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Abstract

Camu-camu is an Amazonian fruit that has high levels of vitamin C, however, there is a need to expand
knowledge to carry out systematic and consistent studies in the various fields of knowledge, and those related to
mineral nutrition. The objective of this work was to evaluate the nutritional and growth status of camu-camu by
the missing element technique and the use of liming, using as substratum a dystrophic Yellow Latosol of central
Amazonian texture. The experimental design was a randomized block design with four replications and 15
treatments: complete, liming omission, individual omission of N, P, K, Ca, Mg, S, Zn, Mn, Cu, B, Cl and Mo. of
the witness (natural soil). The characteristics evaluated were: height, neck diameter, leaf, stem, shoot, root and
total dry matter, relative growth, shoot and root ratio, and nutrient accumulation of shoot (leaf) dry matter. All
data evaluated were statistically significant. Liming and fertilization were necessary for acidic and low natural
soils when comparing the complete with the control. Ca and P were the most limiting nutrients, while omission
of N reduced the growth of seedlings. Based on total dry matter, the nutritional requirement of camu-camu was
in decreasing order: Ca>P>S>Cl>Cu>Mg>Z>K>Mo>Mn>B >N.
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1. Introduction

Camu-camu (Myrciaria dubia-Myrtaceae), native to the Amazon, is a shrub species naturally found along the
rivers of the region (Arruda et al., 2011; Pinto et al., 2013). Its fruits, with rounded characteristic, smooth surface,
coloration ranging from red to purple and size between 1.2 and 3.8 cm in diameter, have a vitamin C content of
between 1.7-3.0 g per 100 g of pulp, equivalent to 40 and 60 times the contents of orange and lemon pulps,
respectively (Andrade et al., 1995; Maeda et al., 2007; Neves et al., 2011; Pinto et al., 2013).

Due to this nutritional characteristic and the good natural productivity of up to 25 kg fruits/plant, camu-camu has
generated interest from the cosmetic, food and mainly pharmaceutical industry in Brazil and worldwide (Penn,
2006; Smiderle & Sousa, 2008; Baldeon et al., 2015). For the local population the consumption is not made “in
natura” due to its high acidity (pH < 3.5), being mainly consumed in the form of ice cream, juices, soft drinks
and liqueurs, while abroad, the fruit has been preferable for composition of beverages and vitamins (Penn, 2006;
Yahia, 2010; Grigio et al., 2016).

The production of camu-camu varies according to the landscape in which the plant is inserted. In the Amazonian
floodplains where soils are most fertile, it occurs every year, while in dry land areas where fertility is limited,
production can be biennial and even triennial (Yuyama et al., 2011; Chagas et al., 2015). According to Yuyama et
al. (2011), the guarantee of good nutritional quality fruits and the productive stability in the cultivation of
camu-camu on dry land can be achieved with soil correction, chemical and organic fertilizers, and adjustments
between crop requirements and what is required.

Studies on the cultivation and management techniques of camu-camu for agricultural purposes are initial,
therefore, further investigation of its nutritional requirements is necessary. It is consensus that high acidity, high
aluminum (Al) content, low natural soil fertility Amazonia and the lack of nutritional patterns of the species are
the main economic and scientific barriers to domesticated cultivation of this species (Yuyama et al., 2011;
Baldeon et al., 2015; Grigio et al., 2016).

Among the alternatives to verify the species requirements is the use of the missing element technique. According
to Malavolta (1980), it is a semi-quantitative reference technique that indicates the needs of the plant. Several
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studies have been performed with different species using the missing element technique (Silva et al., 2007;
Souza et al., 2010; Valencia et al., 2010; Viégas et al., 2013). These studies allow us to identify the order of
nutritional limitation for each species under study, as well as to determine research related to soil fertility and
plant nutrition for the crop. Thus, the objective of the present study was to evaluate the effect of liming and
nutrient omission on nutritional status and initial growth of camu-camu seedlings.

