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ABSTRACT

Nutrient export provides important information for fertilization decisions in pitaya production. 
Fertilization management can be planned considering the productivity reached by the orchard, 
aiming to maintain the fruit quality required by the consumer market. This study evaluated the 
nutrient export and quality of fruits Selenicereus monacanthus as a function of liming in the soil 
and NPK fertilization. The treatments were doses of NPK, arranged in a fractional factorial scheme 
1/2(4×4×4), distributed in a randomized block design, with four blocks and two cultivation areas, 
with and without soil liming. The factors were doses of N: 13, 124, 235, and 347 kg ha-1; P2O5: 9, 64, 
120, and 231 kg ha-1; and K2O: 26, 138, 249, and 360 kg ha-1. The quantity of nutrients exported per ton 
of S. monacanthus fruits were: K, 12.65 kg; N, 3.24 kg; Ca, 1.53 kg; P, 0.54 kg; Mg, 0.33 kg; Mn, 166.0 
g; Fe, 12.67 g; and Zn, 3.49 g, with liming in the soil. The order of nutrients exported differs in the 
peel and pulp, being K>N>Ca>Mn>P>Mg>Fe>Zn in the peel and K>N>Ca>P>Mg>Mn>Fe>Zn in the 
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pulp. Liming increases the quantity of nutrients exported to fruits, mainly Ca, P and Mg in the peel. 
K2O fertilization in pitaya orchards improves fruit quality. Liming and NPK fertilization should be 
carried out in pitaya cultivation to adjust nutrient contents in the soil in order to replace the nutrients 
exported by fruit harvests.

Keywords: Selenicereus monacanthus,	 dragon	 fruit,	 Physical-chemical	 characteristics,	 mineral	
composition, productivity.

INTRODUCTION

The quantity of nutrients removed from the 
orchards by fruit harvests is an indication of the 
need for fertilization to replenish nutrients. In 
perennial fruit species, such as pitaya (Selenicereus 
monacanthus (Lem.)	 D.R.Hunt),	 proper	
management practices, such as correction of soil 
acidity and periodic maintenance of nutrient and 
organic	 matter	 contents,	 ensure	 the	 nutritional	
balance	of	plants	and	influence	fruit	production	
and quality.

Determining the quantity of nutrients 
exported by the fruits provide information for 
fertilization management, aiming to replenish 
the mineral nutrients in the soil to increase the 
cultivated area and productivity of pitaya with 
commercial	quality.	High	productivity	of	pitaya	
orchards requires a greater quantity of nutrients 
in the soil due to the greater exportation of fruits 
(Rabelo et al., 2020b). Therefore, producers need 
to provide the appropriate quantity of nutrients, 
considering the export of nutrients by fruits to 
obtain satisfactory results in terms of production 
and quality of pitaya (Silva et al., 2022).

Nutrient export by pitaya depends on soil type, 
availability of nutrients to the plants through 
correction, and fertilization and demand of the 
species (growth and production). In addition, 
the	 functions	of	nutrients	 in	 establishing	flavor,	
color, size, resistance to pests and diseases, and 
conservation during post-harvest storage of 
fruits must be considered. In pitaya orchards, 
fertilization management is one of the main 
factors that directly interfere with fruit quality 
(Duarte	et	al.,	2017;	Fernandes	et	al.,	2018;	Rabelo	
et	 al.,	 2020a; Alves et al., 2021). Studies related 
to liming and mineral fertilization are relevant, 
but there are still many challenges due to the 
complexity	 of	 research	 under	 field	 conditions	
(Fernandes	et	al.,	2018;	Rabelo	et	al.,	2020a; Reis 
et	al.,	2020;	Alves	et	al.,	2021).
Potassium	 is	 regarded	 as	 the	 most	 critical	

nutrient for pitaya production, being mostly 
accumulated in the aerial part of the plant 
(Moreira	et	al.,	2016;	Lima	et	al.,	2019),	and	also	
considered the most exported by fruits (Rabelo et 
al.,	2020b).	This	macronutrient	strongly	influences	
the quality of pitaya, since it contributes to 

enhancing	flavor	and	making	the	fruits	sweeter,	
which is an important factor for consumer 
acceptance (Rabelo et al., 2020a). The export order 
of	nutrients,	mainly	N,	P,	Ca	and	Mg,	has	been	
variable	in	shoots	and	fruits	(Moreira	et	al.,	2016;	
Lima	et	al.,	2019;	Rabelo	et	al.,	2020b).	Therefore,	
liming and fertilization management is important 
to	 know	 the	 order	 exported	 to	 produce	 high-
quality fruits.

Crop management practices are aimed to 
achieve	 high	 productivity,	 without	 affecting	
fruit quality standard and consumer acceptance. 
Accordingly, proper fertilizer use and 
management	are	key	aspects	of	crop	production	
to ensure high production and fruit quality. 

