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Introduction
The Brazilian berry tree (Plinia cauliflora, sin: Myrciaria 

cauliflora Berg), called by native people as “Jabuticaba”, belonging to 
the Myrtaceae family, is a native tree of the Brazilian Atlantic Forest 
and cultivated throughout the national territory. Medium-sized, it is 
a branched plant, approximately 10 to 15 meters tall, with a dense 
and elongated crown, with white flowers located along the trunk and 
with rounded fruit with dark skin, with seeds surrounded by a whitish-
coloured pulp and sweet flavour.1

In the Myrtaceae family there are many species with medicinal 
properties; Pliniatrunciflora (O. Berg) Kausel is presented in the trunk 
bark properties used in the treatment of vision problems and asthma.2 
The fruit has in its composition flavonoids, tannins, phenols, which 
help to prevent diseases, in addition to its great nutritional value.3 

The peel also contains high content of anthocyanins and also pectin, 
vitamins E and C,4 in addition of flavonoids, with anticarcinogenic 
and antioxidant activities.5

The plants of this family are also recognized for the production of 
essential oils,6 and from leaves, there are reports of Eugeniadysenterica 
DC, with antifungal activity on Cryptococcusneoformans var. 
neoformans, human systemic fungus with high prevalence 
in immunocompromised patients;7 Myrciariatenella oil, with 
antimicrobial effect on Enterobacter sp and Shigellaflexneri;8 and 
Eugeniauniflora is popularly recommended against gout9 and has an 
antioxidant effect.10

The essential oil constituents of P. cauliflora leaves are: 
eudesmol, monoterpenes, α-eudesmol, germacrene, β-eudesmol, 
(E)-caryophyllene, and bicyclogermacrene, among others, and there 
is a similarity between volatile compounds from leaves and fruits, 
which “dictates the possibility of using the leaves to obtain a natural 
Brazilian berry aroma, which could be used in perfumes, cosmetics 
and foods”. This oil has aroused economic interest in the cosmetics 
industry, precisely because it is still an unknown aroma, and in the 
pharmaceutical industry, as many essential oils have antimicrobial 
activity.11,12

The chemical variability of organic compounds and essential oil 
from fruit leaves is genetically determined, but may be influenced 
by abiotic factors, such as light, seasonality, temperature, levels of 
nutrition and water, soil, among others.6

On the other hand, the commercialization of the species is due to 
its great organoleptic function, being appreciated its consumption in 
natura, liqueurs, ice cream, fermented drinks, juice and jellies, as well 
as the fruits are used in pharmaceutical industry, as mentioned above, 
due to the high content of antioxidant substances.5 Despite being a tree 
with large fruit production in a single plant, after harvest the fruit has 
up to three days of shelf life, hindering its commercialization.13

In addition to its important chemical properties, the Brazilian berry 
tree has a great ornamental value, being appreciated in landscaping 
for its architectural exuberance, flowering and fruiting.5 The 
ornamentation of fruit growing adds value and diversifies production, 
facilitating its commercialization in the vegetative phase until 
seedlings producing fruit.

An important factor for ornamental cultivation is the container in 
which the plant will be cultivated, and the most used form is in pots.14 
The main method of propagation of Brazilian berry tree is by seeds, 
but also by asexual propagation, however, the species is difficult 
to root; like other species of the same family (Eugeniauniflora 
L., Eugenia involucrata, Eugenia pungens) thus, the first type of 
propagation is widely chosen due to techniques used in the process 
of obtaining rootstocks, in the maintenance of variability and genetic 
improvement.15

One of the obstacles faced by producers and nurserymen is 
related to the lack of uniformity between the seedlings is the long 
juvenile period, whose variation may be from eight to twelve years 
to reach maturity.16 A protocol to be used for the efficient production 
of seedlings has not been defined yet, requiring the improvement of 
techniques.17

In addition to the container, one of the most important and 
determining factors for the success of plant production outside the 
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Abstract

