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Abstract

This study aimed to evaluate the photosynthetic pigments and growth of the West Indian cherry cv. BRS 
366 Jaburu in the post-grafting phase as a function of the salinity levels of the irrigation water and nitrogen 
fertilization under greenhouse conditions, in the municipality of Campina Grande-PB. The study was performed 
in randomized blocks, consisting of two levels of electrical conductivity of irrigation water - ECw (0.8 and 4.5 
dS m-1) and four nitrogen doses (70, 85, 100, and 115% of the recommended dose for the crop), with three 
replications. The synthesis of chlorophyll a and carotenoids in the West Indian cherry plants was inhibited with 
ECw of 4.5 dS m-1. Nitrogen fertilization in the estimated doses of 92 and 80% of N reduced the effects of salt 
stress on the contents of chlorophyll a and b in West Indian cherry plants, at 630 days after transplanting. The 
increment in nitrogen fertilization increases quadratically the absolute and relative growth rate of the diameter 
in the rootstock of the West Indian cherry plants under irrigation with saline waters.

Keywords: Malphigia emarginata, nitrogen doses, salinity

Introduction
The West Indian cherry (Malpighia emarginata 

DC.) grows in tropical and subtropical climates and, 
therefore, its cultivation is performed in practically the 
entire territory of Brazil, with the Northeast region standing 
out in the cultivation of this species. It is estimated that 
10.000 ha of cultivated area with this plant exists in 
Brazil and that the states of Bahia, Ceará, Paraíba, 
and Pernambuco are responsible for more than 50% 
of the entire national production (Santos, 2019). In this 
context, the cultivar BRS 366-Jaburu stands out for its 
high productivity and high content of vitamin C, having 
originated through rigorous selection from an orchard 
with seed-propagated plants, in the municipality of 
Jaguaruana, CE (EMBRAPA, 2012).

It is considered an adapted fruit species to 
the edaphoclimatic conditions of Northeastern Brazil. 
However, this region presents limitations involving 

quantitative and qualitative aspects regarding the 
existing water resources, especially concerning the 
presence of high salt concentrations in the water (Souto 
et al., 2013). 

In this region, most water sources present high 
salt contents, with electrical conductivity up to 5.0 dS m-1, 
or more. High salt levels potentialize the problem of soil 
salinization, causing severe damage to the crops (Lima 
et al., 2018). The main restrictions of salt stress to the 
plants include decreased osmotic potential, the toxicity 
of specific ions, and nutritional imbalance. These effects 
result in severe modifications in plant metabolism, altering 
physiological and biochemical processes (Farooq et al., 
2015). In spite of the risks imposed by salt stress, irrigation 
with brackish water is increasingly necessary, given the 
limitation of water resources associated with the negative 
water balance occurring in important phases of the crop 
cycles (Aydin et al., 2012). 
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In the productive process, besides the importance 
of water usage in quantity and quality, fertilization emerges 
as a preponderant factor in order to obtain a positive 
result. Among the macronutrients demanded by plants, 
nitrogen (N) is one of the most important for performing a 
structural function. It is part of several organic compounds 
that are vital for the plant, such as amino acids, proteins, 
chlorophyll, nucleic acids (Taiz & Zeiger, 2013), and other 
important biomolecules, such as ATP, NADH, NADPH, and 
several enzymes. Organic compounds can increase the 
adjustment capacity of the plants to salinity, imposing a 
greater resistance to salt stress (Munns et al., 2020).

In this context, this study aimed to evaluate the 
photosynthetic pigments and growth of the West Indian 
cherry cv. ‘BRS 366 Jaburu’ irrigated with brackish waters 
and nitrogen doses. 

Material and Methods
The research was performed in protected 

environment conditions (greenhouse) at the Center of 
Technology and Natural Resources of Federal University 
of Campina Grande (CTRN/UFCG), located in the 
municipality of Campina Grande, PB, having the local 
geographic coordinates  7° 15’ 18’’ latitude S, 35° 52’ 28’’ 
longitude W, and elevation of 550 m.

