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Nutritional status, production and fruit quality 
of west indian cherry fertigated with nitrogen 

and humic substance
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Abstract- Information on humic substances (HS) associated with nitrogen fertilization in West Indian 
cherry is scarce in the literature. The use of soil conditioners, such as HS, can increase the efficiency 
in the absorption of nutrients, especially N. Therefore, the present study aimed to evaluate, in two 
production cycles, the fruit quality, yield and nutritional status of West Indian cherry as a function of 
fertigation with nitrogen (N) and HS in Petrolina-PE, Brazil. The experimental design was in split 
plots, with treatments distributed in 5 x 2 strips, referring to N doses (50, 75, 100, 125 and 150% of the 
recommended dose) and HS application (without and with), respectively, with 4 replicates and 3 plants 
per plot. The N source used was urea (45% N) and the HS source used was the commercial product 
KS100 (Omnia®), from leonardite, monthly applied at dose of 6 g plant-1. Production, yield, indices 
of chlorophyll a, chlorophyll b and total chlorophyll, and leaf contents of N, P, K, Na, Ca, Mg, Fe, 
Mn and Zn were determined. Fruits were evaluated for: pH, vitamin C, soluble solids (SS), titratable 
acidity (TA) and SS/TA ratio. Except for leaf N content, which increased linearly with the applied 
doses, the leaf contents of nutrients, production and yield of West Indian cherry showed a stochastic 
pattern as a function of the increase in N availability and HS application. West Indian cherry plants 
cultivated and fertilized according to the recommendation for the crop did not respond to the evaluated 
treatments. Application of humic substances and N doses did not alter the post-harvest quality of West 
Indian cherry fruits.
Index terms: Malpighia emarginata, plant nutrition, nitrogen fertilization, humic acid, production. 

Estado nutricional, produção e qualidade do fruto da aceroleira 
fertirrigada com nitrogênio e substância húmica

Resumo- As informações das substâncias húmicas (SH), associadas à fertilização nitrogenada 
na cultura da aceroleira, são escassas na literatura. O uso de condicionadores do solo, como as 
SH, pode incrementar a eficiência da absorção de nutrientes, principalmente o N. Com isso, o 
presente trabalho teve por objetivo avaliar, em dois ciclos de produção, a qualidade de frutos, 
a produtividade e o estado nutricional da aceroleira em função da fertirrigação com nitrogênio 
(N) e SH, em Petrolina-PE. O delineamento experimental foi em parcelas subdivididas com 
tratamentos distribuídos em faixas 5 x 2, referentes às doses de N (50; 75; 100; 125 e 150% da 
dose recomendada) e aplicação de SH (sem e com), respectivamente, com 4 repetições e 3 plantas 
por parcela. A fonte de N utilizada foi a ureia (45% de N), e a fonte de SH utilizada foi o produto 
comercial KS100 (Omnia®), proveniente de leonardita, aplicando mensalmente 6 g planta-1. Foram 
determinados a produção, produtividade, os índices de clorofila a, b e total, e os teores foliares de 
N, P, K, Na, Ca, Mg, Fe, Mn e Zn. Nos frutos, determinaram-se: pH, vitamina C, sólidos solúveis 
(SS), acidez titulável (AT) e a relação SS/AT. Com exceção do Nitrogênio foliar, que teve um 
aumento linear com as doses aplicadas, os teores foliares de nutrientes, a produção e a produtividade 
de aceroleira apresentaram um padrão estocástico em relação ao aumento da disponibilidade de 
N e aplicação de substâncias húmicas. As plantas de aceroleira cultivadas e adubadas de acordo 
com a recomendação para a cultura não responderam aos tratamentos avaliados. A aplicação de 
substâncias húmicas e de doses de N não alterou a qualidade pós-colheita de frutos de aceroleira.
Termos para indexação: Malpighia emarginata, Nutrição de plantas, adubação nitrogenada, 
ácido húmico, produção. 
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Introduction
West Indian cherry (Malpighia emarginata) is a 

tropical climate plant with broad economic and nutritional 
potential, mainly due to the high vitamin C content 
present in its fruits. Brazil stands out as the world’s largest 
producer of West Indian cherry, with about 143 thousand 
tons per year, and the Northeast region is responsible for 
approximately 35% of the national production (IBGE, 
2017).

