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ABSTRACT

Myrciaria dubia (Myrtaceae) is a shrub that produces fruits with high concentrations of ascorbic acid (1380 to 1490 mg 100
g of pulp and 2050 mg 100 g of peel), 20 times more than acerola and 100 times more than lemon. Native to the Amazon
region, it occurs naturally on the seasonally-flooded banks of lakes and rivers, but also has been cultivated commercially in
terra firme. In this study, phenological observations and fruit yield evaluations were carried out in a natural population of
camu-camu in a floodplain habitat and a plantation in terra firme in central Amazonia. Biweekly visits were made over one
year to collect data on flowering, fruiting and leaf phenology. At the height of flowering, flower buds were marked and tracked
until fruit matured and were harvested for biometrics and seed counting. Fruits varied from 1.01 to 2.73 cm in diameter
and 1.14 to 10.87 g in weight and fruit production was higher in the wild stand. Phenology differed between habitats and
phenophase synchrony was higher in the natural population. Despite being native to flooplain forests, fruit production in terra
firme occurred throughout the year, suggesting that there are few restrictions on fruit development in cultivated plantation.
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Comparacao da fenologia e producao de frutos de camu-camu (Myrciaria
dubia) entre uma popula¢ao natural e uma planta¢ao na Amazonia-
central, Brasil

RESUMO

Myrciaria dubia (Myrtaceae) é um arbusto que produz frutos com altas concentracoes de 4cido ascérbico (1380 a 1490 mg
100 g! na polpa e 2050 mg 100 g na casca), 20 vezes mais que a acerola e 100 vezes mais que o limao. Nativo da regido
amazonica, ocorre naturalmente em ambientes sazonalmente inundados, nas margens de lagos e rios, mas também ¢ cultivado
comercialmente em terra firme. Neste estudo, observagoes fenoldgicas e avaliacio da produtividade de frutos foram realizadas
em uma populagio natural de camu-camu em ambiente inunddvel e em uma plantagio em terra firme, na Amazonia central.
Visitas quinzenais foram feitas durante um ano para coleta de dados sobre floracio, frutificacdo e fenologia foliar. No auge da
floragio, os botoes florais foram marcados e acompanhados até a maturacio dos frutos, que foram colhidos para biometria e
contagem das sementes. Os frutos variaram de 1,01 a 2,73 cm em didmetro e 1,14 a 10,87 g em peso, com maior produgio
de frutos em ambiente natural. A fenologia diferiu entre os habitats e a sincronia das fenofases foi maior na populagao natural.
Apesar de ser nativo de florestas inunddveis, a producio de frutos em terra firme ocorreu ao longo do ano, sugerindo que hd
poucas restri¢des para o desenvolvimento de frutos em cultivo.

PALAVRAS-CHAVE: floragio, produgao de frutos, floresta inunddvel, terra-firme, Myrtaceae

INTRODUCTION ascorbic acid (1380 to 1490 mg 100 g of pulp and 2050 mg

100 g* of peel), which is about 20 times more than in acerola,
Malpighia emarginata DC., and up to 100 times more than
fruit species diversity (Chagas ef #/. 2014). Among these, the lemon, Citrus limon (L.) Osbeck (Vidigal ez al. 2011). It
camu-camu, Myrciaria dubia (Kunth) McVaugh (Myrtaceae)  also contains B-carotenes, phenolic compounds, some amino
stands out, as it produces fruits with high concentrations of acids and minerals (Barros ¢z a/. 2018). Therefore, the pulp of

The Amazon rainforest is an important center for global

CITE AS: Ferreira, GA.C,; Barnett, APA,; Krug, C. 2021. Phenology and fruit set comparison of camu-camu (Myrciaria dubia) in a natural population
and a plantation in the central Amazon, Brazil. Acta Amazonica 51: 91-101.
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camu-camu and its various by-products have aroused interest
in several commercial sectors (Yuyama ez /. 2002).

