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Nutrient accumulation at the initial growth 
of pitaya plants according to phosphorus fertilization1

Rodrigo Amato Moreira2, Maria do Céu Monteiro da Cruz2, 
Denison Ramalho Fernandes2, Enilson de Barros e Silva2, Jéssica de Oliveira2

INTRODUCTION

Pitaya is an epiphyte plant of the Cactaceae 
family, originally from subtropical and tropical 
American forests, widely distributed from Florida to 
Brazil. Worldwide, this fruit is known as “pitahaya” 
or “dragon fruit” (Ortiz-Hernández & Carrillo-
Salazar 2012). The crop has a high ornamental 
potential and fruit production and is a rich source of 
compounds to the industry.

In Brazil, a significant marketing increase has 
occurred, because the Companhia de Entrepostos 

ABSTRACT RESUMO

e Armazéns Gerais do Estado de São Paulo 
(CEAGESP), the country’s largest marketing 
warehouse, marketed more than 247 t of fruits in 
2012, an increase of 250 %, if compared to 2007 
(Watanabe & Oliveira 2014).

Although research on pitaya crop has increased, 
there is still too much to study (Ortiz- Hernández & 
Carrillo-Salazar 2012), especially in relation to the 
factors that influence its growth and production. 
Among them, fertilization can be highlighted, since 
it is critical for achieving success in the cultivation 
of fruits (Pegoraro et al. 2014).
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The knowledge about the amount of nutrient uptake in 
pitaya plants helps the balanced fertilizer recommendation for 
the crop, providing adequate nutrition and contributing to the 
maximum expression of this species potential. This research was 
carried out in order to evaluate the growth, nutrient accumulation 
and efficiency of absorption, transportation and use of P by pitaya 
according to phosphorus fertilization. A randomized blocks 
design was used, with five doses of P (0 mg dm-3, 20 mg dm-3, 
40 mg dm-3, 80 mg dm-3 and 160 mg dm-3) incorporated into the 
soil, with four replications, three pots per plot and one cutting 
per pot. Differences in the nutrient accumulation of all doses 
were evident  in the pitaya shoots and roots, as well as in the 
efficiency of absorption, transport and use of P, according to 
phosphorus fertilization. The nutrient accumulation in the pitaya 
roots was ranked in the following order: N > K > Ca > S > P > 
Mg > Fe > Mn > Zn > B ≥ Cu. For the shoots, the order was: 
K > N > Ca > S > Mg > P > Mn > Fe > Zn > B ≥ Cu. The initial 
growth of pitaya plants was maximum with 81 mg dm-3 of P, in a 
Red-Yellow Dystrophic Latosol. The application of 44-67 mg dm3 

of P to the soil promoted the highest accumulation of macro and 
micronutrients in the pitaya.

KEY-WORDS: Hylocereus undatus; dragon fruit; mineral 
nutrition; single superphosphate.

Acúmulo de nutrientes no crescimento 
inicial de pitaia em função da adubação fosfatada

O conhecimento da quantidade de nutrientes acumulados 
na pitaia auxilia na recomendação de adubação equilibrada, a qual 
proporciona nutrição adequada e contribui para a máxima expressão 
do potencial dessa espécie. Objetivou-se avaliar o crescimento, 
acúmulo de nutrientes e eficiências de absorção, transporte e 
utilização de P pela pitaia, em função da adubação fosfatada. Utilizou-
se o delineamento experimental em blocos casualizados, com cinco 
doses de P (0 mg dm-3, 20 mg dm-3, 40 mg dm-3, 80 mg dm-3 e 
160 mg dm-3) incorporadas ao solo, com quatro repetições, três vasos 
por parcela e uma estaca por vaso. Foram observadas diferenças no 
acúmulo de todos os nutrientes na parte aérea e nas raízes da pitaia 
e nas eficiências de absorção, transporte e utilização de P, em função 
da adubação fosfatada. O acúmulo de nutrientes pelas raízes da 
pitaia obedeceu à seguinte ordem: N > K > Ca > S > P > Mg > Fe > 
Mn > Zn > B ≥ Cu. Na parte aérea, a ordem foi: K > N > Ca > S > 
Mg > P > Mn > Fe > Zn > B ≥ Cu. O crescimento inicial da pitaia 
foi máximo com 81 mg dm-3 de P, em Latossolo Vermelho-Amarelo 
distrófico. A aplicação de 44-67 mg dm-3 de P ao solo promoveu os 
maiores acúmulos de macro e micronutrientes na pitaia.

