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INFLUENCIA DAS CONDICOES CLIMATICAS
NA COMPOSICAO QUIMICA E CARACTERISTICAS
FISICAS DA MANTEIGA DO CACAU

Paulo Romeu F. Berbert*

ABSTRACT

Influence of climatic conditions on the chemical
composition and the physical characteristics
of cocoa butter

Cocoa butter analysis by gas chromatography and differential scanning
calorimetry (DSC) indicate that the butter’s chemical composition and, in
consequence, its physical characteristics (hardness and melting point) are
affected by small variations in the ambient temperature during pod develop-
ment. Cocoa beans from fruits that had developed during the cooler winter
months in Bahia (harvested between August and October) were found to have
a butterfat containing 5% more unsaturated fatty acids (oleic and linoleic)
than beans from fruits which had developed during the warmer summer
months. This resulted in the cocoa butter from the latter having a higher
melting point.

Similarly, cocoa beans produced in warmer regions like the Amazon
valley have a butterfat with a higher melting point than those produced in

Bahia or Ghana.

INTRODUCAO

A composigdo quimica da manteiga
de cacau e, consequentemente, as
suas caracteristicas fisicas sdo
fatores de importdncia econdomica
na indiastria chocolateira, princi-
palmente quando se tem em vista
o fabrico de chocolate em barra;

quando confeccionado com man-
teiga de baixo ponto de fusdo,
esse tipo de chocolate esta sujei-
to a amolecimento durante os dias
quentes.

Varios autores pesquisaram os
fatores responsaveis pela variagédo
do grau de saturagdo de acidos

Recebido para publicagio em 31 de janeiro de 1975.

* Divisdo de Fitologia, CEPEC.
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graxos em diversas espécies ve-
getais (4, 7, 8, 9, 10). O clima,
sobretudo a temperatura, é citado
frequentemente como o principal
responsdvel pela qualidade des-
ses acidos, podendo ocasional-
mente causar diferengas no seu
grau de saturac¢do, sendo estas,as
vezes, superiores as existentes
entre variedades de uma mesma
espécie (3, 5, 6, 12, 13),

No caso particular do cacau, pouco
tem sido feito para avaliar o efeito
da variacdo da temperatura ambi-
ental (conforme o local onde é cul-
tivado) ou da variagdo sazonal de
temperatura na composic¢ao da sua
manteiga. Berbert e Alvim (1), a-
través da determina¢do do indice
de iodo, mediram o grau de satura-
¢do dos acidos graxos componen-
tes da manteiga de cacau em dife-
rentes épocas do ano e em dife-
rentes localidades, encontrando
variagOes significativas (35 a 42).
Essas variagdes estavam correla-
cionadas com a temperatura ambi-
ental durante a fase de desenvol-
vimento do fruto.

O objetivo do presente trabalho
foi avaliar a influéncia do clima,
durante o desenvolvimento do fruto
na composi¢do quimica e caracte-
risticas fisicas da manteiga de
cacau,

MATERIAIS E METODOS

Foram analicadas amostrac de
manteiga de cacau da variedade

Rev. Trneobroma (Brasil) 6 :67-76. 1976.

“Comum”, proveniente de Gana,
Amazonas e Bahia (CEPEC, I-
théus), a fim de se identificar e
quantificar os seus acidos graxos
componentes bem como determinar
a sua resisténcia a fusdo. Devido
a dificuldade de obtencdo de a-
mostras de Gana e do Amazonas,
destas localidades foram analisa-
das manteigas de frutos colhidos
em uma s6 época (novembro). No
caso da Bahia, foram feitas cole-
tas quase que mensais, pelo peri-
odo de 1 ano. Devido ao retarda-
mento do “tempordo” do ano em
que foi feito o estudo (1973), a
coleta de mar¢o constou de frutos
tardios da safra anterior. A man-
teiga foi extraida por prensagem a
60°C.

