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Abstract

Heliconias have great commercial importance due to their durability of inflorescences, sizes, forms and bright colors. Regarding its
production, the mineral nutrition of the crop is one of the most relevant aspects to obtain quality floral stems. The objective was to
determine the influence of N-P-K on the growth and nutritional content of Heliconia stricta Dwarf Jamaican. A completely random-
ized block design was used with four treatments and five repetitions. The treatments consisted in fertilizing the soil with N-P-K. The
levels of fertilization expressed in kg ha! of NPK were: control without application 00-00-00 (T100), 31-31-31 (T231), 62-62-62
(T362) and 93-93-93 (T493). The plants received the treatments for six months. Growth variables and nutrient contents of heliconia
biomass were evaluated. The analysis of variance showed significant statistical differences (P < 0.05) in the vigor and color of the
plant, as well as the phosphorus, magnesium and copper contents. The significant increases in vigor and color were with doses 31-
31-31 and 62-62-62 of NPK. As for the contents of P, Mg and Cu were influenced by doses 31-31-31, 62-62-62 and 93-93-93 of
NPK. This work shows important findings in relation to the nutritional diagnosis in the foliar content of nutrients.
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Resumo
Crescimento e estado nutricional de heliconia sob fertilizacdo mineral

Heliconias tém grande importancia comercial devido a durabilidade de suas inflorescéncias, tamanhos, formas e cores brilhantes.
Em relag@o a sua producgdo, a nutrigdo mineral da cultura é um dos aspectos mais relevantes para a obtencdo de hastes florais de
qualidade. O objetivo foi determinar a influéncia do N-P-K no crescimento e estado nutricional de Heliconia stricta Dwarf Jamai-
can. O delineamento experimental utilizado foi o inteiramente casualizado com quatro tratamentos e cinco repeti¢des. Os trata-
mentos consistiram na fertilizagdo do solo com N-P-K. Os niveis de adubagdo expressos em kg ha! de NPK foram: controle sem
aplica¢ao 00-00-00 (T100), 31-31-31 (T231), 62-62-62 (T362) e 93-93-93 (T493). As plantas receberam os tratamentos por seis
meses. Variaveis de crescimento e teores de nutrientes da biomassa de heliconia foram avaliadas. A analise de variancia mostrou
diferengas estatisticamente significativas (P <0.05) no vigor ¢ na cor da planta, assim como para os teores de fésforo, magnésio e
cobre. Os aumentos significativos no vigor e cor foram com as doses 31-31-31 e 62-62-62 do NPK. Quanto ao conteudo de P, Mg
e Cu, esses foram influenciados pelas doses 31-31-31, 62-62-62 ¢ 93-93-93. Este trabalho mostra importantes achados em relagio
ao diagndstico nutricional no teor foliar de nutrientes.

Palavras-chave: Heliconia stricta Dwarf Jamaican, flores tropicais, nutri¢do vegetal, producdo, qualidade comercial.

buquerque et al., 2010), which translates into high amounts of
nitrogen, phosphorus, potassium and magnesium, iron, man-

Introduction

Heliconia stricta ‘Dwarf Jamaican’ along with other culti-
vars have great commercial importance due to their durability
of inflorescences and bright colors (Cantor et al., 2014). In
relation to its production, the application of synthetic fertiliz-
ers represent a significant percentage of production costs (Al-

ganese and organic material (Matos-Viégas et al., 2014).
Concerning the functions of the three main macronu-
trients, nitrogen is an important component of all proteins
and nucleotide acids; it is also present in coenzymes, nu-
cleotides, amides, ureides, in chlorophyll, among others.
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Phosphorus is part of the nucleic acids and participates in
the synthesis of proteins, as a constituent of ATP and many
coenzymes and intervenes in all metabolic processes of en-
ergy transfer. Potassium is an activator or cofactor of more
than 50 enzymes of the metabolism of carbohydrates and
proteins, also participates in the ionic balance and osmotic
regulation (Alcantar Gonzalez et al., 2007).

