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HIGHLIGHTS:
Water salinity of 4.0 dS mr' reduced stomatal conductance, crown volume, and the number of fruits of West Indian cherry.
Fertilization with100-100-100% recommenaation of nitrogen-phosphorus-potassium (NPK) increases the CO, assimilation rate.
The lowest production per plant was obtained under fertilization with 100-100-120% of the NPK recommendation.

ABSTRACT: The cultivation of West Indian cherry under irrigation with saline water is subjected to harmful effects
caused by salt stress. Identifying combinations o nitrogen—;igljosphorus—potassium fertilization can be a strateﬁy
to ensure the expansion of irrigated aﬁriculture. In this context, the objective of this study was to evaluate the
morphophysiology and production of the West Indian cherry ‘Flor Branca as a function of irrigation with waters of
different electrical conductivities and fertilization with nitrogen-phosphorus-potassium combinations. The experiment
was conducted in a greenhouse using the randomized block design in a 2 x 10 factorial scheme, corresponding to
two values of electrical conductivity of irrigation water (0.6 and 4.0 dS m™) and ten combinations of fertilization with
nitrogen (N), phosphorus (P), and potassium (K): 80-100-100, 100-100-100, 120-100-100, 140-100-100, 100-80-100,
100-120-100, 100-140-100, 100-100-80, 100-100-120, and 100-100-140% of the NPK recommendation, with three
replicates. Irrigation with water of 4.0 dS m™ negatively affected stomatal conductance, average crown diameter, crown
volume, and ﬂg1e number of fruits per plant of West Indian cherry cv. Flor Branca. The combination of 100-100-100%
NPK increased transpiration, CO, assimilation rate, and stomatal conductance at 260 days after transplantation.
Although the NPK combination of 80-100-100% increased number of fruits, the highest production per plant was
obtained under 100-80-100% NPK, regardless of the electrical conductivity of irrigation water.

Key words: Malpighia emarginata Sesse & Moc. ex DC.,, fertilization management, water scarcity

RESUMO: O cultivo de aceroleira sob irrigagdo com agua salina esta sujeito aos efeitos deletérios ocasionados pelo
estresse salino. Dessa forma, a identificagao de combinagdes de adubagido com NPK pode ser uma estratégia para
garantir a expansao da agricultura irrigada. Neste contexto, objetivou-se com o presente estudo avaliar a morfofisiologia
e a produgéo da aceroleira cv. Flor Branca em fungéo da irrigagdo com dguas de diferentes condutividades elétricas e
da adubagdo com combinagdes de nitrogénio-fosforo-potassio. O experimento foi desenvolvido em casa de vegetagdo
utilizando-se o delineamento de blocos casualizados, em esquema fatorial 2 x 10, sendo dois niveis de condutividade
elétrica da dgua de irrigagdo (0,6 € 4,0 dS m™') e dez combinag¢des de adubagido com nitrogénio (N), fésforo (P,O,) e
potassio (K O): (80-100-100; 100-100-100; 120-100-100; 140-100-100; 100-80-100; 100-120-100; 100-140-100; 100-
100-80; 100-100-120 e 100-100-140% da recomendacio de N-P,0,-K,0), com trés repeti¢des. A salinidade da d4gua
deirrigacdo de 4,0 dS m™ afetou negativamente a condutancia eStomatica, didmetro médio da copa, volume de copa
e numero de frutos por plantas da aceroleira cv. Flor Branca. A combinagao de 100-100-100% de NPK aumentou
a transpira¢io, a taxa de assimilacdo de CO, e a condutincia estomatica, aos 260 dias ap6s o transplantio. Embora
a combinagdo NPK de 80-100-100% tenha aumentado o namero de frutos, a maior producéo por planta foi obtida
sob 100-80-100% NPK, independentemente da condutividade elétrica da dgua de irrigacao.

Palavras-chave: Malpighia emarginata Sesse & Moc. ex DC., manejo de adubagio, escassez de d4gua
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INTRODUCTION

West Indian cherry (Malpighia emarginata Sesse & Moc.
ex DC) has high concentrations of vitamin C, anthocyanins,
and carotenoids, compounds with beneficial effects on human
health due to their recognized antioxidant action (Dias et al.,
2018). Despite the socioeconomic importance of the West
Indian cherry in the Brazilian Northeast, the expansion of
its cultivation is limited due to the climatic conditions of
this region, where the plants are frequently subjected to
abiotic stress, due to the irregularity of the rains and the high
temperatures, with the common occurrence of water sources
with high salt content (S4 et al., 2018; Silva et al., 2020).

