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THE POSSIBLE ROLE
OF ABSCISIC ACID AND CYTOKININS .
IN GROWTH RHYTHMS OF Theobroma cacao L.

R. Alvim **

P. de T. Alvim ***
R. Lorenzi ****

P. F. Saunders ****

In the State of Bahia, Brazil,
cacao buds are usually dormant
between May and August. From
September to April the tree shows
intermittent growth, when periods
of rest alternate with periods of
profuse bud activity, the latter com-
prising two main flushings in Sep-
tember/October and February/March,
sometimes with two or three minor
ones between October and Febru-

ary (3).

The influence that climatic fac-
tors exert upon growth periodicity
of tropical species is not so easy
to understand as in plants of tem-
perate regions, where well defined
changes in environmental condi-
tions occur. Nevertheless, cycles
of leaf flushing in the cacao tree
are undoubtedly under the influence

of such factors. Temperatures below
28°C were reported to be unfavour-
able to flushing (8). A relatively
small temperature rise during the
rest period (from 21 -23 to 24-27°C)
has been suggested to be neces-
sary for leaf bud burst in Bahia (3).
Bud growth in Trinidad was also
correlated with the occurrence of a
relatively dry period after the rainy
season or, conversely, with the
beginning of rains after a dry period
(11). The March/April flush of ca-
cao in Ghana was associated with
the onset of rains (9). Cacao in
Bahia undergoes intensive flushing
when rains follow a dry spell (4).
Observations under controlled soil
moisture conditions have shown
that depletion of soil water results
in abundant flushing almost imme-
diately after cacao has been wa-
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tered, whilst plants continuously
irrigated eventually cease flushing
(14). The frequency and quantity
of rains also affect leaf fall in ca-
cao, which occurs in greater inten-
sity during the dry periods. Leaf
abscission in Bahia takes place
throughout the year, but is partic-
ularly conspicuous during the major
peaks of leaf flushing (3).

On the other hand, bud growth
in cacao appears to be held in
check simply by correlative inhi-
bition exerted by the mature leaves
of the shoot, since defoliation ex-
periments have been shown effec-
tive in bringingabout flushing even
from May to August, the response
being proportional to the number of
leaves removed (3).

In view of these facts, Alvim et
al (4) proposed an explanation for
the growth rhythm of cacao from
September to April, when tempera-
ture in Bahia is not a limiting fac-
tor. The hypothesis postulates a
hydroperiodic reaction to the envi-
ronment, which would involve
hormonal changes, starting with a
possible increase in the abscisic

acid (ABA) content of the mature
leaves, triggered by a dry spell,
and the consequent formation of
abscission layers in these leaves.
It is well known that water stress
can bring about large increases of
ABA in leaves of many species
(13, 16, 19) and that this inhibitor
is involved in abscission (17). As
a consequence of leaf abscission,
the amount of ABA translocated

from the leaves to the shoot tips
would decrease. Bud growth would
be expected to occur soon after the
abscission process starts or, in
case of severe drought, with the
onset of rains, as a result of a shift
in the hormonal content of the termi-
nal buds towards growth promoting
substances. The defoliation exper-
iments cited above have also been
taken to indicate that promoters
produced by the roots are involved
in the control of bud growth in ca-
cao. This possibility is supported
by the observation that if some
branches are girdled bud growth is
promoted on intact branches.

The following account describes
the identification of abscisic acid
and the detection of cytokinin ac-
tivity in extracts of cacao buds.
Additionally, the hypothesis that
short periods of water stress in-
crease the ABA content of cacao
leaves and that defoliation is ca-
pable of modifying the inhibitor/
promoter balance of the terminal
buds of this plant have been tested.

MATERIALS AND METHODS

Abscisic acid was identified in
cacao buds by combined gas-liquid
chromatography /mass s pectroscopy.
Leaf buds were harvested in liquid
nitrogen and freeze-dried at the
Centro de Pesquisas do Cacau in
Bahia, Brazil, and then sent by air
mail to the University of Wales, in
Aberystwyth, U. K., where they
were extracted and purified for
qualitative analysis by gas-liquid



chromatography (GLC) by the meth-
od of Lenton et al (10).

A severe drought (total rainfall
of approximately 60 mm) occurred
in the area selected for the de-
foliation experiment during the
months of January and February
and all trees were dormant when
the treatments were applied. The
treatments given consisted of de-
foliating five equally illuminated
shoots from each of 20 cacao trees
on three separate occasions (14,
19 and 24/2/73). One hundred ter-
minal buds were harvested from
each treatment on the day follow-
ing the last defoliation. At the
same time an equal number of con-
trol buds were excised from shoots
which had been left intact. On this
date, despite the little rainfall, bud
growth was apparent in the shoots
which had been defoliated on 14,2
and 19/2/73. Quantitative analysis
of ABA by GLC was performed as
described by Alvim (5). Briefly,
radioactive abscisic acid was ad-
ded as internal standard and the tis-
sues were homogenized and ex-
tracted in 80% aqueous methanol,
using 100 ml of solvent per gram
dry weight of buds. The methanol
was evaporated and the resulting
aqueous solutions centrifuged and
acidified to pH 2.6. ABA was then
extracted in three equal volumes of
diethyl ether. The remaining aque-
ous fractions were kept frozen for
cytokinin bioassays and the ether
layers were combined, reduced to
dryness, taken up in a suitable
volume of 5% sodium bicarbonate
and their pH was adjusted to 7.0.

The resulting solutions were
slurried in water washed polyvinyl-
pyrrolidone powder, filtered, acid-
ified to pH 2.6 and re-extracted
in ether as before. After evapora-
tion of the ether the extracts were
chromatographed on thin-layer
plates, methylated and gas-chro-
matographed.

Aqueous phases from the first
ether partition were taken to pH
8.0 and extracted in three equal
volumes of water saturated normal
butanol. The butanol was dried
and the residues redissolved in a
small volume of 80% ethanol for
paper chromatography in iso-
propanol : ammonia : water, 10:1:1
(v/v/v). Soybean callus assays
(12) were performed with an amount
of extract equivalent to 1.54 grams
dry weight of buds. These bioas-
says were repeated twice.

The effect of moisture stress on
the ABA content of cacao leaves
was determined by applying differ-
ent irrigation regimes to 6 month
old seedlings growing in 12 x 28
cm pots. Water which had been
applied daily was stopped on dif-
ferent days so that the plants were
harvested after 8, 6 or 4 days of no
water. [Each treatment consisted
of 10 seedlings from each of which
five selected leaves were har-
vested. The tissues were macer-
ated, extracted and analysed as
previously described. The water
potential of the leaves was meas-
ured at harvest by means of a pres-
sure chamber (15).



RESULTS AND DISCUSSION

In Figure 1 the ABA contents of
leaves subjected to various levels
of moisture stress are presented
and in Figure 2 the variation in
leaf water potential. As the period
of imposed drought increased there
was in increase in the amount of
ABA found in the leaves. After 8
days of no water wilting had still
not occurred in the test plants al-
though this did start to develop 10
days after water began to be with-
held in some of the border plants,
when very low leaf water potentials
were found for these plants (Fig-
ure 2).

100
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40 L

ABA content (kg /100g dwt)

20 L

control 4 6 8
doys without woter

Figure 1 — Abscisic acid con-
tents of cacao leaves subjected to
a varying number of days of im-
posed drought.
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Figure 2~ Changes in leaf water
potential in plants subjected to
different levels of moisture stress.