The Brazilian berry (Pliniacauliflora, sin: Myrciariacauliflora Berg), a native tree of the 
Brazilian Atlantic Forest, called by native people as “Jabuticaba” and cultivated throughout 
the national territory, is a species produced for consumption in natura, manufacturing 
liqueurs, ice cream, fermented drinks and juices, jellies, in addition to be used in the 
pharmaceutical industry for essential oil production. Despite being a tree species, it has 
been cultivated in pots by those who have little space. Thus, this study aimed to verify 
substrate compositions with soil in the development of Brazilian berry in full sun and potted. 
The experimental design was completely randomized, with 3 treatments and 9 replications, 
being: T1 – Soil + organic compost (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic 
compost (1:1:1). Chemical and physical properties of substrate mixtures, chlorophyll index 
and fresh and dry matter of leaves and analysis of leaf macro and micronutrients content 
were evaluated. Among the evaluated treatments, soil + sand + organic compost (1:1:1) 
showed favourable results for the evaluated characteristics, while soil + sand (1:1) showed 
unfavourable results, probably due to the presence of sand in its mixture.

Keywords:  plinia cauliflora, myrciaria cauliflora, myrtaceae, leaf nutrient, bioactive 
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soil is precisely to find an environment that resembles it in physical 
and chemical conditions for the development of plant, in which case 
the substrate will be paramount for success of the production chain.

The ideal substrate must have good porosity, resistance to 
microorganisms and pathogens, offering a homogeneous composition, 
as well as being proportional to the development of the root system, 
as it will be the source of water, nutrients and oxygen for plants.18,19

An important point is the materials that are part of substrate 
composition might be easily available and found in sufficient quantity 
close to the production site, in addition to having an affordable price. 
In general, materials from agribusiness or agricultural processes meet 
these conditions, such as peanut or castor bean husks, sisal mucilage, 
ashes, sugarcane bagasse, oil extraction cake, etc.,20 in addition to 
soil from the region may be used as a component, sand and organic 
compounds produced in local.

Substrates that have greater porosity and lower water retention 
capacity, such as sand, carbonized rice husks, need more frequent 
irrigations compared to those that have greater retention capacity 
(organic compounds, peat, coconut fibres).21 The substrate must be 
able to supply the oxygen demand for the root system, the nutrients 
required by the plants and phytosanitary control, in addition to 
avoiding problems related to salinity.22

Thus, the aim of the present study was to evaluate the development 
of Brazilian berry tree (Plinia trunciflora (O. Berg) Kausel) in three 
substrate compositions in pots.

Material and methods
The work was performed between November 2019 and November 

2020, at São Paulo State University (UNESP) - Campus of Ilha 
Solteira, Brazil (51º06’35’’W, 20º38’44”S, altitude approximately 
347.361m), conducted in full sun. Seedlings of hybrid Brazilian 
berry trees with approximately 2 years and 60 cm in height, produced 
by seeds purchased from a seedling nursery in the municipality of 
Araçatuba, São Paulo state, Brazil, were used; these were transplanted 
to 20 L black polyethylene pots in 3 treatments: T1 – Soil + organic 
compost (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic 
compost (1:1:1).

The soil, Dystrophic RED LATOSOL,23 was collected at a depth 
of 0.0 – 0.20 m; the organic compost originated from 90 days of 
decomposition of tree leaves and grass clippings, being the products 
of the Farm of Teaching, Research and Extension of UNESP 

(municipality of Selvíria, Mato Grosso do Sul state); medium coarse 
and washed sand was purchased from the local market.

For chemical and physical substrate properties evaluation, it was 
used methodology by Embrapa24 to assess chemical analysis, density, 
macroporosity, microporosity, total porosity and water retention.

Regarding plant development, the leaf chlorophyll index (LCI) was 
evaluated every 30 days after transplanting (DAT), using a portable 
electronic chlorophyll meter (Chlorophyllometer) ClorofiLOG 
CFL1030 (FALKER). Mature and fully expanded leaves from the 
four quadrants of the crown were selected, measuring one leaf per 
quadrant and using the average of each plant, repeating this procedure 
in seven collections.

