 064 1.18 83.83 7225 1158  45.76 .

CRRH 051 171 8439 6528 1911 7018 chlorophyll index, leaf area, shoot dry matter, root dry matter,
CRP 043 327 11429 83.02 3127 86.85 root length and root volume (p < 0.01), while the foliar
CRSD 040 408 101.01 7894 2207  90.44 fertilization promoted significant difference only for root

MCR 045 2.02 81.07  76.25 4.82 77.72

EH - Earthworm humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP
- Carnauba residue in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture
of carnauba residue (carnauba residue with rice husk + carnauba residue semi-decomposed
+ carnauba residue in powder); DS - Soil bulk density; DP - Soil particle density; FC - Field
capacity; PWP - Permanent wilting point; AW - Available water; P - Porosity

Meteorology of the Agricultural Engineering Department of
the UFC, where the following variables were evaluated: i) leaf
area (cm?); ii) root length (cm); iii) root volume (cm’); and
iv) shoot and root dry matter (g). In addition, the Dickson
quality index (DQI) was determined using the Eq. 1 (Dickson
et al., 1960):

DQI

_ TDM 0
P%D + SDl\%DM

where:
TDM - total dry matter, g;
PH - plant height, g;
SD - stem diameter, mm;
SDM - shoot dry matter, g; and,
RDM - root dry matter, g.

The contents of macronutrients (N, P, K, Ca, Mg and S) in
the shoots (g kg') were also determined using the methodology
described by Malavolta et al. (1997).

The data were subjected to analysis of variance by F test,
for the diagnosis of significant effect, and the treatments were

volume (p < 0.01). For the interaction between the substrates
and foliar fertilization, the effect was significant only for leaf
area (p < 0.05) and root volume (p < 0.01).

For plant height (Table 3), the highest means occurred in the
carnauba residue semi-decomposed (CRSD) and earthworm
humus (EH), which did not differ statistically. The substrate
CRSD showed superiority of 400.37 and 318.25% in relation
to the carnauba residue with rice husk (CRRH) and mixture of
carnauba residue (carnauba residue with rice husk + carnauba
residue semi-decomposed + carnauba residue in powder)
(MCR), respectively. According to Costa et al. (2010), the
minimum height of 20 cm is considered as ideal for papaya
transplantation and the treatments CRSD and EH reached this
mean between 40 and 45 days after sowing, which promotes
to the nursery owner a faster seedling production cycle. In
comparison to the literature, Albano et al. (2014) report that
the substrate with decomposed buriti stem, at the proportion
0f 20%, led to maximum height of 35 cm and Silva et al. (2013),
studying the production of ‘Formosa’ papaya seedlings under the
effect of thermo-reflective screen and substrates, observed that
the substrate with 80% of Organosuper” and 20% of soil led to
highest seedling height (23.7 cm) at 96 days after sowing. These
results are much lower than those found in the present study.

Stem diameter (Table 3) followed the same trend of plant
height, i.e., the best results were observed for CRSD and EH,
with superiority of approximately 571.94% in comparison to
the third highest mean (carnauba residue in powder - CRP),
demonstrating that the greater stem diameter can be related

Table 3. Summary ANOVA and observed means of plant height (PH), stem diameter (SD), leaf chlorophyll index (CLO),
leaf area (LA), shoot dry matter (SDM), root dry matter (RDM), root length (RL), root volume (RV) and Dickson quality
index (DQI) of ‘Formosa’ papaya seedlings as a function of substrates and foliar fertilization

Source of variation PH SD CLo LA RL RV SDM RDM DQlI
S 50.26™ 90.23™ 44,95 1158.05™ 14.28™ 29117 942.26™ 187.24" 202.47
FF 3.69™ 0.64" 0.99™ 0.55™ 0.37™ 11.28™ 1.44s 0.56m 0.05
SXFF 1.16™ 0.56" 1.47m 2.60 0.53" 7117 0.33" 0.43 0.55™
CV (%) 29.01 27.45 11.23 10.12 20.63 17.67 2.45 20.55 15.05

Mean
cm mm (index) cm? cm cm? g
EH 38.47a 1124 a 46.55 a 8439.41b 29.95a 300.00 b 103.92 a 12.152a 9.96b
CRRH 10.54 b 231b 31.02b 958.05 ¢ 22.00b 4250 ¢ 2271¢ 3.25b 2.25d
CRP 15.67 b 2.21b 32.31b 781.96 ¢ 20.38 b 52.50 ¢ 35.84 b 3.57b 2.30d
CRSD 4220 a 12.64 a 49.87 a 10919.80 a 33.66 a 422.00 a 110.23 a 15.26 a 11.88a
MCR 13.26 b 3.05b 31.80b 1171.08 ¢ 20.01b 82.50 ¢ 40.42b 6.12b 425¢
LSD 8.57 2.20 5.49 576.03 6.64 40.60 5.47 3.16 1.34
WoFF 21.03a 6.09 a 37.70 a 4406.44 a 24.75a 164.80 b 62.67 a 11.80a 8.45a
WFF 24.64 a 6.49 a 38.92a 4501.68 a 25.65 a 195.00 a 64.41a 12.33 2 8.35a
LSD 3.79 0.98 2.46 257.90 2.97 18.17 2.92 1.41 0.96

