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EFECTO DE FUNGICIDAS SOBRE LA CONSERVACION DE SEMILLA DE MAIZ

PREVIAMENTE INVADIDA POR HONGOS DE BODEGAIE!/

ERNESTO MORENG MARTINEZ *
JORGE RAMIREZ GONZALEZ*
MANUEL MENDOZ A %
GUSTAVO VALENCIA**

Seed of maize invaded and non invaded by storage Jungi was treated with
fungicides, and stored under favourable conditions for the growth of storage fungi

At 40 and 80 days of storage all the tested fungicides protected seed viability to
the same extent, regardless of whether seed was previously invaded by storage fungi or

Hot

At the end of the 120 days storage period not all the Tungicides protected seed
viability to the smne extent lLower germinability was observed in the previously
invaded seed, compared with the non invaded seed

Introduccion

§ | combate de los hongos de bodegajes se logra al-
macenando fos granos y semillas, con conteni-
dos de humedad bajos y/o a temperaturas bajas
(2, 3). El empleo de variedades resistentes a perder su
viabilidad bajo condiciones adversas de almacena-
miento (4, 5) y el uso de fungicidas (6) representa
alternativas para el combate de estos hongos. More-
no y Vidal (6) encontraron que los fungicidas
Benomyl, Captan, Captafol, Clorotalonil y Tiaben-
dazol, a dosis de 750 ppm, protegieron la viabilidad
del maiz almacenado durante 150 dfas en una hu-
medad relativa de 85% ; Ia semilla tratada con fungi-
cidas mantuvo una germinacién de 82.92% , mientras
que de la semilla no tratada germind solamente el
14% .

I Recibido para pablicacian el 13 de noviembre de 198)
* Depurtamento de Botinica, Instituto de Biologs
" Laboratorio de Fstadistica, Facultad de Ciencias Univer

sidad Naciona! Autéonoma de México, 04510 México,
D I' Mexico

Considerando que en [a investigacion antes men-
cionada, el maiz que utilizaron no estaba invadido
por hongos al momento de aplicar los fungicidas, se
consider6 probar la efectividad de dichos fungicidas
tanto en semilla previamente invadida con hongos
de bodegaje, como en semilla no invadida, To que
permitiria obtener informacion sobre las posibili-
dades y limitaciones del uso de fungicidas en el com-
bate de estos hongos, los que en gran medida son res-
ponsables de la pérdida de viabilidad de la semilla
de maiz, cuando ésta se almacena bajo condiciones
de humedad y temperatura que favorecen su desa-
rrolio (1, 6).

Materiales y métodos

Maiz. Se us6 semilla de maiz, H412, cuya germi-
nacion, a su arribo al laboratorio, fue de 99%, el con-
tenido de humedad de 9.7% y el 77% de las semillas
presentaban invasion por fusarium moniliforme, no
presentando invasion por hongos de bodegaje.

Contenido de Humedad. E] contenido de humedad
de la semilla fue determinado mediante el método de
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secado en estufa. En muestias de aproximadamente
10 gramos secadas por 24 horas a 130°C en una es-
tufa de circulacion forzada El contenido de hume-
dad se obtuvo por diferencia de peso y se expreso
en porcentaje con base en peso himedo Ei conte-
nido de humedad de! lote original de maiz se obtuvo
del promedio de diez repeticiones

Germinacion, Para determinar el porcentaje de
germinacién se colocaron 100 semillas de cada repe-
ticion en toallas de papel himedo, las que se enro-
llaron y mantuvieron a 27°C, llevindose a cabo los
conteos de germinacion a los 4 y 7 dias. Para deter-
minar la germinacion inicial dei lote se utilizaron 400
semillas.

Ajuste del contenido de humedad de la semilla
El contenido de humedad de la semifla fue ajustado
mediante la adicion de agua, de acuerdo a Pixton (7)

Micoflora. Veinticinco semitlas de cada repeticion
fueron desinfectadas superficialmente con hipoclorito
de sodio al 2% durante 2 minutos y sembradas en
Malta-Sal-Agar (2% de malta, 6% de NaCl y 2%de
agar), ¢ incubadas 2 27°C hasta que las colonias pu-
dieron ser contadas ¢ identificadas. Los hongos de
bodega fueron identificados a nivel de género en el
caso de Peniciflium, y a nivel de grupo en el caso de
Aspergiflus La micoflora original del lote de maiz
se determiné sembrando 100 semillas bajo las mismas
condiciones.

Fungicidas. Se probaron seis fungicidas: Benomyl,
Captan, Clorotalonil, Carbendazim M, Captafol y
Tisbendazol. Los seis fungicidas se aplicaron en
“slurry” en una dosis de 750 ppm, la cantidad de
agua fue de 7 ml por kg de semilla. Se utilizé el
adherente “Spreader Sticker” (DU PONT), a razon
de 0.8 ml por kg de maiz.

Almacenamiento de la semilla. El lote inicial de ka
semilla utilizada en este experimento fue de 18 kg, el
cual se dividi6 en dos lotes iguales, (Lote A y Lote B).
El lote A fue ajustado a un contenido de humedad
de 16.5% v se almacend seis dias en una temperatura
de 27°C para favorecer la invasion de los hongos en
bodega; al término de ese periodo se aplicaron los
fungicidas. Bl (Lote B se ajustd a la misma humedad
16.5%), el dia en que los fungicidas fueron aplicados.
Se selecciond ese contenido de humedad para favore-
cer un desarrollo vigoroso de los hongos. Justo antes
de aphlicar los fungicidas se determind en cada lote el
porcentaje de germinacion, el contenido de humedad
y la micoflora.

La aplicacién de los fungicidas se hizo indepen-
dientemente y en forma aleatoria para cada una de

las cuatro repeticiones de cada tratamiento Cada re-
peticion Tue de 250 gramos que sc almacenaron en
cestas perforadas de pldstico, las que a su vez se colo-
caron en cémaras conteniendo una solucién saturada
de cloruro de potasio para mantener una humedad
reiativa de 85% (8), lo cual permitié mantencr estable
el contenido de humedad de la semilla durante el pe-
riodo de almacenamiento. Las cincuenta y seis uni-
dades experimentales se distribuyeron completamente
al azar, y el experimento se realizé bajo un disefio de
parcelas divididas con cuatro repeticiones. Las cdma-
ras con humedad relativa de 85% se mantuvieron en
una incubadora con temperatura controlada a 26-
27°C El periodo de almacenamiento fue de 120 dias,
realizindose muestreos a los 40, 80 y 120 dias. En
eada muestreo se determiné el porcentaje de germina-
cién, contenido de humedad y niicoflora de ka semi-
Ila, mediante los métodos descritos.

Resultados y discusién

Contenido de humedad. La semilla se mantuvo du-
rante todo el periodo de almacenamiento con um
contenido de humedad entre 164 y 169% . (Cua-
dro 1).

Germinacion. Los porcentajes de germinacion de la
semnilla tratada con los diferentes fungicidas, tanio del
lote A (invadido) como el lote B (no invadido) se
muestran en el Cuadro 2.

Die acuerdo con el andlisis estadistico de los datos
de germinacion, los niveles de significancia descripti-
vos correspondientes a los efectos conjuntos de los
tres factores (invasién, tratamientos y tiempo) y de
las combinaciones (invasion/tratamientos), (trata-
mientos/tiempo), (invasion/tiempo) resultaron ser
0.175, 0.0175, 0.00001 y 0.00001, respectivamente,
lo cual sugiere que no existe un efecto conjunto de
los tres factores pero si de tratamientos con tiempo y
de invasién con tiempo. Por lo tanto, se decidid fijar
el tiempo para poder determinar la relacion entre
invasién y tratamientos en cada uno de los periodos
de muestreo, 40, 80 y 120 dias.

Fi andlisis de varianza para los datos de germina-
cion a los 40 dias de almacenamiento no mostrd
efectos significativos de la interaccion entre invasion
y tratamientos con un nivel de significancia descripti-
vo de 0.0175. Tampoco se encontré diferencias signi-
ficativas entre invadido/no invadido, con un nivel
de significancia descriptivo de 0.9995, pero si entre
tratamientos, con un nivel de significancia descriptivo
de 0.00001. Para detectar las diferencias entre trata-
mientos se realizé una prueba de contrastes por el mé-
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Cuadro ). Germingeion, humedad y micollors de los lotes A y B antes de aplicar fos fungicidas,

Lote de Gemminacidn’ Conitenido’ Semillas invadidas por hongos
sermilla’ i humedad Fusarium Aspergifites dspergitlus
P monilifurine wlaticus ramarii
A 99 o 75 2 2
B 00 165 80 4] 0

1AL Semilla invadida por hongos de bodegaje: B, semilla no invadida per hongos de bodegaje

T Promedio de cuatro repeticiones de cien semitias cada una

3 Promedio de vineo repeticiongs

Cuadro 2. Germinacion (V6) de semifla de maiz H-412, invadida (lote A) y no invadida (lote B) con hongos de bodegaje, tratada con
fungicidas, slmacenada 120 dias en una humedad celativa de 85%y a 27°C*.

1 ratamiento Semilla invadida (Lote A) Semilla no invadida (Lote B)

(750 ppm) 40 dias 80 dias 120 dias 40 dias 80 dias 120 dias
Benomyi 45 92 52 97 94 54
Captan 97 a5 83 97 94 LE
Corotatonil 98 92 76 97 93 91
Carbendazim-M 96 93 13 98 97 B9
Captalod 95 93 69 95 96 82
Tigbendazol 96 93 62 98 97 78
Testigo 69 50 27 63 44 26

Poreentajes de germinacion, promedio de 4 repeticiones de 100 semillas coda una

todo de Scheffé, encontrindose que el tratamiento
con germinacion mds baja, Captafol, resultd estadisti-
camente superior al testigo, con un nivel de significan-
cia descriptivo menor de 0.0005. E] tratamiento con
germinacion mds aléa, Clorotalonil, resultd estad (sti-
camente igual al tratamiento con germinacion mds
bajs, Captafol, con un nivel de significancia descrip-
tivo mayor a 0.25 Por lo tanto, se asume que todos
los fungicidas actuaron de igual forma en los lotes A y
B, v que la diferencia entre tratamientos estd dada
por la diferencia entre el testizo v el resto de los tra-
tamientos.

Bl andlisis de varianza de los datos a los 80 dias de
almacenamiento, al igual que en ¢l periodo anterior,
no mostro efectos significativos de la interaccién inva-
sion con tratamientos con un nivel de significancia
descriptivo de 0 625, ni diferencias significativas entre

invadido/no invadido con un nivel de significancia
descriptivo de 075, pero si entre tratamientos con
un nivel de significancia descriptivo de 0 00001 De-
bido a esto ultimo, se llevd a cabo la prueba de con-
trastes por el método de Schefté, la cual mostro que
el tratamiento con la germinacidn promedio mds baja,
Clorotalonil, resultd estadisticamente superior al tes-
tigo, con un nivel de significancia descriptivo menora
0.0005. Por otra parte, el tratamiento con la germi-
nacion promedio mds alta, Carbendazim-M, resultd
estadisticamente igual al tratamiento con promedio
de germinacidn mds bajo, Clorotalonil, con un nivel
de significancia descriptivo mayor de 025 Por lo
tanto, al igual que en el muesireo anterior, se consi-
dera que todos los fungicidas actuaron de igual for-
ma en los lotes A y B, y que la diferencia entre tra-
tamientos estd dada por la diferencia entre el testi-
go y el resto de los tratamientos,

Furrindha Vol 320 No, 2, 1982, pp. 97- 101



100 TURRIALBA: VOL. 32, NUM 2, TRIMESTRE ABRIL-JUNIO 1982

A los 120 dias de akmacenamiento, el andlisis de
varianza mostrd efectos que se consideraron significa-
tivos de la interaccidon invasién con tratamientos, con
un nivel de significancia descriptivo de G.0175. Por
lo tanto se realizdé un analisis de varianza por separado
para cada uno de los lotes.

Fs importante hacer notar, que en el caso de 40
dias de almacenamiento el nivel de significancia des-
criptivo de 0.0175 para los efectos de la interaccion
(invasion/tratamientos) no se considerd suficiente-
mente extremo para declarar tales efectos como
significativos; sin embargo, en este caso a los 120
dias, con el mismo mivel, 0.0175, se juzgd que tal
efecto se manifestd. Esto se debe a que el valor
00175, no es considerado como evidencia contun-
dente en ningin sentido, pero experiencias previas su-
gieren que los efectos de la interaccién bajo estudio
son mucho mds probable de presentarse en periodos
de almacenamiento prolongado, como es el caso de
120 dias, y no en periodos relativamente cortos,
como el de 40 dias.

El andlisis de varianza de los datos de germinacion
de la semilla del lote A {invadido) mostré diferencias
significativas entre tratamientos, con un nivel de signi-
ficancia descriptivo de 0.000001, por lo que se Hevd
a cabo una prueba de contrastes por el método de
Scheffé. Se enconird que el tratamienio con pro-
medio de germinacidn mds bajo, Benomyl, resulté
estadisticamente superior al testigo, con un nivel de
significancia descriptivo de 0.0075; los tratamientos
Benomyl y Tiabendazol, que fueron los que tuvieron
los promedios de germinacién mds bajos, resultaron
ser estadisticamente iguales entre si, con un nivel de
significancia descriptivo de 0.0005. Por otra parte,
el resto de los iratamientos, Captan, Clorotalonil,
Carbendazim-M y Captafol, resultaron estadistica
mente iguales entre si, con un nivel de significancia
descriptivo de 0.175 y mejores que los tratamientos
Benomyl y Tiabendazol, con un nivel de significancia
descriptivo menor a 00005, Por lo tanto fa germi-
nacién de la semilla tratada con los fungicidas fue su-
perior a la del testigo.

El andlisis de varianza del lote B (no invadido)
mostrd diferencias significativas entre tratamientos
con usnt nivel de significancia descriptivo de 0.000001.
De la prueba de contrastes de Scheffé se deduce
que el tratamiento con la germinacién promedio mds
baja, Benomyl, resultd estadisticamente superior al
testigo, con un nivel de significancia descriptivo de
0.00075. El tratamiento con promedic de germina-
cién mds alto, Clorotalonil, resulté diferente del tra-
tamiento con promedio de germinacién mds bajo,
Benomyl, con un nivel de significancia descriptive de
0.00001, pero resultd igual al tratamiento Tiabenda-

zol, con un nivel de significancia descriptivo de 0.175.
Por lo expuesto se concluye que los tratamientos
Captan, Clorotalonil, Carbendazim-M, Captafol y Tia-
bendazol pueden considerarse estadisticamente igua-
les entre si vy superiores a los tratamientos Benomyl
y testigo. Todos los tratamientos con fungicidas fue-
ron superiores al tratamiento {estigo.

De acuerdo a los resultados a 40 y 80 dias de alma-
cenamiento, todos los fungicidas protegieron de igual
manera la viabilidad de las semillas, tanto en el Jote
inicialmente no invadido como en el lote invadido por
hongos, en cambio la semilla testigo fue severamente
afectada en su poder germinativo por la accion de los
hongos,

A los 120 dias, en ambos lotes, no todos los fungi-
cidas protegieron de igual manera la viabilidad de las
semillas, Hasta este periodo fue cuando se manifestd
el efecto del tratamiento previo al que se sometid el
lote A con el fin de favorecer la invasién de la semilla
por hongos de bodega; efecto que se expresé en un
comportamiento diferente de los fungicidas entre los
dos lotes de semilla (Cuadro 2). Se observd que fos
fungicidas sistémicos Benomyl, Carbendazim-M vy
Tiabendazol, no tuvieron un efecto superior a los no
sistémicos. En la semilla del lote A que se almacend
6 dias antes de Ja aplicacidn de los fungicidas, segura-
mente se incrementd la cantidad de indculo, dadas
las condiciones de humedad y temperatura empleada.
A su vez, esta puede ser la ceusa principal de la mayor
pérdida de viabilidad de la semilla del lote A, compa-
rada con Ia viabilidad de Ia semilla del lote B, a los
120 dias.

El nivel de proteccion de la viabiltidad de la semilla,
a los 40 v 80 dias, se considera aceptable, desde el
punto de vista agricola, para todos los fungicidas. Por
otra parte, a los 120 dias, solamente con Captan la
germinacion fue superior al 80% en ¢l lote A, yenel
lote B con los fungicidas Captan, Clorotalonil, Car-
bendazim-M y Captafol,

Micoflora. De la semilla tratada con fungicidas no
crecieron hongos en el medio de cultivo, en cambio fa
semilla no tratada mostrd una fuerte invasion de hon-
gos de bodegaje. La semilla testigo del lote A (invadi-
do) presentd 40, 56 y 74% de las semillas invadidas
por Aspergillus glaucus en los muestreos de 40, 80 y
120 dias, respectivamente. Igualmente, en los mismos
muestreos, la semilla testigo del lote B (inicialmente
no invadida) presentd 53, 42 y 64% de invasion por
hongos del mismo grupo.

El que no se manifiesten hongos en las semilias
tratadas con fungicidas, no excluye la posibilidad de
que los hongos estén presentes; esto seguramente se
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debe a que Jos residues de fungicida, que no son
eliminados con el lavado de hipoclorito que se les da
a las semillas antes de sembrarlas en el medio de cul-
tivo, inhiben su desarrollo. Es probable que ese desa-
rrollo de hongos no detectado, el metabolismo propio
de Ja semilla v tal vez algin efecto nocivo de los fun-
gicidas sobre Ia misma, sean la causa de la pérdida de
viabilidad de Iz semilla almacenada bajo las condicio-
nes de humedad y temperatura aqui probadas, lo
anterior requiere mds investigacion. Estos resultados
indican que la aplicacion de fungicidas a semilla no
invadida por hongos es mis efectiva que en semilla
ya invadida.

Resumen

Semilla de maiz previamente invadida, as{ como
semilla no invadida por hongos de bodegaje fue tra-
tada con fungicidas, y almacenada bajo condiciones
de humedad y temperatura que favorecen el desarro-
Ho de los hongos de almacén

A los 40 y 80 dias de almacenamiento todos los
fungicidas probados protegieron al mismo nivel la
viabilidad de las semillas, tanto en semilla inicial-
mente invadida como en semilla no invadida por hon-
gos en bodega. Al final del periodo de almacenamien-
to, 120 dias, no todos los fungicidas protegieron con
la misma efectividad Ia viabilidad de la semilla. Al {i-
nal del periodo de almacenamiento, 120 dias, se ob-
serv0 mis bajo el poder de germinacion de Ia semilla
inicialmente invadida por hongos que el de la semilla
no invadida.
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VAN WAMBEKE, A Calculated soil moisture and

temperature regimes of South America. Depart of

Agronomy, Cornell University — SCS-USDA
1981, 25 p. (Appendices),

La temperatura y la precipitacién han sido emplea-
das desde hace tiempo como un criterio de clasifica-
cidn de suelos. Cuando el concepto de zonalidad esta-
ba en boga, los indices de Lang (PT), Meyer {cocien-
te MS), de Martone (P/T+10) y Thornthwaite (PE y
TE) se usaron como caracteristicas no edaficas rela-
cionadas con ia génesis del suelo

Con la aparicidn de la Taxonomia de Suelos pro-
puesta por los Estados Unidos de Norteamérica se
introdujo por primera vez el clima del suelo como
criterio de clasificacion. El texto de van Wambeke se
desarrolla en este sentido, presentando una figura ge-
neralizada de la vasta vy heterogénea region sur del
continente americano,

De acuerdo con la Taxonomia de Suelos, van
Wambeke aplica las definiciones de regimenes de
humedad (excluyendo el dcuico} y de regimenes de
temperatura. Basado en el hecho de que los cinco
regimenes de humedad asi descritos no son suficientes
para propésitos de interpretacién, el autor establece
una divisién posterior de los mismos. Asi, los regime-
nes tdico y Ustico se dividen en dos categorias, de
acuerdo a su régimen de temperatura: i en regiones
tropicales de temperatura constante se crean el Tropil-
dico v Troptstico; i} en regiones templadas se usan el
Temptidico y el Tempistico.

En el régimen Ustico el autor propone transicio-
nes hacia condiciones mis secas o mds hdmedas, de
modo que define los Tropisticos, Aridicos, Tipicos y
Udicos, asi como los Tempusticos Xéricos, Hamedos
y Tipicos.

Fn el caso del régimen Xérico se seperan el Seco
del Tipico. Para el régimen Aridico se crean las cate-
gorias de Extremadamente Tipico vy Ligeramente Ari-
dico.

Curiosamente, elautor no modifica los regimenes
de temperatura del suelo como ha sido propuesto, por
ejemplo, para el Canadd (en donde se incluyen los
regimenes Artico y Subdrtico) y América del Sur {en
donde se ha propuesia la inclusion del régimen lsome-
gatérmico). Sin embargo, la conversidn de valores de
temperatura del aire a temperatura del suelo se hace
adicionando 2.5°C a la temperatura media ambiente
anual, en vez de 1°C como lo propone la Taxonomia
de Suelos. .

E{ texto resume la informacidn obtenida de 1.100
estaciones meteoroldgicas esparcidas en la América
del Sur (se da una lista alfabética de ellas por pafs),
utilizando un sistema de computacion basado en el
maodelo matemidtico desarrollado por Newhall, descri-
to en el libro en forma somera. Al final se presentan
mapas generalizados de regimenes de temperatura,
humedad modificados, de Sudamérica.

Esta buena obra de consulta puede ser adquirida
mediante solicitud del Program Leader, Soil Manage-
ment Support Service, Soil Conservation Service, P.
0. Box 2890, Washington, D. C. 20013.

ALFREDO ALVARADO
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA
SAN JOSE, COSTA RICA



SHOOT AND ROOT CHARACTERS IN SOME Coffea SPECIES!'/
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Resumen

Las plantas de tres afios y medio de edad de siete especies Coffea y fres linajes
fueron estudindas para quince cavacteristicas de los tallos y quince caracteristicas de
las raices, ¥ cuatre relaciones entre la raiz y el tallo (largo, extension, peso fresco y
peso secojen el Central Coffee Research Institute India (13°22°N, 75°28°F)

En g fuse del crecimiento v la localidad escogida para el estudio, Coffea arabica
L Cv. 8 795 mostra el mejor crecimiento para el tallo, mientras que C. canephora,
C. congensis, C. excelsa y C. dewevrei indicaron el mayor crecimiento para la raiz

El largo del tallo, peso fresco del tallo fueron mds altos que los de la raiz en to-
das las especies estudiadas.

La relgeion inds alte del largo para la raiz pivotante al del tello en C eugenioides
» C. bengalensis comparados con otras especies se asumio para indicar la mejor adap-
tabilidad de las dos especies a las condiciones de la sequia.

Al discutir sobre fas limitaciones del estudio se sugivio la necesidad de una ex-

ploracion nueva en el habitat natwval de las especies Colfea

Introduction

tudy of shoot and root systems has a great
influence not only on cultivation aspects, but

# also on plant selection. In coffee, studies on
rool systems and effects of socil-conditions and
cuitural practices have been undertaken mainly on C,
arabica and C. canephora, (9, 11, 12, 13, 14) while
other species have received comparatively little
attention.

I Received tor publication on December 22, 1980,

* Division of Botany, Central Cotlee Research Institute,
Coffee Research Station, P O 577117, Chikmagalur
Prist, Karnataka, India.

The present study was undertaken to understand
the shoot and root characters of various Coffea spp.
established at Central Coffee Research Institute
The two commercially cultivated species C arabica
and C' canephora were also included for comparison .

Materials and methods

Seedlings of seven species and three races of
Coffea namely C arabica CV $.795, C canephora
subvar. robusta CV.5.274, C congensis, C eugenioi-
des, C bengalensis, C. liberica, C. dewevrei and its
races excelsa, arnoldiana, and aruwimiensis classified
according te Chevalier (4) were selected. The seed-
lings were planted 22 cm apart at the nursery of
Central Coffee Research Institute, India (Latitude
13°22°N; Longitude 75°28°E) on 15 cm raised beds
of about 6 x 1 m length and breadth. The beds were

Turriaiba Vol. 32, No. 2, 1982, pp. 103-109
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made by mixing 6 forlits of virgin forest soil, 2 forlits
of compost, 2 kg of fine sieved agricultural lime and
400 g of rock phosphate. The soii pH of the beds
was in the range of 64-6.7. Forly seedlings were
raised for cach species. Watering was done as and
when necessary and nitrogen in the form of urea
or ammonium sulphate was supplied at 15 days
interval to all the seedlings. The meteorological data
of the locality during the growth period of the seed-
lings are given in Table 1. The plants were uprooted
when they were three and a half years old, by digging
trenches around each bed The soil around indivi-
dual roots was loosened by washing with a jet of
water from a hand driven Gattar sprayer operating
at a pressure of 10 keg/em® along the path. Care was
taken to minimise the damage to smaller roots and
whenever it was unavoidable, the broken segments
were fastened with a thread to the respective root.
Immediately after uprooting, the superficial moisture
present on the plant parts was removed with a
blotting paper Five plants per species were sampled.
The stem was separaied from the root portion by
cutting with a secature/saw at the soil level

Count of primaries, nodes on stem as well as
branches was taken followed by measurements
of length of stem and branches The circumference
of stem was determined at a distance of 75 em
from the base of stem An average value of three
readings was taken as the measure of stem
circumference. Leaf length (L), breadth {(B) and
L/B ratio were also taken.

