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A B S T R A C T
This study aimed to evaluate the effect of nitrogen (N) and potassium (K) fertilization in 
yield and contents of macronutrients in heliconia plants (Heliconia psittacorum x Heliconia 
spathocircinata Aristeguieta) cv. Golden Torch. The experiment was set in a randomized 
block design, in a 4 x 4 factorial, corresponding to N doses (0, 120, 180 and 240 g of N hole-1) 
and K doses (0, 120, 180 and 240 g of K2O hole-1) with four replicates and five rhizomes per 
plot, under field conditions. After one year of cultivation, yield (number of flower stems per 
square meter) and the leaf contents of N, P, K, Ca, Mg and S were determined. The applied N 
doses did not influence either yield or the leaf contents of the evaluated macronutrients. K 
fertilization favored the increase in leaf K content and the decrease in the contents of P, Ca 
and Mg in leaves of heliconias. Under the conditions of this experiment, it is recommended 
to apply 161.46 g of K2O hole-1 for a maximum yield of 9.89 stems m-2 per month.

Adubação nitrogenada e potássica na produtividade
e teores de macronutrientes em helicônia cv. Golden Torch
R E S U M O
Realizou-se este estudo com o objetivo de avaliar o efeito da adubação nitrogenada e 
potássica na produtividade e teores de macronutrientes em plantas de helicônia (Heliconia 
psittacorum x Heliconia spathocircinata Aristeguieta) cv. Golden Torch. O experimento foi 
conduzido segundo um delineamento experimental em blocos casualizados em esquema 
fatorial 4 x 4 correspondentes às doses de nitrogênio (0, 120, 180 e 240 g cova-1 de N) e 
de potássio (0, 120, 180 e 240 g cova-1 de K2O) com quatro repetições e cinco rizomas por 
parcela, em condições de campo. Após um ano de cultivo determinaram-se a produtividade 
em termos de número de hastes florais por metro quadrado e os teores foliares de N, P, K, 
Ca, Mg e S. As doses de nitrogênio aplicadas não exerceram influência na produtividade 
nem nos teores foliares dos macronutrientes avaliados. A fertilização potássica favoreceu o 
aumento do teor de K foliar e o decréscimo dos teores de P, Ca e Mg foliares; recomendam-
se, nas condições em que o experimento foi desenvolvido, 161,46 g cova-1 de K2O para a 
produtividade máxima de 9,89 hastes m-2 ao mês.
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Introduction

Plants from the genus Heliconia, belonging to the 
Heliconiaceae family, are used as garden plants or cut flowers, 
adapting to pots or composing flower arrangements, because 
they have important characteristics for marketing, such as the 
ornamental character, resistance to transport and post-harvest 
durability (Castro et al., 2007). The cultivation and marketing 
of heliconia flowers have greatly increased and, in parallel, the 
demand for products with essential quality also increases, in 
order to meet a progressively competitive market.

Among the post-harvest factors indispensable for obtaining 
quality production, the mineral nutrition of heliconias presents 
itself as one of the most significant, because, according to 
Beckmann-Cavalcante et al. (2015), the nutritional status 
influences vegetative growth and production of flowers, since 
the nutritional balance is one of the most relevant factors for 
post-harvest attributes, resistance to transport and storage of 
flowers, regulating physiological and biochemical processes of 
plant tissues, as reported by Burchi & Prisa (2013). 

According to Lamas (2002), heliconias have great demand 
for nutrients, especially nitrogen and potassium, requiring in 
increasing order the following macronutrients: K > N > Ca 
> S > Mg > P; and micronutrients: Mn > Fe > Zn > B > Cu. 
Despite the researches in the literature on the demands in 
the areas of soil fertility and mineral nutrition for heliconias 
(Albuquerque et al.; 2010; Farias et al., 2013; Paulino et al., 
2013; Albuquerque et al., 2014; Viégas et al., 2014; Amaral et 
al., 2015; Beckmann-Cavalcante et al., 2015; Castro et al., 2015) 
and although these aspects constitute the most determinant 
factors for the production of this crop, as well as its quality 
and resistance to diseases, the results come from specific 
edaphoclimatic conditions. Thus, further studies are necessary 
for regions with potential for commercial cultivation, such as 
the state of Piauí.