2. Material and Methods
2.1 Location and Experimental Design

The experiment was conducted in a greenhouse of the Department of Agricultural and Soil Engineering (DEAS),
Faculty of Agricultural Sciences (FCA) of the Federal University of Amazonas (UFAM). As substrate, a 20-40
cm deep layer sample was used from a dystrophic Yellow Latosol, of clay texture (Embrapa 2013), in order to
avoid influence of organic matter in the study. Collection was carried out in secondary forest areas under the
coordinates 03°06'04” south latitude and 59°58'34" west longitude and 268 m altitude, located in the South
Sector of the UFAM Campus. A randomized block design (DBC) with 15 treatments was used: Complete
(Liming + macro and micronutrients)}—T,; liming omission—T,; omission of N—Tj3; omission of P—Ty;
omission of K—Ts; omission of Ca—Tg; omission of Mg—T5; omission of S—Tjg; omission of Zn—Ty;
omission of Mn—Ty; omission of Cu—T;; omission of B—T,; omission of Cl—T3; omission of Mo—T},
and Natural Soil—Ts. Four repetitions were admitted, totaling 60 experimental units.

The soil used in the experiment was previously analyzed and the results regarding the chemical and particle size
attributes were: pH (H,O) = 4.3; P-Melhichl = 1.5 mg dm3; K=38 mg dm?; Ca = 0.10 cmol, dm’3; Mg =0.10
cmol, dm™; Al = 1.40 cmol, dm™; H + Al = 7.90 cmol, dm™; aluminum saturation = 87%, base saturation = 3%,
S-SO,> = 59.40 mg dm?; B =020 mg dm?3; Cu=10.20 mg dm?; Fe = 220 mg dm?; Mn = 9.20 mg dm?; Zn =
0.10 mg dm™ and organic matter = 12.0 g dm™. The particle size fractions correspond to: clay = 400 g kg™, silt =
300 g kg and sand = 300 g kg™

2.2 Experimental Conditions

Each experimental unit was composed of polypropylene pots without drainage pores with capacity for 4 dm-3 of
4.00 mm mesh sieved soil. For substrate correction, a mixture of CaCO; and (MgCO;),-Mg(OH),-4H,0 pa was
used in the Ca (4): Mg (1) stoichiometric ratio aiming to raise the base saturation to 60% (Natale et al., 2007).
Then the soil was incubated with moisture maintained at 60% of the total pore volume. Regarding T,, Ca and Mg
were supplied using non-corrective sources, CaSO, and MgSO47H,0, at a dosage of 200 and 60 mg dm™ Ca
and Mg, respectively (Allen et al, 1976; Malavolta, 1980). In T4, soil correction was performed with
(MgCO;)4Mg(OH),'4H,0, while in T; it was performed with CaCO;. In these two treatments the amount of Mg
and Ca corresponded to 576 and 921 mg dm™ substrate, respectively.

After incubation, all experimental units received a basic fertilizer adapted from Allen et al. (1976) and Malavolta
(1980) at the following rates: 100; 100; 500; 42; 0.8; 90; 1.5; 3.6; 0.15 and 5.0 mg dm? of N; P; K; S; B; Cl, Cu,
Mn, Mo and Zn, respectively. The following sources were used for: CO(NH,),; KH,PO,; K,SO,; KCI; CaSOy;
MgSO,7H,0; SO; K,SO4; ZnO; MnO; CuO; H;BO;; CaCly,2H,0; NaCl; KCI and H,MoO,. Nutrients were
applied as a solution, except for CaSO, reagents; SO, ZnO; MnO; CuO, which were supplied in solid form.

Camu-camu (Myrciaria dubia-Myrtaceae) seedlings were obtained via seeds, which were treated with Cercobim
fungicide (0.5 g L") (Filgueira, 2000). Sowing was performed in trays (0.60 x 0.30 x 0.8 m) containing inert
medium expanded vermiculite as substrate. When the seedlings reached around 10 cm in height (25 days after
emergence) the transplantation was done. Throughout the experiment, soil moisture was maintained at around
70% of field capacity. Complementary fertilization with 100 mg dm™ of N and K, respectively, was performed at
30, 60 and 90 days after transplantation.

