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Abstract

Camu-camu (Myrciaria dubia (Kunth) McVaugh) is a native fruit tree, which is in domestication process, therefore,
knowledge of nutritional needs is essential to improve the fertilization efficiency throughout plant development.
The aim of this research was to determine the nutrient content of camu-camu plants as a function of nitrogen
fertilization via fertirrigation in the first year of cultivation. An experiment was carried out in a randomized
complete block design, with 5 treatments as follows: 0; 40; 80; 120 and 160 kg.ha! of N, eight replicates and seven
plants per experimental unit. The evaluated variables were as follows: total dry matter and nutrient contents in
camu-camu leaves. The results show total dry matter of camu-camu plants, which were performed a significant
quadratic behavior in response to increasing N doses. In Fact, N doses greater than 128 kg.ha! aroused a
depressive effects. In addition, leaf contents of N, K, and Ca, had achieved a significant quadratic response and
highest concentrations were recorded between 113 and 115 kg of N.ha'!. On the other hand, micronutrients had
a polynomial depressive behavior according to an increasing N doses. It can be concluded that nutrient foliar
contents are adequate for the camu-camu plants development. In fact, N, Ca, K, Fe, Mn and B, were the most
required nutrients. Micronutrients determined in leaves, corresponded to the following decreasing order: N> Ca>
K> Mg> S> P> Mn> Fe> B> Zn> Cu, respectively.
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Resumo

O camu-camu (Myrciaria dubia (Kunth) McVaugh) é uma fruteira nativa que esta em processo de domesticacao,
portanto, o conhecimento das necessidades nutricionais é essencial para melhorar a eficiéncia da adubacao
durante seu desenvolvimento. O trabalho teve como objetivo determinar os teores de nutrientes em plantas de
camu-camu em funcao da adubacao nitrogenada via fertirrigacdo no primeiro ano de cultivo. O experimento foi
conduzido mediante delineamento experimental em blocos casualizados, com 5 tratamentos: 0; 40; 80; 120 e
160 kg ha! de N, oito repeticoes e sete plantas por unidade experimental. As variaveis avaliadas foram a massa
seca total e os teores de nutrientes nas folhas. Os resultados mostram que a massa seca total das plantas de
camu-camu apresentou comportamento quadratico significativo em resposta as doses crescentes de N, sendo que
doses maiores a 128 kg ha'! propiciaram efeitos depressivos. Além disso, os teores foliares de N, K, Ca tiveram
uma resposta quadratica significativa, sendo que as maiores concentracoes foram registradas entre as doses de
113 e 115 kg de N ha’. Por outro lado, os micronutrientes tiveram um comportamento polinomial depressivo de
acordo com os incrementos das doses de N. Pode-se concluir que os teores foliares dos nutrientes estdo dentro dos
adequados para o desenvolvimento das plantas de camu-camu, e os nutrientes mais exigidos foram o N, Ca, K,
Fe, Mn e B, e finalmente os teores de macro e micronutrientes determinados nas folhas responderam a seguinte
ordem decrescente: N > Ca > K > Mg > S > P > Mn >Fe > B > Zn > Cu, respectivamente.

Palavras chave: Massa seca, micronutrientes, equilibrio de nutrientes (plantas), desenvolvimento de plantas,
nutricdo vegetal.
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Introduction

In the world, Brazil is the second center of origin
of tropical fruit species, followed by Southeast
Asia, with only 44% of the 500 native fruit species.
In fact, are being concentrated in the Brazilian
Amazon, camu-camu due to its high content of
vitamin C, reaching up to 7355 mg per 100 g of
pulp (Chagas et al., 2015).

Currently, due to these nutritional qualities,
is widely used by the gastronomic and
pharmaceutical industries. The fruit tree is
typical of humid tropical climate and is naturally
found in the following countries: Peru, Colombia,
Venezuela and Brazil, on the river banks, lakes,
floodplains and flooded Amazon forest (Yuyama
& Valente, 2011).