For the root characters, data on the total number
of main roots, density of secondary roots, weight of
total roots and weight of feeder roots was determin-
ed. During the process of measuring, a loss of fine
roots to the extent of 10 to 15% of the total was
unavoidable, Shoot and root paris were dried al a
constant temperature of 105°C in an electric oven.
Three constant weights were taken as an index of
optimum drying Fresh and dry weight of leaves were
determined separately.

For observation of root morphology, the classifica-
tion of coffee root system given by Bull (2) was
followed. According to this classification, basically
the normal coffee root system comprises oile Of More
main vertical roots (taproot), the roots which radiate
from the base of the stem and spread paraliel to the
soil surface (laterals) and the laterals which originate
from below the point at which the taproot begins
fo taper abruptly (tap-laterals). The roots in the
above categories were sub-divided into primary and
secondary roots on the basis of root diameter (12).

Vegetative character means were calculated for
each species and the analysis of variance was done
for each character comparing the variation between
species with that within the species Character
associations in each species were determined using
Spearman’s rank correlation coefficient (6).

Results and discussion

Variznce between species was significant when
compared with the variance within species for all
the characters indicating significant differences in
character means between species.

Shoot characters: { Tables 2 and 3)

Congensis, canephora, dewevrei and excelsd had
greater stem length, diameter of stem, primaries
and higher fresh weight of shoot compared to all
ather species. C arabica showed the highest number
of nodes, primaries, nodes per primary and length per
primary. C. bengalensis and C. eugenioides had low
values for most of the characters except total nodes,
number of primaries, nodes per primary and dry
matter percentage. Longest internodes were seen
in liberica and arnoldiana while arabica had medium
internodal length; eugenioides had the shortest
internodes.

Iable 1. Meteorological data pertaining to the locality during the growth period of the seedlings.

1973 1974 1975 1976
Av. Max. Temperature (CC) 288 2835 282 291
Av Min Temperature (*C) 176 16.8 159 16.6
Average Relative Hamidity by 300 810 850 88.0
Rainfall (mm) 7369.2 23280 31579 1 764 6
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Table 2.  Comparative shoot characters ol selected Coffea speeies at 3-1/2 years growth.
Siem Nodes Total Leaf Leaf Leal  Number Lesgth  Shoot Interno-
Stem Circum- on nodes  Length  breadth  Length of of spread dal fength
Species length ference stem on {em) (cm) breadihv primagies primary  {(cm) on
(cm) {em) shoot {em) primary
(cm)
Arabica 115.4 4.9 218 2618 123 417 2.58 224 30.0 86.0 3188
Canephora 1384 62 190 516 1.9 8.6 257 17.8 302 0.6 7.82
Congensis 159.7 64 190 151.9 14.8 57 263 226 345 78.0 612
Excelsa 121.4 7.2 135 71.5 7.5 11.2 243 135 275 62.8 7.45
Liberica 1177 39 110 327 255 10.4 250 6.8 226 472 9.09
Arnoldiana 1168 57 12.6 326 239 99 245 8§12 193 528 848
Aruwimiensis il1 66 59 138 49 8 235 9.8 2.40 9.2 225 672 7.23
Dewevrei 1345 6.2 20.2 1030 215 94 2.29 199 293 792 6.74
Bengolensts 377 3.6 124 [520 7.8 31 261 140 17.6 510 2.76
Eugenioides 285 11 120 94 8 6.6 21 3.18 94 17 128 107

Leaf size was maximum in excelsa followed by
liberica; eugenioides had the smallest leaves. Length
to breadth ratio of the leaves was highest in euge-
nivides indicating narrow linear leaves, and lowest
in dewevrei indicating broad leaves. Leaf lenpth was
more than twice the leaf breadth in all the species.

Stemn diameter and shoot fresh weight was
significantly correlated in dewewrei, excelsa, euge-
nipides, bengalensis and arabica Awatramani and
Subramanya (1) reported a similar positive correla-
tion between stem girth and shoot fresh weight in

canephora and  @uwintensis. These species were
also characterized by lesser number of nodes per
primary and longer interncdes. Length of primary
was positively correlated with shoot fresh weigth
9in  liberica, avabica, canepliora and arncldiana
Awstramani and Subramanya (1) found a similar
positive correlation in 9-10 year old plants of arabica

Root characters: {Table 4)

Taproot length, number of primary roots and

arebica.  Number of nodes was positiviely total length of primary roots was more in dewevrel
correlated  with number of primaries in fliberica, and excefsa compared to other species. However,
Table 3. Shoot fresh weight and dry matter (%) in Coffee species.

Fresh wt stem + Dry matter Leal fresh Dry matter
Species primaries (%6} weight (%)

{g) {8}

Arabica 204.7 36.15 0.96 3229
Canephora 2879 49.83 2.47 30.36
Congensis 3054 41 78 1.30 3538
Exeelsa 267.6 52.02 565 34.51
liberica 164.3 3548 498 34.14
Arnoldiana 159.6 3327 4.79 3424
Annwimiensis 136 .3 59.28 526 30.80
Dewevrel 269.2 41.90 336 40.18
Bengalensis 274 49 64 0.39 2308
Lugenioides 37 4595 021 28.57
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the concentration of secondary roots was rmore in
arnoldiang and liberica compared to other species
Fresh weight of roots was maximum in excelsa
followed by canephore  Dry malter percentage
was maximum in aruwiniensis followed by dewevrel
and excelsa Total weight of feeder roots was more
in canephara and excelsa compared to other spacies

Correlations among root characters were mostly
nonsignificant except for a positive correlation
between (1) lateral root length and fresh weight of
root (2) tateral root length and feeder root weight
{3) fresh weight of root and feeder root weight in
liberica.

Root-shoot refationship: (Table 5)

Stem fength was more than taproot length in all
the species. [t was thrice the taproot length in
arabica, congensis and liberica, twice in canephora,
excelsa, arnoldigna, arovimiensis and  dewevrei
and in the neighbourhood of unily in bengalensis
and eugenioides. Shoot spread was more than that
of root in arebica, bengalensis and eugenioides, while
root spread was more in canephiora, excelsa, arnoldia-
na and arwimiensis Both shoot and root had almost
equal spread in congensis, liberica and dewevrel.

Fresh weight of shoot was in general more than
that of root in all the species except in bengalensis
and eugeniotdes, which had higher root fresh weight
than shoot (Table 4) Dry weight of shoot was
invariably more than the dry weight of root in all
the species with maximum ratic in congensis and
mitimum  in ewgenioides Dry matter percentage
was also more in the shoot compared 1o root in all
the other species except arnoldiana and dewevrei,

in which reverse was the case Stem diameter was
positively correlated with root fresh weight in
dewevrel, arnoldiang and bengalensis. Total nodes
on shoot! was positively correlated with taproot
length in excelsa, erabica and anowimiensis. Lateral
root length, fresh weight of root and weight of feeder
roots were positively correlated with total nodes on
shoot and number of primaries in liberica. Shoot
fresh weight was positively correlated with that
of root in dewerrei, arabica, arnoldiana, aruwimiensis
and bengalensis.

Conclusions

The following salient points emerge from the
present study:

I The best shoot growth was observed in arabica
followed by congensis

2. The best root growth was found in canephiora,
congensis, excelsg and dewevrel in that order.

3. Best growth of shoot in relation to root was seen
in congensis followed by arabica and liberica
which may therefore be considered as ‘faster-
growing’ compared to the other species.

4. When compared with commercially cultivated
species, arabica and canephora, superior growth of
shoot and root is noticed in congensis, excelse and
dewevrei Therefore these species may be useful
for hybridization with the cultivated species to
obtain better plant types From a study of flower
number in Coffeq species, Vishveshwara and
Ahmed (17} found that dewevrei, arnoldiona,
canephiors and laurentii were superior to arabica

Table 5, Root-shoot ratio in selected Coffea species at three and a falf years from seed .
Species Tap root lenght Shoot spread Shoot fresh wi, Shoot dry wt.
Stem lenght Root spread Root fresh wt. Root dry wt.
Arabica 4.33 1.30 1.38 2.10
Canephora 040 0.84 £.56 2.02
Congensis 0.32 0.99 196 244
Excelya 0.54 0.73 132 133
L iberica 0.3% 11 1.84 215
Arnoldiana 0.48 0.78 2.60 1.58
Arntwitnicnsis 048 090 123 157
Dewevrei 053 1.09 215 105
Bengalensis (.89 1.52 8.67 1.36
Fugenfoides (.64 148 .96 1.06
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for number of flowers per node and therefore
merited exploitation by hybridization.

The species combining superior vepetative
characters as found in the present study and high
flower number as found by Vishveshwara and Ahmed
(17) is dewevrei, which therefore merits exploijtation.

5. The taproot length versus hypocotyl length has
been used as an index of adaptability to certain
ecological conditions in Coffea species (5). In the
present study congensis indicated minimum ratio
supporting the conclusion of Dublin (5); arabica
also had a low ratio; however, (' eugenioides had a
higher ratio from that reported by Dublin (5) indicat-
ing that it is adaptzble to dry conditions, at least
in India ¢ bengalensis, a species indigenous to Indig,
showed highest ratio indicating its similar adaptability
to dry conditions.

The taxonomy of Coffea species suggesied by
Chevalier (4) is generally supported by this study.
C arabica differed from the other species (€. congen-
sis and C canephora) of the sub-section Erythrocof-
fez in a number of characters like shoat length, leaf
size, total nodes, internodal length, taproot length
and percentage dry matter. Nevertheless, hased on
crossability, Carvalho and Monaco (3), suggested
close affinities between the above three species as
well as C. eugenioides and suggested transferring of
C eugenioides from sub-section Mozambicoffea to
Erythrocoffea.

C dewevrei was classified by Chevalier (4) under
sub-section Pachycoffea along with its races, excelsa,
sylvatica, zenkeri, aruwimiensis, dybowskii, ifuriensis,
excelsoidea and neo-arnoldiana. The collection of €
dewevrei now studied was introduced from Guate-
mala in 1953. It resembles race ituriensis in leaf,
flower and fruit characters Carvaltho and Monaco (3),
based on crossability, indicated that dewevrel seems
to he closer to canephora and congensis than liberica.

Due to insufficient knowledge on the purity and
distribution of Coffeq species in Africa, where over-
lapping between species is known to occur (3), the
studies on restricted specimens of ‘introduced species’
established at various institutes provide partial infor-
mation on relationship between species. This lacuna
can be overcome by organising fresh extensive expedi-
tions to naturzl habitats of Coffea species, before

civilization completely erodes the germplasm of

species and spontaneous hybrids from proper preser-
vation and exploitation in breeding. Krug and De
Poerck (10) have drawn similar conclusion from a
world survey of the cuitivated species and varieties
of the genus Coffea,

Summary

Shoot and root characters were studied in three
and a half year-old seedlings of seven Coffea species
and three races. Vegetative character means were
caleulated for each species and the analysis of
variance was done for each character comparing
the variation between species and within the species.
C arabica showed best shoot growth whereas cane-
phora, congensis, excelss and dewevrel indicated
superior root growth, Stermn length was more than
taproot length in all the species. Similarly shoot fresh
and dry weight were higher than root fresh and dry
weight in all the species.  eugenioides and benga-
lensis were found to be adaptable to dry conditions
based on the ratio of taproot length to stem length.
The need for fresh expeditions in natural habit of
Coffen species is advocated.
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Resenia de libros

GREENLAND, D 1 (Editor) CHARACTERIZA-
TION OF SOILS in relation to their classification
and management for crop production: Examples
from some areas of the humid tropics Oxford
University Press, Oxford, England, 1981, 446 p

Fi conocimiento inadecuado de los suectos de los
tropicos humedos y de su potencialidad para {a pro-
duceion de alimentos, es una de las fuentes de incerti-
dumbre en la toma de decisiones sobre la capacidad
del mundo de alimentar su poblacion actual y futura
Con estas palabras el Editor sefiala, en términos
claros, la hipétesis que dio origen al volumen que
comentamos, en el cual se pretenden aclarar algunos
aspectos importantes del problema asi planteado

La obra contiene 15 capitulos que giran en su ma-
yoria alrededor de los estudios efectuados sobre as-
pectos diversos, en catorce “‘toposecuencias’ localiza-
das en el Sur de Nigeria (Una “toposecuencia” se
define como una sucesion de lugares desde una cresta
o meseta hasta un valie en la parte mds baja).

En el Capitulo 2 se describen las “toposecuencias™
seleccionadas, las cuales engloban seis franjas ecologi-
cas con lluvias variables desde menos de 1100 hasta
mas de 2.500 milimetros anuales y dos grupos de
maieriales parentales (rocas cristalinas y rocas areno-
sas sedimentarias). De cada una de eilas se da una
descripcién muy detzllada y se presenta la clasifica-
¢ion de los suelos gue la componen

En los capitulos siguientes se examinan, para los
suelos bajo estudio, la mineralogia de las fracciones
arcilla v arena fina; las caracteristicas quimicas; la
adsorcién y liberacion del fdsforo; las propiedades
fisicas; ei estado de los micronutrimentos; la transfor-
macion del nitrdgenc y la materia orginica; el papel
de las micorizas en la asimilacion de fosforo y el ma-
nejo de esos suelos para la produccion continua de
cosechas.

Finalmente, se dedica tres capitulos a aspectos ge-
nerales de los suelos tropicales, no conectados directa-
mente con el estudio de las “toposecuencias™ descri-
tas. El primero se reficre al manejo de los suelos en
los Oxisoles de sabana y en los Ultisoles de selvaen la

parte tropical de América Latina; el segundo a la eva-
luacion de la fertilidad potencial y su uso en los tropi-
cos hiimedos y el tercero a los sistemas agricolas y a
fas cosechas de los tropicos himedos, en relacion con
ta utilizacion de los suelos. El fibro contiene dos apén-
dices que describen en detalle tanto los perfiles de los
suelos incluidos er fas “toposecuencias”™ como los sis-
temas agricofas v las cosechas de los tropicos hume-
dos en Africa Occidental.

Es laudable el esfuerzo, que cste volumen represen-
ta, de articular los trabajos de investigacién sobre sue-
los tropicales, de manera que ellos, en primer térmi-
no, se refieran a zonas concretas y comunes y luego se
complementen cubriéndose asi una amplia gama de
ios aspectos mds importantes que condicionan las po-
tencialidades productivas de los suelos y que de
alguna manera tipifican situaciones de suficienie am-
plitud para ser de importancia general

Para América Latina es particularmente interesante
el capitulo sobre mancjo de los Oxisoles y Ultisoles
de sabanas y de selvas tropicales, respectivamente, de
Suramérica; estos dos Ordenes taxonomicas de suelos
cubren 760 millones de hectdreas que son mis de la
mitad de los terrenos potencialmente arables en esta
parte del mundo. Ellos predominan en ¢l cerrado bra-
silefio, v los llanos colombianos y venezolanos (regio-
nes tipicas de sabanas tropicales) y en la Cuenca del
Amazonas v sus afluentes (region tipica de selva tro-
pical)

En el capitulo que a tales suelos se refiere, escrito
por Pedro A, Sdanchez, de la Universidad de Carolina
del Norte {(EE UU), se hace un buen resumen de la
bibliografta sobre las caracteristicas fisicas y quimicas
de estos suelos y st manejo mids adecuado en relacion
con las condiciones criticas que deben corregirse v
que son la acidez; la toxicidad de aluminio; la defi-
ciencia de fosforo; el descenso de humedad en las
plantas causado por las sequias cortas gue ocurren
durante la estacidn lluviosa v la escasez generalizada
de casi todos los demds nutrimentos. Las estrategias
de manejo que se describen recogen muy bien los
resuliados de investigaciones llevadas a cabo principal-
mente en Brasil, Colombia y Venezuela.

Recomendamos la lectura de este valioso libro a
todos los interesados en Jos problemas edafoldgicos y
agrondmicos de las regiones tropicales

FERNANDO SUAREZ DE CASTRO
[ICA, COSTA RICA, 1982



CONTROL QUIMICO DE MALEZAS EN ARROZ (Oryza sativa L. cv. INTI)
DE TRANSPLANTE CON HERBICIDAS GRANULADOS! /

1

o
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JOSE DIAZ C*

Abstract

An experiment to compare the control of weeds with herbicides has been
conducted in the Experimental Station of Jequetepeque Valley, district of Guadalupe,
Province of Pacasmavo, Departmient of La Libertad, Peru.

The treatmens studied, indoses of ia kgfha were dimetametrina-piperofos to 1 63,
220 and 275 i a kgfha, applied on the eighth day after ransplanting, oxyfluorfen-A
to the dose of 0.4 and 0.6 i a kg/ha, oxadiazon with the dose of 1.0 and 1.5 i a kg/ha,
bentiocarbo —simetring to the dose of 1.8 and 3.0 i ¢ kg/ha, oxifluorfen— B in the
dose of 0.4 and 0.6 i a kg/ha, penoxalin to the dose of 20 and 3.0§ a kgfha; applied
on the fourth day after transplanting Furthermore fwo withesses were used, one
wmweeded and other weeded

The weeds that were recorded were: Echinochloa crusgalli, Echinochloa
colunum, Ischaenum rugosuwm, Eclipta alba, Cyperus esculents, Commelina fasciculata
and in minor scale Leptochloa uninervia, Eriochloa pacifica, Eleusine indica, Ipomoea
pentaphylla ¥ Cyperus difformis.

The treatments that showed to be efficient against gramineous were  unweeded
witness, oxyfluorfen — A4 to the dose of 0.6 and 0.4 i a kg/ha oxyfluorfen — B with
the dose of 0.6 i a kg/ha and penoxalin in its dose of 2 and 3 i a kgfha, with per-
centages of controf of 9983, 94.33, 79.89, 81.17, 76.45 and 70.04% respectively

Tliere Nas been a good control against dicotyledonous with the umveeded
witness treatnents, oxyfluorfen — A to the dose of 0.6 | a kgiha, bentiocarbo -
simetring fo the dose of 3 and 1.8 i a kgiha and dimetametrina - piperofos to dose
of 275and 2.20ia kglha

In regard to the grain production, the treatment that stood out were: umveed-
ed witness, oxyfluorfen — A to the dose of 0.6 and 0.4 § a kglha and penoxalin to the
dose of 3 and 2 i a kglia, with yields of 8429, 6876, 6162, 5533, 5525, and 5350
kglha, respectively,

Introduccion

es la accidn competitiva de las malezas en ele-

mentos vitales como espacio, Iuz y nutrimentos
y genera reducciones comprabadas en el orden del 30
Universidad Nacionai Pedro Ruiz Gallo, 8 de octubse al 70% de la produccion total, sdemads de ser hospe-
Na. 637, Lambayeque, Pert deros de plagas y enfermedades.

U no de los factores negativos al cultivo de arroz

Recibido para publicacidn 11 de mayo de 1980
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El combate oportuno de malezas, constituye en
la actualidad una de las labores prioritarias a realizar
durante ef desarrollo del cuitivo, especialmente den-
tro de sus primeros 70 dias de periodo critico en el
cual el uso de herbicidas de pre-emergencia en el me-
dio mds oportuno de control Este estudio se en-
marca dentro de los objetivos de evaluar y determi-
nar éf o los herbicidas de mayor eficiencia en el
combate especifico de malezas,

Materiales y métodos

El presente trabajo se realizd en una drea experi-
mental de 2310 m?, en la Subestacion Experimen-
tal del Centro Regional de Investigacién Agropecuaria
del Norte, ubicado en la Cooperativa Agraria de Pro-
duccién “Talla™, en la ciudad de Guadalupe, Provin-
cia de Pacasmayo, Departamento de la Libertad,
Peril.

El drea de mencion se encuentra localizada en ia
parte baja del Valle Jequetepeque, entre los 7° 15’
36" de latitud sur y 79 25" 16" de longitud oeste,
1 una altura de 113 m sobre el nivel del mar y con
un clima de caracteristicas subtropicales desértico.

Durante el estudio de campo, la temperatura am-
biental fue [avorable al cultivo, con una mixima de
28°C, una minima de 17°C y una media de 23°C;
la humedad relativa promedio fue de 75% y se regis-
tré un promedio de 7 horas de sol diarias.

Las labores de preparacion del terreno se reali-
zaron en suelo himedo, practicindose la aradura, ras-
treado v nivelacién para almdcigos y para el campo
definitivo experimental.

Bl trasplante se hizo con pldntulas de 40 dias
de edad, colocando 4-6 plantas/golpe y a distancia-
miento de 25 cm. La fertilizacidn se hizo en forma
fraccionada en dos paries; la primera mitad aplicada
a los 20 dias después del trasplante y la otra al mo-
mento del “encaffado”, empleando la dosis de 320 kg
de nitrégeno/ha; usando la direa 45% N como fuente
nitrogenada.

Para las evaluaciones de abundancia de las
malezas se contaron los individuos de Eclrinochloa
(E. crusgalli, £ colonum) e Ischaenum rugosum en
un drea de 5 m*. Los porcentajes de reduccion de
malezas se calcularon considerando el testigo con
malezas como 0%y la escala de porcentajes de control
siguiente: 0-10 como malo, 11-30 pobre, 31-50 inci-
piente, 51-70 regular, 71-90 bueno y 91-100 excelen-
te.

El macollaje por m* de arroz se evalué al enca-
flado tomdndose el nimero de macollaje de 6 golpes
competitivos ubicados dentro del drea de cosecha,

El rendimiento de grano se logré cosechando
un drea central de 4.5 m” de cada parcela, que luego
de secado y ajustado al 149 de humedad fue conver-
tido a toneladas por hectdreas.

Se utilizd el disefio experimental de Dbloques
completamente al azar, con 17 tratamientos y 4
repeticiones.

Los herbicidas se aplicaron de acuerdo a sus
requerimientos. El producto dimetametrina-pipero-
fos (Avirosan) a 5.5% se probd a las dosis comercial
de 30, 40 y 50 i a kg/ha y a 8 dias después del tras-
plante, mientras que los otros tratamientos se apli-
caron a los 4 dias después del trasplante. Oxyfluor-
fen (Goal AyB)al%yalasdosisde40y60pec
kgfha, oxadiazén (Ronstar) 2.5% a las dosis de 40
y 60 p ckg/ha, bentiocarbo o tiobencarbo (Saturno)
a 5% a 60 v 80 p c kgfha, bentiocarbo-simetrina
(Saturno-simetrina) a 5 + 1% y a las dosis de 30, 50
vy 87 kgfha, penoxalin o pendimethalin (Prowl) a
5% v alas dosis de 40 y 601 a kg/ha. Ademis se inclu-
yeron un testigo sin malezas con 5 deshierbas y un
testigo con maleza sin deshierbas y con 5 deshier-
bas v un testigo con maleza sin deshierbas y sin pro-
ducto. Los herbicidas que se probaron fueron en
formulacién granular por no requerir equipos de
aplicacién sino el voleo directo sobre la ldmina de
agua dentro de las pozas de arroz.

Resultados y discusién

Identificacion de malezas infestantes

Las malezas mds agresivas fueron las correspon-
dientes a la familia de las gramineas: Echinochloa co-
lonum (moco de pavo), Echinochiloa colonunr (grama
de lefe), e fschaenum rugosum, (mazorquilla), presen-
tandose predominancia de Ia primera.

Entre otras especies infestaron muy aislada-
mente: Leptochlon uninervig (rabo de zorro), Erio-
chloa pacifica (pajilla), Eleusine indica (pata de ga-
lina} fpomoeea pentaphylle {correhuels), Cyperus
difformis (cabeza de mono) y Eclipta alba (flor-
cita).

Abundancia y porcentaje de reduccion de Lchino-
chiloa spp.

En el Cuadro 1 se puede observar que el testigo
sin maleza superd significativamente a los demds tra-
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Cuadro 1. Promedio de abundancia en ndmero/5 m*® y poreentaje de reduccién de Echinochloa spp., 30 dias después de ta aplicacion
de los herbicidas granulados en arroz (Oryza sativa L.) ev., “Inti" al trasplante. Fstacién Experimental de Jequetepeque, Perd.

PARCELA

Tratzmientos ia i If I v Promedio Duncan Reduccion

kg/ha + V3]
Testigo sin maleza - ‘ 2 3 2 2 2 a 995
Oxyfluorfen-A 06 48 65 10 47 43 b 91.2
Penoxalin 2.0 21 22 50 87 45 b 90 .8
Oxyfluorfen-A 0.4 45 78 50 12 46 b 30.6
Penoxalin g 94 66 33 32 56 be 886
Bentiocarbo 4.0 67 65 95 83 78 bed 84.2
Bentio-simetrina 30 G0 93 70 161 1G5 cde 787
Dimeta-piperofos 22 133 112 55 155 114 cde 769
Oxyfluorfen-8 06 130 148 120 67 116 cde 76 5
Bentiocarbo ié 105 119 150 101 119 cde 759
Dimeta-piperofos 27 231 139 120 185 169 def 657
Oxyfluerfen-B 0.4 196 242 219 138 199 defg 597
Oxadiazon 15 265 HaY 193 421 261 ofp 473
Oxadiazdn 10 200 150 188 422 265 el 46 3
Bentio-simelring i 8 437 320 253 440 363 efg 26.5
Dimeta-piperofos 1.6 457 340 303 398 374 ip 243
Testigo con maleza - Gi9 4710 435 450 494 23 0
I ealeuiado tratamicntos: 349 OV 94%

+ Ln las pruebas de Duncan 0 G1, los tratamientos con la misma letra no difieren entre s

Cuadro 2. Promedio de abundancia en numero/5 m? y porcentaje de reduccién de fschigenum rugosunt, 30 dias después de fa aplica-
cion de los herbicidas granulados en arroz {Oryzg saziva L.) ev. “inti™ al trasplante. Estacidn Experimental de Jequetepeque-

Peri,
PARCELA

Tratamientos ia I il i iv Promedio Dunean Reduccion

kg/ha + %0)
Testige sin maleza - | 1 2 3 2 a4 925
Oxyfluorfen-A 06 i 6 6 4 4 ab 85 1
Oxyfluorfen-B G6 3 2 8 6 5 b 814
Oxyfluorien-A G4 5 12 8 4 7 b 744
Gxyfluorfen-B 04 15 31 25 20 23 c 148
Bentiocarbo 40 12 26 13 44 24 ¢ il
Testigo con maleza - 31 35 29 14 27 cd 0
Bentio-simetrina 18 16 40 27 29 28 cde 0
Penoxalin 20 38 40 13 30 30 cde 0
Penoxalin 30 41 20 15 45 35 cde 0
Beniio-simetring 30 28 40 45 38 38 cde G
Dimeta-piperofos 16 89 36 60 93 70 det 0
Oxadiazdr [ & 10 37 91 82 70 def iy
Bentiocarbo 36 ol 88 43 52 71 daf i
Dimeta-piperofos 22 77 51 20 84 73 efp 0
Dimeta-piperofos 27 13 105 95 162 69 fa 0
Oxadizzdn 15 175 i51 240 229 199 g 0
I caleuiado tratamientos 345 CNV 13T

+ En lus pruebas de Duncan 0.01, log tratamientos con la misma letra no dificren eatre si.