2.3 Analyzed Variables and Statistical Analyzes

At the end of 150 days after sowing or transplanting, time necessary for the influence of the sources on the plants,
the following biometric characteristics were evaluated: plant height and stem diameter. Subsequently, the plants
were harvested and separated into stem, leaves and roots. The different parts were washed in distilled water and
dried in a forced air oven, with a temperature of 70 °C, until reaching constant mass. After drying, the stem dry
matter (STDM) mass was determined; leaf dry matter mass (LDM); shoot dry matter mass (SDM = STDM +
LDM); root dry matter mass (RDM) and total dry matter mass (TDM = SMD + RDM) and then the MSPA was
milled in a Willey mill to be chemically analyzed.

Based on the TDM, relative growth (RG) was obtained as a percentage by the following equation = (SDM
T/SDM C) x 100, where, SDM T = shoot dry matter obtained in each treatment and SDM C = matter dry part of
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the complete treatment. Extract preparation and analytical determination of nutrients N, P, K, Ca, Mg, Zn, Cu, Fe
and Mn were performed according to Malavolta et al. (1997). Based on nutrient content and shoot dry matter
yield, nutrient accumulation in the shoot was calculated.

2.4 Statistical Analysis

The obtained data were submitted to analysis of variance and, when the F was significant at the 5% probability
level, the means were compared by e Scott-Knott test, using the statistical program SAEG 9.1 (SAEG. 2007).

3. Results
3.1 Effect of Liming and Fertilization on Substrate

For the evaluation of the effects of soil correction and fertilization, the complete T;-treatment was used as
reference. The analysis of substrate chemical characteristics after incubation period showed the following values:
pH (H,O) = 5.2; P-Melhich 1 = 35.8 mg dm?; K = 66 mg dm?; Ca = 3.85 cmol, dm™; Mg = 1.00 cmol, dm’; Al
=0.15 cmol, dm™; H + Al = 4.29 cmol, dm™; aluminum saturation = 3%, base saturation = 54%, S-SO,* = 21.00
mg dm™; B =0.26 mg dm™; Cu = 0.12 mg dm™; Fe = 4.46 mg dm™; Mn = 0.40 mg dm™; Zn = 0.55 mg dm™ and
organic matter = 12.0 g dm>. These results demonstrate that there was a reduction in soil acidity promoted by
liming and improved nutrient availability by the addition of different fertilizers.

3.2 Effect of Treatments on Plant Nutritional Status

Regarding nutrient accumulation, in general, there was a positive and significant effect for all treatments, except
for N content (Table 1). On the other hand, the highest P accumulation values were observed when Zn, Mn, B
and Mo were omitted (Table 1), in treatments Ty, Tyo, T}, and T4, respectively. Regarding the K content in plants,
the highest values were found in T, T3, T7, Ty, T10, T11, T12, T13 and Ty4 (Table 1), in the complete treatment and
where N, Mg, Zn, Mn, Cu, B, C and Mo, respectively.

Regarding the absorption of Ca and Mg, it is noted that the highest values were verified in the treatments with
elements N and K (Table 1). In addition, higher Mg uptake was observed in treatments that omitted Mn, B and
Mo. Interestingly, the treatments that provided the highest S absorption values were those that were deprived of
N, Zn, Mn, Cu, B, and Mo (Table 1). Regarding micronutrient accumulation, it was found that, in general, the
highest values were found for the treatment that omitted N (Table 2). In addition, omission B provided the
highest accumulations of Cu, Fe, Mn, and Zn, while omission K caused a greater accumulation of Fe, Mn, and
Zn (Table 2). In the case of Fe, it is noted that the treatments T;, Ts, T, Ty, T19, T12 and T4 (Table 2). On the
other hand, the highest value of Cu accumulation was found in the omission of N, Mn, Cu and B (Table 2).
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Table 1. Accumulation of Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and
sulfur (S) in shoot dry matter of Camu-Camu (Myrciaria dubia-Myrtaceae) at 150 days of cultivation in a
greenhouse, due to nutrient omission and nutrient liming