In the state of Roraima, extreme north of Brazil,
the occurrence of native camu-camu populations
is significant, but the fruit availability is not
continuous due to its production being seasonal,
that is, influenced by the edaphoclimatic factors
(Abanto et al., 2016; Chagas et al, 2015). In
addition, due to camu-camu is a species which
is in the domestication process, little is known
about the ideal conditions of planting on dry
land, due to the lack of work aimed at this line
of research (Viégas et al., 2004).

One of the most important aspects to consider
for the species domestication is the knowledge of
plant nutritional needs, as well as its response to
the fertilizers application to promote an adequate
vegetative and productive growth (Laviola & Dias,
2008).

One of the indicators to measure plant
growth intensity is the production of dry mass,
which is directly related and influenced by the
nutrient content of leaves, fruits and other
organs (Magolbo et al., 2015). Therefore, studies
aiming at quantifying nutrient concentration
in plant tissues are essential to know the plant
nutritional requirements, being essential for
a better fertilization management avoiding
a fertilizers waste and excess as well as the
detection of possible deficiencies during their
plant development (Laviola & Dias, 2008).

Given these concerns, the aim of this research
was to determine nutrient contents in fertirrigated
camu-camu (Myrciaria dubia (Kunth) McVaugh)
plants with different nitrogen (N) doses in the first
year of cultivation in Boa Vista, Roraima, Brazil.

Materials and methods

The research was carried out from January to
November, 2015, at the Experimental field Agua
Boa of the EMBRAPA-RR in the municipality
of Boa Vista, Roraima-Brazil, located at the
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geographic coordinates 02 ° 39’48.94” north
latitude and 60 ° 50°30.39” west longitude and
with an altitude of 90 m. The climate of the region,
accordingly to Koppen characterization, is Aw-
rainy tropical, with annual averages of rainfall,
relative humidity and temperature, of 1678 mm,
70% and 27.4°C, respectively (Aragjo et al., 2001).

The soil of the experimental area was classified
as yellow latosol and presents chemical atributes,
which are expressed in Table 1 and were analyzed
in the analysis laboratory of the National Research
Institute of the Amazon (INPA), according to the
Soil Fertility Laboratory of the Embrapa Western
Amazon (Embrapa, 1997).

Table 1. Soil chemical attributes of Embrapa Boa Boa experimental field
Roraima, Boa Vista-RR (2015).

pH  OM***  px Kk Ca* Mgt H+Al SB CTC b:::s satAl S

CaCl, gdm? gdm? === MO, dM? --eveveeeee % % mg dm*
44 10 3 02 2 1 24 32 28 " 72 6
EDTA method*, Mehlich1#*, Volumetric method ***
Cu* Zn* Fe* B** Mn*
mg dm*

0.2 0.3 21 0.13 0.4

* DTPA method*; hot water method **; **OM: organic matter

Due to a low pH and low levels of P, Ca and Mg,
respectively, with a high saturation of Al*® and low
bases saturation, a soil correction was applied
after the area preparation with 1500 Kg.ha! of
dolomitic limestone. In addition, P were applied at
the rate of 400 kg.ha™! of simple superphosphate
(SS). In fact, pits preparation with a dimension
0of 0.40 m x 0.40 m x 0.40 m, a further 150 g of
limestone and 50g of SS/pit, accordingly to the
recommendation of Yuyama & Valente (2011). At
the same time, 10 g of FTE-BR12 was added to
enrich the soil with micronutrients (9.0 to 9.2%
of Zn, 1.8 to 2.17% of B, 0.80% of Cu, 3.82%
of Fe, 2.0 to 3.4% of Mn and 0.132% of OM,
respectively).

It was observed that camu-camu seedlings
used came from the Candeias population of the
INPA germplasm bank, and were transplanted
at seven months of age, with an average of 4
branches; 35.6 cm of plant height and 4.4 mm of
collection diameter. Conversely, at 135 days after
transplanting (DAT), a second fertilization was
carried out adding 100 g of limestone and 50 of
SS, according to the proposed recommendation
by Yuyama & Valente (2011), to meet the K
requirements with a standard dose of 40 kg.ha™!
of potassium chloride, which was added in all
treatments.



