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TAMANHO DE PARCELA
E NOMERO NECESSARIO DE REPETICOES
EM EXPERIMENTOS DE PRODUGCAO COM CACAUEIROS*

CLOvAis Peixoto Pereinra**

A dificuldade mais comum
em experimentos de campo com
plantas perenes é a variabilidade
nos resultados, que pode ter sua
origem no material genético uti-
lizado, em diferengas de fertili-
dade de solo ou nas condigoes
climaticas durante a execugao do
ensaio.

Uma alta variabilidade, in-
troduz incerteza em qualquer
conclusao que venha a ser tirada
de resultados experimentais (2,
3, 8), desde que o tamanho da
parcela e/ou o nimero de repe-
ticoes nao sejam adequados,

Varios autores, citados por
Cunninghan (4), evidenciaram que
¢ marcante a variabilidade de
produtividade em nimero de fru-
tos nas plantagoes de cacau,
Cheesman e Pound (1) conclui-
ram que os resultados de expe-
riéncias de campo com cacauei-
ros de idade heterogeneas nao
podem ser recomendados sem
observacoes prévias de producao
e que ensaios em quadrados la-

* Recebido para publicagao em julho, 1972,

tinos, com 12-18 cacaueiros por
parcela com idade uniformes,
podem propiciar separar dife-
rencas de 30%. Paez e Siller (8),
chegaram a conclusao de que po-
deriam ser utilizadas parcelas
de oito cacaueiros com um ade-
quado nimero de repetigoes., Es-
quivel e Soria (5) indicam parce-
las de seis plantas para ensaios
com clones propagados por esta-
cas, enquanto, para material pro-
veniente de sementes, dao um
minimo de 12 cacaueiros.

No presente trabalho, sao
apresentados resultados sobre o
tamanho 6timo de parcela expe-
rimental associado a um ndmero
minimo de repetices que permi-
ta medir diferencas pequenas de
producoes entre os tratamentos
em plantagoes adultas e comer-
ciais de cacau na Bahia,

MATERIAIS E METODOS

Serviram de base a este es-
tudo a produg¢ao média em nime-

* Trabalho apresentado na XXII Reuniao Anual da Sociedade Brasileira Para o Progresso
das Ciencias: Si.mpc'ui.o de Pesquisas Sobre Cacau, Salvador, julho, 1970,
** Eng? Agr?, Responsivel pelo Centro de Processamento de Dados do CEPEC.
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ro de frutos e peso Umido das
sementes de 180 plantas obtido
durante 8 anos de um campo de
progénies de cacaueiros da Es-
cola Média de Agricultura da Re-
giao Cacaueira (EMARC) em Uru-
cuca (Bahia), e a produgdo indi-
vidual em nimero de frutos de
300 cacaueiros controlada por
2 anos em um campo comercial
no CEPEC. Os cacaueiros da
EMARC estao plantados em solo
da unidade Low Humic Glay, es-
pagados de 4 x4 m e sombrea-
dos com Erythrina glauca e, no
CEPEC, em solo hidromérifico,
espagamento irregular (em torno
de 3,70 x 3,70 m) e sombreados
com diversas espécies botanicas.

O tamanho 6timo da parcela,
foi determinado pelo método da
"curvatura maxima" (6). Os coe-
ficientes de variagao sao calcu-
lados para cada tamanho de par-
cela e em um plano de coordena-
das sao estes valores relaciona-
dos a uma curva, O tamanho oti-
mo da parcela é determinado por
inspecao e corresponde ao ponto
onde a curvatura é maxima.

Com as produgoes dos cam-
pos em estudo foram realizados
ensaios hipotéticos para deter-
minar a variagao simultanea do
tamanho da parcela e do nimero
de repeticoes e efetuadas andli-
ses estatisticas,determinando-se
os coeficientes de variagao e di-
ferencas minimas significativas
pelo teste de "t",

Em virtude de existirem dois
tipos de dados de produgao, nd-
mero de frutos e peso de amén-
doas imidas de cacau, procurou-
se com as producoes de uma uni-

ca safra de um mesmo campo,
verificar qual dos dados conferia
maior precisao aos ensaios, ao
variar o tamanho da parcela e
nimero de repetigoes.

RESULTADOS E DISCUSSAO

Sete ensaios hipotéticos fo-
ram realizados no campo da
EMARC e 10 no do CEPEC e os
resultados obtidos (Quadros 1| e
2) mostram que um aumento no
tamanho da parcela diminui o
coeficiente de variagao e, conse-
q#ientemente, melhora a precisao
do ensaio, Isto se deve, aparen-
temente, a pouca uniformidade de
produgdo que apresentam as par-
celas com reduzido nimero de
drvores adultas, mesmo que se-
jam estas de uma mesma idade.

Quadro )| - Coeficiente de varia-
¢ao (C.V.) e diferen-
¢a minima significa-
tiva (DMS) em por-
centagem do peso mé-
dio das ameéndoas u-
midas de cacau em
parcelas de diferentes
tamanhos (EMARC).

Plantas : : :
iy o DARSRC oY, DME
parcela g ;:. (%) {%)
{(N©
1 30 32,18 16,32
2 15 24,44 17,80
3 10 20:37- .18, 31
5 6 16,79 19,87
6 5 13,95 18,41
10 3 12,22 22,40
15 2 14,06 36,13




Quadro 2 - Coeficiente de varia-
¢ao (C.V.) e diferen-
¢a minima significa-
tiva (DMS) em por-
centagem do nimero
de frutos de cacau
colhidos em parcelas
de diferentes tama-

nhos (CEPEC).

por ohepetle .y DME.
parcela  S°°% (%) (%)
ey 019 |
1 60 70,36 25,37
2 30 49,16 25,02
S 20 38,58 24,36
4 15 35,34 25,77
5 12 28,14 23,17
6 10 27,02 24,24
10 6 21,69 26,10
Gy ¥ 5 22,61 30,18
15 4 16,04 24,66
20 3 22,05 41.51

No entanto, a medida que o nime-
ro de repeticoes diminui, a dife-
rengca minima significativa a ser
detectada torna-se mais elevada,

Os dados do Quadro 1 indi-
cam ainda que ensaios com me-
nos de cinco repeticoes nao de-
vem ser realizados pois, além
deste limite, apenas diferencas
maiores do que 20% poderao ser
detectadas, Entretanto, os re-
sultados do Quadro 2 mostram
que, para separar diferengcas me-
nores que 30%, ensaios com me-
nos de seis repeti¢oes nao devem
ser realizados.

A representagao grafica dos
resultados encontrados evidencia

que, para cacauais com espaga-
mento uniforme (Figura 1), a cur-
vatura maxima localiza-se em
nove plantas e, quando o espaga-
mento é irregular, em 14 (Figu-
ra 2).

A menor variabilidade dos
resultados verificada na EMARC
em relacao ao do CEPEC, deve-
se mais a origem genética do
material utilizado e ao espaga-
mento uniforme dos cacaueiros e
drvores de sombra do que a na-
tureza do solo.
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Figura 1 - Coeficiente de varia-
¢ao (C.V.) do peso
médio das ameéndoas
imidas de cacau em
fungao do tamanho de
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Figura 2 - Coeficiente de varia-
¢ao (C.V.)do nimero
de frutos de cacau co-
lhidos em fungao do
tamanho de parcela,



Comparando-se os coeficien-
tes de variagao das coletas ex-
pressos em nGmero de frutos e
em peso de sementes apresenta-
dos no Quadro 3, observa-se que
seus valores sao bem semelhan-
tes. Assim, nos ensaios de pro-
ducdo do cacaueiro € indiferente
considerar na andlise dos dados
o nimero de frutos ou o Ppeso
dmido de suas améndoas.

Quadro 3 - Coeficiente de varia-
¢do (C.V.) de nimero
de frutos e peso de a-
meéndoas de cacau pa-
ra diferentes tama-
nhos de parcelas e
nimero de repetigoes.

Os resultados do presente
estudo confirmam os anterior-
mente reportados por alguns au-
tores (1, 4). Entretanto diferem
pouco dos de Paez e Siller (7)e
Esquivel e Soria (5), que reco-
mendam um minimo de oito ca-
caueiros por parcela para mate-
rial proveniente de sementes,
Esta divergéncia é de menor im-
portancia para o caso de campos
estabelecidos por via s exuada,
com uniformidade de sombra e
espagamento, todavia, para com-
pos desuniformes, os resultados
do presente estudo indicam que
14 plantas é o nimero minimo
que deve ser utilizado por par-
cela,

Conclui-se também que, em
experimentos de produgao com ©

Pl;:'n ‘Repeti. ‘&‘:;::. (;;f;':: cacaueiro, nas condigoes do Sul
parcela i:‘;; frutos améndoas da Bahia, o tamanho minimo da
(n®) (%) %) parcela deverd ser de nove plan-
g 30 .8 e, 12 tas com cinco repetigoes para
S g 15 35,50 35,59 ireas com espagamento e som-
b 10 22,51 30,36 bra uniformes e de 14 plantas,
o B 60 24,39 “':‘_: com seis repetigoes, para areas
; : : :;::: ' :::5: com espacamento e sombra irre-
— : : s gulares.
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RESUMO

Para ensaios de produgao com cacaueiro, em campos estabele-
cidos com uniformidade de sombra e espacamento, determinou-se
que parcelas com um minimo de nove plantas e com cinco repetigoes
€ o mais recomendivel, Para lavouras desuniformes, o nimero se
eleva para 14 plantas, com um minimo de seis repeticées. Sem pre-
judicar a precisao dos ensaios, dados de producao podem ser obtidos
tanto pelo nimero de frutos como pelo peso imido das améndoas,

PLOT SIZE AND NUMBER OF REPLICATIONS
FOR CACAO YIELD EXPERIMENTS

SUMMARY

For yield trials with cacao trees uniformly planted in relation to
shade and spacing, plots with a minimum of nine plants and five re-
plications have been found to be most suitable. Fields with no regular
spacing or shade the number of plants needed is 14 with a minimum of
six replications. Yield data can be obtained from either the number
of pods or the fresh weight of the beans without affecting the precision
of the results,
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EFEITO DE CULTIVOS SUCESSIVOS
NA RELAGAO Q/I DE POTASSIO*

Emo Ruy de Miranda**
Kozen Igue***
Gilbernio Paez****

O teor de potdassio trocavel
e a liberagao de potdssio ndo
trocdvel tém sido muito empre-
gados como critérios do K dis-
ponivel para as plantas, Ultima-
mente, tem-se dado muita aten-
¢ao ao conhecimento da relagao
Q/I como um bom indice para in-
terpretar as reagoes que se pro-
cessam no sistema solo/planta,
Desse modo, o suprimento de K
para as plantas tem sido definido
através dos fatores quantidade e
intensidade. A intensidade, se-
gundo Beckett (5, 6), é definida
como a concentragao dos ions na
solugao do solo em determinado
momento; a quantidade se refere
a reserva total de potdssio dis-
ponivel para as plantas,

Varios pesquisadores (3, 4,
8) teém procurado relacionar o
crescimento de planta e a absor-
cao de nutrientes com a relagao
Q/I. Assim, Roux e Sumner (14)
encontraram que o parametro
- AKp (Qq) correlacionou-~-se com

* Recebido para publicagdo em julho, 1972,

o K absorvido pela planta, en-
quanto que o potencial potassico
[pK - 1/2p (Ca+Mg)] deu correla-
¢oes baixas com o K absorvido,

A falta de conhecimentos so-
bre a aplicagao da relagao Q/I
emn solos desenvolvidos nos tré-
picos contribuiu para que se le-
vasse a efeito o presente tra-
balho.