The experimental design was in randomized 
blocks, with three replications, using a 2 x 4 factorial 
arrangement whose treatments consisted of two levels 
of electrical conductivity of the irrigation water - ECw 
(0.8 and 4.5 dS m-1) and four nitrogen doses (70, 85, 100, 
and 115% of the recommendation of Cavalcanti (2008)), 
and one plant per plot. The dose referring to 100% 
corresponded to 200 g of N per plant year-1. 

The high-salinity irrigation water was prepared 
by dissolving the NaCl, CaCl2.2H2O, and MgCl2.6H2O 
salts in the equivalent proportion of 7:2:1, respectively, in 
supply water (ECw = 1.40 dS m-1) from the municipality of 
Campina Grande, PB, based on the ratio between the 
ECw and salt concentration (mmolc L-1 = 10*ECw dS m-1) 
extracted from Richards (1954). The water with the lowest 
electrical conductivity (0.8 dS m-1) was obtained through 
the dilution of supply water with rainwater (ECw=0.02 dS 
m-1).

The plants were cultivated in drainage lysimeters 
filled with 250 kg of a previously ground Regolithic 
Neosol (Psamments)with sandy-loam texture, from the 
countryside of the municipality of Esperança, PB, whose 
chemical and physical characteristics were obtained 
according to the methodologies proposed by Teixeira 
et al. (2017): Ca2+ = 9.07 cmolc kg-1; Mg2+ = 2.78 cmolckg-1;  

Na+= 1.64 cmolckg-1; K+ = 0.23 cmolckg-1; H+ + Al3+ = 8.61 
cmolckg-1; Al3+= 0 cmolckg-1; CTC = 22.33 cmolc kg-1; 
organic matter = 2.93 dag kg-1; P = 39.8 mg kg-1; pH in 
water (1:2.5) = 5.58; electrical conductivity of the soil 
saturation extract = 2.15 dS m-1; SAR= 0.67 (mmol L-1)0,5; 
percentage of exchangeable sodium = 7.34; sand = 
659.9 g kg-1; silt =161.2 g kg-1; clay  = 178.9 g kg-1; moisture 
at 33.42 kPa = 25.91 dag kg-1; moisture at 1519.5 kPa = 
12.96 dag kg-1.

In the bottom of each lysimeter, a layer of fine 
gravel was placed and a drain was installed using a 
4mm tube to drain the excess water, connected to a 
container for the evaluation of the drained water and 
later determination of water intake by the plants. The 
extremity of the drain in the interior of the lysimeter was 
wrapped with a non-woven geotextile fabric (Bidim OP 
30) to avoid obstruction by soil material. 

The West Indian cherry seedlings used as 
rootstocks in this study were produced by Embrapa 
Agroindústria Tropical, in Pacajus-CE. The scion variety 
was the cv. BRS 366 Jaburu, given its high productivity 
(EMBRAPA, 2012).

Before the transplanting of the West Indian 
cherry seedlings, the soil moisture content was raised until 
reaching field capacity. The seedlings were transplanted 
at 240 days after grafting. During the acclimatization 
period at the plant nursery (30 days after transplanting), 
the seedlings were daily irrigated with low-salinity water 
(0.8 dS m-1) by applying, in each lysimeter, a sufficient 
water volume as to maintain soil moisture close to field 
capacity, with the volume applied being determined 
according to the water demand of the plants, estimated 
by the following water balance: applied volume minus 
the volume drained in the previous irrigation, adding a 
lixiviation fraction of 10%. 

The fertilization with phosphorus and potassium 
was performed according to the recommendation 
by Cavalcanti (2008), divided into 12 equal monthly 
applications. In order to supply the need for micronutrients 
in this crop, a Ubyfol® solution was applied weekly via foliar 
spraying on the adaxial and abaxial surfaces, containing 
1.5 g L-1 [(N (15%); P2O5 (15%); K2O (15%); Ca (1%); Mg 
(1.4%); S (2.7%); Zn (0.5%); B (0.05%); Fe (0.5%); Mn (0.05%); 
Cu (0.5%); Mo (0.02%)]. 