West Indian cherry production can be influenced 
by several factors such as soil, climate, fertilization and 
irrigation management practices, which will directly affect 
plant performance in the field and, consequently, fruit yield 
and quality (FRANZÃO; MELO, 2003).

According to Ferreira (2014), as it has production 
capacity of up to six crops per year, West Indian cherry is 
demanding in terms of nutrients, mainly nitrogen (N) and 
potassium (K), both in the initial growth and development 
stage and in the production stage. Nitrogen fertilization is 
very important, as this nutrient influences plant growth, 
and its deficiency will directly affect fruit development 
and production (MIRANDA et al., 2015). Excess N, on the 
other hand, is also harmful because it stimulates excessive 
vegetative development of the plant, with effects on fruit 
quality and especially on the incidence of physiological 
disorders (ERNANI et al., 2008).

According to Hawkesford et al. (2012), the plant 
absorbs less than 50% of the N applied by fertilization. 
The remainder is lost by leaching, especially in sandy 
soils (PRASAD et al., 2015), so it may contaminate water 
sources and groundwater (NOWAKI et al., 2017).

Cunha et al. (2015) point out that the use of soil 
conditioners to increase the efficiency in the absorption 
of nutrients, especially N, has been widely studied, and 
an alternative is the use of humic substances (HS). HS 
are formed by the transformation of biomolecules in 
the decomposition of soil organic matter, with a widely 
recognized influence on the chemical, physical and 
biological properties of the soil and, consequently, on root 
growth, increase of nutrient absorption and biosynthesis 
of chlorophylls (FERRARA; BRUNETTI, 2008). Some 
of the effects of the HS + N mixture are related to the 
dynamics of ammoniacal N in soil, because humic acid 
(HA) associated with urea possibly reduces the action of 
the urease enzyme, thus causing a reduction in N losses 
in addition to a buffering effect on soil pH (DONG et al., 
2009).

Silva et al. (2016), evaluating the nutritional status 
and yield of yellow passion fruit as a function of fertigation 
with N and HS, concluded that the application of HS and 
N doses led to an exponential increase in leaf N content 
in yellow passion fruit, as well as in its stem diameter, 
production per plant and yield, and highest yields were 
obtained at N doses of 290 (16.5 t ha-1) and 350 kg ha-1 

(17.5 t ha-1) without and with HS, respectively. 
When evaluating the effect of HS application and N 

fertilization on sugar-apple fruit quality and yield, Cunha 
et al. (2015) observed that, in plants that received HS, the 
contents of soluble solids (SS) in the fruits increased by 
approximately 2.8% after using 0 to 100 g of N per plant 
and decreased by 6.25% after using 100 to 250 g of N per 
plant, while the use of HS caused an exponential increase 
in the SS/TA ratio as the N levels increased.

According to Lima et al. (2006), monitoring 
the seasonal variation of leaf nutrient contents allows 
establishing patterns of nutritional management aiming 
to achieve and maintain high yield and quality of West 
Indian cherry fruits.

Thus, the present study aimed to evaluate, in two 
production cycles, the yield and nutritional status of 
West Indian cherry as a function of N fertigation and HS 
application, as well as the post-harvest quality of the fruits.

Material and methods
 Experimental area and crop management
The experiment was conducted in two production 

cycles, the first from February to July 2016 and the 
second from September 2016 to February 2017, at the 
fruit production sector of the Agrarian Sciences campus of 
the Federal University of São Francisco Valley, located in 
Petrolina-PE, Brazil, located at the geographic coordinates 
– latitude: 09º19’28”S, longitude: 40º33’34”W, altitude: 
393 m. The climate of the region is hot and dry in the 
winter, being classified by Köppen as BSh, semiarid, 
with average precipitation of 538.7 mm year-1, distributed 
from November to April, and average annual temperature 
of 26.2 ºC. The soil of the area is classified as Argissolo 
Amarelo eutrocoeso típico (Ultisol) (SILVA et al., 2017), 
with sand contents of 894.22 g kg-1 and 843.22 g kg-1, clay 
contents of 95 g kg-1 and 138 g kg-1, and silt contents of 
10.78 g kg-1 and 18.78 g kg-1 in the 0-20 and 20-40 cm 
layers, respectively.