Camu-camu is a shrub reaching up to 7 m in height (Barros
et al. 2018), with axillary inflorescences, hermaphroditic
polystemous flowers with inferior ovary, white petals and a
pleasant sweet smell (Maués and Couturier 2002). Flowers
last for a single day, pollen grains are small compared to
other Myrtaceae and have a dry, granular, surface (Maués and
Couturier 2002). Individual camu-camu shrubs fruit annually.
The fruit is a rounded smooth and shiny berry, with a red to
purple hue when ripe (Barros ez al. 2018).

Camu-camu is widely distributed in the Venezuelan,
Peruvian, Colombian and Brazilian Amazon. It occurs
naturally in seasonally-flooded environments, such as
floodplain forests, and along the banks of lakes (Maués
and Couturier 2002). Camu-camu was first commercially
cultivated in Peru, which remains the largest producer and
exporter of these fruit (Abanto-Rodriguez ef al. 2014). In
Brazil, camu-camu cultivation is concentrated in the states
of Amazonas, Pard and Sao Paulo (Silva and Oliveira 2018).
The species is considered to be in the process of domestication
(Pinto et al. 2020).

Studies of phenophases and their variability provide
important data for the improvement of fruit productivity
and quality, as phenological patterns of tropical species
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are associated with abiotic factors, including rainfall and
temperature (Marques et al. 2004), and every plant species
behaves differently under particular environmental conditions
(Segantini ez a/l. 2010). It is necessary to monitor phenological
patterns of a species, not only to understand its life cycle, but
also how phenology influences the activity of pollinators,
dispersers, herbivores and pathogens that interact with the
plant community of which that species is part (Wallace and
Painter 2002).

In the Brazilian Amazon there has, to date, been no
comparison of the phenology and fruit set of natural and
cultivated populations of camu-camu. Therefore, our
objectives were to: (i) compare the phenological aspects of
camu-camu in floodplain and terra firme environments; (ii)
compare the number of fruits produced in each area; and (iii)
quantify the characteristics of the fruits in each area.

MATERIAL AND METHODS
Study area

Observations were made in two locations in Amazonas
state, Brazil (Figure 1): (1) native habitat of the species in
a floodplain area, located at Chécara Mariju (3°5°39.37”S;
60°22’11.08”W), at km 29 along state highway AM-070, in
the municipality of Iranduba, where a large natural mono-

Iranduba

Figure 1. Location of the two camu-camu, Myrciaria dubia study sites along the AM-070 highway, Amazonas state, Brazil. A — Chacara Mariju, Iranduba municipality;
B — KXK Agroindustria, Manacapuru municipality. Modified from Google Earth. This figure is in color in the electronic version.
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specific population grows along the shore of the Negro River.
The area is subject to seasonal flooding during the high
water of the river, as is characteristic for the region (Pires and
Prance 1985); and (2) a camu-camu plantation in an area of
terra firme (terrain that is never flooded) belonging to KXK
Agroindustry (3°14’17.09”S; 60°36'1.31”W), at km 70 along
state highway AM-070, in the municipality of Manacapuru.
The plantation comprises approximately 1,800 individual
camu-camu plants of varied origin that were planted in 2007.
The native population does not receive any type of cultural
or pruning treatment. The plantation receives minimal
treatments and maintenance, including chemical fertilization
and pruning at least once a year, and the elimination of weeds
between the planted rows, without using pesticides, according
to the landowner.

The regional climate is classified as Af (tropical humid),
according to the Képpen (1948) classification, characterized
by an average annual temperature of 26° C, with the coldest
month temperature exceeding 18° C, and annual average
precipitation greater than 2,500 mm. Highest temperatures
occur between August and October. April and October are the
months of transition between the seasons. In 2019 it reached
approximately 35° C in October. Highest rainfall occurs in the
first quarter of the year, and in 2019 rainfall reached 1028.8
mm (INMET 2019).