A identifica¢do e quantificacdo
dos acidos foram feitas por croma-
tografia de gas, usando-se detec-
tor de ionizacdo de chama. Para
essas analises, os acidos foram
transformados em ésteres metili-
cos por interesterificacdo segundo
o método descrito por Stoffel et al
(11). Utilizou-se coluna 0,2 mm
de diametro interno e 1,8 m de
comprimento, compactada com die-
tilenoglicosucinato (DEGS) a 10%
em chromosorb W 80/100 malhas.
As condi¢des de analise foram:
temperatura do detector: 260°C,
temperatura da estufa: 170°C, tem-
peratura do ponto de injegdo:
250°C e o gas de arraste empre-
gado, He , na razdo de 60 cm? por

minuto.
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Para analise de resisténcia a
fusdo, feita por calorimetria dife-
rencial (DSC), amostras de man-
teiga de aproximadamente 10mg,
apos terem sido colocadas no re-
cipiente apropriado e lacradas,
foram fundidas a 50°C e deixadas
solidificar por 72 horas, a 15°C.
Utilizou-se calorimetro diferen-
cial da Perkin-Elmer, modelo
DSC-18, iniciando-se a corrida de
cada amostra a 0°C, sendo a tem-
peratura elevada de 2,5°C por mi-
nuto até a fusdo total da manteiga.
Os graficos obtidos das curvas de

fusdo foram divididos em trés par-
tes: 0-22, 22-26 e acima de 26°C
(Figura 1). As éareas, no grafico,
compreendidas entre essas tempe-
raturas foram recortadas e pesa-
das separadamente, determinando-
se assim as percentagens da amos-
tra que permaneceram solidas até
esta atingir as temperaturas cita-
das. Procedeu-se também 2 deter-
minagdo do ponto de fusdo (escor-
regamento), pelo método de capilar
aberto, recomendado por British
Standards Methods for Analysis
of Oils and Fats (2).
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Figura 1 — Curvas de fusdo das manteigas obtidas por calorimetria di-
ferencial de frutos colbidos em diferentes localidades e épocas do ano
(1973). Em Gana e no Amazomas, os frutos foram colbidos somente em

novembro.,

Rev. Theobroma (Bras:l) 6 :67 -76, 1976,
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RESULTADOS E DISCUSSAO

O total de acidos graxos satura-
dos na manteiga de cacau da Bahia
alcancou o seu valor maximo em
améndoas coletadas em margo. Até
junho, este valor permaneceu bas-
tante elevado (Quadro 1). A partir
deste més, notou-se um declinio

acentuado no teor de acidos satu-
rados até alcancar o seu valor mi-
nimo em setembro. Como ndo foram
coletadas amostras em abril e maio,
ndo se pode estabelecer em qual
dos 3 meses (margo, abril ou maio)
ocorreu o teor maximo dos satura-
dos. No entanto, considerando-se
a relagdo direta, observada em to-

Quadro 1 — Percentagem dos dcidos graxos da manteiga de cacau em
diferentes épocas do ano de 1973 e em diferentes localidades.

-

Acidos (%)
Local e
época Miristico Palmitico Palmitoleico Estedrico Oleico Linoleico
Bahia
Jan 0,0 27,0 0,0 34,3 35,7 2,5
Mar 0,0 29,6 0,0 34,4 34,5 1.3
Jun 0,0 28,6 0,0 34,7 34,5 2,0
Jul 0,0 28,1 0,0 33,4 35,6 2,6
Ago 0,0 26,5 0,0 32,8 37.1 3,4
Set 0,0 26,4 0,0 32,2 39,2 4,1
Nov 0,0 25,7 0,0 33,1 36,7 3,9
Dez 0,0 25,5 0,0 34,2 37,1 3,0
Gana
Nov 0,0 29,8 0,0 32,5 32,7 3,9
Amazonas
Nov 0,0 26,1 0,0 38,5 31,3 3,0
i : Total Total Relagéio saturados

Araquidico Linolénico .4 rados insaturados / insaturados
Bahia
Jan 0,3 0,0 61,7 38,2 1,61
Mar 0,1 0,0 64,1 35,9 1,78
Jun 0,2 0,0 63,5 36,5 1,74
Jul 0,2 0,0 61,7 38,2 1,61
Ago 0,2 0,0 59,5 40,5 1,47
Set 0,2 0,0 58,8 41,3 1,42
Nov 0,1 0,0 58,9 41,1 1,43
Dez 0,1 0,0 50,8 40,2 1,49
Gana
Nov 1,1 0,0 63,3 36,6 1,72
Amazonas
Nov 1,1 0,0 65,7 34,3 1,91