Figure 3 shows the effect of de-
foliation on the amount of ABA in
the buds. In Figure 4 are shown
the results for the soybean callus
bioassays. Following defoliation
ABA levels decreased markedly
and cytokinin activity increased,
both effects occurring before bud
out-growth.

Combined gas-liquid chromato-
graphic/mass spectroscopy con-
firmed the identity of the ABA
peak previously recorded by gas-
liquid chromatography alone.

The hypothesis that shoot growth
is influenced by a hormone formed
in the roots was first put forward
by Went (18), who used the name
caulocaline to refer to this hypo-
thetical root promoter. More re-
cently, Doorembos (6)sugested that
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Figure 3 — The effect of defoliation on the ABA content of cacao buds.
Concentrations expressed as y ABA/g dry weight represented by hatched
columns and as p ABA/100 buds by open columns,

growth periodicity is under the in-
fluence of inhibitory substances
produced by the leaves and stim-
ulating factors originating in the
roots. The evidence obtained in
the present work gives support to
this view and is in agreement with
suggestion by Alvim et al (4) con-
cerning the role of ABA in the con-
trol of shoot growth in cacao. Dur-
ing the inter-flush periods growth
of cacao buds seems to be held in
check by a direct inhibitory effect
of ABA produced by the foliage.
The results indicate also that

cytokinnins play an important role
in the mechanism of flushing.

An analogy could be tentatively
traced between the processes lead-
ing to an inter-flush period in the
cacao tree and the gradual decrease
of extension growth occurring dur-
ing the preparative stages for dor-
mancy in temperate species (5). In
both cases, an inhibitor/promoter
balance appears to be involved. It*
could be suggested that, with the
development of an increasing leaf
area, more and more ABA is trans-
located fromthe leaves to the grow-
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Figure 4 — The effect of defoliation on the cytokinin activity of ca-
cao buds, as assessed by the soybean callus bioassay. Kinetin controls

in p/ 1.

ing points and larger amounts of root
cytokinins are diverted to the leaves.
The inhibitor/promoter ratio in the
shoot tips would consequently be
gradually increased. A situation may
be reached in which the leaf area
attains a critical value, at which
the action of ABA totally over-
comes the growth effects of cyto-
kinins and other promoters. For
growth to be resumed following this
state of total correlative inhibition,
the critical leaf area would have
to be somewhat reduced. Perhaps
at this stage a dry spell, which
appears to enhance or even to be
obligatory for the renewal of growth
in some species, would exert its
role. A critical number of water
stressed leaves could increase
ABA levels to the point of inducing

the formation of abscission layers.
These layers would act as barriers
against both the diversion of root
cytokinins to the leaves and leaf
ABA to the shoot tips, thus trig-
gering the mechanism of growth
flushes.

It is noteworthy thuat leaf ab-
scission in cacao is highly corre-
lated with soil moisture: when a
dry period follows a wet or medium
period, leaves of different ages
are shed intensively. In plants
continuously irrigated many of the
original leaves still remain after
nearly 600 days and these plants
stop flushing (14). It is also rel-
evant that young cacao plants do
not show the seasonal growth peri-
odicity of mature trees, flushing




episodically throughout the year,
even during periods of lower tem-
peratures and shorterdays (2). This
may have ontogenic reasons, but
could be equally due to the fact
that the total leaf area of small
plants is not large enough to main-
tain the apex inhibited through an
adverse ABA/cytokinin balance
when large supplies of cytokinins
are available from a rapidly devel-
oping root system. A similar situa-
tion occurs in other intermittently
growing species (1, 7). It is known
that cacao trees on the outskirts
of a plantation flush earlier that
those in the centre (8), this proba-
bly being the result of higher ex-
posure to the factors which in-
crease transpiration and could lead
to an earlier formation of abscis-
sion layers. The correlation be-
tween flushing of cacao and maxi-

mum air temperatures reported by
Humphries (8) could also be due to
the indirect effect of high tempera-
tures on transpiration. Alvim et al
(4) observed that when a drought
occurred in June/July, 1971, which
are normally the wettest months of
the year in Bahia, an off-season
leaf fall was followed by a con-
spicuous flushing in July/August.
Flushing during this period of the
year is rarely observed in Bahia.

The above mentioned observa-
tions together with the results re-
ported in this work, lend support
to the theory according to which
internal moisture stress, apparently
because of its effect on ABA /cyto-
kinin balance within the vegetative
buds, would be the primary stimu-
lus for synchronous growth flushes
in mature cacao trees as normally
observed under field conditions.

LITERATURE CITED

1. ALVIM, P. de T. Tree growth periodicity in tropical climates. In

Zimmermann, N.H., ed. Formation of wood in forrest trees. New
York, Academic Press, 1964. pp. 479-49.

Eco-physiology of the cacao tree. In Conference Inter-
nacionale sur les Recherches Agronomiques Cacaoyeres. Ab-
dijan, 15-20 novembre, 1965. Paris, Jouve, 1967. pp. 23 -25.

, MACHADO, A.D. and GRANGIER Jr., A. Alguns estu-

dos sobre as relacdes de dgua, solo e crescimento do cacaueiro.
In Conferéncia Internacional de Pesquisas em Cacau, 2a., Sal-
vador e Itabuna, Bahia, Brasil, 19 a 26 de novembro, 1967. Ita-
buna, Centro de Pesquisas do Cacau, 1969. pp. 316-324.

, MACHADO, A.D. and VELLO, F. Physiological re-

sponses of cacao to environmental factors. In International
Cocoa Research Conference, 4th., Trinidad and Tobago, 1972.

9



g

10.

11.

12.

13.

14.

15.

- ALVIM, R. Studies on endogeneous hormones in relation to dormancy

in wood plants. Ph.D. Thesis. Aberystwith, University of
Wales, 158 p. 1973.

. DOOREMBOS, ]J. Review of the literature on dormancy in buds of

wood plants. Mededelingen van de Landbouwhogeschool te
Wageningen (Nederland) 53:1-24. 1953.

- HOLDSWORTH, M. Intermitent growth of the mango tree. Journal of

Western Africa Science Association 7 : 163-171. 1973.

. HUMPHRIES, E.C. A consideration of the factors controlling the

opening of buds in the cacao tree (Theobroma cacao L.) Annals
of Botany (n.s.) 8:259-267. 1944.

HURD, K.G. and CUNNINGHAM, R.K. A cocoa shade and manurial
experiment at the West Africa Cocoa Research Institute. I11.

Physiological results. Journal of Horticultural Science 36:126
- 127. 1961.

LENTON, J.R., PERRY, V.M. and SAUNDERS, P.F. The identi-
fication and quantitative analysis of abscisic acid in plant ex-

tracts by gas-liquid chromatography. Planta (Germany) 96: 271-
280. 1971.

McDONALD, J.A. An environmental study of the cacao tree. Part I.

In Imperial College of Tropical Agriculture. Annual Report on
Cacao Research 1:29-38. 1971.

MILLER, C.O. In Modern methods of plant analysis. Linkskens, H.
F. and Tracey, M.V., eds. Berlin, Springer Verlag, 1963. p.194,

MOST, B.H. ABA in immature apical tissue of sugar cane and in
leaves of plants exposed to drought. Planta (Germany) 101 : 67-
7

SALE, P.]J.M. Growth, flowering and fruiting of cacao under control-
led soil moisture conditions. Journal of Horticultural Science

45:99-118. 1970.