FERREIRA et al. Camu-camu phenology and fruit set in central Amazonia

Phenology

To record phenological patterns (Figure 2), 20 individuals
in the natural population and 52 from the plantation were
marked and monitored during visits every other week for
13 months (August 2018 to September 2019). The sample
size in the natural population was limited by the individuals
that could be assessed at high water level. The following data
were recorded: flowering (presence of floral bud or flowers),
fruiting (green fruits, ripe fruits, drop fruits) and leaf changes
(new leaves, old leaves and leaf drop). Each evaluated plant
located in an area received a number from 0 to 4 based on
crown cover, where 0 = phenophase absent, 1 = 1 to 25%, 2
=26 t0 50%, 3 = 51 to 75%, and 4 = 76 to 100%, based on
the methodology of Fournier (1974). A voucher specimen was
deposited in the herbarium of Instituto Nacional de Pesquisas
de Amazonia (Accession number 287337).

Fruiting

At the peak of flowering (October-December), 100 flower
buds (25 buds per branch) were randomly selected and
marked on 10 different camu-camu plants (total = 1000
flower buds) in each population. Buds were individually
identified with loops of colored ribbon and were monitored
every 15 days until fruits matured. Once mature, fruits were
harvested and individually identified by the number and

Figure 2. Phenological aspects of camu-camu, Myrciaria dubia. A — flower buds; B — flowers; C — green fruits; D — mature fruits; £ — leaf drop; F — new leafs; G — mature

leafs. This figure is in color in the electronic version.
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branch of the plant, and harvest date. Fruits were harvested
when their color reached red to dark purple, an indication
of the final stage of maturation (Barros ez a/. 2018). Fruits
were individually weighed on a digital scale, and measured
for maximum diameter with a caliper. The number of seeds
per fruit was counted.

Meteorological data

Rainfall, temperature and relative humidity data for the period
of phenological observations were obtained from Instituto
Nacional de Meteorologia (INMET, www.inmet.gov.br). For
Iranduba, we used data from the Conventional Meteorological
Station in Manaus, approximately 34 km south of the study
site, the station closest to the study site. For Manacapuru,
we used data from the Automated Meteorological Station at
Manacapuru.

Data analysis

For phenology, the activity index was calculated as the
percentage of individuals in the population with a given
phenological stage per month. Phenophase intensity was
calculated via a Fournier index (Bencke and Morellato 2002),
described as

% Fournier = }, (Fi)/4N x 100 (1)

where:

Fi = sum of individual Fournier intensity categories; N = total
number of observed plants.

A mixed linear model was used to minimize the difference
in sample sizes, as it allows for nested random effects and the
residues can be correlated (Pinheiro ez al. 2007). For analysis
of flowering the presence or absence of flowers was used, and
for analysis of fruiting, the presence or absence of ripe fruits
was used. We combined the phenological observations per
month with the corresponding climatic data for each study
area, and modeled the relationships between the variables
using mixed linear effects (Ime). For each interaction, climatic
variables were used as an explanatory variable (fixed effects),
while phenophases of individuals were used as a response
variable (random effect) based on the model (2).

Models were built using the “nlme” package in statistical
program R Version 1.1.463 (Pinheiro er /. 2007; R
Development Core Team, 2012).

Flowering or Fruiting=a +b_+B*CV + ¢ 2)

where:

o = fixed intercept; b_ = environment individuals observations;
B = angular coefficient of each environmental variable; CV =
climatic variable (rainfall, temperature and humidity relative);

¢ _model error (residuals)
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Fruiting success (the proportion of flowers that developed
ripe fruit) was calculated for each area as the ratio between
the number of ripe fruit and marked flowers. From the
information provided from harvested fruits, dispersion
measures for size, weight and number of seeds were calculated.
A Spearman coefficient (S) was used to evaluate the correlation
between weight and diameter (p < 0.05), using per plant data
from each separate area. Statistical analyzes were performed

using the R program (R Development Core 159 Team, 2012).