PALAVRA-CHAVE: Hylocereus undatus; fruta do dragão; 
nutrição mineral; superfosfato simples.
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Knowledge about the amount of nutrient 
uptake in the plant can aid a balanced fertilizer 
recommendation for the crop. Adequate nutrition 
contributes to the ultimate expression of the crop 
potential (Augostinho et al. 2008).

Phosphorus (P) is a nutrient that requires 
attention, because its deficiency can reduce the 
development of shoots and roots of crops. This 
macronutrient is present at low levels in tropical 
soils (Prado et al. 2005). In addition, P is associated 
with photosynthesis, cell division and use of 
carbohydrates (López-Bucio et al. 2002). Moreover, 
P application on the soil influences initial growth and 
nutrient accumulation in cladodes of pitaya (Corrêa 
et al. 2014).

Thus, an experiment was carried out to 
evaluate the growth, nutrient accumulation and 
efficiency of absorption, transport and use of P by 
pitaya, according to phosphorus fertilization. 

MATERIAL AND METHODS

The experiment was conducted from April 
2013 to February 2014, in a greenhouse with 
temperature of 25 ºC ± 7 ºC, at the Universidade 
Federal dos Vales do Jequitinhonha e Mucuri 
(18º14’56’’S, 43º36’0’’W), in Diamantina, Minas 
Gerais State, Brazil.

Pitaya [Hylocereus undatus (Haw.) Britton & 
Rose] cuttings (0.20 m long) were sectioned at the 
apex, to remove the apical dominance. Before planting, 
the cuttings undergone a period of healing, in a 
shaded environment, for three days.

The cuttings were planted in polyethylene 
pots with capacity of 4 dm3 of soil, in April 2013. 
The pots were filled with Red-Yellow Dystrophic 
Latosol (Santos et al. 2013), with layers of 0-0.20 m 
depth, which was air dried and passed through a sieve 
of 5.0 mm. One subsample was taken and passed 
through a sieve of 2.0 mm, for chemical and soil 
textural analysis (Embrapa 1997) (Table 1).

Liming was performed to raise the base 
saturation to 60 %, with dolomitic limestone (PRNT = 
87 %), equivalent to 2 t ha-1 in each pot. Thereafter, 
the pots were watered and covered with polyethylene 
bags, for 15 days, before planting the cuttings. For 
fertilization, 25 mg dm-3 of the FTE BR12 fertilizer 
(1.0 % of Ca, 5.7 % of S, 1.8 % of B, 0.8 % of Cu, 
2.0 % of Mn, 0.1 % of Mo and 9.0 % of Zn) were 
applied.

A randomized complete blocks design was 
used, with five doses of P (0 mg dm-3, 20 mg dm-3, 
40 mg dm-3, 80 mg dm-3 and 160 mg dm-3) incorporated 
into the soil, with four replications and three plants per 
plot and one cutting per pot. Single superphosphate 
(18 % of P2O5, 16 % of Ca and 8 % of S) was used 
as a source of P.

Ammonium sulfate (21 % of N and 24 % 
of S) and urea (45 % of N) were used as sources of 
N, aiming at providing the same amount of S for all 
plants, and potassium chloride (60 % of K2O) as a 
source of K. Then, 300 mg of N per dm3 of soil and 
150 mg of K per dm3 of soil were split into three 
applications, in June, September and December 
2013.

The irrigation of pitayas was carried out once a 
day by nebulization, to keep the soil at field capacity. 
The plants were conducted with wooden stakes in 
each pot and polyethylene strips.