Compared with other flowering species, the cultivation 
of heliconia usually demands great amounts of nutrients, 
especially N (Castro et al., 2011). Results obtained by Viégas 
et al. (2014) for Heliconia psittacorum x H. spathocircinata 
cv. Golden Torch show that N was one of the most limiting 
nutrients for plant growth. Castro et al. (2015), in studies with 
deficiency of macronutrients, showed that visual symptoms 
appeared in the order of N, Mg, K, P and S, and also observed 
that the deficiency of N and P intensively affects the number 
of sprouts, leaf dry matter production, total number of leaves 
and leaf area, which are characteristics that can compromise 
the quality of flower stems to be produced. Amaral et al. 
(2015) also reported the importance of N and K fertilization 
in maintaining the quality of inflorescences of heliconia cv. 
Golden Torch, showing that the dose of 180 g hole-1, for both 
N and K, promoted higher durability of flower stems.

This study aimed to evaluate the effect of N and K 
fertilization on the yield and macronutrient contents of 
heliconias cv. Golden Torch.

Material and Methods

The study was carried out from July 29, 2011 to July 30, 
2012, at the Floriculture Experimental Field of the Campus 
Profa. Cinobelina Elvas (CPCE) at the Federal University of 
Piauí (UFPI), located in the city of Bom Jesus-PI, Brazil (09º 

04’ 53.0” S; 44º 19’ 41.6” W; 301 m).
The climate of the region is BSh (hot semiarid), according to 

Köppen’s classification. The climatic data along the experiment 
for air temperature, relative air humidity, wind speed, solar 
radiation and rainfall were daily monitored and the monthly 
means are shown in Figure 1.

The soil in the experimental area was classified as dystrophic 
Yellow Latosol, according to EMBRAPA (2006). Before installing 
the experiment, soil samples were collected in the layer of 0-20 
cm for chemical and physical characterizations (Table 1).

Heliconia seedlings, from the hybrid Heliconia psittacorum 
x Heliconia spathocircinata cv. Golden Torch, were produced 
using rhizomes collected in the active germplasm bank of 
the horticulture sector of the CPCE/UFPI. Prior to planting, 
rhizomes were standardized, leaving one bud in each. Then, the 

Figure 1.  Monthly data of air temperature and solar 
radiation (A) and relative air humidity and rainfall (B), along 
the cultivation of heliconia cv. Golden Torch

B.

A.

SR: Solar radiation; Tmax: Maximum temperature; Tmin: Minimum temperature; RHmax: 
Maximum relative humidity; RHmin: Minimum relative humidity

pH - Potential of hydrogen in water; CEC - Cation exchange capacity; OM - Organic matter; m - Aluminum saturation; V - Base saturation

Table 1. Chemical and physical characteristics of the soil in the layer of 0-20 cm before experiment installation
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rhizomes were immersed in solution of sodium hypochlorite 
at 5% for 15 min for asepsis and placed in 2-L plastic bags 
filled with substrate composed of sand + cattle manure in the 
proportion of 2:1 (v/v), under partial shade and irrigated once 
a day, according to Beckmam-Cavalcante et al. (2011). After 
60 days, the seedlings were transplanted to the definitive place 
in the field under full sun.

Soil pH was corrected 30 days before seedling transplantation, 
with the application of 1,080 kg ha-1 of dolomitic limestone (RNV 
= 80%), since heliconias demand slightly acidic soils and the 
adequate pH for cultivation is between 4.5 and 6.5 (Lamas, 
2002). After 30 days for the reaction of limestone in the soil (pH 
= 5.5), one seedling was planted in each hole, each of which was 
opened with dimension of twice the diameter of the rhizome, 
i.e., approximately 20 cm wide and 20 cm deep, maintaining the 
pseudostem exposed. Planting was performed in single rows 
with spacing of 2.0 x 3.0 m (2.0 m between plants and 3.0 m 
between rows), with density of 1,666 plants ha-1, according to 
the recommendation of Lamas (2002).