Mean fruit weight and diameter per camu-camu individual
were calculated and converted into categories for comparison
between areas: light (0 to 2.5 g and 0 to 0.8 cm), medium
(2.6 to 5 gand 0.9 to 1.6 cm) and heavy (5.1 to 7 g and
1.61 to 2.4 cm). For seeds, the categories were the number
of seeds per fruit.

RESULTS

Both precipitation and phenology patterns differed between
the natural population and plantation. In the floodplain area,
precipitation showed two annual peaks, between December
and January, and in May, while in the terra firme area there
was a single peak during February-March. It rained heavily in
both areas between December and May. In the floodplain area,
rainfall remained above 250 mm in these months, but in the terra
firme area rainfall started above 350 mm and declined rapidly in
February (196 mm), then gradually increased again until May.

Flowering

In the natural population, flower buds formed between
October and February. Synchrony among individuals was
higher in November and December, at the beginning of the
rainy season, when 80% of the shrubs had flower buds at
the same stage of development. The Fournier index was also
higher in these two months, reaching 23.8% in November
and 33.1% in December (Figure 3a).

In the plantation, flower buds formed in almost every
month of the study period, except February and August
2019. Flower bud production was highest in October, when
the Fournier index reached 36.8%. In June and July, the
Fournier index was 8.89% and 5.28%, respectively. In the
other months, the index did not exceed 5% (Figure 3b).

In the natural population, flowering occurred only
between November and January, coinciding with the period
of increased rainfall. Flower buds started opening before river
water levels began to rise in November. By December, when
the rainfall peaked at 349.7 mm, almost all the camu-camu
plants were in bloom. Flowering during the rainy season in
December (activity index 72.5%), was followed by a swift
decline with no flowering at all in March (Figure 3c).

In the plantation, camu-camu flowered throughout almost
the entire study period and flowering peaked between October
and January, when the Fournier index and activity indices
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Figure 3. Flowering phenology of camu-camu, Myrciaria dubia from August 2018 to September 2019 in two populations in Amazonas state, Brazil, shown as the activity
index and the Fournier index for flowering phases. A, C — natural population on a floodplain terrain; B, D — plantation on terra firme; A, B — flower buds; C, D — flowers.

The line shows the monthly rainfall.

reached their highest values (Figure 3d). Some individuals
bloomed during the warmer months of September (36 °C),
October (36.9 °C) and November (36.4 °C), and others did
so during the transition between high rainfall and falling
temperatures in December (33.1 °C). A second, lower
intensity, flowering peak followed in June (33.8 °C) and
July (34.1 °C), a period with slightly lower temperatures and
moderate rainfall. Flowering showed a gradual increase from
October to the peak in December, and then declined rapidly
before beginning to flower again in April (Figure 3d).
Fruiting

In the natural population, green fruit production was observed
between December and March, when the river began to rise
and production gradually increased until reaching a peak
in February, with a subsequent slow decline (Figure 4a).

In contrast, green fruits were produced continually in the
plantation, with constant monthly activity of around 11% of
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individuals. The highest activity and Fournier index for fruit
production occurred simultaneously, between December and
April (Figure 4b).

Ripe fruits were observed between January and May in the
natural population. Production peaked in March, when almost
all individuals had ripe fruit. In May there was an abrupt
decline in production, followed by the absence of mature fruit
in the following month (Figure 4c). In the plantation, ripe
fruits were observed year-round in above 12% of individuals
per month. The highest percentage and intensity of fruit
production occurred simultaneously, between January and
April (Figure 4d).

In the natural population, ripe-fruit drop occurred
between January and April. The maximum activity index was
25% of individuals in February (Figure 4e¢). In the plantation,
ripe fruits were observed falling in almost every month, except
August (Figure 4f).