MATERIAIS E METODOS

O presente trabalho foi con-
duzido no Centro Tecnico de En-
senanza e Investigacidn do Insti-
tuto Interamericano de Ciencias
Agricolas da OEA, Turrialba,
Costa Rica,

Empregaram-se amostras de
um solo Inceptisol de um experi-
mento NPK 23x3, com cacaueiro,
coletadas a uma profundidade de
0-20 cm, nas parcelas que rece-
beram o tratamento N] P)] Kog.

* Parte de tese apresentada pelo autor principal ao Centro Tropical de Ensenanza y In-
vestigacién, Turrialba, Costa Rica, para obtengao do grau de Magister Science. Tra-
balho levado a efeito parcialmente sob contrato AT(30-1)2043 com a Comissao de Ener-

gia Atomica dos EUA e LICA.

** Eng® Agro, Assistente do Setor de Fertilidade da Divisio de Solos do CEPEC,
*#*% Eng? Agr?, Responsivel pela Divisdo de Solos do CEPEC.
»x»* Egtat{stico Associado, IICA, CTEI, Turrialba, Costa Rica.

Revista Theobroma., CEPEC, Itabuna, Brasil, 2(4):8-15. out.-dex. 1972,



Utilizaram-ge 2700 g de solo se-
co ao ar, correspondentes a 2500
g de solo seco em estufa a 110°C,
em vasos de metal com capaci-
dade para 3 000 g.

Como planta indicadora, em-
pregou-se o milho hibrido Roca-
mex, cultivado em casa de vege-
tagao, cinco plantas por vaso, A
colheita da parte aérea foi feita
28 dias apds a germinagao, repe-
tindo-se o cultivo por mais duas
vezes,

A fim de eliminar o possivel
efeito da decomposigao das rai-
zes sobre o teor de potassio e,
conseqtientemente, sobre a rela-
cao Q/I, no final de cada periodo,
o solo foi retirado dos vasos,
destorroado e peneirado varias
vezes, para eliminar as raizes.

Usou-se um delineamento ex-
perimental inteiramente ao aca-
so, com desenho de tratamento
fatorial 33, onde foram compara-
dos os efeitos de trés niveis de
umidade do solo com trés niveis
de potassio, trés cultivos e qua-
tro repetigoes. Os tratamentos
foram: a. Testemunha; b, 150
ppm de K; e c. 300 ppm de K,

A umidade do solo foi con-
trolada através de pesagens did-
rias, determinando-se em pratos
de sucgao a umidade do solo cor-
respondente a 0,33; 0,5; 1,0 e
10,0 bares e calculando-se com
base nesses dados os pesos res-
pectivos para cada tratamento.
Sempre que a umidade do solo
atingia os valores limites (0,5;
1,0e 10,0 bares), o solo era ir-
rigado até atingir 0,33 bares.
Para manter o solo com niveis

adequados de nutrientes, aplicou-
se uma mistura fertilizante com-
posta de N, P, Ca, Mg, S e mi-
cronutrientes, conforme sugerido
por Hardy e Bazan (11).

Antes do plantio e no final de
cada cultivo,coletaram-se amos-
tras de solos para a determina-
¢ao de K trociavel e da relagao
Q/I, segundo a técnica proposta
por Beckett (6). No final de cada
periodo de colheita, determina-
ram-se os teores de K absorvido
pela planta, Os parametros 4 K0,
ARpe PBC foram calculados con-
forme descrito em trabalho ante-
rior (12).

RESULTADOS

No primeiro cultivo, os efei-
tos de doses de potdassio e da in-
teracao doses versus tensao de
umidade do solo nao foram signi-
ficativos (Quadro 1). Nesse pe-
riodo, verificou-se que o efeito
mais acentuado foi o da tensao da
umidade do solo., No segundo
cultivo, ao contrario, o efeito
dose de potdssio e tensdo umida-
de do solo foi significativo e, no
terceiro, eles nao afetaram a
produgao, Vale a pena ressaltar,
todavia, que a produgao obtida no
terceiro periodo alcangou apenas
16% da atingida no primeiro (Qua-
dro 1).

Antes do primeiro cultivo, os
valores dos parametros -4 Ko
e ARQ modificaram -se positiva-
mente por agao de doses de po-
tdssio (Figura 1), Apds o primei-
ro cultivo, observou-se uma
drdastica diminuicdo nos valores
de -AKQ e ARg. Esses efeitos



Quadro 1 - K trocdvel, K tomado pela planta e produgao de matéria
seca de plantas de milho, por efeito de cultivos suces-

sivos.
K trocivel K tomado pela planta Produgao
Tratamentos (mE/q/100g) {gramas/vaso) {gramas/vaso)

Tensdo Doses Antes Apés o Apéso Apdso Apdso ApSso Apdso Apéso Apéso

(bares) ’m::m do 19 20 19 29 3¢ 1o 29 3¢
{ppm k) cultive cultive cultive cultivo cultive cultive cultive cultivo cultive
0,5 0,0,0 0,38 0,197 0,122 0,405 0,061 0,040 27,70 10,27 4,60
0,5 150,0 0,510 0,197 0, 144 0,693 0,069 0,040 30,92 11,72 4,50
0,5 300,0 0,860 0,211 0,328 0,961 0,073 0,043 32,05 12,27 4,30
1,0 0,0 0,350 0,160 0,122 0,394 0,064 0,048 28,17 10,87 4,80
1,0 150,0 0,490 0,198 0,134 0,661 0,069 0,039 29,00 11,57 3,80
1,0 300,0 0,750 0,256 0,160 0,985 0,070 0,042 30,00 11,80 4,60
10,0 9,0 0,370 0,198 0,128 0,259 0,069 0,043 22,15 11,82 4,10
10,0 150,0 0,520 0,249 0,159 0,667 0,082 0,038 23,97 13,90 4,20
16,0 300,0 0,580 0,261 0,159 0,920 0,087 0,037 23,00 14,80 4,20
foram invariavelmente constata- e doses de potassio (B] e B2) é
dos para as diferentes tensdes de praticamente constante, aproxi-
umidade do solo. Apds o segundo mando-se da unidade, No entan-
cultivo, constatou-se que as di- to, o coeficiente da variavel ten-
minuigoes nos parametros -4 Ko sao de umidade do solo sobre o
e ARQ nao foram tdo acentuadas. parimetro produgao foi muito

Nesse periodo, a reserva de K baixo (0,39820), indicando que o
disponivel para as plantas (-4 K0)  aumento da tensio teve efeito de .
atingiu a valores quase nulos, primente sobre a produgao,

Particularmente, no caso do pa-
rametro AR(Q, observou-se uma
variagao de 0,5 x 10-4a 2 x 10-4
(mol/1)1/2, Nesse mesmo perio-
do, os valores de -A K variaram
de 0,0071 a 0,0548 mEq/1008g.
Verificou-se também que o
consumo de K pelo milho dimi-
nuiu bastante apés o primeiro

Os coeficientes da varidvel
época de cultivo foram, na maio-
ria dos casos, inferiores i uni-
dade, indicando que essa varid-
vel atuou de modo a diminuir os
valores correspondentes aos pa-
rimetros -A4Kp, ARQ, produgao
e K absorvido pela planta; no

cultivo, ...
entanto, esse mesmo fato nao foi
Os parametros estimados da observado para o parametro PBC,
fungao geométrica miltipla (Qua- o qual aumentou com cultivos
dro 2), mostraram que, com ex- subseqdentes, A taxa de incre-
cegao da varidvel época de culti- mento geométrico desse parame-
vo, as demais nao modificaram a tro foi da ordem de 1,8520, en-
fungao. Desse modo, constatou- quanto que a taxa geométrica de
se que a maioria dos coeficientes  decréscimo dos parimetros
das varidveis tensdao de umidade -0K0, K trocavel e ARQ em re-

10
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Figura ] - Efeito de cultivos sucessivos de milho,doses de K ¢ tensao
de umidade do solo sobre a relacao Q/I de um Inceptisol.

lagao a época foram 0, 1680;
0,5131 e 0,14137, respectiva-
mente,

Os valores de r2,100 va-
riaram de 73,6 a 97,9 (Quadro
2), indicando que a equagao
y = BO.BTI.BX%.B;}: explica ma-

tematicamente o que ocorreu
com os parametros estudados.

11

Nessa equagao, y representa os
parametros ARg, PBC, - 4Kg, K
trocdvel e K absorvido e x], x2 e
x3 representam, respectivamen-
te, tensao de umidade do solo,
doses de K e época de cultivo.



Quadro 2 - Coeficientes da equagao geométrica miltipla y =

BX2. ¥

1
Bo.BY .

3 » para os diferentes parametros da relacao Q/I,

producao, K absorvido e K trocdvel.

