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RESUMO

O camu-camu (Myrciariadubia(Kunth) McVaugh) é uma fruta nativa das varzeas e cursos de
rios da regido amazonica. O Estado de Roraima apresenta solos e clima adequados para o
estabelecimento da fruticultura em &reas de lavrado ou savanas (cerrados) e areas de floresta
tropical, com grande disponibilidade de éareas alteradas ou degradadas, que podem ser
incorporadas ao processo produtivo, sem necessidade de novos desmatamentos. O cultivo em
solo de terra firme é uma alternativa para aumentar a oferta de frutos, pois a floragéo ocorre
praticamente o ano todo e a frutificacdo em periodos mais pronunciados, coincidindo com o
fim da estacdo seca e o inicio da chuvosa. Objetivou-se com este trabalho avaliar o
comportamento vegetativo de seis subamostras de camu-camu selecionadas do INPA, nas
condicBes edafocliméticas das regides de Boa Vista e Mucajai, Roraima. Os experimentos
foram realizados nos Campos Experimentais Agua Boa e Serra da Prata, da EMBRAPA-
Roraima, municipios de Boa Vista e Mucajai, com clima do tipo Aw e Am, respectivamente
conforme a classificagdo de Koppen. Para a andlise de crescimento foram avaliados diametro
basal de caule (mm), altura da planta (cm), nimero de ramos basais e nimero de ramos
terminais. Foram realizadas medigdes com intervalos de 90 dias com o objetivo de definir a
curva de crescimento de cada subamostra.Aos 30 meses ap6s o plantio, asubamostra UAT
1896-7 apresentou valores de nimero de ramos terminais superiores as demais. No pardmetro
altura, apresentou desenvolvimento superior, juntamente com as subamostras UAT 1596-7 e
UAT 1096-5. As subamostras UAT 1596-7, UAT 1096-5 e UAT 0796-8 apresentaram valores
de ramos terminais semelhantes entre si formando um grupo com caracteristicas semelhantes
e intermediarias. Nos parametros didmetro basal e nimero de ramos basais, ndo houve
diferenca estatistica entre as subamostras aos 30 meses. Portanto, na regido de savana, com
base nos parametros de crescimento vegetativo, podemos recomendar, de forma preliminar,
asubamostra UAT 1896-7 como o que se desenvolveu melhor, com maior quantidade de
ramos secundérios e altura superior. J4 para a area de transicdo savana/floresta, podemos
recomendar asubamostra UAT 1096-5, como o que se desenvolveu melhor, com maior
quantidade de ramos terminais, altura superior, inicio de florescimento precoce e nimero
superior de flores. Aos 30 meses ap0s o plantio, as subamostras UAT 1896-7 e UAT 0796-8
apresentaram numero de ramos terminais sem diferenca estatistica em relacdo & UAT 1096-5,
porém apresentaram altura pouco inferior, com diferenca estatistica significativa. As
subamostras UAT 1596-7, UAT 1796-7, URUBU-2 apresentaram 0s menores valores para
nimero de ramos terminais, apesar de o UAT 1596-7 apresentar altura superior. Quanto a
precocidade, o pico de florescimento ocorreu no més de janeiro, aos 30 meses apos o plantio,
com as subamostras UAT 0796-8 e UAT 1096-5 se destacando em relagdo aos demais com
500 e 435 flores no total, respectivamente.A analise conjunta dos experimentos (gendtipo x
ambiente) foi considerada do tipo genotipo fixo (clones) e ambientes aleatdrios. N&o houve
diferenca significativa das subamostrasnas areas para os parametros didmetro basal (mm),
altura de planta (cm)e nimero de ramos terminais exceto para nimero de ramos basais. A
interacdo entre subamostras e ambientes aos 30 meses apds o plantio apresentaram
comportamento semelhante em savana e transicdo savana/floresta,mostrando que as
subamostras apresentam estabilidade nas duas localidades.

Palavras-chave: Crescimento, Myrtaceae, Amazonia, Produgéo em terra-firme



ABSTRACT

Camu-camu (Myrciariadubia (Kunth) McVaugh) is an indigenous fruit of the
floodplain and riparian forests of the Amazon region. In Brazil, Roraima State has appropriate
soils and climate conditions for its cultivation in savanna (lavrado) and rainforest areas, with
wide altered/degradatedareas to be converted into productive fields. Cultivation outside
floodplains can improve fruit availability, since flowering occurs almost all year round and
more pronounced fruiting in periods coinciding with the end of the dry and early rain seasons.
The objective of this study was to evaluate the vegetative development of 6 camu-camu
subsamples selected from INPA in a savanna area, in Boa Vista, Roraima, and in a transition
savanna/forest area, in Mucajai, Roraima. The experiments were conducted in two areas of
EMBRAPA, the Agua Boa Experimental Station, with coordinates at 2°39'59" N and
60°5021" W, with climate type Aw, according to Koppen climate classification and at the
Serra da Prata Experimental Station, in Mucajai, Roraima whose geographical location is
found at 60°58'40"W; 2°23'49"N, with climate type Am. For growth analysis, parameters
such as basal trunk diameter (mm), plant height (cm), number of basal shoots and number of
terminal shoots were evaluated. Measurements were made at 90 day intervals in order to
define the growth curve of each subsample. At 30 months after planting in the savanna area,
the UAT 1896-7 subsample showed a higher number of terminal shoots comparing to the
other subsamples, and had higher development in height than UAT 1596-7 and UAT 1096-5
subsamples. The UAT 1596-7, UAT 1096-5 and UAT 0796-8 subsamples showed similar
terminal shoots values forming a group with intermediate characteristics. Parameters in basal
diameter and number of basal shoots, were not significant between the subsamples at 30
months after planting. However, there was more abundant flowering, especially in subsample
UAT 1896-7, with 3195 flowers. The UAT 1596-7 andUAT 0796-8 subsamples showed
similar values, with 470 and 400 flowers, respectively. The UAT 1796-7 and UAT 1096-
5subsamples presented 338 and 81 flowers, respectively. The subsample URUBU-2 showed
no flowering. In the transition savanna/forest area, the UAT 1096-5 subsample showed the
best vegetative growth, presenting higher number of terminal shoots, greater height, and early
flowering comparingto the other subsamples at 30 months after planting. UAT 1896-7 and
UAT 0796-8 subsamples showed no statistical difference from UAT 1096-5 regarding the
number of terminal shoots, but showed slightly lower height, with a statistically significant
difference. In relation to precocity, peak flowering occurred in January, 30 months after
planting, with the UAT 0796-8 and UAT 1096-5 subsamples excelling over others, with 500
and 435 flowers in total, respectively. The experiment Genotype x Environment analysis was
considered fixed for genotype (subsamples) and random for environments (areas of study).
There was no difference between the two areas for all parameters evaluated including basal
diameter (mm), plant height (cm) and number of terminal branches except for the number of
basal branches. The interaction among subsamples and environments at 30 months after
planting showed similar effects in savanna and savanna/forest transition, showing that the
subsamples have stability in both areas.

Keywords: Growth, Myrciariadubia (Kunth) McVaugh, Amazon
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1. INTRODUCAO

O camu-camu (Myrciaria dubia(Kunth) McVaugh)é uma frutifera da familia Myrtaceae,
de ocorréncia em zonas aluviais, inundaveis da Amazonia.E conhecido nas diferentes regides do
Brasil pelos vernaculos cagari, uva-de-boto, azedinho, araca-d'agua,aracarana, crista-de-galo,
sardo e na Venezuela por guayabito (RIBEIRO et al., 2002; PINEDO et al., 2004, YUYAMA e
VALENTE, 2013).0s locais de distribuicdo desta espécie possuem diferentes caracteristicas
edafoclimaticas, como no Peru, com solos de textura argilosa, pH em torno de 6 e com niveis
ladequados de nutrientes até solos arenosos com pouca fertilidade e alta acidez, como nos
afluentes do rio Negro, nos rios em Roraima e rio Uatuma- Amazonas. M. dubia possui sistema
reprodutivo misto, apresenta endogamia, alogamia facultativa e apomixia, 0 que promove ainda
mais variabilidade pelo cruzamento entre plantas. A propaga¢do do camu-camu pode ser
realizada atraves de métodos como estaquia, enxertia e alporquia, porém énormalmente realizada
via seminifera (ENCISO NAZARAS e VILLACHICA, 1993; SALAZARet al., 2012;
FERREIRA e GENTIL, 1997). A plasticidade adaptativa as condi¢Ges adversas como solos
pobres, andxia, e altas temperatura e radiacdo pode ser explicada devido ao sistema radicular com
raiz pivotante e com muitas raizes secundarias e pelos absorventes sdo adaptadas as recorrentes
sedimentagdes ocasionadas pelo nivel da &gua em época de cheia.

O interesse por este fruto aumentou em funcdo do seu notavel contetdo de vitamina C,
apresentando de 1.600 (MAEDA, 1999) ate 2.994 mg/100 g de polpa (MAEDA et al., 2006).
Além destas, concentragdes superiores foram observadas por Yuyama et al. (2002) em frutos
provenientes da regido leste de Roraima, que apresentaram de 3.571 a 6.112 mg/100 g de polpa
fresca e por Lozano (2013) que observou até 8.873,83 mg/100 g de polpa+epiderme (casca)
congelada. O plantio de frutasnativas vem se destacando como uma das alternativas para o
desenvolvimento regional, a exemplo do acai, cupuagu, e tapereba na regido de Tomé-agu, no
Para. O cultivo de camu-camu no Brasil ainda é incipiente, com algumas iniciativas em Manaus,
no Amazonas, Vale do Ribeira, em Séo Paulo e Castanhal, no Pard. No Peru, ja vem sendo
plantada por ribeirinhos desde a década de 90 (FLORES, 1999).

A domesticacdo € entendida como a evolugdo acelerada de espécies promovida pelo ser
humano (como o homem seleciona, maneja, e propaga as espécies) para trazé-las para condicbes
de cultivo, inserido ou ndo num processo com intuito de comercializagdo. De acordo com

Clement (2001), a domesticagdo pode ser definida como um processo coevolucionarioem que a
1



selecdo humana, inconsciente e consciente, nos fendtipos de populagdes de plantas promovidas,
manejadas ou cultivadas resulta em mudancas nos genotipos das populagfes que as tornam mais
Uteis aos humanos e melhor adaptadas as intervencdes humanas no ambiente.

O manejo de grandes areas monoespecificas de camu-camu se iniciou na Amaz6nia
ocidental, mais precisamente no Peru, que teve entre os anos de 1998 e 2000 incentivos do
governo peruano. De acordo com Martin et al. (2013) a coleta intensa de frutos nessas areas por
trinta anos diminuiu o nimero de plantas jovens, porém manteve-se a populacdo de plantas e a
producdo por planta aumentou. De acordo com Yuyama (1999) o extrativismo silvestre ndo
garante a demanda e a qualidade dos frutos, pois a colheita coincide com o periodo das enchentes
dos rios, antes que as plantas fiqguem totalmente submersas, o que implica na retirada precoce dos
frutos prejudicando a qualidade dos mesmos no que concerne a coloracdo (antocianinas) e
vitamina C. Além disso, a colheita se torna dificil, pois deve ser realizada com uso de barcos ou
canoas e a comercializacdo feita de imediato (FLORES, 1999).

Uma alternativa ao extrativismo seria a producéo dessa espécie em terra-firme para que 0s
frutos sejam colhidos de forma adequada, no ponto ideal de colheita. O cultivo em solo de terra
firme é possibilitaria aumentar a oferta e qualidade de frutos, pois a floracdo ocorre praticamente
0 ano todo e a frutificagdo em periodos mais pronunciados, coincidindo com o fim da estacdo
seca e o inicio da chuvosa (FALCAO et al., 1993). O espacamento adensado no cultivo de camu-
camu aumenta o sombreamento entre as plantas e a competi¢cdo por nutrientes, podendo causar
queda na produtividade do pomar. Portanto, recomenda-se espagcamento maior, em torno de cinco
X 2 m, para maior entrada de luz solar e facilidade de manejo do plantio (YUYAMA, com. pess.,
2014). Em condicdes de plantio se evita a colheita precoce do fruto, diminuem-se as perdas
durante a colheita, contribuindo para maior produtividade por area, aumentando a oferta no
mercado. Exemplo desse sucesso pode ser observado no Peru, onde a demanda por fruto com alto
contedo de &cido ascorbico permitiu o desenvolvimento de um mercado de producdo e
exportacdo que durante os Ultimos anos tem crescido, e s6 em 2006, mais de 388.385 kg foram
colhidos, o que representou mais de 2 milhGes de ddlares com a comercializagédo (11AP, 2009).

O Instituto Nacional de Pesquisas da Amazonia vem selecionando desde 1995 plantas
superiores de camu-camu para o cultivo. O teor de vitamina C determinado é de grande
importancia e tem sido um dos principais objetivos dos pesquisadores no melhoramento genético
(SILVA, 2006; PINEDO et al., 2004). A produtividade é outro fator importante para selecédo de
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plantas de camu-camu. Em popula¢Bes naturais do Peru é estimado em 24,57 t/ha de frutos
(VILLACHICA, 1996), demonstrando grande potencial produtivo da espécie. Alvarado Vertiz
(1969) encontrou em populagdes silvestres do Peru médias de 12 kg de frutos por planta. Na terra
firme, proximo de Manaus e lquitos, a producdo de frutos comeca no 3° a 4° ano apés a
semeadura (FLORES, 1999). Yuyama (1999) encontrou uma planta aos 41 meses de idade com
producéo de 22 kg de fruto na primeira safra.

O desenvolvimento do cultivo de material genético melhorado de camu-camu tem sido
um desafio em funcdo da grande variabilidade genética das populaces, e do nivel de
conhecimento sobre técnicas de cultivo que ainda sdo incipientes. O camu-camu € uma espécie
silvestre em processo de domesticacdo e incipiente estado de exploracdo comercial (Pinedo et al.,
2004) e ainda ha falta de interesse dos grandes produtores e do mercado (Yuyama, com. pess.,
2014).

