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Abstract

The cupuacu tree (Theobroma grandiflorum (Willd. exSpreng.) Schum.), belonging to the Malvaceae family, isone
of the mostimportant and popular fruit species in the Amazon. With the growth of commercial production and the
increasing demand for seedlings, research aimed at optimizing its cultivation has become essential. Therefore, this
study aimedtoevaluate the development of young cupuacu plantssubjected to nutrient omission. The experiment
was conducted under greenhouse conditions at Embrapa Eastern Amazon. The soil used was a Yellow Latosol of
medium texture, collected from a depth of 0-20 cm. The experimental design was completely randomized with
10 freatments: complete (macro- and micronutrients); omission of N, P, K, Ca, Mg, S, B, and Zn; and a confrol
freatment, with five replications. The evaluated variablesincluded plant height, stem diameter, number of leaves,
leaf area, dry matter production (leaves, stems, branches, and roots), macro- and micronutrient contents, and
leaf analysis. To compare means, the Scott-Knott test at a 5% probability level was applied, following significance
by the F test. Overall, nutrient omission limited plant development; however, the most defrimental to plant growth
were N, P, K, Mg, and S. These same nutrients (with the exception of Mg) were also those that most affected
total dry matter. It was concluded that young cupuacu plants cultivated in medium-texfured Yellow Latosol
soils have high demands for macronutrients and the micronutrients B and Zn to achieve optimal development.
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Introdution

The cupuacu free (Theobroma grandiflorum
(Willd. ex Spreng.) Schum.), belonging to the Malvaceae
family and Sterculioideae subfamily, is one of the most
important and popular fruit crops in the Amazon region.
The species occurs naturally in upland forests and high
floodplains, with a strong presence in the states of Pard
and Amazonas—especially in the basins of the Tapajos,
Xingu, Guamd, and Tocantins rivers—as well as records in
northeastern Maranh&o (Santos et al., 2023).

Commercial cultivation of cupuacu began in
the 1970s, based on native populations. In recent years,
the cultivated area in the Amazon region has contfinued
to expand significantly, exceeding 30,000 hectares, of
which approximately 14,000 hectares are in Pard. The
state of Amazonas also has a growing production chain,
involving thousands of producers (Almeida et al., 2022).

Among Amazonian fruit crops, cupuacgu stands

out for its socioeconomic relevance and potential
fo strengthen regional fruit production. Its pulp, with
a distinctive flavor and aroma, is widely used in the
preparation of juices, ice creams, creams, jams, jellies,
and sweefts, enjoying broad acceptance in the regional
market (Rodrigues et al., 2021).

Withthe advancement of commercial production
and the consequent increase in seedling demand,
research aimed at optimizing production processes has
become essential, focusing on cost reduction and the
production of seedlings with suitable morphological
and physiological quality for planting systems. Balanced
nutrition, combined with the rational use of inputs, is
considered a cornerstone for increasing productivity and
ensuring sustainable cultivation (Silva et al., 2022).

The
program depends on prior knowledge of the effects that
nutrient deficiencies can have on plant development.

formulation of an efficient fertilization
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A widely employed technique for this purpose is the
nutrient omission frial, also known as the missing-element
technique. This methodology allows the identification of
nutrients essential for plant growth through the observation
of physiological and morphological symptoms resulting
from the absence of specific elements (Santos et al.,
2023).

Given the diversity of soils and ecological
conditions in the Amazon region, researchers have
intensified studies aimed at characterizing the nutritional
requirements of major regional crops. These studies
seek to fill gaps in knowledge regarding Amazonian soil
fertility, contributing to the adoption of more effective
and sustainable management practices, particularly in
cupuacu cultivation (Viégas et al., 2020).

Therefore, with the aim of deepening the
understanding of the role of nutrients in the development
of this crop, this study aimed to evaluate the growth of
young cupuacu plants, characterize the symptoms of
macronufrient (N, P, K, Ca, Mg, and S) and micronutrient
(B and Zn) deficiencies, and determine the leaf nutrient
contents of plants subjected to nutrient omission.

Materials and Methods

The experiment was conducted in a greenhouse
at Embrapa Eastern Amazon, located in the municipality
of Belém, state of Pard, at the geographic coordinates
01° 27" 21" S latitude and 48° 30" 16" W longitude. The
region has an equatorial climate of type Af, according
to the Kdéppen classification, with an average annual
temperature of 26 °C, high relative humidity around
90%, and high rainfall. The annual average precipitation
is approximately 2,754.4 mm, with a wetter season from
December to May and a drier season from June to
November (Pereira et al., 2017).