At ten months after planting, the pitaya plants 
were segmented and separated in shoots and roots. All 
parts were washed and packed in paper bags and dried 
in an oven with forced air circulation at a temperature 
of 65 ºC, for five to seven days, until constant weight, 
for dry mass (g plant-1) determination.

After evaluating the dry mass, the plant 
material was ground for nutrient analyses (N, P, 
K, Ca, Mg, S, Zn, Cu, Fe, Mn and B), according 
to Bataglia et al. (1983). The macro (g plant-1) and 
micronutrients (mg plant-1) accumulation were 
calculated by multiplying the nutrient level by mass 
of roots or shoots.

pH(H2O): soil-water relation 1:2.5; P and K: Mehlich-1 extractor; Ca, Mg and Al: KCl 1 mol L-1 extractor; T: cation exchange capacity at pH 7.0; m: aluminum saturation; 
V: base saturation; OM: organic matter, determined by multiplying the result of organic carbon, using the Walkey-Black method, by 1.724; sand, silt and clay: pipet method.

pH

(H2O) 

P K Ca Mg Al T M V OM Sand Silt Clay
____ mg dm-3 ____ _______________ mmolc dm-3 _______________ _________ % _________  g dm-3 _____________ g kg-1 _____________

5.1 1.8 22.8 10 3 5 51 27 28 4 630 140 230

Table 1. Chemical and textural analysis of the Red-Yellow Dystrophic Latosol, before phosphorus application.
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From the dry mass, the following was 
calculated: P content absorption efficiency = 
total content of the nutrient in the plant/root dry 
mass (mg g-1) (Swiader et al. 1994); transport 
efficiency = nutrient content in the shoot/total content 
of the nutrient in the plant x 100, in % (Li et al. 
1991); use efficiency = total dry mass produced2/total 
content of the nutrient in the plant (mg g-1) (Siddiqi & 
Glass 1981).

At the end of the experiment, soil samples 
were collected for chemical analysis, to determine 
the pH; P and K (Mehlich-1); Ca, Mg and Al (KCl 
1 mol L-1); and H + Al (calcium acetate 0.5 mol L-1), 
according to Embrapa (1997).

Data were submitted to analysis of variance 
and polynomial regression. The choice of the models 
was based on the potential to explain the biological 
phenomenon in question, coefficient of determination 
and significance of the regression coefficients, using 
the ‘t’ test (p < 0.01).The Sisvar® statistical analysis 
software was used. 

 
RESULTS AND DISCUSSION

Differences in dry mass and in the accumulation 
of all nutrients in the pitaya shoots and roots occurred 
as a function of phosphorus fertilization (p < 0.01).

 The P estimated dose of 85 mg dm-3 provided 
an increase of 45.3 % in the dry root mass, and 
79 mg dm-3 of P in the soil increased 48.9 % the shoot 
dry mass, when compared to the dry mass of plants 
without P application (Figure 1). The initial level of 
P in the soil used is very low (Table 1), with less than 
6.6 mg dm-3 (Alvarez et al. 1999). This is the reason 

why the phosphate fertilizer increased the growth of 
pitaya plants (Figure l).

Phosphorus application is recommended 
during the initial growth of plants, because this 
nutrient is important for photosynthesis and in the 
initiation and development of roots, increasing 
the water use efficiency, as well as absorption and 
use of other nutrients (Skrebsky et al. 2008). The 
greater formation of pitaya roots probably occurred 
because the addition of P provided a more adequate 
availability of nutrients (Dechen & Nachtigall 2007), 
as observed by Silva et al. (2011), in ‘Prata Anã’ 
banana nursery trees, as a function of phosphorus 
fertilization.

The highest accumulation of N and P in the 
roots of pitaya occurred in the estimated doses of 
62 mg dm-3 and 71 mg dm-3 of P, which increased 
these nutrients by 43.2 % and 90.1 %, respectively, 
when compared to the treatment without P. For K, the 
application of 53 mg dm-3 of P in the soil promoted a 
24.7 % higher accumulation than the control without 
application of P (Figure 2a).