Along the experiment, climatic data were collected 
at the meteorological station installed on the Agrarian 
Sciences campus (Figure 1).
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Figure 1. Monthly precipitation, temperature and air relative humidity (RH) along the experiment.

Before installing the experiment, 20 single soil 
samples were collected in the 0-20 and 20-40 cm layers, 

in order to form a composite sample of each layer to 
determine the chemical attributes of the soil (Table 1).

Table 1. Chemical attributes of the soil in the 0-20 and 20-40 cm layers before installing the experiment.
Attributes 0-20 cm 20-40 cm

pH1/ 6.54 5.86
CEC2/ (cmolc dm-3) 8.83 7.12
Ca2+ (cmolc dm-3) 4.02 1.75
Mg2+ (cmolc dm-3) 0.42 0.53
K+ (cmolc dm-3) 0.35 0.33
Na+ (cmolc dm-3) 0.04 0.04
Al3+ (cmolc dm-3) 0.29 0.12

H+Al3/ (cmolc dm-3) 4.24 4.62
P (mg dm-3) 198.68 191.71

Fe2+ (mg dm-3) 71.61 85.83
Mn2+ (mg dm-3) 221.08 108.24
Zn2+ (mg dm-3) 1.06 0.65

V4/ (%) 52.01 35.03
TOC5/ (t ha-1) 22.78 12.25

1pH determined in H2O 1:2.5; 2Cation exchange capacity; 3Extraction in 0.5 mol L-1 calcium acetate at pH 7.0; 4Base saturation; 5Total organic 
carbon; P, K+, Na+, Fe2+, Mn2+ and Zn2+: Mehlich-1 Extractor; Al3+, Ca2+ and Mg2+: 1 mol L-1 KCl Extractor. Silva (2009)

Orchard planting and conduction
West Indian cherry seedlings of the ‘Junko’ variety 

were planted in June 2015 at spacing of 4 m between 
rows and 3 m between plants, in 50 x 50 x 50 cm holes, 
and irrigated with a sprinkler system (flow rate of 42 L 
h-1). At planting, basal fertilization was performed with 
20 g plant-1 of P2O5 and 30 g plant-1 of K2O, using single 
superphosphate (18% P2O5) and potassium chloride - KCl 
(60% K2O) as sources, respectively. 20 L plant-1 of cured 
bovine manure were also applied.

During the development of West Indian cherry 
seedlings, stakes were used to direct their growth and, as 
they reached height of 30-40 cm, formative pruning was 
performed in order to grow each plant on a single stake. 
Three lateral branches were left and, after the plant was 
50 cm tall, tipping was performed in order to break apical 
dominance. Branches that were competing for light were 
eliminated and, systematically after each production cycle, 
renovation and cleaning pruning operations were carried 
out in order to keep the plants at adequate height.
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All management practices for pruning and control 
of weeds, pests and diseases were performed according 
to Barboza et al. (1996).

Experimental design and treatments
The experimental design adopted was in split 

plots, with treatments distributed in 5 x 2 strips, referring 
to 5 doses of N (50, 75, 100, 125 and 150% of the 
recommended dose) and 2 alternatives for the application 
of humic substances (with and without), with 4 replicates 
and 3 plants per subplot. N doses were defined according 
to the fertilization recommendations for the state of 
Pernambuco (CAVALCANTI et al., 2008): 100 g N plant-1 
at planting (growth), 150 g N plant-1 in the first year of 
production, 200 g N plant-1 in the second year, and 250 g 
N plant-1 from the third year onwards.