e e~ S e

Rev, Theobroma (Brasil) § : 67 -76. 1976.
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das as demais épocas, entre a com-
posicdo dos acidos graxos e a tem-
peratura média dos 4 meses que
antecederam a colheita dos frutos
(Figura 2), pode-se deduzir que,
entre marco e junho, o teor dos sa-
turados alcanga o seu valor ma-
ximo. Considerando-se ainda que a
temperatura sofre flutuacdes de
ano para ano, € provavel que o va-
lor maximo do grau de saturacdo
da manteiga de cacau ndo ocorre
todos os anos no mesmo més, mas
sofre um leve desvio para o més
anterior ou posterior, conforme as
variagdes climaticas de cada ano.

O aumento de 3° C na média das
temperaturas dos 4 meses que an-
tecederam o amadurecimento do fru-
to (de 23 para 26° C) provocou um
decréscimo de cerca de 5% no total
de dcidos graxos insaturados (olei-

..... Média Temp.

= Teor oc. gr. Sot. / 465 2

Amoronos =

464 *

P $

- 63 5
“»

gzr ¢z§

526 c:§

"'25" e °

3 $

- 24F ”-i

3 3} 1,

‘222 UM S SR SR SR SR W W S 87 =

Jon. Fev. Mor. Abr. Mol. Jun. Jul. Ago. Se1. Out Now, Dez.
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Figura 2 — Influéncia das médias
das temperaturas dos 4 meses que
antecederam a colbeita dos frutos
sobre o teor de dcidos graxos sa-
turados das manteigas das amén-
doas em diferentes épocas e lo-
calidades,

co e linoleico). Isso correspondeu
a uma elevagdo no ponto de fuséo
de 2° C.

Pelas suas caracteristicas fisi-
cas, a manteiga do cacau da Bahia
proveniente de frutos colhidos a
partir de janeiro até a metade de
julho (fim de safra e quase todo o
tempordo, portanto) é mais adequa-
da ao fabrico de chocolate em bar-
ra — e a outras finalidades que
exijam uma maior resisténcia a fu-
sdo — que manteigas de outras é-
pocas do ano, ou seja, fim de tem-
pordo e inicio de safra.

O teor de acidos graxos satura-
dos da manteiga de cacau do Ama-
zonas, de frutos colhidos em no-
vembro de 1973, foi superior ao da
africana dessa mesma época e 2 da
Bahia em qualquer época daquele
ano (Figura 2 e Quadro 1). A man-
teiga africana proveniente de fru-
tos colhidos em novembro mostrou
teor de saturados semelhante ao
alcancado pela manteiga da Bahia
oriunda de frutos colhidos em mar-
¢o e junho (Figuras 2 e 3).

Como as variagdes das tempe-
raturas médias mensais no Amazo-
nas e em Gana sdo menores que as
da Bahia (Figura 4), é de se supor
que a influéncia das variagdes sa-
zonais na relagdo de saturados pa-
ra insaturados seja igualmente in-
ferior nas manteigas dessas locali-
dades, principalmente na do Ama-
zonas.

Rev, Theobroma (Brasil) 6:67-76. 1976.



2 BERBERT

— ]
— S ]

L JLs ) U L/s\.ﬁ_" N\ u \\JGL,L

Figura 3 — Andlise das manteigas de cacau de frutos colbidos em di-
ferentes localidades e épocas do ano (1973), feita por cromatografia de
gés. A) CEPEGC, junbho; B) CEPEC, novembro; C) Gana, novembro e D)
Amazonas, novembro. Acidos: 1) miristico; 2) palmitico; 3) palmitoleico;
4) estedrito; 5) oleico; 6) linoleico e 7) araquidico,

Reuvu. Theobroma (Brasil) 6 :67 =76, 19706.
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Figura 4 — Precipitacdo mensal e médias mensais de temperatura das
diferentes localidades estudadas (média de 5 anos).

As Figuras 5 e 6 mostram que
os resultados das analises de re-
sisténcia a fusdo e dos pontos de
fusao concordam entre sie com a
relagdo entre os acidos graxos sa-
turados e insaturados. Essa con-
cordincia existe também nas man-
teigas do Amazonas e de Gana.

