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Abstract

The objective of this work was to evaluate the effect of different concentrations of Spirulina platensis on the pro-
duction of papaya (Carica papaya L.) seedlings in a protected environment. A completely randomized design
(CRD) with five treatments and four replications was used, with five plants in the experimental unit (n=20). The
treatments consisted of different concentrations of Spirufert®, class "A" simple organic fertilizer, brand Tamandua.
Concentrations of 0, 1, 2, 3 and 4% were used, diluted in drinking water. Growth characteristics, biomass accu-
mulation and physiological aspects of the seedlings were evaluated using analysis of variance and, in the cases
of significant effect, regression analysis was performed. The use of Spirulina platensis (Spirufert®) in low
concentrations (1%) provided an improvement in the productive performance of the papaya seedlings and
influenced the variable water use efficiency (A/E) in papaya seedlings.

Additional keywords: Carica papaya L.; microalgae; propagation; quality.

Resumo

O objetivo deste trabalho foi avaliar o efeito de diferentes concentracdes de Spirulina platensis sob a producéo de
mudas de mamoeiro (Carica papaya L.), em ambiente protegido. Utilizou-se o delineamento inteiramente ao
acaso (DIC) com cinco tratamentos e quatro repeticdes, sendo cinco plantas na unidade experimental (n=20). Os
tratamentos foram constituidos por diferentes concentracfes de Spirufert®, fertilizante organico simples classe
“A”, marca Tamandua. Utilizaram-se as concentraces de 0; 1; 2; 3 e 4% do produto diluido em agua potavel.
Avaliaram-se caracteristicas de crescimento, acimulo de biomassa e aspectos fisiologicos das mudas utilizando
analise de variancia e nos casos de efeito significativo, realizou-se andlise de regresséo. O uso de S. platensis
em baixas concentracdes (1%) proporciona melhoria no desempenho produtivo das mudas de mamoeiro e
influéncia na variavel eficiéncia do uso da agua (E/A) das mudas de mamoeiro.

Palavras-chave adicionais: Carica papaya L.; microalga; propagacéo; qualidade.

Introduction

The papaya tree (Carica papaya L.) occupies
a prominent place in Brazil, being cultivated in several
regions of the country. The northeast is the main pro-
ducing region of the fruit, with a production of 917.380 t,
being highlighted the state of Bahia, the largest
national producer, with a production of 683.474 t
(IBGE, 2012). Seminiferous propagation is predomi-

nant in the papaya tree, therefore, it is more suscepti-
ble to segregation, which may contribute to a greater
disuniformity of the plants in the production area
(Cavalcante et al., 2014). To minimize this behavior, it
is important to acquire seeds of good quality and of
known origin, whose genetic material of the parents
meets the characters required by the fruit market.

The cultivation of papaya in all its stages, from
the production of seedlings to the processing at harv-
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est and postharvest stages, should prioritize tech-
niques that favor improvements in handling, with envi-
ronmental and food safety to the consumer. According
to Costa et al. (2010), the stage of seedling production
is fundamental to the success of the orchard, as the
literature indicates that seedling quality is related to the
yield potential of adult plants. In this sense, natural
products have been a priority in cultivation, especially
in organic agriculture. The use of microalgae appears
as an innovation and a promising alternative for the
production and processing stages (Moreira, 2014,
Silva, 2015), since nutrient applications are used when
using commercial substrates in the production of
seedlings (Serrano et al., 2010).

The microalgae exist in a number of classes
and are distinguished mainly by their pigmentation, life
cycle and cellular structure, with Spirulina platensis
being of the main commercialized species (Schmitz et
al., 2012).

According to Derner et al., (2006), microalgae
biomass can be used in the soil as fertilizer. Another
option for its use is the manufacture of foliar fertilizer or
biostimulant, where the growth and development of
plants are promoted through the auxin present in the
biomass (Limberger & Gheller, 2012).

In this aspect, the present study aimed to
evaluate the biomass and physiology of papaya

seedlings produced with the foliar application of
Spirulina platensis (Spirufert®, class "A" simple organic
fertilizer, brand Tamandua).

Material and methods

The experiment was conducted in a green-
house, using ‘Formosa’ papaya seedlings, from Sep-
tember to December 2014. The geographic coordi-
nates are 6° 46’ 13" south latitude and 37° 48 06" west
longitude from Greenwich, with a mean altitude of 184 m;
and the variations in the greenhouse comprise a
minimum temperature of 22 °C, mean of 30 °C and
maximum of 38 °C, in addition to a minimum relative
humidity of 20%, mean of 45% and maximum of 80%
for the period (Paiva et al., 2015).