Thus, studies aimed at reducing the deleterious effects
of salt stress on plants are extremely important for the
development of irrigated fruit growing as highlighted by Sa
et al. (2018), Dias et al. (2021a), and Pinheiro et al. (2022).
Among the alternatives, balanced fertilization with NPK
stands out. Nitrogen is a macronutrient that participates in the
formation of proteins, amino acids, and chlorophylls, among
other important molecules in plant metabolism (Siddiqui et al.,
2019). Phosphorus contributes to the maintenance of metabolic
functions of plants, such as photosynthesis, respiration,
synthesis of nucleic acids, enzymatic activities, synthesis, and
stability of membranes, besides contributing to the functioning
of carbohydrate metabolism, signaling, and redox reactions
(Zribi et al., 2018). Potassium participates in enzyme activation,
regulation of stomatal movement, maintenance of cell turgor,
and transport of photoassimilates via the phloem (Gul et al.,
2019). Several studies conducted with West Indian cherry
have shown that fertilization alone (Pinheiro et al., 2019;
Lima et al., 2019a) or combined (S4 et al., 2018; Dias et al.,,
2021a; Silva et al., 2021) mitigates the effects of salt stress on
the physiological aspects and production of plants. However,
the research already carried out with this fruit plant has been
limited to evaluating the effects of N and K alone or NK, NP,
and KP combining two nutrients.

In this context, the objective of this study was to evaluate
the morphophysiology and production of the West Indian
cherry cultivar ‘Flor Branca’ as a function of irrigation with
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waters of two electrical conductivities and fertilization with
nitrogen-phosphorus-potassium combinations.

MATERIAL AND METHODS

The experiment was carried out from March 2020 to April
2021 in an arch-type greenhouse with 150-micron low-density
polyethylene covering, belonging to the Unidade Académica
de Engenharia Agricola - UAEA of the Universidade Federal
de Campina Grande - UFCG, in Campina Grande, Paraiba,
Brazil, located by the geographic coordinates 7° 15’ 18” South
latitude and 35° 52° 28” West longitude with an altitude 550
m. The data of air temperature (maximum and minimum) and
average relative humidity of the air inside the greenhouse are
shown in Figure 1.

The experimental design was randomized block, in a 2 x
10 factorial scheme, corresponding to two values of electrical
conductivity of irrigation water - ECw (0.6 and 4.0 dS m™)
and ten combinations of fertilization with nitrogen (N),
phosphorus (P), and potassium (K): 80-100-100, 100-100-100,
120-100-100, 140-100-100, 100-80-100, 100-120-100, 100-
140-100, 100-100-80, 100-100-120, and 100-100-140% of the
recommendation of Cavalcanti (2008), for the first year, with
three replicates and one plant per plot, arranged at a spacing
of 1.8 x 2.0 m.

The electrical conductivities of water were based on the
studies conducted by Sa et al. (2018), who classified the West
Indian cherry cv. BRS 366-Jaburu as moderately sensitive to
irrigation water salinity. The saline waters were prepared by
dissolving NaCl, CaClz.ZHZO, and MgC12.6HZO salts in the
local-supply water (ECw = 0.24 dS m™) in the equivalent
proportion of 7:2:1 (commonly observed in northeast Brazil),
following the relationship between ECw and salt concentration
(Richards, 1954), according to Eq. 1.

Q ~10xECw (1)

where:

Q - sum of cations (mmol_L"); and,

ECw - electrical conductivity to be adjusted after discounting
the ECw of the water from the municipal supply system (dS m™).

40

35

Temperature (°C)
)
(=]

———— Max_ temperature (°C) Min. temperature (°C) ------- Average relative air humidity (25)
100 _
E}E
o
80 3
g8
=
60 ]
=
o
-
©
bt
o
20 %’3‘
o
E
15 . . . . 0

0 30 60 90 120 150 180 210 240 270 300 330 360

Days after transplanting

Figure 1. Daily air temperature (maximum and minimum) and average relative air humidity observed in the internal area of

the greenhouse during the experimental period
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The fertilization management was based on the
recommendation for irrigated West Indian cherry proposed
by Cavalcanti (2008), using the fertilizers ammonium sulfate
(22% N), potassium chloride (60% K,0), and monoammonium
phosphate - MAP (61% P,O, and 11% N) as sources of nitrogen,
potassium, and phosphorus, respectively. The salt indices of
ammonium sulfate, potassium chloride, and monoammonium
phosphate are 69, 116, and 34, respectively (Rader Jr et al.,
1943).

West Indian cherry seedlings came from a commercial
nursery accredited by the National Registry of Seeds and
Seedlings, located in the District of Sio Gongalo, Sousa - PB,
Brazil. These seedlings were grown in polyethylene bags with
dimensions of 10 x 20 cm and volume of 0.5 L, grafted by the
full cleft method, using rootstock and scion of the cultivars
‘Junco’ and ‘Flor Branca, respectively.