The contents of carotenoids (Car) and 
chlorophyll a (Cl a) and b (Cl b) were evaluated at 630 
days after transplantation (DAT), following the laboratory 
methods developed by Arnon (1949). Five discs from the 
leaf blade of the third mature leaf from the apex of the 
quaternary branch were used. Based on the extracts, 
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the concentrations of chlorophyll and carotenoids in the 
solutions were determined in a spectrophotometer in the 
absorbance wavelength (ABS) (470, 646, and 663 nm), 
through Eq. 1, 2, and 3: 

The values obtained for the contents of 
chlorophyll a, b, and carotenoids in the leaves were 
expressed in mgg-1 of fresh matter (FM).

Plant growth was measured in the period from 303 
to 650 DAT through absolute and relative growth rates of 
the graft diameter (AGRGD and RGRGD), grafting point 
(AGRGP and RGRGP), and rootstock diameters (AGRRD 
and RGRRD). 

The determination of the absolute growth rate 
(AGR) was obtained by employing the methodology 
proposed by Benincasa (2003), as described in Eq. 4:

In which: AGR = absolute growth rate; 
A2 = stem diameter at time t2; 
A1 = stem diameter at time t1; and 
t2 – t1 = time interval between samplings.

The relative growth rates (RGR) were obtained 
through Eq. 5, which measures growth as a function of the 
preexisting matter, adapting the procedure contained in 
Benincasa et al. (2003) to plant diameter.

In which: RGR = relative growth rate; 
A2 = stem diameter at time t2; 
A1 = stem diameter at time t1; 
t2 – t1 = time interval between measurements, and 
ln = natural logarithm.
The data obtained were subjected to analysis of 

variance by the ‘F’ test, at the p≤0.05 and p≤0.01 levels 
of probability. In the case of significance, Tukey’s test 
was performed for the water salinity levels, along with 
regression analysis for the nitrogen doses factor, using the 
SISVAR software for statistical analyses (Ferreira, 2014).

Results and Discussion
According to the result of the analysis of variance 

(Table 1), it is verified that water salinity significantly 
influenced the chlorophyll a and carotenoids variables. 
The nitrogen doses provided a significant effect for 
chlorophyll a and b in the West Indian cherry plants. There 
was no significant interaction between treatments (saline 
levels x nitrogen doses) on the studied variables, at 630 
days after transplanting.

Table 1. Summary of the analysis of variance referring to the contents of chlorophyll a (Chl a) and b 
(Chl b) and carotenoids (Car) of the ‘BRS 366 Jaburu’ West Indian cherry plants irrigated with waters 
of different salinities and nitrogen doses, at 630 days after transplantation.

Source of variation GL
Mean squares

Chl a Chl b Car
Saline levels (SL) 1 0.0425* 0.0077ns 613.2726*

Nitrogen doses (ND) 3 0.0995** 0.0134* 357.7103ns

Interaction (SL x ND) 3 0.1008ns 0.0123ns 341.6898ns

Blocks 2 0.0021ns 0.0019ns 75.8317ns

Residual 14 0.0085ns 0.0040ns 149.4597ns

CV (%) 12.34 28.76 21.49
ns, *, ** respectively not significant, significant at p ≤ 0.05, and p ≤0.01

The synthesis of chlorophyll a (Chl a) in the West 
Indian cherry was negatively influenced by the increase 
in the salinity of the irrigation water and, according to 
the test of means (Figure 1A), it is seen that the plants 
irrigated with water with electrical conductivity of 
0.8dSm-1 (0.7933 mg g-1 FM) obtained a higher content 
of Chl a by 11.87% compared to the plants irrigated with 
water of 4.5 dS m-1 (0.7091 mg g-1 FM). Regarding the 
negative effects caused by the increase in the electrical 
conductivity of the irrigation water on the synthesis of 
photosynthetic pigments, the declines in the chlorophyll 
contents, according to (Pereira Filho et al., 2019), are the 

result of imbalances in the physiological and biochemical 
activities promoted by the salt content when beyond 
the limite of salt tolerace of the crop. For the respective 
authors, excess of salt stimulates the enzymatic activity 
of chlorophyllase, which degrades the molecules of 
the photosynthetic pigment and induces the structural 
destruction of the chloroplasts, also resulting in the 
imbalancing and loss of activity by the pigmentation 
proteins.

