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Does a greater number of branches improve initial fruit production
in camu-camu? A test under different types of plantation
and cropping management
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Abstract — Introduction. The branches of camu-camu should start sprouting from its base, in order to be positively
related to a fruit yield increase. The objective of this study was to consider how plant growth and fruit yield varied
according to the plantation type and crop management system. Materials and methods. The growth of the crown and
fruit production under different types of plantations originating from cuttings, grafts or seedlings, and seed plantation
management: fertilization, pruning and planting different densities, were compared. Results and discussion. Cutting
plants formed more branches than those originating from grafting, regardless of the origin of the grafted scion. In seed
plantations, zero fertilization and pruning had no effect on the formation of basal branches, but pruning delayed fruit
production. Plantations with three plants per hole produced significantly greater numbers of basal branches, but further
evaluation is necessary to analyze the effect of this on fruit production. Conclusion. Cutting plantations are technically
more desirable than grafting ones because camu-camu trees have better branching from the base. In seed plantations,
the selection of plants for their abundant branching from the base is technically feasible. In addition, planting three
plants per hole seems promising for improving branching.
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Résumé — Un plus grand nombre de branches permet-il d’améliorer le potentiel de production fruitiere du
camucamu ? Expérimentation de différents types de plantation et de gestion des cultures. Introduction. Pour
étre plus productives en fruits les branches du camucamu doivent partir de la base de la plante. L’ objectif de cette étude
était d’examiner comment la croissance des plantes et le rendement en fruits variaient selon le type de plantation et le
systeme de gestion des cultures. Matériel et méthodes. Les parametres de croissance de la couronne et de production
de fruits ont été observés dans des plantations issues de plants bouturés, greffés ou de semis; et dans la plantation
issue de plants de semis, les effets de la fertilisation, de la taille et de la densité de peuplement ont été comparés.
Résultats et discussion. Les plantes issues de bouturage ont formé plus de branches que celles provenant de greffage,
indépendamment de ’origine du greffon. Dans les plantations issues de semis, 1’absence de fertilisation et la taille
n’ont eu aucun effet sur la formation de branches basales, bien que la taille a retardé la production de fruits. Les
plantations avec trois plants par trou ont produit un nombre de branches basales significativement plus grand, mais une
analyse plus approfondie de I’effet de ce traitement sur la production de fruits est nécessaire. Conclusion. Utiliser des
plants bouturés est techniquement plus souhaitable que des plants greffés pour une meilleure ramification basale des
camucamu. Dans les plantations issues de semis, la sélection des plantes pour leur ramification basale abondante est
techniquement envisageable. De plus, implanter trois plants par trou s’est avéré une pratique prometteuse qui améliore
la ramification.

Mots clés : Brésil / Amazonie / camucamu / Myrciaria dubia | gestion des cultures / fructification / taille de formation
des arbres

* Corresponding author: fedormath@hotmail.com


http://www.edpsciences.org
http://dx.doi.org/10.1051/fruits/2015045
http://www.fruits-journal.org
http://www.ocl-journal.org

36 Jhon Paul Mathews Delgado et al.: Fruits 71 (2016) 35-40

1 Introduction

Camu-camu (Myrciaria dubia (Kunth) McVaugh, family
Myrtaceae) is a shrub native to the Amazonian floodplain. It
has aroused scientific and commercial interest due to the high
ascorbic acid content of its fruit pulp, which ranges from 0.8
to 6.1 g 100 g7! [1,2]. The fruit is mainly commercialized in
Europe, Japan and the United States, as a source of vitamin C,
and in cosmetic and pharmacological products [3,4].

In Peru, camu-camu is usually planted in floodplains of
white-water rivers, known locally as restingas [5] and as
vdrzea in Brazilian Amazonia [6]. This is due to the high re-
sistance of the species to flooding and an ability to be grown
alongside other temporary crops such as manioc and maize,
as well as the natural fertility of the floodplain area itself.
Camu-camu farmers in Peru are generally low-income rural
subsistence agriculturalists, who own their own seed plan-
tation, and have an average planting area of half a hectare
per family [7]. However, in Brazil, camu-camu has been eas-
ily adapted to cultivation on Amazonian non-flooding upland
land. Growing camu-camu on non-flooded upland soils allows
continuous crop production and improved management when
compared with floodplain cropping, where fruit production co-
incides with seasonal pulses of inundation. Under such circum-
stances fruit often has to be harvested while still green, a stage
at which the ascorbic acid content is lower [8].