Fertilization with N, P, and K was carried out every two
weeks and with Quimifol Nutri to meet the micronutrient
requirements, at the concentration of 2.5 g L' [Mg (1.1%), Zn
(4.2%), B (0.85%), Fe (3.4%), Mn (3.2%), Cu (0.5%), and Mo
(0.05%)], by foliar application, on the adaxial and abaxial sides,
using a backpack sprayer with working pressure (maximum)
of 88 psi (6 bar) and JD 12P nozzle.

The plants were transplanted to lysimeters filled with 235
kg of soil classified as Entisol (United States, 2014), which
corresponds to a Neossolo Regolitico in the Brazilian soil
classification system (EMBRAPA, 2018), from the municipality
of Esperanca, Paraiba, collected at 0-0.30 m depth (A horizon),
whose chemical and physical-hydraulic characteristics were
determined according to methodologies recommended by
Teixeira et al. (2017) and are presented in Table 1.

Each lysimeter had two 18-mm-diameter drains spaced
equidistantly at the bottom, and a 0.5-kg layer of crushed
stone and geotextile (Bidim’) were placed on each drain. The
drained water was collected in two 2 L PET bottles, which were
positioned below the lysimeters. The volume of water drained
was computed and used to estimate the crop water balance,
according to Eq. 2.

VI_(Va—Vd) 5
~ (1-LF) @

where:
VI  -volume of water to be used in the irrigation event (mL);
Va - volume of water applied in the previous irrigation
event (mL);

Vd - volume of water drained (mL); and,
LEF - leaching fraction (0.10).

Before transplanting, the soil moisture content was
increased to the value corresponding to the maximum water
retention capacity using water of the lowest ECw level (0.24
dS m). During the acclimatization period of the plants (50
days after transplanting), irrigation was carried out with water
of the low salinity, and after this period, different saline water
treatments were applied.

Fertilization with NPK combinations started 15 days
after transplanting (DAT) and was performed fortnightly via
fertigation. Irrigations with saline waters started at 52 DAT,
with intervals ranging from two to three days, according to
plant growth and the need to increase irrigation volume based
on the drainage lysimetry principle. From the beginning of
the application of treatments to 360 DAT, the total volume
of water applied per plant was 1093.26 L for the low salinity
level (ECw =0.6 dS m™) and 983.96 L for the high salinity level
(ECw=4.0dSm™).

The plants were grown with a single stem, and their apical
bud was pruned at 50 cm height to stimulate the sprouting of
lateral buds. Formative pruning was performed on the lateral
branches that emerged, leaving three branches well located at
different heights near the apex, symmetrically distributed in
a spiral pattern. These, called primary branches, were the base
structure of the crown and were pruned when they reached
0.25 m in length to stimulate the sprouting of secondary
branches and control lateral growth for the plants to adjust to
the adopted spacing.

During the experiment, the cultural practices (cleaning
of the area, weeding between lysimeter rows, scarification
of the soil in the containers) and phytosanitary treatments
(application of insecticides and fungicides) recommended for
the crop were carried out, monitoring the appearance of pests
and diseases and adopting control measures when necessary
(Dias et al., 2021a).

Gas exchange evaluations were performed 260 DAT, when
the plants were in the pre-flowering stage, through stomatal
conductance - gs (mol H/O m? s"), transpiration- E (mmol H,O
m*s?), internal CO, concentration - Ci (umol CO, m? s™),
and CO, assimilation rate - A (umol CO, m? s). These data
were then used to calculate the instantaneous water use
efficiency - WUEins - (A/Ci) (umol CO,m”s™) (umol CO,
m~?s?) and the intrinsic water use efficiency - WUEint - (A/gs)

Table 1. Chemical and physical attributes of the soil (0-0.30 m) used in the experiment before the application of the treatments

OM - Organic matter: Walkley-Black wet digestion; Ca** and Mg?** - Extracted with 1 M KCl at pH 7.0; Na*and K* - Extracted with 1 M NH,OAc at pH 7.0; AP’* and H* - Extracted
with 0.5 M calcium acetate at pH 7.0; ESP - Exchangeable sodium percentage; ECse - Electrical conductivity of saturation extract; SL - Sandy loam; AW - Available water; BD - Bulk
density; PD - Particle density; The indices 1 and 2 refer to field capacity and permanent wilting point
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(umol CO,m?s™) (mol HO m™s"). A gas exchange analyzer
(Infrared Gas Analyzer - IRGA, LCpro-SD model, from ADC
BioScientific, UK) was used to measure, between 07:00 and
10:00 h, on the third fully expanded leaf counted from the
apical bud of the primary branch, under natural conditions
of air temperature, CO, concentration, and using an artificial
radiation source of 1200 umol m™? s (Fernandes et al., 2021).
The time of gas exchange readings was defined according to
the local temperature (varying between a minimum of 23 °C
and a maximum of 30 °C) and intensity of solar radiation.