2 Coeficientes

Parametros

Bo B} B2 B3 rZ2, 100
Produgao 28,0630 0,39820 1,0002 0,39812 97,90
ARgq (Ip) 0,0027 0,99644 1,0002 0,14137 87,20
-AKp (Qp) 0,5367 1,0132 1,0000 0,16800 84,90
PBC 183,3510 1,0052 0, 9999 1,85200 73,60
K trocdvel 0,3953 . 1,0052 1,0001 0,51310 90,50
K absorvido 0,4171 0,9997 1,0002 0,25830 85,90

No Quadro 3, estao os coe-
ficientes de correlagao linear
entre os parametros obtidos pela
técnica Q/I, K trocavel e K ab-
sorvido pelo milho., Interpretan-
do-se essa matriz, com base nos
valores de r2, 100, pode-se veri-
ficar que existerm altas associa-
goes entre os parametros ARy
determinados antes do primeiro
cultivo, com o K absorvido pelo
milho no primeiro cultivo e com
o total de K absorvido nos dois
cultivos. Esse mesmo parametro
deu altas associagoes com os va-
lores de - AKQpobtidos apos o pn-
meiro cultivo e associagées meé-
dias com os valores de PBC, ob-
tidos antes e depois do primeiro
cultivo.

Os parametros - AKge K tro-
cavel determinados antes do pri-
meiro cultivo associaram-se al-
tamente entre si e com o K ab-
sorvido pelo milho, enquanto os
valores de K trocdvel determina-
dos apés o primeiro e segundo
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cultivos deram associagaes meé -
dias com o K absorvido pelo
milho.

DISCUSSAO E CONCLUSOES

Os aumentos de produgao
obtidos por efeito da aplicagao de
potdssio foram relativamente
baixos. No entanto, a diminui¢ao
dos parametros -4Kg e AR, apés
sucessivos cultivos, concordam
com os resultados encontrados
por varios pesquisadores (1, 10,
14), Segundo Gama (10), o culti-
vo do trigo diminuiu o parametro
ARp em todos os solos ensaiados,
sendo que os decréscimos maio-
res foram constatados nos que
tinham os mais altos valores de
ARp. Esse autor observou que,
ap6s o primeiro cultivo, o para-
metro ARy sofreu uma grande
diminui¢ao, Apés o segundo cul-
tivo, os valores de AR, para os
diferentes solos, estavam muito
baixos, atingindo as vezes valo-



Quadro 3 - Matriz de correlagao entre os diferentes parametros de-
terminados pela relagao Q/I, K trocdvel e K absorvido

pelo milho,

X absorvido
ARy PBC -Axy K trocével - pelemitihe ik
vele
1 2 3 4 5 6 7 8 5 100 11l S 4. 15
1,00 -0,06 -0,52 -0,28 -0,10 -0,35 0,91 0,08 -0,30 0,95 0,63 0,53 0,95 0,41 2,95 xi
1,00 -0,03 -0,62 0,80 -0,36 -0,26 0,8 0,19 .0,10 0,06 -0,13 -0,07 -0,35 .0,08 a2
1,00 0,69 0,13 0,83 -0,32 -0,00 0,74 -0,39 0,06 0,09 -.0,43 0,16 -0,41 x3
1,00 0,47 0,62 0,11 -0,51 0,22 -0,07 -0,05 0,01 -0,15 0,39 -0,13 x4
1,00 -0,12 -0,27 0,84 0,40 -0,09 -0,02 .0,20 .0,25 -0,47 -0,26 x5
1,00 -0,24 -0,29 0,71 -0,32 0,25 0,41 -0,28 0,32 .0,26 xb
1,00 -0,10 -0,32 0,95 0,53 0,40 0,88 0,50 0,88 x7
1,00 0,16 0,06 0,27 0,01 0,02 -0,07 0,02 x8
1,00 .0,21 0,21 0,21 -0,29 -0,10 -0,28 x9
1,00 0,54 0,40 0,90 0,37 0,89 x10
1,00 0,89 0,69 0,78 0,76 x1)
> 1,00 0,65 0,75 0,66 x12
1,00 0,55 1,00 xI3
1,00 0,57 x14
1,00 =15

Convencoes
Variaveis:
x2, x5, x8, x11, <13 apds o 19 cultive,
x3, xb, x9, x12, x14 apds o 29 cultivo,

x1, x4, x7, x10 foram determinadas antes do cultivo.

x15 corresponde ao total de K assimilado pelo milho nos dois perfodos.

res de 0,3 x 10-3 e, em outros
casos, 0,7 x 103 (mol/1) }/2,
Acquaye, Mac Lean e Rice (1), por
outro lado, encontraram que al-
guns solos, apds serem submeti-
dos a cultivos sucessivos, so-
friam diminuig¢oes drdsticas no
parametro ARg ao passo que, em
outros, essas diminui¢oes eram
pequenas,

As aplicagoes de potassio
aumentaram os parametros AR
e -4 Kp, mas ndao afetaram muito
o valor do PBC. Esses dados
concordam com as observagoes
feitas por diversos pesquisado-
res (5, 6, 7, 9), os quais encon-
traram que, apés a aplicagao de
K a um solo, as relacdes Q/I
eram iguais as obtidas nos so-
los nao tratados, porém des-
locadas verticalmente, Desse
modo, ARQ e - 1K, segundo Roux
e Sumner (14), correlacionaram-
se perfeitamente com o potassio
aplicado,
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Os aumentos no valorde PBC
nos dois primeiros cultivos coin-
cidemm com dados encontrados
por alguns pesquisadores (1, 10).
Segundo Mortland, Lawson e
Uehara (13), a liberagao de K fi-
xado, através de cultivos suces-
sivos, aumenta a CTC e conse-
qllentemente o PBC,

Addiscott e Talibudeen (3),
usando a energia livre como fator
de intensidade nas relacoes Q/I,
informam que o PBC € a mudanga
no K trocdvel do solo por unidade
de variagao no potencial, ou seja:
PBC= K| - K2/8G) - 4G,, onde
K e G sao respectivamente o K
trocavel e a energia livre parcial
de K no solo. Segundo esses au-
tores,este PBC diminui 2 medida
que o teor de K do solo diminui,
ou seja, necessita-se de realizar
maior trabalho para extrair a
mesma quantidade de K por uni-
dade de peso de solo,



As altas correlagoes obtidas
entre os parametros - sKg e K
tomado pelo milho demonstra-
ram, em parte, que esse parame-
tro poderd ser empregado como
um indice satisfatéorio capaz de
explicar a disponibilidade de K
para as plantas.

As baixas correlagoes que
foram obtidas entre PBC e K to-
mado pelo milho sao explicadas
com base em que o PBC é um
parametro que mede a resistén-

cia 3 troca de potassio no solo
(2). Desse modo, esse parame-
tro € muito importante para de-
terminar o valor comparativo da
freqiéncia de adubagao a ser a-
plicada a diferentes solos.

Com base nos resultados
aqui discutidos, € muito provavel
que a relagao Q/I possa ser apli-
cada em solos desenvolvidos nas
zonas tropicais para explicar a
disponibilidade deKpara as
plantas,
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RESUMO

O presente trabalho descreve os resultados do efeito de cultivos
sucessivos, tensao de umidade do solo e niveis de potassio sobre os
parametros Q/I, K trocdvel e K absorvido por plintulas de milho,
cultivadas em casa de vegetagcao em um Inceptisol,

O valor Q (X AK) e I (ARg) diminuiu acentuadamente apés o pri-
meiro cultivo, e continuou a diminuir nos cultivos subseqtientes. O
PBC (capacidade tampao de K) aumentou com o cultivo. Nao se ob-
servaram mudangas significativas nos parametros Q/I devido i ten-
sao de umidade. A aplica¢ao de K aumentou os valores de Q e I.

EFFECT OF SUCESSIVE CROPPING
ON THE QUANTITY-INTENSITY RELATIONSHIP FOR POTASSIUM

SUMMARY

This paper describes the effect of sucessive cropping, soil mois-
ture tension and potassium levels on Q/I relationship, exchangeable
K, and K, absorved by maise seedlings, cultivated in greenhouse con-
ditions,

The value of Q (* aAK) and I (ARQ) decreased markedly after first
cropping, and continued to decrease following second third sucessive
cropping. The PBC (Potential buffering capacity) increased with
the moisture tension changed. Application of K to these soil increas-
ed the Q/I parameters,
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SISTEMA RADICULAR DO CACAUEIRO
EM DUAS UNIDADES DE SOLOS
DO ESTADO DE SAQ PAULO¥*

Antonio Cadima Zevallos**
Fausto J. Conag**x*

Embora afastado das regides
consideradas tipicamente cacau-
eiras,o Estado de Sao Paulo vem,
desde 1948, efetuando pequenas
plantagées em diversas dreas,
através do Instituto Agrondmico
de Campinas, a fim de estudar a
possibilidade de implantar a ca-
cauicultura em algumas de suas
regices,

Estudos sobre o desenvolvi-
mento do sistema radicular da
planta, em diferentes tipos de
solo, permitem um melhor co-
nhecimento da capacidade de ex-
ploragao das raizes, fornecendo
assim subsidios para os métodos
de manejo a serem utilizados.
Em solos tipicos da regido ca-
caueira da Bahia, verificou-se
que a profundidade do solo é fa-
tor de grande importancia para o
desenvolvimento do sistema ra-
dicular do cacaueiro (2).

Em vista da falta de infor-
magoes sobre a distribui¢do do
sistema radicular do cacaueiro

* Recebido para publicagao em julho, 1972.

em Sao Paulo, realizou-se o pre-
sente trabalho em duas unidades
de solos situadas em regides
consideradas vidveis para a ca-
cauicultura naquele Estado.

MATERIAIS E METODOS

Os estudos foram levados a
efeito em duas regices do Estado
de Sao Paulo, consideradas vii-
veis para a cacauicultura (3), A
primeira, localizada no vale do
Ribeira, zona litoranea sul doEs-
tado,a 39 m de altitude, apresen-
ta temperatura média anual de
22,7°C e precipitagao média a-
nual de 1500 mm; as médias
mensais no periodo de mais bai-
xa precipitagac — maio a setem-
bro - sao superiores a 60 mm
com excegao do més de agosto,
A segunda estid situada na regido
do Planalto,norte do Estado, mu-
nicipio de Severinia, entre os va-
les dos rios Turvo e Mogi-Guagu
e a 490m de altitude; a tempera-
tura média anual é de 21,99C e a

** Eng? Agr?, Responsivel pelo Setor de Fsica de Solos da Divisao de Solos do CEPEC,
*#% Eng? Agr?, Fitomelhorista do Instituto Agrondmico de Campinas, Sio Paulo, Brasil,

Revista Theobroma.
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precipitagao média anual 1 300
mm; no periodo de maio a se-
tembro as médias mensais sao
inferiores a 60 mm.