Evaluating nutrient export for fruit production 
in	 pitaya	 orchards	 can	 contribute	 to	 a	 better	
planning of liming and fertilization management 
aimed at replenishing nutrients in the soil. Given 
that pitaya is a perennial species, in addition to 
soil analysis for fertility adjustment, maintenance 
fertilization of the orchards must be carried out 
considering nutrient exports from fruit harvests, 
with values estimated based on the expected 
harvest. Therefore, the objective of this was to 
evaluate the nutrient export and quality of fruits 
S. monacanthus as a function of liming in the soil 
and	NPK	fertilization.

MATERIALS AND METHODS

 The experiments were carried out in an 
orchard of S. monacanthus (synonym: Hylocereus 
polyrhizus (F.A.C.Weber)	 Britton	 and	 Rose)	
(Fig.	 1),	 located	 at	 18°04’43”S,	 43°27’28”W	 and	
728	 m	 altitude,	 in	 the	 municipality	 of	 Couto	
de Magalhães de Minas, state of Minas Gerais, 
Brazil.	 The	 local	 climate	 is	 classified	 as	 Aw,	
according	 to	 the	 Köppen-Geiger	 classification,	
which is characterized by a dry winter and rainy 
summer. The average annual temperature is 21.3 
°C	and	the	average	annual	precipitation	is	1,183	
mm.
The	soil	of	the	experimental	areas	is	classified	as	

Latossolo	Vermelho-Amarelo	Distrófico	 (Santos	
et	 al.,	 2018).	 Soil	 fertilization	management	was	
carried out based on the chemical analysis of two 
cultivation areas. In the area without liming, the 
soil had the following chemical characteristics at 
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the	 time	 of	 seedling	 planting:	 pH	 5.50	 (water),	
P	 2.01	 mg	 dm-3	 (Mehlich-1	 extractor),	 K	 19.59	
mg dm-3,	 Ca	 +	 Mg	 1.15	 cmolc dm-3 and base 
saturation 30%. In the liming area, the following 
attributes	were	evaluated	in	the	soil	at	planting	
time:	pH	6.52	(water),	P	3.52	mg	dm-3 (Mehlich-1 
extractor),	K	60.94	mg	dm-3, Ca + Mg 3.11 cmolc 
dm-3	and	base	saturation	65%.	Liming	was	carried	
out	with	dolomitic	limestone,	with	PRNT	80%,	at	
a depth of 0.2 m in the total area and, in the holes, 
70	days	before	planting,	seeking	to	increase	base	
saturation	to	70%	(Reis	et	al.,	2020).

In the experiments with and without liming, 
the	 treatments	 were	 the	 doses	 of	 NPK	 that	
were arranged in a fractional factorial scheme 
1/2(4×4×4)	(Conagin	et	al.,	1997),	distributed	in	a	
randomized	 block	design	with	 four	 blocks	 and	
one plant per experimental plot. The factors were 
N	doses:	13,	124,	235	and	347	kg	ha-1;	of	P2O5: 9, 
64,	120	and	231	kg	ha-1	and	of	K2O:	26,	138,	249	
and	360	kg	ha-1. These doses were based on the 
results published by Rabelo et al. (2020b) and 
Alves et al. (2021), which were presented in the 
recommendation of Silva et al. (2022).
In	 both	 experiments,	 doses	 of	 P2O5 were 

applied	in	the	planting	holes	of	0.5×0.5	m	in	size,	
according to the disposition of the fractional 
factorial	 scheme,	 also	 applying	 5	 L	 of	 bovine	
manure	 and	 50	 g	 of	 FTE	 BR12	 (9%	 Zn,	 2,1%	
Mn,	 1,8%	B,	 0,8%	Cu,	 0,1%	Mo).	 The	 source	 of	
bovine manure is important to favor seedling 
growth	and	provided	13	kg	ha-1	of	N,	9	kg	ha-1 of 
P2O5	and	26	kg	ha-1	of	K2O.	Planting	was	carried	
out at a density of 1,111 plants per hectare, in 
September 2019.
Production	 fertilizations	 with	 NPK	 were	

carried	 out	 in	 the	 first	 and	 second	 production	
cycles	 (2020/2021	 and	 2021/2022	 harvests).	 P2O5 
was	applied	at	pre-flowering	stage	and	the	doses	
of	N	and	K2O were split into three applications, 
the	first	 being	 carried	 out	 at	 pre-flowering	 and	
the	 others	 at	 60	 and	 120	 days	 after	 the	 first	
application, respectively. After the last mineral 
fertilization	in	each	cycle,	5	L	of	bovine	manure	
were applied per plant. The quantity of nutrients 
provided by the organic source were considered 
in	the	calculation	of	NPK	doses.	The	sources	were	
urea	(46%	N),	simple	superphosphate	(19%	P2O5, 
18%	 Ca,	 20%	 S)	 and	 potassium	 chloride	 (58%	
K2O).	 The	 fertilizers	 were	 applied	 superficially	
to the soil, in the projection of the canopy of the 
plants.
Pollination	 management	 was	 carried	 out	 in	

both production cycles to ensure the fruiting of 
S. monacanthus plants (species that presents self-
incompatibility) and to facilitate the production 
of commercial-sized fruits. Manual cross-
pollination was carried out with pollen grains of 
the species Selenicereus undatus (Guimarães et al., 
2022),	in	all	flowering	flows	of	the	plants,	which	
occurs from November to March, in the place of 
cultivation of the experiments.
Pitayas	 were	 harvested	 when	 the	 entire	

surface of the peel was red in color and the scales 
were still green. After that, the diameters were 
measured. In representative samples, the content 
of	soluble	solids	(SS,	°Brix),	the	titratable	acidity	
(TA,	%),	the	SS/TA	ratio,	the	pH	of	the	pulp,	the	
thickness	(mm)	of	the	peel	and	the	moisture	(%)	
of the peel and pulp were evaluated, according to 
the	norms	of	the	Instituto	Adolfo	Lutz	(Zenebon 
et	al.,	2008).