The N source used was urea (45% N) with weekly 
applications, from 60 days after transplantation (DAT). 
At growth and production stages, N doses were split into 
ten applications, as recommended by Cavalcanti et al. 
(2008). The source of humic substances (HS) used in the 
experiment was the commercial product KS100 (Omnia®), 
from Australian leonardite, whose composition is K2O 
(15%), total organic carbon (45%), humic acids (70%) and 
fulvic acids (8%). The values of electrical conductivity, 
salt index, pH and solubility are, respectively, 0.37 mS 
cm-1, 24, 10 and 140 g L-1. Fertigation with HS began at 
30 DAT, with monthly applications of 6 g plant-1 of KS100 
until the end of the experiment, as recommended by the 
manufacturer.

Fertilization with K was also performed, using KCl 
(60% K2O) as source and 130 g K2O plant-1, split into ten 
weekly applications from 90 DAT. Foliar fertilization 
with micronutrients (4.5 g Zn plant-1 and 1 g B plant-1) 
was performed in two applications from 90 DAT, using 
as a source the commercial products Nutrigema, whose 
composition has B (67.7 g L-1) and Zn (67.7 g L-1), and 
Folimax Zinco, whose composition has Zn (118.89 g L-1) 
and TOC (15.88 g L-1), following the recommendation of 
Cavalcanti et al. (2008). Fertilization management was 
performed using a fertigation system (1-inch-diameter 
Viqua® venturi injector at operating pressure of 10 bar).

Variables analyzed and statistical evaluation
At the beginning of flowering, chlorophyll readings 

were performed in the diagnostic leaves still in the field, 
3rd or 4th leaf from the apical bud of healthy intermediate 
branches, to determine chlorophyll indices (a, b and total) 
with a chlorophyll meter (Falker® Brazil), according to the 
recommendations of El-Hendawy (2005).

Next, the leaves were collected and, after drying 
and grinding the plant material in a Wiley-type mill, 
0.5-g portions of these samples were mineralized by 
dry digestion to determine macro- and micronutrient 
contents, according to methodologies described by Silva 

(2009): I) Phosphorus (P): determined by UV-visible 
spectrophotometry; II) Potassium (K) and sodium (Na): 
determined by flame emission photometry; III) Calcium 
(Ca) and magnesium (Mg); IV) Iron (Fe), manganese 
(Mn) and zinc (Zn): determined by atomic absorption 
spectrophotometry. Nitrogen (N) was determined in 
solutions obtained from extracts prepared by sulfuric 
digestion, by the Kjeldahl method, according to Silva 
(2009).

Harvest was carried out twice a week, with manual 
collection of the fruits in the first hours of the day, at 
commercial maturity stage, when fruits show a red color, 
but are still firm to withstand handling. Throughout the 
harvesting period, fruits were weighed to determine the 
production per plant (kg plant-1), and then the yield (t ha-1) 
was determined in each treatment.

After that, the fruits were sent to the Agroindustry 
Laboratory for post-harvest evaluation. Initially, the fruits 
were washed, sanitized with sodium hypochlorite solution 
(200 mg L-1) and washed again with running water to 
remove excess solution. Then they were disintegrated in 
a domestic blender and sieved to obtain the pulp.

West Indian cherry pulp analyses followed the 
instructions of the Adolfo Lutz Institute (2008), including: 
i) pH, determined by potentiometry; (ii) soluble solids 
(SS), using an Abbe-type refractometer, with results 
expressed in °Brix; iii) titratable acidity (TA), expressed 
in grams of citric acid per 100 g of pulp, determined 
by titration with sodium hydroxide (0.1 N) using 1% 
phenolphthalein as indicator; iv) soluble solids to titratable 
acidity ratio (SS/TA); v) ascorbic acid (VIT C), determined 
according to the AOAC method (1997), expressed in mg 
100 g-1. All analyses were performed in triplicate.

The data were subjected to analysis of variance to 
identify significant effects between production cycles, N 
doses and HS, by the F test. Treatments without and with 
HS and the production cycle factor were compared by the 
Scott-Knott test at 1% and 5% probability levels (SILVA; 
AZEVEDO, 2009), whereas N doses were evaluated by 
regression.