No vale do Ribeira,as obser-
vagoes foram conduzidas na Es-
tacao Experimental de Pariquera-
Agu, utilizando-se 10 plantas do
cultivar Sca-12 com 12 anos de
idade e com espagamento de
4 x 4m. No Planalto, nas Fazen-
das Reunidas d'Alvora, utilizan-
do-se oito plantas oriundas de
cruzamentos interclonais diver-
sos e duas de polinizagao livre
do cultivar Comum da Bahia, com
5 anos de idade e espagamento de
3x3m.

Os solos das duas regides
pertencem as unidades podzdlico
vermelho amarelo "intergrade"
para latosol vermelho amarelo e
solos podzolizados de Lins e Ma-
rilia, variagdo Marilia, respecti-
vamente (4), Para a caracteri-
zagao fisica e quimica das unida-
des de solo, coletaram-se amos-
tras a cada 20 cm de profundida-
de. A composi¢ao granulométri-
ca dos solos foi determinada pelo
método de Vettori e Pierantoni (6).
O valor da soma de bases (cdlcio,
magnésio, sédio e potdssio) fo-
ram determinados da seguinte
forma: os dois primeiros e o
aluminio, calcularam-se pelo
KC1 normal, com titulagcao e os
altimos pelo método de Carolina
do Norte (5). O pH foi determi-
nado em dgua a 1:2,5 e o fésforo
assimildvel também pelo método
de Carolina do Norte,

As raizes foram estudadas
segundo a metodologia proposta
por Boynton e Sands (1). As trin-
cheiras mediam 1,80 m de com-
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primento (face voltada para o ca-
caueiro), 0,80 m de largura e
1,20 m de profundidade, Em ca-
da uma delas, na face mais pré-
xima do cacaueiro, marcaram-se
cinco quadrados de 0,30 x 0,30m
em quatro profundidades diferen-
tes (0,00-0,30; 0,30-0,60; 0,60-
0,90 e 0,90-1,20m), anotando-se
o nimero e o diimetro das rai-
zes. Quanto ao didmetro, as rai-
zes foram agrupadas em cinco
classes: <2 mm, 3 a 5mm, 6a
10 mm, 11 a 20mm e >20 mm.
Consideraram-se somente as
raizes laterais, uma vez que era
invidvel a contagem e medigdo
das raizes oriundas da raiz prin-
cipal devido & distidncia entre a
trincheira e o cacaueiro.

RESULTADOS E DISCUSSAO

Os resultados encontrados no
vale do Ribeira (Quadro 1), mos-
tram que o teor de argila da uni-
dade afi existente varia pouco com
a profundidade, indicando uma
textura franco-argilo-arenosa a
franco-arenosa. As caracteris-
ticas quimicas revelam que o
fé6sforo e o potdssio estao igual-
mente em niveis baixos,apresen-
tando-se o aluminio em altas
concentragoes. Os teores de cal-
cio e magnésio, com excegao das
primeiras camadas, possuem ni-
veis baixos (<0,3 mEq/100 g).
Por outro lado, o pH destes solos
tem pouca variagao, oscilando
entre 4,7 e 4,9 (Quadro 2).

Os dados do sistema radicu-
lar do cacaueiro nesta regiao
(Quadro 3) mostram que parte
das raizes superficiais cresce
horizontalmente e as outras pe-



Quadro 1 - Caracteristicas fisicas dos solos Pariquera-Acu e Seve-
rinia (Sdo Paulo) nos quais foram efetuados os estudos
sobre a distribuigdo do sistema radicular do cacaueiro,

Andlise granulométrica*

Prolundidade (%) Argila
o el {m) natural
Areia Areia Lim s Y
grossa fina © §
0,00-0,20 24,7 20,5 27,2 27,6 6,1
0,20-0,40 24,6 19,7 27,0 28,7 7.2
0,40-0,60 21,4 21,4 21,6 32,7 14,3
Pariquars:Acy 0, 60-0, 80 24,8 19,9 22,6 32,7 0,0
0,80-1,00 21,3 19,4 26,6 32,7 5,1
1,00-1,20 23,6 20,4 24,2 31,8 0,0
0,00-0, 20 29,3 41,3 12,3 17,2 9.1
0,20-0, 40 24,5 34,1 17,3 24,1 15,0
0,40-0, 60 20,0 31,0 19,6 29,4 17,3
0,60.0,80 19,5 30,0 19,1 31,4 17,2
Severfnia 0,80-1,00 21,2 30,7 15,6 32,5 ¢ |
i 1,00-1,20 22,6 33,0 14,9 29,3 0,0
: 1,20-1,40 21,6 34,0 16,1 28,3 0,0
1,40-1,60 24,7 32,6 14,2 - 28,5 0,0
1,60-1,80 25,8 31,¢ . 14,3 28,5 0,0
"1,80-2,00 25,0 31,6 13,9 29,5 . 0,0

Yo

o

* Dispersao com NaOH a

Quadro 2 - Caracteristicas quimicas dos solos de Pariquera-Acu e
Severinia (Sao Paulo)nos quais foram efetuados os estudos
sobre a distribuigcdo do sistema radicular do cacaueiro.

. Complexo sortivo ;
‘Locais 3wy pH (ml:qll.ﬂo g) P_).
S u Catt Mg+t K+ Nat 8 Al+++
. 0,00.0,20 4,7 1,4 1,0 0,07 0,08 2,5 3.8 us
2 : : 0,20-0,“ "'? o.z 0,2 ; . & R
~ .. 0,40.0,6Q 4.7 0,0 0,2
TATAMINAY. 000000 4V 0 i e
 L,00-1,20 48 63 02
 0,20.0,40 6,0 3,7 1,0
. 0,40.0,60. 6,4 3,3 12
WEENEE L R I s
. L,20-1,40 6,5 2,5 1.6
. L40-1,60 ” ‘a“ 3.2 s 1,6
G i, “015” A 63! i ’ S ‘,t :
G i Bes ki g l’ “d'“ 3 5" 2 z’s ; ‘-‘_ = i' -
S - Soma de bases : —

P - Fosforo assimilivel
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Quadro 3 - Ndmero e porcentagem de raizes de cacaueiros em solos
de Pariquera-Agu e Severinia (Sao Paulo),

Profundidade (m), ndmero e porcentagem

Némere das raizes :

Solos de : «
 plantas ©0-9.30 0,30-0,60 0,60-0,90 0,90 - 1,20
Ne? - % N¢ % N¢ % N¢ %
1 99 62,2 29 18,2 23 14,4 8 5,2
26k 0 P e e 120 8 4,4
3 63 60,0 24 22,8 14 13,3 4 3,9
4. .73 60,8 26 : 24618 18,0 3 2,6
5 73 70,8 19 18,4 10 9,7° 1 1,1
TN A 6 0,385, ST P8 314 3. 8.2
7 64 65,3 22 22,4 9 9.1 3 3,2
8 80 650 23 18,6 15 12,1 5 4,3
9 59 60,8 20 20,6 13 13,4 5 5,2
10 4 59,7 17 23,6 41 32 1 1,5
Média 70. 61,624 214 1 136 4 %4
7o [N, LT S e S o o 1,9
2 49 15,4 15 23,0 1} L,6 0 0,0
3 o83 68T NTE a0k R S SRR Y
4 26 65,1 10 250°.2° 50 2 4,9
5 28 77,8 5 13,8 3 8,4 0 0,0
s roa € AT ETHELGEa 2 g8 00,0
7 22, A%, 46 30,0 1 331 3,3
B 24 68,68 ey B 5.7 2,9
T R R S i & G ¢ P 2,5
10 DY ¥ B e Gl KL R 5,5 1 5,6
Média - 30 © 70,8 %9-F 043 6,5 1 2,3
netram bastante no solo. Pro- sicas, facilitando a penetragdo

vavelmente, a principal razao da das raizes, Pelo resultado das

extremidade da raiz principal, na
regiao de Pariquera-Acgu,crescer
até 1,50 m sdo as boas condig¢des
fisicas do solo até essa profundi-
dade. Além de 1,80 m, o cres-
cimento das raizes deve ser li-
mitado pelo lengol fredtico que,
nas épocas chuvosas, chega até
essa altura,

Na regiao de Severinia, o so-
lo possui melhores condigoes fi-

andlises quimicas (Quadro 2), ob-
serva-se que o fésforo encontra-
se em nivelbaixo e o potdssio em
concentragoes médias., £ inte-
ressante notar que o aluminio
praticamente nao existe nestes
solos, sendo os teores de calcio
e magnésio satisfatérios; o pH é
levemente alcalino, variando en-
tre 5,5 e 6,5,

O cacaueiro dessa regido a-
presenta um sistema radicular



diferente do de outras regioces
onde tradicionalmente & cultiva-
do, porque existe na unidade de
solo estudada, desde os primei-
ros horizontes até as maiores
profundidades, uma boa aeragao
que, complementada por uma fer-

zes, permitindo uma exploragao
das camadas mais profundas pa-
ra suprir as necessidades das
plantas, Na Figura 1, apresen-
ta-se uma comparagao da distri-
buicdo do sistema radicular do
cacaueiro em diferentes regices

tilidade natural satisfatoria, per- produtoras do Brasil, Apesar da
NUMERO DE RAIZES /dm?2
URUGUCA LINHARES RECONCAVO PARIQUERA - ACU
(BAHIA) (ESP SANTO) (BAMIA) (SAO PAULO)
o | 2 3 o I 2 3 0 2 3 0 | 2 3 4 5 6 7 !
8 o =
] -
o] =
a 504 <
- :
gg 90 - ' a
|20J r r r ' 4

DO) 2mm

§¢< 2mm

Figura 1 - Nimero e diametro de raizes de cacaueiro encontradas em
diferentes profundidades de solos da Bahia, Espirito Santo

e Sao Paulo.

mite o crescimento da raiz prin-
cipal até 2,20 m em cacaueiros
com 5 anos de idade, Em deter-
minadas épocas do ano, a regiao
passa por um periodo de estia-
gem, durante oqual provavelmen-
te hd maior crescimento de rai-

predominancia da sua presenga
nas camadas superficiais, obser-
va-se que o nimero de raizes é
trés a quatro vezes maior nas
plantas cultivadas em Pariquera-
Ac¢u quando comparado com ou-
tras regioes.
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RESUMO

O presente trabalho apresenta o resultado dos estudos da distri-
bui¢do do sistema radicular do cacaueiro, em duas unidades de solo
do Estado de Sao Paulo.