The irrigation was performed by autocompensated
drip system, driven by a motor pump, with
automatic activation of the system through a
RAIN BIRD® (“timer”) control programmer. In this
sense, a flow rate of the system was 6.8 1 h'! (3.4
L. h'! per droplet dripper, which were spaced every
50 cm). For fertilizers injection %-inch venturi
injector was used, operating at an injection rate
of 150 L.h.

This provides more accurate and reliable
estimates of the amount water applied, which
was determined based on the reference
evapotranspiration, estimated by the Class A
tank.

The experiment was conducted in a randomized
complete block design with five treatments as
follows: T1-0; T2- 40; T3-80; T4-120 and T5-160
kg.ha' of N, respectively, with eight replicates
and seven plants per experimental unit. The
treatments were applied via fertirrigation for 40
weeks, and doses were divided every 10 weeks
as follows: 10%; 20%; 30%; and 40% of the
total corresponding treatment. The camu-camu
culture was established using the spacing of 4 m
among rows and 0.5 m between plants. At the end
of the experiment, at 270 DAT, camu-camu plants
were collected and transported to the Embrapa-
Roraima sample preparation laboratory. In fact,
the camu-camu roots were separated from the
aerial part (branches and leaves) to be placed into
a forced circulation oven at 60°C until constant
weight. Subsequently, dry mass of the samples
in grams was evaluated in terms of the following:
dry leaf matter (DLM) and total dry matter (TDM).
After this evaluation, samples were ground and
milled in a Willey mill and sent to the Plant
Nutrition Laboratory of the Federal University of
Lavras (UFLA), Brazil, where nutrient contents
were analyzed.

The data were submitted into analysis of
variance and as observed significant effect of the
treatments, the polynomial regression analysis
(p=<0.05) was carried out with the support of the
SISVAR statistical software, accordingly to the
methodology proposed by Ferreira (2014).

Results

Dry leaf matter (DLM) and total dry matter
(TDM)

Dry leaf matter (DLM) and total dry matter
(TDM) of camu-camu plants showed significant
quadratic responses in relation to increasing N
doses (Figure 1). It was observed that for TDM,
the N dose of 128 kg.ha™', provided the maximum
value of 365.38 g, and for DLM, the N dose was
112 kg.ha'!, reached a maximum value of 60.50
g, respectively.

Nutrient contents in camu-camu plants (Myrciaria dubia
(Kunth) McVaugh) fertirrigateds with different doses of nitrogen

Figure 1. Effect of N doses on dry leaf matter (DLM) (g) and total dry matter
(TDM) (g) of camu-camu plants.

Macronutrient contents

N, K and Ca nutrient contents in leaves varied
with N rates and showed a quadratic polynomial
behavior, similar to that found for total dry matter
of camu-camu plants (Figures 2a, 2c, 2d). The
maximum leaf contents of N, K and Ca were
22.08; 7.07 and 10.32 g.kg! in response to N
doses of 114, 113 and 115 kg.ha'!, respectively.

The leaf contents of P, Mg and S had achieved a
non-significant linear response (Figures 2b, 2e,
2f). The mean leaf content of P, Mg and S was 1.6;
2.46 and 1.87 g.kg-1, respectively.

Micronutrient contents

B and Mn concentration in camu-camu leaves
had achieved a significant quadratic depressive
response in relation to increasing N doses
(Figures 3a, 4b). The maximum B content was
129.84 mg.kg!, which reached in camu-camu
plants without nitrogen fertilization, decreasing
up to 81.4 mg.kg! at the N dose of 120 kg.ha™!
(Figure 3a) and Mn (Figure 3b) ranged from
326.63 mg.kg! without nitrogen fertilization to
221.00 mg.kg! at the N dose of 160 kg.ha'!.