Para isso, ha a necessidade de realizacdo de ensaios regionais que mostrem a o
desempenho das diversas subamostras em diferentes ambientes. O Estado de Roraima possui
grandes areas de clima Umido, do tipo Af, com grandes extensdes de area alterada,
principalmente no sul do estado, onde existem areas de colonizacdo de reforma agraria que
poderiam ser aproveitadas para o desenvolvimento de fruticultura, que além de gerar renda,
auxiliariam na promog&o da saude da populacéo local. Além disso, existem &reas de clima do tipo
Am e Aw, que correspondem a transi¢do savana/floresta e savana, respectivamente, que podem
também desenvolver a fruticultura com algumas tecnologias basicas como correcdo do solo com
calcério, adubacdo e irrigacdo associadas ao uso de quebra-ventos. De forma geral, a distribuicdo
e 0 volume de precipitacdo podem contribuir para o0 melhor desenvolvimento da planta, ja que
frutiferassdo exigentes em &gua, principalmente na fase inicial de plantio. A precipitacdo deve
estar entre 1700 a 4000 mm/ano e temperatura de 25 a 30°C (REVILLA, 2000).

A avaliacdo de selecdes superiores de camu-camu em nivel de desempenho vegetativo e
produtivo permitird o avango nos trabalhos de melhoramento genético da espécie, bem como a
geracdo de informacdes sobre o cultivo de camu-camu, a qual também podera contribuir para a
diversificacdo da producdo em propriedades agricolas, na complementagdo alimentar, ou no
aumento de oferta deste fruto para o mercado consumidor e/ou para matéria prima no

desenvolvimento de novos produtos oriundos desse fantastico fruto. Neste contexto, o cultivo do



camu-camu podera se constituir numa fonte de renda alternativa para os agricultores, uma vez

que existe um mercado potencial para as frutas nativas da Amazonia e substancias antioxidantes.



2. OBJETIVOS
2.1 Objetivo geral

Avaliar caracteres agrondmicos de 6subamostras de camu-camu selecionados da colecéo
do INPA, nas condicdes edafoclimaticas das areas de Savana e de Transicdo Floresta/Savana no
estado de Roraima;

2.2 Obijetivos especificos
e Selecionaras subamostras com melhor desenvolvimento vegetativo e precocidade para

cada condicdo edafoclimética, nos primeiros 30 meses de cultivo no estado de Roraima.

e Avaliar a fenologia de diferentes subamostras de camu-camu, indicando florescimento,

mudanca foliar, frutificagdo e ponto de colheita aos 30 meses de cultivo.

e Observar a incidéncia de insetos-praga ocorrida durante as avaliagdes do experimento nas

duas localidades



4. HIPOTESES

Capitulo 1

e HA: Os estadios fenoldgicos e ocorréncia de insetos-praga na savana sdo diferentes em

relacdo a area de transicdo floresta/savana.

e HO: Os estadios fenoldgicos e a ocorréncia de insetos-praga na savana sdo similares e

simultaneas em relag8o a area de transicdo floresta/savana.

Capitulos 2,3 e 4
e HA: Existem subamostras de camu-camu com melhor desenvolvimento vegetativo inicial
em area de savana, no municipio de Boa Vista-RR e/ou em é&rea de transicdo
floresta/savana, no municipio de Mucajai-RR.
e HO: As subamostras de camu-camu apresentam desenvolvimento vegetativo inicial
semelhante em area de savana, no Municipio de Boa Vista e/ou em &rea de transicdo

floresta/savana, no municipio de Mucajai-RR.
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ESTADIOS FENOLOGICOS E OCORRENCIA DE INSETOS-PRAGA NA CULTURA
DO CAMU-CAMU EM DUAS AREAS DO ESTADO DE RORAIMA
Luis Felipe Paes de Almeida, Kaoru Yuyama, Edvan Alves Chagas, Ricardo Manuel Bardales
Lozano, Carlos Abanto Rodriguez, Ruy Guilherme Correia, Fernando Barreto Didgenes Queiroz

RESUMO

Este trabalho objetivou demonstrar os principais estadios fenoldgicos assim como as
ocorréncias dos principais insetos-praga no cultivo de camu-camu (Myrciaria dubia (Kunth)
McVaugh) em terra firme realizado em duas localidades do estado de Roraima.Para a avaliagdo
da incidéncia de insetos-praga e doencas foram feitas observacdes do local de ataque e tipos de
danos em diferentes periodos do ano. Para os estadios fenologicos foram avaliados épocas de
brotacgéo, floracdo e fase de maturacgdo dos frutos, baseado em observacdes mensais e avaliaces
a cada trés meses. Para as taxas de crescimento relativo em altura, didmetro basal, namero de
ramos terminais e nimero de ramos basais foram feitas as médias de crescimento de cada acesso
a cada trés meses e assim calculando as taxas por diferenga entre duas avaliagdes consecutivas.
Dessa forma foi possivel avaliar as épocas de maior crescimento comparando a pluviometria
aferida por mini-estagdo meteoroldgica. As subamostras de camu-camu apresentaram
crescimento do diametro basal e altura continuos nas duas localidades, porém as localidades
apresentaram diferentes épocas de crescimento.O maior crescimento em altura ocorreu durante o
periodo de menor precipitagdo pluvial, nos meses de outubro a janeiro representados nas
avaliagOes de janeiro de 2012 e 2013.Nas condigdes de savana a emissdo de brotos foi uniforme,
incrementando de 6 a 13 brotos em média a cada avaliacdo realizada. Durante o periodo de maior
precipitacdo na savana houve estimulo & brotacdo quando as precipitacbes acumuladas foram
superiores a 500 mm com maior quantidade de brotos observados nos meses de agosto a janeiro
de 2012 e de julho a outubro de 2013. Nas condicGes de transigdo savana/floresta houve estimulo
a brotacéo durante os meses de abril a julho de 2012, com maior nimero de brotos observados
nos meses de maio a julho. Nos meses de menor precipitacdo acumulada, compreendidos entre
outubro de 2011 e marco de 2012, houve menor intensidade de brotagdo. No ano de 2013 o
periodo com o maior nimero de brotos ocorreu em outubro de 2013. Quanto ao florescimento, a
area de savana induziu o florescimento precoce, aos 18 meses e depois aos 27 meses apos 0

plantio. Na area de transi¢do savana/floresta houve floracdo aos 30 meses apds o plantio, porém
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com baixa taxa de fixacdo dos frutos devido ao florescimento na estagdo seca, em janeiro. Os
principais insetos-praga que ocorreram na transicdo savana/floresta foram cochonilha preta
Parasaissetia nigra(Nietner), (Hemiptera: Coccidae), a lagarta Mimallo amilia(Cramer)
(Lepidoptera: Mimallonidae) e formigas Crematogaster sp. (Hymenoptera: Formicidae) e
Pseudomyrmex sp.(Hymenoptera: Formicidae)associadas as cochonilhas.



ABSTRACT

This study aimed to demonstrate the main phonological stages as well as the occurrences
of major insect pests under upland cultivation of camu-camu (Myrciaria dubia (Kunth)
McVaugh) in two areas of Roraima State. For occurrence of insect pests and diseases were made
monthly observations. For the phenological stages were evaluated shoot emission, height, basal
diameter and flowering, based on monthly observations and evaluations every three months. For
the relative growth rate in height, basal diameter, shoot emission and number of basal branches
all subsamples were evaluated every three months and so calculating difference between two
consecutive evaluations. Thus it was possible to evaluate the periods of greatest growth measured
by comparing to the rainfall meteorological station. The camu-camu subsamples grew in basal
diameter and height continuously in both locations, but presented different growth seasons. The
greater height growth occurred during the period of lower rainfall in the months from October to
January represented in evaluations January 2012 and 2013. In savanna, shoot emission was
uniform, increasing 6-13 shoots on average every evaluation carried out. During the period of
highest precipitation in the savanna a sprouting stimulus was observed when rainfall was over
500 mm with the highest number of shoots observed in the months from August to January, 2012.
The same occurred from April to July 2013, with higher shoot emission from July to October
2013. In the savanna/forest transition, there was sprouting stimulus during the months from April
to July 2012, with the highest number of shoots observed in the months from May to July. In the
months of lower cumulative rainfall, ranging between October 2011 and March 2012, there was a
lower intensity in number of shoots. In 2013 the period with accumulated precipitation greater
than 500 mm occurred in the months from May to August and the shoot emission was observed
in October 2013. In the savanna area, flowering was induced early, at 9 months and then at27 and
30 months after planting. In the savanna/forest transition area, blooming were observed at 30
months after planting, but with low rate of fruit set due to the dry season in January. The main
insects responsible for causing damage to plants in the savanna were leaf beetles and
scalesassociated with ants. Costalimaita ferruginea (Fabricius), (Coleoptera: Chrysomelidae) and
Batophilia ruby (Paykull), (Coleoptera: Chrysomelidae) attacked the young leaves and shoots and
were considered opportunistic, since they probably came from other host crops such as
eucalyptus, soybean and cowpea planted nearby. The occurrence was observed at the beginning
of the rain season, corresponding to the months of April, May and June, 2013. Scale insects
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(Dysmicoccus brevipes(Cockerell) (Hemiptera: Pseudococcidae) occurred throughout the year,
associated with the ants Crematogaster sp (Hymenoptera: Formicidae). Pseudomyrmexsp.
(Hymenoptera: Formicidae), mostly occurring in periods of low rainfall. The main insect pests
occurring in the savanna/forest transition were black scale Parasaissetia nigra, the caterpillar
Mimallo amilia) and ants Crematogaster sp. and Pseudomyrmex sp. associated with scales.
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INTRODUCAO

A familia Myrtaceae compreende 145 géneros e 5970 espécies (THE PLANT LIST,
2013), das quais cerca de 1.000 ocorrem no Brasil (LANDRUM e KAWASAKI, 1997). A
fenologia € a ciéncia que investiga a periodicidade ou época de ocorréncia de eventos bioldgicos
repetitivos e sua relagdo com o clima e fatores bioticos (LIETH, 1974; SCHWARTZ, 2003).
Pouco se conhece da fenologia de Myrtaceae no Brasil e em outras partes do mundo, a maioria
das informagdes é sobre a floragéo, advinda de estudos taxondmicos ou fenoldgicos em nivel de
comunidade, que incluem algumas espécies de Myrtaceae (NIC LUGHADHA e PROENCA,
1996). Assim é possivel conhecer as épocas de producdo e de crescimento das diferentes
subamostras em estudo, contribuindo para a melhor escolha de materiais para cada regiao.

Insetos-praga sdo os insetos que causam danos ao homem ou animais e plantas. No caso
de pragas agricolas, causa grandes perdas na agricultura, prejudicando interesses econdémicos do
agricultor. Os danos causados por insetos podem ocorrer no campo, durante o processo de
transporte e armazenamento e podem ser causados por um adulto, larva, ninfa, ou ambos
(DELGADO e COUTURIER, 2004).

Estudo sobre os insetos—praga que ocorrem em Myrciaria dubia foi apresentado por
Delgado e Couturier (2004) no Peru, onde 69insetos-praga séo descritos. Alguns destes insetos
registrados sdo considerados especificos do camu-camu e ndo ocorrem em nenhuma outra
Myrtaceae cultivada, alguns sdo especializados em Myrtaceae e outros sdo polifagos, atacando
varias familias de plantas. Portanto, é necessario avaliar os danos causados por esses insetos, 0
manejo cultural e recomendar o melhor tipo de controle, se necessério.

O Estado de Roraima apresenta area de aproximadamente 224,3 mil km’ regides
adequadas para o estabelecimento da fruticultura, com destaque para as areas de lavrados ou
savanase as areas de floresta, com aproximadamente 17% e 67% da éarea total do estado,
respectivamente (SUFRAMA, 2015).

O clima da &rea de savana é do tipo Aw, segundo a classificacdo de Kdppen, pertencente
ao dominio de clima Tropical Chuvoso, quente e Umido, apresentando nitido periodo seco
(BRASIL, 1975). A temperatura média é de 25°C e a precipitacdo pluviométrica anual na area do
estudo é de pouco mais de 1.600 mm. As chuvas possuem distribuicdo irregular, podendo ser
distintos dois periodos: (i) o chuvoso, entre 0os meses de abril e setembro, concentrando cerca de
50% da precipitagcdo anual (100 a 130 dias com chuva por ano), e (ii) o seco, entre 0s meses de
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dezembro e margo. A média anual de umidade relativa gira em torno de 70 a 80% na regido
compreendida proxima da cidade de Boa Vista (BARBOSA, 1997).

Na area de transicdo de savana/floresta (regido central do Estado) predomina precipitacdo
mais baixa do que nas regides de floresta tropical, sendo caracterizada pelo tipo climatico Am,
que possui estacdo seca definida, porém com menor rigor que Aw. Os solos predominantes sdo 0s
argissolos e latossolos de textura média e baixa fertilidade natural. A temperatura média anual €
de 28°C e umidade relativa do ar de 72%.

No cultivo em terra firme pode ocorrer 0 aparecimento de pragas por ndo existirem
mecanismos de controle natural como nas populagdes silvestres, aléem de ocorrer mudangas no
microclima e na densidade de plantas, que também o favorecem. Dentre 0s principais insetos-
praga, podemos citar a cochonilha de raiz (Dysmicoccus brevipes Cockerell) e piolho saltador
(Tuthillia cognata Hodlk) nas plantas adultas, besouros (Xylosandrus compactusEichroff) e
cochonilhas nas mudas (YUYAMA e VALENTE, 2011; DELGADO e COUTURIER, 2004).

Este trabalho objetivou demonstrar as principais épocas de florescimento, producéo,
emissdo de brotagdes, crescimento de didmetro basal e altura assim como as ocorréncias dos

principais insetos-praga no cultivo em terra firme de duas localidades do Estado de Roraima.

MATERIAL E METODOS
O estudo foi realizado por meio de anélise de teste de comparacdo de médias de seis
subamostras, originarias de cinco populagdes do rio Uatumd, provenientes do Estado do

Amazonas e uma do rio Urubu, proveniente do Estado de Roraima.