Na primeira, situada na Estat;afo Experimental de Pariquera-Agu,
vale do Ribeira, em solos podzdlico vermelho amarelo "intergrade™
para latosol vermelho amarelo, foram estudadas ]0 plantas com 12
anos de idade. Encontrou-se que 61,6% das raizes distribuem-se nos
primeiros 0,30 m; 21,4% de 0,30a 0,60 m; 13,6% de 0,602 0,90 m
e 3,4% de 0,90a 1,20 m.

Na segunda area, localizada na regiao do Planalto, entre os va-
les dos rios Turvo e Mogi-Guagu, em solos podzolizados de Lins e
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Marilia, variacao Marilia, estudaram-se 10 cacaueiros de 5 anos e
os resultados mostraram que 70,8% das raizes encontram-se de 0 a
0,30 m; 20,4% de 0,30 a 0,60 m; 6,4% de 0,602 0,90 m e 2,3% de
0,90 a 1,20m.

As caracteristicas fisicas dos solos estudados permitem um
grande desenvolvimento do sistema radicular do cacaueiro, que atinge
profundidade s normalmente ndo observadas nas dreas tradicionais de
produgao, na Bahia e Espirito Santo.

RADICULAR SYSTEM OF CACAO FOR TWO
SOIL TYPES IN THE STATE OF SAO PAULO

SUMMARY

The root distribution for cacao was studied in two soils in the
State of Sao Paulo, Brazil.

The first soil type, located at the Pariquera-Agu Experimental
Station was classified as red yellow podzolic intergrading to red
yellow latossol and for the 10 twelve-year old trees studied, it was
found that 6).6% of the roots were distributed in the first 30 cm of
soil; 21.4% between 30 and 60 cm; 13.6% between 60 and 90 cm and
3.4% between 90 and 120 cm.

The second soil, found in the "Planalto" between the valleys of
the rivers Turvo and Mogi-Guagu, was a Marilia variation of the pod-
zol type Lins and Marilia. In JO five-year old cacao trees it was
found that 70.8% of the roots grew in the first 30 cm; 20.4% between
30 and 60 cm, 6.5% between 60 and 90cm and 2.3% between 90 and
120 cm.

The physical characteristics of the two soil-types permitted a

good root development which reached depths not normally observed
in the traditional cacao growing areas of Bahia and Espirito Santo.

L E R
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ENGINEERING ASPECTS
OF COCOA DRYING IN BRAZIL*

Biswa Nath Ghosh**

The processing or prepara-
tion of the cocoa crop for the
market constitutes the last but
not the least set of operations
that are carried out at the plan-
tation or by the small scale
grower at the centres of produc-
tion, It consists of a series of
operations which can be broadly
grouped as harvesting, pod-
breaking, fermentation, drying
and storage on the farm before
despatch to the centres of con-
sumption. In some instances, a
certain amount of cleaning and
grading is also carried out at the
farm during or after drying and
storage, Various types of ma-
chinery and equipment ranging
from the simple cutlass to the
sophisticated automatic tempera-
ture regulators are used on the
farms for these operations, for
which engineering knowledge and
skill is necessary,

In Brazil, the drying of the
cocoa crop poses the most diffi-
cult processing problem to the
estate or the small-scale opera-

* Received for publication October, 1972.

tor, as frequent rain and showers
are experienced in the cocoa
growing region of the country
during the processing season
which slows down the drying rate,
In this paper some of the engi-
neering aspects of cocoa pro-
cesgsing with special reference to
drying in Brazil are discussed in
order to indicate the present lev-
el of mechanization and the vari-
ous problems which are current-
ly under investigation.

THE BIO-ENGINEERING
INTERFACE

In order to apply engineering
knowledge and methods for the
processing of a raw agricultural
product like cocoa beans to a
state fit for use in the manufac-
ture of chocolate by the confec-
tionary industry it is necessary
to study certain special proper-
ties of both the biological mate-
rial (cocoa beans) and the engi-
neering materials of construction
(wood, steel etc.), which affect

* Paper presented at the IV International Cocoa Research Conference, Trinidad and Tobago,

January, 1972,

** Head, Agricultural Engineering Division, CEPEC.

Revista Theobroma. CEPEC, Itabuna, Brasil, 2(4):23-37. out, -dex. 1972,



the so called bio-engineering in-
terface., From an engineering
and materials handling stand -
point, information on the follow -
ing aspects of both the materials
of construction and the biological
material are of interest:

Engineering materials
of construction

Only a few of the many dif-
ferent types of available engi-
neering materials are used for
the processing of cocoa beans,
and these are generally selected
because of their low cost, suita-
bility, and easy availability in the
centres of production. The ad-
vantages of low cost and easy
availability are self-explanatory,
while suitability in the context of
processing cocoa beans im ply
that the materials of construction
should be able to withstand the
corrosive action of the cocoa
bean when wet and should not
detrimentally affect the charac-
teristic aroma or flavour of the
cocoa beans., The sweat boxes
used for the fermentation of co-
coa in Brazil are generally made
out of wood instead of concrete
or cement, although in some
other countries cement is also
used for this purpose. Two fur-
ther examples of new materials
of construction being used for the
processing of cocoa are of inter-
est: in the Congo, some estates
now use a lining of aluminium
sheet for the last two of the sev-
en boxes used in cocoa fermenta-
tion as it is claimed that this im-
proves the quality of the dried
cocoa and the beans are less
subject to mould; also, for the
drying of cocoa, a wire-mesh

24

based tray is used in some es-
tates where for the first day of
sun-drying the wire-mesh base
is covered with a mat so that the
fresh cocoa does not come in
contact with the metal and by the
evening the mat is removed, as
being no longer necessary (17).
The cocoa is held in the same
trays for the completion of the
drying process by artificial
means,

The type of fuel that can be
used for the artificial drying of
cocoa is an important considera-
tion in the design and develop-
ment of machinery or the adapta-
tion of existing equipment. While
several efficient heat-exchanger
type burners using gas or fuel oil
are commercially available, in
many interior areas of cocoa
production the fuel oil is not
readily available or is very much
more costly when compared with
locally available fire-wood.

Physical properties
of cocoa beans

For the design and devel-
opment of machinery suitable
for the various phases of pro-
cessing cocoa beans,an extensive
knowledge of their various physi-
cal properties is highly desira-
ble. Unfortunately, however, a
very large percentage of the
commercially available machine-
ry and equipment for ag ricultural
use has been developed in the
past with little or no considera-
tion of the physical properties of
the biological materials that are
to use the equipment, and com-
mercially available cocoa drying
machinery has also been gener-



ally developed in the same way,
In order to establish the proper
design parameters for process-
ing machinery and equipment,
information on the following
physical properties of cocoa
beans are of primary interest:

a, Weight of cocoa beans and
the distribution of the weight im-
mediately after pod breaking, at
the fully wet (1 56% m.c., w.b.)
and the fully dry stage (7% m.c.),

b. Volume and density of
beans;

c. Shape and size of beans,
including the cortelation between
length, breadth, depth, areas of
flat and transverse surfaces, at
both the fully wet and dry stages;

d. Air-flow characteristics
at fully wet and dry stages;

e, Coefficient of friction on
various materials of construction
as affected by the moisture con-
tent of the cocoa bean;

f. Angle of repose and bulk
density of the beans at various
moisture contents;

g. Rate of drying by sun and
by artificial means;

h. Mesh size distribution of
cocoa beans at fully wet and dry
stages;

i. Crushing and rupture
strength of the cocoa bean skin at
fully wet and dry stages.

For an agricultural product
like cocoa beans, the effect of
variety and the growing season
on the above-mentioned physical
properties should alsobe studied;
a recent investigation carried out
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in this respect clearly indicate
that environmental factors and
seasonal effects affect the bean
value of the West African Ame-
lonado cocoa (18). The moisture
content of the freshly fermented
bean ready for drying is around
56%, while for safe storage they
should be dried down to 7%, Some
of the physical properties men-
tioned above are very likely to be
dependent on the moisture con-
tent of the cocoa bhean,as indicat-
ed by similar studies carried out
with other agricultural materi-
al (5).

A comprehensive study of the
various physical properties of
the cocoa beans which are of in-
terest from an engineering stand-
point is being instituted at the
Centro de Pesquisas do Cacau
(CEPEC) at Itabuna,Brazil, while
relevant results of some of the
earlier investigators would also
be useful. The tilting table being
used for co-efficient of friction
studies of cocoa beans at various
stages of drying is illustrated in
Figure 1. The earliest investiga-
tion on the physical properties of
cocoa beans were made by Zehnt-
ner (20) in 1914, followed by var-
ious other workers (3, 8, 10, 14,
15), although some of these stud-
ies have been carried out to in-
vestigate the rate of growth of
the beans on the tree. In the
present context, earlier observa-
tions on the causes of variation
in weight and the distribution of
the weight indicate that it de-
pends on genetic factors as well
as growing and maturing condi-
tions due to influences created by
the location, climate and pests
(3). It is also influenced by pro-



Figure 1 - Tilting table used for coefficient of friction
studies of cocoa beans at various stages of

drying. _
cessing because losses of weight
are dependent on fermentation.
The range of weight, based on the
varying seed sizes in the pods,
can be expanded if unlike pods
are harvested and processed to-
gether, or by mixing with beans
of lower quality. The density de-
pends mainly on fermentation;
insufficient fermentation causes
less tissue disintegration, chem-
ical changes are less complete,
the bean loses less substance, it
contracts and becomes flat when
drying, and the tough shell ad-
heres to the nib. This results in
a higher density than in the case
of more intensely fermented,
brittle, brown beans, which be-
comes more porous during fer-
mentation, They expand and their
brittle shell contracts while dry-
ing, although not adhering to the
nib. However,a high density does
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not always coincide with a higher
percentage of unfermented or un-
derfermented beans, particularly
not in the case of flavour cocoa
types (e.g. Arriba, Ceylon) which
are often only slightly fermented.