Treatment N P K Ca Mg S
pg experimental unit”"

T, 31.17 3.89b 30.04 a 11.31b 2.83b 3.15b
T, 22.73 4990 22.80b 4.06b 2400 320b
Ts 39.03 540b 31.0la 2633 a 712 a 480a
T, 11.40 0.58 b 6.59b 4.03b 1.44b 0.80b
Ts 39.39 341b 8.59b 20.88 a 520a 3.73b
T 20.08 1.37b 2500 0.57b 1.60b 0.67b
T, 28.83 5.18b 3798 a 11.67b 1.82b 3.66b
Ty 24.40 4.18b 24710 6.35b 1.98b 2930
Ty 36.99 7.08 a 39.10 a 891b 3.03b 442 a
Tio 47.82 9.67 a 5138 a 10.23 b 40l a 6.73 a
Ty 2891 582b 3525a 6.80 b 2.66b 453a
T, 57.73 11.52a 6521 a 1331b 519a 6.99 a
T3 26.50 5.04b 28.04 a 6.39b 2.72b 3.07b
T4 46.37 10.72 a 51.01a 12.26 b 448 a 6.15a
Tis 11.96 1.08 b 10.03 b 1.75b 1.57b 1.04b

Note. T{-Complete (liming, macro and micronutrients); T,-liming omission; T;-omission of N; T4-omission of P;
Ts-omission of K; Te-omission of Ca; T;-omission of Mg; Tg-omission of S; To-omission of Zn; T10-omission of
Mn; Tj;-omission of Cu; Ti,-omission of B; Tj3-omission of Cl; Ti4-omission of Mo and Tis-natural soil
(Witness). Distinct letters in the same column differ by the Scott-Knott test at 5% probability.

Table 2. Accumulation of boron (B), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) in the dry matter of
Camu-Camu (Myrciaria dubia-Myrtaceae) shoot at 150 days of age greenhouse cultivation, due to nutrient
omission and liming nutrients

Treatment B Cu Fe Mn Zn
ng experimental unit”!

T, 45.07b 537b 113.51a 72.22b 33.79b
T, 30.53b 446D 51.81b 19.70 b 33.68Db
T 128.13 a 9.46 a 228.55a 180.64 a 65.36a
T, 22.19b 237D 4596 b 29.68b 12.64 b
Ts 72.70 b 4.69b 144.99 a 189.02 a 58.66 a
Te 05.70 b 1.64 b 22.50b 8.15b 6.61Db
T, 41.48b 6.11b 99.24 a 97.26 b 30.89b
Ty 32.51b 425D 60.25b 71170 20.80b
Ty 39.65b 486D 130.70 a 84.470 24770
Tio 49.30b 7.88 a 109.98 a 59.84b 34.16 b
Ty 40.47b 9.18a 90.55b 62.68 b 23.51b
T 38.64 b 12.05a 140.15 a 135.64 a 50.16 a
T3 32.99b 4.08Db 65.16b 52.15b 21370
Ty 65.01b 6.37b 104.26 a 105.86 b 35430
Tis 19.95b 343Db 4193 b 8.12b 19410

Note. T{-Complete (liming, macro and micronutrients); T,-liming omission; T;-omission of N; T4-omission of P;
Ts-omission of K; Te-omission of Ca; T;-omission of Mg; Tg-omission of S; Ty-omission of Zn; T10-omission of
Mn; T;;-omission of Cu; Ti,-omission of B; Tj;-omission of Cl; Ti4;-omission of Mo and T;s-natural soil
(Witness). Distinct letters in the same column differ by the Scott-Knott test at 5% probability. nd: Not
determined.