Descricao dos locais de estudo

As subamostras foram clonadas e testadas em doislocais no Estado de Roraima, em area
de savana e em de éarea de transicdo savana/floresta. O Campo Experimental Agua Boa da
EMBRAPA- Roraima fica localizado no municipio de Boa Vista, onde predomina fitofisionomia
de savana, com coordenadas 2°39'59" N e 60°5021" W, clima do tipo Aw, conforme a
classificacdo de Kdppen, caracterizado por um periodo seco longo bem definido, que se estende
de setembro a margo, e um periodo chuvoso de abril a agosto. Seu regime pluviométrico é
caracterizado pela concentragédo de chuvas (cerca de 56% da precipitacdo pluvial total) nos meses
de maio, junho e julho, representando o periodo de maior precipitacdo pluvial. J& o periodo de
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menor precipitacdo pluvial € longo, com seis meses, ocorrendo nos meses de outubro, novembro,
dezembro, janeiro, fevereiro e margo, com uma representatividade de cerca de 17% da
precipitacdo total. Um periodo intermediario é representado nos meses de abril, agosto e
setembro, com cerca de 28% da precipitacdo total (OLIVEIRA-FILHO et al., 2006). A
precipitacdo total anual na regifo do campo experimental Agua Boa possui média de 1650
mm.ano™ (BARBOSA, 1997). As médias anuais de temperatura sdo de 25,5°C, a umidade
relativa média é de 76% - nos meses de maior precipitacdo, junho/julho, ela chega a 86%, caindo
para valores em torno de 70% nos meses mais secos do ano (MOURAO JUNIOR et al., 2006a).

O Campo Experimental Serra da Prata, da EMBRAPA- Roraima, fica localizado no
municipio de Mucajai, cuja localizacdo geografica da area experimental situa-se em2° 21’ N e
60° 57° Weé representativo da area de transicdo savana/floresta do Estado de Roraima, distante
62 km de Boa Vista. O clima é Am, conforme o sistema de classificacdo de Kdppen. O periodo
chuvoso vai de abril a agosto, enquanto que o periodo seco vai de setembro a margo. O regime
pluviométrico € caracterizado pela concentracdo de chuvas (cerca de 58% da precipitacdo total)
nos meses de maio, junho e julho, representando o periodo de maior precipitacdo pluvial. O
periodo de menor precipitagdo é longo, com seis meses, representado pelos meses de outubro,
novembro, dezembro, janeiro, fevereiro e marco, representando cerca de 18% da precipitacdo
total. Um periodo intermediario é representado nos meses de abril, agosto e setembro, com cerca
de 30% da precipitacio total (MOURAO JUNIOR et al., 2006b). A precipitacio total anual na
regido do campo experimental Serra da Prata oscila num intervalo de confianca na ordem de
1.510-2.145 mm.ano, com um valor médio 1.844 mm.ano™ (BARBOSA, 1997; MOURAO
JUNIOR et al., 2003).

Descricao das subamostras

A selecdo das plantas idedtipos foi feita para as caracteristicas de alta concentracdo de
acido ascorbico nos frutos, alta producdo de frutos e copa com grande quantidade de ramos
plagiotrépicos. Todos 0s acessos apresentam teor de &cido ascorbico em torno de 3000 mg/100g

de polpa.

14



Tratos culturais

A éarea escolhida para o experimento apresentava solo e relevo uniformes. O manejo
inicial do solo constituiu-se, basicamente, de correcdo da acidez e de niveis de nutrientes com
calcéario dolomitico, na quantia de 2 t/ha juntamente com fosfatagem e potassagem em érea total
do experimento na quantia de 90kg de P,Os por hectare e 90 kg de K,O por hectare. Foi utilizada
a adubacdo verde na entrelinha 30 dias ap0s o plantio, com leguminosas (crotalaria, feijao de
porco), girassol e milheto plantadas para condicionamento fisico e quimico do solo. Apos 8
meses de plantio foram aplicadas, em cobertura, 30g cloreto de potassio, 30 g de uréia e 10 g de
FTE BR12 por planta, durante a época chuvosa, uma vez ao ano. A irrigagdo foi feita pelo
método de microaspersdo na fase inicial do plantio, a cada 3 dias, e durante o periodo mais seco
do ano. O controle de plantas herbéceas foi feito com uso de rocadeira costal motorizada nas
linhas de plantio e de tratorizada nas entrelinhas.

Coleta de dados

A altura foi medida em centimetros com auxilio de trena, o didmetro basal do caule em
milimetros com paquimetro digital a 10 cm de altura do solo e contagem do numero de flores e
frutos, bem como do numero de ramos basais e terminais. Os ramos basais foram considerados
aqueles que brotaram da estaca de propagacao inicial e os terminais aqueles que estavam situados
nas extremidades dos ramos secundarios, constituidos das brotacdes mais jovens. Para 0s
parametros produtivos foi realizada contagem de flores e frutos, indicando o inicio e final da
floragédo e maturacao dos frutos.

Delineamento experimental

O delineamento experimental nos dois locais foi em blocos casualizados, com seis
tratamentos e quatro repeti¢des, sendo considerado subdivisdo no tempo com nove avaliagdes. A
parcela experimental foi constituida de quatro plantas.

Para a avaliagdo da incidéncia de insetos-praga e doengas foram feitas observacdes
anotando local de ataque e tipos de danos em diferentes periodos do ano. Para os estadios
fenoldgicos foram avaliados épocas de brotagdo, floracdo e fase de maturacéo dos frutos, baseado
em observag0es mensais e avaliagOes a cada trés meses. Para as taxas de crescimento em altura,

didametro basal, nimero de ramos terminais e de nimero de ramos basais foram feitas as médias
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de crescimento de cada subamostra a cada trés meses e assim calculando os taxas por diferenca

entre duas avaliagOes consecutivas.

RESULTADOS
Diametro basal

Os acessos de camu-camu apresentaram crescimento do didmetro basal continuo nas duas

localidades, porém as localidades apresentaram diferentes épocas de crescimento (Figura 1). Nas

condigBes de savana a maior taxa de crescimento em didmetro ocorreu durante o periodo de

maior precipitacdo pluvial, nos meses de fevereiro a julho de 2013. Na transicdo savana/floresta a

maior taxa de crescimento em didmetro ocorreu durante o periodo de menor precipitacdo pluvial

durante os meses de agosto de 2012 a fevereiro de 2013.
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Figura 1. Crescimento médio de diametro basal (DB) de seis subamostras de camu-camu e
precipitacdo média acumulada (PPA) em éarea de savana e transicdo savana/floresta durante 30

meses de avaliacdo, Roraima, 2012-2013.
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Altura de planta

O camu-camu apresentou crescimento continuo nas duas localidades, porém o maior
crescimento em altura ocorreu durante o periodo de menor precipitagdo pluvial, nos meses de
outubro a janeiro representados nas avaliacOes de janeiro de 2012 e 2013. Nas condig¢Oes de
savana 0 crescimento em altura possui padrdo oscilatério, apresentando periodos de maior
crescimento seguidos de periodos de menor crescimento.

Nas condicOes de transicdo savana/floresta o padrdo de crescimento em altura foi mais
uniforme, com menor crescimento durante meses de abril a julho devido a estiagem ocorrida

entre os meses de janeiro a marco de 2013 (Figura2).
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Figura2. Crescimento médio em altura (ALT) de seis subamostras de camu-camu e precipitacdo
média acumulada em &rea de savana e transicdo savana/floresta durante 30 meses de avaliag&o,
Roraima, 2012-2013.

Emissdo de brotos
Nas condicdes de savana a emissdo de brotos foi uniforme, incrementando de 6 a 13
brotos em média, a cada avaliacdo realizada. Durante o periodo de maior precipitagdo na savana,

nos meses de maio a julho de 2012 houve estimulo a brotacdo quando as precipitagdes
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acumuladas foram superiores a 500 mm com maior quantidade de brotos observados nos meses
de agosto a janeiro de 2012. O mesmo ocorreu nos meses de abril a julho de 2013 que
apresentaram precipitacdo acumulada acima de 500 mm indicando estimulo a brotacdo, que
ocorreu nos meses julho a outubro de 2013 (Figura 3).

Nas condices de transicdo savana/floresta houve estimulo a brotagdo durante os meses de
abril a julho de 2012, que apresentaram precipitacdo acumulada superior a 500 mm com maior
nimero de brotos observados nos meses de maio a julho. Nos meses de menor precipitacdo
acumulada, compreendidos entre outubro de 2011 e margo de 2012, houve menor intensidade de
brotacdo.No ano de 2013 o periodo precipitacdo acumulada maior que 500 mm ocorreu nos
meses de maio a agosto, sendo observado o estimulo & brotagdo nesse periodo e o maior nimero
de brotos em outubro de 2013(Figura 3).
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Figura 3. Média de emissdo de ramos terminais (NBRT) de seis subamostras de camu-camue
precipitacdo média acumulada (PPA) em &rea de savana e transi¢do savana/floresta durante 30
meses de avaliacdo, Roraima, 2012-2013.
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Quanto ao florescimento, a regido de savana induziu o florescimento precoce, aos 18
meses e depois aos 30 meses ap6s o plantio (Tabela 1).Na regido de transicdo savana/floresta
houve florescimento, porém com baixa taxa de fixacdo dos frutos devido ao florescimento na
estacdo seca, em janeiro. A regido de savana apresentou de florescimento dos acessos com

floragcdo ocorrida aos 27 meses ap0ds o plantio (Tabela 2).

Tabelal. Numero de flores totais por acesso em area de savana, Boa Vista, RR, 2013-2014.

Avaliacdo UAT 0796-8  UAT 1096-5 UAT 1596-7  UAT 1796-7 UAT 1896-7 URUBU-2

jan/13 0 0 0 24 900 0
abr/13 0 0 0 0 0 0
jul/13 0 0 0 0 0 0
out/13 0 81 470 24 3195 0
jan/14 0 0 0 0 0 0

Tabela2. Numero de flores totais por acesso em &rea de transicdo savana/floresta, Mucajai, RR,
2013-2014.

Avaliacdo UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

abr/13 18 25 0 0 18 0
jul/13 18 0 96 0 18 0
jan/14 500 435 270 110 131 0
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Ocorréncia de insetos

Os principais insetos responsaveis por causar dano as plantas na savana foram as
vaquinhas e cochonilhas associadas as formigas. As vaquinhas Costalimaita
ferruginea(Fabricius), (Coleoptera: Chrysomelidae) eBatophilia rubi(Paykull) (Coleoptera:
Chrysomelidae) atacaram as folhas e brotagdes novas (Figura 4) e foram consideradas
oportunistas, ja que eramprovenientes de outras culturas hospedeiras como eucalipto, soja e
feijdo-caupi, localizadas proximas ao experimento. A incidéncia foi observada no inicio das
chuvas, correspondentes aos meses de abril, maio e junho de 2013. As cochonilhas Dysmicoccus
brevipes (Cockerell)(Hemiptera: Pseudococcidae) ocorreram durante todo o ano, associadas as
formigas Crematogaster sp.(Hymenoptera: Formicidae) e Pseudomyrmex sp.(Hymenoptera:
Formicidae)(Figura 5), com maior ocorréncia no periodo de menor precipitagdo (outubro a
margo).

Foto: Carlg_s Abanto, 2013"

Figura 4. A. Costalimaita ferruginea (Coleoptera: Chrysomelidae)e B. Batophilia rubi
(Coleoptera: Chrysomelidae) se alimentando de folhas de Myrciaria dubia, Boa Vista, Roraima,
2013.
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Figura 5. A. Formigas Crematogaster sp.associadas as cochonilhas (Dysmicoccus
brevipes(Hemiptera: Pseudococcidae)em Boa Vista, Roraima, Brasil eB. Pseudomyrmex sp.
(Hymenoptera: Formicidae)associadas as cochonilhasParasaissetia nigra, (Hemiptera:
Coccidae). Presenca de fumagina (Cladosporium sp.) nas folhas devido a exsudagdo de secrecao
acucarada das cochonilhas, Mucajai, Roraima, Brasil, 2013.

Os principais insetos-praga que ocorreram na transicdo savana/floresta foram cochonilha
preta Parasaissetia nigra (Figura 6A), a lagarta Mimallo amilia Cramer (Lepidoptera:
Mimallonidae) (Figura 7) e formigas Crematogaster sp.(Hymenoptera: Formicidae) (Figura 5A)
e Pseudomyrmexsp. (Hymenoptera: Formicidae) (Figura 5B)associadas as cochonilhas. As
cochonilhas foram observadas durante todo o ano, com maior incidéncia sobre o acesso URUBU-
2, que se mostrou mais susceptivel a essa praga. O principal dano causado pela cochonilha preta
foi a ocorréncia de fumagina (Cladosporiumsp.), que se desenvolve sobre a exsudagdo agucarada

das cochonilhas (Figura 5B e 6A).
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Figura 6. A. Parasaissetia nigra(Hemiptera: Coccidae) atacando ramos de camu-camu no
municipio de Mucajai, Roraima, Brasil e B. Pseudaonidia triobitiformis (Hemiptera:
Diaspididae)atacando folhas, Boa Vista, Roraima, 2013.

Figura 7. A. Lagarta Mimallo amilia (Lepidoptera: Mimallonidae) e B.casulo em planta de
Myrciaria dubia,Mucajai, Roraima, 2013.

N&o houve dano significativo as plantas que justificasse o controle dos insetos. Contudo
para que ndo houvesse diminuicdo de crescimento de algumas plantas foi aplicado 6leo
mineralpara o controle da fumaginae cochonilhas e dleo de nim (Azadirachta indica A. Juss.)
para as vaquinhas, na savana.

DISCUSSAO
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Em populacdes silvestres de camu-camu a floracdo € controlada pelas vazantes dos rios,
quando as plantas emergem das dguas emitindo novas brotagdes com flores num periodo de 3 a 4
meses (VEIGA, 2003). No Amazonas e Para a frutificacdo ocorre na época das cheias, durante o
periodo chuvoso que vai de outubro a marco. No Amazonas a maior floragdo acontece de
dezembro a fevereiro e a maior producio de frutos se da entre marco e maio(FALCAO et al.,
1989; YUYAMA et al., 2010).Em Roraima a frutificagdo ocorre de janeiro a margo em
populagdes naturais, conforme estudo realizado por Souza et al., (2012). De 19 populacGes
avaliadas, 10 tiveram coincidéncia quanto ao inicio do periodo de frutificagdo, ocorrendo em
fevereiro, final da estagdo seca. Para a maioria das &reas, foi possivel verificar frutos nos
diferentes estagios de maturacdo entre fevereiro e mar¢o/2011, sendo encontradas populacdes
mais precoces em regides ao norte, Normandia (Rio Pirara) e ao sul, abrangendo todas as
populacbes de Roraindpolis e uma populacdo de Caracarai (Corredeiras do Bem-Querer), que
frutificaram desde janeiro (SOUZA et al.,2012).