MECHANIZATION PROBLEMS
OF COCOA DRYING

Basic considerations

Fermented beans are dried
to a final moisture content of
about 6 to 8% to ensure good
keeping qualities., Flavour de-
velopment is dependent on the
care excercised,particularly dur-
ing the early stages of drying.
Several problems are associated
with the drying process, which is
carried out by either using the
heat from the sun or from an ar-



tificial source or by a combina-
tion of both. The freshly fer-
mented beans are sticky in the
beginning of the drying process,
and hence they need to be stirred
occassionally to prevent lumping
but excessive stirring creates a
secondary and more difficult
problem of broken beans. Allison
and Kenton (1) found that greater
damage occured when the beans
were frequently mixed, particu-
larly in the initial and final
stages of drying when they are
specially susceptible to injury,
There is a maximum safe drying
temperature for cocoa beans;
while 80-90°C at the early stages
of drying has been used as the
upper limit for experimental
work without any deterioration in
quality (19), most of the artificial
drying is normally carried out at
a lower and thermally less effi-
cient temperature range of 45-
60°C.

The drying rate for cocoa
beans should not be too fast to
avoid case hardening or skin
cracking, while too slow a drying
rate would induce undesirable
mould growth., For a vegetative
material like cocoa beans there
are two factors which affect the
drying rate. Firstly, the rate at
which the moisture can be re-
moved from a unit area of the
exposed surface by the drying
medium, which is constant for
any given external drying condi-
tion and independent of the de-
gree of moisture remaining in
the material, Secondly, the rate
at which moisture can travel
from the interior of the material
to its surface, which usually de-
creases as thedrying progresses,
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When the second factor is great-
er than the first, the external
drying conditions determine the
constant drying rate (Figure 2,
A-B), the rate per unit area of
the exposed surface being more
or less independent of the mate-
rial, If, however, the material
is spread out in a thin layer, thus
increasing the area, the drying
rate per unit weight is increased
in proportion. When the second
factor is lower than the first, the
external drying conditions like
humidity and velocity of air be-
come less important and the fall-
ing rate of drying is dependent
more on the characteristics of
the material (Figure 2, B-C).

The change from the con-
stant to the falling rate of drying
for a material occurs at a level
called the critical moisture con-
tent (Figure 2, B), while at point
C the moisture in the material is
in equilibrium with the surround-
ing air and any further increase
in drying time does not remove
any more moisture, The point C

Weight of water evoporoted
per unit weight of drying material

Time
Figure 2-Theoretical drying
rate of a vegetative
material like cocoa
beans,



is known as the equilibrium
moisture content of the material,
Further drying of the material at
this stage may be effected only
either by decreasing the humidity
or increasing the temperature of
the drying air, The physics of
drying vegetative material have
been described in detail else-
where (4, 13).

Natural or sun drying

For natural or sun drying in
Brazil a "barcaga" (Figure 3) or
a drying platform constructed
above ground level is used, where
the beans are spread out in a thin
layer of 5 to 6 cm and a sliding
roof is provided over the drying

platform to cover the beans dur-
ing rain and also at night. The
drying floor is made of wooden
planks placed close to each other,
while the sliding roof is made of
corrugated aluminium or galva-
nized iron sheets located over a
wooden framework. The galva-
nized iron sheets are protected
from the weather by painting,
The roof framework is equipped
with a set of four or five rollers
on each side along the length, and
the roof rolls over a pair of rails
fixed to the top of the drying plat-
form. The rails and the drying
platform are mounted on con-
crete or masonary pillars set on
the ground at a distance of ap-
proximately 2m from each other.

Figure 3 - A standard "barcaga" showing cocoa drying on a wooden

platform.

The sloping roof in the background is rolled

over the rails to cover the drying material at night or

during rains,



The length of the rails is twice
the length of the sliding roof, in
order to roll the roof out of the
way when drying is in progress.
The dimension of the drying floor
usually vary between 50 to 72m2,
depending on the quantity of the
cocoa to be dried. A rough basis
for calculating the drying-space
for sun drying is that 1 m2 will
handle 6 to 7 kg of dry cocoa. The
period of sun drying varies from
one to two weeks, depending on
the weather.

The existing arrangement of
the sliding roof, equipped with
rollers and rails, makes the
construction rather expensive for
the simple objective of providing
a cover to the beans, The width
or span of the platform is large
and the height of the sliding roof

at the centre is high, hence the
roof framework tends to be bulky
and expensive. The length of the
rails required is twice the length
of the drying platform, which in-
creases the cost of the installa-
tion. As the "barcaga" is some-
times located on sloping ground,
the masonary pillars and their
foundation required to carry the
rails and the heavy roof also tend
to be bulky and expensive. In

some estates, living accomoda-
tion for the farm workers are
provided under the '"barcacga" so
that the drying floor also act as a
roof, However, as smoke gen-
erating from the household cook-
ing seep through the wooden roof
and seriously damage the quality
of the drying cocoa, the practice
of providing living accomodation
under the "barcaca" is now dis-
couraged,
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Artificial drying

In a majority of the cocoa
producing areas of Brazil fre-
quent rain and showers are ex-
perienced during the processing
season, when drying on the "bar-
caga" is either slowed down to a
considerable extent or rendered
impracticable. An alternative ar-
tificial drying system is there-
fore necessary to maintain the
volume of production, and most
of the "fazendas" or cocoa es-
tates in Brazil have an artificial
dryer in addition to sun-drying
platforms or "barcacas". The
artificial dryers used for cocoa
can be broadly grouped into ei-
ther non-mechanical dryers or
drying machines:

Non-mechanical dryers

The two common types of
non-mechanical dryers used in
Brazil are called the "secador"
and the "estufa". The "secador"
consists of a drying platform or
floor located some 3-4 m above a
hot flue. The flue usually burns
wood obtained from the estate
and is connected to a masonary
chimney or one made of corru-
gated iron or aluminium sheet,
The drying floor may be solid or
made of slats so that the hot air
can pass through and heat the
beans by conduction, which are
spread in a thin layer on the
floor and regularly raked during
drying.

The "estufa" depends on a
current of hot air rising by con-
vection from a flue and passing
through a layer of beans. Dryers
working on this principle are
more efficient as the layer of
beans is heated more uniformly



and the damp air is carried away
by convection (19). The dryer
consists of a number of trays
which are usually arranged in
two tiers each of 8 to 10 trays.
A U-shaped flue passes under
the trays and the amount of cold
air entering can be controlled by
flaps over the inlets, The drying
trays run on rails and as the top
tray is located 2-3 m above the
floor level, their loading and un-
loading is rather difficult.

, The Samoan cocoa dryer (16)
works on a principle similar to
that of a "secador", where the
flues are made of used tar drums
in order to keep the cost of in-
stallation as low as possible. It
is estimated that the material
cost for this type of dryer is ap-
proximately US$40.00 and the
total cost between US$75,00-
100.00 (19).

Drying machines

Two types of mechanical
dryers are available in Brazil
(9), both of them using the prin-
ciple of blowing hot air through
the beans, the air being heated
indirectly through a heat ex-
changer. In the first type, com-
monly called the CEPEC "seca-
dor", the beans are loaded on a
large circular horizontal plat-
form made of perforated metal
and the hot air is blown through
‘the drying mass from the bot-
tom. A centrally located radius
arm revolves slowly over the
drying platform and carries a
number of plows which stir the
beans, The temperature of the
incoming hot air is regulated by
a thermostat., The second unit,
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called the FERRAZ '"secador",
basically consists of a round ho-
rizontal drying plarform which is
stationary and a vertical upright
cone which revolve over the plat-
form at a slow rate with a small
gap between the platform and the
cone, The cone is filled initially
with the drying cocoa by a sys-
tem of endless bucket elevators
discharging at the top of the
cone, As the cone rotates during
operation, the cocoa at the bot-
tom of the cone discharges into
a hopper in a thin layer through
the gap between the cone and the
drying platform, and is carried
back to the top of the cone by the
bucket elevators. The hot air
is blown through the cone from
the bottom of the drying platform,
With both type of drying ma-
chines, drying can by completed
in about 36 hours.

With most artificial drying
systems that are in use at pres-
ent, a common drawback is the
damage caused to the beans due
to breakage by excessive mech-
anical handling. If the hot air
used in an artificial drying sys-
tem is not passed through a prop-
erly designed and maintained
heat exchanger, the smoke con-
taminates the drying cocoa beans
and severely reduces its quality.
For best results, initial drying
of the beans should be carried
out slowly in the sun by spread-
ing them in a thin layer on the
"barcaca", If this is followed by
artificial drying, an extra handl-
ing operation becomes necessary
in transferring the beans from
the "barcaga" to the dryer which
increases the chances of bean
breakage and also the total cost



of drying. As a result of several
recent investigations it appears
that although artificial drying of
cocoa is being generally adopted
by the producers, the methods
used are open to criticism and
considerable improvement is ne-
cessary before a satisfactory
system can be recommended (7,
9, 11, 12, 16).

RECENT DEVELOPMENTS
IN COCOA DRYING

A number of different ap-
proaches are being made at
CEPEC to investigate the possi-
bility of improving the drying
process, These are all at the
experimental or exploratory
stage at present, and it is ex-
pected that as a result of experi-
ence gained from their working a
number of modifications may be
introduced which will help to
build up a satisfactory final de-
sign. The main lines of investi-
gation are as follows:

Plastic covering
for sun drying

A commercially available
reinforced plastic PVC covering
material has been obtained from
Greece which has been specially
developed there for sun drying of
agricultural produce like raisins
and tobbaco, It has also been
tried for drying wet parchment
coffee in other areas and found to
be satisfactory. The material is
clear, waterproof, and said to
withstand weather conditions
similar to that obtained in Greece
for 8 years. It bears compact
reinforced zones along the mar-
gin,transversely, and in the mid-
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dle, Special reinforcements are
provided at corners where the
covering is under considerable
strain. The covering screens
ultraviolet rays of the sun as UV
absorbers are incorporated inthe
material, It is easy to erect, and
is normally available in various
sizes from 4 x 8m to 5.5 x 12 m,
although varied lengths are said
to be available on special order,

A drying platform is being
built at CEPEC with the plastic
as the roof material (Figure 4),
and trials are planned for com-
paring it with the standard "bar-
caga".