In the same way that the LCI was evaluated, leaves of all treatments 
and replicates were collected at 235 DAT. These were packed in Kraft 
paper bags with identification, and weighed on a digital scale to obtain 
the fresh mass. Then, they were placed in a forced circulation oven, 
at a temperature of 65ºC for 24 hours, for drying and again weighed 
to obtain the dry mass. After drying, the leaves were crushed using a 
knife mill, for fragmentation and homogenization.

Then, they were stored in transparent plastic bags, properly 
identified, to analyse N, P, S, K, Ca, Mg, Cu, Fe, Zn and Mn, according 
to the methodology of Malavolta,25 at the Laboratory of Soil and Plant 
Tissue Analysis of the Department of Plant Science, Food Technology 
and Socio-Economic (UNESP – Ilha Solteira).

The experimental design was completely randomized, with 3 
treatments and 9 replicates, considering each plant as an experimental 
unit. The results were submitted to analysis of variance ANOVA (𝑝 
≤ 0.05) and Tukey’s test (𝛼 = 0.05), using the SISVAR program for 
statistical analysis.26

Results
Although pure soil is not part of the treatments, it was analysed 

physically and chemically as well as the mixtures to make a 
comparison between them possible.

In relation to chemical analysis, the substrate T1 [Soil + organic 
compound (1:1)] presented the highest values for Phosphorus, 
Potassium, Sulphur, Copper and Manganese (Table 1). In the 
other hand, substrate T2 [Soil + sand (1:1)] highlighted in more 
characteristics such as Organic Mater, Calcium, Magnesium, Sum of 
bases, Cationic Exchange Capability, Saturation of bases, Boron, Iron 
and Zinc (Table 1). 

Table 1 Chemical analysis of substrate mixtures: T1 – Soil + organic compound (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic compost (1:1:1) in 
Brazilian berry trees development. Pure soil (S) was analysed for comparison

 P-resina OM pH K Ca Mg H+Al Al SB S-SO4

 mg dm3 g dm3 CaCl2 ------------------mmolc dm3----------------   mg dm3

T1 241 39 6.1 14.9 109 47 15 0 170.9 23

T2 160 43 6.5 8.6 148 52 11 0 208.6 22

T3 148 38 6.4 8.1 81 35 12 0 124.1 23

S 7 20 5.1 13 13 11 20 0 25 3

 CEC V Ca/CTC Mg/CTC m B Cu Fe Mn Zn

 mmolc dm3 ------------------%-----------------  ------------mg dm3--------------   

T1 185.9 92 59 25 0 0.57 1.8 71 9.4 5.7

T2 219.6 95 67 24 0 0.67 1.4 66 7.1 5.9

T3 136.1 91 60 26 0 0.36 0.4 65 8.7 5.3

S 45 56 29 24 0 0.07 0.9 23 6.4 0.3
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Regarding physical analysis, it is possible to notice that the most 
dense substrate was T2 with 1.52 kg dm-3, followed by T3 (1.31 kg dm-3 

) and T1 (1.10 kg dm-3). Analysing the porosity and its subdivisions, 
it was found that 24% was macropores in T2, being the substrate with 
more space among particles, followed by T3 (18.4%) and T1 (15.2%). 
In relation to micropores and total porosity, T1 presented the highest 

values for both, 41.9% and 57.1%, respectively, while the smallest 
values were found at T2 (20.9% and 44.8%, respectively).

For water saturation, as soon as the water sample was removed 
(time 0 hour), the substrate T1 showed the highest retention (0.607 
cm³ cm-³) and T2 the smallest (0.413 cm³ cm-³) (Table 3). Over the 
time, this relationship still continued, both after 24, 48 and 72 hours.

Table 2 Physical analysis of substrate mixtures: T1 – Soil + organic compound (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic compost (1:1:1) in Brazilian 
berry trees development. Pure soil (S) was analysed for comparison

 Substrate density Macroporosity Microporosity Total Porosity

 (kg dm-3) -----------------------------(%)-----------------------------------

T1 1.1 15.2 41.9 57.1

T2 1.52 24 20.9 44.8

T3 1.31 18.4 32.4 50.8

S 1.27 14 39.2 53.2

Table 3 Water retention of substrate mixtures: T1 – Soil + organic compound (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic compost (1:1:1) in Brazilian 
berry trees development. Pure soil (S) was analysed for comparison