ACTA

AMAZONICA

FERREIRA et al. Camu-camu phenology and fruit set in central Amazonia

Emu A 400
x 30 350
E a0
'E T L 300
5 6o ®o g
[ =
= 50 L 200 =
= =
& 40
s 150 £
30 =
E 100
= 20
ﬁ 10 ﬂ s0
U T T T T L Iﬂl L T D
A5 O0OMND 1 FMAMI 1 &S
Month
mFOURNIER BACTMITY
Eluu . - 400
w90 350
£ a0
£ L 300
7o
5 B0l basog
£
%osn Fozoo =
= =
# 40 A L=
o [
o 30 [
= L 100
é 0
=W 50
2 . a1
AS ONDI FMAMI L AS
Month
W FOURNIER BACTNVITY
# 100 400
o
& 304 E
T 50 300
E 7o - —_
S 6o -0 E
Y osp w02
# 40 150 E
0 [
a 30 - i
= 100
£ 0
= 1p | =0
T o0 dl dl 0
ASOHND I FMAMI I &S
Morth
B FOURMIER DACTVITY

~100 - 400
£ B
ﬁ El o1
£ % 300
.E 0
- J 250
= bD —_
o ,f" £
= 5D 200 =
8 T
g‘m 150 E
= 30 =
= 100
&0
ﬁ 10 50
0 . - 1]
A5 O0ONDJFMAMI I AS
Motk
W FOURNIER AT MITY
Emu 5 - 400
a0
&0
&
S a0
= 1 - 300
& 70 /1
E w /' g
=] £
L5 200 =
F E
# 40 - 150 2
i
= 100
£ 2
= L0
£w J“]

34 Al ml, LA A e 0
AS OMNDJFMAM 1 A s
tarith
BFOURNIER BACTNITY
& 100 - 450

=oan Fl
'§ - 400
= 350
E 300 _
a 60 4 =
L 250
oo =
= 200
¥ 40 =
150 5
é Ll [
£ o 100
:‘E 10 - ﬂ J:|- E0
F o+ AANBUNENA o,
ASOMNDIFMAMI I AS
Month
W FOURNIER BACTIVITY

Figure 4. Fruiting phenology of camu-camu, Myrciaria dubia from August 2018 to September 2019 in two populations in Amazonas state, Brazil, shown as the activity
index and the Fournier index for fruiting phases. A, C, E = natural population on a floodplain terrain; B, D, F — plantation on terra firme; A, B — green fruits; C, D — mature

fruits; E, F — drop fruits. The line shows the monthly rainfall.

Leaf phenology

In the natural population, the greatest variations in the
Fournier index were associated with leaf phenology. In August
2018, the shrubs had a high incidence of new leaf flush, which
then decreased over subsequent months. From February to
April, during rainfall peaks, monitored individuals almost
exclusively bore mature leaves. As the water level subsided,

96 VOL.51(2) 2021: 91 - 101

the shrubs lost their leaves. From May onwards, intensity of
new leaf production began to increase (Figure 5a).

In the plantation, the Fournier index for mature leaf
intensity was almost always higher than that of new leaves.
August and September 2019 were the only months when the
opposite occurred, driven by a peak in new leaf production.
Partial leaf loss occurred in all the months, with little variation
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Figure 5. Leaf-drop phenology of camu-camu, Myrciaria dubia from August 2018 to September 2019 in two populations in Amazonas state, Brazil shown through
the Fournier index. A — natural population on a floodplain terrain; B: plantation on terra firme. NL — new leaves; ML — mature leaves; LD — leaf drop. The line shows the

monthly rainfall.

among individuals and an average monthly leaf loss of
approximately 35% (Figure 5b).

In the natural population, flowering was linearly related
to temperature and relative humidity, with fruiting linearly
related to rainfall. In the plantation, flowering was linearly
related to rainfall and relative humidity, and fruiting was
linearly related to rainfall, relative humidity and temperature.
The effects were strongest for camu-camu in the plantation,
where more environmental variables were significantly related

to phenophases (Table 1).