Glass~-roof "barcaga"
with artificial drying

In this project an attempt is
being made to design and develop
a drying system which would re-
move the various drawbacks of
the present "barcaca" system
mentioned earlier, and at the
same time make it possible to
dry the cocoa beans artificially
as and when necessary on the
"barcaga" without physically
moving the beans to an artificial
dryer.

It basically consists of two
rows of drying platform (each
11 m long, 1.75m wide and 0.8m
high) with a central passage I m
wide, for an operator to turn the
beans of either row during drying
by a rake provided with a long
handle. The length of the drying
platform has been fixed arbitra-
rily at 11 m, and is subject to
alteration as a result of ex-
perience gained with the proto-
type. The top of each platform
is made up of wire-mesh and is
provided with a wooden ridge



Figure 4 - Experimental sun-drying platform under
construction, provided with a commercially
available plastic covering used for other
crops.

15 cm high along the edge. A
fixed glass-roof above the drying
platform sloping on either side
from the centre along the length
of the "barcaga™ allow the heating
rays of the sun but prevent the
rains or the dew at night to come
in contact with the beans, All
surfaces inside the "barcacga" are
painted black to facilitate ab-
sorption of heat from the sun,
The "barcacga" is located in a N-S
direction, The height of the roof
along the centre of the passage-
way is 2 m, so that an operator
can walk easily, while at the same
time the vertical space between
the drying platform and the glass-
roof is small, as the roof slopes
downward on either side over-
hanging the outer edge of the plat-
form to a height of 1m. The ver-
tical space of approximately 10
cm between the lower edge of the
glass-roof and the outer edge of
the platform is provided with ad-
justable shutters; these and a
covered opening along the top
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edge of the glass-roof allow for
proper ventilation inside the
"barcacga", Under sun-drying
conditions, the temperature in-
side the "barcaga" is found to be
10-129C higher than that obtained
outside, which will hasten the
drying rate,

An air chamber is provided
under and along the length of the
drying platform, so that hot air
can rise through the drying beans
from the bottom of the wire-mesh
while artificial drying is in prog-
ess. During the initial drying by
sun, a tarpauliné material would
be spread above the wire-mesh
so that the beans do not come in
contact with the metal before they
are skin-dry, The drying air is
suitably heated to avoid contami-
nation from smoke or fumes,
One modification to the glass-
roof unit that has also been plan-
ned is the use of transparent
plastic (Acrilic), fibreglass etc
as a roofing material to study



their economics and effective-
ness of drying as compared to
that of a glass-roof, The first
prototype of the glass-roof "bar-
cagca" has been constructed at
CEPEC (Figure 5), and drying
experiments are in progress,

Several advantages of this
system can be foreseen, the most
important being that sun and ar-
tificial drying can be co-ordinat-
ed to obtain the best possible
drying conditions continuously,
that is during day (sun) and night
(artificial) or during sunny and
rainy periods. This would con-
siderably speed up the drying
process and increase the capaci-
ty of the system. Due to a faster
rate of drying, mould growth that
is experienced in "barcaga" dry-
ing during rainy periods would
cease to be a problem., As sun
and artificial drying would be
carried out on the same platform,
one handling operation of unload-
ing the partially dry beans from

a "barcaga" and reloading to an
artificial dryer would be avoid-
ed. For very small scale drying
under peasant farming conditions,
even only the glass-roof "barca-
¢a" without any arrangement for
artificial heating would be more
effective as a collector of solar
heat and also more economic
than the standard "barcaga". Al-
so, as the beans are to be turned
during drying by a rake, they
would not come in contact with
bare human feet as they are used
for turning and for "dancing" in
the present "barcaca" system.

Propane-butane gas heating
for artificial drying

The suppliers of a commer-
cial brand of propane-butane gas
for domestic use in Brazil have
recently shown considerable in-
terest in developing an artificial
drying system for cocoa beans
using the gas as a source of heat,

Figure 5 - Experimental "barcaga" with fixed glass-roof
utilizing solar heat for drying of cocoa. The
design also incorporates an artificial drying

system.,



A joint feasibility study has been
initiated, and two possible alter-
native means of applying the heat
from the gas been considered: by
direct burning of the gas as used
in a domestic cooker and by con-
verting the heat energy into in-
fra-red rays, Initial experiments
have clearly indicated the supe-
riority of using infra-red rays
for drying, and that better drying
efficiency is obtained by applying
the heat from under.a drying
platform as opposed to that ap-
plied from the top. The quality of
the cocoa dried by using heat
from the gas, whether from the
top or the bottom of the drying
platform, was found to be excel-
lent as compared to sun dried
cocoa beans. Further develop-
mental work is at present being
directed in two ways: to utilize
the gas heating system for arti-
ficial drying in the glass-roof
"barcacga" mentioned earlier (Fi-
gure 6), and to adapt the existing

standard "barcagas" and "estu-
fas"™ by suitable modification of
the drying floor so that the gas
heating systemn can be installed
under the floor, The glass-roof
"barcaga" with gas heaters, how-
ever, is likely to be prefered for
new construction over the adap-
tation of the existing "barcacas".
In either case, the major advan-
tages of the system would be the
absence of any smoke which can
contaminate the beans during
drying and a faster and more
economic rate of drying,

Freeze drying of cocoa beans

In addition to the conventio-
nal method of drying or dehydra-
tion of fruits and vegetables in
which hot air is passed over
freshly cut and prepared mate-
rial, a new method of drying has
recently become available and
commercial drying units of var-

Figure 6 - Experiment in progress with commercially
available propane-butane gas mixture and
infra-red heaters for drying of cocoa beans
in the glass-roof "barcaga",
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ious sizes based on this principle
can now be obtained. It is known
as the Accelerated Freeze Dry-
ing (A.F.D.) method, in which
the material is first frozen and
then sublimated to yield a dehy-
drated product. The main advan-
tage is the reputed better reten-
tion of the original flavour and
taste of the material (2, 6), The
process, however, is quite ex-
pensive compared to straight de-
hydration and would seem to have
been applied so far only in weal-
thier countries and for highly nu-
tritious luxury and emergency
products used by armies, air-
lines etc.

An investigation is planned
to study in the first instance the
feasibility of freeze drying cocoa
beans and the effect of the pro-
cess on the quality, Afterwards,
a more detailed investigation into

the economics of the system
would be undertaken.

Tunnel dryer

A single-stage tunnel drier
with longitudinal air flow has
been recently constructed at
CEPEC to study the effectiveness
of the system for drying cocoa
beans, The drying air is heated
through a heat exchanger, and
flaps near the inlet of the tunnel
control the temperature of the
hot air, The trays, with a metal
base supporting the wire mesh
screen, are loaded into the tunnel
near the air inlet and travel a-
long the length of the tunnel over
guide rails., The trays are dis-
charged from the far end of the
tunnel when the beans are con-
sidered to be dry. Experimental
work with the system would in-
clude studies on the economic
aspects as well.
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SUMMARY

The drying of cocoa is the most difficult problem in Brazil during

its processing, as frequent rain and showers are experienced during
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the processing season, Drying is traditionally carried out by expo-
sure to sun, although most estates also use various artificial methods
to suppliment and hasten the process. Basic considerations in the
artificial drying of cocoa beans are the rate of drying and the maxi-
mum safe drying temperature for prevention of breakage, lumping of
the sticky fermented beans and contamination by off flavours like
fumes. The present systems of drying in Brazil and their defects
are reviewed in the paper with illustrations,

In order to mechanize cocoa drying without damaging the beans
or lowering the final quality, a comprehensive knowledge of the bio-
engineering interface is necessary. These include information on the
various physical properties of both the biological material (cocoa
bean) and the engineering materials of construction like steel and
wood. As most of the necessary physical properties of cocoa beans
have not been investigated by earlier workers from an engineering
standpoint, a comprehensive study has been initiated at the Centro de
Pesquisas do Cacau at Itabuna, Brazil. A number of different ap-
proaches instituted to improve the drying process have also been
described, accompanied by appropriate illustrations,

SECAGEM DO CACAU NO BRASIL - ASPECTOS DE ENGENHARIA

RESUMO

O principal problema de beneficiamento do cacau no Brasil é a
secagem, devido principalmente a freqliente queda de chuvas que
ocorre nas regices produtoras. O sistema tradicional de secagem &
a exposi¢ao das amendoas ao sol embora muitos fazendeiros a com-
plementem com meios artificiais a fim de completar e/ou acelerar o
processo. Na secagem artificial do cacau, merecem especial atengao
a gradagao de secagem, a temperatura maxima de secagem que nao
afete a integridade das améndoas, a aglomeragao das améndoas fer-
mentadas em por¢Ges compactas e a contaminagao das ameéndoas por
odores estranhos, tais como o "cheiro de fumaga". No presente tra-
balho, sao revistos os sistemas atuais de secagem usados no Brasil e
seus defeitos,

Para se conseguir a mecaniza¢ao da secagem de cacau sem pre-
judicar a qualidade final do produto, é necessario um conhecimento
do processo nos aspectos biologicos e de engenharia. Isto inclui in-
formagoes sobre as propriedades fisicas do material bioldgico (amén-
doas de cacau) e sobre materiais de construgao tais como ago e ma-
deira. O namero de informagdes disponiveis sobre propriedades fi-
sicas das ameéndoas de cacau é bastante inexpressivo, fato que moti-
vou a instalagao de um amplo programa de estudos sobre o assunto no
Centro de Pesquisas do Cacau. Sao descritas varias alternativas para
melhorar o processo de secagem, acompanhadas de ilustragoes.

37



NEMATODES ASSOCIATED

WITH DIFFERENT PLANTS AT THE

CENTRO DE PESQUISAS DO CACAU,

BAHIA¥

Ravi Datt Shaama**
Pietern Aant AlLbentus Loof***

The information on the oc-
currence of plant-parasitic and
free-living nematodes in Bahia is
scarce despite its obvious im-
portance. Earlier reports by
Lordelo (3) and Sharma (6) only
covered a small number of ne-
matodes agsociated with specific
crops.