Fig. 1. Selenicereus monacanthus plant and fruit evaluated in the experiments.
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Nutrient	contents	were	determined	from	0.5	g	
of	dry	matter	of	peel	and	pulp,	added	to	10	mL	of	
HNO3, for digestion (Silva, 2009). After digestion, 
distilled water was added to the obtained extracts 
up	 to	 a	 volume	of	 50	mL.	Ca,	Mg,	 Fe,	Mn	 and	
Zn	contents	were	determined	in	an	air-acetylene	
flame	 atomic	 absorption	 spectrometer,	 P	 by	
spectrophotometry	and	K	by	flame	photometry	
(Silva, 2009). The N content was determined in 
an	elemental	analyzer,	according	to	Astm	D5373-
21 (2021), Test Method A.

Nutrient export was calculated per ton of fruit 
based	on	the	nutrient	content	and	dry	matter	of	
the peel and pulp of the fruit, considering the 
dose of N that provided 90% of the maximum 
productivity	in	the	first	production	cycle.
The	data	obtained	were	submitted	to	analysis	

of variance and regression studies. The equations 
were	adjusted	according	to	N,	P2O5	and	K2O doses. 
Based on the equations adjusted for productivity, 
the	doses	of	N,	P2O5	and	K2O necessary to obtain 
90% of the maximum productivity, considered 
as	being	of	maximum	economic	efficiency,	were	
estimated	(Malavolta,	2006).	Nutrient	export	was	
estimated	 by	 substituting	 the	 doses	 of	 N,	 P2O5 
and	 K2O associated with maximum economic 
efficiency	productivity	in	the	equations.

RESULTS

The quantity of nutrients exported per ton of 
peel	 and	 pulp	 showed	 differences	 depending	
on the N doses applied to the soil, in both 
experiments, with and without liming (Table 1). 
There	was	an	increase	in	the	export	of	P	and	K	as	
a function of the doses of P2O5	and	K2O.

The order of nutrient export in liming 
cultivation	 differed,	 contributing	 to	 the	 greater	
nutrient	 export,	 mainly	 Ca,	 P	 and	 Mg	 in	 the	
peel. With liming, the order evaluated was 
K>N>Ca>Mn>P>Mg>Fe>Zn in the peel, and 
K>N>Ca>P>Mg>Mn>Fe>Zn	 in	 the	 pulp;	 in	 the	
cultivation	without	liming,	Ca,	P	and	Mg	in	the	
peel follow Mn, K>N>Mn>Ca>P>Mg>Fe>Zn, and 
K>N>Ca>P>Mg>Mn>Fe>Zn	in the pulp (Table 1). 
The	 difference	 in	 relation	 to	 liming	

management resulted in the following quantity 
of nutrients exported per ton of fruit (peel and 
pulp):	12.65	kg	of	K,	3.24	kg	of	N,	1.53	kg	of	Ca,	
0.54	kg	of	P,	0.33	kg	of	Mg,	166.02	g	of	Mn,	12.67	
g	of	Fe	and	3.49	g	of	Zn;	while,	in	the	experiment	
without	liming,	there	were	12.48	kg	of	K,	3.1	kg	
of	N,	0.64	kg	of	Ca,	0.47	kg	of	P,	0.35	kg	of	Mg,	
209.85	 g	 of	Mn,	 15.06	 g	 of	 Fe	 and	 4.40	 g	 of	Zn	
(Table 1). In the cultivation with and without 
liming, the quantity exported per ton of fruit 
(peel and pulp), due to increasing applications 
of	 P2O5	 and	 K2O, was higher compared to the 

quantity exported as a result of fertilization with 
N,	with	0.59	kg	and	0.45	kg	of	P	and	14.09	kg	and	
14.03	kg	of	K.

In the present study, in addition to 
fertilization management, there was an increase 
in nutrient exports with liming and productivity 
management	(Table	2).	The	difference	 is	related	
to the increased availability of these nutrients in 
the soil.

Regarding the physicochemical characteristics 
of	 the	 fruits,	 no	differences	were	observed	as	 a	
function of the N doses applied to the soil, in the 
experiments with and without liming, in the two 
production cycles (Table 3). In cultivation with 
liming, the soluble solids content increased in 
fruits due to potassium fertilization. The results 
observed as a function of the increase in K2O 
fertilization provided an increase in the soluble 
solids	 content	 from	14.6	 °Brix	 to	19.1	 °Brix	and	
17.1	 °Brix	 to	 19.7	 °Brix	 in	 the	 first	 and	 second	
production cycles, respectively (Table 3).
Pulp	 and	peel	moisture	 ranged	 from	85.62%	

to	 89.06%,	pulp	pH	 from	4.84	 to	 5.03,	 and	peel	
thickness	from	2.29	to	2.77	mm,	in	the	cultivation	
without and with liming (Table 3) and in both 
production cycles.