SCHOLANDER, P.F. et al. Sap pressure in vascular plants. Science
(U.S.A.) 148:339-346. 1965.

10



16. SIMPSON, G.M. and SAUNDERS, P.F. Abscisic acid associated with
wilting in dwarf and tall Pisum sativum. Planta (Germany) 102:
272-276. 1972.

17. WAREING, P.F. and PHILLIPS, 1.D.]J. The control of growth and
differentiation in plants. Asprey, G.F. and Lyon, A.G., eds.
Oxford, Pergamon Press, 1970. 303 p.

18. WENT, F.W. Specific factors other than auxins affecting growth and
root formation. Plant Physiology 13:55-80. 1938.

19. WRIGHT, S.T.C. and HIRON, R.W.P. () Abscisic acid, the growth
inihibitor induced in detached wheat leaves by a period of
wilting. Nature (England) 224 :719-720. 1969.

SUMMARY

Abscisic acid was identified in extracts of cacao buds by combined
gas-liquid chromatography/mass spectroscopy. Cytokinin activity was de-
tected in these extracts by biological assay. Both hormones were found
to vary in concentration in response to defoliation treatments. ABA lev-
els in the leaves increased following depletion of soil moisture. The
possible role of these hormones in the control of bud growth is discussed.

It is suggested that a feed-back inhibition may operate in cacao and
other species of intermittent growth, in that shoot growth can eventually
become limited by a critical leaf area. According to this hypothesis,
internal moisture stress, which appears to be a prerequisite for synchro-
nous flushing of cacao under field conditions, would trigger the hormonal
control of bud growth, thanks to its effect on Jeaf shedding or on the for-
mation of abscission layers.

FITORMONIOS E RITMOS DE CRESCIMENTO
EM Theobroma cacao L.

RESUMO

Através de cromatografia gas-liquida e espectroscopia de massa, iden-
tificou-se acido abscisico em extratos de gemas vegetativas do cacaueiro.
Constatou-se ainda a presenga de citocininas nestes extratos, através de
sua atividade no crescimento de calos cotiledonais de soja.

11



As concentracoes desses hormonios nas gemas terminais variaram
quando se retiraram as folhas de seus ramos. Mostrou-se ainda que os
niveis de acido abscisico nas folhas aumentam a medida que diminui a
disponibilidade de dgua para a planta.

Discutem-se os possiveis papéis desses hormonios na dorméncia da
gema vegetativa do cacaueiro.

® & &
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MORTALIDADE DOS POLINIZADORES Forcipomyia spp.
(DIPTERA, CERATOPOGONIDAE)
CAUSADA PELA APLICAGCAO DE INSETICIDAS
NOS CACAUAIS BAIANOS *

Saulo de Jesus Soria **

Joao Manuel Abreu

O uso de inseticidas com amplo
espectro de agdo, como o BHC, pa-
ra combater as pragas do cacaueiro
na Bahia, tem originado controvér-
sias. Néao se conhece em profun-
didade o grau de beneficio dessa
pratica em confronto com a sua in-
fluéncia sobre as populacdes de
polinizadores.

A avaliacdo do efeito de inseti-
cidas na entomofilia do cacaueiro
tem sido feita por métodos indire-
tos, nos quais foram considerados
a polinizacdo, frutificacdo e produ-
¢do, na pressuposicdo de que es-
tes fendmenos sdo o resultado da
interferénciados polinizadores.Car-
dona (1), na Colombia, estudou a
influéncia de sete inseticidas na
polinizacdo e frutificacdo do ca-
caueiro, tendo verificado que o
BHC e o Dieldrin, nas dosagens
comerciais foram os menos preju-

* k%

diciais. Stelzer e colaboradores
(12), na Costa Rica, concluiram
que aplicagcoes de Dieldrin ou de
DDT ndo tiveram efeito adverso na
polinizagdo do cacaueiro, tendo,
pelo contrario, proporcionado maior
producdo. Ainda na Costa Rica,
Knoke e Saunders (7), ao estudarem
a influéncia doCarbaryl, Malathion,
Dieldrin e Dimetoato no desenvol-
vimento da flor e produgao de fru-
tos, constataram que o Carbaryl
aumentou a produgdo total de fru-
tos, enquanto o Malathion, Dieldrin
e Dimeotato, em ordem decrescen-
te, tiveram efeito adverso, quando
comparados com a pulverizagédo com
agua.

Em Gana, Entwistle e Hurd (4)
realizaram experimentos para veri-
ficar o efeito de pulverizacdes
mensais com Lindane e Dieldrin
sobre a polinizagdo e fertilizacdo

* Recebido para publicagdo em agosto, 1974.
** Ph.D., Divisdo de Fitoparasitologia, CEPEC,
***+ M. S. Divisado de Fitoparasitologia, CEPEC,

Revista Theobroma. CEPEC, Ilhéus, Brasil, 4(3):13-25. Jul-set, 1974,
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das flores do cacaueiro e nimero
de mosquinhas ceratopogonideas.
Os resultados obtidos mostraram
que estes inseticidas provocaram
diminui¢do de populacdo dos inse-
tos polinizadores, ndo se encon-
trando diferencas aparentes na sua
densidade e nos indices de fertili-
zagdo. Sobre este experimento,
Entwistle (3) opina que os resulta-
dos negativos do efeito do Lindane
e Dieldrin sobre os niveis de poli-
nizacdo e frutificacdo podem ser
intensificados quando sio tratadas
grandes dreas por um periodo muito
prolongado. Estudos realizados por
Ventocilla (14), na Bahia, indicam
que o BHC 1% (pd), aplicado por
meio de helicdptero provocou uma
insignificante diminui¢do na polini-
zagdo dos cacaueiros.

Num estudo preliminar efetuado
pelos autores, em agosto de 1972,
no CEPEC, Ilhéus, Bahia, foi veri-
ficado que o polvilhamento de ca-
cauais com BHC 1,5% provocou um
declinio de 90% na populacdo de
Forcipomyia spp. O estudo foi efe-
tuado em drea onde estavam sendo
feitas amostragens didrias de poli-
nizadores para determinagfio das
curvas de flutuagdo populacional,
A falta de um esquema apropriado
de experimentagdo para determinar
mortalidades, considerando a flu-
tuagdo em drea ndo polvilhada, nio
permitiu estabelecer conclusdes
sobre o efeito do inseticida nestas
populacdes.

Com base nos trabalhos acima
referidos, foi realizada a presente

14

pesquisa para avaliar o efeito de
trés inseticidas em termos de mor-
talidade de polinizadores. O nome
Forcipomyia, neste trabalho,abran-
ge as espécies Forcipomyia (For-
cipomyia) genualis (Loew) e, em
menor freqiiéncia, F. (Forcipomyia)
pictoni Macfie e F. (Forcipomyia)
spp. (10). O nome Euforcipomyia
abrange as espécies Forcipomyia
(Euforcipomyia) sp. 1 e, em menor
freqiiéncia, F, (Euforcipomyia) spa-
tulifera Saunders (10).

MATERIAL E METODOS

Os ensaios que se descrevem a
seguir foram conduzidos em &reas
experimentais do CEPEC durante
as épocas de maior intensidade de
populagdo de polinizadores (maio—
agosto)*, nos anos de 1973 e 1974

Ensaio 1.