The soil used as a substrate was a medium-
textured Yellow Latosol, collected from the 0-20 cm layer
in an area located in Belém, state of Pard. This soil has
adequate drainage, good depth, and infermediate
levels of natural fertility (Santos et al., 2018). Before
the experiment was established, the soil was sieved
through a 4 mm mesh and subjected to physical and
chemical characterization following the methodological
procedures established by Embrapa (Teixeira et al., 2017).

randomized design (CRD), consisting of 10 freatments
with five replications each. The freatments included:
complete fertilization (with macro- and micronutrients),
omission of nifrogen (-N), phosphorus (-P), potassium
(-K), calcium (-Ca), magnesium (—-Mg), sulfur (=S), boron
(=B)., zinc (=Zn), and a full control treatment.

The seeds used in the experiment belonged
tfo progeny 63 of cupuacu (Theobroma grandiflorum),
developed by Embrapa Eastern Amazon. Initially, the
seeds were sown in containers filled with a substrate
composed of terra preta (dark earth) and decomposed
sawdust. After germination and development to the
stage known as "toothpick stage," the seedlings were
fransplanted info 5 kg capacity polyethylene bags,
measuring 35 cm in height and 18 cm in diameter, with a
thickness of 0.20 mm.

Forty-five days after
fertilization was carried out in the pots according to
the established treatments, using the missing element
technique described by Silva et al. (2008). The nutrient
rates and sources were applied according to the crop’s
requirements and the specific nutrient omissions defined
for each treatment (Table 2).

Ferfilizations containing nitrogen and potassium
were split info three applications (at 45, 90, and 150 days
after planting, respectively).

Plant collection was carried out 300 days after
seedling planting, separating the plants into leaves,
petioles, stems, and roofs. The separated parts were
placed in paper bags and dried in a forced-air oven

fransplanting, mineral

at 70°C until a constant weight was achieved. After
drying, the plant material was weighed and ground
using a Willey-type mill in preparation for nutrient content
analysis. To calculate the relative growth, the following

formula was used('M S.0.N)
CR(%) = b

(M.S.T.C)
Where

CR = Relative Growth

M.S.O.N = Total dry weight obtained under each
nutrient omission

MST.C =
complete fertilization treatment

Total dry weight obtfained in the

The determination of macro- and micronutrient

contents was performed on the leaves, petioles
The analysis revealed the following parameters: + stems, and roots of the plants, following the
The experiment was conducted in a completely
Table 1. Soil analysis results
Prof. OM P K Na Al Ca Ca+Mg pH Coarse sand Fine sand Silt Total clay
cm gkg? - mg dm®--- - cmolc dm?3------ H,0 g kg™
0-20 13,84 5 10 4 1,5 0,2 0,3 4,3 345 410 126 120

Organic matter (OM, g kg™); phosphorus (P), potassium (K), sodium (Na), aluminum (Al), calcium (Ca), and sum of calcium plus magnesium (Ca + Mg) in cmolc dm™; pH in water
(H20); particle size fractions: coarse sand, fine sand, and silt (g kg™'), and total clay (g kg™).
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Table 2. Applied doses in the treatments and their respective
sources.

Nutrient Dose Source
N 100 mg kg™ of the soil Urea
P 50 mg kg™ of the soll Monosodium phosphate
K 90 mg kg™ of the soil Potassium chloride
Ca 30 mg kg of the soll Calcium chloride
Mg 30 mg kg of the soil Magnesium chloride
S 7.5 mg kg™ of the soil Sodium sulfate
1,2 mg kg of the soil Boric acid
Cu 1,0 mg kg of the soil Copper sulfate
Mn 4,0 mg kg™ of the soil Manganese sulfate
n 5.0 mg kg™ of the soil Zinc sulfate

Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S),
boron (B), copper (Cu), manganese (Mn), and zinc (Zn)

methodology proposed by Malavolta et al. (1997).
Throughout the experimental period, visual symptoms
of nutrient deficiency were monitored, described, and
photographically recorded.

The variables the experiment
included: plant height (PH), stem diameter at the collar
(SD), leaf dry mass (LDM), stem + branch dry mass
(SBDM), root dry mass (RDM), and total dry mass (TDM), in
additfion to the foliar contents of macronutrients and the
micronutrients boron (B) and zinc (Zn).

analyzed in

The data obtained were subjected to analysis
of variance (ANOVA), and treatment means were
compared using the Scott-Knott test at a 5% probability

level.