According to the means comparison test (Figure 
1B), it is verified that the content of carotenoids in the West 
Indian cherry plants subjected to irrigation with water of 
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Figure 1. Contents of chlorophyll a (A) and carotenoids (B) of the BSR 366 Jaburu West Indian 
cherry as a function of the salinity of the irrigation water – ECw and contents of chlorophyll a 
(C) and chlorophyll b (D), as a function of nitrogen doses, the at 630 days after transplanting.
Bars represent the standard error of the mean (n = 3). Mean with different letter indicates 
that the treatments differed from each other by Tukey’s test, p < 0.05.

0.8 dS m-1 statistically differed from the plants cultivated 
under the highest ECw level (4.5 dS m-1), about 19.51% 
(10.11 mg g-1 FM) more in comparison to the values of 
the plants irrigated with ECw of 0.8 dS m-1. According to 
Gomes et al. (2011), salt stress leads to the degradation 
of beta-carotene, providing a decrease in the content 
of carotenoids. This fact was observed in yellow passion 
fruit by Freire et al. (2013), whose treatment with salinized 
water (4.5 dS m-1) reduced the contents of carotenoids, 
the depressive effects of salts being mitigated by the 
application of biofertilizer and topdressing; therefore, 
the reduction in the content of carotenoids may have 
implied in increased chlorophyll sensibility, causing their 
degradation.

The nitrogen doses promoted a quadratic 
effect on the contents of Chl a and Chl b, at 630 DAT. 
According to the regression equations (Figures 1C and D), 
the maximum estimated values were 0.8708 and 0.2711 
mg g-1 FM, respectively, for Chl a and b, obtained when 
the plants received the doses of 89 and 91% of the N 
recommendation. Nitrogen, in proper concentrations, is 
fundamental for the better development of physiological 
and biochemical activities and plant growth. In that 
perspective, N performs its roles as a structural component 
of macromolecules and constituent of several enzymes, 
forming amino acids, amides, proteins, precursors of 
coenzymes of plant hormones, chlorophylls, nucleic 
acids, and nucleotides (Taiz & Zeiger, 2013).

There was a significant effect of the interaction 
between factors (NS x ND) for the relative and absolute 
growth rates of the diameter at the grafting point and in 
the rootstock (AGRRD and RGRRD) (Table 2). The salt levels 
factor significantly influenced all analyzed variables, 
except the absolute growth rate of the diameter at 
the grafting point (AGRGP) and in the rootstock (AGRRD). 
The nitrogen doses promoted a significant effect on all 
variables, except for the relative and absolute growth 
rates of the rootstock (RGRRD and AGRRD) of the BRS 
Jaburu West Indian cherry plants, at 630 days after 
transplantation. 

The increase in the N doses negatively affected 
the RGRGD, and through the regression equation (Figure 
2A) a linear decreasing effect can be noted, with a 
decrease of 0.000004 mm mm-1 d-1 (0.33%) per unitary 
increment in fertilization. A decrease of 19.56% is 
verified when comparing the West Indian cherry plants 
fertilized with 115% of N with plants that received 70% 
of the recommendation. Some studies, investigating 
the effect of nitrogen fertilization in West Indian cherry 
plants, demonstrated that N is one of the main nutrients 
demanded by the crop, favoring growth and promoting 
the indirect accumulation of other nutrients, that is, 
when resulting from an adequate dose. High N doses 
compromise nutritional balance and, as a consequence, 
influence plant growth (Esashika et al., 2013; Ferreira et 
al., 2014).
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Table 2. Summary of the analysis of variance referring to the absolute and relative growth rates of the graft 
diameter (AGRGD and RGRGD), grafting point (AGRGP and RGRGP), and rootstock (AGRRD and RGRRD) of West Indian 
cherry plants irrigated with waters of different salinities and nitrogen doses, in the period from  303 to 650 days after 
transplanting.