A precipitacdo € distribuida uni-
formemente durante o ano na Bahia
(IThéus); entretanto, a composi¢do
da manteiga, nessa localidade, va-
ria, fato que leva a se supor que
aquela ndo afeta esta dltima (Fi-
gura 4). A temperatura, entretanto,
como ja demonstrado em trabalho
anterior por Berbert e Alvim (1), é

realmente o fator climatico respon-
savel pela variagdo na composicdo
da manteiga de cacau.

CONCLUSOES

1. A composi¢do quimica da man-
teiga do cacau € afetada pela
variagdo de temperatura no Sul
da Bahia durante o ano bem co-
mo pelas variagdes de tempera-
tura devidas a localizacio das
zonas produtoras.

2. A manteiga de frutos colhidos

de margo a junho, na Bahia,
possui relagdo de dcidos graxos

Rev. Theobroma (Brasil) 6 : 67 - 76, 1976.
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Figura 5 — Resisténcia a fusdo
— a duas diferentes temperaturas —
da manteiga de améndoas de frutos
colbidos em diferentes localidades
e épocas do ano (1973). Para Gana
¢ Amazonas foram feitas determi-
nacoes apenas em novembro.

saturados para insaturados sen-
sivelmente mais elevada do que
nas demais épocas do ano., Nes-
se periodo, a manteiga da Ba-
hia, pela sua composi¢do qui-
mica e caracteristicas fisicas,
é semelhante a de Gana origi-
naria de frutos colhidos em no-
vembro.

cau extraidas de améndoas de fru-
tos colbidos em diferentes épocas
e localidades (1973).

3. A manteiga do Amazonas, de
frutos colhidos em novembro,
apresenta relagdo de dcidos gra-
xos saturados para insaturados
-~ e, consequentemente, ponto
de fusdo — mais elevada que a
da Bahia, em qualquer época do
ano, ou a de Gana, em novem-
bro.

4, A precipitagdo parece ndo in-
fluir na qualidade da manteiga
de cacau.

LITERATURA CITADA

1. BERBERT, P.R. e ALVIM, P. de T. Fatores que afetam o indice de
jodo da manteiga de cacau do Brasil. Revista Theobroma (Bra-

sil) 2(1): 3-16. 1972.

2. BRITISH STANDARD INSTITUTION. Methods of analysis of oils and
fats. London, British Standard Institution, 1958. p.74 (British

Standard, 684).

Rev. Theobroma (Brasil) 6 167 -76. 1976.



INFLUENCIA DO CLIMA NA MANTEIGA DE CACAU i

10.

11.

. HILDITCH, T.P. e WILLIAMS, P.N. The chemical constitution of

natural fats. London, Chapman & Hall, 1964. pp. 211-212.

. HILL, A.B. e KNOWLES, P.F. Fatty acid composition of the devel-

oping seeds of different varieties of safflower. Crop Science
8(3): 275-277. 1968.

. JAMIESON, S. Vegetable fats and oils. 2 ed. New York, Reinhold,

1943. p. 15.

.. KNOWLES, P.F. Variability in oleic and linoleic acid contents of

safflower oil, Economic Botany 19:35-62. 1965.

PATTERSON, G.W. Effects of light and temperature on lipid biosyn-
thesis in Chlorella. Plant Physiology: Abstracts of papers pre-
sented at the Annual Sectional Meetings. Vol. 44. p. 42. 1969.

. SANTOS RUIZ, A. Bioquimica de los lipidos. Madrid, Aguilar, 1950.

pp. 8-50.

SEKHON, K.S. et al. Fatty acid composition and correlation studies
in linseed (Linum usitatissimum L.). Oléagineux 28 (11): 525.
1973.

SHORTLAND, F.B. The comparative aspects of fatty acid occurrence
and distribution, I» Florkin, M. e Mason, H.S., eds. Comparative
biochemistry a comprehensive treatise. New York, Academic
Press, 1962. v. 3, pp. 22, 52.

STOFFEL, W., CHU, F. e AHRENS JUNIOR, E.W. Analysis of long
chain fatty acids by gas-liquid chromatography; Micromethod

for preparation of methyl esters. Analytical Chemistry 31(2):
307 -308. 1959,

12. WORTHINGTON, R.E. e HAMMONS, R.O. Genotypic variation in fatty

13.

composition and stability of Arachis bypogea L. oil. Oléagineux
26 (11): 693. 1971.