Results and discussion

The omission of nutrients limited the development
of cupuacu plants compared to the complete tfreatment
(Table 3).
Table 3. Plant height (PH), stem diameter (SD), number of leaves,

and leaf area in young cupuacu plants as affected by nutrient
omission freatments

; ; PH SD N° of leaf area
Treafmen (cm)* (mm)* leaves* (cm?)*
Complet 75.2a 11.8a 200 a 6533.55 a
Omission N 642 b 92cC 120d 2192.00 c
Omission P 46.4d 9.0c 10.5d 119290 c
Omission K 41.6e 8.2d 150c 2863.00 b
Omission Ca 54.6 c 9.6¢C 19.5a 3127.82b
Omission Mg 432 e 9.0c 11.0d 2258.40 c
Omission S 63.8 b 8.4d 9.0e 2037.82 ¢
Omission B 45.6 d 10.6 b 17.5b 274187 b
OmissionoZn  53.0c 10.2b 140 c 3077.50 b
Average 54.18 9.56 14.28 2891.65

4,18 7.86

C.V (%) 10,82 15.73
Means followed by the same lowercase letfer in the column do
not differ statistically from each other according to the Scott-
Knoftt test at 5% probability.

The individual omission of nutrients significantly
influenced the growth of young cupuacgu plants, as
shown in Table 1. Regarding plant height (PH), the
freatments with K and Mg omission showed the lowest

41.6 cm and 43.2 cm,
representing reductions of 44.6% and 42.5% compared

mean values, respectively,
to the complete treatment (75.2 cm). Plant height is a
relevant parameter for evaluating seedling quality in
nurseries, as it directly reflects the plant's post-fransplant
development potential.
P deficiency
increases

and
limiting the

reduces
respiration

photosynthesis
the plant’s rate,
production and fransport of carbohydrates (Zorb et al.,
2014; Cavalcante et al., 2018). Similarly, Mg is essential for
energy fransfer in the photosystems and for chlorophyll
synthesis, directly affecting plant growth (Taiz & Zeiger,
2013).

Regarding stem diameter (SD), K and S omission
freatments most negatively impacted development,
resulting in reductions of 30.5% and 28.8%, respectively,
compared to the complete treatment. Stem diameter
is an indicator of seedling robustness, directly related to
the assimilation rate of photoassimilates (Almeida et al.,
2005). P plays a role in maintaining electroneutrality and
cellular metabolism, reinforcing the effects of its absence
(Taiz & Zeiger, 2013). S deficiency, in turn, fends to more
intensely affect the aerial part of the plant, due to its role
in forming amino acids such as cysteine and methionine,
and its involvement in vital processes like photosynthesis
and protein synthesis (Marschner, 2012; Epstein & Bloom,
2006).

The variable number of leaves was also affected
by nutrient omission, especially s, which caused a 50%
reduction compared fo the complete freatment. The
absence of S compromises chlorophyll formation and
leaf development, resulting in sfiffer, deformed, and
fewer leaves (Barroso et al., 2005).

As TLA, the omission of P, S, N, and Mg caused the
greatest reductions. The omission of P resulted in a leaf
area 81.7% smaller than the complete treatment, followed
by N (66%) and Mg (65%) omissions. P is a fundamental
nutrient for ATP and nucleic acid formation, playing a
crucial role in cell division and growth (Malavolta, 2012;
Alves et al., 2018). Studies indicate that P deficiency
can reduce both the number and size of leaves, as also
observed by Alves ef al. (2018) in cupuacu seedlings.

N, in turn, is the most required nutrient by crops,
being essential for the synthesis of profeins and nucleic
acids. Its absence negatively affects the net CO,
assimilation rate, limiting plant growth (Evans, 1989; Cruz
et al., 2007; Marschner, 2012). Mg deficiency impairs
photosynthesis and the distribution of photoassimilates,
directly affecting leaf area development.

Ca omission had a moderate impact on plant
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growth, with less pronounced reductions. However,
all measured variables showed declines under this
freatment. Freitas (2018) reported leaf deformities and
limited shoot and root growth in cupuacu seedlings under
calcium deficiency, supporting the findings of this study.

B absence mainly affected plant height and
total leaf area due fo its role in meristematic tissues
and cell division processes (Bastos & Carvalho, 2004;
Mascarenhas et al., 2014). Zn omission caused reductions
in all analyzed variables, although to a lesser extent. A
47.1% reduction in leaf area was especially noted, along
with elongation and narrowing of new leaves, indicating
typical deficiency symptoms. Dry mass production in
young cupuacu plants was significantly influenced by
nutrient omissions, as shown in Table 4.