LSD - Least significant difference; CV - Coefficient of variation; S - Substrates; EH - Earthworm humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP - Carnauba residue
in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture of carnauba residue (carnauba residue with rice husk + carnauba residue semi-decomposed + carnauba residue
in powder); FF - Foliar fertilization; WoFF - Without foliar fertilization; WFF - With foliar fertilization; ns: not significant; *Significant at 0.05 probability level; **Significant at 0.01 probability
level; means followed by the same letter in each column do not differ by Tukey test at 0.05 probability level

R. Bras. Eng. Agric. Ambiental, v.21, n.2, p.128-133, 2017.
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to plant height, due to the accumulation of photoassimilates,
which are very important to the metabolic process, helping
in the central role of the reactions involving ATP (Pessarakli,
2014), which possibly occurred in the present study.

The mean results of stem diameter observed in the present
study are higher than those reported by Saraiva et al. (2011),
who tested the production of papaya seedlings under doses of
phosphate fertilization.

For the leaf chlorophyll index (Table 3), there was no
difference between CRSD and EH, which showed means
approximately 160.76% higher in comparison to the other
substrates. The chlorophyll indices are used to estimate
the photosynthetic potential of the plants with positive
proportionality due to its direct link with the absorption and
transfer of light energy (Pessarakli, 2014). Thus, this is one of
the hypotheses for the seedlings formed in the substrates CRSD
and EH to show higher photosynthetic rates and, consequently,
greater plant height, stem diameter and chlorophyll index.

As observed in Table 3, the best result of leaf area was
obtained in CRSD, followed by the substrate containing EH.
These results are higher than those reported by Aratjo et al.
(2010), who used organic substrates in the production of
‘Formosa’ papaya seedlings and claimed that the increase in the
number of leaves occurs because the leaf area reflects in higher
vegetal production, since it is related to the photosynthetic
capacity of the plants (Pessarakli, 2014), i.e., it led to higher
light assimilation, photosynthesis, dry matter accumulation
and height of papaya seedlings.

Shoot and root dry matters (Table 3) followed the same
trend. In CRSD and EH treatments these variables were
approximately 470% higher compared with plants cultivated
in the substrates CRRH, CRP and MCR. These results agree
with those of Silva Junior et al. (2014), who studied alternative
substrates and foliar fertilization in the production of tomato
seedlings and found the best results with residue + rice husk
and semi-decomposed residue.

The substrates CRSD and EH also showed the best values
of root length and root volume (Table 3), which were 168.2
and 992.94% higher, respectively, in comparison to the lowest
means observed in MCR. These results contradict the studies
of Steffen et al. (2011), who claimed that the root development
is antagonistic to shoot development, which can be influenced
by the nutritional composition of the substrate or the hormonal
status of the plant. Quantitatively, Menegazzo et al. (2011)
reported results of root length (34.99 cm) similar to those of
the present study.

Regarding the Dickson quality index (DQI) (Table 3), the
CRSD promoted the highest means, i.e., better quality pattern,
since, according to Melo Junior et al. (2014), the higher the
DQ], the better the quality of the seedling. These results were
higher than those reported by Costa et al. (2010), Almeida
et al. (2011), Silva et al. (2013) and Melo Junior et al. (2014),
who also evaluated DQI in the production of papaya seedlings.

In general, the superiority of CRSD and EH regarding the
phytotechnical variables are related to the respective physical and
chemical characteristics of these substrates. According to Kampf
(2000), the pH value can vary in organic-based substrates and
the ideal range is between 5.2 and 5.5. Values within this range
or very close were obtained in the present study, except in the EH
(Table 1). In addition, according to Ayers & Westcot (1999) the
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papaya crop is considered as moderately tolerant to soil salinity.
Thus, it tolerates electrical conductivity levels between 3 and 6
dS m™ without growth inhibition, and its productive capacity
indicates that the development of the seedlings in the present
study was not negatively influenced by the electrical conductivity
found in the studied substrates.

For the substrates that showed the best results of the
phytotechnical variables (EH and CRSD) (Table 2), the CRSD
has double the pores (better aeration) and promotes double the
amount of available water to the plants, in comparison to EH.
Only the available water observed in the substrate CRSD is in
agreement with the range considered as adequate by Boodt &
Verdonck (1972), which suggests that this material can guarantee
high water availability to plants and constitute a difference for the
superiority in relation to the others regarding the phytotechnical
variables of the ‘Formosa’ papaya seedlings. On the other hand,
Verdonck & Gabriels (1988) defined that the ideal value of
porosity for vegetable substrates is 0.85 m® m™, which, among
the studied substrates, does not apply only to EH (Table 2).