Results and discussion
The triple interaction (CxHSxN) had significant 

effects on the production (p < 0.01) and yield (p < 0.01) of 
West Indian cherry (Table 2). Significant triple interaction 
was also observed for K content in the leaf tissue of West 
Indian cherry (Table 3).
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Table 2. Summary of analysis of variance for production (Pp), yield (Y) and indices of chlorophyll a, chlorophyll b 
and total chlorophyll of West Indian cherry plants fertigated with nitrogen (N) and humic substances (HS).

Source of Variation Pp Y Chlorophyll a Chlorophyll b Chlorophyll total
(kg plant-1) (t ha-1) __________________________ICF___________________________

Cicle I 11.47b 9.56b 34.93b 12.44b 47.37b
Cicle II 25.07a 20.99a 39.78a 15.64a 55.42a
CV (%) 27.20 24.90 10.94 33.27 15.59
With HS 15.56b 13.06b 36.94a 13.04a 49.98a

Without HS 20.99a 17.49a 37.77a 15.03a 52.80a
CV (%) 16.22 17.23 11.75 28.98 15.28

Value F
Cicle (C) 149.78** 180.75** 28.14** 9.39* 20.19**

Humic Sub. (SH) 67.13** 56.58** 0.72ns 4.78ns 2.59ns
Dose of N 11.05** 10.29** 1.94ns 1.53ns 1.79ns

CV (%) 22.45 22.83 6.81 21.47 9.29
CxHS 9.57* 7.48* 0.84ns 0.07ns 0.43ns

CxN 2.46ns 2.21ns 3.48* 6.48** 6.47**
HSxN 14.40** 13.29** 0.57ns 1.81ns 1.38ns

CxHSxN 4.90** 4.43** 0.26ns 2.06ns 0.72ns

ns= not significant; ** significant at 1% probability level; * significant at 5% probability level. Means followed by the same letter in the column 
do not differ statistically by F test with P ≤ 0.05.

Table 3. Summary of analysis of variance for N, Na, K, P, Ca, Mg, Mn, Zn and Fe contents in the leaf tissue of West 
Indian cherry plants fertigated with nitrogen and humic substances in Petrolina-PE, Brazil. 

Source of 
Variation

N Na K P Ca Mg Mn Zn Fe
___________________________________________g kg-1___________________________________ _______________________mg kg-1____________

Cicle I 47.62a 1.17a 20.98b 229.24b 15.64b 4.12b 162.00a 606.11a 59.73a
Cicle II 40.08b 1.20a 34.68a 317.15a 43.57a 7.91a 182.63a 191.21b 68.06a
CV (%) 10.56 33.02 23.88 12.32 31.94 28.40 29.32 43.27 23.87
With SH 44.11a 1.13a 26.98a 274.49a 23.02b 5.59b 170.75a 308.52b 60.14a

Without SH 43.59a 1.25a 28.68a 271.89a 36.19a 6.44a 173.88a 488.80a 67.64a
CV (%) 14.67 33.42 24.51 23.93 32.70 22.10 17.45 17.79 30.29

Value F
Cicle (C) 53.09** 0.15ns 84.90** 136.33** 174.48** 98.13** 3.33ns 115.68** 5.96ns

Humic 
Sub. (HS) 0.13ns 1.71ns 1.24ns 0.03ns 37.04** 8.30* 0.22ns 129.29** 3.00ns

Dose of N 11.85** 0.99ns 1.66ns 3.24* 0.79ns 0.38ns 1.08ns 1.33ns 0.37ns

CV (%) 10.10 24.46 20.21 19.89 51.37 24.66 28.40 27.25 17.28
CxHS 0.09ns 1.64ns 0.004ns 0.24ns 35.98** 2.05ns 3.02ns 75.23** 0.15ns

CxN 0.60ns 0.95ns 2.07ns 0.52ns 0.85ns 0.21ns 2.46ns 1.52ns 4.08**
HSxN 1.47ns 2.96* 2.79* 1.75ns 0.37ns 0.44ns 0.86ns 0.78ns 2.49ns

CxHSxN 1.31ns 0.23ns 5.01** 1.66ns 0.37ns 0.63ns 2.09ns 1.34ns 1.54ns

ns= not significant; ** significant at 1% probability level; * significant at 5% probability level. Means followed by the same letter in the column 
do not differ statistically by F test with P ≤ 0.05.