Fruit production

After flower buds were marked in December, the second
evaluation after fifteen days, in January, recorded 361 fruits in
formation in the natural population and 304 in the plantation.
In the natural population, 60 ripe fruits were collected
between February and March, resulting in a fruiting success
rate of 0.06%. In the plantation, 20 fruits were collected

Table 1. Parameters of linear mixed effects (Ime) models to assess the effects
of rainfall, temperature and relative humidity on flowering and fruiting in two
populations of camu-camu, Myrciaria dubia. C. flowering and C. fruting: coefficient
of fixed effects.

between January and February, resulting in a fruiting success
rate of 0.02%. Overall, the 80 fruits resulted in a mean fruit
set rate of 0.04%.

In the natural population seed number and fruit weight
varied more than fruit diameter (Table 2). Spearman’s
correlation coefficient (S) between fruit size and weight was
positive and highly significant (S= 0.96, p < 0.01). In the
plantation, fruit weight varied more than other parameters
(Table 2). Spearman’s correlation coefficient (S) between
fruit size and weight was positive and highly significant (S=
0.90, p < 0.05).

Most of the fruits harvested on the plantation were
classified as light or medium, while in the natural population
the majority were heavy, with one to four seeds (Figure 6).
Fruits of individuals in the natural population were the only
ones to have three or four seeds, but most had two (about
48%). In the plantation one-seeded fruits predominated.

Table 2. Weight and diameter of fresh fruits and number of seeds per fruit in
camu-camu, Myrciaria dubia collected in a natural population and plantation in
Amazonas state, Brazil. Values are the mean + standard deviation followed by the
minimum and maximum; CV= coefficient of variance; N seeds = number of seeds.

Studysite  C.flowering F-value p-value C.fruiting F-value p-value Aspect Mean + 5D Min Max V(%)

Natural )

population Natural population

Rainfall 0.001 3058  >0.001 0.001 17106 <0.001 Fruit weight (g) 6.07 £2.18 121 10.87 35.88

Temperature 0.078 62.25 <0.001 0.047 16.08  >0.001 Fruit diameter (cm) 2.14+0.33 1.20 273 15.27

I 0010 4097 <0001 0001 11474 >0001 N seeds 1682077 1 4 4632

humidity

Plantation Plantation

Rainfall 0.005 2871 <0.001 0.001 131.95 <0.001 Fruit weight (g) 362+ 1.55 1.14 6.71 42.93

Temperature 0.013 4.84 >0.001 0.081 14045  <0.001 Fruit diameter (cm)  1.82+0.36 1.01 2.60 20.07

Relative

o 0.004 13.08  <0.001 0.014 96.54  <0.001 N seeds 1.05+ 024 1 2 2291
97 VOL. 51(2) 2021:91 - 101
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Figure 6. Variation of weight and diameter and seed number in camu-camu, Myrciaria dubia fruits collected in a natural population and a plantation in Amazonas

state, Brazil. The line shows the monthly rainfall.

DISCUSSION

Synchrony was greatest in plants in the natural population, while
the environmental variables analyzed had a greater influence
on the phenophases in the plantation, where temperature and
relative humidity were correlated with flowering. The higher
the temperature, the more flower loss occurred (Farro et al.
2010). Phenology in the natural population depended on the
river level, as natural flowering occurs when the water level is
low, exposing the branches to the sun (Rodrigues ez a/. 2001).
Thus, although the rainiest month was March 2019, and the
relative humidity is generally high, this did not correlate with
the increased production of buds or flowers, as some of the
shrubs were already partially submerged.