Alternatively, Fe and Zn leaf contents had
achieved a non-significant linear response,
differing from the response found for Cu content,
which showed a significant relation to increasing
N doses (Figures 3c, 3e, 3d). The mean leaf
contents of Fe and Zn, were 117.5 and 46.78
mg.kg!, respectively (Figure 3c). Regarding Cu
content, a decrease of 3.67 mg.kg! to 0.72 mg.kg*
was observed with increasing N doses (Figure 3d).
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40 80 120 40 80 120
N doses (kg hal) N doses (kg ha'l)
yL =0.0014x +2.348 R2=0.43* yL=00008x + 1.758 R?=022"

Figure 2. Effect of Nitrogen doses applied via fertirrigation on N (a), P (b), K
(c), Ca (d), Mg (e) and S (f), contents of camu-camu leafs with 270 days after
planting (DAP).

1.87 g.kg", respectively.

——— yL-0,004x2 - 0,948x + 129,84 R2=0,79*  ——— yL = 0,0104 x2 - 2,008x + 326,63 R2-0,89*

——— yL =-0.3616x + 149.2 R*=0.78ns ——— yL=-0,0184x + 3,668  R2=0,85*

N doses (kg.ha)

——— yl.=-0.0003x%2 + 0.0505x + 44.992 R? =0.17n

Figure 3. Effect of Nitrogen doses applied via fertirrigation on B (a), Mn (b),
Fe (c), Cu (d) and Zn (e), contents on camu-camu leaves with 270 days after
planting (DAP).
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Discussion

Dry leaf matter (DLM) and total dry matter
(TDM)

It can be stated that camu-camu plants showed
good development until the N dose of 128 kg.ha!,
since larger amounts promoted depressive effects
for the two analyzed variables (Figure 1), which
was observed by Brito et al. (2007), when working
with high N doses in sapoti plants (Manilkara
zapota (Acbras zapota L.) and by Dias et al.
(2012), in guava (Psidium guajava L.) plants
cultivated in commercial nursery.

These effects occur accordingly to Dechen
& Nachtigall (2006), by raising an osmotic
pressure of the culture medium, which causes
a root system damage, thus hampering the
nutrient uptake, which soon compromise the
aerial part development. Another factor was soil
acidification by the urea [CO(NH,)] use in high
doses due to urea breakdown, which releases H*
and causes plant toxicity by biuret excess during
the nitrification process of the urea.

Macronutrient contents

In general, as N doses increased, N, K and Ca
nutrient uptake also significantly increased.
However, ranged among 90 to 120 kg.ha'!, nutrient
absorption remained in the range of luxurious
uptake. In this specific case, accordingly to Silva
et al. (2014), plants are able to absorb nutrients
but do not respond in growth.

Presumably, from 120 kg.ha! of N applied,
there was a decrease in plant growth (Figure 2).
Accordingly to Maia (2012), after the maximum
efficiency of N dose, continues to plant uptake
and the content of this nutrient continues an
increasing in plant tissue, which causes toxicity
or an induced deficiency of other nutrients, such
changes may reflect a visual symptoms of plant
toxicity or a nutritional imbalance, which were
observed in this research (Figures 4a, 4b).

In this case, Aratijo & Machado (2006), indicate
the N dose must be well balanced in relation to
the quantity of other elements, which plant needs,
mainly phosphorus and potassium. Therefore,
the K dose of 40 kg.ha!, may not enough to
maintain an adequate nutritional balance.
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Figure 4. Camu-camu plants with and without symptoms of toxicity with doses of N, a) with plant toxicity; b) without plant toxicity.

Therefore, in the present study, the leaf
content of N is higher than those reported by
Viégas et al. (2004), who worked with camu-camu
seedlings under greenhouse conditions (16.9 to
18.2 g.kg! of N) and those found by Esashika,
Oliveira & Moreira (2011), working with organic,
mineral and leaf fertilization on adult camu-camu
plants (18 g.kg! of N).