Regarding chlorophyll indices (a, b and total), there 
was an effect of the interaction between the West Indian 
cherry production cycle and N doses (CxN) (Table 2). This 
double interaction was also significant for Fe content (p < 
0.01) (Table 3) in the leaves, while the interaction between 
HS and N doses (HSxN) caused significant differences in 
Na and K contents (p < 0.05). Likewise, the interaction 
between production cycle and HS (CxHS) had significant 
effect on the leaf contents of Ca and Zn (p < 0.01). 

Also in relation to the nutrient contents in the leaf 
tissue, HS application caused significant effect on Mg 
content (p < 0.05). For N doses, there was an effect on 
the contents of N (p < 0.01) and P (p < 0.05) (Table 3).

Although the application of N doses had significant 
effect on some variables in the plants, both as single factor 
and in interactions, no significant regression models were 
found for most variables analyzed. Thus, the treatments 
were analyzed considering the mean values and their 
corresponding standard deviations.
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Figure 2. Chlorophyll a (A), Chlorophyll b (B), Total Chlorophyll (C), Production (D), Yield (E) and Leaf nitrogen 
content (F) in West Indian cherry plants fertigated with nitrogen (N) and humic substances (HS) in Petrolina-PE, 
Brazil. C1+HS = Treatment with HS in cycle 1, C1-HS = Treatment without HS in cycle 1, C2+HS = Treatment with 
HS in cycle 2, C2-HS = Treatment without HS in cycle 2.

Chlorophyll a and total chlorophyll indices were 
higher in the second production cycle (Cycle 2) for most 
N doses (Figure 2A and 2C). Chlorophyll b indices were 
not higher in Cycle 2 only at N doses of 75 and 100% 
(Figure 2B). The higher chlorophyll indices in Cycle 2 did 
not corroborate the N contents in the leaf tissue (Table 3), 
whose values were higher in the first cycle of West Indian 
cherry (Cycle 1). N plays an important role in chlorophyll 
synthesis; however, in view of the high N contents found 

in the leaf tissue in the two production cycles – above 
the sufficiency range established by Bataglia and Santos 
(2001) for West Indian cherry (20-24 g kg-1) – other factors 
possibly contributed to the higher chlorophyll indices in 
Cycle 2. Lobo et al. (2012) report that the relationship 
between the determination of chlorophyll contents and 
N concentration in the leaves depends on several factors 
such as: physiological stage, cultivar, climatic conditions, 
soil fertility, among others.  

Thus, considering the adequate nutrient contents 
in West Indian cherry leaves proposed by Bataglia and 
Santos (2001), it can be observed that plants were under 
conditions of luxury consumption of nutrients, except for 
Fe, in both production cycles, so it is possible to state that 
these plants were on the threshold of nutrient excess or 
toxicity. Thus, lower chlorophyll indices in Cycle 1 are 
possibly associated with the higher Zn contents in the leaf 
tissue, as observed by Khurana and Chatterjee (2001). 
Nevertheless, Silva et al. (2010) observed symptoms of 
Zn toxicity in millet plants, with leaves showing a brown-
reddish color. The authors found that the Zn content in 
millet leaves necessary to cause toxicity was 451 mg kg-1.

The possible phytotoxic effect of excess Zn on 
West Indian cherry plants may have influenced the 
production and yield of the orchard (Figure 2D and 2E). 
Higher values of production and yield were observed in 
Cycle 2, regardless of N doses (Figure 2D and 2E). On 

the other hand, considering that West Indian cherry fruit 
production becomes stable from the fifth year (PETINARI; 
TARSITANO, 2002), it is natural that the first cycles have 
lower values of production and yield.