A safra de camu-camu, no Municipio de Rio Preto da Eva — AM, em pomares plantados
em terra firme, ocorreu nos meses de janeiro a abril (GAVINHO, 2005). De acordo com Caliri
(2002), a maior floracdo foi observada em julho, agosto, novembro e dezembro e a safra ocorreu
de dezembro a abril na colegdo do INPA em Manaus.No Para, a floragdo mais expressiva ocorreu
em marco e a frutificagdo teve um pico no més de julho. Observou-se desfolha parcial em todas
as plantas estudadas, principalmente em novembro (MAUES e COUTURIER, 2002).De acordo
com Flores (1999), a floracdo ocorre de setembro a dezembro e a frutificacdo de dezembro a
abril, no Peru.

A floragdo ndo estd sincronizada entre as plantas, face a ocorréncia de vérios ciclos
durante 0 ano (FERREYRA, 1959). A floragédo segue desta maneira desde os ramos de cima aos
ramos de baixo e, portanto, um individuo pode apresentar gemas florais, flores e frutos em varios
estadios de desenvolvimento ao mesmo tempo (PETERS e VASQUEZ, 1986/1987).

De acordo com Inga et al. (2001), no Peru a fenologia reprodutiva da espécie transcorre
em 77 dias, tendo uma fase de desenvolvimento da flor (15 dias) e de desenvolvimento do fruto
(62 dias). Quanto ao periodo de frutificacdo e taxa de producéo de frutos para a espécie, verifica-
se que existem diferencas, sendo menor e continua em plantios (CALIRI, 2002; SOUZA, 2002;
LIMA, 2009).0s frutos séo produzidos em ramos do ano e a antese ocorre entre as 5:00 e 7:00 h
(MAUES e COUTURIER, 2002).
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De acordo com Ferreira (1986), citado por Flores (2000), em anos de chuvas abundantes o
camu-camu pode florescer durante todo o ano na terra firme. De acordo com Maués e Couturier
(2002) as plantas deMyrciaria dubia estudadas no BAG da Embrapa Amazdnia Oriental
apresentaram a fenofase de floragdo duranteo ano todo, mesmo que em baixa proporgéo,
sendomaisexpressiva nos meses de setembro de 1997(menor volume pluviométrico), marco e
junho de 1998 (maior volume pluviométrico).

Tendo como base a fenofase reprodutiva a partir do més de julho (floragéo), o ponto de
maturagcdo dos frutos ocorreria a partir de setembro, completando um ciclo de 120 dias
(GAVINHO, 2005).

De acordo com Alvarado Vertiz (1969) e Villachicca (1996) o controle de formigas
também é necessario para o controle de cochonilhas. Devido ao mercado diferenciado e saudavel
que 0 camu-camu atinge seriam necessarias medidas de controle orgénicas. Para o biocontrole de
cochonilhas, Dolinsky e Lacey (2007) sugerem que o fungo entomopatogénico Aschersonia
spp.pode ser uma alternativa desde que haja alta umidade relativa do ar e precipitacdes

abundantes.

Conclusao

Os principais insetos responsaveis por causar dano as plantas na savana foram as
vaquinhas e cochonilhas da espécie  Pseudaonidia triobitiformis  (Hemiptera:
Diaspididae)associadas as formigas Pseudomyrmexsp. J& na transicdo savana/floresta foram
observados cochonilha preta Parasaissetia nigra (Hemiptera: Coccidae), a lagarta Mimallo
amilia (Lepidoptera: Mimallonidae) e formigas Crematogaster sp.(Hymenoptera: Formicidae) e
Pseudomyrmexsp. (Hymenoptera: Formicidae)associadas as cochonilhas.

Quanto aos principais estadios fenoldgicos foram observados brotagdo de ramos inicial
nos meses de junho na savana e outubro em transigédo savana/floresta. A floracao foi observada
nos meses de setembro na savana e janeiro na transicao savana/floresta. A frutificagdo ocorreu de
novembro a janeiro na savana e de marco a abril na transicdo savana/floresta com a colheita de

frutos totalmente maduros nos meses de janeiro na savana e de abril na transigéo savana/floresta.
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De posse dessas informagfes foi possivel elaborar um quadro com as principais fases
fenolégicas e de desenvolvimento inicial do camu-camu nas condicBes de savana® e transicdo

savana/floresta® no Estado de Roraima:

[
-....%\:r

3
A

Brotagao inicial ramos Ramos secundério lignificados, Ramos do ano com
secundarios apices brotando inflorescéncias
junho' a outubro *? julho'- novembrot2 setembro’- janeiro”

Floracgéo Frutos imaturos Frutos Maduros
e novembro-dezembro'e o o
outubro-ejaneiro ) janeiro” e abril
margo

Quadrol. Principais fases fenoldgicas e de desenvolvimento inicial do camu-camu nas condicfes
de savana' e transicio savana/floresta? no Estado de Roraima.
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Abstract — Introduction. Camu-camu (Myrciaria dubia (Kunth) McVaugh) is an
indigenous fruit of the floodplain and riparian forests of the Amazon region. In Brazil,
Roraima State has appropriate conditions for this fruit production, especially in the
savanna areas with soil management and irrigation. Cultivation outside the floodplain is
an alternative to increase the availability of fruits, since flowering occurs almost all year
round, and fruit bearing coincides with the end of the dry season and early rain season.
The objective of this study was to evaluate the vegetative development of six camu-
camu subsamples selected from INPA in a savanna region near Boa Vista, Roraima,
Brazil. Materials and methods. The experiment was conducted at the Agua Boa
Experimental Station of EMBRAPA, under a tropical savanna climate type according to
Kdppen classification. For the growth analysis, parameters such as basal trunk diameter
(mm), plant height (cm), number of basal shoots and number of terminal shoots were
evaluated. Measurements were made at 90 days intervals in order to define the growth
curve of each subsample. Results and discussion. At 30 months after planting the
UAT 1896-7, UAT 1596-7 and UAT 1096-5 subsamples showed higher height. The UAT
1896-0, UAT1596-7, UAT 1096-5 and UAT 0796-8 subsamples showed higher number
of terminal shoots. Basal trunk diameter and number of basal shoots were not
discriminant among the subsamples. Conclusion. Based on initial growth parameters, it
is possible to recommend UAT 1896-7, UAT 1596-7 and UAT 1096-5 subsamples with
the largest number of terminal shoots and height. Subsample UAT 0796-8 showed a
good amount of terminal shoots, but inferior initial height, with interesting dwarf
characteristics. The subsamples UAT 1896-7, and UAT 1796-7 presented initial fruit
production at 18 months. The subsamples presented good adaptability to upland
conditions, in the savanna of Roraima State, with fertilization and of utilsols and
supplementary irrigation over the six months of lowest rainfall.

Keywords: Brazil / Roraima / camu-camu (Myrciaria dubia)/ upland production/
plant growth.
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1. Introduction

Camu-camu (Myrciaria dubia (Kunth) McVaugh) is an indigenous fruit of
thefloodplains forests that form dense stands along oxbow lakes of river courses of the
Amazon region [1]. It has good organoleptic characteristics and at the same time it is a
great source of vitamin C, minerals and antioxidants having an excellent nutraceutical
value. Camu-camu fruits from the eastern region of Roraima presented 3571-6112 mg of
ascorbic acid per 100 g of fresh pulp [2]. The camu-camu pulp has been exported from
Peru, where most of this fruit is collected from the native populations [3].The species is
distributed throughout much of the Brazilian Amazon, in the states of Par4, Amapa,
Amazonas, Rondodnia, Roraima and Mato Grosso. It also occurs in Peru, Venezuela and
Colombia [4].

Camu-camu cultivation is an alternative to wild harvests that can increase the
availability of fruits, since flowering occurs all year round, and fruit bearing is in more
pronounced periods coinciding with the end of the dry and the beginning of the rainy
seasons. In a well established orchard with 4 x 4 m between plants and rows one can
expect a fruit yield from 10 to 15 t ha™ [5].

The increase in camu-camu cultivation with selected genetic stock has been a
challenge due to a lack of agricultural credit, intensive harvesting and high costs of
transportation from forests to major market centers [6]. However, camu-camu cultivation
can represent a new crop option, requiring low investment compared to other fruits,
because of its plasticity and adaptation to different environments. In Peru, in an attempt
to increase supplies of the fruit in more convenient locations, the government promoted
the domestication of M. dubia, through the Programa Nacional de Camu Camu (PNCC)
in 1996 [7].

The species occurrence is typical of the floodplain forests of the Amazon,
characterized by periods of inundation, and can be cultivated in tropical and humid
climate. It occurs in tropical rainforest climate (Af) [8], with an average annual
temperature of 26.7 °C, average annual rainfall around 2,419 mm and 88% of relative
humidity [9]. The savannas cover 230,104 km? of the Roraima State and they consist of
different landforms and vegetative covers, with soils with low fertility in general. The
climate in the northern savannas of Roraima is characteristic of the tropical savanna
climate (Aw) [8], belonging to the tropical rainy domain, with a dry period [10]. The main
objective of this work was to select and study, through vegetative development data, 6
subsamples of camu-camu from the germplasm collection of INPA, located in the
Amazonian savanna and around Boa Vista, the capital city of the northernmost Roraima
State.

2. Materials and methods

2.1. Location of the study and climatic data
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The study was conducted at the experimental field of Agua Boa, belonging to State
owned EMBRAPA enterprise, in Boa Vista, located at coordinates 2° 39 '59" N and 60°
50' 21" W, Aw climate, featuring a well defined long dry season of 6 months. The
average temperature is around 25 °C and the annual rainfall in the study area is around
1,600 mm, with irregular distribution, with two clear periods of rainfall, with the wettest
between the months of April through September, concentrating approximately 70% of
annual rainfall, which is observed from 100 to 130 days of rain per year in the study
area. The rainy season lasts from five to six months a year, starting in April-May and
ending in September, with a total rainfall of approximately 1,350 to 1,920 mm [9].The
average annual relative humidity is around 70-80%

2.1.1. Data collection

Plant materials were issued from the Embrapa collection established in Boa Vista,
Roraima State from July, 2011 to January, 2014. Subsamples were evaluated by
measuring vegetative growth and initial production. For vegetative parameters Basal
Trunk Diameter (mm) was used at 10 cm distance from the ground level, Plant Height (in
cm), Number of Basal Shoots and Number of Terminal Shoots. Measurements were
performed at intervals of 90 days in order to define the growth curve of each subsample.
For the production parameters flowers and fruits were counted.

2.1.2. Cultivation

The experimental area was established on an utilsol soil and plain relief, and initially,
soil management basically consisted of liming 30 days before planting with dolomitic
limestone with an amount of 2 t ha™, and incorporated with natural phosphate and
potassium chloride with an amount of 90 kg ha™ P,Os, and 90 kg ha™ K,O [11]. Green
manure crops were used with plants between rows 30 days after planting: legumes
(Crotalaria juncea - sun hemp, Cannavalia ensiformis — jack beans), sunflower
(Helianthus annuus L.), and millet (Pennisetum glaucum (L.) R. Br.), planted for physical
and chemical soil conditioning. One year after planting, 30 g potassium chloride, 30 g
urea and 10 g micronutrients formula were applied per plant during the rainy season,
once a year. Irrigation was done by the method of micro sprinklers during the driest
period of the year. The herbaceous control was achieved by using a motorized
knapsack brush cutter in the rows and a tractor between the rows.

2.1.3. Statistical analysis

The experimental design was a randomized block design with subdivided time
analysis, totaling 9 evaluations every 3 months, 6 subsamples, 4 replications and 4
plants per plot at a spacing of 5 x 2 m. Height was measured by a measuring tape, basal
trunk diameter by a digital caliper, and the number of flowers and fruits, basal shoots
and terminals were counted. The data obtained every 3 months were subjected to
analysis of variance by way of an F test and the comparison of means by a Tukey test at
5% probability. The growth curve for each parameter was performed by polynomial
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regression analysis through an INFO- GEN program [12] by adjusting the curve
analyzing the coefficient of determination (R?).

3. Results and discussion
3.1. Basal trunk diameter

The subsamples UAT 1896-7, UAT 0796-8 and URUBU-2 were best fitted to a quadratic
growth model and UAT 1596-7, UAT 1096-5 and UAT 1796-7 curves fitted the linear
model (figure 1).
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Figure 1. Growth curves of the basal trunk diameter (mm) obtained every three months
for 30 months after planting in savanna areas, Boa Vista, RR.

While analyzing the basal trunk diameter data during time with theTukey test (table I) no
significant difference was observed among subsamples, ranging from 6 to 9 months
after planting. From 12 to 15 months after planting, the highest basal trunk diameters
were observed in UAT 1896-7, as well as UAT 1796-7, UAT 1596-7 and UAT 1096-5
subsamples, with values of 19.25, 18.81, 18.74 and 15.54 mm respectively, without any
significant difference between them. The UAT 0796-8 and URUBU-2 subsamples had a
mean basal trunk diameter of 14.9 and 13.94 mm, respectively, showing no significant
difference between them, but differing from the other subsamples. From 18 to 30 months
after planting, the subsamples had no significant difference between them, ranging from
31.38 to 22.13 mm for UAT 1896-7 and UAT 1796-7 respectively. At 30 months after
planting the diameter ranged from 22.1 to 31.4 mm in the savanna.
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Table I. Basal trunk diameter (mm) evaluations of six subsamples for thirty months after
planting in areas of savanna, Boa Vista, RR.