As aresult, it has long been thought that these
leaf content of K was higher than those reported
by Viégas et al. (2004), who showed levels between
5.2 a 6.0 g.kg'!and also to those observed by
Esashika et al. (2011), who worked with mineral
fertilizer (6.05 g.kg! of K). Nevertheless, the result
of Ca is within those suitable for camu-camu
plants, since the ideal range for foliar contents
of this nutrient is from 7.1 g.kg! (Viégas et al.,
2004) to 11.7 g.kg! (Esashika et al.,, 2011).

This study evaluated the effects of N doses in
camu-camu plants and provides more accurate
and reliable estimates that there was no
antagonistic interaction between N and Ca up to
N doses of 105 kg.ha™!, since from higher N doses,
there was a decrease in Ca levels in camu-camu
plants. These results are comparable in variability
to the report by Amorim et al. (2015), who worked
with mineral nutrition in guava (Psidium guajava
L.) plants, where Ca concentrations in leaves
increased with increasing N doses.

With regard to P, Mg, and S, is believed to
be an outcome of fertilizations with P, Mg and
S, which did not promote modifications in the
foliar contents of these nutrients. Therefore,
accordingly to Amorim et al. (2015), the leaf
contents are not directly related to nutrient
concentrations in soil, but rather implies an effect
of the interaction with nitrogen fertilization. This
may be related to the higher nitrogen uptake in

relation to P, Mg and S or due to the dilution effect
caused by a faster growth of fertilized camu-camu
plants with higher N doses.

P content is within those indicated by Viégas
et al. (2004), for camu-camu plants (1.2 and 1.9
g.kg! of P). Ortega & Malavolta (2012), assure that
there is a synergy between N and P contents, and
there is a positive effect on P concentration in the
leaves as a result of nitrogen fertilization under
satisfactory conditions of mineral nutrition.

Accordingly to the results of Mg, it can be
affirmed that the urea application did not
negatively influence Mg content. Accordingly to
Ortega & Malavolta (2012), nitrogen fertilizer
applications reduce the symptoms of Mg
deficiency as well as an increasing in Mg content
of leaves. Accordingly to Viégas et al. (2004), the
foliar contents suitable for Mg are between 1.4
and 3.6 g.kg!. A possible explanation for this, is
the value found in this research, which met the
adequate quantities demanded by camu-camu
plants, being still higher than those found by
Esashika et al. (2011).

In relation to leaf content of S is lower than
those verified by Viegas et al. (2004), who
worked with mineral fertilization on camu-camu
seedlings (2.4 and 2.8 g.kg!). Based on the S
content found in this study, it can be stated that
the applied amount was not adequate to meet the
needs of camu-camu plants. However, Ortega &
Malavolta (2012), point out that the interaction
of N and S occurs in the form of synergism, that
is, the efficiency of sulfate fertilizer absorption
by crops can be maximized by the presence of
nitrogen and vice versa.
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Micronutrient contents

In relation to the foliar contents of B and Mn, can
be inferred that there was a decreasing in these
micronutrient concentrations due to a greater
dilution of these nutrients in the plant tissue and
an increasing of biomass production. This effect
is characterized when a relative growth rate of dry
mass is higher than a relative absorption rate of
the nutrient (Silva et al.,, 2014).

Concerning to B content, Viégas et al. (2004),
assure that an adequate B content for camu-camu
plants is ranged from 8.4 to 9.5 mg.kg!, which
a lower concentration is found in this research.
In this sense, Dechen & Nachtigall (2006), assert
that B deficiency in plants, present a lower leaf
concentrations of 15 mg.kg!, evidencing that
the evaluated plants by Viégas et al. (2004), had
achieved a deficiency in this nutrient.

As for the interaction between B and N,
Ortega & Malavolta (2012), cite these nutrients
and argue some degree of synergism, since an
adequate nutrition with B, is necessary for the
maintenance of root nutrient absorption due to
their direct contribution to a structural integrity
and functional properties of the cell membranes
in the root system.