The Fournier index for fruit presence was higher than the
index for flower presence in both areas. This is probably due to
the short flowering duration in camu-camu (one day) (Maués
and Couturier 2002), so that some flowering events were likely
missed as a result of the 14-day intervals between sampling
sessions. In February, the number of plants with green fruits in
the natural population had increased by 90% when compared
to January, coinciding with a rise in river level. In March, 90%
of marked fruit were ripe, indicating that the rate of loss during
maturation was small. Fruits are expected to ripen during the
flooding period, since fish seem to be the main natural dispersers
of camu-camu (Yuyama and Siqueira 1999).

Although camu-camu is a native floodplain species, fruit
production in the terra firme plantation occurred throughout
the year, suggesting that this species has managed to adapt
effectively to this habitat. In Peru, individuals planted in 1997
had highest yields in the first few years, with a subsequent
decrease. This was due to competition for space, light and
nutrients, which was corrected with manual and chemical
pruning, and fertilization, producing positive results for
flowering and fruit production per plant (Abanto-Rodriguez
et al. 2014). The systematic and regular adoption of these
practices in cultivation can prevent decreases in productivity.
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'The natural population was reproductively active during
a four-month period in 2019, and maximum fruit-bearing
capacity (activity index = 25%) coincided with the maximum
height of the river, a relationship which has also been noted
in other floodplain species (Kubitzki and Ziburski 1994).
This activity index was much lower than that recorded
during fruiting peak in the terra firme plantation, which is
likely due, at least in part, to the difficulty in evaluating this
phenophase in the flooded habitat of the natural population,
where a good part of the ripe fruit fell into the water, where,
most probably, they were rapidly consumed by fish (Yuyama
and Siqueira 1999).

At both sites, plants continuously lost a portion of their
leaf cover over the course of several months, a behavior also
described by Maués and Couturier (2002) for populations
in Belém, in the neighboring state of Pard, indicating that
the species is semi-deciduous. In the natural population,
the majority of leaves were lost at the peak of flooding,
when plants were partially or totally submerged. Leaf loss
is a common response to flood-based hydric stress (Xu ez
al. 2010). At the terra firme plantation site, leaf change was
much more uniform across the study period, with leaf loss
and replacement recorded in all months, thus differing from
the pattern observed in the natural population.

Our sampling design implies that a portion of the mature
fruits that fell to the ground in the 14-day period between
visits were lost, resulting in an underestimation of fruit
production in both areas. In the natural population, all fruit
that fell from flooded plants were lost. In the plantation,
other undetermined factors could have lead to fruit loss,
such as physiological and nutritional aspects, and the impacts
of competition, wind and rain (Farro ez 2/. 2010). Even so,
production was three times greater in the natural population.
Similar results were observed by Maués and Couturier (2002)
for camu-camu populations in Pard, when comparing data
from cultivated plants with that of natural populations
provided by Peters and Vasquez (1987). In camu-camu under
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cultivation in Peru, only 25% of the fruits reached maturation,
even though the population produced large numbers of ripe
fruits, as abortion rates per individual were high, reducing
total production potential (Farro ez a/. 2010).

Most fruits were ready to be harvested three months
after flower bud marking, which lies within the expected
developmental period of 70 to 100 days (Castro ez al. 2018).
In the plantation, while the largest fruits were harvested four
months after marking, these were smaller than those from
the natural population. In Melastomataceae, the dynamics
of pollinator visits influence reproductive success (Fracasso
and Sazima 2004), which may also occur in other tropical
families. In our camu-camu sites, the higher fruit production
in the natural population could be related to that pollination
was more efficient in this area.

In the plantation, fruit production occurred in all the
months of the study, although in a non-uniform way, as
the highest production occurred during the five months of
moderate to highest rainfall, with peaks that mirrored the
phonological cycle observed in the natural population. Water
availability is essential for the development of fleshy fruits
(Aratjo et al. 2009), which explains the higher yield in the
rainier months in terra firme. The provision of an irrigation
system for the camu-camu terra firme cultivation may be
necessary to improve production. Fruit production may also
be restricted by plant nutritional status, an aspect which
should be investigated in future studies to test whether there
is a lack or excess of nutrients, such as phosphorus, in the
soil on which these plants are growing (Martinez e a/. 2003;
Malhotra ez al. 2018).