DISCUSSION

With respect to soil type, the order of nutrient 
export to the cladodes of pitaya species cultivated 
in Latossolo	 Vermelho-Amarelo	 Distrófico and 
liming	 to	 increase	 base	 saturation	 to	 60%,	 the	
order was K>N>Ca>S>Mg>P	(Moreira	et	al.,	2016),	
while in Argissolo	Vermelho-Amarelo	Eutrófico 
and	liming	to	increase	base	saturation	to	70%,	the	
order was K>Ca>N>P>Mg>S (Lima et al., 2019). For 
fruits,	different	results	were	obtained	in	a	study	
carried out by Rabelo et al. (2020b), in Latossolo 
Vermelho-Amarelo	 Distrófico with liming to 
increase	 the	 base	 saturation	 to	 60%,	 in	 which	
Ca	and	Mg	 follow	P	and	other	macronutrients:	
K>N>P>Ca>Mg>Mn>Fe>Cu>Zn>B.	 Differences	
in	the	export	order	reflect	soil	characteristics	and	
fertility, which vary according to the climate of 
the	different	growing	regions	and	management	
practices,	 and	 serve	 as	 justifications	 for	 the	
variations reported in the cited studies.
The	difference	related	to	liming	management	

highlights the importance of correcting soil 
acidity. Without liming, there is less Ca 
exportation and an increase in the export of 
micronutrients such as Mn. Generally, in acid 
soils, Mn contents tend to increase in dry 
matter	due	 to	 the	 increase	 in	 the	 solubility	and	
availability	 of	 this	 nutrient	 when	 the	 soil	 pH	
is	 low,	 between	 5.0	 and	 5.5	 (Malavolta,	 2006), 
which	justifies	the	difference	in	the	export	order	
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in the cultivation without liming.
Despite	 the	 differences	 in	 export	 order,	

K	 has	 been	 identified	 as	 the	 most	 exported	
nutrient (Moreira	 et	 al.,	 2016;	Lima	 et	 al.,	 2019;	
Rabelo et al., 2020b), as observed in the present 
study, in both cultivations (with and without 
liming), with emphasis on the peel. Rabelo et al. 
(2020a) have indicated that the greater quantity 
exported	 indicates	 that	 adequate	K	 fertilization	
is fundamental for the production of fruits with 
a	higher	nutrient	composition,	mainly	K,	which	
is essential for quality. According to the authors, 
K	 is	 the	macronutrient	 that	 mostly	 contributes	
to improving the quality of pitaya, and thus its 
deficiency	results	in	reduced	growth,	production	
and quality, mainly in the sugar content of the 
fruits.	 This	 occurs	 because	 K	 is	 fundamental	
in metabolic processes, such as the synthesis 
of proteins and sugars, being responsible for 
transporting sugars and carbohydrates produced 
by photosynthesis to fruits (Malavolta,	 2006). 
In addition, the results observed in the present 
study expand the technological use of the peel in 
the industry, since in addition to being used as a 
thickening	agent	and	natural	dye	(Pantoja	et	al.,	
2022),	it	is	a	source	of	nutrients,	mainly	K.

Considering that most tropical soils are 
characterized	by	low	contents	of	K,	which	is	the	
main nutrient accumulated in the aerial part and 
exported to the fruits, potassium fertilization and 
annual replacement at the end of each production 
cycle	 are	 required,	 since	a	high	amount	of	K	 is	

removed at harvest from the orchard as observed 
in	 the	present	study,	with	136.87	kg	and	204.04	
kg	 in	 the	 first	 and	 second	 production	 cycles,	
respectively (Table 2).

N appears as the second most exported 
nutrient. Low N availability limits plant growth, 
influencing	 dry	matter	 production	 of	 cladodes	
and roots, emission of new cladodes, length of 
cladodes formed, productivity and fruit size 
(Almeida	et	al.,	2014;	Alves	et	al.,	2021).

The fact that Ca was the third most exported 
nutrient in cultivation with liming highlights the 
importance of correcting the soil with limestone 
to increase Ca contents in the soil and availability 
for plants, mainly because the redistribution 
of Ca from cladodes to fruits is low, due to its 
reduced mobility in the phloem of the plants 
(Malavolta,	2006). For the production of pitaya, 
Ca	 is	 fundamental	 to	avoid	 the	cracks	 that	 can	
occur	 in	 the	 fruits,	 affecting	 their	 quality	 and	
making	them	unsuitable	for	commercialization.	
Ca is involved in cell wall formation, increasing 
resistance to pests and diseases (Silva et al., 2022). 
Liming is the most recommended management 
practice for supplying Ca and Mg in pitaya 
cultivation (Silva et al., 2022), aiming to replace 
the quantity exported by harvests, in addition to 
improving	other	soil	attributes	(Reis et al., 2020). 
In addition, it is possible to apply fertilizers with 
sources of Ca and Mg, in situations that demand 
a	quick	supply.
P	 was	 the	 fourth	 most	 exported	 nutrient	

Table 2.  Quantity of nutrients exported (kg) as a function of the estimated productivity of plants 
that did not receive mineral fertilization and corresponding to the productivity of 
maximum economic efficiency, in cultivations without and with liming, in the first and 
second production cycles of S. monacanthus.