When grown from seed camu-camu plants display vari-
ability across several commercially important morphological
traits. Among these, the crown shape is an important char-
acteristic, since this is directly related to fruit yield [9, 10].
Mature camu-camu trees reach from two up to eight meters
in height. Camu-camu can branch from the base, and give
rise to a variety of secondary branching patterns [10, 12].
Of these, cup-shaped ones (single-stemmed with many sec-
ondary branches) or glass-shaped (multi-stemmed with many
secondary branches) are best for high fruit yield (figure I) [10].

When increasing the domestication of camu-camu it is key
to select morphological characteristics that increase fruit pro-
ductivity [11], the most important of which is abundant basal
branching [5, 10, 12]. Therefore, it is desirable to select seeds
from multiple-stemmed plants that have high fruit yield, and
have this form of basal branching [10]. However, cultivation
of camu-camu is recent (it began in 1996) and originally seeds
from wild populations were used, generating high genetic vari-
ability within plantings. Nowadays, seeds are sourced from
small farmers and research orchards [5, 7]. This means that
camu-camu production has reached the level known as incip-
ient domestication [13]. Alongside the selective use of camu-
camu plants with abundant basal branching [5, 10], some prac-
tical agronomic practices are recommended to stimulate good
branching and increase camu-camu fruit production. These in-
clude pruning [14], and controlled planting density [10, 14].
The pruning method used with Psidium guajava (Myrtaceae),
that results in three to four secondary branches some 40—50 cm
from the ground [15], is also the ideal in camu-camu [10].
Moreover, in Psidium guajava it is common to use high plant-
ing densities to obtain high yields per area [16]. In camu-
camu, Pinedo [5] recommends initial planting densities of
3,000 plants ha™! to promote high yields. However, Yuyama

and Valente [10] go further, recommending 4 seedlings per
hole (4,000 plants ha™'), and that branches be heavily pruned
and the removal of plants with undesirable features such as a
“non-ideal pattern” (figure 1A).

Camu-camu stem diameter is positively related to the
branching extent and fruit yield. Fruiting in camu-camu plants
begins when the basal stem diameter reaches 2 cm [9]. During
initial growth, camu-camu exhibits strong requirements for ni-
trogen and organic matter. However, lack of fertilization can
cause temporary breaks in apical dominance, stimulating the
growth of secondary branches [17].

Cloning camu-camu through cuttings or grafting would
allow easy propagation and commercial introduction of de-
sirable agronomic traits. Plants grown from camu-camu cut-
tings have more than one stalk and plenty of basal, secondary
branches. Another option is to use plants grown from cleft
grafting, a practice already established in Peru [7]. Cultiva-
tion of grafting with more than one bud on a cleft could facil-
itate branching [11]. However, the behavior of plants grown
from grafting varies according to the source of the tissue:
branches grafted when young may grow faster and yet take
longer to fruit than those grafted when mature [18]. Neverthe-
less, there are currently no long-term studies on the develop-
ment of camu-camu clones in Brazil and Peru.

In this context, the current study aimed to compare the ef-
fects of different types of planting material originating from
seedling, cutting or grafting; and the effect of the cropping
management of a seed plantation on crown growth and fruit
yield in camu-camu.

2 Materials and methods
2.1 Description of the study site

An experimental plantation was set up on non-flooded up-
land soil near the township of Manaquiri (03°25’41” S and
60°2734” W), 150 km from the city of Manaus, State of
Amazonas, Brazil. The area was a former cow pasture, and
had not been artificially fertilized for some 20 years. An area
of 2,000 m?> was plowed and raked to eliminate undesirable
plants. The region has a humid equatorial climate, with a mild
short dry season (July-September, rainfall of 50—100 mm per
month), and a dry-wet transition month (October). The wet
season extends from November to May (200—300 mm rainfall
monthly). The mean annual temperature is 27 °C [19].