Furrialba Vol. 32, No. 2, 1982, pp. F11-117
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tamientos al reducir el nimero de plantas de Echino-
¢hloa. Sin embargo, también hay un control excelen-
te, més de 80% de reduccion, con los tratamientos
oxyfluorfen-A a las dosis de 0.6 y 0.4 1a kg/ha, peno-
xalin con 2 y 3 i a kg/ha y benticcarbo a la dosis de
4 i a kg/ha, aplicados 4 dias después del trasplante.
Entretanto como buenos y con mds del 70% de reduc-
cion se encontrd a los herbicidas bentiocarbo-simetri-
na a la dosis de 3 i a kg/ha, dimetametrina-piperofos
con 2720 i a kg/ha, oxyfluorfen 2 la dosis de 0.6 i a
kg/ha, bentiocarbo con 3 ia kg/ha; y los tratamientos
siguientes mostraron comportamientos regulares a
pobres,

Abundancia y porcentaie de reduccion de fschaenum
rugosum

Como se detalla en el Cuadro 2, el andlisis de
variancia muestra un alto grado de significacién entre
tratamientos y segin la prueba de Duncan 001 el
producto oxyfluorfen A a la dosis de 0.6 i a kg/ha
aplicado a los 4 después del tratamiento, tuvo simi-
litud estadistica con el testigo sin maleza, pero al
igual que oxyfluorfen-B a 0.6 i a kg/ha y oxyfluor-
fen-A a2 0.4 i a kg/ha sobresalen en el control de esta

maleza con mis del 70% de reduccidén. Los demds
tratamientos tuvieron comportamientos similares
o mayores al testigo con maleza,

Biomasa seca de maleza de gramineas

Seglin los resultados del Cuadro 3 con Ia prueba
de significacion de Duncan se presenta similitud esta-
distica entre los 8 primeros tratamientos, los mismos
que permitieron las mayores producciones de materia
orginica de malezas gramineas debido a que los con-
trolaron en forma incipienie o mala

Sobresalen limitando la formacién de materia
orginica de malezas los productos: penoxalin a las
dosis de 3y 2 i a kg/ha, oxyfluorfen) B a ta dosis de
0.6 i a kgfha y oxyfluorfen)A con sus dosis de 0.4
y 0.6 i a kg/ha aplicados a los 4 despuds del trata-
miento , con pesos de 2.25, 2.46, 2.53, 103 y 0.43
tfha

Macollaje del cultivo de arroz al encanado

Practicando los andlisis estadisticos cosrespondien-
ics, se halié una escasa significacion entre tratamien-

Cuadro 3. Biomasa seca (t/ha) de malezas gramineas a fa pre-cosecha de arroz (Orvza sativa 1.} cv. “inti” al trasplante, con herbicidas

granuludos, Estacién Experimental de lequetepeque-Peri.

PARCELA
Tratamientos ia 1 I il 1v Promedio  Duncan
kg/ha +
Oxadiazon 10 130 150 14.0 120 135 a
Dimeta-piperofos 1.6 14.2 812 13.0 1c4 114 ab
Testigo con maleza - 83 137 9.8 13.0 L2 2b
Bentic-simetrina 1.8 80 84 80 4.0 9.6 abe
Dimeta-piperofos 37 16 70 103 132 95 abe
Oxodinzon 1.5 120 70 6.0 126 G4 abe
Bentiocarbo 36 80 78 o 102 g2 abe
Dimeta-piperofos 232 24 8.0 8.6 f4 1 83 abe
Bentiocarbo 40 38 6.0 80 76 68 abe
Bentio-simoetring 30 28 9.0 64 8.2 66 bed
Oxyfluorfen-B 04 8.0 20 76 3.4 52 cde
Penoxalim 30 HE] 19 48 i4 25 el
Oxyfluorfen-B 06 13 54 12 11 15 def
Penoxalin 10 05 12 36 4.4 24 def
Oxyfluoricn-A 0.4 15 04 17 04 HEA) af
Oxyfluorden-A 0.6 0.6 G5 02 02 04 ef
Testigo con maleza - 0 0 9 0 0 H
F caleslado tratamientos 136 CV. 358%

+ [n las pruebas de Duncan 0 01, los tratamientos que tienen lu misma letra no ditierer entre si.
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tos (Cuadro 4), donde sélo el testigo sin maleza difie-
re con los 4 iltimos tratamientos. De acuerdo a los
promedios resultantes, el midximo macollaje se logrd
con el testigo sin maleza con 531 unidades, seguido
por el tratamiento oxyfluorfen-A a las dosis 0 4. y 0.6
i a kgfha, con cierta superioridad sobre los restantes.
Los menores valores para esta caracteristica fueron
conferidos por el testigo con maleza vy el tratamiento
oxadiazdn = la dosis de 1.5 kg/ha con 246 y 241 ma-
collos.

Rendimiento en grano y ntimeros de panojas/m”

De acuerdo con el andlisis estadistico (Cuadro 5)
se encontrd alta significacién para los tratamientos
con el midxime rendimiento logrado con el testigo
sin maleza con 852 t/ha, de arroz en cdscara, sin
diferir estadisticamente con los tratamientos oxy-
fluorfen-A a Ia dosis 06 v 04 i a kpfha aplicados
a los 4 dias después del tratamiento al originar
6.87 y 6.16 t/ha de arroz; corroborando los resul-
tados obtenidos por Caballero (2) v Alva (1)

También se destacaron los tratamientos oxyfTuor-
fert a la dosis de 0.6 kg/ha, penoxalin # Ias dosis de

3y 2 i a kg/ha y bentiocarbo-simetrina con 3 i a
kgfha; aplicados 4 dias después del tratamiento con
rendimientos 3.53, 5.52 y 4.11 t/ha de grano respecti-
vamente. Resultados similares fueron logrados en
trabajos de Vélez y Ojeda (3, 4).

Los iratamientos siguientes a excepcitn de oxy-
fluorfen-B z la dosis de 0.4 kefga con 4.073 t/ha
de arroz ocasionaron rendimientos inferiores a las
4 t, como sucedid con hentiocarbo y dimetame-
trina-piperofos, debido a sus requerimientos en limi-
na de agua por mds de 7 dias después del voleo de
los productos.

También hubo bajos rendimientos con el herbicida
oxadiazén, que por antecedentes en otros estudios
revela un control excelente sobre las malezas en for-
mulacion granular.

Conclusiones

Bajo las condiciones experimentales en que se con-
dujo este trabajo sobre control quimico de malezas
con lerbicidas granulados en arroz de trasplante, se
concluye:

Cuadro 4. Macollaje/m® al encafiado del arroz (Oryza sativa 1) cv, “inti™ al trasplante, con herbicidas granulados. Estacion Experimen-

tal de Yequetepeque-Perd.

PARCLELA

Tratamientos ia i 11 I v Promedio Duncan

kgfha +
Testigo sin malera - 520 548 551 503 531 &
Oxyflluorfen-A 04 466 416 479 411 441 ab
Oxyfluerien-A 0.6 375 428 327 410 383 ab
Bentio-simetrina 30 447 325 2601 484 379 aly
Bentiocarbo 40 436 370 399 253 365 ab
Penoxalin 20 420 311 372 331 359 ab
Oxylluorien-B 06 372 189 243 466 343 ab
Penoxalin 30 374 367 320 293 339 ab
Oxyiluorfen-B 04 391 277 239 27 295 ah
Bentio-simeterina 18 426 301 226 200 188 ab
Dimeta-piperofos 22 410 326 229 160 281 ab
Oxadinzon 10 328 277 205 314 281 ab
Bentiocurbo 30 415 333 137 218 276 ab
Dimeta-piperoios 1.6 189 325 193 210 254 b
Dimeta-piperofos 27 193 346 230 134 251 b
Tesfigo con mateza - 385 148 281 158 246 b
Oxadiazdn 11 185 280 371 128 24 b
F calenlado tratemientos : 1.8 CV: 349%

+ En las pruebas de Duncan O 01, los tratamicntos con la misma letra no dificren entre si
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1. Demostraron alta eficiencia en el control de gra-
mineas los tratamientos: testigo con maleza, oxy-
fluorfen-A a las dosis de 0.6 y 0.4 i a kg/ha; oxy-
fluorfen a la dosis de 0.6 1 a kg/ha y penoxalin
a las dosis de 2.0 y 3.0 i a kg/ha; aplicados alos 4
dias del trasplante con 99 8, 94.3,79.9,81.2,764
y 70% de reduccidn de maleza respectivamente.

3

. Los tratamientos que ejercieron mayor control
de dicotileddneas fueron: testipo sin maleza,
oxyfluorfen-A a la dosis de 0.6 i a kg/ha; bentio-
carbo-simetrina en sus dosis de 3.0 y 1.8 i a kg/ha;
aplicados a Jos 4 dias del trasplante y dimetametri-
na piperofos a las dosis de 2.75 y 2.20 i a kg/ha
aplicados a fos 8 dias del trasplante.

3 De acuerdo al comportamiento de control de male-
zas, los tratamientos que destacaron en la produc-
cién de grano fueron: testigo sin maleza; oxyfluor-
fen-A a las dosis de 0.6 y 0.4 i a kg/ha, oxyfluor-
fen-B con 0.6 i 2 kg/ha vy penoxalin a las dosis
de 30 v 20 i a kg/ha, aplicados a los 4 dias del
trasplante con rendimientos de 8429, 6876, 6162,
5533, 5525, y 3350 kg/ha, respectivamente.

Resumen

En la Estacion Experimental del Valle Jequete-
peque, distrito de Guadalupe, ~Provincia de Pacas-
mayo, Departamento de la Libertad, se concluyd un
experimento para comparar el control de malezas
con herbicidas granulados. Los tratamientos estu-
diados, en dosis de i a /ha fueron: dimetametrina-
piperofos a 1.65, 2.20 y 2.75 i a kg/ha, aplicados a los
8 dias después del trasplante; oxyfiuorfen-A a las
dosis de 04 y 0.6 i a kg/ha, oxadiazdn con las dosis
de 3.0 v 40 i akg/ha; bentiocarbo-simetrina a las do-
sis de 18 y 3.0 i a/ha; oxyfluorfen-B en las dosis
04y 0.6 ia /ha, penoxalin a las dosis de 2.0 y 30
i a kg/ha; aplicados a los 4 dias después del trasplan-
te. Ademds se establecieron dos testigos, uno sin
maleza y otro con maleza.

Las malezas que se registraron fueron: Echino-
chiva crusgalli, Echinochloa colomum, Ischaernun
rugostn, Eclipta alba, Cyperus difformis

Los tratamientos que demostraron ser eficientes
contra gramineas [fueron: testigo sin maleza, oxy-
fluorfen-A a las dosis de 0.6 y 0 4 i a kg/ha, oxy{luor-
fen-B con la dosis de 0.6 i a kg/ha y penoxalin en sus

Cuadro 5. Rendimiento en grano de arroz (Oryza sariva L.} cv. Inti af trasplante, eon herbicidas granulados, Estacién Experimental

de jequetepeque-Peri.

Tratamientos ia Rendimiento Duncan
kg/ha kg/ha +
festigo sin maicza 0 8429 4
QOxyfleorfen-A 06 6876 ab
Oxyfiuorfen-A 0.4 6162 abe
Oxyfuorfen-B 0.6 5533 be
Penoxalin EXt 5525 be
Penoxalie 20 5350 ned
Bentio-simetring 30 4118 bede
Oxyfluorfen-B 4 4073 bede
Bentiocarko 4.0 3875 cdef
Bentio-simetrina 18 2605 defg
Dimeta-piperofos 22 2334 efp
Bentigcarbo 30 2070 efg
Dimeta-pipercios 17 1974 efp
Oxadiazon 1.3 1863 efy
Testigo con maleza - 1143 fg
Dimeta-piperofos 16 927 4
Oxadinzon L0 757 g
F. calculado tratamientos: 12.99 V. 338

+ En las pruebas de Duncan 0 01, los tratamicntos que tiene ka misma letrs no difiesen entre si.
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dosis de 2 y 3 ia kg/ha; con poreentajes de control
de 99.9, 943, 799, 81.2, 764 y 70 0% respectiva-
mente

Contra dicotiledaneas hubo buen control con los
tratamientos: testigo desmalezado, oxyflluorfen-A
a la dosis de 06 i a kgl/ha, bentiocarbo-simetring
ala dosisde 3y 1 8iakg/ha y dimetametrina-pipe-
rofos a las dosis de 2.75,2.20 i a kg/ha

En cuanto a la produccion de grano, los tratamien-
tos que sobresalieron fueron: testigo sin maleza,
oxyfluorfen-A a fa dosis de 0.6 y 0.4 i a kg/ha, oxy-
fluorfen-B con 0.6 i a kgfha y penoxalin a las dosis
de 3 y 2 ia kgfha con rendimientos de 8429, 6876,
6162,3333, 5525 y 5350 kg/ha respectivamente
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Notas y comentarios

HORMIGAS AYUDAN A DESCUBRIR FUNGICL-
DAS NATURALES

Cientificos que trabajan en el Parque Nacional de
Santa Rosa, en Costa Rica, han encontrado por lo
menos {7 plantas que producen compuestos que ma-
tan o paralizan ef crecimiento de muchos hongos peli-
grosos para las plantas y para el hombre

E! grupo, dirigido por Stephen Hubel y David
Wiener, de la Universidad de lowa, estaba estudiando
una especie de hormiga cortadora de hojas, la zompo-
pa (Atta cephalotes). Estas hormigas cultivan un hon-
go (Rhozites gonylophora) en sus nidos, sobre un
substrato formado por las hojas que cortan. Las larvas
se alimentan exclusivamente de este hongo, mientras
que los adultos necesitan Jas enzimas que produce
para digerir su principal alimento, la savia de las hojas.

La relacidn simbidtica hongo-zompopa es tan es-
trecha que el hongo no produce esporas sexuales; de-
pende enteramente de las zompopas para su reproduse-
cidn vegetativa,

El equipo de lowa notéd que las hormigas cortado-
ras evitaban algunas planias v decidieron investigar lo
que habia en esas hojas que las hacian tan poco atric-
tivas a las normalmente voraces zompopas.

Una de las especies repelentes es el guapinol
(Hymenaea courbaril 1. ), drbol leguminoso productor
de dmbar del Mioceno, nativo desde México hasta
Brasil v Peril (donde se je conoce como azucarhuayo).
Produce un terpencide llamado epoxido cariofileno
que repele a las zompopas. El grupo aislo esta crucial
sustancia en una serie de ensayos bioldgicos, empapd
una hoja normalmente aceptable en epdxide cariofile-
no en la concentracion natural y observo que las hor-
migas no la tocaban. Cuando la concentracion fue
aumentada a diez veces el nivel natural las hormigas
enloquecieron. Literalmente, saltaban hacia atrds y se
limpizban frenéticamente por unos 30 segundos

Aunque el grupo suponia, en general, que las plan-
tas repelentes contenian insectos naturales, se sor-
prendieron al descubrir que los compuestos repelentes
poseian también propiedades antifungosas. El epoxi-
do cariofileno mato a los dos hongos fitopatdgenos al
que se les expuso y también matd o paralizd el creci-
mienio de 22 de los 45 hongos patogenos al hombre,
con los cuales se probd el terpenoide.

ADALBERTO GORBITZ



—— TREE DIAMETER INCREMENT IN AN UPPER MONTANE FOREST OF PUERTOQ RICO'/ __

PETER I.. WEAVER*

Ll incremento periodico anual del DAP en un rodal, previamente entresacado,
localizado en bosque montano alfo {bosque colorado) en el sudeste de Puerto Rico,
crecio a wun promedio de 0.25 emfaiio durante 27 afos. El incremento a largo plazo
era el doble de cualquier otro registrado en otro bosque colorado en la isla,

Introduction

rformation on growth rates and stand dynamics
are scarce in the neotropics, and both are
vital to forest planning and management. Such
information is needed for a variety of sites and stand
conditions, including climax and secondary forests.
In this paper, periodic anpual diameter increment
(PAI), ingrowth, mortality, basal area, and species
composition are summarized for a small plot in
southeastern Puerto Rico. Estimates are based on
measurements that span 27 years.

The study area

The Sierra de Cayey, an isolated range of
Cretaceous monadnocks Beinroth (3) in southeastern
Puerto Rico, rises to shghtly over 900 m. The
weathering of igneous rocks has created areas of
shallow and deep clays. The climax vegetation
included four montane types Beard (1, 2): Lower
Montane (tabonuco forest) at lower elevations;, Upper
Montane (colorado forest) at higher elevations; dwarf
forest on the isolated summits near Cerro La Santa:
and interspersed in the tabonuco and colorado types,
particularly in the latter, zones dominated by palm.

! Received for publication July 12, 1980.

*  Research Forester, Instifute of TFropical Forestry,
Southern Forest Lxperiment Station Forest Service -
USDA Rio Piedras, Puerto Rico

A recent study classified most of the area as Sub-
tropical Wet Forest; a small zone encompassing Cerro
La Santa was classified as Lower Montane Wet Forest
Ewel and Whitmore (4). Mean temperature ranges
from 25°C at the base of the mountains to about
21°C at the summits, and rainfall varies from 1900
through 2500 mmy/yr Pico er al (8).

Methods

In 1951, at 725 m elevation in previously
undisturbed colorado forest, a 0.10 ha plot was
thinned to 1700 stems/ha with a basal area of
11.4 m®/ha. Deep clay soil underies the plot.
Rainfall approaches 2500 mm/fyr, and the mean
annual temperature is about 22°C.

All trees > 4.1 em were measured with a steel
tape at D B.H. and permanetly marked with number-
ed tags at 15 cm below DB.H. to prevent errors
that swelling might cause in future measure-
ments. Crown classes also were recorded. The plot
was visited again in 1956, 1964, and 1978, and in
each instance, diameters and crown classes were
recorded; ingrowth > 4.1 ¢m was measured; and
mortality was nofed. A brief visit in 1953 provided
preliminary observations of stand development.

Resulis and discussion
Observations twe years after thinning showed

that weeds slightly over 1 m in height had invaded
the larger openings; no vines, however, were observed.

Turrialba Vol. 32, No. 2, 1982, pp. 119-122
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After a 1956 hurricane, little regeneration was 12aoy 12
found, and the plot remained more open than ool — le 3
undisturbed colorado forest. Only minor damage 2 1981 £
was caused by high winds. s woof- 18"

By 1978, the mumber of stems had decreased I 182
from 1700 to about 1400/ha, bui the basal area = acol - .
increased from 11.4 to 283 m*/ha (Table 1) 5
Ingrowth amounted to 590 stems/ha, »dding 5.7 m* 200 . ®
of basal area, and mortality eliminated 880 stems/ha. J —t -

Net basal area increase during the 27 years amounted
to 16.9 m*/ha. 300+ e

Ingrowth and mortality resulted In changes in 1000} 1978 BELE
stand composition (Table 1). Miconia prasina and = >
Pspchotria berteriana,  both shortlived secondary . g0G 16 8
species, decreased substantially in number. Cecropin 2 oo IR
peltata, another secondary species, invaded the stand, e <
probably because of the availability of growing space, 2 ool {11 %@
Micropholis  cluysophylloides, a climax overstory 4
species, increased in number. Prestoea montana, a et {__l> E
climax species ubiquitous in Montane Forests in Puer- |

to Rico, invaded the plot. 5102090 p C 15§ 5 10 20 90
Digmaeter Cluss  Crown Closs Digmeter Closs
{em) temi

Differennces in increment were found among

species (TabEe 2). PADs rzmged from 0.18 cm/yr lig. |} E\Iumhcr ol .5151115/i1:1 !)y”D BH (Ziisss. Nl‘lmlwr n'l
{ Ocotea spathnlata and Cordia borinquensis. 1o Stems/la by Crown Class, and Basal Arca/ha by
or (o sp i ! q k DBH Class for Thinned Colorada 1 orst (Sube
1.05 cmfyr for Casearia arborea Species that were tropical Wet Lile Zoncy in 193] and 1978

Table 2. Periodic annual diameter increment by species from 1950 to 1978 in thinned colorado forest (Subtropical Wet Life Zone)
in Cayey for all trees that survived the entire period.

195178 Statistics D.B.H. Range
Species
195156 195664 196478 Mean cv! Stems 1951
cmfyr ) {(NoJ) {cm)
Micownie prasina 025 366 0.01 0406 28 2 4-7
Microphalis chrysophylloides 46 027 0.24 0.29% 44 17 439
Calycagonium squanidosim 034 ¢18 013 018 45 22 4-18
Inga lauring 038 (.29 0.25 028 74 12 4-26
Swietenia macrophylia 025 019 012 016 76 2 11-16
AMyrcia splendens 030 0.21 022 024 52 4 521
Ocotea spathulata 018 0.23 024 023 76 3 12-20
Rapanea feruginea 058 042 0.12 0.39 - H 14
Nectandra corfacea 020 010 002 0.08 - ! 8
Alchornes latifolia 0.75 040 0.05 G 28 - i 2
Cordia horinquensis 0.18 G603 0.01 .05 71 2 11-12
Hacuianthus salicifolius 0.88 095 0.55 672 - i 30
Sloanea berteriang 0358 040 0.42 340 - [ 22
Casearia arborea 105 0.63 G.52 {65 - 1 78
Didymopanax morotoroni 082 0.52 6.98 d8z - | 6
Myrcig deflexa (42 0.08 G.08 015 - ] 8
Mean/Total {44 0.25 (2 025 66 82 439

i OV =Cocfficien! of variation.

Turrialba Vol. 32, No. 2, 1982, pp. 119-122
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better represented on the plot, Calycogonium squa-
melosum, Inga verg, and Micropholis chrysopityllor-
des, ranged from 034 through 0.46 cm/yr. From
1951-36, the codominani crown class grew the
fastest at 0435 cm/yr, followed by the dominants
at 0.38, the intermediates at 0.26, and the suppressed
stems at 0.22 cm/fyr.

The PA! for stems that survived the entire period
was 0.25 cm/yr, and ranged from 0.05 cmfyr for
Cordie boringuensis to 082 cmfyr for Didymo-
panax morototoni (Table 2). Most of the species
declined in PAI, probably because of a gradual
closing of the stand. The heavy mortality in the
5 and 10 cm D.BH classes, and the fact that by
1978 the stand had aitained a ground cover
approaching that of undisturbed colorado forest,
support this contention.

Undisturbed colorado forest in Puerto Rico
usually has a basal area around 40 m*/ha and
contains from 40-50 species (ITF Files). The long-
term PAI in both thinned and undisturbed climax
colorado forests in Maricao and Luguillo averaged
0.10-0.12 em/yr (Wadsworth (10); Tropical Forest
Experiment Station (9); Weaver {11); ITF Files). In
thinned colorado ecotone in Tore Negro and Guilarte
Forests, the PAT was about 0.14 cm/yr (ITF Files).
In all cases, the estimates are for stems = 4.1 cmin
DBH., regardless of species or crown class.
Individual stands vary in size, species composition,
and exposure; rainfall ranges from 25004000 mm/yr,
glevation from 670930 m, and basal area from
11-53 m?/ha. Except for Maricao on serpentine, all
stands are on clay soil, Tree ages are unknown. Al
measurements span 24-30 years.

The PAPs for colorado forest are well within the
range of those reported for temperate forest trees
of the United States Fowells {5). Within the colorado
forests that were studied, the long-term PAI of the
Cayey stand was twice that of afl others. Although
dircet comparisons among colorado stands are
hampered because of differences in site characteristics
and species composition, the low basal area at the
beginning of measurement in the Cayey stand
probably accounts for the difference observed.