In the determination of the relative water content (RWC),
leaves were removed from the intermediate third of the
branches, and then five leaf discs with area of 1.54 cm?® each
were collected. Immediately after collection, the discs were
weighed, avoiding moisture losses, to obtain the values of fresh
mass (FM). Then, these discs were placed in beaker, immersed
in 50 mL of distilled water, and stored for 24 hours. After
this period, excess water was removed with paper towels to
determine the turgid mass (TM) of the samples, which were
taken to the oven (temperature = 65 * 3 °C, until reaching
constant weight) to obtain the dry mass (DM). Relative water
content was determined according to the methodology of
Weatherley (1950) using Eq. 3:

FM—DM><
™ -DM

RWC = 100 (3)

where:
RWC - relative water content (%);
FM - fresh mass of discs (g);
TM - turgid mass (g); and,
DM - dry mass (g).

Crown diameter (D) Was also determined 260 DAT
by the average crown diameter in the row direction (D
and the interrow direction (D, . z0v)- At the same period,
crown volume (V. ,.) and vegetative vigor index (VVI)
were measured using the methodology of Portella et al. (2016),
according to Egs. 4 and 5:

ROW)

T
Verown = [Ej X HXDyow X Dixrerrow (4)

where:
3).
V rowy - Crown volume (m?);
H - plant height (m);
D, - crown diameter in the row direction (m); and,

R
NTERROw - CTOwn diameter in the interrow direction (m).

|:H + DCroWn + (DRootstock X 10):|
100

VVI=

(5)

where:
VVI - vegetative vigor index;
H - plant height (m);
D,,.. - average crown diameter (m); and,
rootstock stem diameter (m).

Rootstock
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The following physical variables of the fruits were evaluated:
polar diameter (PD), equatorial diameter (ED), number of
fruits (NFP), and total production per plant (TPP). These
variables were determined in fruits obtained from harvests,
at three-day intervals, carried out during the first production
cycle, from 260 to 360 DAT. Fruits with intense red color
peel, which is the fruit maturity standard of the cultivar Flor
Branca, were harvested. PD and ED measurements were made
in a representative sample of 15 fruits harvested per plant,
selected randomly from the total obtained in the harvest. Total
production per plant was obtained by summing the weight of
all the fruits produced, which were weighed on a precision
scale (0.01 g resolution), and NFP was determined by counting.

The data obtained were analyzed through a normality test
(Shapiro-Wilk test) and subsequently, analysis of variance was
performed. The F test was applied for electrical conductivity
and the Scott-Knott test (p < 0.05) was applied for NPK
fertilization combinations using the statistical program
SISVAR-ESAL.

RESULTS AND DISCUSSION

There was no significant effect of the interaction between
electrical conductivity and NPK fertilization (SL x NPK) on
the studied variables of gas exchange. The NPK combinations
significantly affected transpiration, CO, assimilation rate,
stomatal conductance, instantaneous water use efficiency,
and intrinsic water use efficiency, whereas the electrical
conductivity of irrigation water significantly affected only the
stomatal conductance of West Indian cherry plants 260 DAT
(Table 2).

The stomatal conductance (Figure 2A) of West Indian
cherry plants subjected to irrigation with the low-electrical
conductivity water (0.6 dS m™) was 0.009 mol H,O m? s, on
average 15% higher than the value observed in plants under
irrigation with water of ECw = 4.0 dS m™. The decrease in
stomatal conductance may be a strategy of plants to reduce
water loss (Lima et al., 2020) and may be related to the variation
of osmotic potential in the root zone, caused by the elevation
in the electrical conductivity of irrigation water, given that
when plants are subjected to these conditions, a sequence of
hormone-modulated reactions is triggered as a physiological
acclimatization response, which restricts stomatal opening,
leading to effects on transpiration and CO, assimilation rate
(Dias et al., 2020).

It is also observed for gs (Figure 2B) that the combination
100-100-100% NPK (C2) promoted the highest value, but there
was no significant difference compared to the combination 100-
80-100% (C5). The other treatments also showed no significant
differences from each other, but their means were on average
29.7% (0.024 mol H,O m™s™) lower than the mean of the
treatments C2 and C5. In a study with the West Indian cherry
cv. Flor Branca under irrigation with saline water (ECw ranging
from 0.8 to 4.0 dS m™) and nitrogen rates, Lima et al. (2019a)
found that fertilization with 125% N recommendation did not
significantly influence gs 130 DAT. A similar situation was also
reported by Silva et al. (2021), who observed no significant
effects of the NK combinations (70-50, 100-75, 130-100, and
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Table 2. Summary of the analysis of variance for stomatal conductance (gs), transpiration (E), internal CO, concentration (Ci),
CO, assimilation rate (A), instantaneous water use efficiency (WUEins), and intrinsic water use efficiency (WUEint) of West
Indian cherry plants, cv. Flor Branca irrigated with water of different salinity levels (SL), under combinations of fertilization