Subsamples

Months UAT 1896-

after UAT 0796-8  UAT 1096-5 UAT 1596-7 UAT 1796-7 7 URUBU-2

planting Ccv
6 1406 a 1244 a 1347 a 1390 a 18,00 a 12,19 a 22,77
9 1259 a 1326 a 1499 a 1708 a 16,63 a 11,86 a 18,95
12 1383 b 1535 ab 17,20 ab 17,44 ab 18,26 a 13,32 b 11,43
15 1490 ab 1554 ab 18,74 ab 18,81 ab 19,25 a 13,94 b 13,27
18 1581 a 1798 a 2269 a 1501 a 21,76 a 14,86 a 21,21
21 1644 a 1886 a 21,31 a 1699 a 2249 a 16,76 a 16,82
24 1854 a 21,71 a 2375 a 2088 a 2515 a 18,18 a 21,86
27 2433 a 2425 a 279 a 2181 a 30,70 a 22,65 a 15,99
30 26,88 a 2712 a 2925 a 2213 a 31,38 a 24,00 a 17,40

Basal trunk diameter (mm) means on the same line with the same lowercase letter does not differ
statistically at 5% by Tukey test.

As a part of the breeding programme of Embrapa —Roraima, Almeida et al. (2014)
tested camu-camu subsamples collected from Inpa- Manaus in different areas of
Roraima State. In a transition savanna/forest area of Roraima State at 30 months after
planting, the UAT 1896-7 and UAT 1096-5 subsamples showed larger basal trunk
diameters with 29.13 mm and 30.38 mm, respectively [13].

Clones MD-013, MD-014, MD-015, MD-017 and MD-020, from the state of Loreto in
Iquitos, Peru, stood out as promising genotypes of Nanay and Itaya River. At four years
after planting the plants showed basal trunk diameters ranging from 22.0 to 25.6 mm
[14]. Subsamples of Uatuma River, State of Amazonas, Brazil grew better than those of
Nanay and Itaya rivers in basal trunk diameter.

The basal trunk diameter evaluated at 10 cm from the ground of two-year-old plants
grown from seeds in Acre, ranged from 14.58 to 33.85 mm [15].

The basal trunk diameter is directly associated with the fruit yield. This was
demonstrated by Yuyama et al. (2002) who also found that flower production, and fruit
yield increased exponentially with increasing basal trunk diameter of camu-camu. Fruit
bearing starts when the plant reaches basal trunk diameter of 2.0 cm [16]. At 18 months
after planting UAT 1896-7 and UAT 1596-7 showed the first fruits and basal trunk
diameter of 2.2 and 1.5 cm.

3.2. Plant Height

The growth curves showing height of each subsample over time are shown in figure

2. With subsamples that showed greater height development, UAT 1896-7, UAT 1596-7,

and UAT 1096-5 were best adjusted to linear model curve. Some subsamples showed

less height development, such as UAT 1796-7 and URUBU-2 which fitted the linear
curve model, and UAT 0796-8 which fitted the quadratic curve model.
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Figure 2. Growth curves in plant height (cm) obtained every three months for 30 months
after planting in savanna areas, Boa Vista, RR.

Analyzing the data with the Tukey test over time (table II), the UAT 1596-7 showed
statistical difference in height, with an average of 79.12 cm at 6 months after planting
and the other subsamples ranged between 45.35 and 54.56 cm, with no statistical
difference between them. At 9 months after planting, only URUBU-2 showed lower
height with significant difference among the other subsamples, with 67.19 cm. From 12
to 15 months after planting there ocurred no statistical difference in height between the
six subsamples. The same occurred in the interval of 24-27 months after planting. At 30
months after planting, the three subsamples that stood out were UAT 1096-5, UAT
1596-7, UAT 1796-7 and UAT 1896-7. The UAT 0796-8 and URUBU-2 subsamples
showed lower height differing from the others. At 30 months after planting, height ranged
from 149 to 216 cm in the savanna, and these data are consistent with [17] who
observed that plants, two years after planting, ranged from 142 to 196 cm and after
three years of planting from 193 to 282 cm in Belém, Para State, Brazil.According to
Almeida et al., (2014) in the transition savanna/forest area of Roraima State the
subsamples presented similar height ranging from 235.53 to 138.75, with UAT 1096-5
and UAT 0796-8, respectively. Most of the subsamples presented height stability in both
areas, only UAT 1796-7 which was higher in the savanna area.
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Table Il. Plant height evaluations of six subsamples for thirty months after planting in

areas of savanna, Boa Vista, RR.

Subsamples

Months

after UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

planting Ccv
6 5456 b 45,35 b 79,12 a 50,31 b 51,75 b 47,00 b 17,24
9 85,38 ab 8306 ab 97,25 a 7560 ab 79,11 ab 67,19 b 12,99
12 93,00 ab 97,88 a 10550 a 82,88 a 98,69 a 75,88 a 14,65
15 116,63 ab 117,75 a 130,88 a 104,78 a 12419 a 93,81 a 17,20
18 125,50 abc 149,82 a 140,13 ab 83,94 c 136,00 ab 99,38 bc 15,08
21 153,50 abc 177,30 a 170,00 a 10825 c¢ 161,38 ab 111,75 bc 15,32
24 160,25 a 18852 a 18550 a 12894 a 18652 a 11894 a 19,25
27 153,13 a 21249 a 208,13 a 14788 a 200,75 a 14388 a 17,48
30 149,38 ¢ 21559 ab 216,13 a 15450 bc 21063 ab 154,88 abc 14,58

Plant height (cm) with a lowercase letter in the same line do not differ statistically at 5% by the Tukey test.

3.3.

Number of basal shoots

The UAT 1896-7 subsample showed no significant growth curve for the number of
basal shoots. Subsamples UAT 1596-7, UAT 1096-5, UAT 1796-7, UAT 0796-8 fitted
the quadratic growth curve model and URUBU was the one that best fitted the linear

curve model (figure 3).
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Figure 3. Growth curves of numbers of basal shoots obtained every three months for 30
months after planting in savanna areas, Boa Vista, RR.
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Analyzing the subsamples number of basal shoots means by Tukey test during
time (table IIl), from 6 months to 30 months after planting the number of basal shoots
showed no significant difference between the six subsamples and ranged from 2 to 4
shoots. In the transition savanna/forest area of Roraima State the UAT 1896-7 stood out
with 4,69 shoots differing from other subsamples ranging from 1,81 to 2.63 [13].

Table Ill. Number of basal shoots evaluations of six subsamples for thirty months after
planting in areas of savanna, Boa Vista, Roraima.

Subsamples

Months after UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

planting Ccv
6 156 a 2,56 a 191 a 1,88 a 2,88 a 2,63 a 27,49
9 1,25 a 2,56 a 2,63 a 2,63 a 2,60 a 325 a 3747
12 1,38 a 2,56 a 2,63 a 291 a 2,75 a 294 a 35,77
15 1,13 b 2,63 ab 2,00 ab 3,00 a 2,63 ab 294 a 32,17
18 1,88 a 2,85 a 2,75 a 2,44 a 2,79 a 3,06 a 27,68
21 2,38 a 2,97 a 2,25 a 2,69 a 2,69 a 290 a 42,29
24 183 a 3,03 a 3,13 a 2,63 a 2,90 a 263 a 31,84
27 2,25 a 4,18 a 3,38 a 2,75 a 2,50 a 263 a 3561
30 2,25 a 3,97 a 3,38 a 2,75 a 2,50 a 263 a 37,71

Number of basal shoots means in lowercase in the same line does not differ statistically at 5% by the
Tukey test

The number of basal shoots is important for canopy structure, increasing the
possibility of having terminal shoots which are able to bear fruit. The number of basal
shoots has medium heritability levels (in the narrow sense) h?a = 0.45 and (in a broad
sense) h%g = 0.33. This variable is significantly correlated with fruit production (R? =
0.43), fruit weight (R? = 0.38), and ascorbic acid [18].

3.4. Number of terminal shoots

From 6 to 15 months after planting UAT 1896-7 and UAT 1596-7 subsamples had
the highest number of terminal shoots (table V).
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Table IV.Number of terminal shoots of six subsamples for thirty months after planting in
areas of savanna, Boa Vista, Roraima.

Months Subsamples

after UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-

planting 7 URUBU-2 CV
6 4,75 bc 5,38 bc 13,04 a 5,00 bc 969 ab 344 ¢ 32,14
9 16,13 bc 14,69 bcd 19,50 ab 11,88 cd 24,65 a 9,13 d 17,83
12 21,50 bc 19,81 bed 27,38 ab 14,63 cd 34,44 a 11,69 d 17,47
15 29,13 bc 24,25 bc 39,50 ab 22,28 ¢ 40,56 a 15,06 ¢ 24,09
18 31,50 bc 45,08 abc 47,63 ab 24,94 bc 64,98 a 17,72 ¢ 32,91
21 52,75 ab 49,13 abc 58,00 ab 29,94 bc 76,31 a 21,04 ¢ 27,23
24 49,79 ab 50,56 ab 57,50 ab 30,63 ab 68,50 a 20,81 b 38,97
27 68,88 ab 72,96 ab 67,50 ab 37,38 ab 73,63 a 29,88 b 32,30
30 71,38 ab 67,67 ab 69,38 ab 42,25 bc 98,13 a 30,75 ¢ 24,26

Number of terminal shootsmeans with a lowercase letter in the same line does not differ statistically at 5%
by the Tukey test.

At 18 months after planting, UAT 1896-7, UAT 1596-7 and UAT 1096-5 showed the
highest values of terminal shoots, with 64.98, 47.63 and 45.08 respectively. The other
subsamples UAT 0796-8, UAT 1796-7 and URUBU-2 showed lower values: 31.50,
24.94 and 17.72 shoots, respectively. From 21 to 27 months after planting UAT 1896-7,
UAT 1596-7, UAT 0796-8, and UAT 1096-5 showed the highest values of terminal
shoots, and did not differ among themselves. UAT1796-7 and URUBU-2 subsamples did
not differ and showed the lowest values of terminal shoots. At 30 months after planting,
the subsample UAT 1896-7 showed the highest number of terminal shoots with value
98.13 but not differing significantly from the other subsamples. UAT 0796-8, UAT 1596-7
and UAT 1096-5 showed similar values of terminal shoots, with 71.38, 69.38 and 67.67
shoots, respectively. The UAT 1796-7 and URUBU-2 subsamples maintained the lowest
values of terminal shoots differing from the others, with 42.25 and 30.75 shoots.

In figure 4 one can observe the growth curve in the number of terminal shoots of
subsamples over time. The best development in the number of terminal shoots, UAT
1896-7, UAT 1596-7, UAT 0796-5 and UAT 1096-5 showed growth curves fitting the
linear model. The UAT 1796-7 and URUBU-2 subsamples, with smaller values of
terminal shoots, also showed significant data and the curve fitted the linear model.
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Figure 4. Growth curves of numbers of terminal shoots obtained every three months for
30 months after planting in savanna areas, Boa Vista, RR.

The subsample E3-F7 demonstrated that it is not necessary for a plant to exhibit
great height or number of secondary shoots in vegetative evaluation to achieve high
yields of marketable fruits [19]. In this case the secondary shoots are those measured at
50 cm above ground level. In the transition savanna/forest area at 30 months after
planting, UAT 1096-5, UAT 1896-7 and UAT 0796-8 stood out from the others with
values of 80.71, 80.13 and 56.13 shoots, respectively, showing statistical difference of
other subsamples [13]. The subsamples presented stable number of terminal shoots in
savanna and transition savanna/forest of Roraima State.

3.5. Number of flowers

The first flowering plant occurred at 9 months after planting, with a single plant from
the UAT 0796-8, and another one from the UAT 1896-7 producing few flowers, but no
fruit set. At 18 months after planting another flowering plant from the UAT 1896-7 and
one from the UAT 1796-7 subsamples produced 900 and 24 flowers, respectively. At 27
months after planting there was more abundant flowering, especially in subsample UAT
1896-7, with 3195 flowers. The UAT 1596-7 presented 470 flowers, UAT 1096-5, 81
flowers and UAT 1796-7, 24 flowers. UAT 0796-8 and URUBU-2 showed no flowering
(table V).

39



According to Almeida et al. (2014) in the transition savanna/forest area subsamples
UAT 1596-7, UAT 1096-5, UAT 0796-8 and UAT 1896-7 started flowering at 21 months
after planting, with a total of 96, 25, 20 and 18 flowers, respectively. At 27 months after
planting, only 2 subsamples flowered, UAT 1096-5 and UAT 0796-8, with 25 and 3
flowers, respectively. Peak flowering occurred in January, 30 months after planting. The
UAT 0796-8 and UAT 1096-5 subsamples, with 500 and 435 flowers in total,
respectively, stood out over the remaining. The other subsamples, UAT 1596-7, UAT
1796-7, and UAT 1896-7, showed satisfactory flowering, with 270, 131, and 110
flowers, respectively. The URUBU-2 subsample showed no flowering, with late flowering
characteristic.

Table V. Total number of flowers evaluations of 6 subsamples obtained every three
months for 30 months after planting in savanna areas, Boa Vista, Roraima.

Subsamples
Evaluation UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2
jan/13 0 0 0 24 900 0
abr/13 0 0 0 0 0 0
jul/13 0 0 0 0 0 0
out/13 0 81 470 24 3195 0
jan/14 0 0 0 0 0 0

3.6. Number of fruits

The first frutification occurred at 18 months after planting with UAT 1796-7 and UAT
1896-7 subsamples, yielding 39 and 5 fruits, respectively. At 30 months after planting
there was intense fruit bearing in UAT 1596-7, UAT 1796-7 and UAT 0796-8 with 52, 48
and 43 fruits respectively. UAT 1896-7 showed a low rate of fruit set with only 13 fruits.
The subsample URUBU-2 did not bear any fruits, with a late production characteristic
(Table VI).

In the transition savanna/forest area the first frutification occurred at 21 months after
planting, with the UAT 0796-8, UAT 1896-7 and UAT 1096-5 subsamples showing the
first fruits[13].
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Table VI. Number of fruits evaluations of 6 subsamples obtained every three months for
30 months after planting in savanna areas, Boa Vista, Roraima.

Subsamples

Evaluation
UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2
abr/12 0 0 0 0 0
jul/12 0 0 0 0 0
out/12 0 0 0 0 0
jan/13 0 0 0 39 5 0
abr/13 0 0 0 0 0
jul/13 0 0 0 0 0
out/13 43 0 52 42 13 22
jan/14 43 0 56 48 10 22

Plants that stood out with high values of vegetative parameters for the first three
years did not repeat the high level in the years to produce fruit, leaving doubt as to the
applicability of early evaluation of subsamples based on vegetative parameters to
predict capacity production of plants or progenies of camu-camu. However, in this very
experiment progenies 21, 37, 68, 211, 222, presented good vegetative production
according to the parameters in the two year period of evaluation (2010-2011) [20].