YERMANOS, D.M., HEMSTREET, S. e GARBER, M.]J. Inheritance of
quality and quantity of seed-oil in safflower (Carthamus tincto-
rius L.). Crop Science 7:417. 1967.

Rev. Theobroma (Brasil) 6 :67-76. 1076.



6
2 BERBERT

RESUMO

Analises realizadas por cromatografia de gas e por calorimetria dife-
rencial (DSC) mostraram que a composi¢do quimica — e, consequentemen-
te, as caracteristicas fisicas — da manteiga de cacau sdo afetadas por
variagdes da temperatura ambiental durante o desenvolvimento do fruto.
Améndoas de frutos desenvolvidos durante o inverno (colhidos entre agos-
to e outubro) na regido cacaueira da Bahia possuem manteigas com cerca
de 5% a mais de acidos graxos insaturados (oleico e linoleico) que amén-
doas de frutos desenvolvidos no verdo. Consequentemente, aquelas man-
teigas apresentam menor resisténcia a fusdo que as altimas. Frutos de-
senvolvidos em regides mais quentes, como o Amazonas, produzem man-
teigas sensivelmente mais resistentes a fusdo (maior teor de acidos gra-
xos saturados) que manteigas de frutos da Bahia colhidos em qualquer
época do ano, ou de Gana colhidos em novembro.

® & @
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HORMONAL CONTROL

OF CELLULAR PROLIFERATION IN CULTURED CALLUS
DERIVED FROM Theobroma cacao L.

Bruce R. Searles *
Paulo de T. Alvim**
William R. Sharp***

ABSTRACT

Optimal cellular proliferation for cacao leaf tissue and fruit explants
occurred on modified Murashige and Skoog’s medium supplemented with
kinetin (2-6 mg/l) in the absence of indole-3-acetic acid (IAA) or with
zeatin (0.25 — 1.0 mg/1) and IAA (0.0 — 0.5 mg/1).

Theobromine does not seem to be a regulatory molecule in culture ex-
plants of cacao but proved to be an effective agent in the control of
phenolic oxidation. Other effective chemicals for the control of phenolic
oxidation were 2-mercaptol ethanol, caffeine, sodium metabisulfite, poly-
vinylpyrrolidone, cysteine HCI1, and ascorbic acid.

INTRODUCTION aided by investigation using tissue

culture, whereby an organism can be

The study of certain aspects of simplified into its component or-
growth and development of Theo- gans, tissues, and cells. Such stud-
broma cacao L. could be greatly ies hold promise of providing the

Received for publication on April 19t 1976,

* Division of Phytology, Centro de Pesquisas do Cacau (CEPEC), Itabuna,
Bahia, Brazil. Supported by grants from the American Cocoa and Research
Institute (ACRI). Present address: c/oDept.of Microbiology, The Ohio State
University, Columbus, Ohio, U.S.A.

** Division of Phytology, CEPEC.
*** Department of Microbiology, The Ohio State University, Columbus, Ohio, U.S.A.
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physiologist with a better under-
standing pertaining to the control
of flushing, flowering, fruiting, and
some physiological disturbances
such as the wilting of young fruits
— a malady commonly known as
cherelle wilt. Dublin (2) points out
that the ability to cultivate and
regenerate Theobroma in vitro would
be a valuable tool to the geneticist
in the rapid vegetative propagation
of important cultivars. Other appli-
cations of course relate to the use
of haploids and/or somatic cell
hybridization in the development of
new cultivars.

Theobroma callus derived from
isolates of bark has been previously
cultured on Gauthret’s medium and
the cultures transferred to White’s
medium after 2—3 months (1). As
this medium supported only slow
callus growth, it was supplemented
with coconut milk. However, the
highest growth rate occurred on a
liquid medium consisting of pure
coconut milk.

This report is based on a pre-
liminary investigation pertaining to
the procedures for culturing ex-
plants from leaf tissue and young
fruits on a defined culture medium.
The studies concern the effective-
ness of various chemical agents in
the control of phenolic oxidation of
tissue culture explants and the ef-
fects of assorted growth factors
and their interactions on the regu-
fation of growth.