Foliar fertilization promoted significant increment in leaf
area (Figure 1A) and in root volume (Figure 1B), equal to 8.02
and 25.97%, respectively, as also observed by Yamanishi et al.
(2004), who studied the effect of different substrates and two
forms of fertilization on the production of papaya seedlings and
obtained positive results for the development of the seedlings.
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Bars with the same lower and uppercase letters do not differ with respect to substrate
composition and foliar fertilization, respectively, by Tukey test at 0.05 probability levels. EH
- Earthworm humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP -
Carnauba residue in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture of
carnauba residue (carnauba residue with rice husk + carnauba residue semi-decomposed +
carnauba residue in powder); WFF - With foliar fertilization; WoFF - Without foliar fertilization

Figure 1. Leaf area (A) and root volume (B) of papaya
seedlings as a function of different substrates and foliar
fertilization
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The contents of all macronutrients (Table 4) in the shoots
of papaya seedlings were significantly (p < 0.01) influenced by
the substrates, whereas the foliar fertilization affected only the
content of sulfur (p < 0.01). Probably, the absence of significant
effect for the nutrients N, P, K, Ca and Mg is associated with
the supply of these elements to the papaya seedlings, since the
studied organic substrates are not inert and have these nutrients
in their compositions (Table 1).

The substrate composed of EH promoted increment in the
S content in the shoot dry matter of papaya seedlings (Table
4), with superiority of 255.55% compared with the lowest
mean observed in MCR. The mean contents of S in the shoots
of papaya seedlings (Figure 2) differed statistically between
the substrates CRRH, CRP, CRSD and MCR, which showed
lower means.

The foliar fertilization increased at least 120% and at most
372.22% the S content in the shoots of ‘Formosa’ papaya

Table 4. Contents of the macronutrients nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magnesium
(Mg) and sulfur (S) in the shoots of papaya seedlings, as a
function of substrates and foliar fertilization

Source N P K Ca Mg S

of variation gkg!

S (F value) 0.58™ 0.0 123 156" 0.64™  100.68™
FF (F value) 0.05  0.06™  0.06™ 0.03" 0.04  240.45"
OXFF (Fvalug)  0.69™ 091" 0.62 045 0.01™  96.28™
CV (%) 26.49 7091  29.90 3478 8.49 7.72

Mean (g kg)

EH 393a 087a 332a 095a 062a 0.46 a
CRRH 325a 071a 320a 093a 063a 0.38b
CRP 385a 0.82a 4.12a 120a 064a 048ab
CRSD 405a 070a 296a 0.74a 060a 0.30¢
MCR 370a 078a 3.12a 1.09a 064a 0.18d
LSD 1.72 0.95 1.73 0.59 0.09 0.04
WFF 371a 075a 329a 099a 0.63a 0.27b
WoFF 380a 080a 339a 097a 062a 0.42a
LSD 0.75 0.42 0.76 0.26 0.04 0.02

LSD - Least significant difference; CV - Coefficient of variation; S - Substrates; EH - Earthworm
humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP - Carnauba residue
in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture of carnauba residue
(carnauba residue with rice husk + carnauba residue semi-decomposed + carnauba residue in
powder); FF - Leaf area; WoFF - Without foliar fertilization; WFF - With foliar fertilization; ns - Not
significant; *Significant at 0.05 probability level; **Significant at 0.01 probability level; Means
followed by the same letter in each column do not differ by Tukey test at 0.05 probability level
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Bars with the same lower and uppercase letters do not differ with respect to substrate
composition and foliar fertilization by Tukey test at 0.05 probability levels. EH - Earthworm
humus (commercial substrate); CRRH - Carnauba residue + rice husk; CRP - Carnauba residue
in powder; CRSD - Carnauba residue semi-decomposed; MCR - Mixture of carnauba residue
(carnauba residue with rice husk + carnauba residue semi-decomposed + carnauba residue
in powder); WFF - With foliar fertilization; WoFF - Without foliar fertilization

Figure 2. Sulfur content in the shoots of papaya seedlings
as a function of different substrates and foliar fertilization
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seedlings (Figure 2), which may have occurred because of
the low content of this nutrient in the substrates, especially
in those that contain carnauba residue, since in the substrate
with EH the means did not differ statistically when the foliar
fertilizer was applied.

Considering that both sulfur and nitrogen perform similar
functions and directly interfere with processes that are part
of plant physiology, from ionic absorption to DNA and RNA
composition (Pessarakli, 2014), the application of foliar
fertilizer is necessary because S is mostly supplied indirectly,
especially when added to the soil, through fertilizers that
contain this element, because sulfate fertilization is not a
common practice.

CONCLUSIONS

1. The agroindustrial residue of carnauba wax semi-
decomposed (CRSD) can be used as substrate in the production
of good quality seedlings of ‘Formosa’ papaya.

2. Foliar fertilization increases the quality of papaya
seedlings, leading to increments in leaf area, root volume and
sulfur content in the leaves, thus becoming a necessary practice.
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