For the shoots, the maximum accumulation of 
N was observed with 69 mg of added P per dm3, K 
with 70 mg of added P per dm3 and P with 75 mg dm-3 
of added P. These doses of P provided increments of 
72.3 % in N, 78.0 % in K and 225.0 % in P, in relation 
to the control with no P fertilization (Figure 2b).

The highest values for Ca, Mg and S 
accumulation in roots were observed with the 
estimated doses of 78 mg dm-3, 71 mg dm-3 and 
42 mg dm-3 of P, respectively. These doses of 
P increased the accumulation of Ca, Mg and S 
by 94.7 %, 122.7 % and 7.1 %, respectively, if 

Figure 1. Dry mass of roots (a) and shoots (b) of pitaya, as a function of doses of P applied to a Red-Yellow Dystrophic Latosol.
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compared to the values accumulated in pitayas 
without application of P (Figure 3a). In the shoots, 
the behavior of these three nutrients was similar, 
with increment of 139.6 % in the estimated dose 
of 74 mg dm-3 of P to Ca, 78.0 % with 70 mg dm-3 
of P to Mg and 139.9 % with the estimated dose of 
70 mg dm-3 of P to S (Figure 3b).

The micronutrient accumulations in the pitaya 
roots also showed influence of P application to 
the soil, because increases of 3.1 % in Zn, 50.1 % 
in Fe and 58.5 % in Mn occurred in the doses of 
25 mg dm-3, 63 mg dm-3 and 56 mg dm-3 of P, respectively 

(Figure 4a). This effect was also observed in the shoots, 
with increases of 44.3 % in the accumulation of Zn, 
11.3 % in Fe and 30.1 % in Mn, when compared to the 
control, with estimated doses of 60 mg dm-3, 45 mg dm-3 
and 55 mg dm-3 of P (Figure 4b).

Regarding Cu accumulation, the behavior was 
also quadratic, with increases of 43.3 % and 54.3 %, 
respectively for the roots and shoots, with estimated 
doses of 75 mg dm-3 and 64 mg dm-3 of P in the soil. 
For B, increases of 107.1 % and 44.1 % occurred 
in the accumulation of this nutrient in the roots and 
shoots, respectively, at doses of 75 mg dm-3 and 

Figure 3. Ca, Mg and S accumulation in pitaya roots (a) and shoots (b), as a function of doses of P applied to a Red-Yellow Dystrophic 
Latosol.
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Figure 2. N, P and K accumulation in pitaya roots (a) and shoots (b), as a function of doses of P applied to a Red-Yellow Dystrophic 
Latosol.
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59 mg dm-3 of P in the soil, in relation to the control 
(Figures 5a and 5b).

The results observed for both macronutrient 
and micronutrient accumulation can be explained 
due to the fact that P is essential for plant growth and 
development (Skrebsky et al. 2008). Furthermore, 
this nutrient is associated with photosynthesis, cell 
division and use of sugar and starch (López-Bucio 
et al. 2002). Moreover, P is present at low levels in 
tropical soils (Prado et al. 2005). 

However, it is evident that P should be applied 
in adequate amounts to promote the availability and 
accumulation of other nutrients in pitaya. Excessive 

P supply can promote ions imbalance in the soil, 
reducing plant growth. This imbalance may occur 
because higher doses of P fertilization promoted 
a linear increase in the P availability in the soil 
(Figure 6a). 

Higher P amounts in the dry mass of shoots 
of Barbados cherry seedlings and pitaya were 
observed by Corrêa et al. (2002) and Corrêa et 
al. (2014), respectively, with addition of P to the 
substrate. Excess of P on the substrate increases 
their availability in the soil solution, thus favoring a 
greater absorption by roots, increasing this nutrient 
in all plant organs.

Figure 5. B and Cu accumulation in pitaya roots (a) and shoots (b), as a function of doses of P applied to a Red-Yellow Dystrophic 
Latosol.
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Figure 4. Zn, Fe and Mn accumulation in pitaya roots (a) and shoots (b), as a function of doses of P applied to a Red-Yellow 
Dystrophic Latosol.
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It is worth mentioning that the soil characteristics 
remained similar under the different levels of P 
applied (Table 2). This fact probably occurred 
because the same supply of nutrients occurred in all 
treatments, except for P, which constitutes the studied 
element, altered in the treatments (Figure 6a).