                                                                                                  N                  P                  K Ca  Mg
                                                                            Productivity       ------------------------------ kg ------------------------------                                                                                (Mg ha-1)

First production cycle with liming  
	 2.92¹	 9.46	 1.58	 36.94	 4.47	 0.96
	 10.82²	 35.06	 5.84	 136.87	 16.55	 3.57
Second production cycle with liming  
	 6.29¹	 20.38	 2.96	 79.57	 9.62	 2.08
	 16.13²	 52.26	 7.58	 204.04	 24.68	 5.32
First production cycle without liming  
	 2.98¹	 9.24	 1.40	 37.19	 1.91	 1.04
	 10.15²	 31.47	 4.77	 126.67	 6.50	 3.55
Second production cycle without liming  
	 3.38¹	 10.48	 1.59	 42.18	 2.16	 1.18
	 16.08²	 49.85	 7.56	 200.68	 10.29	 5.63

¹ Without	mineral	fertilization.	²	dose	of	N	corresponding	to	90%	of	the	maximum	productivity.	Planting	density:	
1,111 plants per hectare.



Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2024) 40(2):328 322-331.      

for	 the	pulp	 and	 the	fifth	 for	 the	peel,	 ranking	
among the last most exported macronutrients. 
This	 happens	 because	 P	 is	 one	 of	 the	 primary	
macronutrients least required by plants in 
quantitative terms (Malavolta,	 2006).	However,	
Brazilian	 soils	 normally	 have	 low	 P	 contents	
and, therefore, fertilization that provides this 
nutrient is essential for plants.

Uniformity in fruit size in relation to diameters 
(transverse and longitudinal) and mass can be 
related to the management of hand pollination, 
which was a common management practice for 
all plants, regardless of fertilization and liming. 
The increase in the quantity of pollen grains 
that	 reach	 the	 flower	 stigma	 contributes	 to	 the	
uniformity	 of	 fruit	 size	 because	 it	 influences	
the number of fertilized ovules (Guimarães 
et al., 2022). This occurs because the seeds 
formed secrete hormones, such as auxins, which 
promote ovary development, leading to larger 
fruits (Weiss et al., 1994).

The increase in the soluble solid content 

contributes to the improvement of fruit quality. 
Araújo et al. (2022) have described that the 
soluble solid content is a variable that serves 
as an indicator of fruit sweetness, which has 
been	 evaluated	 to	 define	 the	 appropriate	
harvest stage and ensure consumer acceptance. 
According to the authors, it is one of the most 
important quality characteristics because it is 
related	 to	 flavor,	 corresponding	 mainly	 to	 the	
sugar content, in addition to other compounds 
in fruits.

An increase in soluble solid content is 
desirable	because	values	above	12	°Brix	provide	
greater acceptance for natural consumption 
(Wanitchang et al., 2010). In addition, fruits 
destined for the industry that have more soluble 
sugars reduce the processing cost due to the 
waiver or reduction of sugar incorporation (Sato 
et al., 2014). Soluble solids are associated with 
the quantity of sugar in the fruit and, therefore, 
it is a characteristic related to acceptance for 
consumption (Rabelo et al., 2020a).

Table 3. Physical-chemical characteristics of S. monacanthus fruits as a function of N doses applied 
to the soil in cultivations without and with liming, and maximum value of soluble solids as 
a function of K2O doses, in the first and second production cycles.

Variable
                                                     Without liming                     With liming

                                                                         Doses of N (kg ha-1) - first production cycle
Longitudinal	diameter	(mm)	 Ŷ	=	94.30ns	 Ŷ	=	89.38ns

Transverse	diameter	(mm)	 Ŷ	=	91.12ns	 Ŷ	=	87.67ns

Soluble	solids	(SS,	°Brix)	 Ŷ	=	16.38ns	 Ŷ	=	16.84ns

Titratable	acidity	(TA,	%)	 Ŷ	=	0.15ns	 Ŷ	=	0.17ns

SS/TA	 Ŷ	=	111.13ns	 Ŷ	=	101.71ns

Pulp	pH	 Ŷ	=	5.03ns	 Ŷ	=	4.92ns

Thickness	peel	(mm)	 Ŷ	=	2.29ns	 Ŷ	=	2.31ns

Pulp	moisture	(%)	 Ŷ	=	85.62ns	 Ŷ	=	85.76ns

Peel	moisture	(%)	 Ŷ	=	88.78ns	 Ŷ	=	89.06ns

                                                           Doses of N (kg ha-1) - second production cycle
Longitudinal	diameter	(mm)	 Ŷ	=	102.26ns	 Ŷ	=	100.85ns