 Retained water (cm³ cm-³) – Hours of drainage after substrate saturation

 0 24 48 72

T1 0.607 0.533 0.523 0.511

T2 0.413 0.431 0.413 0.389

T3 0.461 0.492 0.461 0.44

S 0.487 0.506 0.487 0.464

For plant development evaluations, the substrate that obtained the 
greatest leaves fresh mass accumulation was T1 (64.577 g), which 
after drying also showed the greatest dry mass accumulation (37.944 

g). On the other hand, T2 was the substrate that presented the lowest 
averages of both: fresh mass (43.155 g) and dry mass (27.255 g) 
(Table 4).

Table 4 Fresh and dry mass (g) of Brazilian berry leaves cultivated in three different substrate mixtures: T1 – Soil + organic compound (1:1); T2 – Soil + sand 
(1:1); T3 – Soil + sand + organic compost (1:1:1)

 Fresh mass Dry mass

 -------------------------------------------------- (g) ------------------------------------------------------

T1 64.577 37.944

T2 43.155 27.255

T3 60.033 36.388

The leaf chlorophyll index (LCI) showed means with statistical 
difference when evaluating each substrate within each evaluation only 
for T2, but the difference was between the fourth (44.07) and sixth 
(35.67) evaluation.

Analysing each evaluation separately, it was observed that the 
statistical difference occurred only after the fifth evaluation (150 
days after transplantation – DAT). In this evaluation, T1 (46.13) and 
T3 (45.76) did not differ statistically from each other, but both were 
different from T2 (40.01). The same occurred in the sixth evaluation, 
however, in the seventh evaluation T1 (46.30) was not different 
from T3 (44.64) and T2 (39.23) was not different from T3. The only 
statistical difference in the last assessment was between T1 and T2.

Means followed by the same uppercase letter in the row and 
lowercase letter in the column do not differ at the level of 5% by 
Tukey test.

The contents of macro and micronutrients are shown in Table 6 
and it is possible to observe that there was a statistical difference only 
for nitrogen, magnesium and manganese.

For nitrogen and manganese, all substrates showed statistically 
different means, and T1 accumulated more N (15.75 g kg-1) and Mg 
(4.98 g kg-1) compared to the other treatments, followed by T3 (N–
14.27 g kg-1 and Mg–4.76 g kg-1) and finally T2 (N–12.37 g kg-1 and 
Mg–4.56 g kg-1).
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In relation to manganese, the biggest difference presented in the 
accumulation of this mineral was between T2 and T1, being that the 
first presented 333.55 g kg-1 and the second 110.11 g kg-1 , differing 
statistically between them.

Means followed by the same letter do not differ at the level of 5% 
by Tukey test.

Table 5 Leaf chlorophyll index (LCI) of Brazilian berry leaves, assessed each 30 days, cultivated in three different substrate mixtures: T1 – Soil + organic 
compound (1:1); T2 – Soil + sand (1:1); T3 – Soil + sand + organic compost (1:1:1) over time

 Evaluations 

 1° 2° 3° 4° 5° 6° 7°

--------------------------------------------------------- LCI -------------------------------------------------------------

T1 40.45 Aa 45.62 Aa 44.62 Aa 47.08 Aa 46.13 Aa 47.34 Aa 46.30 Aa

T2 40.93 ABa 40.62 ABa 42.46 ABa 44.07 Aa 40.01 ABb 35.67 Bb 39.23 ABb

T3 40.15 Aa 46.05 Aa 44.86 Aa 45.84 Aa 45.76 Aa 43.11 Aa 44.64 Aab

Table 6 Leaf analysis of macro and micronutrients in Brazilian berry trees cultivated in three different substrate mixtures: T1 – Soil + organic compound (1:1); 
T2 – Soil + sand (1:1); T3 – Soil + sand + organic compost (1:1:1) at the end of experiment

 N P K Ca Mg S

 --------------------------------------------g kg-1 ------------------------------------------