Rev. Theobroma (Brasil) 6:77-81. 1976

MATERIALS AND METHODS

All experiments were conducted
using either leaf tissue sections or
explants of immature fruits of T.
cacao, clone SIC 250. Leaves were
surface sterilized in 20% (v/v) com-
mercial Na-hypochlorite for 15 min-
utes. Following two rinses in dis-
tilled H,0, they were sectioned into
approximately 5mm squares and
transferred to 2 oz French square
bottles. Immature fruits, 9.3 cm in
length, were washed in tap water
and the peduncle removed with a
scapel and discarded. The cut sur-
face of the fruit was then dipped in
melted paraffin to limit exposure to
oxygen and curtail phenolic
oxidation at the wound surface.
Then, the fruit was immersed in a
desinfectant solution, 0.1%
mercuric chloride, for 80 minutes.
Following this, it was rinsed in
distilled water, and aseptically
transferred to sterile Petri dishes
containing modified Murashige and
Skoog’s medium, MMS, (3) plus 50
mg/1 of cysteine-HCI for the control
of phenolic oxidation. Slices of
fruit tissue 2 mm in thickness were
excised and aseptically placed in
culture bottles charged with 20 ml
aliquots of MMS.

The MMS consisted of Murashige
and Skoog salts, sucrose 30 g/1,
thiamine 8 mg/1, inositol 100 mg/1,
cysteine-HC1 10 mg/1, and 8 g/1
Difco agar. Following the addition
of growth hormones, the pH of the
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medium was adjusted to 5.5 and
aliquots of 20 ml were dispensed
into two oz French square bottles.
These were sealed with aluminum
foil and autoclaved for 15 minutes
at 121 C.

Diallele experiments were per-
formed using additives of phyto-
hormones to the culture medium
(indole-3-acetic acid (IAA), Zeatin,
and kinetin) and the alkaloid,
theobromine. Tests were made per-
taining to interactions between dif-
ferent concentrations of the fol-
lowing compounds: (A) 0-15 mg/1
IAA versus 0-15 mg/1 kinetin, (B)
0-15 mg/1 IAA versus 04.0 mg/1
zeatin, and (C) 0-15 mg/1 IAA
versus 0-500 mg/1 theobromine.

The following chemicals were
tested to study the possibility of
controlling phenolic oxidation in
cultured fruit tissue explant:
polyvinylpyrrolidone (PVP) — 107°
M, ascorbic acid — 10°* M, Na-me-
tabisulfite — 103, 10-* M, caffeine
10-* M, cysteine-HC1 — 10-° M, and
mercapto-ethanol — 10°7 M.

Ten replicates treatments were
conducted for each test medium
variation. All cultures were placed
under constant environmental con-
ditions (25°C, 12-h photoperiod;
illumination from cool-white fluo-
rescent lamps giving about 200 ft—c.
outside of the culture bottles). Fol-
lowing 4 weeks of culture all tests
were evaluated for callus growth. A

scale of 0-7 was used for visually
scoring callus with 0 being the
score for no growth.

RESULTS AND DISCUSSION

Control of callus tissue pro-
liferation was achieved in cultured
explants of either immature leaf
tissues or fruit tissues of T. cacao
clone SIC 250 (Figure 1). This a-
chievement, although now common
for many temperate crops, is more
difficult in tropical crops, i.e., T.
cacao, on account of the accumu-
lation of phenolic oxidation prod-
ucts in tissue culture explants
which causes the tissues to suc-

Figure 1 — A typical callus cul-
ture derived from either an im-
mature leaf or fruit tissue explant
following 6 weeks of growth.

Rev, Theobroma (Brasil) 6:77-81. 1976
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cumb, that is, unless precautionary
measures are taken for control of
this problem.

Optimal cellular proliferation for
leaf tissue and fruit explants oc-
curred on MMS supplemented with
kinetin concentration ranging be-
tween 2-6 mg/l1 in the absence of
IAA or at zeatin concentrations of
0.25, 0.50, and 1.0 mg/1 and IAA
concentrations of 0.00- 0.50 mg/1.
It can be concluded from the diallele
experiments that cacao leaf tissue
explants require only a cytokinin
for cellular proliferation and that
these tissues are apparently self-
sufficient in auxin. In most in-
stances, exogenous auxin in the
culture medium was inhibitory to
callus proliferation.