with nitrogen, phosphorous, and potassium (NPK) 260 days after transplanting - DAT
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Means followed by different letters indicate significant differences between the electrical
conductivity of water by the F test (p < 0.05) (Figure A) and between combinations of
NPK fertilization by the Scott-Knott test (p < 0.05) (Figure B). NPK combination indices
indicate: 1 = 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-
80-100, 6 = 100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 =
100-100-140% of the NPK recommendation by Cavalcanti (2008)

Figure 2. Stomatal conductance - gs of West Indian cherry as
a function of electrical conductivity of irrigation water - ECw
(A) and different combinations of fertilization with NPK (B)
260 days after transplanting

160-125% of N and K, O, recommendation) on the gs of West
Indian cherry plants cv. Flor Branca, at 540 DAT.

The transpiration of West Indian cherry plants cv. Flor
Branca (Figure 3A) fertilized with 100-100-100% (C2),
100-120-100% (C6), and 100-100-120% (C9) of NPK
recommendation was statistically higher, on average 27.29%
(0.329 mmol H,O m~s") than the value of those which received
the other combinations. In general, the NPK combinations

Means followed by different letters indicate significant differences between NPK
combinations by the Scott-Knott test (p < 0.05). NPK combination indices indicate: 1
=80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100. 5 = 100-80-100, 6 =
100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 = 100-100-140%
of the NPK recommendation by Cavalcanti (2008)

Figure 3. Transpiration - E (A) and CO, assimilation rate - A
(B) of West Indian cherry plants grown under different NPK
combinations 260 days after transplanting

C2 (100-100-100%), C6 (100-120-100%), and C9 (100-100-
120%) promoted an increase in leaf transpiration (Figure 3A),
reinforcing the importance of these nutrients in appropriate
combinations for physiological activities, as reported by Silva
et al. (2021).

On the other hand, the combinations 140-100-100 (C4),
100-140-100 (C7), and 100-100-140% (C10), in which the doses
of N, P, and K were higher, may cause nutritional imbalance
relative to the distribution of the other nutrients. In addition,
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the salt index of the fertilizers used also contributes to the
increase in salinity in the root zone. Under these circumstances,
the concentrations of NPK, mainly K, may have reduced the
availability of other nutrients (Mg?* and Ca**) in West Indian
cherry plants through the processes of dilution, inhibition,
or even competition between the elements (Inthichack et al.,
2012; Silva et al., 2020), affecting their stomatal conductance.

The highest CO, assimilation rate (Figure 3B) was obtained
in plants fertilized with the combination 100-100-100% N-P-K
(C2), on average 31.40% higher than the values found under
the other combinations, which showed no significant difference
among them for this trait. Thus, fertilization with NPK at the
dose recommended by Cavalcanti (2008) for the cultivation of
West Indian cherry under greenhouse conditions is sufficient
to maintain the adequate metabolic and physiological activity
of plants, for the production of nitrogen compounds, such as
enzymes and organelles, to the maintenance of transpiration
flow for the energy expenditure of ATP breakage and formation.

These results differ from those reported by Silva et al.
(2021), who observed the highest values of CO, assimilation
in West Indian cherry fertilized with 70% N and 50% K of the
recommended doses (100 g of N and 80 g of K,O per plant)
200 DAT. Silva et al. (2020), working with the cv. Flor Branca,
analyzed the physiology of West Indian cherry 230 DAT and
observed no difference with the variation of N and K doses
from 70 to 130% and from 50 to 100% of the recommended
doses (100 g of N and 80 g of K,O per plant), respectively.

The instantaneous water use efficiency showed a significant
difference as a function of the NPK combinations (Figure 4A),
and the highest WUE was obtained in plants that received
the NPK combination of 100-100-140% (C10), with no
significant difference compared to 120-100-100% (C3) and
100-140-100% (C7) (Figure 4A), but significantly differs from
the other combinations studied. On the other hand, the NPK
combinations C2, C4, C5, and C8 showed no difference from
one another, and similar behavior can be observed in plants
that received the NPK combinations 80-100-100% (C1), 100-
120-100% (C6), and 100-100-120% (C9). When comparing
plants subjected to the combination 100-100-120% (C9),
which had the lowest WUEins, to those under 100-100-140%
(C10) of NPK, which had the highest WUEins, there was a
reduction of 28.8%.