T1 15.75a 1.64a 7.92a 12.14a 4.98a 2.09a

T2 12.37c 2.01a 8.55a 12.77a 4.56c 1.97a

T3 14.27b 1.97a 7.95a 11.11a 4.76b 2.63a

DMS 1.429** 0.511ns 0.879ns 2.298ns 0.154** 1.104ns

CV(%) 8.31 22.41 8.87 15.73 2.66 40.64

 Cu Fe Mn Zn

 -------------------------------------------mg kg-1 -----------------------------------------

T1 10.22a 231.33a 110.11b 24.44a

T2 11.11a 218.11a 333.55a 24.11a

T3 10.00a 225.33a 163.77ab 23.22a

DMS 5.882ns 37.183ns 177.69* 3.882ns

CV(%) 46.28 13.58 72.11 13.33

Discussion
In the chemical analysis (Table 1) of substrate mixtures, it may be 

observed that all treatments presented higher values compared to pure 
soil, except potential acidity. Even though the pure soil was not part 
of the experiment, its analysis was taken as a control to show that a 
single element does not always have all the necessary characteristics 
to be a good substrate.

For Malavolta,27 in most crops, pH values close to or above 
neutrality are harmful to growth, where the ideal pH would be 5.5 
to 6.5, with a balance between the availability of nutrients and 
minimizing the action of toxic aluminium, which corroborates the 
work described by Hossel16 in which he found that Brazilian berry 
tree crop showed better growth with soil pH (CaCl) around 5.6. 
However, the species is native to areas with a high content of organic 
matter, with an extremely acidic pH, usually below 5.28,29 The pH of 
the mixtures used in the present work (Table 1) ranged from 6.1 to 
6.5 (CaCl2), and although T2 had a higher value (6.5) it had lower 
fresh and dry mass (Table 4) in relation to T1 and T3, with pH of the 
mixtures at 6.1 and 6.4, respectively. Thus, at pH 6.1 there was greater 
fresh and dry mass (Table 4).

For Mattos,30 soils for this crop should preferably be clayey and 
with good moisture. Although no particle size analysis was performed 
on the samples, Red Latosol was used as a substrate component, 
which according to Reichert et al.31 have density that may vary from 
1.25 to 1.40 kg dm-3, depending on the amount of clay, that is, the 
substrate mixtures were adequate when considering the density for the 
root development of Brazilian berry tree (Table 2).

In addition, Klein32 states that the Red Latosol density of at least 
1.08 kg dm-3 occurs the maximum water availability, in this case, it 
may be observed that there was great water retention in all substrates, 
highlighting T1 that did not contain sand in its formulation (Table 
2). The author also states that values higher than this may affect 
aeration and hinder root development, in this case T2 substrate, which 
presented the highest density, surpassing the recommended density by 
1.4 times, was the treatment that presented the lowest means of fresh 
and dry masses (Table 4), which clearly affected Brazilian berry tree 
development.

In a work conducted with seedlings formation of the same species 
and different substrates,15 proved that the presence of mixtures with 
sand in the treatments were inferior to the results of treatments with 
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other mixtures, corroborating the present work, in which mixtures 
such as T1 and T3, containing organic matter, allowed a greater 
availability of nutrients (Table 1), increment of total porosity (Table 
2), which reflected in accumulation of fresh and dry mass (Table 4).

In a study performed by Kosera Neto,33 with Brazilian berry trees 
grown in an orchard under full sun, the LCI ranged from 43.0 to 44.9; 
in the treatments of the present work (Table 5), the first evaluation is 
below the expected range, which may imply the reason for the stress 
suffered by the plant due to its transplantation. On the other hand, 
T1 and T3 in the other evaluations (2nd to 7th) have the LCI values 
above the expected, whereas for T2 only in the 4thevaluation the value 
is within the expected range, and the other evaluations values lower 
than found.

Lima et al. (2018) states that there is a relationship between the 
LCI and the production of dry biomass, values found in the present 
work show the relationship mentioned above, where T1 presents the 
best LCI results (Table 5), relating to the highest values of fresh and 
mass dry (Table 4).

Conclusions
The cultivation of Brazilian berry trees (Plinia cauliflora) 

seedlings cultivated in pots, with a mixture of soil + organic compost 
(1:1) proved to be more suitable for analysed characteristics.
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