2.2 Experimental design

The first trial aimed to compare the effects of the type of
plantation: (a) control, (b) basal grafting, (c) apical grafting,
and (d) cutting. The second trial aimed to compare different
crop management systems following seed planting: (i/a) con-
trol, (ii) zero fertilization, (iii) pruning, (iv) two plants per hole,
and (v) three plants per hole. The control treatment was used
in both assays for analysis (fable I). The experimental design
used randomized blocks, with 8 treatments (table I), each treat-
ment with five replicates. Each lot was made up of 5 plants.
Spacing was 5 m between rows and 2 m between plants.
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Figure 1. Non-ideal (A) and ideal patterns (B and C) of Myrciaria dubia plant growth form. Scale: 50 cm for B; 1 m for A and C. Source:

Yuyama and Valente [10].

Table I. Initial vegetative description under different types of plantation and crop management in camu-camu (August 2012). Values are the

means of five replicates (n = 5) of five plants each.

Vegetative parameters’

Trials Description Plant Stem Branch
height (cm) diameter (mm) number

Types of plantation

Control” 1 seedling per hole - 1 fertilization - O pruning 83 ab 7b 3a

Basal grafting 1 graft-derived plant per hole originating 48 ¢ 7b 3a
from oftshoot scion - 1 fertilization - O pruning

Apical grafting 1 graft-derived plant per hole originating 42c 6b 2a
from canopy scion - 1 fertilization - 0 pruning

Cutting 1 cutting-derived plant 66 be 10a 3a
per hole - 1 fertilization - O pruning

Crop management in seedling plantation

Control” 1 plant per hole - 1 fertilization - O pruning 83 ab 7b 3b

Unfertilized 1 plant per hole - 0 fertilization - O pruning 104 a 9 ab 3b

Pruning 1 plant per hole - 1 fertilization - 1 pruning S52¢ 6b 4 ab

Two plants per hole 2 plants per hole - 1 fertilization - O pruning 70 be 5b 4 ab

Three plants per hole 3 plants per hole - 1 fertilization - O pruning 70 be 6b 6a

Y Different letters within a column indicate significant differences (Tuke’s test, P < 0.05). * Control: group control for both trials.

2.3 Sapling production and plantation

The vegetative propagules and seeds came from a camu-
camu plantation on non-flooded upland land within the town-
ship of Rio Preto, 100 km from the city of Manaus, State of
Amazonas, Brazil. Plant selection was based on the presence
of abundant secondary branching from the base to 50 cm above
the ground.

Camu-camu saplings were planted in February 2012, and
grown in 2-L plastic bags, using 30-cm-deep Oxisol as a sub-
strate (table I). All saplings were fertilized at planting with

1 kg dolomitic limestone, 35 g urea (N), 35 g triple super-
phosphate (P) and 23 g potassium chloride (K), and then side-
dressed with NK in May and July 2012. Cover fertilization
with NK plus 0.5 L per sapling of laying chicken manure was
repeated every two months from December 2012 to June 2013
and December 2013 to June 2014. Fertilization with P was a
single dose in December 2012 and 2014. The fertilizer was ap-
plied 20 to 60 cm from the stem base, forming a circle around
each individual plant. The radius of this circle paralleled that
of each sapling crown.
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Table II. Crown description and fruit yield under different types of plantation and crop management at 30 months of age. Values are the means

of five replicates (n = 5) of five plants each.

Trials Crown description” Fruit yield¥
Branch Plant Stem Crown shadowing Fruit yield Plants bearing
number height (cm) diameter (mm) area (cm?) (kg ha™!) fruits (%)

Different types of plantation

Control (seedlings)” 10 a 252 a 24 b 6,770 a 18b 32b

Basal grafting 4b 222b 31 ab 7,123 a 144 a 87 a

Apical grafting 3b 213 b 31 ab 4,777 a 150 a 87 a

Cutting 9a 227 ab 33a 4,605 a 208 a 80 a

Crop management in seedling plantation

Control” 10 be 252 ab 24 ab 6,770 a 18 ab 32 ab

Unfertilized 12 ab 239 ab 21b 6,635 a 63 a 40 a

Pruning Tc 261 a 25 ab 3919a 0b Oc

Two plants per hole 13 ab 228 b 26 a 4,428 a 25 ab 52a

Three plants per hole 14 a 247 ab 29a 6,600 a 19 ab 40 a

Y Different letters within a column indicate significant differences (Tuke’s test, P < 0.05). * Control: group control for both trials.