For intrinsic water use efficiency, the highest values for
NPK fertilization combinations (Figure 4B) were obtained in
plants that received the NPK combinations C3, C5, C6, C7,
and C10, whose mean was 11.81 (umol CO, m?s™)(mmol
H,0 m?s")" higher than that of plants subjected to the NPK
combinations C1, C2, C4, C8, and C9. WUEint expresses
the relationship between CO, assimilation rate and stomatal
conductance and indicates the amount of carbon dioxide fixed
by the plant for each unit of water lost in this process (Lima
et al., 2019a). It is important to highlight that the absorption
of carbon dioxide through the stomata also results in water
loss, and the plant, aiming at reducing this loss, restricts CO,
entry (Dantas et al., 2022). The limitations that occurred in
the stomatal conductance through the partial closure of the
stomata (Figure 2B) and in the CO, assimilation rate (Figure
3B) of the West Indian cherry plants affected the WUEint. This
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Means followed by different letters indicate significant difference between NPK
combinations by the Scott-Knott test (p < 0.05). NPK combination indices indicate: 1
=80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100. 5 = 100-80-100. 6 =
100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 = 100-100-140%
of the NPK recommendation by Cavalcanti (2008)

Figure 4. Instantaneous water use efficiency - WUEins (A)
and intrinsic water use efficiency - WUEint (B) of West Indian
cherry plants grown under different NPK combinations 260
days after transplanting

situation may be related to the fertilizers used considering that
ammonium sulfate, potassium chloride, and monoammonium
phosphate have salt indices of 69, 116, and 34, respectively
(Rader Jr et al., 1943).

There were significant effects (p < 0.01) of the water salinity
on crown volume and average crown diameter and of NPK
combinations on relative water content, crown volume, and
average crown diameter (Table 3). There was no significant
effect of the interaction between the electrical conductivity of
water and NPK combinations on the studied variables 260 DAT.
Pinheiro et al. (2019), when evaluating the water relations of
West Indian cherry under irrigation with saline water (ECw
of 0.8 and 3.8 dS m™) and potassium fertilization, also found
that water salinity did not significantly influence the relative
water content.

The NPK combinations C2, C3, C5, and C9 led to the
highest values of RWC (> 74.7%) and showed no significant
differences from one another (Figure 5). When comparing the
NPK combination 120-100-100% (C3), which led to the highest
value for RWC (77.99%), to the NPK combination 140-100-
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Table 3. Summary of the analysis of variance for relative
water content (RWC), crown volume (V_...)> vegetative
vigor index (VVI), and average crown diameter (D) of
West Indian cherry plants irrigated with water of different
electrical conductivities, under combinations of fertilization
with nitrogen, phosphorus, and potassium (NPK) 260 days
after transplanting - DAT

", ", 7, - Respectively not significant, significant at p < 0.05 and p < 0.01 by F test;
DF - Degrees of freedom; CV - Coefficient of variation

100% (C4), with the lowest value (67.24%), the superiority was
15.98% (Figure 5). Plants of the treatments 100-100-100% (C2),
120-100-100% (C3), 100-80-100% (C5), and 100-100-120%
(C9) of NPK exhibited higher RWC potential. The increase
in RWC reflects the higher water absorption by plants, due to
osmotic adjustment induced by the synthesis of compatible
osmolytes. This synthesis, comprising soluble amino acids
and sugars, is elevated by the increase of N, which is part of
their composition, and K, which promotes a reduction in the
imbalance between transpiration and water absorption by
plants, favoring ionic homeostasis (Santana et al., 2011; Lima
etal., 2019b).

The variables crown volume (V .. ), vegetative vigor
index (VVI), and average crown diameter (D ) are directly
related to the time of formation of the crown of plants. It is
noteworthy that in this study, the period from 45 to 70 DAT
comprised the time for the formation of the crown of the
West Indian cherry plants. When the plants reached 50 cm,
the apical bud was pruned to stimulate lateral shoots. The side

Means followed by different letters indicate significant differences between NPK
combinations by the Scott-Knott test (p < 0.05). NPK combination indices indicate: 1
= 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-80-100, 6 =
100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 = 100-100-140%
of the NPK recommendation by Cavalcanti (2008)

Figure 5. Relative water content - RWC of West Indian cherry
plants grown under different NPK combinations 260 days after

transplanting

branches were pruned when they reached 25 cm, leaving three
branches located at different heights distributed symmetrically
in a spiral. For crown volume (Figure 6A), West Indian cherry
plants cv. Flor Branca irrigated using water with ECw of 4.0
dS m had a reduction of 13.2% (0.35 m®) compared to those
that received irrigation with a low level of water salinity (0.6
dS m™). Similar behavior can be observed for D, (Figure
7A), as plants irrigated with ECw of 0.6 dS m™ showed higher
value compared to those irrigated with ECw of 4.0 dS m™, with
superiority of 4.43% (0.07 m?). Plant responses to salinity are
often accompanied by morphological, anatomical, and osmotic
adjustment changes, such as stomatal closure, directly affecting
the number of leaves and consequently reducing leaf area as
it is a strategy to reduce the transpiration area and therefore
inhibit water losses to the atmosphere (Lima et al., 2015).
For the combination of NPK, a significant difference was
observed (Figure 6B) between combination 4 (140-100-100%)
and the others in terms of V In addition, plants that