Nesse ensaio, foi feita a ava-
liagdo da mortalidade de Fufor.
cipomyia e FPorcipomyia como re-
sultado de polvilhamentos com
BHC 1,5%, Carbaryl 7,5% e Para-
thion metilico 1,5%, aplicados 2 ra-
zdo de 16 kg/ha. Para cada inse-
ticida, foi destinada uma parcela
de 625 m?, em cujo centro foram to-
mados, ao acaso, 10 cacaueiros,
sob os quais foram estendidos len-
¢oisde 4 x4 m. A seguir, proce-

* Observagdo feita pelo autor princi-
pal em pesquisa ainda em anda-

mento.



deu-se ao tratamento das parcelas,
as primeiras horas da manhda. As
coletas dos insetos foram feitas 2;
6 e 24 horas apos o tratamento. Ao
final destas coletas, procedeu-se
ao tratamento de choque das arvo-
res amostradas com BHC 12%, de
acordo com o método de Collyer
(2). As coletas dos individuos mor-
tos pelo tratamento de choque foram
feitas 2; 6 e 24 horas apos a sua
aplicacdo. Foi usada uma lupa ma-
nual com aumento de 10x para dis-
tinguir microdipteros dos demais
microinsetos presentes nos lengois.
Os microdipteros de cada arvore
foram coletados e acondicionados
em frascos pequenos com délcool
70% e conduzidos ao laboratorio
para posterior identificacdo gené-
rica e quantifica¢do com o auxilio
de estereomicroscopio. A popula-
cdo adulta total foi calculada so-
mando-se o total de insetos mortos
devido a agdo de cada inseticida
ao total de insetos mortos por apli-
cacdo do BHC 12%.

Ainda neste ensaio, foram utili-
zadas duas parcelas adicionais,
com niveis de floragdo contrastan-
tes, também com 625 m?, em cujo
centro foram tomados, ao acaso, 10
cacaueiros. Nestas parcelas, fo-
ram avaliadas, pelo método de cho-
que, as populagdes dos polinizado-
res a fim de verificar a interferén-
cia da floragdo sobre a sua popu-
lagdo.

Ensaio II,

Efetuado 1 ano apds o ensaio
anterior, do qual diferiu pelo ta-
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manho das parcelas (2.500 m?),
método de contagem da populacdo
adulta total e por terem sido toma-
dos, ao acaso, Cinco cacaueiros no
centro das parcelas. Como no en-
saio anterior, foi empregado o mé-
todo de choque, tendo sido soma-
dos os numeros de insetos mortos
encentrados nos len¢dis 24 horas
apos a aplicacdo do inseticida (tra-
tamento) e nimero de insetos mor-
tos por aplicagdo do BHC 12%. A
diferenca de tamanho das parcelas
se deveu a um dos objetivos do en-
saio, ou seja, verificar os efeitos
da bordadura sobre as avaliagdes
de mortalidade.

Ensaio III,

Neste ensaio, foi feita a ava-
liacdo da mortalidade de Forci-
pomyia spp., contando-se o nime-
ro de insetos sobreviventes apos
polvilhamento com BHC 1,5% apli-
cado a razdo de 16 kg/ha em duas
parcelas de 2.500 m’ cada. No meio
de cada uma delas, foram etiqueta-
das 36 plantas, nas quais eram efe-
tuadas amostragens semanais das
populagoes.

As amostragens foram feitas pe-
la observacdo visual dos poliniza-
dores presentes nos botdes florais,
pétalas, estamindides, sépalas, &-
pices secos de folhas e frutos pe-
cos até a altura de 1,80 m, entre
as 8:00 e 10:00 horas, antes e de~
pois do polvilhamento, sendo os
dados registrados em cartdes indi-
viduais para cada arvore (9).

A avaliacdo foi feita comparan-
do-se o nimero de individuos ob-



servados nas 36 arvores tratadas,
em relagdo as 36 ndo tratadas. A
percentagem de mortalidade dos
polinizadores foi calculada pela
formula de Henderson e Tilton (5).

AxB
CxD

%=100] 1 -

em que

A = nimero de insetos contados
apos o polvilhamento;

B = nimero de insetos contados
na testemunha, antes do pol-
vilhamento;

C = nimero de insetos contados
antes do polvilhamento;

D = nimero de insetos contados
na testemunha, depois do pol-
vilhamento.

Os dados foram tomados sema-
nalmente, por um periodo de 21 di-
as, para se observar se ocorreria
restauracao da populacdo aos ni-
veis anteriores ao polvilhamento.

RESULTADOS
Ensaio 1.

A mortalidade de Euforcipomyia
e Forcipomyia, ap6s a aplicagédo do
BHC 1,5%, foi de 75 e 36%, respec-
tivamente. As mortalidades, apés
a aplicacdo do Parathion metilico,
foram de 44 e 46% para Euforcipo-
myia e Forcipomyia, respectivamen-
te, enquanto que pela acdo do Car-
baryl foram de 68 e 69%, respecti-
vamente (Quadro 1).

A tendéncia das curvas de mor-
talidade de Euforcipomyia e Forci-
pomyia por acdo do BHC mostra
que a mortalidade mais elevada o-
correu 2 horas apdés o tratamento,
caindo a niveis minimos 6 horas a-
pés o mesmo e, dai em diante, au-
mentou em graus variaveis mas néao
atingiu os niveis iniciais (Figuras
1 e 2). A tendéncia das curvas de
mortalidade, sob a acdo do Para-
thion metilico € do Carbaryl, para
0os mesmos polinizadores, foi simi-

Quadro 1 — Populacées de Forcipomyia spp. e sua mortalidade (%) 24
horas apés o polvithamento com diversos inseticidas (avaliagdo [eita pe-
lo método de chogue). CEPEC, julbo, 1973.

e e e e T e T T "~ WML 7 g e e = T}

Euforcipomyia Forcipomyia

Inseticida
N¢ % N¢ %
BHC 1,5% 740 75 993 36
Carbaryl 7,5% 34 68 63 69
Parathion metilico 1,5% 35 44 52 46
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Figura 1 — Mortalidade de F. (Euforcipomyia) spp. apés polvilbamen-
tos com inseticidas em parcelas experimentais do CEPEC, Bahia, Brasil,
agosto—setembro /73.
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lar 2 encontrada para o BHC (Fi-
guras 1 e 2),

Os resultados relacionados com
a abundéncia de polinizadores face
a niveis contrastantes de floragdo
(Quadro2) indicaram que as popula-
¢oes de polinizadores na parcela
com densidade baixa de floragdo
foi mais do que o dobro da encon-
trada na parcela comdensidade alta
de floragdo (32 vezes superior).

Ensaio II.

Os resultados relacionados com
a determinagdo de mortalidade pelo
método de choque indicaram que
as de Euforcipomyia ¢ Forcipomyia,
apds aplicagdo de BHC 1,5% (Qua-
dro 3), foram 79% para ambas as
espécies. As mortalidades de Eu-
forcipomyia, apos aplicagdo de
Carbaryl e Parathion metilico, fo-
ram de 70 e 83%, respectivamente,

enquanto para Forcipomyia foram
de 66 e 87%, respectivamente,

Ensaio III.

Os totais de mosquinhas encon-
tradas nas 36 arvores amostradas
na area tratada e testemunha podem
ser observados no Quadro 4. Sobre
os totais apresentados neste qua-
dro, foi observada uma mortalidade
de 91% de mosquinhas Forcipomyia

Spp.