The experiment was set in a randomized block design 
and the treatments, arranged in a 4 x 4 factorial scheme, 
corresponded to four N doses (0, 120, 180 and 240 g hole-1 of 
N) and four K doses (0, 120, 180 and 240 g hole-1 of K2O), with 
four replicates and five rhizomes per plot, totaling 320 plants, 
in an area of 0.19 ha. 

Basal phosphate fertilization was performed by applying 
45 g hole-1 of single superphosphate (18% P2O5), mixed to the soil 
in the planting hole. N and K fertilizers used in the experiment 
were KCl (58% of K2O) and urea (45% of N), respectively. N 
and K doses were divided into three equal applications, at 3, 6 
and 9 months after the establishment of seedlings at the field, 
based on the recommendations of Oliveira et al. (2006).

During the application of N and K, weed control was 
performed around the clumps and small furrows were dug 
about 15 to 20 cm from the clumps with depth sufficient to 
contain the amount of fertilizer applied. After that, the fertilizer 
was covered with the soil previously removed from the furrow.

Irrigation was performed using micro-sprinklers with one 
line of emitters interspersed with every two planting rows, with 
mean flow rate of 43 L h-1 and radius of throw of 6.2 m. During 
the experiment, manual weedings were performed in order 
to maintain the experimental area without unwanted plants.

After one year of cultivation, yield was determined by the 
number of flower stems per square meter (NFS m-2), counting 
the marketable inflorescences. For the determination of the 
contents of macronutrients, healthy heliconia leaves were 
collected in full flowering from two clumps per plot, washed 
in distilled water and dried in a forced-air oven at + 65 °C until 

constant mass. After drying, the plant material was weighed, 
passed in a Wiley-type mill and digested by the nitric-perchloric 
mixture (3:1) for the determination of macronutrients (N, P, 
K, Ca, Mg and S), following the methodology proposed by 
Malavolta et al. (1997). N was determined using the Kjeldahl 
method and titration with NaOH 1mol L-1. P was quantified 
through photocolorimetry and the K content was determined 
by flame emission photometry. The contents of Ca and Mg were 
determined through atomic absorption spectrophotometry and 
S through turbidimetry.

The data were subjected to analysis of variance by F test in 
order to verify significant effects of N and P fertilizer doses, 
using the program Assistat. Since no significant interactions 
occurred for the studied factors, simple regression analyses 
were performed for the effect of K doses using the statistical 
package SigmaPlot version 10.0 (SPSS, 2006), identifying 
the ones with the best fit, according to the coefficient of 
determination (R2).

Results and Discussion

According to the results of the analysis of variance (Table 
2), only the doses of K2O affected flower stem yield and the 
contents of P, K, Ca and Mg in the leaves of heliconia cv. 
Golden Torch.

Yield, given by the number of flower stems as a function of 
K2O doses, fitted to a quadratic model with maximum value of 
9.89 stems m-2 per month for a dose of 161.46 g hole-1 (Figure 
2). This result also shows that, despite the good content of 
available K in the soil (104 mg dm-3, Table 1), according to the 
interpretation of Cantarutti et al. (2007), there was an increase 

Table 2. Analysis of variance (F value) for the yield of flower stems (NFS m-2) and contents of nitrogen (N), phosphorus 
(P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) in leaves of heliconia cv. Golden Torch, as a function 
of N and K doses

* and **Significant at 0.05 and 0.1 probability levels, respectively; nsNot significant (p ≥ 0.05); CV - Coefficient of variation; NFS - Number of flower stems

Figure 2.  Flower stem yield (NFS m-2) of heliconia cv. 
Golden Torch as a function of potassium doses
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in flower stem yield with the increment in K2O doses, which 
shows the high demand for this nutrient by heliconia plants.