The design was completely randomized, with
five treatments and four replications, with five plants in
the experimental unit (n=20). The treatments consisted
of different concentrations of Spirufert®, class "A" sim-
ple organic fertilizer, brand Tamandué. Concentrations
of 0, 1, 2, 3 and 4% were used (Table 1), diluted in
drinking water, followed by filtration in a domestic sieve
and transfer to a 900 mL hand sprayer, for further
application.

Table 1 - Chemical and physical constitution of the simple organic fertilizer class "A", brand Tamandu&

(Spirufert®).
pH EC N P K Ca Mg S Na ocC OM  Ashes H
- (dSm?)y (%) ‘(mg dm=3) e (cmolc dm-3) (g kg?t) —-----mmmmm-
3.7 1.04 4.40 0.82 0.68 0.16 023 045 0.20 2595 9470 530 76.40
CEC Relation _Salme Fe Mn Cu Zn B Co
C/N CEC/OC index
(cmolc dm3) (%) (mg dm-3)
5/1 1.30 5.0 2.90 280.0 15.0 10.0 60 245.0 15.0

Source: Unithal Laboratory. Sample results in weight / weight basis and dry matter. EC - Electrical conductivity; N - nitrogen; P -
phosphorus; K - potassium; Ca - calcium; Mg - magnesium; S - sulfur; Na - sodium; OC - organic carbon; OM - organic matter;
H - humidity; C / N - carbon and nitrogen ratio; CEC - cation exchange capacity; Fe - iron; Mn - manganese; Cu - copper; Zn -

zinc; B - boron, and Co - cobalt.

In the application, the volume used was
determined by the runoff point of the syrup under the
plants. The applications started at 30 days after sowing
(DAS), being performed in the late afternoon, three
times a week, repeating the practice for three consec-
utive weeks.

The substrate for the production of seedlings
was composed of soil and Bokashi, in the ratio of 3:1
(Table 2). At sowing, three seeds of ‘Formosa’ papaya,
brand Feltrin, were deposited in a polyethylene bag,
with dimensions of 15 x 25 cm. Thirty days after the
emergence, the thinning of seedlings was performed,
remaining only the most vigorous. Irrigations were
carried out daily, keeping the plants at field capacity,
using a watering can.

Periodically, at 30, 48, 52 and 60 DAS, the
following evaluations were performed: number of
leaves (NL), by direct counting; stem diameter (SD),

with the use of a digital caliper; and seedling height
(H), with a graduated ruler. Physiological and biomass
evaluations were carried out at 65 days after sowing

In the physiological analyses, the gas
exchanges of plants were determined using the infra-
red gas analyzer (IRGA) (LCpro*) with constant light of
1,200 pmol photons m? s, obtaining the following
variables: CO2 assimilation rate (umol m? s?), transpi-
ration (mol H20 m%2s?), stomatal conductance
(mol H20 m2s1) and internal CO2 concentration; the
intermediate leaves were chosen in order not to
underestimate the values, being selected five plants
per treatment. Based on these data, the water use
efficiency [(umol m2s?1) (mol H2O m?s?1)71] and the
instantaneous efficiency of carboxylation ®c were
guantified (Neves et al., 2002; Konrad et al., 2005;
Ribeiro, 2006).
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Table 2 - Chemical analysis of the substrate used for production of papaya seedlings before and after the use of

Spirufert®.
pH EC Ca Mg Al Al+H  Na K P OM
Substrate CaClz (dsm?)  ----momommomooeee- (Lo N ) I —— --- (g kg?) ---
Before using Spirulina platensis (Spirufert®)
Soil + Bokashi (SB) 6.1 3506 58 54 040 54 049 0.6 53 0.72
After using Spirulina platensis (Spirufert®)
SB+ Spirufert 0% 6.3 1841 54 4.1 0.0 41 0.63 0.5 1.6 0.63
SB+ Spirufert 1% 6.3 211.3 6.0 4.0 0.0 51 048 0.3 56 0.84
SB+ Spirufert 2% 6.5 2441 57 4.2 0.0 26 0.73 0.5 57 0.79
SB+ Spirufert 3% 6.4 2106 54 5.2 0.0 34 0.63 0.4 57 0.27
SB+ Spirufert 4% 6.4 2162 5.2 5.8 0.0 41 0.63 0.5 58 0.16

Source: Analyses carried out in the soil laboratory of the Science and Technology Center Agrifood, UFCG. EC - Electrical
conductivity; Ca - calcium; Mg - Magnesium; Al - Aluminum; Al + H - Acidity potential; Na - Sodium; K - Potassium; P -

Phosphorus; OM - organic matter.