In the natural population site, rainfall remained high
between December and May, while at the terra firme site,
rainfall declined over the same period, and this may have
generated water stress and contributed to lower productivity.
Such events can directly influence fruit production (Berman
and DeJong 1996). In addition, transpirational water loss is
also an important component of water balance in fruits of
some species, and is important in determining harvest quality
criteria, including fruit size (Lescourret ez al. 2000).

Combining data from both areas, fruit weight varied
from 1.14 to 10.87 g, lower values than those found in
native populations in the northern Brazilian state of Roraima
(Yuyama ez al. 2002). As with other plant species, such
extensive variation may be associated with geographic variation
in genetic makeup, degree of maturation and environmental
characteristics (Gusmio et /. 2006). In addition, camu-
camu is pollinated primarily by bees, which are sensitive to
environmental changes (Peter and Vazquez 1987; Maués
and Couturier 2002; Oliveira ez a/. 2014). In camu-camu, a
high diversity of native bees has been associated with higher
productivity (Delgado ez a/. 2020). In a comparative study
between naturally occurring and cultivated acaf palms (Euterpe

99 VOL.51(2) 2021: 91 - 101

FERREIRA et al. Camu-camu phenology and fruit set in central Amazonia

oleracea Mart.), the density of native bees was lower in sites
under cultivation, which may have affected fruit production
(Campbell ez al. 2018). This may also have been the case in
our study. Another consideration is that plants can regulate
their energy budget (Moura ¢t /. 2010) and how the energy
is allocated to fruit and seed production, e.g. by producing
smaller fruits over longer periods, as occurred in the terra
firme plantation.

For seed number, the minimum number of pollen grains
required for maximum seed production per fruit under
natural conditions is equal to the maximum number of seeds
(Ne’eman ez al. 2010). Consequently, it is likely that camu-
camu pollinators at the plantation site may not use all the
available pollen and the prior or simultaneous deposition of
self-incompatible or closely-related pollen may interfere with
the ability of plants to use better quality pollen, resulting in
reduced seed set (Ramsey and Vaughton 2000).

Information on the biometric variation of fruits is
important for crop improvement and development of cultivars
to enhance fruit size and quality for commercialization
(Zuffo et al. 2014). To increase production further in camu-
camu terra firme plantations, it will be important to select
individuals that produce fruits with the largest size and greatest
number of seeds. Since camu-camu is native to the Amazon
region, it can become a source of income for local producers,
and thereby benefit the regional economy.

Another important factor is the variation in the ascorbic
acid concentration in camu-camu, which is low in green fruits
and gradually increases as the fruit matures (Yuyama ez al.
2002). In addition to checking ripeness via pericarp color,
the positive correlation between weight and size showed that
the fruits can also be selected by either one of these variables,
as ripe fruits with larger diameter and weight are more
commercially attractive.

'The information generated in this study can also be used to
plan sustainable management practices to improve fruit yield
in terra-firme plantations, e.g., by planning weed management
(Ghersa 2010). We observed far more weeds in the plantation
than in the natural populations.

CONCLUSIONS

Based on our results, we can conclude that camu-camu
develops well as a crop cultivated in terra firme, but
shows much potential for improvement comparing to the
productivity of naturally occurring plants from the floodplain.
The adoption of different management measures may be
necessary to increase plantation productivity, such as the
implementation of an irrigation system, since camu-camu
flowering and fruiting are conditioned to climatic factors
such as rainfall and relative humidity. The data generated in
this study will be used as part of a management plan by the
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Empresa Brasileira de Pesquisa Agropecudria (EMBRAPA) and
will be made available to producers throughout the region.
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