Considering edaphoclimatic conditions different from that 
in the present study, similar results of yield were obtained by 
Albuquerque et al. (2010), who collected from 120.3 to 126.5 
flower stems m-2, using organo-mineral fertilization in the 
cultivation of heliconia cv. Golden Torch, in twelve months of 
evaluation, which represented an amount of 10 to 10.5 stems 
per month. Similarly, Paulino et al. (2013) obtained mean 
yield of 9.3 to 10.2 stems m-2 per month when different sources 
and doses of silicon were applied in the soil cultivated with 
heliconia cv. Golden Torch.

In a study evaluating the effect of NPK doses on growth 
and yield variables of inflorescences of Heliconia sp., Ferreira 
& Oliveira (2003) observed that the addition of K doses 
promoted increase in the number of inflorescences. The 
behavior observed in Figure 2 can be explained by the role 
that K plays in functions essential to plants, such as enzymatic 
activation, protein synthesis, absorption and transport of ions, 
photosynthesis and cell respiration (Römheld & Kirby, 2010).

Evaluating post-harvest characteristics of the first flower 
stem of heliconias cv. Golden Torch, under macronutrient 
deficiency, Castro et al. (2007) observed that K deficiency 
resulted in lower values of dry matter of the flower stem, lower 
post-harvest durability and accumulation of carbohydrates in 
the leaves. Under conditions of K deficiency, plants accumulate 
more carbohydrates in the leaves, due to the restriction of 
sucrose transport, decrease in dry matter production and 
alteration in the pattern of partitioning of photoassimilates 
between source and sink plant tissues (Hermans et al., 2006). 
Flower stems with higher contents of soluble carbohydrates 
in the leaves cause a delay in inflorescence emergence (Castro 
et al., 2007).

The increment in K2O doses in the soil caused a reduction 
in the P contents of heliconia leaves (Figure 3A), which can 
be attributed to the negative relationship between P and K 
described in the literature by Marschner (2005). Morton et al. 
(2010), evaluating the nutritional balance between K and P in 
pasture, observed no significant interaction between the leaf 
contents of P and K, attributing it to the fact that high K rates 
cause luxury consumption of P, thus increasing the balance in 
the nutrition regarding these nutrients.

Leaf P contents ranged from 1.23 to 1.41 g kg-1 and, therefore, 
are below the values considered as optimal by Mills & Jones 
Jr. (1996) for heliconias cv. Golden Torch (2.7 to 3.8 g kg-1), 
although deficiency symptoms were not observed in the plants in 
the field. According to Cantarutti et al. (2007), the appearance of 
symptoms of nutritional deficiency represents the late stage of a 
process in which growth and production may suffer irreversible 
losses. Thus, growth rate may be reduced and the deficiency 
symptoms related to the already caused metabolic disorders 
may appear only later. On the other hand, the mean contents 
of P in the leaves in the present study were higher than the 
mean of 1.17 g kg-1 observed by Santos et al. (2012), but lower 
than the range of 1.87 to 1.93 g kg-1 reported by Cerqueira et al. 
(2008) and 1.77 g kg-1 obtained by Viégas et al. (2014) for the 
cultivation of heliconias.

Evaluating the effect of the interaction of N and K on the 
nutrition of wheat plants in greenhouse, Viana & Kiehl (2010) 

Figure 3.  Contents of phosphorus (A), potassium (B), 
calcium (C) and magnesium (D) in leaves of heliconia cv. 
Golden Torch as a function of potassium doses

D.

C.

B.

A.
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observed that shoot P content was lower for the treatments with 
higher K doses. On the other hand, the highest shoot P content 
was obtained with the supply of a higher N dose combined with 
the lowest K dose. This association also promoted lower plant 
growth due to the absence of K, which caused accumulation 
of P in plant tissue.

Leaf K contents in heliconia increased until the dose of 120 
g hole-1 of K2O, followed by a progressive decrease until the 
highest dose, i.e., 240 g hole-1 of K2O (Figure 3B). The mean 
leaf K contents observed in the present study are between 18.23 
and 27.1 g kg-1, and are higher than the range of 17.4 to 18.7 
g kg-1 observed by Santos et al. (2012), the amplitude of 14.0 
to 16.5 g kg-1 (Cerqueira et al., 2008) and the value of 2.59 g 
kg-1 (Viégas et al., 2014). The leaf K contents in this study are 
below the range of 35-45 g kg-1 reported by Atehortua (1997), 
although no visual symptom of deficiency was observed at the 
field. According to Mills & Jones Jr. (1996), the leaf K contents 
considered as optimal for heliconias cv. Golden Torch are in 
the interval from 12.7 to 21.3 g kg-1.