Moreover, in the nutrition of heliconia and species
of the order Zingiberales, nitrogen and phosphorus sig-
nificantly increases the parameters of vegetative growth,
flowering and yield in number of floral stems m? (Patel et
al., 2017). Potassium affects the performance of the floral
stem and the content of P, K, Ca and Mg in leaves, besides
the increase in the doses of K O in the soil cause a reduc-
tion in the P content of the leaves (Beckmann-Cavalcante
et al., 2016). In general, N, P and K improve the vegeta-
tive growth and yield of floral stems and rhizomes (Goh
etal., 2018)

In this ornamental species, fertilizers are required to be
applied in correct doses (Stewart et al., 2005) and distrib-
uted or adjusted to the requirements of the plant in each
phase of growth and development (Gowda et al., 1988).
Since high amounts are sometimes applied to achieve
higher yield (Sushma et al., 2013), it is also necessary to
define the moment of application of fertilizers (Taniguchi
et al., 2016). All of the above conditions are essential to
obtain commercial quality flower stems (Ruppenthal and
Castro, 2005).

During this research, low doses of fertilization were ap-
plied based on other researches that state the possibility of
the nutrient cycle could reduce the entry of fertilizer, reduc-
ing production costs and the environmental risks associated
with its unnecessary application (Taniguchi et al., 2016).
The application of chemical fertilizer can be considered
as a complement to the application of organic fertilizers:
in this way satisfy the nutritional requirements of the crop
minimizing production costs and reducing the environmen-
tal impact (Linares-Gabriel et al., 2017; Linares-Gabriel et
al., 2018).

Finally, this work contributes to generate information
about mineral nutrition of ornamental plants, especially
tropical species, because it is considered limited (Merida
et al., 2017) therefore, the objective of this research was to
determine the influence of the application of N-P-K in the
growth and nutrients content of heliconia (Heliconia stricta
Dwarf Jamaican).

Materials and Methods

Location

Research was conducted under nursery conditions:
from February-August 2016 in an experimental site lo-
cated in the town of Almagres, Municipality of Sayula
de Aleman, Veracruz, Mexico. It is located between the
coordinates 17°48°53"'S and 94°56°33""W: altitude of
40 meters above sea level. It presents a subhumid warm
climate (Aw,) according to (Garcia, 1998): precipitation
and average temperature of 1750 mm and 25 °C respec-
tively.
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Soil characteristics

The soil was collected and analyzed. According to the
analyzes performed, the soil showed the following char-
acteristics: pH 5.47, electrical conductivity 879 pS cm’,
organic matter 32.25%, total nitrogen 1.08%, phosphorus
59.45 mg-kg!, potassium 3.12 cmol kg, and clay-sandy
texture. An average of 3.75 kg of soil per pot was used.

Crop management

In order to avoid damage caused by direct exposure
of the crop to the Sun, 70 percent shade mesh was placed
before sowing. The rhizomes were harvested and a pseud-
ostem cut was made in the upper part to leave it at a length
of 20 cm. Very long and dead roots were eliminated. Fi-
nally, the rhizome was immersed in a solution of Captan (1
g L) in the basal part where the cut was made. After that,
sowing was carried out. Two rhizomes were placed in the
center of each pot at 10 cm depth. Three times per week
irrigation was carried out in all the treatments: using tap
water. The planting distance was 1.5 x 1 m, considering a
population density of 6,060 plants ha'. This was done in
polyethylene bags with a size of 40 x 40 cm.

Experimental design and treatments

A completely randomized block design was used with
four treatments and five repetitions. The treatments con-
sisted of fertilizing the soil with N-P-K. The levels of fertil-
ization expressed in kg ha™! of N-P-K were: control without
application 00-00-00 (T100), 31-31-31 (T231), 62-62-62
(T362) and 93-93-93 (T493). The source of fertilizer was
triple 17. The application was made by depositing the fer-
tilizer at a depth of 5 cm at a distance of 10 cm from the
plant, distributed in six applications from sowing, during
the duration of the experiment. In total the following doses
g plant! of N-P-K were applied: 00-00-00, 05-05-05, 10-
10-10 and 15-15-15 respectively for each treatment. Ap-
plications of the same dose were made every month. The
experimental unit consisted of a plant.