Source of variation DF
Mean squares

RGRGD RGRGP RGRRD AGRGD AGRGP AGRRD

Saline levels (SL) 1 3.6753** 5.5815** 1.4106** 0.000071** 0.000024ns 0.000011ns

Nitrogen doses (ND) 3 7.4015* 1.5063** 1.0144ns 0.000031* 0.000066** 0.000015ns

Interaction (SL x ND) 3 2.8804ns 1.3410** 5.7144* 0.000022ns 0.000112** 0.000043**

Blocks 2 4.2769ns 5.0204ns 1.8666ns 0.000002ns 0.000021ns 0.000004ns

Residual 14 2.2769ns 2.4556ns 1.3804ns 0.000010ns 0.000011ns 0.000005ns

CV (%) 16.38 18.31 13.40 14.24 14.66 9.14
ns, *, ** respectively not significant, significant at p ≤ 0.05, and p ≤ 0.01.

According to the means comparison test (Figure 
2B), it was verified that the West Indian cherry plants 
under irrigation with ECw of 4.5 dS m-1 differed statistically 
from the plants under water salinity of 0.8 dS m-1, with an 
increase in the RGRGD of 0.0002 mm mm-1 d-1 in the plants 
irrigated with water of 4.5 dS m-1, compared to the plants 
irrigated with water of 0.8 dS m-1. According to the results, 
it may be inferred that an osmotic adjustment occurred, 
allowing, in salt stress conditions, that the accumulation 
of absorbed ions could occur in the cytoplasm and the 
organelles, in low levels, so that no interference would 
occur with the enzymatic and metabolic mechanisms 
and with the hydration of proteins in the cells (Assaha 
et al., 2017). Likewise, it may be related to the synthesis 
and accumulation of organic solutes in the cytoplasm, 
promoting the osmotic adjustment and favoring the 
maintenance of the turgor pressure and cell volume 
under salt stress conditions, ensuring plant growth (Oliveira 
et al., 2011).

The effects of the interaction between saline 
levels and nitrogen doses on the relative growth rate of 
the diameter at the grafting point (RGRGP) and in the 
rootstock (RGRRD) of the West Indian cherry plants can 
be observed in Figure 3. Regarding the RGRGP, it is seen 
that according to the regression equation (Figure 3A), the 

data adjusted to the linear model, whose increment obtained 
in the RGRGP of the plants irrigated with the water of lowest salinity 
(0.8 dS m-1) was 23.12% (0.000175 mm mm-1 d-1) compared to 
those that received N doses of 115% in relation to those 
subjected to a 70% dose. However, when the plants were 
irrigated with water of 4.5 dS m-1, a reduction in the RGRGP 
was observed with the increase in the nitrogen doses 
from 70% of the N recommendation, with a decrease of 
17.43% (0.0001813 mm mm-1 d-1 in the RGRGP in relation to 
the highest N dose (115%).

Regarding the RGRRD, an adjustment of the data 
to the quadratic model is verified (Figure 3B), in which 
it is observed that the plants irrigated with low-salinity 
water (0.8 dS m-1) obtained the maximum estimated 
value of 0.0009055 mm mm-1 d-1 in the estimated dose of 
94% of the N recommendation. From this dose up, there 
was a decrease in the RGRRD of the West Indian cherry 
plants. When the plants were irrigated with water of 4.5 
dS m-1, it was observed that from the 101% dose there 
was a reduction in the RGRRD. According to Sousa et al. 
(2011), these reductions are related to the decrease in 
water availability or excessive accumulation of Na+ and 
Cl- in the plant tissues, affecting essential physiological 
processes for plant growth and development.

Figure 2. Relative growth rate of the graft diameter – RGRGD of the BRS 366 Jaburu West Indian 
cherry as a function of nitrogen doses (A) and salinity levels of the irrigation water – ECw (B), in the 
period from 303 to 650 days after transplanting.
Bars represent the standard error of the mean (n = 3). A mean with different letter indicates that 
the treatments differed from each other by Tukey’s test, p < 0.05.
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Figure 3. Relative growth rate of the diameter at the grafting point– RGRGP (A) and in the rootstock 
- RGRRD (B) of the BRS 366 Jaburu West Indian cherry as a function of the interaction between water 
salinity levels – ECw and nitrogen doses, in the period from 303 to 650 days after transplantation.