Os resultados relacionados com
a determinacdo do periodo de res-
tauracdo das populacoes (Quadro5)
na parcela polvilhada, face a tes-
temunha, indicaram que o nivel ini-
cial de populacdo, aproximadamen-
te 166 mosquinhas por parcela, foi
recuperado 1 semana apds o polvi-
lhamento, seguido de um incremen-
to progressivo nas 2 semanas de
observagido seguintes.

Quadro 2 -~ Nimero de flores e populacoes acumuladas de Forcipomyia
Spp. em duas parcelas de 10 cacaueiros cada., com densidade contrastan.

te de floracdo. CEPEC, julho, 1973.

Niveis de populagdes

Floracéio Nimero de flores
Euforcipomyia Forcipomyia
Del;fi:gﬂ& 2896 294 422
Der;)s-;iiizdfm 90 740 . 083
Rel:?/ﬁg 32/1 1/2 1/2
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Quadro 3 — Populacées de Forcipomyia spp. e sua mortalidade (%),
24 boras apés o polvilhamento com diversos inseticidas, em duas par-
celas de cinco cacaueiros cada (avaliagdo feita pelo método de cho-

que). CEPEC, julbo, 1974.

e < e S

Euforcipomyia  Forcipomyia Média
BHC 1,5 — Tratamento 31 64
Choque 8 17
% 79 79 79
Carbaryl 7,5%
Tratamento 30 53
Choque 13 27
% 70 66 68
Parathion metilico 1,5%
Tratamento 66 137
Choque 14 21
% 83 87 85

R —— e e e s

Quadro 4 — Totais de mosquinhas Forcipomyia spp. encontradas nas
36 drvores tratadas e ndo tratadas antes e depois da aplicagdo do BHC

1,5%. CEPEC, julbo—agosto, 1974.

e —— et e e e

Tratamento Testemunha
Antes Depois Antes Depois
Insetos 166 14 224 221
Mortalidade (%) - 91 - -

DISCUSSAO

A avaliagdo de populagdes de
polinizadores em parcelas com ni-
veis contrastantes de floragdo per-
mitiu comprovar que o método de
choque utilizado nos dois primeiros
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ensaios é o mais eficiente porque
ndo depende da floragdo, mas sim
da disponibilidade de insetos.

Comparando a mortalidade dos
inseticidas em relagdo aos dois
grupos de polinizadores (Quadro 3),



Quadro 5 —~ Flutua¢do dsa populagées de Forcipomyia spp. amostra-
das em 36 drvores em drea polvilbada com BHC 1,5% face a drea teste-
munba. CEPEC, julbo—agosto, 1974.

Data de contagem

Variavel
29-7 31-7 6-8 13-8 20-8
Tratamento * 166 14 136 224 284
Testemunha 224 221 92 162 484

e e e

* As arvores foram polvilhadas em 30 de julho.

verificou-se ser o Parathion meti-
lico o mais nocivo (85% de mortali-
dade), seguido do BHC (79%) e, por
ultimo, do Carbaryl (68%).

A mortalidade mais elevada ob-
servada no segundo ensaio, quando
comparada a do primeiro, foi aceita
como a mais confidvel, pois os
seus resultados foram obtidos de
arvores mais protegidas da afluén-
cia de insetosdas areas adjacentes
as parcelas tratadas. A possibili-
dade de penetracdo de insetos até
as cinco arvores etiquetadas, no
ceniro das parcelas de 2.500 m?, no
segundo ensaio, € muito menor que
a de atingirem as 10 drvores mar-
cadas no centro das parcelas de
625 m’ utilizadas no primeiro en-
saio.

A mortalidade iniciai elevada
pode ser atribuida a agdo do inseti-
cida aplicado. O decréscimo do
numero de insetos mortos, no in-
tervalo de 2 a 6 horas apds o trata-
mento, pode ser atribuido a dimi-
nuicdo da populagdo de adultos,
eliminados pelos inseticidas. O
aumento do numero de insetos mor-

21

tos no intervalo entre 6 e 24 horas
apos o tratamento foi atribuido a
emergéncia de adultos dos criadou-
ros naturais bem como ao transpor-
te casual pelas correntes aéreas
de populagcdes das dreas ndo tra-
tadas.

A mortalidade calculada com
base na contagem visual de insetos
vivos nas diversas partes do ca-
caueiro foi elevada (91%), quando
comparada com a mais alta encon-
trada pelo método de choque (79%).
Esta iltima — que abrange a popu-
lagdo total do ambiente -~ foi acei-
to como a mais conclusiva, tendo
em vista que a contagem visual
esta mais sujeita a falhas humanas
que o método de choque. Apesar
disso, a amostragem visual permi-
tiu acompanhar a flutuagdo das po-
pulacées por um periodo determi-
nado até se obter a restauracdo da
populacdo,

Considerando-se que as taxas
de crescimento das populac¢tes de
insetos no ecossistema do cacaual
ainda sdo desconhecidas, € prema-
turo discutir o que ocorreria com



essas populagcdes apds a aplica-
¢do eventual ou periddica de inse-
ticidas. Estudos de Knipling (6)
com outros insetos mostraram que
um nivel inferior a 80% de mortali-
dade manteria a populagdo estavel
desde que ela apresentasse uma
taxa de crescimento normal cinco
vezes maior em cada geragdo. Ten-
do em vista que as mortalidades
avaliadas pelo método de choque
(admitidas como conclusivas) foram
de 79; 68 e 85% para o BHC 1,5%,
Carbaryl 7,5% e Parathion metilico
1,5%, respectivamente, e que a taxa
de crescimento normal de Forcipo-
myia € Euforcipomyia € provavel-
mente superior a mencionada por
Knipling (6), conclui-se que os ni-
veis mencionados de mortalidade
manteriam as populagdes estaveis.

O controle quimico de insetos é
altamente eficiente em termos de
numero de insetos mortos quando a
populacdo é alta, mas ineficiente
quando ela é baixa (6). De acordo
com os resultados do presente tra-
balho, sabe-se que os niveis popu-
lacionais originais sdo restabele-
cidos 1 semana apds a aplicagdo
do inseticida; donde se conclui que
essas aplicacdes, em épocas de
baixo nivel populacional das mos-
quinhas, teriam pouco efeito na po-
linizagdo do cacaueiro. Além dis-
so, a disponibilidade de ovos, lar-
vas e pupas dos polinizadores,
protegidos nos criadouros naturais
(11), provavelmente facilitou a ra-
pida restauragdao das populagdes.

A persisténcia do poder residual
do BHC nos solos de clima tempe-
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rado é de 2 anos (8), a do Parathion
metilico, 45 dias e a do Carbaryl,
9 dias (13). Estes inseticidas, em
confronto com outros, de efeito re-
sidual mais prolongado, sdo mais
seguros, evitando a acumulagédo de
toxicos no ambiente, bem como os
efeitos nocivos aos polinizadores.

Os dados aqui apresentados po-
dem ser usados como uma explica-
cédo para os resultados encontrados
por Ventocilla (14), Cardona (1),
Stelzer e colaboradores (12), Knoke
e Saunders (7) e Entwistle e Hurd
(4), nos quais ndo foram encontra-
das mudancas significativas nos
niveis de polinizagdo e/ou frutifi-
cagdo do cacaueiro apdés ensaios
com inseticidas no campo.