Branches for grafting were some 5 mm wide and 10 cm
long, originating from canopy shoots and offshoots of the stem
providing apical and basal type grafts, respectively. The graft-
ing methodology followed Moreira and Ferreira [20].

Every three months it was necessary to eliminate rootstock
offshoots. These sprouts arise between the rootstock and scion,
and reduce overall grafting quality [18]. Branches for cuttings
were around 10 mm in diameter and 25 cm in length, and
originated from stem offshoots. Cutting propagation followed
Pereira’s [21] methodology.

Pruning treatment was carried out 20 cm from the ground
one month after planting. A second pruning was performed
two months after the first some 50 cm from the ground, fol-
lowing the recommendations of Pinedo ez al. [14].

2.4 Data collection

The following traits were measured: plant height from the
base to the top of the crown; main stem diameter 10 cm from
the ground (in cuttings, measured on the cutting, and on the
graft measured on the rootstock); number of basal branches ex-
ceeding 50 cm in length, and sprouting at heights up to 50 cm
from the ground; and crown shadowing area, calculation based
on the ellipse area formula:

Crown shadowing area = (w a b)/4

where a represents the length of the largest diameter, and b cor-
responds to the length of the smallest diameter). These mea-
surements were taken during May 2014 in plantations operat-
ing under a variety of planting schemes and cropping man-
agement formats. In all types of plantations, measurements
were taken every three months, between August 2012 and
May 2014. During these periods, the quarterly relative growth
rate (RGR) was determined between two consecutive mea-
surements [22]: plant height and basal branch number. In ad-
dition, the number of plants bearing fruits (percentile) and
fruit yield were measured from May 2013 to May 2014. The
data percentage was the arcsine of the square root-transformed
(x +0.5) [22].

2.5 Data analysis

For data analysis, the two trials were considered separately.
For both trials, all data were submitted to an analysis of vari-
ance (ANOVA, P < 0.05). The treatment means were analyzed
with Tukey’s test at P = 0.05 [22].

3 Results and discussion
3.1 Different types of plantation

On average, plants derived from cuttings produced about
three times the number of basal branches than those derived
from grafts [9.0 vs. 3.3]. The difference was statistically sig-
nificant. Therefore, plantations originating from cuttings are
more suitable for camu-camu commercialization than those
derived from grafts.

Cutting and seed plantations produced a similar number
of basal branches, but cutting plantations produced fruit more
quickly and had double the fruit production of seed plantings
(table 1I). Seed-derived plants sprouted more extensively from
the base of the plant than those derived from cuttings, but they
did not have as uniform a development as cutting-derived indi-
viduals: this was probably more influenced by the growth than
the stem diameter, which was greater in plants derived from
cuttings than those originating from seedlings (fable II). The
levels of fruit production in this study (80% of plants fruiting)
differ from that of Pinedo [5], who reported 19% fruiting for
two-year-old camu-camu plants grown from cuttings planted
in floodplain ecosystems. Lack of fertilizer and seasonality of
crop production in floodplain camu-camu are probably respon-
sible for such small crop volumes. In contrast, in non-flooded
uplands [6], camu-camu can be better managed and produce
fruit continuously [8].

Our findings show that plants grown from cuttings have
similar fruiting rates and fruit yields to those derived from
apical and basal grafts. However, this could vary over time,
as plants derived from cuttings formed a greater number of
basal branches and so could eventually exceed the fruit pro-
duction of those derived from grafts (table II). Comparing the
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Figure 2. Relative vegetative growth rate (RGR) under three propagation methods (November 2012-May 2014). (A) Basal branch number; (B)
Plant height. Values represent means and standard deviations of five replicates (n = 5) of five plants each.

two vegetative propagation techniques, plants grown from cut-
tings would be recommended for the promotion of camu-camu
planting, since they are easier and less expensive to produce in
a plant nursery. Camu-camu plants grown from cuttings take
three months to produce [21], versus the 12 months it takes
to produce them by grafting [20]. Furthermore, the present
study found it necessary to eliminate lateral sprouts from the
graft rootstocks every three months, which would also increase
management costs [10].