According to the regression equation (Figure 
4A) referring to the absolute growth rate of the graft 
diameter (AGRGD), it is verified that there was a decrease 
in this value as the N doses increased. The reduction was 

4.64% per each 15% increase of N, in the period from 303 
to 650 days after transplanting. The West Indian cherry 
plants fertilized with the highest N dose (115%) presented 
a decline in the AGRGD of 18.86% when compared to the 

Figure 4. Absolute growth rate of the graft diameter – AGRGD of the BRS 366 Jaburu West Indian 
cherry plants as a function of the nitrogen doses (A) and salinity levels of the irrigation water – 
ECw (B), in the period from 303 to 650 days after transplantation. 
Bars represent the standard error of the mean (n = 3). A mean with different letter indicates that 
the treatments differed from each other by Tukey’s test, p < 0.05.

plants fertilized with the lowest nitrogen dose applied 
(70%). When in excess, it may induce the deficiency or 
excessive accumulation of other nutrients, leading to a 
nutritional imbalance that can affect plant growth (Taiz & 
Zeiger, 2013). In these conditions, high doses of fertilizers, 
including nitrogen fertilizers, which also contain salts, 
increase soil salinity and compromise plant growth (Chen 
et al., 2010).

Through the means comparison test (Figure 4B) 
it is verified that the West Indian cherry plants irrigated 
with water with electrical conductivity of 4.5 dS m-1 
presented a AGRGD statistically above (0.023 mm d-1) that 
of the plants under the lowest saline level (0.020 mm d-1), 
with a reduction of 13.04%. The absolute growth rate of 
the diameter at the grafting point (AGRGP) and in the 
rootstock (AGRRD) of the West Indian cherry plants were 

also affected by the interaction between factors (Figure 5).
According to the regression equation, it is 

observed that the plants irrigated with water of the lowest 
salinity level (0.8 dS m-1) presented a linear decrease of 
16.12% in the AGRGP in the plants fertilized with 115% of the 
nitrogen recommendation, compared to those subjected 
to 70%. This corresponds to a reduction of 0.00390 mm d-1 
(Figure 5A). However, when the plants were irrigated with 
water of 4.5 dS m-1, they presented the highest AGRGP 
(0.0208288 mm d-1), when they were fertilized with the 

dose of 70% of the fertilization recommendation. This 
fact is related to the structural functions performed by 
nitrogen in the plants, which are essential, such as amino 
acids, proteins, chlorophyll, and nucleic acids (Alves et 
al., 2012).

The absolute growth rate of the diameter in 
the rootstock (AGRRD) of the West Indian cherry plants 
irrigated with waters with ECw of 0.8 dS m-1 decreased 
linearly as the nitrogen doses were raised (Figure 5B), 
with a reduction of 0.57% per 15% increment in the N 
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Figure 5. Absolute growth rate of diameter at the grafting point – AGRGP (A) and in the rootstock 
- AGRRD (B) of the BRS 366 Jaburu West Indian cherry as a function of the interaction between the 
salinity levels of the irrigation water - ECw and nitrogen doses, in the period from 303 and 650 days 
after transplantation.

doses. The plants fertilized with the highest nitrogen dose 
(115% N) presented a reduction of 1.76% (0.000367 mm d-1) 
compared to the plants that received 70% of the N 
recommendation. However, when the West Indian cherry 
plants were irrigated with water with ECw of 4.5 dS m-1 
and fertilized with a 105% dose of the N recommendation, 

they obtained the highest AGRRD (0.02473 mm d-1) and, 
above this dose, there was a reduction. In this manner, 
the positive effect of nitrogen may be associated to the 
N functions in plant metabolism, and the accumulation of 
organic solutes raises the capacity for osmotic adjustment 
by the plants to salinity (Lima et al., 2015).

Conclusions
The synthesis of chlorophyll a and carotenoids in 

West Indian cherry plants is inhibited by the irrigation with 
waters with electrical conductivity of 4.5 dS m-1. Nitrogen 
fertilization in the estimated N doses of 92 and 80% reduces 
the effects of salt stress on the contents of chlorophyll 
a and b in West Indian cherry plants, at 630 days after 
transplantation. The increment in nitrogen fertilization 
increases quadratically the absolute and relative growth 
rate of the diameter in the rootstock of the West Indian 
cherry plants under irrigation with saline waters.
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