Abstract

Periodic annual diameter increment on 2
previously thinned small plot in upper montane forest
(colorado  forest) in southeastern Puerto Rico
averaged 0.25 em/fyr over 27 years. Long-term incre-
ment was twice that recorded for other colorado
forests on the island.
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RELACION DIAMETRO DE COPA-DIAMETRO ALTURA DE PECHO
PARA Pinus oocarpa, SCHIEDE, EN SIGUATEPEQUE, HONDURAS'/

FROYLAN CASTANEDA¥, CESAR ALVARADO**, RODOLFCG DIAZ**¥,

CAROLINA DE ALVARADO**%, CONRADO VALDEZ¥**

This report presents five regression equations that study the relationships of
crown characteristics and diamerer at breast height {DAP] for Pinus oocarpa, Schiede,
en Siguatepeque, Honduras. The first two equations predict DAP, one using crown
diameter (D COPA ) and total tree height (A ), and the other using DAF only. A simple
iinear regression, having DAP as the only independent variable, was used 1o estimate
D. COPA The last two equations estimate crown length (L. COPA ) using first DAP, A
and length of clean bole (A. COPA), and then . COPA, A and A COPA. All equa-

tions are significant at the 1.00%

Introduccion

{ 1 uso de la fotografia aérea en el campo forestal
ha facilitado la labor del dasénomo de forma tal
# que ha reemplazado en gran parte su trabajo de
campo. Diversas son las ventajas que la fotografia
aérea ofrece, siendo la mds notoria el poder tomar
ciertas medidas con el fin de formarse una idea bas-
tante clara y precisa de la realidad en el terreno.

1/ Recibido para su publicacién et 11 de noviembre de
1981
Los autores agradecen a la Faeultad de Dasenomiz de
la Universidad de Idaho y ala ESNACIFOR por haber
proveido parte de los fondos necesarios para levar a
cabo este estudio.

* Actuaimente optando al titulo de Ph.D. en Aprovecha-
miento, Corta y Extraccion de la madera en el College
of Forestry, Widlife and Range, University of idzaho,
Moscow, ldaho 83843

*k Catedritico de Manejo Forestal y Fotogrametria en
la ESNACIFOR.

#4%  Dasdnomos, téenicos del Departamento de Manejo
Forestal en la ESNACIFOR.

A medida que su uso se ha popularizado, se han
desarrollado, mejores fotoprafias aéreas. En la actuali-
dad es comun trabajar con fotos aéreas a escala gran-
de (1:10 000), en las cuales se pueden tomar medidas
como altura total (A) y estimar otras como lo es el
didmetro a la altura de pecho {DAP) con el fin de
obtener valores de volumen maderable de la zona.

El objetivo de este estudio fue el de desarrollar
modelos de prediccion de DAP, didmetro de la copa
(D. COPA) vy longitud de la copa (L. COPA) pura
Pinus oocarpa, Schiede, en Siguatepeque, Honduras.
Mediante el uso de las ecusciones y cuadros que aqui
se presentan, se podri obtener una estimacion del
DAP utilizendo fotos aéreas con fines de inventario.
La longitud de la copa, junto con su didmetro, es
informacién vital en una aproximacion conservadora
del volumen brute de combustible disponible para
incendios forestales, una vez que el bosque ha sido
explotado. Es importante que al realizar estas estima-
ciones se asuma gque la forma de la copa en esta es-
pecie se aproxima a un cono, especiadlmente en drbo-
les jovenes.

Turrialba Vol. 32, No. 2, 1982, pp. 123-129
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Material y método

Los datos de campo fueron tomados en el bosque
de la ESNACIFOR, ¢l cual se encuentrs en la zona
central de Honduras a una altura promedijo sobre el
nivel del mar de 1140 metros. los drboles muestra se
encontraron en rodales jovenes y densos, con creci-
miento libre de copa y sin contacto con otras copas
vecinas.

Para determinar el D. COPA se tomaron a cada dr-
bol dos medidas de la copa: de norte asury de este a
oeste. Estas dos mediciones se sumaron y luego se
promediaron considerando de esta forma la base de fa
copa del drbol como la base de un cono. Las medidas
se tomaron en direccidn norte sur y este-oeste con el
fin de mantener una uniformidad en las mediciones,

Los limites de la copa se consideraron hasta donde
se extendia la primera rama viva “gruesa” (10 centi-
metros o mds de didmetro al peque del fuste, ya que
se observd que ramas de menos de 10 cm en esta espe-
cie, generalmente no se extienden o no crecen tanto
como para definir los Hmites de la copa) mds distan-
te del centro del fuste siempre en direccién de los
puntos cardinales. La proyeccion perpendicular-
horizontal de las ramas hacia el suelo se tomd
como los limites del D. COPA. Ademds, a cada
drbol se le midié el DAP a 1.30 metros del suelo,
altura total y altura del fuste hasta el comienzo
de la copa (A. COPA) Esta altura, A. COPA, se
considerd del suelo hasta la primera rama viva
“gruesa”.

El DAP fue medide con cinta diamétrica a ia
décima de centimetro mds proximo y el D. COPA
en metros al cuarto de metro mds préximo. Las
alturas se tomaron con un hipsometro Blume-Leiss;
la altura total se midié al medio metro mds préximo.
La longitud de la copa se determind por la diferen-
cia entre A y A COPA. Todas fas mediciones fueron
tornadas por dasdénomos con experiencia en el uso del
equipo mencionado.

El tamafio de la muestra consistid en 250 drboles
con las siguientes estadsticas:

Una revisién de literatura indicd que los modelos
de regresion mds utilizados e indicados para la rela-
cién DAP/D. COPA son (2, 3, 4, 6):

It

DAP = a+b, - A+by D COPA-+by (A D
COPA)

DAP = a+b; D.COPA

Para poder estimar . COPA se analizaron varios
modelos y los mds indicados tomaron las formas
siguientes:

L.COPA = a+b, DAP+b, A+ by (ACOPAJA)

L COPA = a + b, DAP + b,  D.COPA + b,
(A. COPA/A)

L. COPA = a+b, DAP +b, (A. COPA/A)

L.COPA = a + b, D.COPA + b, (A COPA/A)

Finalmente se analizd la relacion D. COPA/DAP
y el modelo que registré el coeficiente de regresion
mids alto fue el siguiente:

D.COPA = a+b, DAP

Barney et al (1) desarrollaron ecuaciones de pre-
diceién de D. COPA usando didmetro a la altura
del tocdn, o didmetro basal, en vez de DAP. Este
método no se adaptd en este trabajo por carecer
de este didmetro basal y por lo imprictico que es su
medicién en el bosque.

Resultados y conclusiones

Fl resultado de las regresiones mds confiables apa-
rece en el Cuadro 1. Todas las ecuaciones son signi-
ficativas al 1.00% . El rango de los errores estandares
resultantes fue de 0.24 a 11 ( centimetros.

DAP Y DIAMETRO COPA

De las ecuaciones | y 2 (Cuadro 1) que se presen-
tan para estimar el DAP, la 2 es la mds ficil y mis
prictica de usar, especialmente cuando se utilizan fo-
tos aéreas. Sin embargo, en la mayoria de los inventa-
rios forestales usualmente se torma la altura total

DAP (cm) D. COPA (m) L. COPA {cm) A COPA (m) A (m)
Rango 11.1-420 2341165 5201704 6.80-10.60 14.00-27.90
Promedio 2553 6.18 1062 858 19.50
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Cuadro 1. Ecuaciones de prediccion det DAP, D. COPA, y L. COPA para Pinus oocarpa. Schiede, en Siguatepeque, Honduras.

Ecuacion No. Ectacion de Prediecion” ? S\—,h
I DAP = -3 0921 + 06504 A + 3 2556 D COPA - 0032{A D COPA) 06724 0 24 om
2 DAP =7 7123 + 28824 D COPA 06293 026 cm
3 D COPA =0 6079 + 0 2183 DAP 06293 026 em
4 L COPA=78053+ 00045 DAP +0 5684 'a - 184233 (A S0VA,) 0 9860 003 m
5 L COPA=157578 + 03633 D COPA — 16 9126 (5;%9‘1’1) 07738 011 m

2 De donde: DAP = Didmetro allursa de pecho, a 138 m del suclo (en centimetro); A = Allura tofal (en metros); D COPA =
Didmetro de la copa {en metros); L COPA = Longitud de la copa (en metros): A COPA = Altura desde el suclo hasts ¢f comienzo

de Ta copa {en metros); v todas las cousciones son significativas al | 00%

b S\f = Lrror estandar def promedio

promedio, recomenddndose en este caso utilizar la
ecuacién I Esta ecuacion da un valor de r? mis ele-
vado y un error estindar de lo estimado mids bajo

Como se puede notar en el Cuadra 1, los valores
del r? para las ecuaciones 2 y 3 son iguales. Esto era
de esperar ya que lo tinico que se hizo en cada caso
fue invertir la variable dependiente,

Si con Iz ecuacion 2 se estima el DAP incluyendo
un valor de D. COPA de 7 metros, el DAP equivalente
seria de 27.9 centimetros. Si con la ecuacion 3 se
estima e} D. COPA incluyendo un DAP de 27.9 centi-
metros, el D. COPA resultanie serfa de 6.69 metros.
Si por el contrario, con la ecuacidn 3 se estima el
D. COPA dindole un valor al DAP de 25 centimetros,
el valor equivalente del D. COPA calculado serfa de
606 metros. Incluyendo este mismo valor de 6.06
metros en la ecuacion 2, el DAP serfa de 25.19 centi-
metros. Estas diferencias en las predicciones se deben
a varias asunciones en el sistema de cuadrados mi-
nimos (5):

1. Cuando se estudia la relacién DAP/D. COPA por
giemplo, el sisteina de cuadrados minimos asume
gue la variable independiente, . COPA, ha sido
medida sin error. Esto no es cierto en este caso
ya que en algin error se incurrid al medir el D.
COPA como la proyeccién perpendicular-hori-
zontal al suelo,

2. Sin embargo, al estudiar ia relacion D. COPA/DAP,
se asurne que la variable independiente, DAP, se
midid sin error, lo cual es mds valedero puesto
que el DAP se midid directamente a 1.30 metros
cont la cinta diamétrica. Por consiguiente a ecua-
sion 3, que explica la relacion D. COPA/DAP, es
ta mis correcta.

3. Las diferencias existentes a las cuales se hace men-
cion, también se deben a que a pesar de que el mis-
mo método de cuadrados minimos se aplicd para
desarrollar ambas ecuaciones, las diferencias mi-
nimas al cuadrado son distintas.

St se usa la ecuacidén 2 con [fines de determinar
el D. COPA correspondiente a cierto DAP y
evitarse asi las diferencias, entonces la solucion
es algebriica:

DAP = 77123+ 2.8824 D COPA
- 2
2.8824

4 5in embargo, las ecuaciones 2 y 3 pueden inter-
cambiarse solamente cuando se trabaje alrededor
o cerca de los promedios correspondientes de la
muestra usada en este estudio.

De las dos ecuaciones principalmente discutidas,

la 2 serd de gran aplicacion en inventarios forestales
aéreos. La aplicacion de la ccuacion 3 es mds que
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Cuadro 2. Capacidad “fisica™ del sitio en nismero de drboles por hectirea, segin ef didmetro de la copa para Pinus opcarpa, Schiede,
en Siguatepeque, Honduras,

DAP D. COPA® Superficie Copa Arboles por
Centimetros Metros Metros Cuadrados Hectarea
14 219 6.1l 1637
5 388 11 84 845
20 4 97 19.43 515
25 6.06 28 89 346
30 716 4023 149
35 825 5343 187
40 9.34 68 51 146

a D COPA scgiin ln ecuacidn 3

60~
50
40 ~
&
28
30 - g
A
35 m
30 m
20
25 m
20 m
15 m
104 10m
0 ¥ L ¥ 1 1 1 1 L] ] ] ¥ L] 1 T H | ]
2 4 B 3 10 12 14 16
D. COPA {m)

Fig. 1. Relacidn DAR/D. COPA a varias alturas para Pinns oocarpa § on Sigaatepeque, Honduras, €A {Sepiin ceuacion 1),
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tode de uso silvicultural ya que de ella se puede infe-
rir, por ejemplo, una idea aproximada de la capacidad
“fisica”™ razonable del sitio en cuanio a cantidad de
fustes segiin DAP por unidad de superficie (Cuadro 2)
y con la cual pueden sentarse normas de intensidad
de raleo en una determinada zona. No se hace men-
cidn de la capacidad “bioldgica™, Ia cual serd distin-
ta a la capacidad “fisica™ ya que su determinacién
requiere un estudio mucho mds intenso

Finalmente, se dan las ecuaciones 4 y 5 para cal-
cular L. COPA, dato importante de obtener para la
estimacion del volumen bruto de combustible dejado
en el bosque después de una tala. Las dos ecuaciones
tendrin mayor aplicacidn en aquellos sitios de corta
donde la prictica es la de aprovechar el fuste limpio
solamente, o como se¢ le refiere, hasta la primera rama
viva “gruesa”. Teniendo como informacion basica el
D COPA o el DAP, se podrd estimar, por medio

Cuadro 3. Didmetro altura de pecho segin didgmetro de Ia copa y altura total para Pins oocarpa. Schiede, en Siguatepeqgue, Honduras,

C.A.
Diametro Altura total (A) en metros
copa (D. COPA) 10 15 20 25 30 35
(meiros)
Diimetro altura de pecho (DAP), en centimetros
16 9.3 122 151 81 210 239
2.5 108 136 165 193 312 2590
30 i22 154 178 25 233 261
35 137 16 4 19 1 21 8 245 271
40 152 178 204 230 256 282
435 166 192 217 242 20.6 293
50 181 205 230 254 279 303
55 196 219 243 367 29.0 314
6.0 210 233 256 279 302 325
6.5 225 7 26.9 91 313 336
10 240 261 282 304 325 346
1.5 154 215 295 3teé 336 357
80 269 89 308 3z8 148 08
835 25.4 303 321 340 359 378
90 198 316 315 353 373 BG
Q.5 313 330 34 8 365 382 40.0
160 328 34 4 361 377 194 410
1G5 342 358 374 390 40 5 42 %
11 0 357 312 387 40 2 417 432
115 372 86 404 414 438 44 3
120 386 40 0 413 426 440 453
125 40.1 414 426 439 451 46 4
130 416 427 439 451 46.3 47 4
135 430 44 ] 452 46.3 474 48 5
14 0 44 5 455 46 5 4735 48 6 49 6
145 460 46 9 478 488 497 306
150 47 4 48 3 491 500 50.9 517

ECUACION DE PREDICCION:

DAP = -3.092) 1 06504 A + 32556 D COPA - 0032(A D COPA)

Tamafio de la muestra = 250 drboles
Error estandar de 1 estimacion = + 0 24 centimctros
Ecuacian significativa al | 00Y%

Coefiviente de determinacion, £* = $.6724
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12 4

11 4

10 1

D.COPA
{m)

25 3¢ 35 40

DAP {cm)

Pig 7 Relacion lineal D COPASDAP para Praws oo pa S on Siguadepegque, Hlondaras, O A

de las ecuaciones dadas, la longitud de la copa. La
relacion A. COPA/A es un dato ficil de obtener, ya
sea mediante una visita rdpida a un bosque de carac-
teristicas similares o simplemente con base en la
experiencia,

La ecuacién 4 es mds aplicable en reconocimien-
to del bosque directamente en el terreno, mientras
que la aplicacién prdctica de la ecuacion 5 seria en
reconocimiento aéreo.

En el Cuadro 3 se presentan Jas estimaciones del
DAP a partir del D. COPA y A segin la ecuacion 1.
Esta relacidn también se representa en la Figura !
y se recomienda como la mds correcta. Ello, sin
embargo, implica la medicion adicional de la varia-
ble altura total. La Figura 2 muestra la relacidn
D. COPA/DAP.

Resumen

En este trubajo se presentan cinco ecuaciones de
regresion que estudian las relaciones de caracteristicas
de la copa y didmetro altura de pecho (DAP) para
Pinus oocarpa, Schiede, en Siguatepeque, Honduras.
Las primeras dos estiman DAP usando didmetro de
la copa (D. COPA) y altura total (A); vy la segunda
DAP solamente. Para estimar el D. COPA se aplico
regresion lineal usando DAP como la tinica variable
independiente. Se dan dos dltimas ecuaciones para
estinar la longitud de la copa (.. COPA) en las
cuales se emplearon las variables DAP, A y lon-
gitud libre del fuste (A COPA) en una, y en Ja -
tima D. COPA, A v A. COPA. Todas las ecuaciones
son significativas al 1 00%.
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EFFECTS OF METHIONINE—~SUPPLEMENTED CASSAVA MEAL DIETS ON PERFORMANCE AND
CARCASS CHARACTERISTICS AND SOME ORGAN WEIGHTS OF GROWING-FINISHING PIGS! /

E B SONAIYA*
T A OMOLE*
A A ADEGBOLA*

£n este estudio se empled niveles de 0% , 13%, 30% v 45%de haring de yuca
{CHM ], en raciones balanceadas para cerdos en crecimienio v acabado de cerdoy La ha-
ring de yuca se preparé a partiv de trozos de vuca fresca seca al sol

Las raciones para cerdos de 8 7 kg de peso hasta el inomento del destace se com-
plementaron con 0 Q5% DI de metioning, La ganancia de peso mnds alfa se logré con la
dieta del 30% de CM Todas lus raciones que contenan haring de yuca indujeron con
crecimiento mds acelerado que aquellas @ bave de marz, qunque también contenian
niveles mds elevados de haring de pescado. La canal v las mediciones hechas de ciertos
drganos ro se vieron afectadas significativamente por las raciones La racion con
45% de CM produjo canales con menor contenido de grasa Los cerdos en crecimiento
utilizaron las raciones con altos niveles de haring de yvuca mds eficientemente que los
cerdos en acabado, los cuales ganaron mds con raciones bajas en CM

Introduction

eplacement of cercals by cassava meal {CM) in
the diet of growing-finishing pigs has produced
conflicting results,

Kok and Robeiro (9) have observed enhanced
liveweight gain, feed intake and feed efficiency by
feeding cassava based diets, while other authors (2,
14) reported depressed gain, feed intake and feed
efficiency in pigs fed cassava supplemented diets.

Effects of dietary cassava on carcass quality have
been variable, Some investigators (9, 11, 14) observed
increased fat deposition and reduced loin eye area as
a result of feeding cassava-based rations to finishing

1 Received for publicition on December 30, 1981,

*  Department of Animal Science, University of He, He-le
Nigeria

pigs. However, others authors (5, 12) did not obtain
any deleterious effects of dietary cassava on carcass
characteristics

Processing techniques of cassava meal, vitamin and
mineral imbalance and the methionine content of
cassava-based rations have been implicated as possible
causes of variations in response (13, 10). This study
was undertaken to obtain more information on
growth response and carcass performance of growing-
finishing pigs fed methionine-supplemented cassava
meal diets,

Materials and methods
Cassava processing
Cassava tubers used in this study were of the bitter
variety, Lifted roots were purchased from local

farmers around MHe-Ife. Soil was shaken off the roots
which were then carefully peeled. The pulp was

Turriatba Vol. 32, No. 2, 1982, pp. 131-136
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sliced into thin flakes which were sun-dried on con-
crete floors with constant turning until the moisture
content was about 12%. The dry flakes were ground
in # Bentall hammer mill and the resulting cassava
meal stored in jute bags until used. The proximate
analysis, gross energy and hydrocyannic acid con-
tents of cassava meal appear on Table 1. Moisture,
nitrogen, ether extracts, crude fibre and ash were
analysed by the methods of the Association of
Official Analytical Chemists (4). Gross energy was

Table 1. Proximate, HCN and energy contents of cassava
meal.
Content in air dry basis
(%)

Moisture 1224

Ether extracts £.23

Crude libre 1 84

Crude protein (N x 6.25) 212

Ash 105

NEL 79.52

HON (mg/kg} 132 {wet pulp)
HCN (mg/kg) 75 {dry mead)
Gross energy (keal/kg) 4160

Digestibiv encray (kealfkg)! 3650

i Optained from G £ valse by the combined methods
of Drennae and Maguire (6) and King and Tavereer (8)

Table 2.

Composition of experimental rations (Yoair dry basis),

determined using a Gallenkamp ballistic homb calori-
meter. HCN content was determined by both the
picric acid and cyanobromide metheds (16, 3)

Treatments

Four experimental rations containing 0V, 15%,
30% and 45% CM were formulated (Table 2). With
increasing levels of cassava, yellow maize, groundnut
cake, fish meal and brewers’ waste were adjusted in
an attempt to keep the rations both isocaloric and
isonitropenous. The fish meal level was doubled in
cassava diets to assure 16% crude protein level and
reduce the variability that may be due to allocation
of different levels of this high quality supplement
This made the cassava diets more comparable to each
other than to the control The level of brewers’ waste
was increased to ensure adequate fibre in the diets
and forestall the incidence of diarrhea that may be
caused by the finely powdered meal. Levels of 0.1%
and 0.2% methionine have been used to supplement
cassava diets without any toxicity symptoms in pigs
(1). A level of 0.05% D L methionine was intuitively
chosen bearing in mind the high cost of this high
grade methionine and the use of 0.5% palm oil,
which also aids in the detoxification of HCN (12).
Other nutrients were optimal but there was a de-
creasing trend in ether extracts of the rations with
increasing levels of cagsava meal. This led to the dusty
nature of cassava substituted rations.

Cassava levels {96)

0 15 30 45
Yellow maize 725 54.5 334 136
Cassava moeal 0.0 150 00 450
Groundnut cake 6.5 50 8.0 100
ish meal 2.0 4.4 4.0 4.4
Brewer® waste 15.4 175 L0 240
Palm oil 0.5 035 4.5 0.5
Dicateium phosphate 20 20 20 20
Salt 0.5 0.5 45 G5
Vit-Min premix? 05 0.5 (£} 0s
Antibiotics 0.85 305 (.05 005
D. L. Methionine 0065 405 005 003
Anatysed crude protein {FoDM) 153 16 5 6.0 14.4
Anadysed gross energy (kealfkg) 4168 4483 4316 4208
Caleulated digestible energy (keal/kg)? 1361 3213 3274 3287

| A commercinl preparation supplying per kg dict: 100001 U Vit A, {333 L U Vit D,, 6.7 mg3,, 8331 U B, 2331 U
B,, .03 mg B, ,, 833 mg Choline chloride, 16 7 mg Zine bacitracin, 208 my antioxidant, 167 mg lron, 133 mg Manganese, 208 mg

Zine, 125 mg Cooper, 0.83 myg Cobalt and 3 3 mg lodine

I

Obtained from G E. values by the combined methods of Drennan and Maguire (6) and King and Faverner (8).
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Animals

Twenty large white pigs weaned at 6 weeks were
deworm-ed and then assigned to 4 groups each of 5
pigs on the basis of sex and weight such that the aver-
age individual weight in all treatments was 8.7 kg. All
pigs were housed in concrete-floored pens equipped
with group feeding facilities, in a standard open-sided
pig house with asbestos roofing. The pens were washed
and disinfected before the start of the experiment
and every morning throughout the experimental pe-
ricd. Feed was supplied ad libitum. As part of the
routine management, pigs were dewormed once a
month with  Thiprazole and sprayed with Tigal
apainst insects and skin infections.

Carcass analysis

As the pigs attained an average of 78 kg liveweight
they were fasted for 18 hours and were slaughtered,
dressed and the carcass split into two longitudinal
halves. On the left halves, carcass length, average
backfat and loin eye area were determined . The stan-
dard practice is to chill carcasses before taking mea-
surements, This was however not possible for tech-
nical reasons and the greatest error will be associated
with the backfat measurements due to the flabbiness
of carcasses but the loin eye arez was measured on
loins chilled at 5°C for 24 hours. The carcass was cut
into: ham between the second and third lumbar verte-
brae and perpendicular to the backline; shoulder —
between the second and third ribs; loin — separated
from the neck and from the belly by making a cut
beginning at the tip of the tenderloin following the
back curvature. The trotters were separated from
bath the ham and shoulder. These various cuts were

weighed and expressed zs percenfages of the half

carcass. Liver, kidney and muscle samples were taken,
weighed and blended with equal volumes of water in
a Kenwood Chef blender. Dry matter determinations
were made in a forced air oven at 80°C for 72 hours.

Records and statistical analysis

Pigs were weighed every two weeks while feed
intake was recorded weekly.

Data were subjected to the analysis of variance
(15). Treatment means were compared using Dun-
can’s multiple range test (7).

Results
General conditions of experimental animals

All pigs were in good health. In the initial stages,
pigs found the cassava rations dusty but they quickly
adjusted.

Daily liveweight gain

Results of daily gain of pigs are summarised on
Table 3. The whole experimental period was section-
ed into 3 phases to identify the effect of cassava meal
at various points on the growth curve  The differences
in daily rate of gain were not significant (P > 0.05)
either for the whole period or {or the different grow-
ing phases. At the initial stages of growth (initial —
20 kg), 45% CM was superior to other dietary treat-
ments. In the second phase (20 kg — 50 kg), 30% CM
promoted the fastest growth, Similarly in the finish-
ing phase (50 kg - slaughter), 15% CM diet promoted
the fastest rate of gain.

The different levels of fish meal in control as
compared with cassava rations appeared to account
in part for the superior performances of pigs on the
cassava rations.

Feed intake

Increasing levels of cassava meal produced
improved feed intake (Table 3). In the finishing
phase, feed infake of pigs fed 30% and 45% CM diets
was the same while pigs on 15% CM ration conswmed
25% and 21% more feed respectively than pigs fed
control or 45% CM diets

Feed conversion efficiency

Summaries of feed conversion efficiency expressed
as feed/gain are shown on Table 3. Thoughout the
experimental period, efficiency was lowest in the
control and highest on the 30% CM diet again,
probably due to the lower {ish meal level in the
control. In the second phase, both 30% and 45%CM
diets were equally efficient while in the finishing
phase 15% and 30% CM diets were more efficient
than either the control or 45% CM diets.