CONCLUSOES

1. A mortalidade de Euforcipomyia
apos aplicagdo de BHC 1,5%, a-
valiada pelo método de choque,
foi de 79% enquanto utilizando
a formula de Henderson e Tilton
foi de 91%. As mortalidades des-
te inseto por aplicacdo do Para-
thion metilico e Carbaryl exclu-
sivamente pelo método de cho-
que foi de 83 e 70%, respectiva-
mente.

. A mortalidade de Forcipomyia
por aplicagdo do BHC 1,5% ava-
liada pelos métodos de choque
e de Henderson e Tilton atingiu
niveis de 79 e 91% respectiva-
mente. As mortalidades deste
inseto por aplicagdo de Para-
thion metilico e Carbaryl, exclu-



sivamente pelo método de cho-
que, foram de 87 e 66%, respec-
tivamente.

3. O Parathion metilico foi o inse-
ticida que causou, em conjunto,
mortalidade mais elevada (85%),
seguido do BHC (79%) e doCar-
baryl (68%).

4. A abundancia do Euforcipomyia
e Forcipomyia ndo esta relacio-
nada com a disponibilidade de
flores.

5. Ométodo de choque (knock-down)
para avaliar mortalidade de poli-
nizadores mostrou-se o mais efi-
ciente, pois a avaliagdo ndo de-
pende da disponibilidade de flo-

res por arvore e sim da presenca
de insetos.

6. A restauracgdo das populagoes de
polinizadores € iniciada 24 ho-
ras apos o tratamento, atingindo
0s niveis originais 1 semana a-
pos a aplicagdo dos inseticidas.

7. O combate as pragas do cacau-
eiro com BHC 1,5%, Parathion
metilico 1,5% ou Carbaryl 7,5%,
na dosagem de 16 kg/ha, aplica-
dos nas épocas de renovagdo de
folhas — quando as populagdes
dos polinizadores se encontram
em niveis mais baixos —, ndo
compromete a sua sobrevivéncia
e, conseqientemente, a polini-
zagdo do cacaueiro.
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RESUMO

O BHC 1,5%, Parathion metilico 1,5% e Carbaryl 7,5% foram usados
em experimentos de campo na dosagem de 16 kg/ha para avaliar o seu
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efeito sobre populacdes de Euforcipomyia e Forcipomyia, os dois grupos
de insetos mais importantes para a polinizagdo do cacaueiro.

As contagens de mosquinhas mortas foram feitas 2; 6 e 24 h apos a
aplicagio do inseticida, Apds a ultima contagem, foi feito um tratamento
de choque (knock down) com BHC 12%, para calcular a sua populagao
total e as respectivas percentagens de mortalidade. Ambos os grupos
de mosquinhas foram afetados pelos inseticidas. O Parathion metilico
foi o mais téxico (85% de mortalidade) seguido do BHC (79%) e Carbaryl
(68%). A mortalidade mais elevada foi registrada no intervalo de 2 h apos
a aplicacdo dos inseticidas. A populac@o das mosquinhas iniCiou a re-
cuperagdo 24 h apbés o polvilhamento com o BHC e dentro de 1 semana
ultrapassou os niveis originais. Apdés a aplicagao de Carbaryl e Para-
thion metilico, precisa-se provavelmente do mesmo periodo para a recupe-
racdo dos niveis originais de populagdo dos insetos. Isto sugere que,
nas dosagens empregadas e com intervalos apropriados entre os polvilha-
mentos — periodos entre langcamentos de folhas —, esses inseticidas ndo
sdo prejudiciais a sobrevivéncia das mosquinhas polinizadoras do ca-
caueiro.

MORTALITY OF Forcipomyia spp. MIDGES
(DIPTERA, CERATOPOGONIDAE)
FOLLOWING INSECTICIDE APPLICATIONS
IN BAHIAN COCOA PLANTATIONS

SUMMARY

Three insecticides BHC 1.5%, Methyl Parathion 1.5% and Carbaryl
7 5% were used in field trials at the rate of 16 kg commercial product per
hectare to assess their relative toxicity on Fuforcipomyia and Forcipo-
myia populations, the two midge groups chiefly responsible for the pol-
lination of cocoa.

Dead midge counts were made 2, 6 and 24 hours after insecticide ap-
plication. Following the 24 hours collection a 12% BHC knock-down ap-
plication was made to calculate total adult population and thereby the
respective mortality percentages. Both midge groups were equally af-
fected by each insecticide. Of the three insecticides, Methyl Parathion
was the most toxic — 85% mortality, followed by BHC — 79% and Carba-
ryl 68%. Highest mortality was recorded for the 2 hours collection. The
midge population started to recover within 24 hours of the BHC treatment
and within 1 week had surpassed the pre-application levels. This sug-
gests that at the given dosages and with sufficient time intervals between
applications the above insecticides, particularly BHC are not prejudicial
to the overall survival of either of the two cocoa pollinating midges®

25



NEMATODES OF THE COCOA REGION OF BAHIA, BRAZIL.
[V — NEMATODES IN THE RHIZOSPHERES
OF PEPPER (Piper nigrum L.)
AND CLOVE (Eugenia caryophyllata Thunb.) *

Ravi Datt Sharma **
Pieter Aart Albertus Loof***

Both pepper (Piper nigrum L.)
and clove (Eugenia caryophyllata
Thunb.), used as spices or condi-
ments in flavouring foodstuffs, are
being increasingly planted in the
rainforest zone of Bahia. The total
area in pepper and clove is vari-
ously estimated as 268 ha and 588
ha respectively with corresponding
yields of about 195 and 133 tonnes
(1,6).

As part of a general nematode
survey carried out between May,
1971 and May, 1974 in the southern
part of the State of Bahia, soil and
root samples were collected both
from pepper and clove. Sampling
involved both healthy and diseased
plants.

The symptoms of the sick pep-
per vines were characterized by
stunting, bronzing and interveinal
yellowing of leaves, followed by

complete yellowing and defoliation,
dieback and the gradual death of
the vines. Root systems of such
vines were severely galled and
cracked due to what appeared to
be heavy root-knot nematode in-
festation. The sick plants had very
low fruit production or no fruit at
all. In one location the heavily
galled system of diseased vines
were also black and detericrated,
possibly due to combined attack
by nematodes and Fusarium solani
F. piper.

Some clove trees showed dete-
riorated root system and pregres-
sive drying of leaves resulting in
death of the trees,

This paper deals with plant par-
asitic and free-living nematodes
found in some rhizospheres of pep-
per and clove in Bahia.

* Received for publication in September, 1973.
** Division of Phytoparasitology, CEPEC,
*** Nematology Department, Landbouwhogeschool, Wageningen, The Netherlands.

Revista Theobroma.

CEPLEC, Ubéus, Brasil, 4(3):26-32. Jul-set. 1974.



MATERIALS AND METHODS

Eighteen soil and root samples
were taken, nine being from pepper
plantations and nine from clove
plantations.

Of the pepper samples four were
taken from one property in Una and
other five from three properties in
[tubera, The clove samples came
from six farms in Itubera.

The methods for extraction of
the nematodes and subsequently

mounting for permanent slides, are
described by Sharma and Loof (9).