The leaf contents of Mn, cited in this study
are higher than those reported by Esashika et
al. (2011), who worked with Organic, mineral
and foliar fertilization in camu-camu plants (131
mg.kg! of Mn), but verified values are within
those suitable for plant nutrition accordingly
to Dechen & Nachtigall (2006), who consider
an adequate concentrations between 20 and
500 mg.kg!'. However, Mn levels linked to plant
toxicity, are observed in plants established in
lowland soils under flooding and an inadequate
irrigation, since the availability of Mn?* is favored
under these conditions (Dechen & Nachtigall,
2000).

Conversely, Fe content was also higher than
those found by Esashika et al, (2011), when
registering 66 mg.kg! of Fe in camu-camu plants
with mineral fertilization. Fe contents found in
this study, are suitable for plant development,
once Dechen & Nachtigall (2006), mention that Fe
deficiency in plants, present leaf concentrations
lower than 10 mg.kg!. This demonstrates
that camu-camu plants is demanding in Fe
and this nutrient was adequately supplied by
soil fertirrigation system. In addition, Ortega
& Malavolta (2012), maintain that Fe and N
contents, show synergism and when these are
applied together in adequate doses, the effect
on plant production is better than when applied
separately.
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The leaf content of Cu determined in this
research is not considered adequate for plants
accordingly to Dechen & Nachtigall (2006),
due to leaf concentrations lower than 4 mg.kg!
demonstrates a deficiency of this element. On the
other hand, concentrations above 20 mg.kg! of
Cu, generate symptoms of plant toxicity, which is
a factor to be considered in this study. However,
regarding to N excess, Ortega & Malavolta (2012),
mention that Cu and N, present antagonism,
since one of them can decrease the absorption
of the other and vice versa.

The leaf content of Zn verified in this research,
was superior to that determined by Esashika et
al. (2011), in camu-camu leafs (24 mg.kg!), who
worked with organic, mineral and foliar fertilizers.
Dechen & Nachtigall (2006), consider that leaf
contents less than 25 mg.kg! are plant-deficient.
With the obtained results, can be verified that
Zn leaf contents were not affected by N doses,
corroborating with Ortega & Malavolta (2012),
who affirm that there is a synergism among these
nutrients.

In this research, foliar nutrient contents in
the camu-camu plants obeyed to the following
decreasing order: N> Ca> K> Mg> S> P> Mn>
Fe> B> Zn> Cu, respectively. These results are
similar to those found by Esashika et al. (2011)
and Viegas et al. (2004). However, they were
higher than those found by the authors. Thus,
it is stated that the amounts of fertilizer applied
in the conduction of the work were enough to
establish an adequate plant nutrition program for
camu-camu plants up to the maximum efficiency
of N dose.

In addition, another factor to consider is the
fertirrigation system used, since it provided
favorable conditions for higher nutrient absorption
as a function of the application in the area of
higher root concentration (Eloi et al., 2007).

Among the micronutrients most required for
the initial development of camu-camu plants, the
most outstanding are Fe, Mn and Zn, respectively,
demonstrating that inadequate supply of these
nutrients can contribute to a reduction in plant
development. In relation to B, this step was not
finally required. However, it is expected that in the
flowering stage, the concentration of this nutrient
is higher, as it occurs in other fruit trees (Laviola
& Dias, 2008).

Conclusions

Nitrogen doses higher than 128 kg.ha! cause a
decrease in the biomass of camu-camu plants in
the initial phase of plant growth.

The amounts of fertilizer applied to the ca-
mu-camu plants were enough to establish an



adequate plant nutrition, up to the maximum
efficiency of N doses. The nutrient contents are
adequate for an adequate plant development of
camu-camu plants in the first year of cultivation.
The macro and micronutrients determined in the
leaves were as follows: N> Ca> K> Mg> S> P> Mn>
Fe> B> Zn> Cu, respectively.
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