Carcass analysis
Post mortem visual inspection of whole and sliced

organs did not show any enlarged thyroid gland, liver
or kidney lesions. Dietary cassava did not significantly
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Table 3. Effect of cassava meal on growth, feed intake and feed efficiency of pigs.
Cassava level (/5)

0 15 30 45 S.E.!
Average initial weight (kg) 8.7 8.7 8.7 87 113
Average final weight (kg) 720 76.4 840 787 8.83

Initial ~ 20 kg
Average daily gain {g) 175 203 1599 216 7.7
Average daily feed intake (g)* 827 841 240 856
Feed/gnin** 473 4.14 422 3.96
20kg - 50 ke
Average daily gain (g) 343 388 414 406 424
Average daily intake {g) 1251 1247 1257 1256
Feed/gain 3163 312t 3.04 3109
50 kg — slaughtcr
Average daily gain {(g) 795 1123 1118 903 75 41
Avetage daily intake (g) 1417 1772 1465 1465
Feed/gain 1.78 1.58 13 1.62
Overall summary

Average daily gain (g) 391 418 465 432 42.8
Average daily intake {g) 1161 1164 1168 1373
Feed/gain 297 278 2351 271

1 Standar Error.

* gand ** |t was not possible to obtain individual values because the pigs were group-fed

{(? > 0.05) influence carcass measurments in this
study. Dressing percentage was highest with contrel
pigs and lowest with pigs on 30% CM diets where
backfat was thickest and loin eye area smallest. The
variation in dressing percent within treatments was
quite striking This characteristic is affected by age,

Table 4,

time of year, muscling, weight, fill, diseased parts and
bruises; out of which only the first two were under
our contrel, The non-correlation between backfat
and dressing percent cannot be satisfactorily
explained. Increasing CM levels resulted in increased
% ham and loin (Table 4). Carcass length did not

Carcass measurements of pigs fed cassava meal from growing to finishing.

Cassava level (%5)

0 15 36 45 S.E.
Careass length (cm) 1550 70.25 76.75 73.00 2.50
Dressing (%) 75.75 74.35 70.80 73.50 110
Average fat {cm) 2,80 225 2 85 2.50 0.50
Loin arca (cm?®) 21.20 2365 i8.15 22.65 100
Ham and foin (%) 21.55 2175 24 50 2640 2190

1 Standar Error.
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Table §. Fresh tissue weights and dry matier eontent.

Cassava level (Y6)"

G 15 306 45 S.E.?
Fresh liver weight {2} 1357 1206 1291 1375 41 42
Iresh kidney weight (g) 177 1449 186 . 172 10.70
Liver dry matter (75) 73" 740 89° 94 3.60
Kidaey dry malter (4) 67 84 73 13 y 4 10
Muscle dry matter (b} 48" 54D 39" 43¢ 150

! Figures with the same superseript are not signiicantly different (P 0.05).

2 Standar brror.

seemn to have been responding in any direction to
cassava feeding. The shortest pigs on 15% €M
dressed well while the longest pigs on 30% CM
dressed poorest,

Tissue weights and dry matter

The percentage dry matter in liver and muscle was
significantly influenced by the treatment. Forty-five
percent CM diet produced greater dry matter in the
liver than all other treatments Thirty percent CM
diet resulted in very low liver dry matter in pigs.
Muscle dry matter was highest with 154 CM while
30% CM had the lowest {Table 5)}. Fresh tissue
weights were not signifcantly (P > 0.03) different
and did not follow any tread. Kidney dry matter
was higher in pigs on CM diets but differences were
not significant (P> 0.05 }.

Discussion

The results of this study confirm that cassava meal
is an acceptable energy source for pigs from weaning
to slaughter. Kok and Robeiro (9) obtained
consistently faster rate of gain, higher feed efficiency
and lower feed cost per kilogram liveweight gain
when cassava meal was fed. On the contrary, Aina,
Stratman and Tompkins {2) and Peixoto (14)
observed depressed rate of gain and lower feed
efficiency whenever cassava meal was fed. This could
be due to the method of feeding used in these studies
where cassava meal was offered separately while other
feed ingredients were mixed and offered as a
complete supplement with the result that treatment
groups differed significantly in protein intake
although dry matier intakes were similar. Apprently,
pigs ate to satisfy their appetites but the great dif-
ferences in nutrient content between cassava and

maize diets resulted in different rates ol gain and
efficiency.

The results of various growing phases show an
increasing level ol performance with decreasing
CM. In this study, 45% CM diet promoted the fastest
rates of gain and lowest feed/gain ratio in the early
stages of growth but in the second phase, 30% CM
promoted better growth and feed efficiency than
either 45% or 15%CM. Finishing pigs on 15%CM diet
showed the fastest rate of gain. This supgests that
15% may be the best level of cassava meal substitu-
tion for finishing pigs as it also induced a high dress-
ing percent, low backfat and farge foin eye area -

Thirty percent CM, although the most efficiently
converled to gain in the finishing period, appeared
inferior to 157 CM diet in carcass quality, liver and
muscle dry matter. Fifteen percent CM produced high
dry matter content in tissues, especially muscle. This
could mean that more meat than fat was deposited
when this level of cassava meal was fed during the
finishing phase. In peneral, il is interesting to note
that well balanced composite cassava meal rations
appear similar to maize diets in promoting growth.
As growth progresses, it may be advisable to decrease
the level of cassava meal incorporated into the diet
for better growth and carcass quality.

The results of this study indicate a reduction in
the ability of pigs to utilize high levels of cassava
meal with ape; but could not demonstrate the
superiority of cassava diets over maize dicts due to
the differing levels of fish meal in the rations.

Abstract

Casstva meal (CM), prepared from raw cassava
flakes by sun drying and grinding, was included in

Turriniba Vol 32, No. 2, 982, pp. 131136
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balanced rations for growing-finishing pigs at 0%,
15%, 30% and 45% levels, 0.05% DI methionine
was incorporated into all rations which were {ed to
pigs from 8.7 kg liveweight till slaughter. The 30% CM
diet promoted fastest rate of gain. All the diets
containing cassava meal induced faster growth than
the corn diets, but they contained higher levels of
fish meal. Carcass and organ measuremnents were
not significantly influenced by dietary cassava. The
45% CM diet resuited in leaner carcasses. Growing
pigs utilized rations with higher levels of cassava meal
more efficiently while finishing pigs made better
gains on diets containing lower levels of cassava meal.
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INFLUENCIA DEL MANEJO DE DOS SUELOS
DEL TROPICO HUMEDO SOBRE SUS PROPIEDADES QUIMICAS! */

ROBERTO SERPA V ¥
ELEMER BORNEMISZ 4 %*

An Inceptisol and an Ultisol were studied in the greenhouse after previous

exposure to liigh or low intensity of cultivation

The Ulnisol is more responsive to similar management practices than the
Inceptisol, as it becomes more acid under the influence of cultivation und loses more

Ca, Mgand K

The extraction of Ca, Mg and K was studied, using tomato as the test plan,
when tiree levels of liming (05, 150% and 300% of acidiny present) were applied

Greater changes were found in the Ultisol than in the Inceptisol, due to the
fower CEC of the former soil. In order to neutralize 95%of the acidity, three times the
theoretical level of lime was needed An appreciable residual effect of the lime was
found, as well as a rapid reduction of the level of cations It was concluded that these
soils can quickly lose theiv original fertility if they are intensively farmed

Introduccion

racterizada por un aumento en el uso intensivo

de suelos a consecuencia de la introduccion de
cultivares con alta capacidad de extraccion de nutri-
mentos (14, 33).

L a agricultura de las ultimas décadas ha sido ca-

1 Recibide para publicacion el 2 de octubre de 1981

* Trabajo que incluye parte de la tesis de macestria del pri-
mer autor y que recibio apoyo del Conscjo Nacional de
Investipaciones Cientificas de Costa Rica

** Lstudiante de posgrado y profesor, Programa de Posgrado
Universidad de Costa Rica — Centro Agrondmico Tropi-
cal para Investigacidn y  Engefianza, Turriaiba, Costa
Rica, Direccion actuaf del primer autor: Conjunte Resi-
dencial Lara, Edif Crespon Apt 34, Patarata [, Barqui-
simeto, Edo. Lara, Venezucta

Hart (14} y Sénchez (21) afirman que las salidas de
nutrimentos de un sistema de cultivo dependerin de
las caracteristicas del cuitivo y el plan de manejo del
mismo en el tiempo y en el espacio, asf como de Ias
propiedades del suelo y manejo.

Varios autores (4, 7) coinciden en considerar el
incremento de la acidez como una consecuencia de
la pérdida de nutrimentos en los suelos. Fassbender
(12} indica que el reemplazo paulatino de bases cann-
biables de los suelos de las dreas tropicales conduce
de manera especial a una acidificacién progresiva de
los suelos.

Cuando los suelos pierden cantidades apreciables
de nutrimentos por las altas remociones por parte
de los cultivos, llegard un momento en que puedan
producirse deficiencias si se considera el nivel original
de fertilidad de ese suelo y se utiliza como componen-
te de un paquete tecnoldgico la utilizacién de encala-
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dos mal dosificados que puedan cambiar las condicio-
nes en las cuales se encuentran las pequefias cantida-
des de nutrimentos,

Se planificd un experimento de invernadero cuyo
objetivo general fue determinar los efectos del tipo
de manejo y alta presion de cuitivos a que fueron
sometidos dos suelos, sobre el comportamiento del
calcio, magnesio y potasio y el pH y observar los efec-
tos del encalado como factor de manejo.

Materiales y métodos
Suelos

Se utilizaron horizontes superficiales de dos suelos;
uno proveniente del sector de ganaderia del CATIE,
caracterizade y descrito por Aguirre (2) como un
Inceptisol perteneciente a la serie Colorado y el otro
proveniente de las Juntas de Pacuare en San Isidro de
Ei General, clasificados por Pérez y Alvarado (19)
coma Ultisol.

En ambos suelos se distinguieren claramente dos
tipos de manejo; uno el que fue realizado por el agri-
cultor y otro en el que el CATIE probd Ia tecnologia
de sistemas de cultivos y que se basa en un aprove-
chamiento intensivo del espacio v el tiempo con dife-
rentes tipos de cultivos.

El suelo del sector de ganaderia del CATIE (Suelo
i) en su sistema de manejo tradicional {(manejo 1) se
caracterizé por haber sido manejado en forma de po-
trero con fertilizaciones de 100 kg/ha de N, mientras
que al sector con sistemas de cultivos intensivos (ma-
nejo 2) durante los afios 1977 y 1978 fueron dedi-
cados a potreros con una fertilizacion de 100 kp/ha
de N y al comenzar a ser sometidos a un manejo con
sistemas de cultivos en 1979, se le hizo en la primera
siembra uma aplicacidn de 300 kgfha de férmula
fertilizante 12.24-12 y 4000 kg/ha de CaC0,. En
la siembra postrera se le adicionaron 4000 kg/ha de
CaCO, y 250 kg/ha de formula 12-24-12.

El manejo tradicional (manejo 1) del suelo del sec-
tor de las Juntas de Pacuare en San Isidro de El Gene-
ral (Suelos 2) consistia en un tipo de potrero sin reci-
bir ningiin tipo de fertilizantes, mientras que el suelo
con el manejo de cultivos intensivos (manejo 2) so-
portd una extraccion con diferentes esquemas de cul-
tivos multiples y durante el afio de 1977, Se aplicod
una dosis bdsica de fertilizantes en la primera siembra,
constituida por 60 kgfha de N, 61 kg/ha de P, 04,
51 kg/ha de K, 0, 5 kg/ha de MgO, 0,4 kgfhade By
2258 kg/ha de CaCO5 y solo 70 kgfha de Nen la
segunda época de siembra. En el afio 1978 los arre-

glos de cultivos recibieron dos tipos de dosis de ferti-
lizantes; una alta constituida por 131 kg/ha de N,
233 kg/ha de P04, 111 kglha de K, 0, 24 kglha
de Mg, 77 kg/ha de S y 2200 kg/ha CaCO, vy una
dosis considerada normal constituida por 117 kgfha
de N, 140 kgfha de P,04, 71 kgfha de K,0
0.96 kg/ha de S y 2200 kg/ha de CaCO, .

Métodos de andlisis de suelos

A los suelos, se les determind el pH, la acidez inter-
cambiable, calcio, magnesio y potasio segiin la meto-
dologia descrita por Diaz-Romeu y Hunter (10)
El andlisis granulométrico se realizé por el método de
Bouyoucos, modificado por Hardy y Bazdn (13).

Métodos de invernadero

Una vez que los suelos [ueron secados al aire y
tamizados se les realizaron las pruebas necesarias
para la diagnosis y cuantificacidén de los problemas
de fertilidad, segin la metodologia propuests por
Diaz-Romeu y Hunter (10).

Las necesidades de encalado se determinaron ba-
sindose en el método de neutralizacion de la acidez
intercambiabie extrajda con sal neutra, neutralizin-
dose ¢l 0.150 y 300% del contenido de la acidez inter-
cambiable con aplicaciones de CaCQO5 (10). En vista
de que algunos suelos con tratamientos de 150% y
300% de neutralizacidn ocasionaban un desbalance
de la relacion Ca/Mg, fue necesario adicionarle
MgSO, a una dosis bdsica de 3 meqg/100 ml de
suelo

Como planta indicadora se usé tomate variedad
“Indian River”, sembrindose 10 semillas en reci-
pientes de 1000 ml. Una vez germinadas se raled
dejando 5 plantas por recipiente. La cosecha se
realizd 2 los 45 dias de sembradas,

Analisis foliares

Una vez que las plantas habian alcanzado su ma-
durez fisiologica se cosechd el material vegetal. Las
muestras fueron secadas en estufa con aire forzado,
Para la cuantificacidn de la extraccién de nutri-
mentos por parie de la planta se sometieron a diges-
tion nitrico-perclorica segin el método descrito
por Johnson y Ulrich (15),
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Métodos estadisticos

Los pardmetros estudiados: suelos, tipo de manejo,
niveles de neutralizacion de acidez, y aplicacién de
nutrimentos menores fueron distribuidos en un ex-
perimento de bloques al azar con un arreglo factorial
de parcelas subdivididas, siendo el modelo matemdti-
co Xijlkl=M +8+C+SC+M+8M+CM+SCM
+ Z 4+ Z8 4+ ZC + SMC + ZSCM corriéndose un mo-
delo de correlacion muiltiple.

Resultados y discusién
Suelos

Las caracteristicas quimicas y {isicas de los suelos,
antes de iniciar el experimento se presentan en el
Cuadro 1. Se nota que las caracteristicas en acidez,
pH y contenidos de bases indican un proceso de me-
teorizacidn avanzada y pérdidas de nutrimentos asi
como baja fertilidad segin lo sugieren varios autores
(4, 6, 12). EI nivel de manejo 2 de ambos suclos,
que poseen valores superiores de materia orgdnica,
calcio, potasio y magnesio, reflejan el efecto de las
aplicaciones de fertilizantes y cal en el pasado, asf
como el manejo de la materia orgdnica.

pH

El pH presentd diferencias significativas entre ma-
nejos dentro de cada suelo. En la Figura T se presenta
la variacidon del pH en cada uno de los tipos de ma-
nejo de suelo. Se observa que el manejo 1 del suelo 1
tenia una diferencia de 0.6 unidades de pH con res-
pecto al tipo de manejo 2, Ia que se mantiene después
de la prueba bioldgica pero se observa una disminu-
cion similar para el pH para ambos tipos de manejo.
Para ef suelo 2 se notd un comportamiento opuesto,
incrementdndose los valores de pH para ambos tipos
de manejo en relacidn con los valores antes del ex-
perimento, pero siempre se mantiene la diferencia
entre manejos.

La neutralizacidn de la acidez intercambiable
tuvo un efecto positive, altamente significativo
sobre los valores de pll en cada suelo, lo que se
ilustra en la Figura 2. Se aprecia que el pH se incre-
menta conforme se incrementa el nivel de neutra-
lizacién. El incremento mds pequefio se observd
para el tipo de munejo 2 del suelo I, quizds por
efecto de las cantidades de CaCO, mds reducidos apli-
cadas en funcidn de su menor contenido de acidez
intercambiable que produce solamente pequefios
incrementos en el pH, segin lo indican Serpa v
Gonzilez (22), y Pearson (18). La variacién en el

Cuadro }.  Algunas caracieristicas quimicas y fisicas de los suelos del Seetor de Ganaderia del CATIE (1) y las Juntas de Pacuare (2).

Suelo Suelo 2
CARACTERISTICA Manejo Manejo con Maneio Manejo con
tradicional Sistema tradicional Sistema
pH H,D 49 55 49 48
pH K1 43 50 4.2 43
MO% 74 6.1 39 46
Ca (meg/100 mD 13 638 16 25
Mg (meq/ 100 mb) 951 050 0.66 100
K {meq/1G0 ml} 019 023 025 G3
Acidez {meq/ 100 ml) 32 07 74 37
Al (meg/E00 mi) 19 0.6 57 36
P {mg/m}) 94 a0 55 i3
Cu {(mg/ml) 4G 210 45 75
Zn {mg/ml) 25 39 2.7 4.7
Mn (mg/ml) 100.6 70.0 116.0 121 0
Fe (mgfml) 140.0 {180 1000 4100
Sat. Bases 96 185 9] 4 254 507
Arena P 300 250 40 190
Limo % 196 23.0 220 230
Arcilla Yo 510 520 540 580
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TM, = Manejo 1 antes experimento

M, = Manejo 1
M, = Manejo 2

TM, = Manejo 2 antes experimento

Suelo 1

Fig 3 Variadiones dod pHosegun o tipo de mancio os vada
sticle

pH es explicado significativamente (R = 0.79) por
efecto del tipo de manejo y por efecto de los niveles
de neutralizacion siendo fa funcion de pH:

pH = 3586 + 0220X; + 0478X, R=0.76

Donde: X; = tipo de manejo y X, = Nivel de
neutralizacion y de la cual se desprende que confor-
me se incrementen las cantidades de cal aplicadas,
se producirdn incrementos en el pH como lo indi-
can varios autores (6, 7, 9, 11} indistintamente
del tipo de manejo. Sin embargo, se nota que si los
suclos son explotados como el tipo de manejo inten-
sivo, con tecnologia del CATIE, el encalado tendrd
mayor efecto en elevar el pll.

Acidez intercambiable
Se encontrd diferenctas altamente significativas

en la acidez intercambiable entre tipos de manejo
de suelo en relacion a los niveles de neutralizacidn

(Figura 3). Hubo una depresion generzl de la acidez
en cada tipo de mancjo de suelo conforme se fueron
incrementando los niveles de encalado, siendo el efec-
to mds pronunciado en los tipos de mancjo i de am-
bos suelos que en los tipos de manejo 2, posiblemente
como una consccuencia de las cantidades iniciales
de acidez intercambiable que origina fuertes aplica-
ciones de cal en los tipos de manejo 1. Ademds se
observa que en el maximo nivel de neutraiizacion para
ambos suelog v manejo, ya se habia neutralizado
aproximadamente un 95% de la acidez intercambiable
a pesar de que las cantidades de cal aplicadas en los
manejos de los suelos fueron muy diferentes.

Se enconird correlacion negativa significativa entre
fa acidez intercambiable y los fipos de manejo, nive-
les de encalado, contenidos de calcio y magnesio y
el pH, los cuales son factores cuyo incremento estd
asocindo a una disminucidn en la acidez segdn lo
indican Bornemisza (6) y Coleman, et af (8}

Al correr el modelo de regresion multiple se encon-
tré que It acidez es explicada significativamente
(R = 0.78) por el tipo de suelo, el tipe de manejo y
los niveles de neutralizacion de acidez siendo la fun-
clon:

Acidez (meg/i00 ml) = 3845 + 074X, —
0 984X, — 1 198X,

donde: X, = tipo de suelo; X; = tipo de mangjo y
X, = niveles de neutralizacion

Al analizar la funcion se observa que la acidez in-
tercambiable serd afectada negativamente por el tipo
de manejo especifico del que se trate y alin mis si se
acompafian de aplicaciones de cal y fertilizantes, coin-
cidiendo estos resuitados con los indicados por nume-
rosos autores (2, 5, 10, 11, 14, 15, 18).

Calcio

El galcio varid significativamente enfre manejos
dentro de cada suelo, lo que se podri explicar tanto
por los contenidos de calcio inicial como por las apli-
caciones diferenciales de calcio para cada tipo de ma-
nejo, encontrindose mds calcio en aguel tipo de ma-
nejo en que el contenide y aplicacién de este ele-
mento fue mds elevado. Autores como Serpa y Gon-
zdlez (22). Pearson (18) vy Breland (7} coinciden
con estas observaciones.

Al comparar los contenidos de calcio intercambia-
ble en los manejos de los suelos con respecto a los
valores iniciales (calcio inicial + calcio agregado), se
observa en la Figura 4 que excepto en el manejo 2
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del suelo 1, el calcio intercambiable extraido fue me-
nor que las que tedricamente deberian haberse encon-
trado. Se cree que esta diferencia pudo ser debida a
la extraccion de la planta durante {a prueba bioldgica,
similar a la encontrada por Jiménez (16) v generaliza-
da por Sdnchez (21). La tendencia general en la ex-
traccion de calcio por fa planta (Figura 5) fue que en
aquel tipo de manejo de suelo en donde ef calcio fue
mayor, hubo mayor extraccidn de calcio por la plan-
ta, fo que resultd en una correlacién positiva v signi-
ficativa entre el contenido de calcio del suelo y las
cantidades extrardas de este elemento.

Las cantidades de calcio intercambiable en ambos
tipos de manejo se incrementan conforme se incre-
mentan las cantidades de cal aplicadas segin los nive-
les de neutralizacién (Figura 6). Resuitados similares
han sido indicados por Serpa y Gonzdlez (22),
Pearson (18} y Bornemisza (6), quienes a pesar de
no haber considerado el factor manejo comao variable,
han encontrado la misma tendencia general.

Se guarda poca relacion entre el comportamiento
del calcio en el suelo y lo extraido por la planta (Fi-

gura 7) en funcién de los niveles de encalado en cada
tipo de manejo, a pesar de que se encontrd correla-
cidn (R = { 47) entre e] calcio extraido vy los niveles
de neutralizaciones. Este comportamiento puede
explicarse por un efecto antagénico potasio-calcio
(R* = 0.74) que pudo afectar la extraccién de calcio
por fa planta. Resultados similares fueron obtenidos
por Bornemisza (5) y Pearson (18).

Al correr el modelo de regresion multiple se encon-
tré que el contenido de calcio intercambiable se expli-
ca en alto prado en funcién de las cantidades de cal
aplicadas (R = 0.74). Se not6 también que el calcio
extraido por la planta es explicado negativamente
por el tipo de suelo y positivamente por las canti-
dades de cal aplicadas segtin las funciones siguientes:

Ca (meq/100ml} = 0.239 + 3 489X,
Ca extraido (mp/planta) = 0452 — (308X, +
0 328X,;

en donde: X, = tipo de suelo y X, = niveles de neu-
tralizacion,
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Fig 3 Dlecto de los niveies de neutralizacion sebre la acidez intercaombiable pasi tos tipos de mancjo de suclos

Se observa que el caleio en el suelo y su extraccién
por la planta aumenta conforme se incrementan los
miveles de encalado, lo que es consecuente con los
resultados registrados por numerosos autores (1, 3,
7, 8, 18, 22); mientras que la extraccién por parte
de 1a planta fue afectada por el tipe de suelo, lo que
puede explicar el comportamiento del calcio extraido
en los diferentes tipos de manejo, ya que como con-
cluye Pearson (18} en upa recopilacién varios auto-
res, la respuesta de ia planta al encalado dependerd
de las caracteristicas quimicas y mineralogicas de
cada suelo.

Magnesio

En la Figura 8 se observa el comportamiento del
magnesio intercambiable en relacién a los niveles
de manejo. Se observaron mayores contenidos para
el manejo 2, pero al comparar ambos tipos de manejo
se nota que lag cantidades encontradas fueron inferio-
res a los valores originales de magnesio (nativo + apli-
cado). Aunque estos resultados podrian conducir a

pensar que pudo deberse a una fijacidén del magnesio,
similar a la descrita por Black (4), la constitucion
mineraldgica de los suelos estudiados indica que es
poco probable. Se considera que se trata de un
efecto de extraccidn por la planta indicadora que ori-
gina una disminucién notable en el contenido de mag-
nesio, segin lo sugieren Jiménez (16} y Sinchez (21)
y segin lo refleja fa correlacion positiva entre el mag-
nesio intercambiable, el magnesio extraido por la
planta (R = 0.62) y la produccién de materia seca
{R; = 0.90). El comportamiento del magnesio en re-
lacidn a los niveles de neutralizacidn, presenta la ten-
dencia a aumentar conforme se incrementan los
niveles de encalado en cada tipo de manejo, excepto
en el manejo 2 del suelo 1 (Figura 9). Varios autores
entre los que se cuentan Martini (17) y Breland (7)
han inforntado que uno de los efectos beneficiosos
del encalado estd ef de incrementar el nivel de magne-
sio intercambiable.