RESULTS AND DISCUSSION

The results of the survey are
listed in Tables 1 and 2. The root-
knot nematode, Meloidogyne incog-
nita was the dominant species
found associated with pepper yel-
lows, a finding also observed by
Sher et al (13) in Thailand. From
a literature search (2, 3, 5, 7, 12,
13, 14) it would appear that Aphe-
lenchoides sp., Discocriconemella
limitanea, Dolichodorus sp., Heli-
cotylenchus sp., H. dibystera, Tri-
chodorus sp. and Xiphinema vulgare
have been found for the first time
in association with pepper in the
field. Radopholus similis, the u-
sual cause of serious yellows was
not found in our samples, but some
of the field symptoms were quite
similar to those described by
Thorne (13)and Van der Vecht (14).
It is realized that identical symp-
toms may be produced by different
root-infesting nematode species.

R. similis was recently reported
associated with some banana plant
importations in Bahia (8) and it
must be hoped that measures will
be taken to limit its spread.

The spiral nematode H. dibys-
tera was the dominant species
found associated with clove. Doli-
chodorus sp., H, dibystera, M. in-
cognita, Rotylenchulus reniformis
and Trichodorus sp., were common
to both pepper and clove whereas
Aphelenchoides sp., D. limitanea,
Helicotylenchus sp. and X, vulgare
were associated only with pepper.
The root-knot nematode, Meloido-
gyne sp. reported by Ghesquiere
(4) was not found in our samples.
The association between clove and
the five species listed in Table 1
is considered as the first of its
kind.

Based on the results of previous
surveys (9, 10, 11), out of the 29
genera and 38 species of free-liv-
ing nematodes listed in Table 2,
12 species are recorded for the
first time in Bahia namely: Acro-
beloides sp., Bastiania acarayen-
sis, Cruznema lambdiense, Dory-
laimoides parvus, lotonchus cf.
risoceiae, Monobystera villosa,My-
lonchulus brachiuris, Prismatolar-
mus sp. Prodorylaimus hamatus,
Sporonchulus sp. Trischistoma pel-
lucidum and Tylenchus leptosoma.

CONCLUSION

The root-knot nematode, Meloi-
dogyne incognita is probably a se-
rious pest of pepper in Bahia and
pratical means of control should
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Table 1 — Plant parasitic nematodes found associated with pepper
(Piper nigrum L.) and clove (Eugenia caryophyllata Thunb.) in the Cocoa
Region of Babhia.

Ocurrence *

Genus / Species Pepper Clove
(9 samples) (9 samples)

Aphelenchoides sp.
Discocriconemella limitanea
Dolichodorus minor
Helicotylenchus sp.

H, dibystera

Meloidogyne incognita
Rotylenchulus reniformis

Trichodorus sp.

N WO e N e N
O AN NN =00

Xiphinema vulgare

———
* Number of positive samples.

Table 2 — Free-living nematodes fjound associated with pepper (Piper
nigrum) and clove (Eugenia caryophyllata Thunb.) in the Cocoa Region
of Babia,

“
Occurrence *

Genus / Species

Pepper Clove
(9 samples) (9 samples)

Achromadora sp t =
Acrobeles sp. t x
Acrobeloides sp. T ¥
Alaimus sp. + +
Apbelenchus avenae + t
Aporcelaimellus sp. - +
A. obtusicaudatus t +
A. cf. paracentrocercus + =
Axonchium a;nplicole + +
Basirotyleptus sp, = t
t = present

- = absent
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Table 2 — Continued

Occurrence *

Genus / Species Pepper Clove

(9 samples (9 samples)

Bastiania acarayensis +
Cobbonchus sp. t
Chronogaster Sp. -
Cruznema lambdiense
Dorylaimellus sp.
Dorylaimoides parvus
Eudorylaimus Sp.

E. ettersbergensis

E. granuliferus (group)

E. cf. minutus
Heterocephalobus longicaudatus
lotonchus sp.

I. cf. risoceiae

Mesodorylaimus parasubitilis
Mesorbabditis sp.

M. cf. paucipapillata
Monobystera villosa
Mylonchulus minor

M. brachyuris

Prismatolaimus Sp.
Prodorylaimus hamatus
Rhabditis sp.

Sporonchulus sp.

S. dentatus

Thornenema Sp.

Trischistoma pellucidum
Tylenchus leptosoma

Zeldia sp.

+

I+ 4+ + + | + + + |
b+ 4+ | 4+ + 4+ + + + + + 4+

I
-+

4+ + 4+ A+ A+ + +
!

+ = present
- = absent

be considered. While the burrowing  citrus, was not encountered in our
nematode Radopholus similis, well samples, it is recommended that
known from pepper, banana and  strict quarantine measures should
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be taken to prevent its spread, es-  plans to promote increased clove
pecially bearing in mind that the and pepper plantings within the
CEPLAC Diversification Scheme Bahian cocoa region.
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SUMMARY

Eighteen soil and root samples collected from the rhizospheres of
pepper (Piper nigrum L.) and clove (Eugenia caryopbyllata Thunb.) re-
vealed the presence of nine species of plant parasitic nematodes. Nem-
atodes common to both pepper and clove were Dolichodorus sp., Helico-
tylenchus dibystera, Meloidogyne incognita, Rotylenchulus reniformis
and Trichodorus sp. Besides the above mentioned nematode species,
Aphelenchoides sp., Discocriconemella limitanea, Helicotylenchus sp.
and Xiphinema vulgare were also associated with pepper. Out of 29
genera and 38 species of free-living nematodes recorded in this survey,
12 species are recorded for the first time in Bahia namely: Acrobeloides
sp., Bastiania acarayensis, Cruznema lambdiense, Dorylaimoides parvus,
lotonchus cf. risoceiae, Monohystera villosa, Mylonchulus brachyuris,
Prismatolaimus sp., Prodorylaimus hamatus, Sporonchulus sp., Trischis-
toma pellucidum and Tylenchus leptosoma.

NEMATODIOS DA REGIKOICACAUEIRA DA BAHIA, BRASIL
[V — NEMATODIOS NA RIZOSFERA
DE PIMENTA-DO-REINO (Piper nigrum L.)
E CRAVO-DA-INDIA (Eugenia caryophyllata Thunb.)

RESUMO

Em 18 amostras de solo e raizes coletadas na rizosfera de pimenta-do-
reino (Piper nigrum L.) e cravo-da-India (Eugenia caryophyllata Thunb.)
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foi detectada a presenca de nove espécies de nematodios parasitas. Os
nematodios associados a ambos os cultivos sao: Dolichkodorns sp., Heli-
cotylenchus dibystera, Meloidogyne incognita, Rotylenchulus reniformis
e Trichodorus sp. Além destes, Aphelenchoides sp., Discocriconemella
limitanea, Helicotylenchus sp, e Xiphinema wvulgare foram encontrados
associados somente 2 pimenteira, Dos 29 géneros e 38 espécies de
nematodios ndo parasitas, 12 novas espécies sdo encontradas pela pri-
meira vez na Bahia, a saber: Acrobeloides sp., Bastiania acarayensis,
Cruznema lambdiense, Dorylaimoides parvus, lotonchus cf, risoceiae,
Monobystera villosa, Mylonchulus brachyuris, Prismatolaimus sp., Prodo-
rylaimus hamatus, Sporonchulus sp., Trischistoma pellucidum e Tylen-
chus leptosoma.