4. Conclusion

Based on the best canopy architecture and precocity, it is possible to recommend
UAT 1896-7 and UAT 1596-7 subsamples with larger number of terminal shoots, height
and initial fruit set. With good initial growth we can also recommend UAT 1096-5
although with no register of fruit production. Subsample UAT 0796-8 showed a good
amount of terminal shoots, but inferior initial height, with interesting dwarf characteristics
and good initial fruit production. The UAT 1796-7, URUBU-2 subsamples showed lower
values for height and number of terminal shoots, but UAT 1796-7 showed precocity and
good initial production.

The subsamples presented good adaptability and stability to upland conditions, in
the savanna and transition savanna/forest areas of Roraima State, with fertilization of
utilsols and supplementary irrigation over the months of lowest rainfall. The possibility of
cultivation in these areas can represent an opportunity for rural development, since
camu-camu is a nutraceutical species that holds high commercial expectations. To
overcome the first two years of vegetative growth with low production, an intercrop with
annual species such as beans, cassava, watermelon and corn is indicated to promote
ecological balance for pest management, improve soil conditioning and payback the
investment in irrigation and soil preparation (liming, scarifying, fertilization).
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Abstract
Camu-camu (Myrciaria dubia (Kunth) McVaugh) is an indigenous fruit of the floodplain and

riparian forests of the Amazon region. In Brazil, Roraima state has appropriate conditions for this
fruit production. Cultivation outside the floodplains is an alternative to increase the availability
of fruits, since flowering occurs almost all year round, and fruit bearing coincides with the end of
the dry season and early rain season. The objective of this study was to evaluate the vegetative
development of 6 camu-camu subsamples selected from the Instituto Nacional de Pesquisas da
Amazonia- INPA (Amazonas state), in a savanna region near Boa Vista city (Roraima, Brazil).
The experiment was conducted at the Serra da Prata Experimental Station of the Empresa
Brasileira de Pesquisa Agropecuaria (EMBRAPA), with a climate type Am according to Képpen
climate classification. Four parameters were evaluated for the growth analysis, the basal stem
diameter (mm), the plant height (cm), and numbers of basal and terminal shoots, as well as the
numbers of flowers and fruits. Measurements were made at 90 days intervals in order to define
the growth curve of each subsample for 30 months Based on the parameters of vegetative growth
and early flowering, we recommend the UAT 1096-5 subsample with the best vegetative
development for transition forest/Savanna area, presenting moreover higher number of terminal
shoots, greater height, and early flowering than the remaining camu-camu subsamples. At 30
months after planting, the UAT 1896-7 and UAT 0796-8 subsamples showed no statistical
difference from UAT 1096-5 regarding the number of terminal shoots, but showed slightly lower
height, with a statistically significant difference. The UAT 1596-7, UAT 1796-7, and URUBU-2
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subsamples showed the lowest number of terminal shoots, although UAT 1596-7 presented
greater height than the others. In relation to precocity, peak flowering occurred in January, 30
months after planting, with the UAT 0796-8 and UAT 1096-5 subsamples excelling over others,
with 500 and 435 flowers in total, respectively.

Keywords: plant growth, Myrciaria dubia (Kunth) McVaugh, upland production, Brazil

1. Introduction

Camu-camu (Myrciaria dubia (Kunth) McVaugh) is an indigenous fruit of thefloodplains forests
that form dense stands along oxbow lakes of river courses of the Amazon region [Figure 1]. It
and has good organoleptic characteristics and, at the same time, it is a great source of vitamin C,
minerals, and antioxidants, showing an excellent nutraceutical value. According to Yuyama et al.
(2002), camu-camu fruits presented 3571- 6112 mg of ascorbic acid per 100 g of fresh pulp in
the eastern region of Roraima state (Brazil). The camu-camu pulp has been exported from Peru,
where most of this fruit is collected from the wild populations (Peters and Vasquez, 1986/1987).
The species is distributed throughout much of the Brazilian Amazon, in the states of Parj,
Amapa, Amazonas, Rond6nia, Roraima, and Mato Grosso. It also occurs in Peru, Venezuela, and
Colombia (McVaugh, 1963).

Camu-camu cultivation is an alternative to increase the availability of fruits, since flowering
occurs all the year round, and fruit bearing is more pronounced periods coinciding with the end
of the dry and the beginning of the rainy seasons. In a well established orchard with 4 x 4 m
between plants and rows, it can expect a fruit yield from 10 to 15 t per hectare (Calzada-Benza,
1980).

The increase of camu-camu cultivation with selected genetic material has been a challenge due to
lack of agricultural credit, intensive harvesting, and the high costs of transportation from forests
to major market centers (Peters et al., 1989). In this sense, camu-camu cultivation can represent a
new crop option, requiring low investment compared to other fruits, because of their plasticity
and adaptation to different environments. In this way, in an attempt to increase supplies of the
fruit in more convenient locations, the Peruvian government promoted the domestication of M.
dubia, through the 1996 Programa Nacional de Camu Camu (PNCC) (Penn, 2006).
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The species occurrence is typical of the floodplain forests of the Amazon, characterized by
periods of inundation, and can be cultivated in tropical and humid climate. It occurs in Af
climate according to Kdppen classification, with an average annual temperature of 26.7 °C, an
average annual rainfall around 2,419 mm, and over 88% of relative humidity (Ribeiro, 1976). In
regions with transitional forest, the rainfall is clearly lower than in areas of tropical rainforest,
and climate type are characterized by Am, which has small dry period according to the previous
climatic classification. The average annual temperature is 28 °C and relative humidity of 72%.
The predominant soils in the area are the Oxisols and ultisols with low fertility and medium

texture.

The objective of this experiment was to select, through vegetative development and initial
production data, 6 subsamples of camu-camu from the germplasm collection of the Instituto
Nacional de Pesquisas da Amazbnia- INPA (Amazonas state), located in the transition

savanna/forest in the city of Mucajai, Roraima state, Brazil.
2. Methods
2.1 Location of the Study and Climatic Data

The study was conducted at the experimental field of Serra da Prata, belonging to State owned
Empresa Brasileira de Pesquisa Agropecuaria-EMBRAPA, in Mucajai (Roraima State), Brazil,
whose geographical location of the experimental area is located on 2°23'49"N; 60°58'40"W.

I RORAIMA STATE WN
B MUCAJAI REGION
A CE SERRADAPRATA (W 60°5840° S2°23'49")

\ia
"v-ﬂ.
R

] 400

kilometers

Figure 1. Location of the study
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The climate is Am type, according to Képpen classification system, with a small dry season. The
rainy season goes from April to August, while the dry season runs from September to March.
The rainfall regime is characterized by the concentration of rainfall (about 58% of total
precipitation) in the months of May, June, and July, representing the period of greatest rainfall.
The period of lowest rainfall is over, 6 months, between October and March, representing about
18% of total precipitation. An intermediate period is represented in the months of April, August,
and September, with about 30% of total precipitation (Mourdo Junior et al., 2006). The total
annual rainfall in the experimental field Serra da Prata region oscillates, in a confidence interval,
on the order of 1510-2145 mm per year, with an annual average 1,844 mm (Mour&o Junior et al.,
2003).

2.2 Data Collection

Camu-camu subsamples were evaluated by measuring vegetative growth and initial
production. The four vegetative parameters used in this study were the basal trunk diameter
(mm) at 10 cm distance from the ground level, the plant height (cm), and the numbers of basal
and terminal shoots. For the production parameters, the numbers of flowers and fruits were also

counted.

Measurements were performed at intervals of 90 days during 30 months in order to define the
growth curve of each subsample

2.3 Cultivation

The experimental area was established on an utilsol soil and plain relief, and initially, soil
management consisted basically of liming with dolomitic limestone, 30 days before planting, in
the amount of 2 t/ha, and incorporated with natural phosphate and potassium chloride in the
amount of 90 kg/ha of P,Os and 90 kg/ha of K,O (Villachica, 1996). Green manure crops were
used between rows 30 days after planting with legumes - sunn hemp (Crotalaria juncea L.); jack
bean(Cannavalia ensiformis (L.) DC), sunflower (Helianthus annuus L.), and millet (Pennisetum
glaucum (L.)R.Br.)planted for physical and chemical soil conditioning.
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One vyear after planting, 30 g of potassium chloride, 30 g of urea, and 10 g of
micronutrients formula was applied per plant during the rainy season, once a year. Irrigation was
done by the method of micro sprinklers during the driest period of the year. The herbaceous
control was done using motorized knapsack brush cutter in the rows and by tractor between the

lines.
2.4 Experimental Design

The experimental design was a randomized block design with subdivided time analysis,
totaling 9 evaluations every 3 months, 6 subsamples, 4 replications and 4 plants per plot at a
spacing of 5 x 2 m. This design was selected because it is suitable to compare subsamples,
eliminating possible influence by other extraneous factors, such as soil fertility, thus reducing
error with the block factor.

Regarding the study variables, the basal trunk diameter and the plant height were
measured with a digital caliper and a measuring tape, respectively, meanwhile the numbers of
basal and terminals shoots, as well as the numbers of flowers and fruits, were calculated by

counting.

The data obtained every 3 months were subjected to analysis of variance by F-test, because of the
type of data which indicates normal distribution and with increasing tendency during time. The
grouping means test was analyzed by Scott-Knott test at 5% probability. This test was used
because it allows us to better discriminate the differences between subsamples.

The growth curve for each parameter was performed by polynomial regression analysis by
INFO- GEN program (Balzarini & Di Rienzo, 2011) by adjusting the curve analyzing the
coefficient of determination (R2).

3. Results
3.1 Basal Trunk Diameter

The camu-camu subsamples with the best development in basal trunk diameter in the
study, i.e., UAT 1896-7, UAT 1096-5, UAT 1596-7, and UAT 0796-5, showed statistically
significant data and they were the best fitted to the linear model curve. Conversely, the UAT
1796-7 and URUBU-2 subsamples, with smaller basal trunk diameter than the remaining,
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showed no significant data. The Figure 2 represents the graphic models obtained in statistical

analysis.

As shown in Table 1, the Scott knott mean test over time revealed that UAT 1896-7
subsample stood out with a significant difference, regarding basal trunk diameter, compared to
the others from 6 to 12 months after planting. At 12 months after planting, the UAT 1896-7
subsample showed a basal trunk diameter of 21,25 mm, higher than the other subsamples. The
remaining subsamples showed no significant difference between them, ranging from 11.79 to
14,81 mm in UAT 1596-7 and UAT 1096-5, respectively. The UAT 1896-7 and UAT 1096-5
subsamples stood out from the other subsamples, with significant values in this parameter, from
15 to 30 months after planting. At 30 months after planting, the UAT 1896-7 and the UAT 1096-
5 subsamples showed basal trunk diameters ranging from 29,13 mm and 30,38 mm, respectively;
the other subsamples had basal trunk diameters with no significant differences between each
other in the same period, ranging from 19,19 to 23,88 mm with URUBU-2 and UAT 1796-7,
respectively.

Table 1. Mean data for basal trunk diameter (mm) of 6 subsamples for 30 months after planting
in transition savanna/forest area, Mucajai-RR, Brazil

] Subsamples
Months after planting

UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

6 11,15b 12,45b 12,52b 10,65b 17,14a 10,53b
9 11,74b 13,33b 11,20b 11,56b 20,83a 11,81b
12 12,95b 14,81b 11,79b 12,25b 21,25a 12,66b
15 13,88b 18,31a 13,50b 14,50b 22,50a 14,13b
18 16,38b 22,75a 16,25b 15,75b 25,50a 14,75b
21 19,78b 24,56a 17,88b 18,41b 28,75a 16,75b
24 20,79b 26,95a 20,03b 19,50b 28,75a 16,75b
27 21,19b 28,19a 19,75b 19,50b 28,88a 17,06b
30 23,88b 30,38a 23,00b 20,00b 29,13a 19,19b

On the same line with lowercase letter do not differ statistically at 5% by the Scott knott test.
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3.2 Plant Height

As seen in Figure 2, the UAT 1896-7, UAT 0796-8, and URUBU-2 subsamples were the
best fitted to a quadratic growth model. Meanwhile, the plant height curves of the UAT 1596-7,
UAT 1096-5, and UAT 1796-7 subsamples were fitted the linear model.

Regarding the plant height over time of each subsample, Figure 2 also shows that, on the
one hand, the subsamples that showed greater height development (UAT 1896-7, UAT 1596-7,
and UAT 1096-5) were best fitted to the linear model curve and, on the other hand, subsamples
with lower height growth (UAT 0796-8 and UAT 1796-7) were fitted to quadratic curve model
and; finally, URUBU-2 subsample was adjusted to the linear model.

UAT 1896-7 = 0,5187x + 15,412 R2=0,91**——e——
UAT 1096-5=0,8157x + 6,6203 R2 = 0,98**——m——
UAT 0796-8 = 0,5603x + 6,775 R2=0,97** ——¢——

35

30

Basal trunk diameter (mm)

10

UAT 1596-7 = 0,4913x + 7,3703 R2= 0,92**— —— A — -
UAT 1796-7 = 0,4424x + 7,8281 R2= 0,96---0---—
URUBU-2 = 0,3399x + 8,7288 R2 = 0,97——— O———

6 9 12 15 18 21 24 27 30
Months after planting

Figure 2. Growth curves of the basal trunk diameter (mm) obtained every 3 months for 30
months after planting in transition savanna/forest area, Mucajai-RR, Brazil

In the first evaluation at 6 months after planting, there was no significant difference
among the 6 tested subsamples, ranging from 39.69 to 60.06 cm, with UAT1796-7 and UAT
1596-7, respectively. From 9 to 27 months after planting, all subsamples had no statistic

difference. Only at 30 months is that significant difference was observed in the height of UAT
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1096-5 and UAT 1596-7 subsamples compared to the others, with mean values of 235.53 and

219.63 cm, respectively (Table 2).