Variables evaluated

The variables evaluated were height of the plant, health,
vigor, color, number of leaves, leaf area, number of rhi-
zomes and the content of macro and micro nutrients at 210
days after sowing (DAS). The height of the plant (cm) was
measured from the base of the plant to the highest leaf.
Plant health, vigor and color were evaluated according to
Linares-Gabriel et al. (2017). The health was determined
with a qualitative scale of ranges from 1-5: where 1 is
100% or plant insane and 5 is 0% or healthy plant. The
vigor of the plant was determined with a qualitative scale
of ranges from 1-5: where 1 is the weak plant and 5 is a
vigorous plant. The color of the plant was measured based
on the color chart Munsell Color Charts for Plant Tissues®
(Munsell, 1952): A scale of 1 was used for yellow, 2 green
yellow, 3 green and 4 very green; considering section 2.5
GY (green-yellow). The length and width of the highest
leaf of a plant multiplied by 0.74 determined the leaf area
(cm?) according to Farias et al. (2013). Finally, the number
of rhizomes per mat was counted.
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Additionally, the plants were harvested by cutting 5 cm
from the base of the soil in order to determine the content of
macro and micronutrients. Leaves and stems were washed
separately with distilled water. Subsequently, they were
placed in paper bags and put into a forced air oven at 60
°C to obtain constant weight. Last of all, they were ground
with a 2 mm screen. The variables of the plant material were
estimated as follows: dry weight in leaf and stem (g) with
the formula = (wet biomass * %DM)/100, nitrogen (N%)
= modified Kjeldahl micro to include nitrates. Phosphorus
(P%) and potassium (K%) were measured in the digested
with HNO,/HCIO,: the quantification of phosphorus with
UV-visible spectrophotometer and potassium by atomic ab-
sorption spectrometry. Calcium (Ca%), magnesium (Mg%),
sodium (Na%), iron (Fe: mg kg™'), copper (Cu: mg kg™), zinc
(Zn: mg kg') and manganese (Mn: mg kg') was determined
using a UV-visible spectrophotometer and by atomic absorp-
tion spectrometry. The corresponding analyzes were carried
out in the Agroindustrial, Soil, Plant and Water Laboratory
(ASPWL) of Colegio de Postgraduados, Campus Tabasco.
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Statistical analysis

The analysis of the variables determined the signifi-
cance of the individual effects. Square root transforma-
tions were made to the qualitative variables of the original
data: leaf number, vigor, color, number of rhizomes, health
and for nutrients that are determined in percentages. For
the analysis of variance, a completely randomized design
was applied and the comparison of means with Tukey (P
< 0.05) through the statistical package Statistical Analysis
System (SAS, 2014).

Results and Discussion

Growth variables

Significant statistical differences were found (P < 0.05)
for the variables color and vigor of the plant (Table 1). Ac-
cording to the means test with Tukey (P < 0.05): the best
treatments were T231, T362 and T493 with application of
fertilizer for both variables (Table 2).

Table 1. Analysis of variance of growth variables evaluated in Heliconia stricta Dwarf Jamaican

N f
Height Leaf area ul'nber 0
rhizomes
E————
eveso 0.7049" 0.4159 02781
significance
e R aE
oetheient o 8.55% 17.58% 10.63%
variation

*P > 0.05, not significant.

Table 2. Comparison of means for growth variables in Heliconia stricta Dwarf Jamaican

Height Leaf area "Number of
Treatments .
(cm) (cm) rhizomes
T231 38.4a 281.2a 14.8a
T362 41.3a 256.8a 15.4a
T493 41.6a 310.9a 18.6a
T100 42.0a 295.4a 13.6a
i 6.5597 94.467 0.7839

Treatments
Number of Health Vigor Colour
leaves
0.3083 0.2132 0.0185 0.0007
6.18% 12.64% 9.72% 10.71%
1
Number of "Health Vigor !Colour
leaves
6.4a 3.2a 3.8a 3.6a
6.4a 3.2a 3.6a 3.4a
6.4a 3.4a 3.6a 3.8a
6.9a 2.4a 2.4b 1.4b
0.2962 0.4104 0.331 0.3442

Means with the same letter within each column do not differ statistically (Tukey, P < 0.05)

* Honestly significant difference

' Original means; data transformed according to VX

The results showed that in low doses of fertilization
both variables respond positively in the growth of heliconia
(Heliconia stricta Dwarf Jamaican). Some authors, such as
Linares-Gabriel et al. (2017) agree on the same findings as
they also used low doses in their research work (15 g plant!
of chemical fertilizer). Other authors have used higher dos-
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es such as Matos-Viégas et al. (2014) and Albuquerque et
al. (2010) have applied from 50 to 150 g plant' of formula
15-15-15 of N-P-K; considering the fact that a significant
part of the nutrients applied in the field is not absorbed by
the plants and is lost by leaching, volatilization, nitrifica-
tion or other forms. Such loss increases the cost of fertilizer
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310

GROWTH AND NUTRIENTS CONTENT OF HELICONIA UNDER MINERAL FERTILIZATION

and seriously pollutes the environment (Timilsena et al.,
2015).