LDM was one of the most affected variables, with
Table 4. Leaf dry mass (LDM), root dry mass (RDM), stem dry

mass (SDM), and total dry mass (TDM) of young cupuagu plants
(progeny 63) as affected by the treatments

Treatment LDM (g)* RDM(g)* SDM (g)* TDM (g)*
Complet 178 a 158 a 210 ao 548 a
Omission N 7.8 C 9.6 b 11.0 d 284 e
Omission P 8.4 C 8.6 b 9.0 e 258 e
Omission K 9.6 b 86 b 88 e 268 e
Omission Ca 80 ¢ 134 a 128 d 342 c
Omission Mg 102 b 106 b 92 e 300 d
Omission S 9.6 b 7.8 b 8.0 e 260 e
Omission B 162 a 142 a 168 b 474 b
OmissionoZn 160 a 140 a 148 «c 446 b
Average TT.51 11.40 12.38 35.33

V (%) 12.81 14.47 12.18
* Means followed by the same lowercase letter in the column do not differ significantly
at the 5% significance level, according to the Scott-Knott test.

significant reductions observed under the omission of P,
Ca, and N. The absence of P resulted in the lowest leaf
accumulation (8.4 g), representing a decrease of over
50% compared to the complete treatment (17.8 g). This
result highlights the essential role of phosphorus in cell
division and energy metabolism through the formation of
ATP and nucleic acids (Malavolta, 2012).

The omission of Ca also compromised LDM (8.0
9). likely due to its structural function in cell walls and its
role in the growth of meristematic tissues. The absence
of N reduced leaf dry mass to 7.8 g, lower than all other
omissions except P, emphasizing the importance of
this nutrient in protein synthesis and vegetatfive growth
(Freitas, 2018). Similar results were observed by Araujo et
al. (2016) in acai seedlings and by Viégas et al. (2018) in
mangosteen seedlings, where the omission of N, P, and
Ca severely limited development.

For root dry mass (RDM), the lowest values
were recorded in treatments with omission of S (7.8 g).
P (8.4 g), P (8.6 g). and N (9.6 g). S deficiency is known

to primarily affect the aerial part, but in this study, it also
resulted in reduced root development. P, on the other
hand, regulates osmotic balance and the transport
of photoassimilates, which may explain its role in root
formation. Although magnesium omission did not result in
the lowest absolute values, it still had a negative impact,
with an RDM of 10.8 g.

Stem dry mass followed a similar trend to the other
variables. The lowest values were observed under P (2.0
g).S(7.8g).K(8.6g), and N (11.0 g) omission tfreatments,
again highlighting the adverse effects of macronutrient
deficiencies on structural plant growth. The role of K in
maintaining cell turgor and sugar transport reinforces its
importance in supporting tissue formation.

The analysis of TDM provides an integrated view
of the effects of nutrient omissions. The omission of P
resulted in the lowest TDM (25.0 g), followed by N (28.4 g),
S(30.29),K(32.6 g), and Ca (34.2 g). These results confirm
that macronutrients are crucial for biomass accumulation
in young cupuacu plants. Barreto (2017) had already
noted that the omission of N, Ca, and Mg are among the
main factors responsible for reduced growth in tropical
fruit species.

In contrast, the omission of micronutrients such
as B and Zn also impacted plant development, but fo a
lesser extent. Zn omission reduced TDM to 44.6 g, while B
omission reduced it to 47.4 g. Although both values were
lower than the complete treatment (54.8 g), they were
still higher than the values observed for macronutrient
omissions. This indicates that, despite their importance,
these micronutrients have a relatively smaller impact
compared to macronutrients, although they can dfill
compromise full plant growth, especially in the long term.

Table 5 presents the foliar contents of macro-
and micronutrients in young cupuacu planfs under
both adequate and deficient nutritional conditions. It is
evident that the omission of essential nutrients significantly
reduced foliar nutrient contents, directly affecting plant
development.

Table 5. Foliar nutrient contents in young cupuacu plants
(Theobroma grandiflorum) as affected by nutrient omission.