Table 2. Average plant height data of six subsamples for thirty months after planting in transition
savanna/forest area, Mucajai-RR, Brazil

Months after planting

Subsamples

UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

6
9
12
15
18
21
24
27
30

48,31a
63,50a
95,25a
114,42a
149,44a
162,94a
172,62a
176,13a
138,75b

49,00a

64,13a

102,38a
129,14a
161,13a
180,88a
190,97a
205,13a
235,53a

60,06a
68,75a
81,88a
106,38a
127,38a
155,88a
165,72a
192,25a
219,63a

39,69a
78,25a
84,88a
97,00a
98,75a
137,94a
143,72a
120,63a
158,75b

57,05a
69,75a
101,25a
139,13a
155,45a
178,5a
181,61a
177,00a
194,63b

50,5a
58,19a
91,56a
111,25a
123,81a
146,49a
155,25a
151,92a
164,54b

On the same line with lowercase letter do not differ statistically at 5% by the Scott knott test.

3.3 Number of Basal Shoots

The number of basal shoots had no significant data for polynomial regression during the

evaluation on time. However, by evaluating with mean test over time, there was a statistical
difference in the UAT 1896-7 subsample in relation to the others (Table 3).
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Table 3. Average number of basal shoots of six subsamples for thirty months after planting in
transition savanna/forest area, Mucajai-RR, Brazil

Months after planting

Subsamples

UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

6
9
12
15
18
21
24
27
30

1,75b
1,5b

1,38b
1,5b

1,75b
1,75¢
1,75¢
2,00b
2,00b

2,5b

2,75b
2,13b
1,88b
2,13b
3,00b
3,00b
2,88b
2,63b

1,5b

1,63b
1,81b
1,5b

1,75b
1,81c
1,81c
2,00b
2,00b

2b

2,38b
2,13b
2,63b
2,38b
2,38b
2,38b
2,38b
2,38b

4,31a
5,13a
4,38a
4,38a
4,70a
4,44a
4,44a
4,69a
4,69a

2,38b
2,5b

1,98b
2,00b
1,75b
1,69c
1,69c
1,75b
1,81b

On the same line with lowercase letter do not differ statistically at 5% by the Scott Knott test.

3.4 Number of Terminal Shoots

The best developments in the number of terminal shoots were observed in the UAT 1896-
7, UAT 1096-5, UAT 0796-8, and URUBU-2 subsamples, which showed significant data and the
best fitted curve linear model. The UAT 1796-7 and UAT 1596-7 subsamples, which showed

lower values of terminal shoots, showed no significant data that could be represented by a model

of the growth curve. The Figure 3 represents the graphic models obtained in statistical analysis

(Figure 3).
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UAT 1096-5 = 6,8109x + 8,2851 R2 = 0,99** ]
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Figure 3. Growth curves of plant height (cm) obtained every 3 months for 30 months after
planting in transition savanna/forest area, Mucajai-RR, Brazil

At 6 months after planting, the number of terminal shoots did not differ statistically
between all tested subsamples, ranging from 1.88 to 6.63 shoots, showing uniformity between
plants. From 9 to 15 months after planting, the superiority of UAT 1896-7 subsample remained
in comparison to other subsamples. The UAT 1896-7, UAT 1096-5, and UAT 0796-8 had the
best rates for numbers of terminal shoots in the study from 18 to 30 months after planting. At 30
months after planting, UAT 1096-5, UAT 1896-7, and UAT 0796-7 stood out from the others
with values of 80.71, 80.13 and 56.13 shoots, respectively, showing statistical difference of other

subsamples (Table 4).
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Table 4. Average number of terminal shoots of six subsamples for thirty months after planting
transition savanna/forest area, Mucajai-RR, Brazil

Subsamples
Months after planting

UAT 0796-8 UAT 1096-5 UAT 1596-7 UAT 1796-7 UAT 1896-7 URUBU-2

6 1,88a 5,63a 3,13a 6,00a 6,632 2,25a
9 13,13b 11,88b 8,75b 15,38b 32,25a 9,81b
12 11,75b 20,38b 15,75b 14,25b 30,75a 13,83b
15 32,63a 46,13a 28,5b 35,5b 70,38a 28,5b
18 36,56a 45,81a 24,63b 24,75b 52,25a 21,56b
21 45,00b 58,63a 29,19b 25,38b 70,44a 26,39
24 46,52a 56,87a 28,01b 25,31b 72,24a 27,32b
27 47,25b 69,63a 27,88b 24,00b 69,23a 27,65b
30 80,25a 80,71a 33,52b 30,00b 80,13a 29,03b

On the same line with lowercase letter do not differ statistically at 5% by the Scott Knott test.

3.5 Precocity

At 21 months after planting, the UAT 1596-7, UAT 1096-5, UAT 0796-8, and UAT
1896-7 subsamples had a total of 96, 25, 20 and 18 flowers, respectively. At 27 months after
planting, only 2 subsamples flowered, UAT 1096-5 and UAT 0796-8, with 25 and 3 flowers,
respectively.
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Figure 4. Total number of flowers of 6 subsamples obtained every three months for 30 months
after planting in transition savanna/forest area, Mucajai-RR, Brazil

Peak flowering occurred in January, 30 months after planting. The UAT 0796-8 and UAT
1096-5 subsamples, with 500 and 435 flowers in total, respectively, stood out over the
remaining. The other subsamples, UAT 1596-7, UAT 1796-7, and UAT 1896-7, showed
satisfactory flowering, with 270, 131, and 110 flowers, respectively. The URUBU-2 subsample
showed no flowering, with late flowering characteristic (Figure 4).

4. Discussion

Based on the parameters of vegetative growth and precocity the subsamples tested
present different growing, flowering and fruiting patterns.

The number of basal shoots was recorded for analysis of canopy formation, since the larger the
number of basal shoots, the greater the possibility of having terminal shoots which are able to
bear fruit. The number of basal shoots has medium heritability levels (in the narrow sense): h2a
= 0.45 and = 0.33 h’g in a broad sense, and that this variable is significantly correlated with fruit
production (r* = 0.43), fruit weight (r* = 0.38), and ascorbic acid (Pinedo, 2013).

According to Pinedo et al. (2011), plants of the MD-013, MD-014, MD-015, MD-017,
and MD-020 clones from the Loreto state (lquitos, Peru), stood out as promising genotypes of
Nanay and Itaya rivers. Thus, the plants showed basal trunk diameters ranging from 22.0 to 25.6
mm at 4 years after planting; the subsamples of Uatuma river (Amazonas state, Brazil) analized
in this study grew better than those of Nanay and Itaya rivers in basal trunk diameter, because
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diameters ranged from 29.13 to 30.38 mm in the transition savanna/forest at 30 months after
planting. These data support the results obtained from Siviero et al (2012), who observed that
basal trunk diameter at 10 cm from the ground of two-years-old plants grown from seeds in Acre
Brazilian state, ranged from 14.58 to 33.85 mm. Moreover, Ribeiro et al. (2000) concluded that
matrices planted from seeds of the Solimdes river in Belém (Para state, Brazil), with 2 years of
planting, showed basal shoot diameters, measured at a height of 60 cm above the ground level,
much greater than that observed with clones in the transition savanna/forest area, ranging from
97.6-119.7 mm and 128-166 mm at 2 and 3 years after planting, respectively. In the present
study, at 30 months after planting, height ranged from 1.49 to 2.35 m in the transition
savanna/forest area, results which are consistent with Ribeiro et al. (2000), who observed that
plants, 2 years after planting, ranged from 1.42 to 1.96 m in height, and from 1.93 to 2.82 m after
3 years of planting in Belém, Para state Brazil.

In relation with the fruit production, according to Peters and Hammonds (1990), fruit
bearing starts when the plant reaches basal trunk diameter of 2.0 cm. At 21 months after planting,
the UAT 0796-8, UAT 1896-7 and UAT 1096-5 subsamples showed the first fruits and basal
trunk diameters of 19,78,28,75 and 24,56 mm, respectively.

According to Pinedo and Paredes (2012), plants that stood out with high values of
vegetative parameters for the first 3 years did not repeat the high level in the years to produce
fruit, leaving in doubt the applicability of early evaluation of subsamples based on vegetative
parameters to predict capacity production of plants or progenies of camu-camu. However, in this
same experiment, 21, 37, 68, 211, and 222 progenies, presented good vegetative and production
parameters in 2 years of evaluation (2010-2011).

According to Gil et al. (2011), the E3-F7 subsample demonstrated that it is not necessary
a great height or number of secondary shoots in vegetative evaluation to achieve high yields of
marketable fruits. In this case, the secondary shoots are those measured at 50 cm above ground

level.

The basal trunk diameter is directly associated with the fruit yield. This was demonstrated
by Peters and Vasquez (1986/1987) who also found that flower production and fruit yield

exponentially increase with increasing basal trunk diameter of camu-camu.
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We could recommend, in a preliminary way, the UAT 1096-5 subsample such as that
developed in the best position to transition savanna/forest area, with higher terminal shoots,
superior height, early flowering, and higher number of flowers than the remaining camu-camu

subsamples.

At 30 months after planting, the UAT 1896-7 and UAT 0796-8 subsamples showed the
number of terminal shoots with no statistical difference from the UAT 1096-5, but had slightly
lower height, which was statistically significant. The UAT 1596-7, UAT 1796-7, and URUBU-2
subsamples showed lower values of number of terminal shoots, although UAT 1596-7 presented
greater height.

The subsamples presented good adaptability to upland conditions, in the transition
savanna/forest of Roraima State, with utilsols and supplementary irrigation over the 3 months of
lowest rainfall. The possibility of cultivation in these areas can represent an opportunity of rural
development, since camu-camu is a nutraceutical species that holds high commercial
expectations. To overcome the 21 months of vegetative growth with no production an intercrop
with annual species such as beans, cassava, watermelon and corn is indicated to generate income

for the investment in irrigation and soil management.
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AVALIACAO DO DESENVOLVIMENTO INICIAL DE ACESSOSDE CAMU-
CAMU(Myrciaria dubia (Kunth) McVaughEMDUAS CONDICOES
EDAFOCLIMATICAS DO ESTADO DE RORAIMA

O estudo teve como objetivo avaliar e comparar o desenvolvimento inicial de seis acessos de
camu-camu (Myrciaria dubia (Kunth) McVaughem de &rea de savana e transi¢cdo savana/
florestano Estado de Roraima.O delineamento experimental foi em blocos casualizados, com seis
tratamentos e quatro repeti¢des, sendo considerado subdivisdo no tempo com nove avaliacOes a
cada 3 meses.Os pardmetros avaliados foram: didmetro basal (mm), altura de planta (cm),
namero de ramos terminais e nimero de ramos basais. A parcela experimental foi constituida de
quatro plantas.O experimento foi implantado com quatro blocos por local, em espacamento de 5
X 2 m. A andlise conjunta dos experimentos (geno6tipo x ambiente) foi considerada do tipo
genotipo fixo (clones) e ambientes aleatérios. N&o houve diferenga significativa das
subamostrasnas areas para 0s parametros diametro basal (mm), altura de planta (cm)e namero de
ramos terminais exceto para nimero de ramos basais. A interacdo entre subamostras e ambientes
aos 30 meses apOs o plantio apresentaram comportamento semelhante em savana e transigdo

savana/floresta,mostrando que as subamostras apresentam estabilidade nas duas localidades.
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ABSTRACT

The study aimed to evaluate and compare the initial growth development of six camu-camu
subsamples (Myrciaria dubia (Kunth) McVaugh) in savanna area and transition savanna/forest
areas in the Roraima State, Brazil. The experimental design was in a randomized blocks, with six
treatments and four replications and was considered subdivision in time with nine evaluations
every 3 months. The experimental plot consisted of four plants. The experiment was carried out
with four blocks per site, with spacing of 5 x 2 m. The experiment (Genotype x Environment)
analysis was considered fixed for genotype (subsamples) and random for environments (savanna
and savanna/foresttransition). There was no difference between the two areas for basal diameter
(mm), plant height (cm) and number of terminal branches, except for number of basal branches.
At 30 months after planting the interaction among subsamples and the two studied areas showed
similar effects in savanna and savanna/forest transition, showing that the subsamples had stability
in both areas.
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AVALIACAO DO DESENVOLVIMENTO VEGETATIVO INICIAL DE ACESSOS DE
CAMU-CAMU(Myrciaria dubia (Kunth) McVaughEMDUAS CONDICOES
EDAFOCLIMATICAS DO ESTADO DE RORAIMA

INTRODUCAO

O Estado de Roraima apresenta regides adequadas para o estabelecimento da fruticultura,
com destaque para dois ecossistemas.As areas de lavrados ou savanas (cerrados), com 1,5
milhGes de hectares e as areas de floresta tropical, com disponibilidade aproximada de 700.000
hectares ja alterados, podem ser incorporadas ao processo produtivo, sem haver necessidade de
novos desmatamentos, além de outras &reas denominadas de &rea de transicdo entre savana e
floresta. Atualmente, podem-se encontrar pomares nativos de camu-camu nas margens de rios de
diversas regides de cerrado e de mata do estado de Roraima e até plantios comerciais em terra
firme localizados mais ao sul do Estado.

O Instituto Nacional de Pesquisas da Amazbnia vem a mais de quatro décadas
selecionando plantas superiores de camu-camu para cultivo em escala. Para isso, ha a necessidade
de realizacdo de ensaios regionais que mostram a adaptacdo das diversas selecdes em diferentes
ambientes.

A selecdo de clones de camu-camu, além de representar uma nova opgao para o agricultor
familiar, através do cultivo de uma espécie, que requer baixo investimento e pequena area em
relacdo a outras fruteiras, representa em alguns casos, uma boa opg¢do também para o consumidor,
por adquirir por baixo custo uma fruta com boas caracteristicas organolépticas e a0 mesmo
tempo, ser uma 6tima fonte de sais minerais e antioxidantes, considerando particularmente, o seu
alto valor nutracéutico.

Na savana de Roraima o periodo chuvoso € de cinco a seis meses por ano, iniciando em
abril/maio e terminando em setembro, com um total de precipitacdo de aproximadamente,
1.200mm. No periodo seco (outubro a margo) a precipitacdo é de 300mm, perfazendo um total
anual de 1.500- 1.600mm, caracterizando o tipo climatico Aw. Predominam solos do tipo
latossolos amarelo e vermelho-amarelo de textura média e baixa fertilidade natural (BARBOSA,
1997; MOURAO JUNIOR et al., 20064a).