El magnesio intercambiable es explicado significa-
tivamente (R = 0.685) por efecto del tipo de suelo,
el tipo de manejo y las cantidades de cal aplicadas,
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Fig 4. Variavién del calelo seglin el tipe de mancjo en cada
suelo

mientras que el magnesio extraido por la planta, por
los niveles de cal aplicadas, segin las siguientes fun-
ciones:

Mg (meq/100 mi) = 0.789 — 0.323X, +0.411X,
+0.753X,

Mg (mg/planta) = 0.0426 + 0 0823X,

L.os simbolos X,, X5 v X, tienen el mismo signi-
ficado ya descrito.
Potasio

El contenido de potasio intercambiable fue dife-
rente tanfo para los suelos estudiados como para los

manejos en cada suelo. Se aprecia en fa Figura 10 que
los valores de potasio encontrados después de la

Ca
extraido g/planta

Suelas

Fig. 5. Variacion del calele extraide por la planta de acuer-
do 1] tipo de mancjo para cada suelo.

prueba bioldgica, fueron sustancialmente inferiores
a las cantidades de potasio iniciales (potasio nativo +
potasio adicionado) en ambos tipos de manejo de
suelos, hecho que puede ser atribuido a la extraccion
de potasio por la planta indicadora (Figura 11). Re-
sultados similares fueron encontrados por Bornemisza
(5) en suelos aluviales de Costa Rica y por varios
autores (16, 21) en oiras condiciones,

El potasic intercambiable se redujo fuertemente
por efecto de las aplicaciones de cal, siendo el efecto
mds pronunciado en el nivel de 150% de neutraliza-
cidn, lo que se aprecia en la Figura 12. Estos resulta-
dos concuerdan con los observades por alpunos au-
tores (18, 20).

Al contrario del potasio del suelo, la extraccién
de potasio por la plania indicadora en relacién 2 los
niveles de neutralizacion (Figura 13), presenta un
comportamiento diferente parz cada tipo de manejo.
Mientras en los tipos de manejo 2 la extraccién de
potasio conforme se incrementaron los niveles de
neutralizacidn de acidez fue relativamente constante,
ent el tipo de manejo 1 hubo un aumento en la extrac-
cidn de potasio hasta el nivel de 150% de neutraliza-
cidn de acidez a partir del cual disminuye la extrac-
cion, siendo este hecho explicado coma un posible
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efecto de desbalances nutricionales principalmente
per un efecto antagénico entre el calcio y el potasio.
Este se refleja en la correlacion negativa significativa
(R* = 0.56) entre los contenidos de potasio y calcio
en ¢l suelo v 1a correlacidn negativa (R* = Q. 77) entre
el contenido de potasio y la produccién de materia
seca.

El potasio intercambiable es explicado positiva-
mente por el tipo de manejo de suelos mientras que es
afectado negativamente por los niveles de neutrali-
zacion de acidez (R = 0,57). E] potasio extraido por
la planta es explicado negativamente por ¢l tipo de
suelo vy positivamente por los niveles de encalado de
acuerdo a las siguientes funciones:

K (meq/100 ml) = 0.443 — 0.098X, — 0.081X,
K (mg/planta) = 1359 — 0.708X, + 0.505X,

Aqui de nuevo X, y X, tienen los significados an-
teriores
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Conclusiones .
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El manejo similar influye en mayor grado en Ulti-
soles que en Inceptisoles; el primero se acidifica mds
bajo la influencia del manejo y pierde con mds inten-
sidad Ca, Mg y K. 2.0 4
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El encalado tiene un efecto similar sobre ambos
suelos v resulta en un aumento de pH y del conte-
nido de calcio y magnesio. Se observé un apreciable
efecto residual de encalados previos, especialmente
para el ultisol con menor CIC,

Al nivel de 300% de neutralizacion se observa una
neutralizacion pricticamente completa de {a acidez.

Se detectd también una extraccidn intensiva de
los cationes mayores, proporcional a su contenido
y conducente a una reduccién ripida de nutrimen-
tos en casos de cultivo intensivo.

Resumen

Se estudiaron en el invernadero un Inceptisol y un
Ultisol, que habian sido sometido previamente a in-
tensidades altas o bajas de cuitivo.

Un manejo similar influye un mayor grado en Ulti-
soles que en Inceptisoles; ef primero se acidifica mas
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bajo la influencia del manejo y pierde con mds inten-
sidad Ca, Mg, K.

tsando tomate como planta indicadora v tres ni-
veles de encalado (0.150 y 300% de Ia acidez pre-
sente) se estudid la extraccion de los nutrimentos
Ca, Mg y K en estas condiciones.

Se observaron mayores cambios en el Ultisol,
de menor CIC, que en el Inceptisel. Para alcanzar
un 95% de neutralizacién de la acidez se necesitd
tres veces la cantidad tedricamente necesaria de cal.
Se detectd un efecto residual apreciable de fa cal y
una rdpida reduccidn de los niveles de cationes de
donde se concluye que estos suelos pueden perder
rdpidamente su fertilidad original si son explotados
intensamente.
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ESTUDO COMPARATIVO DE CULTIVARES DE REPOLHO (Brassica oleracea L. var.
capitata L.) COM VISTAS A PRODUCAO DE CHUCRUTE: CARBOIDRATOS SOLUVEIS,

ACIDEZ TOTAL, pH E TEMPO DE FERMENTACAQ! /
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Abstract

In a comparative sty of twentv-three cabbage cultivars, regarding sauerkraut
production under natwral fermentative process, contents of soluble carbohydrates,
totel acidity as lactic acid, pH and fermentation time were determined

Through the results, it was verified that the levels of soluble carboliydrates
varied as following: a) cabbage: fresh matter — 1 93% to 3.88% (mean of 2.65), dry
matter — 19.33% to 48.38% (mean of 33.57% ), b] sauerkraut. fresh matter -
0.02% to 0.33% (mean of 0.11%]}, dry matter 0.25% to 3.03% (mean of 1.22% ), ¢}
brine: 0.05% to 0.44% (mean of 0.18% ). The total acidity ranged from 0.99% to
1.74% {mean of 1.32% ), the pH from 3.60 to 4.00 (mean of 3 98), and the fermenta-
tton time corresponded to a period of 30.00 to 34.00 days (mean of 32,26 days].

It was also verified with the results, that the manufactured sauerkrauts with all
the cabbage cultivars were feasible to undergo  lactic acid fermentation, regarding

sauerkraut production.

Introdugio

vagao de hortaligas € um processo amplamente
utilizado na Luropa e nos Estados Unidos, sen-
do o chucrute um desses produtos, que tem grande

0 emprego da fermentagao Idtica para a preser-

1 Recebido para publicagie ¢f 3 de novembro de 1980
Projoto finunciado peia Fundacifo de Amparo & Pesquisa
do Estado de S&o Pavlo (FAPESP). Se agradece 1 Funda-
¢io de Amparo i Pesquisa do Estade de Sho Paulo
(FAPESP), pelo auxilio financiero prestado na elabora-
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significado econdmico. No Brasil, a fermentagio
litica pode ser empregada como um processo de con-
servagao de hortaligas, ¢ a produgdo de chucrute
pode ser incrementada para o consumo interno e
para exportagdo

A fermentagio de hortaligas de um modo geral
e particularmente do repolho, ¢ influenciada por
fatores de natureza regional, pela quantidade de sal
e pela temperatura (14). O emprego de diferentes
cultivares de repolho resulta também na produgdo
de chucrute com caracteristicas diferentes (7, 8, 12).

O teor de acticar nas hortalicas determinz a acidez
final dos produtos fermentados, enquanto que a
quantidade de sal e a femperatura condicicnam o
ritmo de aumento dessa acidez e os tipos de bacté-
riags que toman parte na fermentagio (2, 3, 4, 5, 11,
13).

Considerando-se a escassez de pesquisas per-
tinentes ao assunto em nosso pais, objetivou-se
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no presente trabalho determinar os teores de carboi-
dratos soltveis, acidez total, pH e tempo de fermenta-
¢do, em um estudo com diferentes cultivares de
repolho, com vistas & produgio de chucrute através
do processo fermentativo natural

Materizl e métodos
Matéria prima

Como matéria prima para o preparo do chucrute,
utilizou-se do repolho (Brassica oleracea var. capitata
1..) fornecido pelo Departamento de Horticultura da
Faculdade de Ciéncias Agrondmicas do “Campus” de
Botucatu ¢ produzido na Fazenda Experimental
“Sio Manoel”, situada no municipio de Sfo Manoel,
S P. . As cultivares estudadas foram: Ishii-742,
Akioo, Takahara-¥R, Ei-Yu, Ishii-733, Kagayaki,
Fuyusuruga, Guinshu-¥R nY 1, Todoroki, 146 ou
Matsuri, 55 % 234 ou Hibrido entre linhagens de
Louco, Alvorada, Ishii-722, Subarashi, Chusei, To-
yohikari ou Ishii-655, Bansei, “shii-745, Guinshu
“YR n® 2, Ginga, Toyohikari n? 2, Louquinho e
Matsukase. O repolho foi colhido quando as “cabe-
¢as” se encontravam no seu miximo desenvolvimento
e bem solidas; assim-sendo, o desenvolvimento fisio-
logico fol o0 mesmo.

Fermentagfes

As fermentacGes com as diferentes cuitivares,
foram preparadas pelo método de salga a seco,
empregando — se sal refinado comercial, segundo
metodologia adotada por Goldoni (5). A fermenta-
¢do das amostras das 23 cultivares foi realizada
concomitantemente. A preparacio e seu acondiciona-
mento nas cubas de fermentagio, foi feita toda de
wma vez, em um Gnico dia de trabalho. A fermenta-
¢do foi realizada 4 temperatura ambiente (7}, em
condigGes idénticas para todas as cultivares. A tem-
peratura média registrada em termo-higrografo foi
19 8°C. Para cada cultivar de repolho empregou-se
10 kg de material devidamente preparado. A média
do tempo de fermentagdo é 32 .26 dias, e mais conve-
niente 32 dias.

Andlises quimicas e fisico quimicas

Acidez e pH: No decorrer e no final do processo
fermentativo, foram retiradas amostras de salmoura
para determinagdo do pH e da acidez total. A acidez
foi determinada através da titulagio com soluggo de
NaOH 0.1 N, expressando-se os resultados em por-
centagem de dcido ldtico. Para a determinagio do pH,

empregou-se wm potencidomentro medidor de pH com
eletrodo de vidro, marca Comning, modelo 7.

(s valores encontrados nessas andlises, bem como
o controle visual do aspéeto das fermentagdes, servi-
ram para avaliar o final do processo fermentativo (5).

Carboidratos soliiveis: Amostras da matéria prima,
dos chucrutes produzidos e das respectivas salmouras
foram retiradas para a determinagio de carboidratos
soliveis. Fssas, foram classificadas (6), colocadas em
vidros hermeticamente fechados ¢ guardados em
congelador 4 temperatura de --20°C, segundo indica-
¢do de Goldoni (5) Posteriormente foram efetuadas
as determinacgoes dos teores de carboidratos solQveis,
pelo método descrito por Johnson ef af. (9), utilizan-
do-s¢ o espectrofotdmetro marca Coleman Junior II,
modeio 6135

Resultados e discussio
Carboidratos sohivels

Os resultados das determinacOes de carboidratos
soliiveis para as diferentes cultivares de repolho, para
os chucrutes e respectivas salmouras, sio apresentados
ne Quadro 1. Através dos dados contidos no mesmao,
verifica-se que as variagSes encontradas para o teor
de carboidratos soldveis foram: a) repolho: matéria
fresca — 1.93% a 3.88% {média de 2.65), matéria
seca — 19.33% a 48.38% (média de 33.57%); b)
chucrute: matéria fresca — 0.02% a 0.33% (média
de 0.119), matérica seca ~ 0.25% a 3.03%(média
de 1.22%); e c)salmoura: 0.05% a 044% (média
de 0.18%).

Sobre a determinagdo de carboidratos soliveis nas
diferentes cultivares de repotho, os valores encontra-
dos neste trabalho (Quadro 1), tiveram uma grande va-
riagio, variacio essa também encontrada por diversos
pesquisadores. Assim, Peterson ef al (16), analisaram
19 jotes de repolho e encontraram em média,
3.38% de agucar total; Pederson e Albury (15), veri-
ficaram que o teor de aglicar no repolho variava entre
2.9 a 8.7%; Gangopadhyay e Mukherjee (4), encon-
traram 3.4% de aglicar total; Matthews e Bates (12),
verificaram que nas variedades de repolho King Cole,
Market Prize, Green Boy e Little Rock, os teores de
acdcar totais variaram entre 2.46 a 3.46% Frazier
(3), verificou que o teor de agdcar do repolho depen-
dia da variedade e encontrou valores de 29 a 6.4%.
Desrosier (2) cita o valor de 3.5%, enquanto que
Goldoni (5), encontrou o valor de 391% de carboi-
dratos soliiveis em variedade comercial; Stamer (17)
e Stamer et al. (18), verificaram que o conteido total
de carboidratos, aparenta estar relacionado com a
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Quadro 1. Porcentagens de carboidratos soliveis (matéria fresca e matéria seca) nas diferentes cultivares de repolho, chuerutes ¢ suas

respeetivas salmouras.

% Carhoidratos solivels totais

Cultivares Repolho Chucrute Salmoura Final
Mat. fresca Mat. seea Mai. fresca Mat. seca
Eshii--742 247 3768 .05 G.57 025
Akioo 247 37.05 .33 303 0.22
Takahara-YR 2.38 3032 .29 244 0.18
Ll-YU 266 3474 018 178 G.16
Ishii—733 1.98 30.88 0.08 i 08 Gl
Kagayaki 265 39.08 021 208 .36
Fuyusuruga 311 43.05 0.66 865 612
Guinsim~YR N 193 28.76 010 129 .04
Todoroki 106 30.75 068 094 405
146 Ou Matsuri 3.05 38.07 0.i0 1.19 012
55x 234 308 37.20 011 1.37 0.21
Alvorada 2.39 3283 002 0.25 0.14
Ishii—722 294 3504 (005 098 046
Subarashi 3.88 48 38 0.08 105 016
Chusei 356 44 34 0.07 095 009
Toyohikari 215 27.53 011 134 (44
Bunsei 243 28.15 (.13 1.47 0.22
ishii--745 247 19.33 G.12 116 0.24
Guinshu-YR N9 2 230 24 95 0.07 0.70 0.16
Ginga 2,90 3125 0.09 0.93 0.29
Toyohinkari N9 2 2165 13.00 010 110 025
Louquinko 258 31.27 0.08 .89 017
Matsukase 294 31.41 IRE 074 629
Média 265 3357 01l 122 018

variedade de repolho e, na matéria seca, encontraram
para 11 variedades comerciais, a variacio de 35.0 a
49.7% e para uma variedade considerada de pobre
fermentacio, valores compreendidos entre 51.5 a
52,4% de carboidratos totais. Como pode ser veri-
ficado no Quadro 1, e com base nos dados obtidos
na literatura, a maioriz das cultivares estudadas no
presente trabalho, apresentaram-se relativamente
pobre em carboldratos totais.

As observages sobre os teores de carboidratos
soliaveis no produto final, ou sejam, os chucrutes e
suas respectivas salmouras, conforme mostra o
Quadro 1, estio em concordincia com resultados do
trabalho de Goldoni (5), que estudando a evolugio
dos carboidratos soliveis no decorrer da fermentacio
Fitica, verificou ndo haver lixiviagio total para a
salmoura. Como pode ser verificado no Quadro 1,
esse fato ocorreu, com variagOes, para todas as culti-
vares estudadas no presente trabalho. Ainda, relativo
4 carboidratos, Jones et gl (10}, num estudo sdbre

fermentaciio de pepino, verificaram que uma grande
diferenga na concentragdo de agucar num determina-
do periodo da fermentacgho, teve pouco ou nenhum
efeito na acidez produzida, fato esse também obser-
vado no decorrer deste trabalho pois, se os dados
apresentados no Quadro 1, forem comparados aqueles
do Quadro 2, verifica-se nilo haver uma relagiio defi-
nida entre a acidez total e as concentragBes de carboi-
dratos no repolho, no chucrute ¢ na salmoura.

Acidez, pH e tempo de fermentacio

Os resultados obtidos para a acidez total expressa
em porcentagem de dcido litico, para os valores de
pH e tempo de fermentacdo, sio apreseniados no
Quadro 2.

Observando-se o5 dados contidos no referido

Quadro, pode-se verificar que as variages encontra-
das foram: a) acidez total — 0.99% a 1.74% (média
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Quadro 2. Acidez total, pH ¢ tempo de fermentagao dos chucruies elaborados com vinte e tres cultivares de repolho.

s Acider total Iempo de fermentacac
Cultivares (% de dcido litico) pH final P8 i)
fshii—-742 1.29 41 312
Akioa 174 41 a2
Takahara—-¥R 1.62 40 32
Ei-YU 1 68 4.0 32
[shii~733 1.00 39 32
Kagayari 147 36 EY
Fuyusurugs 1.42 4.0 34
Guinshu—YR N9 | 1.01 44 30
Todoroki 1.49 412 30
146 Ou Matsuri 1.34 4.4 30
55x 234 14l 43 30
Alvorada 100 412 30
ishii--722 0.99 39 32
Suburashi 1.05 31 32
Chusei 0.99 36 32
Toyohikari 129 18 32
Bansei t.41 4.1 34
Ishii~745 137 40 34
Guinshu—-YR N9 2 158 4.0 34
Ginga 1.34 38 34
Toyahikari N® 2 1.59 19 34
Louguinho 127 38 34
Matsukuse 1,30 38 34
Médin 132 368 32,26

de 1.32% ); b) pH — 3.60 a 440 (média 3.98); c)
tempo de fermentagio ~ 3000 a 34.00 dias (média
de 3226 dias). Esses resultados estfio de acordo com
a definicio de chucrute (1) e também concordam
com os valores observados nos trabalhos de Desrosier
(2); Frazier (3), Gangopadhyay e Mulhetjee (4), Gol-
doni (5), Lopez et al. {11), Matthews e Bates (12),
Nabors e Salunke (13), Pederson ¢ Albury (15) e
de Vorbeck et al (19); com as exce¢les de que, 0
tempo para ocorrer a cura é de 14 semanas (27)
e de 55 & 61 dias (13), enquanto no presente estudo,
o valor mdximo enconirado para ¢ tempo de fermen-
taclo foi 34 dias.

Conclusées

Qs resultados obtidos nas condiges do presente
trabalho possibilitaram concluir que:

a) Embora a maioria das cultivares de repolho apre-
sentassem teores relativamente baixo de carboi-
dratos soliveis, elas se comportaram adequada-
mente ao processo fermentativo natural, tendo-se
em vista 4 produgio de chucrute;

b) Nao houve lixiviagio total dos carboidratos soli-
veis do repolho paraa salmoura ¢ que nesta sempre
restou pequena quantidade sem sofrer agio dos
microrganismos agentes da fermentagao;

¢) Nio houve uma relagao definida entre a acidez
total e as concentragles de carboidratos no re-
polho, chucrute e salmoura,

Resurno

Num estudo comparativo de vinte e trés cultivares
de repotho com vistas 4 produgae de chucrute pelo
processo fermentativo natural, foram determinados:
teores de carboidratos soliiveis, acidez total, pH e
tempo de fermentacio.

Através dos resultados obtidos, verificou-se que as
variacdes encontradas para os teores de carboidratos
soltiveis foram: a) repolho: matérica fresca -
1.93% a 3.88% (média de 2.65%), matéria seca —
19.33% a 48 38% (média de 33.57%); b) chucrute:
matéria fresca — 0.02% a 0.33% {média de 0.11%},
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matéria seca — 0.25% a 3.03% (média de 1 22%);
c)salmoura: 0.05%a 044% (média de 0.18%) A
acidez fotal variow de 099% a 1.74% (média de
1.32%), o pH de 3.60 a 400 (média de 3.98), e 0
tempo de fermentagio correspondeu a um periodo
de 30.00 a 34.00 dias {média de 32.26 dias).

Pelos resultados obtidos na presente pesquisa,
verificou-se que os chucrutes elaborados com todas
as cultivares de repoltho sofreram fermentagdio ldtica
adequada, tendo-se em vista & produciio de chucrute.
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ANALISIS DE LA RELACION CLIMA~AGUA DE ALGUNOS CULTIVOS COMO APOYO
A LA CALENDARIZACION Y CUANTIFICACION DEL AGUA DE RIEGO!/

JUAN D VEGA*
FRANCISCO CANTU**

The determingtion of the scheduling and quantity of irrigation is a research
activity of great importance because of the intimate relationship between water and
production. This relationship varies as a function of the climate and crop in question

The purpose of this study was to determine the relationship between the evapo-
transpiration of different crops and the evaporation of a class A tank as an integrator
of climatological characteristics. For each crop under study, an analysis was made of
the dependence on the environment, differences between consumption patterns, and

the efficiency of evapotranspiration.

Introduceién

e acuerdo con la ecuacidn del balance de Ia
energia, el flujo de radiacion neta que incluye
radiaciones de longitudes de onda corta y larga
puede ser utilizada bdsicamente en a) intercambio de
calor dentro del perfil del suelo, b) transferencia de
calor sensible hacia o de la atmésfera y c) evapora-
cion del agua. Cuando hay agua en el suelo, ésta con-
trola la forma en que la energia solar neta es utilizada
(4). Por otra parte, si se comparan las resistencias al
flujo del agua en un sistema tanque de evaporacion-
atmosfera con el sistema suelo-planta atmésfera se
observard gue en este liimo caso la resistencia al flu-
jo es mayor; por lo tanto, asumiendo que no existe

1 Recibido para publicacion 17 de abril de 1981

* Investignder del Instiiuto Tecnoidgico v de Estudios Su-
periores de Monterrey.

**  Alumno de la carrera de Ing. Agrénomo en Produecion,

energia advectiva, Ia evapotranspiracion de un cultivo
es menor que la evaporacién de tanque por unidad de
energia radiante recibida (1,2).

Cada cultivar tiene caracteristicas propias de desa-
rrollo del drea foliar as{ como de la morfologia y arre-
glo de su sistema transpirante, por lo tanto, existe una
relacién entre evapotranspiracion y evaporacion pro-
pia para cada cultivo y fase de desarrollo del mismo,
relacion que combinada con el almacenamiento del
agua disponible puede utilizarse para programar rie-
gos eficientemente (1, 3).

Los problemas que se presentan en el uso del eva-
porimetro clase A son: a) el efecto del medio ambien-
te de la localidad como viento (magnitud y direccién)
y drea de proteccion verde alrededor del evaporime-
tro y b) efecto de la energia advectiva, es decir, tem-
peratura y humedad de la atmosfera que en ciertos
dias, debido al movimiento del viento producen resul-
tados que se desvian fuertemente de las medias obser-
vadas (1, 3).
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Materiales y métodos

Esta investigacion se llevé a cabo del 9 de marzo
de 1979 al 7 de julio de 1979, en el Campo Agricola
Experimental del Instituto Tecnoldgico y de Estudios
Superiores de Monterrey en Apodaca, N. L.

El suelo en el que se llevd a cabo el experimento,
almacena 14 cm/metro de agua disponible y se utili-
26 el criterio de regar cuando se hubiera consumido
entre el 60 y el 70% del agua disponible del estrato
explorado por las raices.

Los cultivares que se sometieron a estudio fueron:

1. Sorgo (Sorghum vuigare) var. Topaz

2. Maiz (Zea mays) NLVS-1 Enano

3. Maiz (Zea mays) NLVS-1

4. Girasol (Helianthus annuus) TECMON-1
5. Frijol (Phaseolus vulgaris) Delicias 71

La distribucién de las parcelas en el campo fue la
de bloques al azar con cuatro repeticiones; cada uni-
dad experimental consistié de 6 surcos de ancho por
5 m de largo y se cosecharon para evaluar rendimien-
to los dos surcos centrales. La decisién de regar se
tomé cuando al analizar la informacion de los mues-
treos gravimétricos de suelo indicara que ya se habia
evapotranspirado del 60-70% del agua Jisponible;

EtEo

0.8 4

0.6

0.4 4

0.2 4

0.0 T T T T T 1

Tiempo (dias)

Fig. 1. Area dentro de la cual estin comprendidos los dis-
tintos cocientes Et/Eo para los cultivares de maiz
normal, maiz enano, girasol, sorgo y frijol.

cuando esto ocurria se cuantificaba al mismo tiempo

la cantidad de agua perdida por evaporaciéon de un

tanque evaporimetro clase A. Con los datos de eva-

potranspiraciéon (Et) y evaporacion (Eo) se obtuvo
Et, segiin el cultivo fue avanzado en
Eo

el cociente C =

su ciclo de desarrollo. Al finalizar el experimento
se obtuvo también la eficiencia del uso del agua
para cada cultivar expresado en gramos de grano/kg
de agua evapotranspirada.

Resultados y discusion

En la Figura 1 se muestra el drea dentro de la cual
estan comprendidos los cocientes Et/Eo de todos los
cultivares que se estudiaron. En ningiin caso, la rela-
cion Et/Eo fue mayor que 1, indicando probable-
mente que-la ganancia de calor por adveccién no fue
de gran magnitud y no contribuyd en forma aprecia-
ble a la evapotranspiracion.