The yields obtained in this study were above 
average compared to those obtained by Calgaro and Braga 
(2012). In 2010, in the Senador Nilo Coelho irrigated 
perimeter, the authors observed average yields of 0.0 t 
ha-1 in the first year, 12 t ha-1 in the second year, 15 t ha-1 
in the third year, and 20 t ha-1 in the fourth and fifth years. 
Although the cultivation conditions are different, higher 
yields were observed in the present study, with 5.45 t ha-1 

in the first cycle of West Indian cherry cultivated under 
HS application and 125% of the recommended N dose and 
33.17 t ha-1 in the second cycle without HS application 
for the N dose of 75%.
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Regardless of HS application and production 
cycle of West Indian cherry, the leaf N content increased 
linearly as a function of the increment in N doses (Figure 
2F). Ferreira (2014), studying nutrient accumulation 
in West Indian cherry seedlings fertilized with N and 
K, concluded that the application of N doses linearly 
increased the accumulated amounts of N, Ca, Mg and S in 
the aerial part of the seedlings. Silva et al. (2016) observed 
an exponential increase in N content of leaf dry matter 
in yellow passion fruit as the N doses increased, in the 
presence of HS. HS in combination with urea reduce the 
action of the urease enzyme, thus resulting in a decrease in 
N losses and, in addition, contribute to a buffering effect 
on soil pH, i.e. these substances maintain the soil more 
resistant to pH change (DONG et al., 2009; PERTUSATTI; 
PRADO, 2007).

HS application associated with N fertilization 
favored the reduction of leaf Na contents (Figure 3A). 
This trend was also observed for the leaf K contents 
in West Indian cherry plants in the second production 
cycle (Figure 3B). In this same cycle, the absence of HS 
application and the increasing doses of N enabled higher 
leaf K contents in the plants (Figure 3B). The observed 
contents suggest an excessive supply of nutrients, which 
may cease the increase in production (Law of diminishing 
returns), resulting in high nutrient contents in the plant 
(LEAL et al., 2007).

HS have the potential to favor the development 
of plant roots, with the possibility of also increasing the 
shoots (CARON et al., 2015), and were initially believed 
to be able to contribute to increasing West Indian cherry 
yield. However, the doses of HS to be applied require 
adjustments based on field trials and according to the 
crop, demonstrating the need for further studies. In 
addition, HS application should be carefully performed, 
considering the pesticides and nutrients used, type of soil 
and crop, because HS contribute positively to the chemical 
and physical attributes of the soil, besides favoring the 
development of the root system and aerial part of plants 
(CARON et al., 2015).

Evaluating the morphological components 
and grain yield of maize cultivated with N associated 
with humic/fulvic acids in Paraná, Batista et al. (2018) 
observed that humic substances (fulvic acids and humic 
acids), alone or in association with N, did not influence 
the morphological characteristics and yield components 
of the maize crop. These authors believe that the history 
of management used in the area, with high level of 
investment, may have contributed to the effect of HS and 
N on maize yield. 

Figure 3. Leaf contents of sodium (A), potassium (B), phosphorus (C) and iron (D) in West Indian cherry fertigated 
with nitrogen (N) and humic substances (HS) in Petrolina-PE, Brazil. C1+HS = Treatment with HS in cycle 1, C1-HS 
= Treatment without HS in cycle 1, C2+HS = Treatment with HS in cycle 2, C2-HS = Treatment without HS in cycle 2.
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The application of N doses (75 to 150%) also 
promoted increase in leaf P content (Figure 3C). Leaf Fe 
content decreased by 8.76% with the increase in N doses 
from 50 to 150% in Cycle 2. On the other hand, in Cycle 
1, the opposite effect was observed for the Fe content in 
the leaves (Figure 3D).

The significant effects of the interaction between 
the production cycle of West Indian cherry and humic 
substances (CxHS) on the leaf contents of Ca and Zn are 
presented in Figure 4. In the treatment without HS, West 
Indian cherry plants had the highest leaf contents of Ca 
in Cycle 2 and Zn in Cycle 1.

No significant interactions were verified between 
the studied factors for the variables vitamin C (VIT C), 
pH, soluble solids (SS), titratable acidity (TA) and SS/TA 
(Table 4). On the other hand, there was significant effect 
of production cycle on VIT C content (p < 0.01) and pH 
of the fruits (p < 0.01). Regardless of the application of 
HS and N doses, the VIT C content of West Indian cherry 
fruits from the first production cycle was 34.92% higher 
than that of fruits from the subsequent cycle (Table 4).