Callus growth from excised fruit
slices developed on the outer pot-
tions of the fruit, apparently orig-
inating from the epidermal tissue
rather than from the cut surface
tissues. The callus was dense and

creased as compared to the light
colored friable callus originating
from the foliar tissue explants.

Other experiments using leaf
tissue explants evaluated the
growth effect of the native alkaloid
of cacao theobromine. Native
alkaloids of other species, i.e.,
tobacco (4) have been observed to
have regulatory effects pertaining
to growth and development. Theo-
bromine, however, was not observed
to be a regulatory substance in
cultured explants of cacao.

Tests pertaining to the effec-
tiveness of chemical additives for
the control of phenolic oxidation in
cultured fruit tissue explants are
listed in the order of effectiveness:
(i) mercaptol etanol, (ii) caffeine,
(iii) Na-metabisulfite, (iv) poly-
vinylpyrrolidone, (v) cysteine-HCI,
and (vi) ascorbic acid. Futhermore,
theobromine was observed to be an
effective agent in the control of
phenolic oxidation in IAA-theo-
bromine diallele experiment.
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RESUMO

Controle Hormonal da Proliferacido Celular
em Calo Derivado de Tecidos de T heobroma cacao

Tecidos de folha e de fruto do cacaueiro exibiram melhor proliferacio
celular quando cultivados em meio modificado de Murashige e Skoog com a
adigcdo de cinetina (2 — 6 mg/1), sem acido indolacético, ou com a adi¢do
de zeatina (0,25 — 1,0 mg/1) e acido indolacético (0,0 — 0,5 mg/1).

A theobromina parece néo ter nenhum papel regulador no crescimento de
tecidos de cacau, mas comprovou ser eficiente no controle da oxidacéo
fenolica dos tecidos. Outros produtos quimicos que também se revelaram
eficientes no controle da oxidac¢do fendlica foram: mercapto etanol, cafei-
na, metabissulfito de sd&dio, polivinilpirrolidone, cisteina-HCl e acido
ascorbico.
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NEMATODES OF THE COCOA REGION OF BAHIA, BRAZIL
V — NEMATODES ASSOCIATED
WITH FRUIT TREE SEEDLINGS IN NURSERIES
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ABSTRACT

In 1973 a nematode survey of the fruit nursery of the Cocoa Research
Center, Ilhéus, State of Bahia, Brazil was conducted. Twenty soil and
root samples were collected from the rhizospheres of 20 different species of
fruit plants, Eleven genera and 13 species of plant parasitic nematodes
were jdentified, of which the most frequently encountered were Helicoty-
lenchus dibystera, Xiphinema sp., Rotylenchulus reniformis and Pratylen-
chus brachyurus. Trichodorus porosus and Boleodorus sp. are reported for
the first time from Bahia, Brazil. All the plant species sampled are recorded
herein as new hosts for the different species of plant parasitic nematodes

encountered in this survey,

INTRODUCTION

Knowledge about plant parasitic
nematodes in fruit nurseries in the
State of Bahiz is entirely lacking.
The earlier reports on nematodes
dealt largely with field surveys
and observations on specific crops
d, 2, 3, 4,5, 6, 7, 8, 9). This
paper presents information on plant
parasitic nematodes found ina fruit

Received for publication on July 30, 1976.

nursery of the Cacao Research
Center, Ilhéus, State of Bahia,
Brazil during a survey made in
February and March of 1973,

MATERIALS AND METHODS

Twenty different species of
fruit tree seedlings were purchased
from a company located in the State

* Division of Phytoparasitology, CEPEC.
¥* Department of Nematology, University of California, Riverside, Cal, 92502

U.S.A.
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of Sdo Paulo, Brazil, for introduc-
tion into the cocoa producing
region of Bahia. These plants were
growing in red clay soil in various
types of containers, such as bam-
boo baskets, tin cans, and plastic
bags. Before being transplanted to
the field in Bahia, however, the
seedlings were maintained for
sometime in a nursery at the Cocoa
Research Center. While the plants
were here, it was observed that
many of them had died and others
were dying, which suggested that
nematodes might be the possible
causal agent. Thus, a nematode
study was made. From several
plants of each species, one sample
of 1.5 kg of soil and 100 g of feeder
roots were collected for this in-
vestigation. Twenty samples in
all were examined.