Furthermore, the supply of nutrients in low doses con-
tributes to a better appearance of the plants of Heliconia
stricta Dwarf Jamaican as it is reflected in this study. Ac-
cording to the Ferreira and Oliveira (2003) approach, the
application of N-P-K in field conditions favors the produc-
tivity of Heliconia cv. Golden Torch. The idea that nutrient
contents are sometimes determined by biotic and abiotic
factors is not excluded; these factors involve temperature,
relative humidity, luminosity, genotype, concentration of
nutrients in the soil, cultivation and management of the
crop (Jarvan and Poldma, 2004).

Concerning the fertilization and management condi-
tions in this study, the vigor of the plants in relation to the
control was improved. The application of doses 31-31-31
(T231) of NPK was sufficient. However, it is important to

consider the type of substrate exploited to avoid excessive
use of chemical fertilizers and consider organic fertilizers
as a complement. According to Carvalho et al. (2012) the
plants of Heliconia cv. Golden Torch exhibit a fairly homo-
geneous and vigorous growth without visual symptoms of
nutritional deficiency; hence, evidencing that the chemical
fertilization associated with bovine manure (organomin-
eral) is the most recommended for cultivation.

Nutrients content

Significant statistical differences were found (P< 0.05)
for the variables magnesium, phosphorus and copper (Ta-
ble 3). According to the means test with Tukey (P< 0.05),
the best treatment for magnesium was T493, for phospho-
rus were T231 and T362 and for copper the treatments that
stood out were T231, T493 and T100 (control without fer-
tilizer application) (Table 4).

Table 3. Analysis variance of nutrients content evaluated in Heliconia stricta Dwarf Jamaican.

N P K C Mg
% % % % %
Levelsof = 0800°  0.0044 08898 04466  0.0019
significance
Coefficient ) ce o, 560% 1088% 621% 3.19%
of variation
! Dry matter

*P >0.05, not significant.

Table 4. Comparison of means for nutrients content analyzed in Heliconia stricta Dwarf Jamaican.

N ’p K ’Cal Mg

% % % % %
T231 2.7a 0.4ab 0.6a 0.8a 0.2b
T362 2.9a 0.5a 0.5a 0.8a 0.2b
T493 2.4a 0.2¢c 0.6a 0.8a 0.3a
T100 2.6a 0.3bc 0.5a 0.9a 0.2b
*HSD 0.11 0.10 0.24 0.16 0.04

Treatments
Na Fe Cu Zn Mn .
DM
% mg kg' mgkg' mgkg' mgkg! g
0.6408 0.5678  0.0419 0.1703  0.0662  0.6232
927% 4935% 7.62% 683% 41.51% 30.05%
Treatments
’Na Fe Cu Zn Mn .
DM
% mg kg? mgkg!' mgkg! mgkg! g
0.06a 286.4a 16ab 28.1a 479.3a 22.4a
0.06a 235.9a 13.5b 30.1a 83.7a 32.1a
0.07a 240a 17a 26.4a 416.4a 29.4a
0.07a 414.1a 17.7a 25.6a 362.5a 27.8a
0.06 410.3 3.474 5.33 393.6 23.75

Means with the same letter within each column do not differ statistically (Tukey, P < 0.05).

! Dry matter
2Original means; data transformed according to VX
“ Honestly significant difference

Principally, this research focus on the aspects of the nu-
tritional requirements of the Heliconia stricta which have
not been exhaustively studied and for this reason, there is
scarcely published research available (Castro et al., 2011).
Fundamental information is needed on aspects of the pro-
duction of heliconia, especially in relation to mineral nutri-
tion (Castro et al., 2015).

Gnam. Houtic. (Campinas)

Stem length and diameter, length of inflorescence, post-
harvest durability and carbohydrate content in flower stems
are important characteristics for postharvest and commer-
cialization of heliconia; therefore, covering the deficiencies
of nitrogen, phosphorus and potassium is necessary (Castro
et al., 2011). Starting the reproductive phase fertilization
with nitrogen and potassium should be intensified to satisfy
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the need of the plant to ensure the vegetative growth and
nutrients exported by the plant (Taniguchi et al., 2016).