Transverse	diameter	(mm)	 Ŷ	=	100.01ns	 Ŷ	=	99.93ns

Soluble	solids	(SS,	°Brix)	 Ŷ	=	18.08ns	 Ŷ	=	18.40ns

Titratable	acidity	(TA,	%)	 Ŷ	=	0.32ns	 Ŷ	=	0.33ns

SS/TA	 Ŷ	=	60.43ns	 Ŷ	=	58.45ns

Pulp	pH	 Ŷ	=	4.95ns	 Ŷ	=	4.84ns

Thickness	peel	(mm)	 Ŷ	=	2.59ns	 Ŷ	=	2.77ns

                                                              Doses of K2O (kg ha-1)

Soluble	solids	(°Brix)1	 Ŷ	=	16.38ns	 Ŷ	=	14.251	+	0.0134x*	R2

		 	 =	91.79	Ŷ	=	19.08M

Soluble	solids	(°Brix)2	 Ŷ	=	18.08ns	 Ŷ	=	16.941	+	0.0076x*	
  R2	=	95.22	Ŷ	=	19.68M

1 First production cycle. 2 second production cycle. M maximum value. R2,	determination	coefficient. ns not	significant.	*	
different,	at	5%	probability,	by	the	t-test.	Doses	of	N:	13,	124,	235	and	347	kg	ha-1	and	K2O:	26,	138,	249	and	360	kg	ha-1.
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Fernandes	 et	 al.	 (2018)	 and	 Rabelo	 et	 al.	
(2020a) have reported on the improvement in 
fruit quality of the S. monacanthus and S. undatus 
species as a result of potassium fertilization. 
Their	findings	coincide	with	those	of	the	present	
study	as	total	soluble	solids	(16.82	to	22.1	°Brix)	
were	higher	than	the	minimum	content	(12	°Brix)	
considered	for	market	acceptance	(Wanitchang et 
al., 2010). The authors highlight the importance 
of fertilization with K2O for the production 
of pitaya with high contents of soluble solids, 
which is essential for maintaining quality after 
harvest. This is important in pitaya because 
contents of total soluble solids commonly vary 
after	harvesting,	which	can	significantly	reduce	
as a function of temperature during storage 
(Brunini	and	Cardoso,	2011;	Duarte	et	al.,	2017). 
The reduction in soluble solid content during 
storage under room temperature conditions 
(without refrigeration) occurs due to the use of 
sugars in the respiratory process (Osorio et al., 
2013). Therefore, it is essential to harvest the 
fruits at the appropriate maturation stage to 
favor a high soluble solid content, in addition to 
managing potassium fertilization and adequate 
storage.
Differences	in	cultivation	with	liming	are	also	

important for the preservation of fruits after 
harvesting because most of the composition 
of pitaya is water and moisture content of the 
fruit determines the care with storage and use 
of	 adequate	packaging,	 influencing	processing,	
quality and nutritional composition (Cruz 
and Moreira, 2022). Water content solubilizes 
important compounds, such as vitamins, 
minerals, sugars and acids, favoring the 
development of microorganisms in a way that 
safety and shelf life are compromised (Bobbio 
and Bobbio, 2001).	 Pitaya	 tends	 to	 have	 low	
acidity, requiring special post-harvest care to 
avoid	 fruit	 loss	 since	 foods	with	 a	 pH	 greater	
than	4.5	 are	 subject	 to	microbial	multiplication	
(Sato et al., 2014).

The results of the present study show 
that, in addition to soil analysis, fertilization 
management in pitaya orchards needs to 
consider the exports of K>N>P by fruit harvests 
for maintenance fertilizations, with adjustments 
based on the expected harvest in each season. 
Liming	 and	 NPK	 fertilization	 are	 important	
for the maintenance of pitaya orchards in 
order	 to	 replenish	 nutrients	 in	 the	 soil.	 Proper	
management contributes to ensuring that all 
the fruits meet the commercialization standard, 
allowing the orchard to reach high productivity 
with the production of commercial quality fruits.

CONCLUSIONS

Nutrient export per ton of S. monacanthus 
fruits	was	as	follows:	K,	12.65	kg;	N,	3.24	kg;	Ca,	
1.53	kg;	P,	0.54	kg;	Mg,	0.33	kg;	Mn,	166.0	g;	Fe,	
12.67	g	and	Zn,	3.49	g,	with	liming	in	the	soil.

The order of nutrients exported by 
pitaya	 differed	 in	 the	 peel	 and	 pulp,	 being	
K>N>Ca>Mn>P>Mg>Fe>Zn in the peel and 
K>N>Ca>P>Mg>Mn>Fe>Zn in the pulp.

Liming increases the quantity of nutrients 
exported	 to	 fruits,	mainly	Ca,	P	and	Mg	 in	 the	
peel.
K2O fertilization in pitaya orchards improves 

fruit quality.
Liming	 and	 NPK	 fertilization	 should	 be	

applied in pitaya cultivation to adjust nutrient 
contents in the soil in order to replace the 
nutrients exported by fruit harvests.