Las Figuras 2 a 6 se muestra la relacion Et/Eo para
sorgo, girasol, frijol, maiz enano y maiz normal. Si se
comparan los comportamientos de cada cultivar se
observard que, partiendo de una misma fecha de siem-
bra, todos presentan la méxima relacion Et/Eo entre
los 70 y los 80 dias de ciclo con excepcién del maiz

EtEo

0.6 -

0.2 o

0.0

J
0 29 40 60 80 100 120

Tiempo (dias)

Fig. 2. Relacion entre la edad de un cultivar de sorgo varie-
dac!'Topaz y el cociente evapotranspiracidon/evapo-
racion de agua libre.
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Et/Eo
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Fig. 3. Relacion entre la edad de un cultivar de girasol varie-
dad Tecmon 1 y el cociente evapotranspiracion/eva-
poracion de agua libre.

normal cuyo maximo cociente se obtuvo hasta los 95
dias del ciclo.

El sorgo (Figura 2) es el cultivo que mostr6é una

velocidad de transpiracién menor; el frijol y las dos

Et/Eo
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0.2 4
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Fig. 4. Relacion entre la edad de un cultivar de frijol varic-
dad Delicias y el cociente evapotranspiracion/eva-
poracion de agua libre.

Et/Eo

0.0 T T T T T |
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Fig. 5. Relacion entre la edad de un cultivar de maiz varie-
dad Nuevo Leon VS-1F y el cociente evapotrans-
piracidon/evaporacion de agua libre.

variedades de maiz presentan una velocidad de
transpiracién muy semejante hasta los 60 dias del
ciclo, de ahi en adelante es cuando se diferencian
entre si. Debido a una velocidad de crecimiento
mayor, el girasol (Figura 3) es el que muestra la

Et/Eo

0.0 T : T T T ]

0 20 a0 60 80 100 120
Tiempo (dias)
Fig. 6. Relacion entre la edad de un cultivar de maiz varie-

dad Nuevo Ledn VS—1 y el cociente evapotranspira-
cidon/evaporacion de agua libre.
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mayor velocidad de transpiracién, fue el cultivo
cuya relacion Et/Eo médxima fue la mayor compa-
rada con los otros cultivares y ademds, una vez obte-
nida la mdxima, es el cultivo que con mayor rapidez
deciina en su velocidad de transpiracion,

Dado que, los ciclos vegetativos de los cultivos
fue diferente, en el Cuadro 1 se muestra la relacidn
Et/Eo en funcién del porciento de desarrollo del
cultivo, de tal manera de hacer mds comparables los
resultados. Pricticamente desde el primer 20% del ci-
clo de desarrollo hay diferencia en los cocientes
Et/Eo de los cultivares; en el Cuadro 1 se muestra que
la diferencia entre los cocientes mdximos y minimos
es de 0 07 para el primer 209% de desarrollo de fos cul-
tivares, es que indica que el desarrollo del follaje no
es lo suficientemente significativo para diferenciarlos
y que la evaporacion del suelo es el fendmeno predo-
minante. La mdxima diferencia ocurre entre el 60 y
40% de desarrollo que coincide con la médxima pro-
duccion de follaje

La evapotranspiracién de cada variedad fue dife-
rente; la del frijol fue ta menor de todas (212 cm)
a pesar de que el cociente promedio Et/Eo no es el
menor, esto se debe a que el ciclo vegetativo del fri-
jol fue solamente de 95 dias. El girasol y el sorgo
presentan ¢l mismo valor de evapotranspiracion total,
el sorgo presenta un mayor ciclo vegetativo que el gi-

rasol y menor cociente Et/Eo lo que indica la habili-
dad del sorgo en utilizar menos agua por unidad de
tiempo. No hubo ninguna diferencia en &l compor-
tamiento de las dos variedades de majz y ademds
fueron los cuitivares que mds agua evapotranspira-
1011,

Conclusiones

Las conclusiones mds relevantes de este trabajo son
las siguientes: 1) el cultivar con menor cociente
Et/Eo fue el del sorgo; 2) no hubo diferencia entre
cultivares de maiz de distintas variedades; 3) el gira-
sof fue el cultivar cuyo cociente promedio Et/Eo fue
mayor y 4) la mdxima relacién Et/Eo ocurre entre el
60 y 80% dal ciclo de desarrolio de cada cultivar

Resumen

La calendarizacién y cuantificacién del riego es
una actividad de investigacién de gran importancia de-
bido a la intima relacién que existe entre agua y pro-
ducci6n; relacién que varia en funcidn del clima y
del cultivar en cuestion.

El objetivo del presente estudio fue el de deter-
minar la relacién que existe entre la evapotranspi-

Cuadro §, Cocientes Et/Eo de algunos cultivares, evapotranspiracion total, ciclo vegetativo y eficiencia de ia evapotranspiracion,

Paorciento de

Diferencia
entre el co-

desarrollo del Maiz Maiz ciente "“l“’i”
cultivo Sorgo Gigasol frrijol NLVS 1E NLVSH Promedio moy el ma-
ximo
020 G627 .27 0.26 033 033 029 0067
20--40 048 0.56 045 .59 0.58 0.53 014
4060 0.60 083 0.63 478 074 072 423
6080 0.59 992 070 G176 085 076 033
80100 0.44 158 060 053 0352 853 016
Promedio { 48 063 (.53 0.60 .60 057
Evapotranspi-
racion {cm) 354 25} 212 306 31.3
Ciclo vegeta-
tive {dias) 116 95 95 120 120
Eficiencis de Ta
Evapotransp.
gm/kg 1.67 063 039 1.96 128
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racion de diversos cultivares y la evaporacién de un
tanque clase A como integrador de las caracteristicas
climatolégicas. Para cada cultivar estudiado se analiza
su dependencia del medio ambiente, la diferencia en-
tre patrones d¢ consumo vy la eficiencia de Iz evapo-
transpiracién.
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OF COWPEA Rhizobium AND DIFFERENT COWPEA GROUP CULTIVARS!/

QLU ODEYEMI*

M. 0. FIFO*

A T ABIOLA®

Resumen

Diecisiete variedades de frijol de tipo Rhizobium isoladas de varias legumineosas
en Nigeria fieron investigadas con objeto de examinar su eficacia y ln posibilidad de
cruzamiento con frijoles de tipo TVU 201 y TVU 1190, “fijol lima”, “‘gandul”,
“frijol alado’ y mani, en condiciones naturales tanto como en imernadero

Por medio de mimero de nédulos, peso seco y cantidad total de nitrégeno fijado
por cada planta, se descubriv que la mayoria de los variedades se revelaron eficaces
con los frijoles TVU 201, TVU 1190, “gandud™ v “frijol alado” En condiciones
de invernadero, solo algunas variedades se revelaron cficaces con mani y ‘“‘frijol
fima™ y ninguna formoé nodulos en condiciones naturales.

En el invernadero, la variedad 11 mejoré la produccion de los tipos TVU 201,
TVU 201, TVU 1190, “frijol lima”, “gandul”, “frijol aledo” v mani del
60% 100%, 70%, 140%, 370% y 61% respectivamente, wientras en condiciones natie
rales en el campo la variedad 9 aumento la fijacion de nitrégeno en los frijoles tipos
TVU 201, TVU 1190, “gandul”, “frijol alado” y mant, de un 66% , 163%
251%, 74% y G4% respectivamente en comparacion con las leguminosas que no sufrie-
ron inoculacion.

Estas variedades particularmente fértiles y eficaces pueden ser de gran wutilidad
en la produccion en cantidad comercial de inoculantes en el afin de mejorar la fija-
cion de nitrogeno con legrminosas tropicales.

Introduction

he importance in the humid tropics of nitrogen
fixed symbiotically by Rhizobium in associa-

tion with legume species cannot be over-
emphasized, as farmers still rely largely upon shifting
cultivation as a major means of restoring and
sustaining soil fertility, and fertilizer usage is alarm-
ingly but understandably small. The fertilizer

1 Received for publication November 10, 1981

* Department of Microbiology, Usniversity of Ife Ile-lfe,

Nigeria

problem is worsened by the fact that the cost sky-
rockets every year, leaving the tropical farmer, who
sometimes suffers from protein malnutrition, with
the only reasonable alternative of a rotational or
multiple cropping system in which legumes are
included as a source of plani nutrients.

Even where fertilizers are available, a substantial
proportion of N applied to soils is often unavailable
to crops because of denitrification and leaching
losses; these processes may even give rise to potential
secondary problems of air and water pollution.
Besides, the energy-consuming relatively inefficient
chemical fixation of N by the Haber —Bosch process
contributes only 2.2 x 10'? kg/yr N to the global
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fixed N pool compared to 9.1 x 10'? kgfyr provided
by the more efficient, natural, biological N fixation
(1). 1t is in view of these fertilizer problems that
many developing countries are currently considering
detniled extensive studies of the Rhizobium -
legume symbiosis 45 a means of increasing crop yields
and providing adequate plant protein without the
input of the costly and often unavailable fertilizer N

Of the seven cross-inoculation proups of the
Rhizobiwn—legume associations (2), the cowpea is
predominantly and almost exclusively found in the
tropics. Therefore, the provision of a competitive,
effective, and highly promiscuous cowpea rhizobial
inoculant for use on food legumes in the tropics is
an inescapable pre-requisite of our drive for increased
biological N fixation and plant protein production
in the developing countries.

Hence, this preliminary investigation examined
different strains of cowpea Rhizobium for effective-
ness and possible cross-inoculation against some
common and widely culiivated tropical legumes.
The screening was done in both greenhouse and field
plots to assess the strains which might be useful in
selection of potential inoculants,

Materials and methods

Sources of rhizobia cultures. Fourteen of the
thizobia strains used were isolated from 14 varieties
of cowpea cultivars which were obtained from the
International Institute of Tropical Agricuiture
(IITA), Ibadan. Three other strains of cowpea Rii-
zobium were jsolated from cowpea plants at the
University of Ife Teaching and Research Farm.
Isolation of pure colonies from the legume nodules
was performed according to the procedure of Vincent
(3). All the 17 strains were found to be effective
against cowpea cultivars when tested under labora-

tory conditions using the seeding agar technique of

Vincent (3).

Sources of lepume seeds. Cowpea TVU 201,
cowpsa TVU 1190, lima bean, winged bean, and

pigeon pea were obtained from Dr. E. L. Pulver of

the Grain Legume Improvement Programme, IITA,
Ibadan. Groundnut seeds were bought from a local
market in Ile-Ife.

Greenhouse Investigation: The mixture of

coarse and fine sand used for the greenhouse investi-
gation was collected from a stream near the Univer-
sity of Ife Commercial Farm. The sand was washed
thoroughly with water and then with conc. HCL The
sand was later rinsed several times with water and

then sun-dried. Its pH was 6.6 and calcium carbonate
was added to raise the pH to 7. The sand was
sterilized in the oven at 160°C for 48 houss, cooled,
and dispensed into 250 plastic cups (each having a
diameter of 9.7 ¢cm and a depth of 9.7 ¢cm) at the
rate of 600 g per cup. Viable seeds of cowpea TVU
201, cowpea TVU 1190, lima bean, winged bean,
pigeon pea, and groundnut, which had been surface
sterilized with 95% ethanol and 4% 1,0,, were
planted in the sand-containing cups at the rate of
4 seeds per cup. Four replicates of each treatment
were prepared. The cups were then arranged on a
greenhouse bench in a completely randomized
fashion. Each of the experimental treatments was
inoculated with the appropriate Rhizobium strain
(inoculant) which had been prepared by culturing
a heavy suspension of the particular strains in a yeast
extract mannitol (YEM) Ubroth containing
19% sucrose, on a rotary shaker at 28°C for 3 days. A
sterile plastic syringe was used for applying 8 mi of
the rhizobial inoculant to each of the cups. Each of
the nitrate control treatments received 5 ml of a
0.05% KNO; solution cvery other week. All freat-
ments were amended with 3 ml of nutrien{ solution
weekly (3), and 30 ml of sterile distilled water every
2 days. The greenhouse had an average temperature
of 30°C.

The plants were harvested when 7 weeks old. They
wete sun-dried for 24 hours and later oven-dried
at 80°C for 48 hours prior to the determination
of their dry weights

Field Investigation: As a follow up of the green-
house studies a field investigation was carried out
to assess the effectiveness of the test strains of
cowpea Rhizobiun under field conditions using the
same jegume cultivars. The field plot used at the
Teaching and Research Farm of the University of Ife,
at [le-lfe, was selected because of its suspected low
or no thizebial count, since there was no history
of legume cultivation on the site. After site clearing
the plot was rid of organic matter as much as possible
in order to discourage increase in inorganic nitrogen
as a result of organic matter mineralization during the
period of experimentation.

The plot (244 m x 14 m) was divided into 20
subplots to accommodate 20 randomly allocated
treatments of 17 different rhizobial inocuiants,
2 nitrogen fertilizer levels, and one uninoculated
treatment. Each of the 20 subplots was analysed for
its pH value, organic carbon, total nitrogen, P, Ca,
Mg, K, Mn, and Na contents. The legume seeds were
planted in rows, 50 cm apart, with 25 cm spacing.
Four seeds were planted per stand with the addition
of 10 ml of the appropriate broth inoculant . The two
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fertilized sobplots were treated with 71.4 kg and
142.8 kg of ammonium nitrate/ha/wk, respectively.
Ten days after planting, the seedlings were thinned
to 2 per stand. Each of the 17 rhizobial treatments
also received peat-based inoculants 18 days after
planting. The peat-based inoculant was prepared by
adding turbid rhizobial culture to sterile finely
divided peat in the ratio of 1:2 (V/w). The peat
culture was kept at 25°C to cure for 72 hours and
then allowed to mature for another 7 days before use.
The peat-based inoculant was applied by mixing the
inoculant with dry soil from the particular subplot
in the ratio of 1:10 (¥ /w), and applying the inoculant
soil mixture to the base of the young plant.

The one meter path between subplots and the
guard rows of each treatment prevented cross-
contamination, and there was no rainfall during the
pericd of the investigation. Bach subplot was
moistened with 25 litres of water every day. At the
age of 6 weeks all the plants were sprayed with
Novacron 40° to control insect pests. The subplots
were carefully weeded by means of a hoe.

Harvesting was done when the plants were 7 weeks
old, by carefully digging up four randomly selected
plants from within cach of the rows. The nodules
were examined, dried at 70°C for 48 hours, and then
weighed. The plants were dried for 2 days at 80°C,
weighed, and nitrogen was determined by the
modified micro-Kjeldahl method (4).

Results

Greenhouse Studies. Based on nodule formation
and plant dry weight, eleven of the seventeen strains
tested were very effective apainst cowpea TVU 201.
These were strains 1,4, 5, 7,8,9, 10,11, 14, 15 and
16, but strains 4, 5, 8, 9, 10, 11, 14 and 16 were
particularly effective since each resulted in an average
plant dry weight of 1.03 g compared to 0.64 g and
0.74 g of the uninoculated and the nitrate amended
plants, respectively (Table 1). Generally, only strain
6 was poorly effective against cowpea TVU 201, On
the other hand, strains 4, 7, 8, 10, 12 and 17 were
particularly effective against cowpea TVU 1190,

Table 1. Yield of the various legumes grown under greenhouse conditions.

Dry wt of Plants, g

Rhizobium Cowpesn Cowpea Lima Pigeon Winged Groundnut
Strain No. VU 201 TVU 1190 bean pea bean
1 092 068 1.20 041 0.53 0.83*
2 0.88 0673 0.99 .48 067 0.60
3 0.81 0.56 1.32 0.47 0.7t 0.54
4 1.07% 1.09%* 1.28 0.53 0.77 062
5 1.04* 0.66 1.30 0.51 0.82* 0.73
G 0.55 0.62 1.26 .23 0.66 0.56
7 0.92 1.05* 1.31 0.44 0.79 073
8 1.02* 0.98* ad 0.58% 074 0.77
g 1.08* 0.7% nd 0.61* 0.98* 0.90+*
i0 1.05% 0.97% 1.35 0.57* 074 0.86%
i1 1 02% 0.84 1.57* 0.60* 0.96* 1.00*
12 0.91 1.20* 1.35% 0.63* 0.64 679
13 0.79 0.85 1.16 0.29 0.84* 0.63
14 0.96% 0.88 1.57%* 0.5 0.39 0.84*
15 094 0.89 1.66% (.35 0.70 071
15 1.01% 078 1.10 (44 0.50 069
17 0.89 1.11* 1.36* 0.54 0.83* 0.07
Uninoculated plant 064 041 092 025 0.21 0.62
Nitrate-amended plant 0.74 0.72 1.03 6.30 0.63 0.56

*  Treatments with significantly high dry wt at 35% confidence Hmit.

n.d. = not determined.
Each value is a mean of 4 replications.
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giving an average dry weight of 1.07 g compared to
0.4 g of the uninoculated plant. However, most of
the strains did not nodulate lima bean, and the reason
for this ineffectiveness is not known, Only strains, 1,
2,3, 11, and 12 were found to be fairly effective with
lima bean. Despite the lack of nodules both the
unresponsive and the uninoculated lima beans grew
luxuriantly, suggesting a minimal nitrogen require-
ment by this legume.

In pigeon pea only five strains, namely 8,9, 10,
11, and 12 produced significantly high plant dry
matter with 100% increase in yield when compared
with the nitrate amended plant. The five strains that
were effective on winged bean, 5,9, 11, 13 and 17,
gave significantly high dry matter yield, ranging from
052 g to 0.98 g per plant, whereas the uniroculated
winged bean yielded 021 g As shown in Table I,
strains 1, 9, 10, 11, and 14 were very effective on
groundnut while the remaining strains were only
fairly effective or ineffective.

On the whole, sixteen and fifteen out of the seven-
teen strains effectively nodulated cowpea TVU 201

and cowpea TVU 1190, respectively, while only five
strains each were effective against lima bean and
groundnut and thirteen strains each nodulated
pigeon pea and winged bean. It should be noted that
all the nodulated legumes pave considerably higher
yields than either the uninoculated or the nitrate
amended plants, suggesting good response of the
legumes to rhizobial inoculation,

Field investigation: The chemical characteristics
of the 20 subplots are shown in Table 2. The pH
values ranged from 5.2 to 6.1 and since an average
pH of 5.5 is required for efficient nodulation in
cowpea and groundnut (5), it could be assumed that
the pH values of the subplots were favourable for
thizobial survival and infectivity. Except for the
phosphorus and calcium concentrations, which
varied significantly at the 5%1evel, the other chemical
parameters did not exhibit significant variations from
subplot to subplot. However, it could not be assesssed
whether or not these soil properties influenced rhi-
zabia infectivity and effcctiveness in the various
subplots.

Table 2, The pH, % organic carbon and nitrogen, and the concentrations of phosphorus, caicium, magnesitim, manganese, potassivm

and sodium of the soil samples taken from the 20 subplots.

Sub- organic N P Cations (ppm)
Treatments plots pH S/ G ppm Ca Mg Mn K Na
4

l 12 59 161 023 8.7 883 29 21 105 14

2 20 5.4 1.37 0.20 7.2 570 195 35 90 16

3 10 6.1 1.37 021 218 870 215 10 150 14

4 16 54 162 0.27 .8 750 122 19 135 16

5 8 53 152 0.20 8.3 675 184 30 150 14

6 18 5.6 1.00 0.4 7.8 375 1035 16 105 10

7 i 3.6 1.14 .16 50 510 176 I8 90 11

8 3 54 144 021 129 900 218 32 150 16

9 2 58 144 022 28.2 1200 240 10 150 19

10 13 59 1.39 018 6.0 615 147 13 £20 12

11 17 5.3 1.52 025 93 750 228 47 105 21

12 & 56 100 0.11 42 300 165 48 210 24

13 14 5.4 161 0.22 8.2 815 230 23 120 16

14 11 6.0 1.37 0.18 80 645 173 23 150 12

15 3 57 1.76 0.26 1838 1350 249 17 165 21

16 19 5.2 1.07 021 74 585 146 41 105 18

17 g 53 161 0,22 53 885 194 17 120 17

18 4 5.5 1.44 0.21 60 630 159 k1Y 120 15

19 7 54 1.44 021 129 510 168 75 120 16

20 15 52 1.61 0.235 T8 585 207 51 135 17

Mean 5.55 142 0.21 10.18 721 192 29 130 16
Standard

deviation 0.27 0.22 013 613 252 37 17 29 3
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None of the seventeen strains was effective on lima
bean while groundnui had small but numerous
nodules. On the basis of nodule dry weights, cowpea
TVU 201 scemed to be most responsive to rhizobial
inoculation, followed by cowpea TVU 1190, and to
a lesser extent by winged bean, groundnut, and
pizeon pea (Table 3). As observed already, under
greenhouse conditions, lima bean which did not
form nodules did not exhibit any symptoms of
nitrogen deficiency, strongly suggesting again, a low
nitrogen requirement by this plant. Pigeon pea was
found to be less responsive to inoculation in the field
than in the greenhouse, whereas the reverse was the
case for pgroundnut, which on basis of nodule
number gave a better response to inoculation in the
field than the other cultivars tested.

The average dry weight and the total nitrogen
content of the various legumes ({except the un-
responsive lima bean) are depicted in Tables 4 and 5.
It can be observed from both Tables that the plant
dry weights generally correlated with their nitrogen
contents, as most of the treatments that gave

significantly high dry matter vyields also fixed
significantly substantial amounts of nitrogen. Most
of the strains were very effective on cowpea TVU
201, cowpea TVU 1190, and groundnut in terms
of nitrogen fixation. At 5% level, there were signifi-
cant differences in the nitrogen content of each of
the legumes due to treatment effects, but it is also
significant to note that these differences in both the
plant’s nitrogen content and the dry weight are well
correlated with the results of the greenhouse studies.

Expectedly all the legumes responded more to
1428 kg than to 714 kg of the fertilizer. However,
winged bean was particularly responsive to nitrogen
fertilization as an amendment of this legume with
1428 kg of NHyNO;/hajwk resulting in 449 g of
dry matter yield and 161.6 mg N/plant, which were
higher than the yields obtained when the plant was
treated with any of the seventeen inoculants (Tables
4 & 35). The other legumes seemed to be more
responsive o rhizobial than to nitrogen fertlization,
with the exception of lima bean.

Table 3. Dry wt of nodules of 6 legumes inoculated with 17 strains of Cowpea Riiizobium on a field plot.

Dry wt of nodules, mgfplant

Rhvizobiunm VU VU Lima Pigeon Winged Groundnut
Strain No. 201 1190 bean pes bean
1 8.6 20.5% 0 14 7.3 17.5
2 48 22.0% 0 1.9 52.5% 12y
3 i9.1% 49 0 0 14.6 177
4 0.8 59 0 1.5 26.3 30
5 158 17.6 0 32 51.1% 16 9+
G 6.8 14.0 0 41 13.2 8.9
7 16.2% 124 0 0 51.2% 19.6%
8 118.5% 115.5% G 21 30.9 109+
g 136 6™ 65 G 5.7* 63 B* 13.9*
16 20 4% 16.2 G 0 37 14.1#
H 27 ] 0 15 34.9 10 8+
12 22 3% 52 0 1.8 30.7 8.1
13 8.8 51 G 1.3 33.0 15
14 4.7 14.1 0 5.3 318 1.5
15 63 0% 6.8 Hj 11 §4.8% 14 8+
16 846 16 0 0 9.0 36
17 1.3 8.7 0 16 30.5 10.7#
Unineculated plant 0 0 0 0 6.1 57
N — Level | 27 13 0 it 4.4 1.9
N - Level 2 0 0 0 0 1.7 36

*  Treatments with significantly high nedule wt at 95% confidence Hrnit

Each value is a mean of 4 replications.
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Table 4,

Dry wt of the inoculated, uninoculated, and nitrate-amended legumes grown on a field plot,

Dry wt of plants, p/plant

Rizobium VU 1vu Pigeon Winged Groundnut
Strain No. 201 1190 pea bean
1 7.00 B.54 1.83 31.06* 12 50%
2 9.51 8.00 361 2.96* 13.75%*
3 19.13% 10.50 1.59 1.81 14 23
4 11.32 14.02* 308 2.86 8.17
5 10.64 1198 63 2,90 1202
6 9.20 845 333 1.80 1.0t
7 18 .00* 10.88 322 1.91 13.78*
8 15.89* 16.18* 5.79% 183 11.58
9 24.83% 16.52% 6.50% 3.53% 11.51
10 6.66 10.29 292 211 13 48*
11 9.68 15 69* 1.57 1.88 15.52%
12 10,60 14.77% 0.93 222 396
13 12,42 12.91 214 257 8.11
14 6.66 16.55* 231 374* 14.76%
15 19.05* 16.41% 3.5 2.5 14 .39%
16 8.13 156 168 1.24 i1.36
17 9.31 11.80 731 1.62 12.50*
Uninoculated plant 6.35 8.14 1.47 1.87 5.96
N - Level 1 9.70 852 4.17% 111 864
N~ Level 2 10.83 i3.51" 4.31* 4.49* 11.12

*  [reatments with significantly high dry wt at 95% confiden

Each value is a mean of 4 replications.

Discussion

Under greenhouse conditions strains 2, 4, and 12
nodulated all legumes except groundnut while strains
5, 8, and 9 were also effective on all the cultivars
except lima bearl; but strain 11 formed nodules on
all the six legumes. In the field, strains, 5,6, 8,9, 14,
and 15 were effective against all the legumes except
lima bean. The lack of response of lima bean to any
of the seventeen strains of cowpea Rhizobium under
both greenhouse and field conditions suggesis that
lima bean may not belong to the same cross-inocula-
tion group with the other legumes under investiga-
tion even though lima bean (Phaseolus lunatus) is
included in the cowpea cross-inoculation group (6),
a group that obviously requires better delineation.
This lack of response by lima bean also suggests
that this legume is not genetically or otherwise
very closely related to the other readily nodulated
plants.