® @ @
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NOTA

PATOGENICIDADE DO Bacillus thuringiensis BERLINER
CONTRA O “MANDAROVA” DA SERINGUEIRA
(Erinnyis ello L.) (LEPIDOPTERA : SPHINGIDAE).*

Joao Manuel Abreu™*

A lagarta da mariposa Erinnyis ello L. € a praga mais importante que
ataca a seringueira (Hevea brasiliensis Muell. Arg.), o segundo cultivo
mais importante da regido cacaueira da Bahia. A lagarta se alimenta das
folhas e, durante os surtos mais severos, causa a desfolhagdo completa
de grandes plantacdes.

O sucesso alcancado nos iltimos 20 anos com a aplicagédo do Bacillus
thuringiensis Berliner contra mais de 137 espécies de insetos das ordens
Lepidoptera, Hymenoptera, Diptera e Coleoptera (1) motivaram a realiza-
cio de um ensaio explorativo para determinar a patogenicidade desta
bactéria contra E. ello. O ensaio constou de cinco tratamentos e qua-
tro repeti¢des. As lagartas foram coletadas no campo e permaneceram 1
dia em repouso no laboratério. Cinco lagartas do 3? instar foram confi-
nadas em cubas de vidro (14 cm de diametro e 5 cm de altura), cobertas
com placas de Petri contendo papel de filtro umedecido. Duas cubas de
vidro foram usadas para cada repeticdo. As lagartas foram alimentadas
com folhas de seringueira previamente mergulhadas em diluigdes de es-
poros de B. thuringiensis (Dipel, pd molhédvel—Abbott Laboratérios do
Brasil) e secas ao ar. A pattir do segundo dia, todas as lagartas rece-
beram o mesmo alimento da testemunha. A percentagem de mortalidade
foi calculada 1;3;5 e 7 dias apés o inicio do ensaio. Ao final do ensaio,
as fezes secas ao ar (11% de umidade) foram pesadas para determinar a
quantidade relativa de alimento ingerida.

* Recebido para publicagdo em margo, 1974.
* Realizado com recursos do Convénio SUDHEVEA /CEPLAC.
+x M.S., Divisdo de Fitoparasitologia, CEPEC,

Revista Theobroma. CEPEC, llbéus, Brasil, 4 (3):33-36. Jul.-set. 1974.
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O Quadro 1 mostra as percentagens de mortalidade e o peso das fezes
das lagartas. De um modo geral, a mortalidade cresceu com o aumento
da concentracdo de esporos e o nimero de dias apds o tratamento, embora
ndao tenha atingido a eliminagdo total das lagartas. A mortalidade na
testemunha foi elevada, provavelmente por deficiéncia na manipulacdo
das lagartas. Em termos de peso de fezes, a andlise mostrou que as di-
ferencas entre os tratamentos foram significativas ao nivel de 1% de pro-
babilidade. As lagartas doentes deixam de se alimentar.

Quadro 1 — Mortalidade ¢ peso de fezes de lagarta de E. ello ali-

mentadas com folbas de seringueira tratadas com o Bacillus thuringien-
sis. CEPEC, 1973.

Mortalidade (%)

Peso de fezes

Dilui¢coes * Dias apds o tratamento (&)
g
1 3 5 7 4
1:1.000 ) 33 48 70 11,9
2:1.000 3 38 53 70 9.0
3:1.000 10 50 60 80 8,2
4:1.000 8 70 80 88 3,0
Testemunha 3 13 23 45 23,9

* A diluicdo 1:1.000 contém 25x 10° esporos/ ml.

A conclusdo provisoria desse ensaio é que os esporos do B. thurin-
giensis, em todas as concentracdes usadas afetam drasticamente a ca-
pacidade alimentar da lagarta E. ello provocando a sua morte. Novos
ensaios deverdo ser feitos com o aprimoramento da técnica de manipula-
¢do do material. E preciso registrar que as lagartas utilizadas no ensaio
foram trazidas para o CEPEC de uma plantacdo distante 150 km e que,
apenas 1 dia de repouso no laboratério ndo € suficiente para a sua re-
cuperagdo. A adigdo de um espalhante adesivo @ suspensdo de esporos
devera também melhorar a eficiéncia do tratamento.

LITERATURA CITADA
1. HEIMPEL, A.M. A critical review of Bacillus thuringiensis var.
thuringiensis Berliner and other crystaliferous bacteria. An-

nual Review of Entomology 12 : 287-322. 1967.
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PATHOGENICITY OF Bacillus thuringiensis BERLINER
AGAINST THE RUBBER LEAF CATERPILLAR
(Erinnyis ello L.) (LEPIDOPTERA : SPHINGIDAE).

The caterpillar of the hawkmoth Erinnyis ello L. is the most destruc-
tive insect pest of the rubber tree (Hevea brasiliensis Muell Arg.), the
principal diversification crop grown in the Bahian cocoa region. The
caterpillar feeds on the young leaves and in severe outbreaks can cause
the complete defoliation of large areas.

Due to the success over the last 20 years of the crystal-forming bac-
teria against more than 137 insect species from the orders Lepidoptera,
Hymenoptera, Diptera and Coleoptera (1), an explorative laboratory test
was carried out with Bacillus thuringiensis Berliner to determine its
pathogenicity against E. ello. The experiment consisted of four concen-
tration treatments together with a control, with four replicates of each.
Catterpillars were collected from a rubber estate and kept at rest for one
day in the laboratory. Five caterpillars of the 3rd instar were placed in
deep culture dishes (14 cm diameter, 5 cm high) with the inside of their
loose fitting lids covered with moistened filter paper. Two culture dishes
were used for each replicate. The test caterpillars received for 1 day
air-dried young fully expanded rubber leaves previously dipped in the
various spore solutions of B. thuringiensis (Dipel (wettable powder),
Abbott Labs). From the second day onwards all caterpillars were fed on
undipped rubber leaves. Mortality (%) was calculated 1, 3, 5 and 7 days
after the start of the treatment. At the end of 7 days the air-dried faeces
(11% moisture) were weighed to determine relative food consumption.

Mortality and faeces weight for the different treatments are shown in
Table 1. Although mortality increased in relation to time and spore con-
centration, a 100% kill was not achieved in any of the treatments. The
unexpectedly high mortality among the control caterpillars is attributed
to poor handling techniques. The differences in faeces weight, signif-
cant at the 1% level, show that the bacteria caused the caterpillars to
stop eating.

The preliminary conclusions which can be drawn from this experiment
clearly show that even at a concentration of 1:1000 the spores of B.
thuringiensis drastically diminish the appetite of the E. ello caterpillar
and can kill it. However further laboratory experiments are required in
which the handling techniques are improved. It is worth remembering that
the caterpillars used in this trial came from a rubber estate over 150 km
from the CEPEC research station and the one day rest in the laboratory
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Table 1. Mortality and weight of faeces of E. ello caterpillars fed
with rubber leaves dipped in B. thuringiensis spore solutions at CEPEC,

1973.
Mortality (%)
Weight of faeces
Concentration Days after Treatment (e)
¥
1 3 5 7

1:1000* 5 33 48 70 11.9
2:1000 3 38 53 70 9.0
3:1000 10 50 60 80 8.2
4:1000 8 70 80 88 3.0
Control 3 13 23 45 23.9

* 1:1000 concentration contains 25x 10° esporos/ml

was not sufficient for the caterpillars to recuperate.

The addition of a

spreader would also improve the efficacy of the bacteria treatment.

®
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