The mematodes were isolated
from the soil and plant root sam-
ples and then processed to perma-
nent mounts as described by
Sharma and Sher (6, 8, 9).

RESULTS AND DISCUSSION

A total of 11 genera and 13 spe-
cies of plant parasitic nematodes
were identified in the 20 samples.
These genera and species, except
for Trichodorus porosus and Bo-
leodorus sp. had been reported
previously from several fruit trees
in Bahia but are recorded herein
for the first time on these new
hosts.

Rev. Theobroma (Brasil) 6 : 82 - 86. 1976.

Table 1 gives the identity and
percentage occurrence of the nem-
atode encountered in the rhi-
zospheres of the different fruit
tree species.

There are three possibilities for
nematode contamination in the
nursery at the Cocoa Research
Center. They are: (i) irrigation
water; (ii) cultural practices i.e.
weeding or hoeing, and (iii) direct
contact with the naturally infested
seedbeds through the damaged bot-
toms of the containers. Since Tri-
chodorus porosus and Boleodorus
sp. were not encountered in our
previous surveys in the State of
Bahia, it is speculated that they
were introduced from Sdo Paulo.

Despite the limited number of
samples collected it appears that
large numbers and diverse forms of
plant parasitic nematodes were
present in the rhyzospheres of the
different fruit tree seedlings in
the nursery. As stated above, some
of the seedlings were already dead
while others were growing very
poorly, indicating nematode dam-
age. Before the end of this study
most of the seedlings had died.
Based on the information published
earlier and that developed in the
present study, it is evident that
these nematodes are not only
widespread in their distribution
but are also very polyphagous, which
complicates nematode control pro-
grams.
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Table 1 — Occurrence of plant parasitic nematodes in the rhizospheres
of 20 different species of fruit seedlings introduced in Bahia, Brazil.

Occurrence

Nematodes

* Fruit seedlings

% of 20 samples

Helicotylenchus dibystera

A,C,D,E,F,G,H,I,L,M,N,

O,P,Q,R,S,T. 85
Xiphinema sp. B,C,D,E,F,H,],K,L,O,P,S. 60
Rotylenchulus reniformis B,E,G,],P,R,S. 35
Pratylenchus brachyurus C,F.HK,L,S. 39
Pratylenchus sp. B,Q,R. 15
Peltamigratus sp. LY 10
Meloidogyne sp. (larvae) J.M. 10
Cricomemoides sp. M. 5
Hemicycliophora sp. R. 5
Trichodorus monobystera P. 5
T. porosus H. S
Boleodorus sp. E. 5
Tylenchus sp. F. 5

* Fruit seedlings

A — Averrboa carambola

B — Calocarpum sapota

C — Campomanesia maschalentha
D — Chrysophyllum caimito

E — Cinnamomum zeylanicum

F — Eugenia alba

G — E. dombeyi

H — E. jambolana

I — Flacourtia romantchi

J — Garcinia mangostana

K — Genipa americana

L — Lucuma caimito

M — Malpighia coccifera

N - Mangifera indica

O — Myrcianthes edulis

P — Persea americana

Q — Psidium guajava var pomifera
R - P. guajava var pyrifera

S — Punica granatum

T — Stemocalyx michelli
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RESUMO

NEMATOIDES DA REGIAO CACAUEIRA DA BAHIA

V — NEMATOIDES ASSOCIADOS
COM MUDAS DE PLANTAS FRUTIFERAS

Foi feito um levantamento nematolégico em mudas de plantas frutiferas

em viveiro, no Centro de Pesquisas do Cacau, Ilhéus, Bahia, Brasil. Foram
coletadas 20 amostras de solo da rizosfera das diferentes plantas. Dentre
os 11 géneros e 13 espécies de nematdides parasitas encontrados, Helico-
tylenchus dibystera, Xiphinema sp., Rotylenchulus reniformis e Pratylen-
lenchus brachyurus foram os mais frequentes. Trichodorus porosus € Bo-
leodorus sp. foram registrados pela primeira vez na Bahia. Todas as mu-
das estudadas no presente trabalho se comportaram como hospedeiras das
diferentes espécies de nematdides registradosl
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