3.3 Effect of Treatments on Plant Nutritional Status

Significant effect (P < 0.05) was observed for all Camu-Camu biometric variables as a function of treatments,
except stem dry matter (Table 3). For the plant height variable, the treatments with liming and fertilization
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omission (Tis), as well as the omission of Ca (Ts) and P (Ts), presented the increment. On the other hand, for
stem diameter, the treatments less Ca and P were those that compromised the increase of this variable.

In relation to leaf, shoot and total dry matter, the treatments minus Mo, Mn, B and N showed the highest
increments. As for the root dry matter variable, in addition to these treatments mentioned above, the less Zn and
the complete treatments presented higher gains. However, when evaluating the shoot and root ratio, the least Ca
treatment was the one with the highest relationship. For all growth variables the lowest values were observed at
T (Ca omission) and T, (P omission), except for the SRL ratio at T¢ (Table 3).

The comparison between T; and T, and T,5 shows the importance of liming on the growth of the camu-camu root
system, because when the problems related to acidity were not corrected, the dry matter production of the root
system was lower (Table 3). It is observed that the greatest gains are provided by the interaction between liming
and fertilization, and the absence of liming promotes a reduction of about 20% when compared to the complete
treatment.

Table 3. Height, Stem Diameter (SD), leaf dry matter (LDM), shoot dry matter (SDM), root dry matter (RDM),
total dry matter (TDM), relative growth (RG) and shoot and root relationship (SRL) of camu-camu (Myrciaria
dubia-Myrtaceae) seedlings after 150 days of greenhouse cultivation, due to nutrient omission and liming

Treatment Altura DC LDM SDM RDM TDM RG SRL
cm mm s g experimental unit”! —------------—- %

T, 39.90a 344 a 095b 1.43b 1.44 a 2.87b 100 0.98b
T, 30.82a 291 a 0.71b 1.24b 1.15b 2390 83 1.13b
T; 50.35a 431a 193 a 3.00a 234 a 534a 186 1.25b
Ty 24.67b 2.10b 0.30b 0.56 b 0.34b 0.90b 31 1.61b
Ts 35.77a 3.03a 0.98b 1.75b 093 b 2.68b 93 1.85b
Ts 8.12b 1.33b 0.07b 0.28b 0.05b 033b 11 6.38 a
T, 4195a 3.62a 095b 1.58b 1.22b 281b 98 1.26b
Ty 34.17a 3.05a 0.70 b 1.16 b 1.05b 221b 77 1.19b
Ty 36.12a 3.58a 1.07b 1.66 b 1.56 a 323b 113 1.01b
Tho 4122 a 383a 140 a 221 a 1.89a 4.10a 143 1.15b
T 35.12a 3.19a 0.83b 1410 1.16 b 2570 90 1.16 b
T, 4325a 4.00a 1.69a 2.63a 2.04a 4.68a 163 1.39b
T3 29.60 a 3.05a 0.71b 1.22b 1.20b 2420 84 1.06 b
T4 49.59 a 3.89a 1.37a 2.19a 1.68 a 3.88a 135 1.25b
Tis 18.87b 3.08a 041b 0.68b 0.77b 1.46 b 51 0.88b

Note. T|-Complete (liming, macro and micronutrients); T,-liming omission; T3-omission of N; T4-omission of P;
Ts-omission of K; T¢-omission of Ca; T;-omission of Mg; Tg-omission of S; To-omission of Zn; T,y-omission of
Mn; T;;-omission of Cu; Ti,-omission of B; Tj3-omission of Cl; Tis-omission of Mo and T;s-natural soil
(Witness). Distinct letters in the same column differ by the Scott-Knott test at 5% probability.