ACKNOWLEDGMENTS

This	 study	 was	 financed	 in	 part	 by	 the	
Coordenação	 de	 Aperfeiçoamento	 de	 Pessoal	
de	 Nível	 Superior	 -	 Brasil	 (CAPES)	 -	 Finance	
Code	 001.	 We	 thank	 the	 Federal University 
of Jequitinhonha and Mucuri Valleys and 
the	 Program	 in	 Plant	 Production,	 for	 the	
infrastructure made available to carry out the 
research project.

Authors’ contributions
Bibliographic review: D.A. Alves, M.C.M. 

Cruz, E.B. Silva. Development of the 
methodology: D.A. Alves, M.C.M. Cruz, E.B. 
Silva,	 J.E.	Lima,	N.C.	 Santos,	C.G.	 Sena,	V.A.P.	
Lima, C.M. Abreu. Discussion of the results: 
D.A. Alves, M.C.M. Cruz, E.B. Silva. Review 
and	 approval	 of	 the	 final	 version:	 D.A.	Alves,	
M.C.M. Cruz, E.B. Silva, J.E. Lima, N.C. Santos, 
C.G.	Sena,	V.A.P.	Lima,	C.M.	Abreu.

LITERATURE CITED

Almeida, E.I.B., M.C.M. Corrêa, L.A. Crisostomo, 
N.A. Araújo and J.C.V. Silva. 2014. Nitrogênio 
e potássio no crescimento de mudas de pitaia 
[Hylocereus undatus (Haw.)	 Britton	&	Rose].	
Rev.	Bras.	Frutic.	36(4):1018-1027.	https://doi.
org/10.1590/0100-2945-296/13.

Alves, D.A., M.C.M. Cruz, J.E. Lima, N.C. 
Santos, J.M. Rabelo, and F.L. Barroso. 2021. 
Productive	 potential	 and	 quality	 of	 pitaya	
with	 nitrogen	 fertilization.	 Pesq.	 Agropec.	
Bras.	 56:e01882.	 https://doi.org/10.1590/
S1678-3921.pab2021.v56.01882.



Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2024) 40(2):330 322-331.      

Araújo,	 R.H.C.R.,	 J.D.A.	 Sarmento,	 A.E.M.M.	
Teodosio and N.C. Santos. 2022. Colheita 
e	 pós-colheita.	 p.	 238-265.	 In	 Cruz,	M.C.M.	
and	 R.S.	 Martins	 (Orgs.).	 Pitaia	 no	 Brasil,	
nova opção de cultivo. Epagri, Florianópolis, 
Santa Catarina, Brasil.

Astm	 D5373-21.	 2021.	 Standard	 test	 methods	
for determination of carbon, hydrogen 
and nitrogen in analysis samples of coal 
and carbon in analysis samples of coal 
and	 coke.	 p.	 1-11.	 Astm	 International,	
West	 Conshohocken,	 PA,	 USA.	 https://doi.
org/10.1520/D5373-21.

Bobbio,	P.A.	and	F.O.	Bobbio.	2001.	Química	do	
processamento de alimentos. p. 143. 3th ed. 
Varela,	São	Paulo,	Brasil.

Brunini,	M.A.	and	S.S.	Cardoso.	2011.	Qualidade	
de pitaias de polpa branca armazenadas 
em diferentes temperaturas. Rev. Caatinga 
24(3):78-84.

Conagin,	 A.,	 V.	 Nagai	 and	 T.	 Igue.	 1997.	
Delineamento	 1/2(4x4x4)	 em	 blocos	 de	 oito	
unidades. p. 9. Instituto Agronômico de 
Campinas,	São	Paulo,	Brasil.

Cruz, M.C.M. and R.A. Moreira. 2022. Importância 
econômica, social e alimentar. p. 19-34. In 
Cruz,	M.C.M.	and	R.S.	Martins	(Orgs.).	Pitaia	
no Brasil, nova opção de cultivo. Epagri, 
Florianópolis, Santa Catarina, Brasil.

Duarte,	 M.H.,	 E.R.	 Queiroz,	 D.A.	 Rocha,	 A.C.	
Costa	 and	 C.M.P.	 Abreu.	 2017.	 Qualidade	
de pitaia (Hylocereus undatus) submetida 
à adubação orgânica e armazenada 
sob refrigeração. Braz. J. Food Technol. 
20:e2015115.	 https://doi.org/10.1590/1981-
6723.11515.

Fernandes, D.R., R.A. Moreira, M.C.M. Cruz, J.M. 
Rabelo,	 and	 J.	 Oliveira.	 2018.	 Improvement	
of production and fruit quality of pitayas 
with potassium fertilization. Acta Sci. 
Agron.	 40(1):e35290.	 https://doi.org/10.4025/
actasciagron.v40i1.35290.

Guimarães, A.G., S.C.O. Giordani, A.R. Rech 
and	 M.R.	 Costa.	 2022.	 Biologia	 floral	 e	
polinização.	 p.	 70-91.	 In	 Cruz,	M.C.M.	 and	
R.S.	 Martins	 (Orgs.).	 Pitaia	 no	 Brasil,	 nova	
opção de cultivo. Epagri, Florianópolis, 
Santa Catarina, Brasil.