CROWN"

received 80-100-100% (C1), 100-80-100% (C5), and 100-120-

Means followed by different letters indicate significant differences between electrical
conductivity of water by the F test (p < 0.05) (Figure A) and between combinations of
NPK fertilization by the Scott-Knott test (p < 0.05) (Figure B). NPK combination indices
indicate: 1 = 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-
80-100, 6 = 100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 =
100-100-140% of the NPK recommendation by Cavalcanti (2008)

Figure 6. Crown volume (V. ...) of West Indian cherry as a
function of electrical conductivity of irrigation water - ECw
(A) and different combinations of fertilization with NPK (B)
260 days after transplanting

Rev. Bras. Eng. Agric. Ambiental, v.27, n.7, p.539-549, 2023.



546

100% (C6) of NPK showed no differences from one another
but were superior to those under the combinations C2, C3, C7,
C8, C9, and C10, which showed the lowest values and did not
differ among them. When comparing plants fertilized with the
NPK combination 140-100-100% (C4) to those that received
Cl1, C5, and C6, there was an average increment of 0.39 m’
(13.15%). On the other hand, plants grown with 140-100-100%
(C4) of NPK showed an average increase in V. of 0.66 m’
(22.18%) compared to those under the combinations C2, C3,
C7, C8, C9, and C10.

West Indian cherry plants cv. Flor Branca subjected to the
NPK combinations C4 and C5 did not differ between them,
although the combination C4 (140-100-100%) led to the
highest value of D, (Figure 7B). The combinations C4
and C5 were significantly superior compared to the other NPK
combinations, and combination 4 had a D, Value 0.22 m
higher than that promoted by combination C8 (100-100-80%),
which stood out with the lowest D, ... The highest D ...«
values under C4 and C5 (Figure 7B) reinforce the importance
of ionic homeostasis in plant growth, given the functions of

A,
2.0 1

1.6

0.0 '
0.6  pew (ds m)

204

o
(=2
o
T |
0

| =y
] @
<
[~x
o

16 1A M ]

[
[38]
1

Derown (m)
_C:

0-0 L T T L L - 1 - T - T - L - 1
1 2 3 4 5 6 7 8 9 10
NPK combination

Means followed by different letters indicate significant differences between electrical
conductivity of water by the F test (p < 0.05) (Figure A) and between combinations of
NPK fertilization by the Scott-Knott test (p < 0.05) (Figure B). NPK combination indices
indicate: 1 = 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-
80-100, 6 = 100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 =
100-100-140% of the NPK recommendation by Cavalcanti (2008)
Figure 7. Average crown diameter (D) of West Indian
cherry plants as a function of electrical conductivity of
irrigation water - ECw (A) and different combinations of

fertilization with NPK (B) 260 days after transplanting
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these elements. Despite the absence of a significant difference
between C4 and C5, plants that received C4 stood out with
a higher mean value of D_, ., which is possibly related to
the greater meristematic activity promoted by the increase
in available N, which tends to accelerate the process of cell
division and expansion (Luo et al., 2020).

There was a significant simple (isolated) effect of NPK
fertilization combinations on the total fruit production and
the number of fruits (Table 4); there was no significant effect
of the interaction between the electrical conductivity of water
and combinations of NPK. Electrical conductivity of water
significantly affected only the number of fruits per plant. Polar
and equatorial diameters were not affected by any source of
variation.

For NPK combinations, Figure 8 shows that combination
C1 (80-100-100%) and C5 (100-80-100%) promoted the higher
values of TPP, and the other combinations comparatively
caused harmful effects on this variable. The NPK combinations
100-100-100% (C2) and 100-100-120% (C9) led to lower values

Table 4. Summary of the analysis of variance for total
production per plant (TPP), number of fruits per plant
(NFP), polar diameter (PD), and equatorial diameter (ED) of
West Indian cherry irrigated with water of different electrical
conductivity under combinations of fertilization with nitrogen,
phosphorus, and potassium (NPK) in the period between 260
and 360 DAT

s, 7, 7, - Respectively not significant, significant at p < 0.05 and p < 0.01 by F test;
DF - Degrees of freedom; CV - Coefficient of variation

Means followed by different letters indicate significant differences between NPK
combinations by the Scott-Knott test (p < 0.05). NPK combination indices indicate: 1
= 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-80-100, 6 =
100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 = 100-100-140%
of the NPK recommendation by Cavalcanti (2008)