For biomass analyses, it were determined the
fresh mass of the root system (FMR), fresh mass of
shoots (FMS), total fresh mass (TFM), dry mass of
root (DMR), dry mass of shoots (DMS) and total dry
mass (TDM). The dry mass is determined by drying the
parts of the plant in a forced air circulation oven at 65
°C, until constant weight. The total, fresh and dry
masses were obtained by the sum of the parts
represented by the root system and shoots, respec-
tively.

The variables were analyzed by analysis of
variance, by F test (1 and 5% probability) and, in cases
of significant effect, regression analysis was performed
using the statistical software SISVAR (Ferreira, 2011).
The choice of regression was made given the better

adjustment on the basis of coefficient of determination
(R? and taking into account a probable biological
explanation.

Results and discussion

According to the interpretation of the growth
data, there was no significant difference in the interac-
tion between the Spirufert® concentrations and the
age of seedlings for the variables number of leaves
(NL), stem diameter (SD) and seedling height (H).
There was also no significant difference in the Spiru-
fert® concentrations, when analyzed alone, in these
three variables studied (Table 3).

Table 3 - Summary of the analysis of variance for leaf number (NL), stem diameter (SD) and height (H) seedlings
due to different concentrations of Spirufert® and age of seedlings.

Mean Square

iati 1

Causes of variation WDF NL D v
Spirufert® (SP) 4 0.353 " 2.408 s 4.306 "
Error (SP) 15 1.809 1.097 9.708
AGE (A) 3 69.556** 67.332** 485.915**
SPx A 12 0.481 ns 1.492 s 2.785 s
Error (A) 45 4.456 3.594 28.583
ACV% (SP) 6.64 30.08 16.41
CV% (SP x A) 23.56 36.75 42.28
Mean 8.96 5.15 12.64

@ Degrees of freedom; @ Coefficient of variation; ** - Significant at 1% probability by the F test; * - Significant at 5% probability

by the F test; ns - not significant.

Although the leaf product applied did not show
a significant effect, NL increased gradually with the
increase in the age of seedlings, with a higher NL in
the seedlings at 60 DAS (Figure 1).

Similar behavior regarding the use of microal-
gae in the production of seedlings was observed by
other authors. Guimarées et al. (2012) did not find a
significant difference in the variable number of leaves
when  evaluating different  concentrations  of
Ascophyllum nodosum, applied foliarly in papaya
seedlings. Garcia et al. (2014), evaluating the effect of
the extract of the microalgae Ascophyllum nodosum on
cashew seedlings found that the extract concentrations
did not influence the number of leaves either.

A study carried out with Solanum melongena
demonstrated divergent results, where the foliar appli-
cation of Marginatum stoechospermum shows that the
concentration of 1.5% provides increased growth, bio-
chemistry and yield parameters in eggplant due to the
presence of elements such as macronutrients and
micronutrients, growth hormones, oligoelements and
vitamins (Ramya et al., 2015).

In agreement with the increase in the NL, with
the advancement of age of seedlings, there was an
increase in the SD, which corresponded to 62.5% from
30 DAS to 60 DAS (Figure 2). Similar behavior was
observed by Garcia et al. (2014), who did not obtain a
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significant difference for stem diameter in cashew
seedlings treated with Ascophyllum nodosum.
According to Sé et al. (2013), the diameter is one of the

characteristics that expresses a higher quality and
resistance of the seedling to be introduced in the field.
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Figure 1 - Number of leaves as a function of the age of papaya seedlings and concentrations of Spirufert®.
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Figure 2 - Stem diameter as a function of the age of papaya seedlings and concentrations of Spirufert®.

In agreement with NL and SD, seedling height
had a similar behavior. This H doubled in values from
30 DAS to 60 DAS (Figure 3). Garcia et al. (2014) and
Silva et al. (2012), evaluating the effect of the extract of
the microalgae Ascophyllum nodosum on cashew and
cabbage (Brassica oleracea L.) seedlings, respectively,
found that the concentrations of the extract did not

influence the variable seedling height at the
concentrations tested. Divergent results were obtained
by Garcia-Gonzalez & Sommerfeld (2016), who
studied the use of a biofertilizer based on the
microalgae Dimorphus acutodesmus, where the foliar
application of 3.75 g yielded a higher plant height in
tomato (Solanum lycopersicum).
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Figure 3 - Height as a function of the age of papaya seedlings and concentrations of Spirufert®.