The high levels of P in the soil promoted a linear 
increase in the P absorption efficiency (Figure 6b), 
attributed to the increased P availability in the soil 
(Figure 6a). Moreover, there was an increase in transport 
efficiency from 87.8 %, in pitaya without P application, 
to 95.1 %, in plants with 160 mg dm-3 of P (Figure 6c).

Figure 6. Levels of P in the soil (a), P absorption efficiency (b), P transport efficiency (c) and P use efficiency (d) of pitaya, as a 
function of doses of P applied to a Red-Yellow Dystrophic Latosol.
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Doses of P pH
(H2O)

K Ca Mg Al T m V

mg dm-3 mg dm-3 _______________________________ mmolc dm-3 _______________________________ ___________ % ___________

    0 5.1 50.0 6.9 0.60 0.11 1.52 7.5 34.5
  20 5.6 46.3 6.7 0.50 0.06 1.33 4.0 37.5
  40 5.5 23.5 6.8 0.49 0.06 1.29 4.5 33.0
  80 5.0 35.0 7.2 0.66 0.12 1.59 7.5 33.0
160 5.1 27.5 7.1 0.65 0.17 1.59 10.0 28.5

CV (%) 4.9 27.8 9.8   15.20 22.40 8.20 24.9   9.5

Table 2. Chemical analysis of the Red-Yellow Dystrophic Latosol, at the end of the experiment.
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However, although there was an increase in the 
P transport efficiency, a linear decrease was verified 
in the use efficiency of the same macronutrient, with 
increased levels of P in the soil (Figure 6d). This 
behavior also highlights the importance of providing 
a balanced quantity of P, in order to have reasonably 
efficiency of absorption and transport, without 
reducing the use efficiency of this nutrient.

It is evident that the greater nutrient 
accumulation, promoted by the higher growth of 
pitaya, was affected by the nutritional efficiency. 
This is because the nutritional efficiency is linked to 
the absorption efficiency, which indicates the plant 
ability to promote the extraction of nutrients from 
the soil, as well as to use efficiency, which shows 
the plant ability to convert absorbed nutrient into dry 
mass (Gerloff & Gabelman 1983, Rozane et al. 2007).

In this experiment, the application of 44-
67 mg dm-3 of P to the soil promoted the highest 
accumulation of macro and micronutrients in the 
pitaya roots and shoots. Moreover, with this P supply, 
the order of accumulation of nutrients by pitaya roots 
was: N > K > Ca > S > P > Mg > Fe > Mn > Zn > 
B ≥ Cu. In the shoots, the sequence was: K > N > 
Ca > S > Mg > P > Mn > Fe > Zn > B ≥ Cu (Figures 2, 
3, 4 and 5).

The amount of accumulated nutrients in pitaya 
can be attributed to absorption, which was affected by 
climate and soil conditions (nutrient availability and 
soil moisture) and genetic characteristics of the plant 
(morphological and physiological), as previously 
observed by Barbosa et al. (2003).

The highest accumulation of macro and 
micronutrients was obtained with levels of P available 
in the soil (2 mg dm-3) lower than those observed by 
Corrêa et al. (2014), who reported satisfactory results 
of pitaya growth when there is 60-75 mg of P per dm3 
of substrate. This difference may be explained by the 
execution time of the experiments, because Corrêa 
et al. (2014) evaluated the plants at six months after 
planting, and, at the current experiment, the pitayas 
and soil were evaluated at ten months after planting. 
Thus, in our study, the plants had more time to grow 
and absorb nutrients from the soil, justifying the 
lower values. 

 
CONCLUSIONS

1. The initial growth of pitaya is maximum with 
81 mg dm-3 of P, in a Red-Yellow Dystrophic Latosol.

2. The application of 44-67 mg dm3 of P to the soil 
promotes the highest accumulation of macro and 
micronutrients in pitaya. 
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