Liming also affected the height of the Camu-Camu, which can be verified by comparing T, and T;s. However,
the application of macro and micronutrients correcting soil fertility, without the application of corrective (T,),
showed camu-camu seedlings with statistically equal height (Table 2). On the other hand, when evaluating only
the individual omission of nutrients, it is noticed that the camu-camu seedlings were negatively affected by the
omission of Ca (Tg) and P (T,). Regarding the smallest restrictions, it was observed that the omission of N was
the one that least affected the variables (Table 2).

Soil nutrient content related to RG from 80 to 90% has been considered the critical soil level (Cantarutti et al.,
2007). Table 3 shows that the omission of nutrients Ca, P and Zn will produce less than 80%, are with the most
limiting, because it caused the lowest rates (Table 2). Another aspect is the liming practice which is within the
considered range.

4. Discussion

The superiority of the complete treatment over the liming omission and the control were also observed by Souza
et al. (2010) in mahogany, Carlos et al. (2014) in Beijing and by Silva et al. (2015) in umbuzeiro. This
demonstrates the importance of liming and fertilization for early plant development (Prado, 2003; Souza et al.,
2010; Natale et al., 2012). In addition to decreasing soil acidity and Al*", this practice provides Ca and Mg to the
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soil, improves the activities of microorganisms, assisting in the mineralization of organic matter and nutrient
availability (Fageria & Baligar, 2008; Souto et al., 2008; Miguel et al., 2010; Gomes et al., 2011; Rendal et al.,
2011), contributing to plant development.

The major limitation of camu-camu development with Ca omission differs from the results found by Viégas et al.
(2004), who generally found N as the most limiting nutrient, but under nutrient solution conditions, while in the
present study the experiment was conducted under soil conditions. The smallest increases observed in
camu-camu biometrics due to omission of Ca and P may possibly be explained by the low levels of these
nutrients in the Amazonian soils (Falcdo & Silva, 2004; Vale Junior et al., 2011), affecting the increment of the
soil, root system and plant growth. Because Ca is an essential element for the maintenance and structural
integrity of membranes and cell walls (Malavolta, 2006). While P is related to important plant cell compounds,
including phosphate, respiration sugars and photosynthesis, as well as the phospholipids that make up plant
membranes (Taiz & Zeiger, 2004).

The highest relative growth of N-omission treatment (Table 3) over the other camu-camu variables were also
verified by Souza et al. (2010) in mahogany. This result of the present study may be due to the short
experimentation time and/or the need for N by the culture. Valeri et al. (2014), studying “Pau-Brasil”
(Caesalpinia echinata) found that the omission of N presented limitation to its growth only after 150 days of
transplantation. In addition, the inorganic N present in the soil or that originating from the mineralization of
organic matter that even with low content (Table 1) according to CFSEMG (1999) could be sufficient for the
establishment of the crop during this period. No visual symptoms of N deficiency were observed at T;s (natural
soil).

Regarding the accumulation of macronutrients, the lowest P content observed when P was omitted (Table 3) is
related to the content of this nutrient in the substrate, according to CFSEMG (1999) classified as very low. On
the other hand, the lower accumulation of K, Ca, Mg and S observed in Ca omission is related to lower values of
shoot dry matter in this treatment. The higher accumulation of Ca and Mg in the minus K treatment can be
explained by the fact that K omission caused a greater absorption of Ca and Mg, since these three nutrients
compete for the same absorption site (Malavolta, 2006). The largest accumulation of B with the omission of N is
probably related to the competitive inhibition existing between B and N (Malavolta, 2006).

5. Conclusions

The acidity and low soil fertility affect the growth of the camu-camu (Myrciaria dubia-Myrtaceae) seedlings,
mainly due to the low Ca and P levels in the soil. Liming promoted greater increments of camu-camu variables
in relation to their absence. Based on the results of relative growth of total dry matter the nutritional limitation of
camu-camu follows the decreasing order of: Ca>P > S > Cl > Cu > K > Mg > Zn > Mo > Mn > B > N. verified
visual symptoms of nutritional deficiency, therefore it is suggested to use longer experimental period of for this
purpose, mainly nutrient solution.
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