Lima,	D.C.,	N.V.B.	Mendes,	M.C.M.	Corrêa,	C.A.K.	
Taniguchi,	 R.F.	 Queiroz,	 and	 W.	 Natale.	
2019. Growth and nutrient accumulation 
in the aerial part of red pitaya (Hylocereus 
sp.).	Rev.	Bras.	Frutic.	41(5):1-11.	https://doi.
org/10.1590/0100-29452019030.

Malavolta,	E.	 2006.	Manual	de	nutrição	mineral	
de	plantas.	p.	638.	1st	ed.	Ceres,	São	Paulo, 
Brasil.

Moreira, R.A., M.C.M. Cruz, D.R. Fernandes, 
E.B.	 Silva,	 and	 J.	 Oliveira.	 2016.	 Nutrient	
accumulation at the initial growth of pitaya 
plants according to phosphorus fertilization. 
Pesqui.	Agropecu.	Trop.	46(3):230-237.	https://
doi.org/10.1590/1983-40632016v4640813.

Osorio, S., F. Scossa, and A. Fernie. 2013. 
Molecular regulation of fruit ripening. Front. 
Plant	 Sci.	 4(198):1-8.	 https://doi.org/10.3389/
fpls.2013.00198.

Pantoja,	 L.,	 T.N.	 Amaral	 and	 M.	 Ottone.	
2022.	 Processamento	 e	 aproveitamento	
tecnológico.	 p.	 267-318.	 In	 Cruz,	 M.C.M.	
and	 R.S.	 Martins	 (Orgs.).	 Pitaia	 no	 Brasil,	
nova opção de cultivo. Epagri, Florianópolis, 
Santa Catarina, Brasil.

Rabelo, J.M., M.C.M. Cruz, C.G. Sena, L.A. 
Pantoja,	 A.S.	 Santos,	 L.A.C.	 Reis,	 et	 al.	
2020a.	Potassium	 fertilization	 in	 the	quality	
improvement and centesimal composition 
of	pitaya.	Emir.	J.	Food	Agric.	32(9):658-665.	
https://doi.org/10.9755/ejfa.2020.v32.i9.2146.

Rabelo, J.M., M.C.M. Cruz, N.C. Santos, D.A. 
Alves, J.E. Lima, and E.B. Silva. 2020b. 
Increase of nutrients export and production of 
pitaya whit potassium fertilization. Comun. 
Sci.	 11:e3276.	 https://doi.org/10.14295/
cs.v11i0.3276.

Reis, L.A.C., M.C.M. Cruz, E.B. Silva, J.M. Rabelo, 
and	C.M.T.	Fialho.	2020.	Effects	of	liming	on	
the growth and nutrient concentrations of 
pitaya species in acidic soils. Aust. J. Crop Sci. 
14(11):1756-1763.	 https://doi.org/10.21475/
ajcs.20.14.11.p2509.

Santos,	H.G.,	P.K.T.	Jacomine,	L.H.C.	Anjos,	V.Á.	
Oliveira, J.F. Lumbreras, M.R. Coelho, et al. 
2018.	 Sistema	 brasileiro	 de	 classificação	 de	
solos.	p.	356.	5th	ed.	Embrapa,	Brasília,	Brasil.

Sato,	 S.T.A.,	 S.C.A.	 Ribeiro,	 M.K.	 Sato	 y	 J.N.S.	
Souza. 2014. Caracterização física e físico-
química de pitayas vermelhas (Hylocereus 
costaricensis) produzidas em três municípios 
paraenses.	J.	Bioenergy	Food	Sci.	1(2):46-56.

Silva, F.C. 2009. Manual de análises químicas de 
solos,	plantas	e	 fertilizantes.	p.	627.	2nd	ed.	
Embrapa Informação Tecnológica, Brasília, 
Embrapa Solos, Rio de Janeiro, Brasil.

Silva, E.B., M.C.M. Cruz and E.C.M. Saldanha. 
2022. Calagem, adubação e nutrição das 
plantas.	p.	152-175.	In	Cruz,	M.C.M.	and	R.S.	
Martins	(Orgs.).	Pitaia	no	Brasil,	nova	opção	
de cultivo. Epagri, Florianópolis, Santa 
Catarina, Brasil.

Wanitchang,	 J.,	 A.	 Terdwongworakul,	 P.	
Wanitchang,	and	S.	Noypitak.	2010.	Maturity	
sorting index of dragon fruit: Hylocereus 
polyrhizus.	J.	Food	Eng.	100(3):409-416.	https://
doi.org/10.1016/j.jfoodeng.2010.04.025.



331Alves et al. Nutrient export and quality of pitaya

Weiss, J., A. Nerd, and Y. Mizrahi. 1994. Flowering 
behavior and pollination requirements in 
climbing cacti with fruit crop potential. 
HortScience	 29(12):1487-1492.	 https://doi.
org/10.21273/HORTSCI.29.12.1487.

Zenebon,	 O.,	 N.S.	 Pascuet	 and	 P.	 Tiglea.	 2008.	
Métodos físico-químicos para análise de 
alimentos. p. 1020. 4th ed. Instituto Adolfo 
Lutz,	São	Paulo,	Brasil.