Grafts showed no significant difference in the formation
of basal branches, regardless of scion origin (apical or basal).
In this, our results differ from those of Harmann et al. [18],
who suggested that growth of vegetative progeny can vary ac-
cording to the position of the vegetative propagules from the
donor plant (basal or apical shoots). However, in the nursery,
we found that grafts of basal shoots had better success prop-
agating than apical shoots (90% vs. 50% of grafted saplings),
suggesting the first technique could work better with grafts.

During our study, the relative height of growth and peaks of
seedling growth coincided with the rainy season (December-
May). Conversely, the number of secondary branches was
greater in the dry season (June-November) (figure 2). This re-
sult is in agreement with the phenology of Eugenia stipitata,
which also exhibits higher vegetative growth during the rainy
season than in the dry [25]. The result supports the hypothe-
sis that apical dominance may be temporarily broken by wa-
ter stress, encouraging the growth of secondary branches [17].
Conversely, grafts branch more in the rainy season (figure 2).
This suggests that the rootstock exerted apical dominance on
the scion during the period of water stress (dry season). There-

fore, pruning of shoots derived from rootstock should be in-
tensified in the dry season to prevent it weakening the graft.
Cutting-derived plants have basal branch growth rates
lower than those from seed-derived plants (figure 2). However,
at the end of the current study, the diameter of the main stem
was statistically larger in plants derived from cuttings than
those grown from seeds (fable II). Probably, the secondary
branches of plants from cuttings grow more homogeneously,
reflecting a greater increase in the stem base than in seedlings.

3.2 Crop management in seed planting

Pruning and the absence of fertilization had no significant
effect on the formation of basal branches in camu-camu plan-
tations. This result is consistent with the hypothesis that re-
stricting nutrients is not a major mechanism for the growth
of branches [17]. On the other hand, this result contradicts
the hypothesis that pruning increases the number of branches
in early-stage camu-camu plantations [5]. In our experiment,
pruning reduced fruiting (fable II). Similar findings were re-
ported by Serrano et al. [24] with pruned Psidium guajava
cuttings, where branching, the percentage of fruit set and fruit
production were affected in relation to the distance of prun-
ing from the plant base. Clearly, pruning at the beginning of
the planting in camu-camu is not necessary. Therefore, selec-
tion of plants showing abundant branching from the base is a
promising technique for obtaining good branching [10].

Plantations with three plants per hole had a significantly
greater number of basal branches (table I), but further evalua-
tion is necessary to analyze the effect of this treatment on fruit
production. The three-per-hole density (3,000 plant ha™!) is
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greater than usually recommended for seedlings of camu-camu
in Peru (1,111 plants ha™"). However, the distance used in our
study is greater (5 X 2 m vs. 3 X 3 m). Therefore, the distance
and the density used in our study are equivalent to those rec-
ommended when planting camu-camu seedlings. Small-scale
camu-camu farmers in Peru prefer wider spacing (4 or 5 m be-
tween trees), since they wish to intercrop camu-camu with sta-
ple food crops such as cassava (Manihot esculenta) and maize
(Zea mays) for home consumption or sale, for periods longer
than three years [7].

4 Conclusion

For setting up a camu-camu plantation, plants derived from
cuttings are technically more appreciated than those derived
from grafts, because they have better branching development.
However, management techniques to increase the branches in
grafting are an important yield-determining factor.

In seed-derived plants, pruning and lack of nutrients are
not necessary to stimulate branching. However, efficient meth-
ods of selection are necessary to ensure these features remain
stable.

The use of three plants per hole increases the number of
branches by 10 m?, but more than one assessment is required
to fully understand the effects on fruit production and should
form the basis of future research.
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