As result of this study, the fertilization of N-P-K re-
flected an increase in the content of Mg and Cu. In rela-
tion to magnesium content, the results coincide with Castro
et al. (2015), these authors affirm that the rhizomes sup-
ply sufficient Mg to supply the plant until the beginning
of flowering. The effect of magnesium on heliconia can be
attributed to the number of rhizomes (18) with application
of doses 93-93-93 (T493) of N-P-K. This argument can be
contrasted with the results of Carvalho et al. (2012) as they
obtained two to three rhizomes at 150 days in Heliconia
psittacorum x H. spathocircinata cv. Golden Torch: with
the control treatments, manure, N-P-K and the combination
of both (manure + N-P-K) in field conditions.

In the case of phosphorus deficiency, it can produce
yellowish leaves as a result of proteolysis. Number of rhi-
zomes is reduced, early senescence and smaller leaves oc-
cur due to the lower number of cells (Malavolta, 2006).
This incident did not occur throughout this study in doses
of 31-31-31 (T231) and 62-62-62 (T362) of N-P-K. Dur-
ing phosphate deficiency, the plant may have a greater ca-
pacity to acquire and transfer phosphate (Raghothama and
Karthikeyan, 2005). The omission of P in heliconia does
not alter the nutrients contents observed in the leaves in
the vegetative phase however, it is important to consider
that visual symptoms are not always observable (Castro et
al., 2015).

Generally, N, P, K, Mg, Mn, S and Fe are (far more)
considered in the study of heliconia (Castro et al., 2015)
meanwhile the effect of copper in these plants has only a
few studies on the matter. Copper is an essential metal for
the normal growth and development of plants (although
it is also potentially toxic); besides that, it participates in
numerous physiological processes (eg. electron photosyn-
thetic transport) however, problems arise when an excess
copper is inside the cells because it inhibits the growth of
plants and affects important cellular processes (Yruela,
2005). Studies show that heliconia are plants whose main
characteristics are the hyperaccumulation of toxic sub-
stances and transformation of such compounds thanks to
their biological properties (Pefia-Salamanca et al., 2013).

According to Yruela (2005), electron photosynthetic
transport has an impact on the color of the leaves. In the
study conducted, the effect of copper on the leaf area and
color of the plant showed no negative effects, reduced
growth or toxicity. Sometimes the area of the leaf can be
negatively reflected in the development of the plant, the
reduction of the leaf area is involved in the process of pho-
tosynthesis; this depends on the interception of light energy
and its conversion into chemical energy (Albuquerque et
al., 2014).

The results of the present study lead to a main ques-
tion: Why was the effect on nutrients reflected in Mg and
Cu if it was fertilized with N-P-K? As mentioned above
there is a cause and effect that has to do with the omission
of some nutrient and the increase of another: in the same
way, the substrate used has 32.2% of organic matter and
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this interferes in the supply of nutrients by mineralization
(in particular, the release of nitrogen, phosphorus, sulfur
and micronutrients available for plants) (Cepeda, 2016).

An individual heliconia plant tends to develop as a
functioning rhizome system: a complex of interrelated
plants in an uninterrupted export of nutrients (Castro et al.,
2011). The return of the leaf blades to the cultivation area is
completing a cycle around 82% N, 57% P, 42% K, 68% Ca,
63% Mg, 81% S, 62% Cu, 30 % Fe, 34% Zn, 11% Mn and
53% B exported by the plant (flower stems + leaves). The
availability of nutrients in this vegetable waste depends on
the abiotic factors and the activity of the microorganisms
in the soil (Taniguchi et al., 2016). The heliconia rhizome
is a main organ for the storage of nutrients and is strongly
influenced by environmental factors and nutrients available
in the soil. This crop, as well as the roots and tubers, show
a clear supply competition between the vegetative growth
of the rhizomes and the growth of the storage tissue dur-
ing some periods after the beginning of the storage growth
(Castro et al., 2011). Based on this claim, heliconia fer-
tilization management should be planned to provide suf-
ficient amounts of nutrients to allow the rapid development
of the root system and establishment of the plant in the field
(Taniguchi et al., 2016).

Conclusion

The application of the different levels of fertilization
with N-P-K considerably improved the vigor and color of
the plant in addition to the increase of phosphorus, magne-
sium and copper contents of the heliconia biomass. Nev-
ertheless, the fertilization with N-P-K did not result in any
significant improvements to the growth of the heliconia in
relation to the control.
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