Figure 8. Total production per plant - TPP of West Indian
cherry under different combinations of fertilization with NPK,
in the period between 260 and 360 days after transplanting -
DAT
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of TPP, resulting on average reductions of 646.09 g per plant
compared to combinations C1 and C5. When comparing the
results obtained in this study with those reported by Dias
et al. (2021a), in a study evaluating the effects of combined
potassium-phosphorus fertilization on West Indian cherry,
found that the weight of fruits per plant showed a significant
increase (85%) under the K,O/P,0, combination of 90/54 g
per plant and ECw of 1.4 dS m. It is important to mention
that the study by Dias et al. (2021a) refers to the second year
of production of the West Indian cherry, and the source
of nitrogen, phosphorus, and potassium used were urea,
monoammonium phosphate, and potassium chloride.

The electrical conductivity of water significantly affected
only the number of fruits per plant (Figure 9A); plants under
ECw of 0.6 dS m™ showed a higher NFP (54.7%) than the value
found in plants subjected to ECw of 4.0 dS m™. The decrease
in the number of fruits may be related to the reduction in the
matric and osmotic potential of the soil. The osmotic pressure
in the soil solution can increase to values at which plants do not
have sufficient suction forces to overcome the soil potential, and
the consequence of such an increase in soil solution salinity is
the reduction in water availability and absorption, inhibiting
cell division and elongation, resulting in the reduction of
growth and production (Lima et al., 2020). Lima et al. (2019¢),
when evaluating the production of grafted West Indian cherry
cv. BRS 366 Jaburu under irrigation with saline water (ECw
of 0.8 and 3.8 dS m™) and potassium fertilization found that
irrigation water salinity of 3.8 dS m™ and a potassium dose
greater than 91% of the reccommendation markedly reduced the
total number of fruits per plant, indicating the intensification
of the deleterious effects caused by the high concentration of
salts in the irrigation water and by the salt index of the fertilizer
used in the study.

For NFP (Figure 9B), the NPK combination 80-100-100%
(C1) promoted the highest values. On the other hand, plants
subjected to combination C9 (100-100-120%) obtained the
lowest total production per plant, significantly differing from
those under the other fertilization combinations. Similar
behavior is also observed for NPK combinations C3 and C4.
It is worth noting that the production data refer to the first
cultivation cycle, i.e., a short period after formative pruning
operations were carried out during this phase. When comparing
the results obtained in this study with those reported by Dias
et al. (2021b), with West Indian cherry, it was observed that
the plants fertilized with 140/140% of the recommendation
K/P (200 g K,O and 120 g P,O, per plant) had an average
number of fruits greater than 1200 fruits in the harvest carried
out in the second year of cultivation. The inferiority in fruit
production in the present study may be related to the studied
cultivar (‘Flor Branca’), the tested fertilization combinations,
and the production cycle.

Considering that the results obtained in this study were
only from the first year of cultivation, it is important to
conduct new studies to determine a combination of NPK
capable of mitigating the effects of salt stress, especially on
the production components of West Indian cherry under
greenhouse conditions.

Means followed by different letters indicate significant differences between electrical
conductivity of water by the F test (p < 0.05) (Figure A) and between combinations of
NPK fertilization by the Scott-Knott test (p < 0.05) (Figure B). NPK combination indices
indicate: 1 = 80-100-100, 2 = 100-100-100, 3 = 120-100-100, 4 = 140-100-100, 5 = 100-
80-100, 6 = 100-120-100, 7 = 100-140-100, 8 = 100-100-80, 9 = 100-100-120, and 10 =
100-100-140% of the NPK recommendation by Cavalcanti (2008)

Figure 9. Number of fruits per plant - NFP of West Indian
cherry as a function of electrical conductivity of irrigation
water - ECw (A) and different combinations of fertilization
with NPK (B), in the period between 260 and 360 days after
transplantation - DAT

CONCLUSIONS

1. Stomatal conductance, average crown diameter, crown
volume, and the number of fruits per plant of West Indian
cherry cv. Flor Branca are reduced by the electrical conductivity
0of 4.0 dS m™.

2. The combination of 100-100-100% of the NPK
recommendation increases leaf transpiration, CO, assimilation
rate, and stomatal conductance of West Indian cherry cv. Flor
Branca.

3. The NPK combination 80-100-100% of the NPK
recommendation increased the number of fruits; the NPK
combinations 80-100-100 and 100-80-100% led to higher total
production per plant, regardless of the electrical conductivity
of irrigation water.

4. The interaction between the electrical conductivity of
irrigation water and combinations of fertilization with NPK
did not influence any of the measured traits of West Indian
cherry cv. Flor Branca.
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