This paper presents a sur-
vey of nematodes conducted at the
Centro de Pesquisas do Cacau
(CEPEC) and neighbouring areas.

MATERIALS AND METHODS

The survey was conducted
from May to December, 1971,
covering six different biotopes,
namely Ananas comosus, Cap-
sicum frutescens, Hamelia erec-
ta, Morus alba, Passiflora edu-
}.Ti' and Portulaca grandiflora,

One sample of each biotope
was collected from declining
plants showing symptoms of die-

back and yellowing of the foliage
and were of about 1.5 kg of soil
and 100 g of feeder roots, Each
sample was throughly mixed and
100 g of soil were processed for
nematode recovery. A modified
decantation cotton wool filter
technique (4) was used including
the use of sieves with pore sizes
of 1000 u, 105 yu and staples of
three sieves each of 44 u mesh
prior to nematode cotton wool
filters. The holdback of 1 000 u
sieves gave the finer roots free
from organic matter which were
than placed in tap water in Petri
dishes and shredded with stout
steel needles under the dissect-
ing microscope in order to locate
the endoparasitic nematodes. The
holdback of 105 u sieves was
passed through nylon screens of
125 p placed in Petri dishes con-
taining 20 ml of tap water in or-
der to collect the larger nemato-
des. The filtrate of the 105 u
sieves was mixed with the hold-
back of the 44 u sieves before
passing through double cotton

* Received for publication in September, 1972,
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wool filters. The nematode sus-
pensions were collected from the
extraction trays and Petri dishes
after 24 hours, mixed together,
and made up to 100 ml. After-
wards nematode populations were
determined up to generic level
using a stereoscopic microscope
and identification up to species
level was done after killing and
fixing the concentrated nematode
populations in 5% formalin and
makeing permanent mounts in
pure glycerin (5).

RESULTS AND DISCUSSION

The results of the survey
are listed in Table 1 and 2 and
the nematode fauna of various
biotopes is discussed below.

Pineapple

Pineapple (Ananas comosus),
like most tropical crops is sus-
ceptible to many diseases, in-
sects and nematodes., Several
plant-parasitic nematodes of
pineapple were reported from
Sao Paulo (2). Five plant-para-
sitic, one suspected plant para-
sitic and 13 free-living nematode
genera were found in our sample
(Tables 1 and 2). A high popula-
tion of Dysmicoccus brevipes, an
insect mealy bug, was also isolat-
ed. Helicotylenchusdihystera, Ro-
tylenchulus reniformis, Paratri-
chodorus minor, Xiphinema wvul-
gare and the free-living nemato-
des are reported for the first
time from pineapple in Brazil.

Table 1 - Plant-parasitic nematodes found at the Centro de Pesquisas

do Cacau, Itabuna, Bahia.

Occurrence

Genus/Species

% in the samples

........

43
29
29 -
2

A - Ananas comosus; B - Capsicum frutescens; C - Hamelia erecta;

D - Morus alba; E - Passiflora edulis e F - Portulaca grandiflora.




Table 2 - Free-living nematodes
found at the Centro de
Pesquisas do Cacau,
Itabuna, Bahia.

Genus/Specles Biotops
Acrobeles sp. B
as C.F
' B.E
. E
Aphelenchus avense A,B.EF
A,B.E
B,.D
D
B,D
D
E
A ;
A,B,D,E
E
Acn
t F
.Aiérx
E
C
D,E
A %
A
A,B,C,E
B.C
2
B
- B
E
= R
!.: &
S ABLE
&
B
s
A
_ D.E
Sl
Fiats
- BE
B
oty
%m B,C,E
rFoonems cavaicantii D
Tylencholaimus »p, E
me ap. : A.E

A - Ananas comosus; B - Capsicum f[rutes-
cens; C - Hamelia erecta; D - Morus alba;
E. - Passiflora edulis e F - Portulaca grandi-
flora,

40

The root-knot nematodes, pin ne-
matodes, lesion nematodes, Mon-
hystera sp., Leptonchus sp., re-
ported by Lordello (2) have not
yet been found in our survey
from Bahia.

Pepper

The Pepper plants (Capsicum
frutescens)was stunted with mot-
tled green and yellow curled
leaves and die-back of the twigs
and the fruits were yellowish and
very small in size. The roots
were fairly heavily galled due to
infestation by root-knot nemato-
des, Meloidogyne sp., and M. in-
cognita, The other nematodes
associated with the sick plants
were Aphelenchoides sp., Heli-
cotylenchus sp., H. dihystera,
Paratrichodorus minor and Xi-
phinema sp., and X. vulgare., The
latter two genera are virus vec-
tors and the mottling of the
leaves may be associated with
these nematodes.

Red-fowl

The red-fowl (Hamelia erec-
ta) is commonly found in the wild
state in several parts of Brazil,
So far, it has not been mentioned
in nematological literature, The
plant is not of direct economic
importance but it may be an ad-
ditional host of coffee nematodes
as it also belongs to the family
Rubiaceae. However, none of the
nematodes attacking coffee were
found associated with this plant,

Mulberry

The mulberry (Morus alba)
leaves serve as forage for rear-
ing silkworm caterpillars (Bom-
byx mori) in Brazil like else-




where. The root system had
small rounded galls on the feeder
roots, harbouring M. incognita.

living type were encountered
(Tables 1 and 2). Tylenchorhyn-
chus acutus is a nematode of the

Colbran (1) in Queensland, Aus-
tralia reported Meloidogyne sp.,
and M. javanica associated with
mulberry., M. javanica however,
was not found in our sample,
Four genera and five species of
plant-parasitic forms and 10
free-living genera and species
(Tables 1 and 2) are reported.

Passion fruit

The yellow passion fruit
(Passiflora edulis) makes a juice
which is used in blending with
other fruit juices and jellies,
Lordello (2) reported the root-
knot nematode, Meloidogyne sp.,
from roots of Passiflora alata in
the State of Sao Paulo., Several
seedlings were found dead which
were later culled out. The roots
of the seedlings were heavily in-
fested with the reniform nemato-
de, Rotylenchulus reniformis with
egg masses. High populations of
larvae and males were isolated
from the soil. Seven plant para-
sitic and 22 free-living genera
from declining seedlings growing
in plastic bags in the nursery
were found (Tables 1 and 2).

Garden portulaca

The garden portulaca (Por-
tulaca grandiflora) plants were
found poorly growing in the kitch-
en garden at Itabuna with yellow
foliage, The roots were heavily
infested with the root-knot nema-
tode, Meloidogyne incognita acri-
ta, Five nematode genera of
plant-parasitic and two of free-
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temperate region and is reported
for the first time from Bahia.

The spiral nematode, Heli-
cotylenchus dihystera and the
dagger nematode, Xiphinema vul-
gare were encountered most fre-
quently, The reniform nematode,
Rotylenchulus reniformis was re-
covered from four out of six
plants being the second important
genus. Itisan endoparasite
known to cause heavy losses to
crops in several parts of the
world, Aphelenchoides sp,, He-
micyliophora loofi, Meloidog—yn_e
sp., and Xiphinema sp., occupy
the third place in terms of fre-
quency of occurrence, Peltami-
gratus holdemani, Trichodorus
sp., Tylenchorhynchus acutus and
Xiphinema ifacolum each were
isolated from three different
hosts.

Only two f[ree-living nema-
todes genera were isolated from
the rhizosphere of Portulaca
grandiflora growing in rich or-
ganic soil whereas a large num-
ber of species were isolated
from others which were poor in
organic matter contents, This is
not in agreement with the accept-
ed hypothesis that free-living ne-
matodes are found in larger num-
bers in organic soils.

The plant-parasitic and free-
living nematode genera associat-
ed with different plants listed in
this paper are recorded for the
first time from Bahia. The ne-
matodes associated with Hamelia
erecta are reported for the first
time in the world.



The results of this limited more prevalent and more widely
survey indicate that nematodes, distributed on several plants than
also noxious species, are much has been believed.
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SUMMARY

A total of seven soil samples collected around six crop plants
namely, pineapple (Ananas comosus), hot pepper (Capsicum frutes-
cens), red-fowl (Hamelia erecta), mulberry (Morus alba), passion
fruit (Passiflora edulis) and garden portulaca (Portulaca grandiflora)
showed the presence of 11 genera of plant-parasitic nematodes with
15 species, and 39 genera of free-living nematodes with 49 species.
The percentage of occurrence of the most common plant parasitic
species in the samples collected were: Helicotylenchus dihystera
(72%), Xiphinema wvulgare (72%), Rotylenchulus reniformis (57%),
Aphelenchoides sp. (43%), Hemicycliophora loofi (43%), Meloidogyne
sp. (43%), Xiphinema sp. (43%), Dolichodorus sp. (29%), Helicoty-
lenchus sp. (29%), Meloidogyne incognita (29%), Paratrichodorus mi-
nor (29%), Peltamigratus holdemani (14%), Trichodorus sp.(14%), Ty-
lenchorhynchus acutus (14%) and Xiphinema ifacolum (14%).
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NEMATODIOS ASSOCIADOS
COM DIFERENTES PLANTAS
NO CENTRO DE PESQUISAS DO CACAU,BAHIA

RESUMO

Sete amostras de solo coletadas no CEPEC e adjacéncias na ri-
zosfera de ananas (Ananas comosus), pimenta malagueta (Capsicum
frutescens), erva de rato (Hamelia erecta), amora (Morus alba), ma-
racuja (Passiflora edulis) e onze-horas (Portulaca grandiflora) mos-
traram a presenca de 50 géneros de nematodios sendo 1) generos de
parasitas com 15 espécies e 39 generos de vida livre com 49 espé-
cies, As espécies mais freqtientes de parasitas de plantas nas amos-
tras foram: Helicotylenchus dihystera (72%), Xiphinema vulgare (72%),
Rotylenchulus reniformis (57%), Aphelenchoides sp. (43%), Hemicy-
cliophora loofi (43%), Meloidogyne sp. (43%), Xiphinema sp. (43%),
Dolichodorus sp. (29%), Helicotylenchus sp. (29%), Meloidogyne incog -
nita (29%), Paratrichodorus minor (29%), Peltamigratus holdemani
(14%), Trichodorus sp. (14%), Tylenchorhynchus acutus (14%) e Xi-
phinema ifacolum (14%). T
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