Nas regides transicdo savana/floresta (regido central do estado) a precipitacdo pluvial
varia entre 1700 a 2000 mm e sdo caracterizadas pelo tipo climatico Am, que possui periodo

seco, porém com menor rigor que Aw. Os solos predominantes sdo os argissolos e latossolos de
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textura média e baixa fertilidade natural. A temperatura média anual é de 28°C e umidade relativa
do ar de 72% (BARBOSA, 1997; MOURAO JUNIOR etal., 2006D).

MATERIAL E METODOS

Descricao das subamostras

As seissubamostras foram clonadas a partir de plantas da cole¢édo do INPA, em Manaus
originarios de cinco populagdes do rio Uatumd, provenientes do estado do Amazonas e uma do
rio Urubu, proveniente do estado de Roraima. A selecdo dos clones foi feita com base nas
caracteristicas de alta concentracdo de acido ascdrbico nos frutos, alta producédo de frutos, e copa

com grande quantidade de ramos plagiotrépicos.

Caracterizacéo do solo

O solo foi coletadonas areas experimentais e através de amostragem composta e em
seguida enviado ao Laboratorio de Solos do INPA, em Manaus. As analises dos solos nas duas
localidades revelaramelevada acidez e baixos niveis de nutrientes (Quadros 1 e 2).

Quadrol.Composicdo quimica do solo de savana, coletado em duas profundidades, Boa Vista,
Roraima

Profundidade(cm) pH(H,O) P(mg.kg?)  K(cmolc.kgh) Ca(cmolc.kg?)  Mg(cmolc.kg?)  Al(cmolc.kg™)

0-20 4,87 3,13 0,03 0,26 0,16 04

20 - 40 4,71 2,16 0,02 0,15 0,07 0,49

Quadro2.Composicdo quimica do solo de transicdo savana/floresta, coletado em duas
profundidades, Mucajai, Roraima

Profundidade(cm) pH(H,O) P(mg.kg?)  K(cmolc.kg?) Ca(cmolc.kg?)  Mg(cmolc.kg?)  Al(cmolc.kg™)

0-20 474 6,68 0,02 1,04 03 0.1

20-40 486 2.84 0,01 0,99 03 0,14
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Tratos culturais

A area escolhida para o experimento apresentava solo e relevo uniformes e 0 manejo
inicial do solo constituiu-se, basicamente, de correcdo da acidez e de niveis de nutrientes com
calcério dolomitico, na quantia de 2 t/ha juntamente com fosfatagem e potassagem em éarea total
do experimento, na quantia de 90kg de P,Os por hectare e de 90 kg de K,O por hectare. Foi
utilizada a adubacdo verde na entrelinha 30 dias apds o plantio, com leguminosas (crotalaria,
feijdo de porco), girassol e milheto plantadas para condicionamento fisico e quimico do solo.
Apbs 8 meses de plantio foram aplicadas, em cobertura, 30g cloreto de potassio, 30 g de uréia e
10 g de FTE BR12 por planta, durante a época chuvosa, uma vez ao ano. A irrigacdo foi feita
pelo método de microaspersdo na fase inicial do plantio, a cada 3 dias, e durante o periodo mais
seco do ano. O controle de herbaceas foi feito com uso de rocadeira costal motorizada nas linhas

de plantio e tratorizada nas entrelinhas.

Coleta de dados

Foi avaliadoa cada trés meses o desenvolvimento vegetativo e produtivo dos acessos
atraves de medigdo de crescimento da planta e do monitoramento mensal de floracdo e
frutificacdo dos acessos. A altura foi medida em centimetros com auxilio de trena, o didmetro
basal em milimetros com paquimetro digital a 10 cm do nivel do solo e contagem do nimero de
flores e frutos, bem como do nimero de ramos basais e terminais. Os ramos basais foram
considerados aqueles que brotaram da estaca de propagacdo inicial e os terminais aqueles que
estavam situados nas extremidades dos ramos secundérios, constituidos das brotacbes mais
jovens. Para os parametros produtivos foi realizada contagem de flores e frutos, indicando o

inicio e final da floracdo e maturagdo dos frutos.

Delineamento experimental

O estudo foi realizado por meio de andlise genético-estatistica, com uso do programa
GENES, da Universidade Federal de Vigosa-UFV. As seis subamostras foram testadas em dois
locaisno estado de Roraima, em &rea de savana e em de &rea de transicdo savana/floresta. O
delineamento experimental foi em blocos casualizados, com seis tratamentos (subamostras) e
quatro repeti¢des, sendo foi considerado subdivisdo no tempo com nove avaliagdes. A parcela

experimental foi constituida de quatro plantas.O experimento foi implantado com quatro blocos
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por local, em espacamento de 5 x 2 m. A andlise conjunta dos experimentos (genotipo X

ambiente) foi considerada do tipo gendtipo fixo (clones) e ambientes aleatorios.

RESULTADOS

As variaveis analisadas apresentaram relacdo de quadrado medio de residuos maior e
menor (QMR maior/ QMR menor) menor que 7, com valores variando de 1,00 a 2,26, sendo,
portanto, aceitavel a comparagdo entre as duas localidades (BANZATTO e KRONKA, 2006). As
subamostrasndo apresentaram diferencas entre si quanto ao didmetro basal, & altura de planta, ao
nimero de ramos terminais e nimero de ramos basais (Tabela 1) para a interacdo entre
subamostras e ambientes.

Tabela 1. Anélise de variancia da interacdo gendtipox ambiente para didmetro basal, altura de
planta, nimero de ramos basais e terminais de seis subamostras de camu-camu em savana e
transicdo savana/floresta aos 30 meses de avaliagdo, Roraima, Brasil

QM
FV GL Diametro Altura de Ndmero NUmero ramos
basal (mm) planta (cm) ramos basais terminais

Blocos/Ambiente 6 26,96 592,38 0,54 676,35
Blocos 3 47,49 558,96 0,22 853,67
Bloco x Ambiente 3 6,44 625,79 0,86 499,03
Subamostras 5 109,53 * 7967,11 ** 2,35 ns 4117,68 *
Ambientes 1 76,82 ns 720,22 ns 477 * 1635,18 ns
Subamostrasx Ambiente 5 21,20 ns 419,37 ns 2,23 ns 539,22 ns
Residuo 30 2349 714,96 0,90 384,59
Total 47
Meédia 25,53 187,39 2,60 57,42
CV(%) 18,99 14,27 36,53 34,15
Relacdo (QMR)/(QMR) 1,16 1,00 2,03 2,27

*, ** significativos a 5 e 1% de probabilidade pelo teste F; ns: ndo significativo.

As subamostras apresentaram diferengas significativas entre si para o diametro basal,
altura de planta e numero de ramos terminais, exceto para o namero de ramos basais.

Porém, o numero de ramos basais diferiu significativamente entre os ambientes
apresentando maior média na savana com 2,91 ramos e 2,28 ramos na transi¢do savana/floresta
(Tabela2).

As subamostras que se destacaram nas duas localidades foram UAT 1896-7, UAT 1096-

5e UAT 1596-7 com altura, didmetro basal e nimero de ramos basais sem diferenca significativa
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entre si. J& para nimero de ramos terminais a subamostra UAT 1596-7 apresentou média de
51,45 ramos e diferiu significativamente de UAT 1896-7, UAT 1096-5 e UAT 0796-8 que
apresentaram valores superiores variando entre 63,75 e 89,13 ramos (Tabela2).

Tabela 2. Teste de médias dos parametros diametro basal (mm), altura de planta (cm), nimero de
ramos basais e nimero de ramos terminais aos 30 meses de avaliagdo de 6 acessos em areas de
savana e transicdo savana/floresta

Didmetro Altura de Numero Numero
basal (mm) planta ramos ramos
(cm) basais terminais
Ambiente

Savana 26,79 a 183,52 a 291 a 63,26 a
Savana/Floresta 24,26 a 191,26 a 2,28 b 51,58 a
DMS 2,75 15,61 0,56 11,69
Subamostras
UAT 0796-8 25,38 ab 161,94 b 1,94 a 63,75 abc
UAT 1096-5 28,75 a 225,56 a 3,30 a 74,19 ab
UAT 1596-7 26,13 ab 217,88 a 2,56 a 51,45 bcd
UAT 1796-7 21,06 b 156,63 b 2,38 a 36,13 cd
UAT 1896-7 30,25 a 202,63 a 3,19 a 89,13 a
URUBU-2 2159 b 159,71 b 2,22 a 29,89 d
DMS 7,08 40,19 1,43 30,05

*Meédias seguidas de mesma letra ndo diferem estatisticamente entre si pelo teste de Tukey
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DISCUSSAO

A interacdo entre as subamostras e ambientes, mostrou que as mesmas apresentaram
comportamento semelhante em savana e transi¢do entre savana e floresta, ndo havendo diferenca
significativa das varidveis nas duas localidades.

As duas localidades apresentaram condi¢fes propicias ao cultivo de camu-camu e ndo
diferiram entre si para a maioria dos parametros avaliadosdevido principalmente, as condi¢des de
clima favoravel, sem presenca de seca prolongada durante os 30 meses de avaliacdo nos locais
dos experimentos. Outro fator que propiciou o bom desenvolvimento das plantas foi 0 manejo da
irrigacdo, correcOes e adubacdes de solo, controle de plantas invasoras e adubagdo verde com
leguminosas e gramineas nas entrelinhas fazendo a incorporacao da matéria orgénica proveniente
da rogcagem nas linhas de plantio.

O cultivo de camu-camu em local com maior pluviosidade e menor periodo de estiagem
possibilita a inferéncia que o maior crescimento vegetativo ocorreria nessas condi¢es, porém
ndo houve diferenca significativa entre as duas localidades de julho de 2012 a janeiro de 2014.
Isso se deve, principalmente, a grande capacidade de adaptacdo as condicbes de cultivo,
realizando irrigagdes periodicas no inicio do plantio nas duas localidades, quando o sistema
radicular ainda era pouco desenvolvido. Um fator que pode ter influenciado o menor
desenvolvimento das plantas da regido de transicdo savana/floresta foi o maior periodo de
interferéncia de plantas invasoras sobre as mudas de camu-camu, principalmente gramineas
exoticas que ocorriam na area, dentre elas o capim colonido (Panicum maximumvar..colonido) e
capim carrapicho (Cenchrus echinatus L.) que dificultaram o controle e sombrearam mais as
mudas durante os meses de chuva, em relagdo ao experimento da savana que apresentava capim

nativo (Trachypogon plumosus) em sua maior parte.

CONCLUSAO

Este estudo revelou quenéo existem diferengas significativas para a maioria dos parametros
vegetativos no crescimento inicial e precocidade dos diferentes acessos testados na savana e
transicdo savana/floresta. A savana induziu maior nimero de ramos basais quando comparados a
transicdo savana/floresta. Os acessos que se destacaram analisando 0s parametros vegetativos
foram UAT 1896-7,,UAT 1096-5 e UAT 1596-7,que obtiveram desempenho superiorna savana e

na transicdo savana/floresta.
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Sintese

Manejo dos solos

Como os solos da regido estudada sdo caracterizados por elevada acidez e baixa
fertilidade, foi necessario uso de técnicas de manejo de solo e de cultivo buscando melhorar as
condicOes fisicas e quimicas através revolvimento minimo de solo, rocagem das herbaceas, uso
de adubacéo verde, e calagem e fosfatagem em &rea total de plantio. A irrigagdo por gotejamento
associada a cobertura morta na linha de plantio foram importantes para manutencdo da umidade
do solo e sobrevivéncia inicial dos clones no campo, ja que o sistema radicular de muda advindas

de processo de propagacao por estaquia € mais delicado.

Crescimento inicial dos acessos
Analisando cada local por testes de comparacdo de médias durante o tempo 0S acessos
UAT 1896-7, UAT 1096-5 e UAT 1596-7 foram os que melhor se desenvolveram na savana e na

transicdo savana/floresta.

Epoca de emissdo de ramos terminais

A emissdo de ramos terminais ocorreu logo ap6s o periodo chuvoso nas duas localidades,
porém com brotacdo dos acessos de forma mais uniforme e em menor nimero de ramos na
savana e na transicdo savana/floresta brotagdo mais concentrada com maior nimero de ramos

emitidos nos periodos de maior pluviosidade.

Epoca de florescimento

Verificou-se que a época de florescimento ocorreu de forma diferentena regido de savana
mostrando antecipagdo do florescimento em relagdo a transi¢do savana/floresta. Na savana o pico
de florescimento ocorreu em outubro de 2013 e na transi¢do savana/floresta o pico ocorreu em
janeiro de 2014.

Epoca de frutificacio e precocidade
Quanto a época de frutificacdo houve diferencas entre as duas regides, com a regido da
savana mostrando o pico de frutificagdo em janeiro de 2014. Na regido de transicdo
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savana/floresta a frutificacdo foi muito pequena, devido a época de menor precipitacdo no més de
abril.

No que se refere a producéo inicial a regido de savana induziu o florescimento precoce,
aos nove meses, depois aos 18 meses de plantio com os primeiros frutos. A primeira produgéo
significativa ocorreu aos 30 meses com intensa frutificacdo dos acessos UAT 1896-7, UAT 1096-
5e UAT 1596-7.

Apesar dos clones iniciarem producdo de flores e frutos aos 30 meses apos o plantio
aindaé necessario maior tempo de avaliacdo para identificar as principais épocas de producéo de
frutos de cada clone nos diferentes locais de plantio.

Considerac0es Finais

Este estudo revelou que existem pequenas diferengcas no crescimento vegetativo e
precocidade dos diferentes acessos testados na savana e transicdo savana/floresta. A savana
induziu maiores nimeros de ramos basais para a maioria dos acessos quando comparados a
transicdo savana/floresta.

Desta forma é necessario maior tempo de avaliagdes para definir os clones com melhor
desempenho vegetativo aliando os dados de producgdo e de época de frutificacdo para o futuro

lancamento e distribuicdo de materiais genéticos mais adaptados as condigdes de Roraima.
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