The increment in K2O doses in the soil resulted in 
reduction of 14% in leaf Ca contents and 40% in leaf Mg 
contents in heliconia plants (Figures 3C and D). Büll et al. 
(1998) evaluated the effects of the relationships (Ca+Mg)/K 
in the soil on the development, nutrient absorption and 
production of bulbs in the garlic crop cv. "Roxo Pérola de 
Caçador" in greenhouse. These authors observed that shoot 
K contents increased proportionally to the applied amounts 
of K, and the inverse occurred for the contents of Ca and 
Mg. Similar results were obtained by Soares et al. (1983) and 
Rosolem et al. (1984), evidencing an antagonistic effect of K 
on the absorption of divalent cations. Büll et al. (1998) also 
observed that the absorption of K+ increased with the values 
of its activity in solution, and the opposite occurred with the 
absorption of Ca2+ and Mg2+. In addition, despite the activities 
of Ca2+ and Mg2+ in solution with the increase in the applied 
K content, the absorption of these cations by plants decreased 
with correlation coefficients of r = -0.88 and r = -0.95, for 
Ca and Mg respectively, demonstrating that the absorption 
of these divalent cations was more controlled by the activity 
of K+ in solution than by the activity of Ca2+ and Mg2+ in the 
soil solution, corroborating the observation of Rosolem et al. 
(1984), which also confirms that, in terms of absorption of 
nutrients by plants, the equilibrium of cations in solution can 
be more important than the concentration of the nutrient in 
the solution.

The reduction of Ca and Mg contents in the leaf tissues of 
heliconia can be attributed, according to Marschner (2005), 
to the competitive effect among the ions K+, Ca2+ and Mg2+ 

in the soil. The binding sites with the transporters situated in 
the plasmatic membrane of root cells for Ca2+ and Mg2+ are the 
same for K+, leading to competitive inhibition between these 
ions in the soil with the increase in the applied doses of K2O, 
which results in the reduction of leaf contents of Ca and Mg. 

The absorption of nutrients by plants depends on the 
activity of the ions in the solution and exchange sites (Rosolem 
et al., 1984). The absorption of K+, Ca2+ and Mg2+ is competitive 
and the antagonism implies that the excess of one of these 
elements results in the decrease in the absorption of the other 

(Marschner, 2005), which can lead to the reduction of growth 
and production of some crops, such as saccharine sorghum 
(Rosolem et al., 1984). The leaf contents of Ca and Mg ranged 
from 4.06 to 4.74 and from 1.7 to 2.83 g kg-1, respectively, 
which are below the optimal values defined for heliconias (Ca: 
7.5 to 8.1 g kg-1; Mg: 3.3 to 3.8 g kg-1) (Mills & Jones Jr., 1996). 
According to Atehortua (1997), the leaf contents of Ca and 
Mg considered as adequate for heliconias must be between 
12.6 and 17.5 g kg-1 and 2.5 and 8.0 g kg-1, respectively. In 
another study, with deficiency of macronutrients in plants of 
heliconia cv. Golden Torch, Viégas et al. (2014) determined 
the leaf contents of macronutrients and obtained, for Ca and 
Mg, respectively, 9.22 and 4.46 g kg-1, for the application of 
complete fertilization (macro + micronutrient), but without 
any symptoms of deficiency.

Conclusions

1. Only potassium fertilization affected flower stem yield 
and the leaf contents of P, K, Ca and Mg of heliconia cv. Golden 
Torch for the doses used in this study.

2. Potassium fertilization favors the increase in leaf K 
content and decrease in the leaf contents of P, Ca and Mg in 
heliconia cv. Golden Torch.

3. Under the conditions of this study, the dose of 161.46 
g hole-1 of K2O is recommended for maximum yield of 9.89 
flower stems m-2 per month.
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