Table 4. Summary of analysis of variance for vitamin C (VIT C), pH, soluble solids (SS), titratable acidity (TA) and 
SS/TA ratio of fruits of West Indian cherry fertigated with nitrogen and humic substances. 

Source of Variation VIT C pH SS TA Ratio
(mg 100 mL-1) (ºBrix) (%) (SS/TA)

Cicle I 2820.09a 3.19b 8.06a 1.26a 6.45a
Cicle II 2090.29b 3.47a 8.25a 1.27a 6.50a
CV (%) 10.61 2.73 10.25 6.01 12.34
With SH 2483.02a 3.34a 8.30a 1.28a 6.50a

Without SH 2427.35a 3.32a 8.02a 1.25a 6.50a
CV (%) 6.84 2.58 7.75 7.64 11,39

Value F
Cicle (C) 156.87** 187.85** 1.01ns 1.20ns 0.01ns

Humic Sub. (HS) 2.20ns 1.56ns 3.87ns 2.91ns 0.001ns

Dose of N 1.39ns 1.06ns 0.95ns 1.07ns 0.56ns

CV (%) 11.16 3.19 8.82 11.76 12.20
CxHS 5.16ns 0.36ns 0.002ns 0.86ns 0.28ns

CxN 0.88ns 0.21ns 1.37ns 0.82ns 0.97ns

HSxN 1.98ns 1.23ns 2.14ns 1.06ns 1.32ns

CxHSxN 1.78ns 0.59ns 0.97ns 1.32ns 1.49ns

ns= not significant; ** significant at 1% probability level; * significant at 5% probability level. Means followed by the same letter in the column 
do not differ statistically by F test with P ≤ 0.05.

The pH of West Indian cherry fruits increased by 
8.77% from the first to the second production cycle. The 
values found in the present study are close to those cited by 
Lima et al. (2014) and similar to those obtained by Maciel 
et al. (2010) and Santos et al. (2012). In West Indian 
cherry fruits, including in ripe ones, pH is a parameter 
with low variability (LIMA et al., 2014). In view of the 
physicochemical characteristics analyzed, this variable 
had the lowest coefficient of variation.

Pulp pH is a characteristic of fruits related to the 
post-harvest shelf life (DURIGAN et al., 2004); the 
most suitable fruits for fresh consumption are the least 
acidic, while the most acidic ones are more used by food 
industries (CAMPOS et al., 2007). Silva et al. (2015), 
when evaluating the quality of yellow passion fruit under 
the application of HS and N doses, concluded that N 
fertilization combined with HS increases fruit pH and 
titratable acidity.

For the parameters SS, pH, TA and VIT C, the data 
of the present study meet the characteristics and minimum 
composition (SS - 5.5 ºBrix; pH - 2.8; TA - 0.8% and VIT 
C - 800 mg/100g) established by the Ordinance Nº 58 of 
August 30, 2016 of the Ministry of Livestock, Agriculture 
and Food Supply - MAPA, which approves the General 
Technical Regulation for setting the standards of identity 
and quality for fruit pulps.
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Figure 4. Leaf contents of calcium (A) and zinc (B) in West Indian cherry plants as a function of production cycle and 
fertigation with humic substances in Petrolina-PE, Brazil. Columns followed by the same lowercase letter between 
cycles and uppercase letter between humic substances do not differ statistically by test F with P ≤ 0.05.

Conclusions
Except for leaf nitrogen content, which increased 

linearly with the applied doses, the leaf contents of 
nutrients in West Indian cherry showed a stochastic pattern 
in relation to the increase in N availability and application 
of humic substances.

Fertigation with HS, at the applied dose, reduced 
the production and yield of West Indian cherry, whereas 
increasing N doses did not increase its production and 
yield.

Application of humic substances and N doses did 
not alter the post-harvest quality of West Indian cherry 
fruits.
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