Regarding the physiological variables, no
significant effect was observed in the Spirufert® con-
centrations for leaf net photosynthesis (A), transpiration
(E), stomatal conductance (Gs), internal CO2 concen-

tration (Ci) and instantaneous efficiency of carboxyla-
tion (A/Ci). Only for the variable water use efficiency
(E/A) there was a significant effect at a 1% probability
level (Table 4).

Table 4 - Summary of the analysis of variance for CO2 assimilation rate (A), transpiration (E), stomatal
conductance (Gs), internal CO2 concentration (Ci), efficiency of water use (E/A) and the instantaneous efficiency
of carboxylation (A/Ci) for concentrations of Spirufert® in the production of papaya seedlings 65 days old after

sowing.
Causes of WDE Mean Square
variation A E Gs Ci E/A A/Ci
Spirufert® 4 13.724 s 0.038 ns 0.007 ns 875.46 1 1.730 " 0.00024 ns
Error 20 7.061 0.516 0.003 185.72 0.095 0.00017
ACV (%) 23.05 21.68 34.41 6.24 8.84 24.40
Mean 11.53 3.31 0.176 218.48 3.48 0.0528

@ Degrees of freedom; @ Coefficient of variation; ** Significant at 1% probability by the F test; ns - not significant.

The E/A decreased with increasing concentra-
tions of Spirufert® (Figure 4). In this sense, the plants
had a smaller capacity to limit the loss of water, while
absorbing carbon dioxide. As papaya is a Cz plant,
there was a limitation in the assimilation of COz2 in situ-
ations of nutritional complementation.

No significant effect was detected for the
variables fresh mass of shoots (FMS), dry mass of
shoots (DMS), fresh mass of roots (FMR), dry mass of
roots (DMR), total fresh mass (TFM) and total dry
mass (TDM) (Table 5).

The use of Spirufert ® in lettuce production
also did not have a significant effect on the variables,
number of leaves, fresh mass of shoot, plant height,
crown diameter, dry mass, root length, dry mass of the
root, total fresh plant mass and total dry mass of the
plant of lettuce (Silva, 2015).

The dry mass of roots and shoots presented
similar behavior to the fresh mass (Figure 5 and 6).
Garcia et al. (2014) verified that the increase of the
doses of the microalgae extract resulted in a reduction
of the dry mass of the root system, and from the 2 ml L
dose of the extract, there was a decrease of
approximately 13.28%. Almeida et al. (2014) observed
similar results in their work for the dry mass of shoots,
where also no effects of the doses of the algae extract
were observed in acerola rootstock.

In contrast, Guimaraes et al. (2012) verified a
linear increase in the total dry mass of papaya seedl-
ings as a function of the increase in the concentration
of the product based on algae extract (Raiza®), in the
order of 0.59 g plant?® per unit increase in the concen-
tration thereof, resulting in a concentration of 2% in a
total of 76.8% compared to the control.
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Figure 4 — Efficiency in water use (E/A) (umol m= s1) in papaya seedlings due to concentrations of Spirufert®, 65
days old after sowing.

Table 5 - Summary of the analysis of variance for fresh mass of shoot (FMS), dry mass of shoot (DMS), fresh
mass of root (FMR), dry mass of root (DMR), total fresh mass (TFM) and total dry mass (TDM) due to concentra-
tions of Spirufert® in the production of papaya seedlings 65 days old after sowing.

Causes of DE Mean Square

variation FMS DMS FMR DMR TFEM TDM
Spirufert® 4 5.518 ns 0.265 ns 2.267 ns 0.018 s 9.941 ns 0.055 s
Error 20 3.090 0.271 0.483 0.007 5.498 0.299
Mean 11.36 1.79 6.70 18.63 15.09 2.246
CV (%) 15.46 29.05 18.75 0.474 15.53 24.35

@ Degrees of freedom; @ Coefficient of variation; ns - not significant.
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Figure 5 - Total fresh mass (TFM), fresh mass of root (FMR) and fresh mass of shoot (FMS) of papaya seedlings
due to different concentrations of Spirufert®.
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Figure 6 — Dry mass of root (DMR), dry mass of shoot (DMS) and total dry matter (TDM) of papaya seedlings for

different concentrations of Spirufert®.

Conclusions

The use of Spirulina platensis (Spirufert®) in
low concentrations (1%) provided an improvement in
the productive performance of the papaya seedlings
and influenced the variable water use efficiency (A/E).
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