M tient Complef freatment Omission
acronutrients (g kg“) (g kg—l)
N — Nifrogen 21,4 15,17

P — Phosphorus 0,96 0,66

K — Potassium 6,00 2,75
Ca - Calcium 3.25 2,25
Mg - Magnesium 2,56 0,79
S - Sulfur 2,18 1,53
Mi tient Complet freatment Omission

Icronutrients (g kg-l) (g kg-l)

B - Boron 48,7 38,68

/n - 7inc 58 42.85

Comunicata Scientiae, v.16: 4375, 2025
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The N content in the leaves of plants under
omission was 15.17 g kg™, representing a 28.5% reduction
compared fo the complete freatment (21.24 g kg™).
Similarresults were observed by Salvador et al. (1994), who
reported N confent of 22.4 g kg™ in non-deficient leaves
and 10.1 g kg™ in deficient plants, which represents a
reduction of approximately 54%. In strawberry cultivation,
Barreto et al. (2017) found N content of 2.01 g kg™ with
complete fertilization, and 1.08 g kg™ in the absence
of N, a decrease of 46.27%. These data, although from
different species, demonstrate the relevance of nitrogen
in plant metabolism. N deficiency leads to a reduction
in chlorophyll synthesis, resulting in chlorosis, especially
in older leaves, due to its high mobility within the plant
(Malavolta et al., 1997).

P omission resulted in a 31% reduction in leaf
content, from 0.96 g kg™ in the complete treatment to
0.66 g kg™ under omission. Lima (2002) observed similar
reductions in P levels in cupuacu leaves subjected to
nufrient omission. Symptoms such as dark green coloration
and slight wrinkling of older leaves were observed, typical
of phosphorus deficiency, which is directly related to ATP
production and cell division (Malavolta, 2012).

In the case of K, the leaf content dropped from
6.00 g kg™ (complete treatment) to 2.75 g kg™ (with
omission), a 54% reduction. Salvador et al. (1994) also
found similar values in the lower leaves of cupuacu plants
with K deficiency, with levels around 2.2 g kg™'. These
results are similar to those obtained by Barreto et al.
(2017), who found 2.7 gkg™ and 10.9 g kg™' in freatments
with and without deficiency, respectively. K is involved in
important physiological functions, such as maintaining
cell turgor, stomatal opening, and sugar franslocation,
being essential for plant growth (Taiz & Zeiger, 2013).

Ca omission resulted in a leaf content of 2.25 g
kg™, while nourished plants had 3.25 g kg™, representing a
30% reduction. Freitas (2018) observed that Ca deficiency
in cupuacu seedlings caused leaf deformations and
wrinkling, inferfering with the plant's physical structure. Ca
is responsible for the integrity of cell walls, and its absence
compromises the development of forming tissues (White
& Broadley, 2003).

Mg deficiency had the greatest impact among
the analyzed macronutrients. The leaf content dropped
from 2.28 g kg™ 10 0.71 g kg™, a 69% reduction. Cakmak
and Yazici (2010) highlight that Mg is directly involved in
chlorophyll formation and photoassimilate mobilization,
in addition to being an enzymatic cofactor in several
metabolic exhibited
intferveinal chlorosis and necrosis, classic symptoms of Mg

reactions. The plants severe

deficiency.

S omission reduced leaf content from 1.16 g
kg™ to 0.82 g kg™' (a 29% reduction). Although the visual
symptoms were not prominent, a loss of coloration and
mild chlorosis were observed in younger leaves, as
expected due to S's low mobility in the phloem. According
to Malavolta (1980), Sis essential for the formation of sulfur-
containing amino acids, and its deficiency can reduce
overall plant growth by disrupting protfein synthesis and
nitrogen metabolism.

Among the micronutrients, B omission reduced
leaf content from 48.7 g kg™ to0 36.68 gkg™', a decrease of
approximately 20%. Freitas (2018) also observed a similar
reduction, with values of 48.28 g kg™ (without deficiency)
and 36.68 gkg™' (with deficiency). B deficiency affects cell
division and the infegrity of meristematic fissues, leading
fo deformed leaves and apical dieback (Marschner,
2012; Wimmer & Eichert, 2013).

In deficiency resulted in a leaf content of
42.85 g kg™', compared to 58.00 g kg™' in the complete
freatment, a 26% reduction. Visually, leaves were narrow
and elongated, with marginal chlorosis and localized
necrosis. Zn plays a role in enzymatic activation and
auxin synthesis, making it vital for the growth of young
fissues (Vitti & Serrano, 2007). Freitas (2018) also observed
reductions in foliar Zn content from 65 g kg™ to 49.5gkg™,
corroborating the data presented in this study.

Conclusion

The omission freatments that most affected the
development of cupuacu seedlings, in order, were P < §
<K<N.

The
micronutrients N, P, Ca, Mg, S, Zn, and B reduced the foliar
contents of these elements, limited biometric variables,
and exhibited visually observable deficiency symptom:s.

individual omission of macro- and
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