It is to be noted that groundnut responded better
to inoculation in the field than in the greenhouse,
though the reason for this observation is not clear.

ce limit,

However, the tremendous interplay of biological and
chemical factors within the soil might enhance the
processes of infectivity and nodulation. In addition,
native rhizobia might play some role in the effec-
tiveness of groundnut under field conditions as some
of the uninoculated plants bore a few tiny nodules.

Cowpea Rluzobiwm strain 11 was found to be
most promiscuous in the sand culture as it nodulated
all the six legumes producing big effective nodules.
However, this strain was less effective or promiscuous
in the field as it fixed refatively substantial amount
of nitrogen only in cowpes TVU 1190 and groundnut
(cl Tables 1, 4 and 5). The comparatively poor
performance of this strain in the field vis-a-vis the
greenhouse might be due to poor competitive
capacity in the highly heterogeneous soil.

On the basis of similar positive response to the
various cowpea Rhizobium strains there seemed to
be some kinship among cowpea TVU 201, cowpea
TVU 1190, pigeon pea, winged bean, and groundnut,
but the kinship was more pronounced between the



ODEYEMI£T Al CROSS—INOCULATION AMONG COWPEA RHIZOBIUM STRAINS 167

Table 5. Nitrogen content of the inocslated, uninoculated and nitrate-amended legumes grown on a field plot.

N content of plants, mg/plant

Rivizobium TV Ivu Pigeon Winged Groundnut
Strain No. 204 1190 pea bean
1 2184 1939 53.1 95.2* 200.0
2 268 6 320.5 845 82.06 459 3%
3 645 1* 2174 380 46.7 21885
4 204.9 3111 78.8 68.1 2672
5 299.0 346.2 40.1 71.3 264.4
6 2226 2729 86.3 563 185.8
7 580 8* 3123 63.4 64.4 424 4%
8 3114 430 4* 145 3% 531 3346
9 387.3% 419.6% 144 3% G4 3% 1544
10 1452 3550 669 55.1 393 6%
11 2185 478 5% 378 711 487.3%
12 2438 281.6 11.7 126 118.8
13 2807 488.0r 4719 871 2246
14 2191 369 1 89.4 115 6% 354 2%
i5 3391 3594 121.9% 66 344 .4
i6 2228 174.6 536 51.2 3113
i7 2169 220.7 206.9*% 45.4 351.3%
Uninoculated Plant 231.3 [59.5 413 539 155.0
N — Level ] 1833 196 8 126 8* gQ.i* 285.1
N~ Level 2 2556 556.9* 133 .2% I61.6% 3158

*  Treatments with significantly high N content at 95% confidence limit,

two cowpea cultivars, probably due to the initial Literature cited
isolation of all the strains from cowpea plants.

A careful scrutiny of Tables 1, 4, and 5 shows . HARDY, R. W F, BURNS, R. C, and
cowpea Rhizobimn strains 8, 9, 11, and 15 as the PARSHALL, G. W. Advances in Chemistry
most consistently effective and promiscuous bacteria Series No. 100, 219.247. American Chemical
both in the greenhouse and ia the field. For instance, Society, Washington, D. C. 1971,
in the field, strain 9 produced an increase of about
320% in the dry weight of cowpea TVU 201, while 2. NUTMAN, P. 8. Biological Review, 31:109. 1956.
strain 11 increased nitrogen fixation by 200% in
cowpea TVU 1190, when compared with the 3. VINCENT, 1. M. A manual for the practical sfudy
uninoculated plants. In the greenhouse, strain 11 of root-nodule bacteria, Blackwell Scientific
enhanced the dry matter yields of cowpea TVU Publications, Oxford. 1970,

201, cowpea TVU 1190, lima bean, pigeon pea,

winged bean and groundnut by 60% , 100% , 70%, 4. JUO, A. S. R. Selected methods for soil and plant
140% , 370% , and 61% respectively over the vields analysis. Manual Series No. I, 11-12. Interna-
of the uninoculated legumes (Table 1). Similarly, the tional Institute of Tropical Agriculture, Ibadan.
use of cowpea Rhizobium strain 9 as an inoculant in 1978

the field boosted nitrogen fixation in cowpea TVU

201, TVU 1190, pigeon pea, winged bean, and 5. MUNNS, D. N, FOX, R. L., and KOCH, B. L.
groundnut by 66% , 163% , 251% , 74%, and 64% Influence of lime on nitrogen fixation by
respectively (Table 5). These strains could therefore tropical and temperate legumes. Plant and
be subjected to further greenhouse and field studies Soil, 46:591-601. 1977,

with a view to using them eventually for producing

commercial rhizobial inoculants in order to boost 6. ALEXANDER, M. Introduction to soil micro-
nitrogen fixation by food legumes in the humid biology, 2nd Ed., John Wiley & Sons, New
tropics York. 1977,
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INSTITUTO INTERAMERICANO DE COOPERACION PARA LA AGRICULTURAF*
Febrero de 1981

En virtud de que ef HCA ha adoptado el Sistema Internacional de Unidades, nos permitimos
anotar a continuacién pare los autores y colaboradores de las Revistas Turrialba y DRELA, asi
como para oiras series de publicaciones del Instituto, las siguientes reglas principales.

En 1960, tu Conferencia General de Pesas y Medidas (CGPM) v la Oficing Internacional de
Pesas v Medidas (BIPM) decidieron por unanimidad en Paris, sede del BIPM, crear un sistema
internucional de unidades de pesas y omedidas (SIU) En 1975 habia ya 44 paises miembros del
BIPM cuya tarea principal es asegurar {a unilicaciéon mundisl en torno del SIU. Hoy dia los Estados
Unidos de América e Inglaterra han adoptado tambicn of uso del SIU

Por cjemiplo, el kilogramo es unidad de masa. y ya no de pesorel recurso al concepto de peso
queda abolido, pues corresponde en readidad a fa fuerza de atraceién debida o la gravedad, y. porlo
tanto, los cucrpos en ol espacio interplanctario no tienen peso, pero si conservan su masa. La
unidad de fuerza os o newton (N, que corresponde a la necesaria para produci una aceleracion de
un metro por seggado sobre una masa de un Kilogrumo Lo unidad de presion o estuerzo es el pascal
(Pu) v cquivale a la nocion abolida de kilogramos (fuerza) por centimetro cuadrado: 9 806 650 kg
(fuerzay/m*=1 Pa.

Reglas principales para la consignacion de las unidades Si

i Noseusan las mayGsculus en fos nombres de unidades. Unica excepeidn: grados Celsius.,

2 Los simbelos no se escriben con mayusculus. Excepciones: los derivados de nombres de
personas.

3. Los prefijos métricos no se escriben con mayutsculas. Excepeiones: tera T, giga G, mega M.
4 Lossimbolos se escriben siempre igual, sean singular o plural, ¢f - 5 mm, no 5 mms

5 Cuando sc escriben los nombres de unidades completos, se pluralizan normalmente, ¢j.: 10
kilogramos, 55 hectireas

6. No se usan los prefijos solns, sino acompafiados de ta unidad, ej.: 15 megawatts, no 15
megas.

7 Nose usa el punto después del simbolo (24 m, no 24 m.), excepto al final de un péarrafo.
8. Siempre se deja un espacio entre el nitmero y el simbolo o unidad, ej.: 10 cm, no 10cm
9. No se usan comas ni puntos para separar niimeros largos; se deben scparar de tres en tres. El
punto marca el principio de la fraccion decimal,ej.: 1 000 005.34, 30 000 y no 1,000,005.34
6 30,000.
10.  Siempre se coloca un cero a la zguierda del punto decimal, ej.: 0.77 y no .77,
11, Cuando se expresan unidades compuestas como kildbmetros por hora, se usa la diagonal, ej.:

78 km/h, 50 m/s. Si se trata de newton metros se usa el punto, g 5 Nom.
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IDENTIFICACION DE PROGENIES Y PROGENITORES POR EI. ANALISIS DEL NUMERO

CROMOSOMICO EN Saccharum?® |

ADELAIDA BARRETO¥
JEAN—-PIERRE SIMON**

Abstract

The chromosome numbers of Saccharum species were aualyzed, and in some
cases they were found to be consistent with previous reports. In other cases, a wider
range of varigtion was found.

In the study of simple Itybrids, an intraclonal variation was found for C. P 36—
138, and the self-fertilization of the same variety, My 53205, had o chromosome
reduction typical of hybrid offspring. This produces a mariced aneuploid in the Sac-
charum genus. In My 53205, the phenomenon of chromosome mosaic was also
observed for a single bud similar to the case of clone 28 NG 201, reported under the
S edule species.

The complex Tvbrids P. . 1. 2878 and P. (0. T 2725 had a range of variation
similar to that of other references. Co. 281 had a very stable chromosome number.
The intraclonal variation of these hybrids is minfnn.

Aneuploids and somatic instability should be evaluation factors in cytogenetic
studies for clarifying the origin of hybrids obtained in plant breeding programs.

Introduccion

} 1| género Saccharion comprende cinco especies
. polipEoides complejas, con un pumero ¢romo-
feetl sOmico bisico posible de X = 10 Stevenson,
("3'7) Los clones comerciales de la cafia de azucar
son derivados de las combinaciones de germoplasma
de las especies Succhiariin officinarum, S sponta-
neran, S robustum, § sinense, v 8. barberi

I Reeibido para publicacién el 10 de agosto de 1980 Los
aulores agradecen la colaboracion de Celiz Vera, en cl
desarrolle prictico de esta investigacion vy al Ing Mario
Amador por facilitarnos el material de la Estacidn Expe-
rimental de Tapaste Habang, Cuba.

* Divisién de Cafin de Azdear. Instituto de Ciencia Agrico-
la. Fiabana, Cuba

¥ Departament de Scicences Biologigues. Université de
Montréat 90, Vincent d’Indy Montréal, Québec Canads
M3C 317 Present address  Dr. Jean-Pierre  Simon.
Department of Botany & Phytotron Duke University;
Durham, Narth Carolina 27706, USA.

S. officinarum estd siempre incluida en los cruza-
mientos de un programa de nobilizacién; segun sea
h complejidad de la variedad comercial, una o mds
especies adicionales aportan también sus caracteris-
ticas al hibrido Los clones comerciales de cardcter
hibrido poseen numeros cromosomicos que, general-
mente, oscilan entre 2n = [00-140 Price (2}),
Stevenson (27); Lewis (11}

Salvo algunas excepciones, todas las variecdades
de 8. officinarum analizadas poseen un pumero
cromosomico de 2n = 80, y la especie se considera
un octoploide Price (17); Stevenson (27); Jagathesan

(1.

La mayoria de los clones estudiados de S. robus-
fum posee un numero cromosdmico de 2n = 60 y
2n = 80, y las excepciones, con mimeros somiticos
que varian entre 2n = 63 ~ ca. 200, se consideran
aneuploides producto de los cruzamientos interes-
pecificos de S. robustuin con otras especies del géne-
ro Price (20)
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La distribucién geogrifica de S spontaneum es
muy amplia y abarca una zona de distribucidén que
comprende Africa, el Medio Oriente, ¢l Sub-conti-
nente Indio y el Sureste de Asia Esta especie posee
la mayor variacién morfoldgica consignada para el
género y su citologia es muy compleja; los siguientes
nimeros cromosomicos han sido observados para
S spontanewm, 2n = 40, 54, 56, 60, 64, 80, 96,
194, 112, 120 y 128 Existe una correlacién entre la
posicidén geogrdfica de los clones y sus niimeros cro-
mosdmicos. Los nimeros bajos se encuentran en clo-
nes de repgiones localizadas mds hacia el Noroeste,
mientras que los mds elevados son hallados en
Sumatra (2n = 104) y Java (Zn = 112-128),

Las especies S, barberi y §. sinense son originarias
del norte de la India y de China, y algunos autores
agrupan los clones pertenecientes a ambas bajo una
sola especie, como Stevenson, (27), a pesar de que ha
sido sefialada una variacidén cromosbémica de Zn =
8-124 para § barberi y de 2n = 116-118 para S
sinensi Stevenson (27)

Aunque algunos autores nd consideian u S. edude
como una especie valida Stevenson (27); Grassl (6),
este taxon tiene un nimero cromosbmico varizble
de 2n = 70-81. Segin estudios realizados por Roach
{253, fueron halladas formas de 2n =60, 70 y 80
cromosomas, en clones de esta especie lo cual sugiere
que S edule debe constar de una serie poliploide
relativamente simple con aneuploides ocasionales
Esta “especie” es originaria de Nueva Guinea y es
considerada como un producto de cruzamientos
intergenéricos, que involucran a § robustum, cuyo
centro de distribucion geogrdfica es comun.

Ademds de la conplejidad incorporada en varie-
dades comerciales por la interaccién de varios
genomios de las especies mencionadas, ocurren
tres fendémenos adicionales que tienen un efecto
muy marcado en la citogenética de estas varieda-
des.

El primer fendmeno ocurre en cruzamientos
en los que S spontanewn se utiliza como proge-
nitor masculino, y S officinarum como progenitor
femenino.

Las progenies producidas en estos cruzamicn-
tos poseen, en su mayoria, un niimero cromosomico
que corresponde a 2n + n, recibiendo el comple-
mento somdtico total de S offfcinarum. Este fend-
meno también ocurre, aunque no en todos los casos,
en cruzamientos de S officinarum como hembra
y S sinensi o 8. barberi como progenitores machos
Stevenson (27); Price (8); lagathesan {10).

El sepundo fendmeno , que también influye en
fla heterogeneidad de los nimeros cromosdmicos
encontrados en hibridos comerciales, es la presencia
de aneuploidia mediante la cual las progenies resul-
tantes no poseen el complemento cromosémico
parental n + n. Los hibridos tienen un numero ¢ro-
mosdmico mayor ¢ menor que el esperado y la des-
viacién puede aleanzar, en algunos casos, de 10-15
cromosoemas Price (23).

Debido al gran namerp de cromosomas y al tama-
fio reducido de éstos, los estudios citogenéticos en
Sacchariin son de dificil evaluacién. Las variaciones
observadas en el niimero cromosomice de una misma
variedad o clon, posiblemente se deban a la dificul-
tad de poder contar con precisidn los cromosomas
de una céiula

Investigadores como Price, que dominan las tée-
nicas de citologia, han analizado exhaustivamente
el género desde el punio de vista citoldgico por nu-
merosos afios, y consignan varios rangos en ef ntmero
cromosdmico de diversas variedades comerciales de
cafia, Esto sugiere variacionss posibles en el nimero
de cromosomas de células pertenecientes a una misma
planta o tejido,

Lz ocurrencia de este fendmeno de mosaico cro-
mosomico ha sido observado en Saccharum por
Heinz y Mee (7) Estos investipadores informaron
de la presencia de un alto grado de variacion en el
niimero cromosémico de células de clones que se
han mantenido en cultivo, en suspension, por perio-
dos de 6 afios. Recientemente, Nair (13) encontrd
variacion en el nimero cromosémico al nivel de una
sola planta, en una serie de variedades tipicas y ati-
picas de S. officingrum desarrolladas bajo condicio-
nes de campo.

En esta investigacion se informa de ios nimeros
cromosomicos v el rango de variacién encontrados
en algunos clones de especies de Saccharnum conjunta-
mente al andlisis de algunos hibridos simples y com-
plejos, en que los Gliimos han sido usados como pro-
genitores en los programas de mejoramiento en Cuba.

El alto grado de poliploidia de la cafla de azicar
no permite la utilizacién de marcadores genéticos
morfoldgicos para reconocer el cardcier hibrido de
fas progenies. Otros métodos deben ser evaluados
para su posible uso en la identificacion de progenies
hibridas. El presente estudio evalia lss técnicas
citogenéticas y forma parte de un programa de inves-
tigaciébn que abarca también un estudio de marcado-
res biloguimicos (isoenzimas) con vistas a la aplica-
cion de un método mds preciso para el reconocimien-
ta del origen de los hibridos obtenidos en un progra-
ma de mejoramiento.
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Materiales vy métodos

El material estudiado comprendid 13 variedades,
ocho de ellas representantes de cuatro especies del
género Succharwm, un hibrido simple, uno de auto-
fecundacién y tres hibridos complejos, dos de los
cuales han sido utilizados en los programas de cruza-
miento como progenitores adecuados para crear
nuevos hibridos comerciales.

Los trozos de cafla de una sola yema se obtuvieron
de parcelas sembradas para este propdsito en el
Institute de Ciencia Agricola (INCA). Se pusieron
a germinar en bandejas con agua corriente, envuelfos
los trozos de una misma variedad en papel absorben-
te, a una temperatura ambiente (26-30°C) por 4 6
5 dias, hasta gue las yemas alcanzaran el tamafio ade-
cuado de aproximadamente 1.5 a 2 cm.

Las yemas fueron separadas, cortadas longitu-
dinalmente del dpice a la base, y sometidas al pretra-
tamiento. Se probaron técnicas diferentes y se apli-
caron pretratamienios de bromonaphtaleno, para-
di-cloro-benceno; 8-oxi-quinofina, y colchicina a
distintas concentraciones, variando el tiempo de du-
racion de los mismos.

Ll pretratamiento mds eficaz fue ¢l de colchicina
al 0.4% . Las yemas de las distintas variedades fueron
envueltas en una gasa fina e introducidas en el recj-
piente conr colchicina, donde se tefifan por ires y
media horas a 25°C, y se sometieron a una aereacion
continua por medio de burbujeo, proceso de oxige-
nacidn que favorece la mitosis Price {19).

Después que el material era pretratado se {ijaba
con Carnoy frio, 6: 3: 1 {(alcohol: cloroformo: ac.
acético), donde se dejaba por 24 horas. La tincidn
era realizada después de una hidrélisis de 5 minutos
en IN HCl a 60°C . Las yemas se introducian en Schiff
hasta que tenfan la coloracién caracteristica. De cada
yema se obtenfa el tejido meristematico mds foven,
se lefilia con aceto carmin, se hacia el squash y ha
preparacion era analizada al microscopio (Leitz
Ortholux, objetivo NPL; X = 100 (inmersién), ocular
NPL, X =10).

Las mejores preparaciones, donde se conservaban
los cromosomas dentio de su membrana celular,
o aquellas donde no habia mezcla posible de cro-
mosomas de otra células vecinas, fueron fotografia-
das por medio del aparato automitico Leitz
AUTOMAT, incorperado al microscopio LEITZ. Se
usaron filmes negativos Panatomic X y las amplia-
ciones fueron hechas en papel Policontrast G, em-
pleando el filiro Policontrast No. 4 de coloracion,
para correccion del contraste.

Resuftados y discusidn

A)Nimeros cromosémicos de especies de So-
ccharum

Fueron analizados ocho clones pertenecienies en
total a cuatro especies de Seceharum . S, officinarun,
S. robustum, §. sinensi vy S. edule. La relacion de los
numeros cromosémicos para los clones estd indicada
en el Cuadro |

Para S officingrum var. Cristalina, el nimero
cromosdmico encontrado en este estudio coincide
con el consignado anteriormente por Price (17, 23)
Las células analizadas para esta variedad dieron
2n = 80 y, en este sentido, la variedad Cristalina es
representante tipica de la especie.

Para los dos clones de S robustum, 28 NG251 y
51 NG28, se encontrd variaciones intraclonales. El
rango de varizeidn en las cinco células del clon 28
NG251 oscila entre 2n = 64-77. Para este clon, Price
(18), observé un ntmerc de In = 80 El clon 28
NG251 fue el primer clon de S, robustim estudiado
citologicamente y cuyo origen geoprifico es bien
conocido Stevenson (27). Grasst (6), fue el primero
en utilizar este clon como tipo de ta especie S robus-
fumn. Para la variedad 51 NG28, lIa variacidn intra-
clonal enconirada en el presente estudio es aun ma-
yor. Se observaron células analizables con un rango
de Zn =91 a 2n = 146. Para este clon, Price (21),
informé de un numero cromosdmico aproximado
de 2n= 156

E! numero elevado de cromosomas del clon 51
NG28 ha sido atribuide por Daniels er ol (5) al
heche de que este material es posiblemente el
resultado de un cruzamiento intergenérico Su-
echarum x Miscanthus. La gran variacidn en el
numero cromosdémico puede ser debido al origen
hibrido intergénerico ya que es comun gue existan
anormalidades durante la meiosis, particularmente
durante fa separacidn cromosdmica hacia 1z anafase,
en tales cruzamientos.

De los cuairo clones de la especie S sinense, tres
de ellos poseen numeros cromosdmicos similares a
aquellos encontrados por otros investigadores,
Li y Price (12); Cuadro 1). Sin embarge, para Ia
variedad Katha, en el presente estudio fueron en-
contradas 5 células perfectamente analizables con el
mismo ndmero cromosdmico de 2n = 75 y s6lo una
célula con 2n = 92, En este caso, Iz coincidencia de
cinco células con el mismo ndmero cromesémico
de 2n =75, no debe ser subestimada.
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Cuadro . Origen y nilmeros cromosdmicos de cuatro especies de Saceliarum,

Especies y clones

Nimeros cromosomicos {(2n)

Otros autores Consignado en este trabajo Qrigen

5 officinanun
CRISTALINA 80’ 80 Desconocido
S robuston®
28NG 251 30? 6477 Port Moresby
51 NG 28 ca. 1567 N G.

156-159* 91-146 Nueva Guinca
S, sinense¥
Agaul 117¢ 117-118 Uttar Pradesh
Uba ca. E16°

1234 118-124 Desconocido

Katha ca 90% 75-(92) Punjub, India
Chunnee 913 91 Uttar Pradesh
S edule
28 NG 201 79883 56-74 Islas Fiji

+ Price (17), reportd 2n = 63-va 200 para esta especie.
1 Price (17, 23); ? Peice (21); * Price v Dunicls (24)

4 Liy Price (2): % Bremer (2}

La citogendtica de S edule s muy poco conocida,
v esta especie es considerada como una forma de S.
robustum por sus semejanzas morfologicas. Algunos
clones de las Islas Fiji poseen 2n = 70, lo que ha
llevado a Price y a Daniels (24) a postular Ia posibi-
lidad de que estos clones sean hibridos resultantes
de un cruzamiento intergenérico entre S officinarum
(2n = 80} y Erignthus maximus (2n = 60}. El clon
28 NG20! ha sido sefialado por Price y Daniels {24)
como poseedor de un nlmero cromosdmico de 2n =
79-81, pero en el presente trabajo se observo un rango
de variabilidad de 2n = 56-74, con la mayor frecuen-
cia de células registradas en la clase 55-60 (Figura 1).
En esta variedad se ha podido observar que existe
una varibilidad en el nlimero de cromosomas en
células de una misma yema, dindose casos de 2n =
44,58, 68 y 2n =58, 74 (Cuadro 4, Figura 1, 2},

Hay que recalcar gue las células observadas fueron
perfectarnente analizables y que se tomé cuidado
especial de seleccionar sdlo aquéllas con membrana

Se ugrupa fos cuatro clones bajo la especie § sinense siguiende la sugerencia de Artschwager (1)

celular. Esta precaucidén es importante, ya que la
técnica del squash muchas veces elimina cromosomas
del niicleo de una célula,

B) Anilisis citologico de un hibrido simple

En el Cuadro 2 se informa de los niimeros cromao-
sOmicos analizados en el cruce de la variedad Crista-
lina (S officingrum) X 28 NG251 (S robustum). El
hibrido simpie CP-36-138 ha sido sefialado en la k-
teratura con un nmero cromosdémico de 2n = 112
Price (17). En vista del alto ndmero cromosdmico
encontrado, Price (17), ha planteado ciertas dudas
respecto al origen de este hibrido. En la ausencia
de cualquier irregularidad cromosomica el hibrido
deberia poseer un complemento de 2Zn = 80, produc-
to de un cruzamiento entre dos progenitores posee-
dores cada uro de 2Zn = 80 Las observaciones ciio-
logicas del presente estudio nuevamente indican una
variacion intraclonal para este hibrido E! rango
observado oscila entre 2n = 105 y 2n=117, y una
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Fig 1 Rango de variabitidad en el ndmero cromosdmice del ¢lon 28 NG 201 de Saccharim edule

de Jas células observadas coincide en el npumero
cromosémico de 2t = 112, indicado anteriormente.
Sin embargo, y dada la preocupacién existente con
relacién al origen hibrido de este clon, se puede
plantear que los numeros observados no se alejan
demasiado del consignado anteriormente en la lite-
ratura. ks de interés notar que, aunque la segrega-
cidn 2 n + n en cruzamientos de S. officinarim como
progenitor materno y S. robustum no ha sido consig-
nado, el niimero cromosdmico de 2n = 112 sefiaiado
para CP-36-138 podria provenir del cruzamiento

Cuadro 2. Nimeros cromosdmicos de un hibrido simple y
sk progenitor,

Padres y progenie Rango de variacion

CRISTALINA Zn= 80
C.P. 36-138 {CRISTALINA x
28 NG 251) n=105-117

MY 53205 (AUTOFECUNDACION
DEC.P. 36-138)
28 NG 2351

2n=ca, 107
2n=67-77

entre una variedad de S. officinaruin  (2n = 80) que
haya aportado al hibrido su nimero somdtico y una
forma de S. robustum de 2n = 64 Este ultimo nu-
mero cromosomico es el indicado en el presente
trabajo para el clon 28NG251.

En este estudio también se incluyd el clon My
53205, que es una autofecundacién hecha en Cuba
del hibrido simple CP-36-138. Las observaciones
efectuadas indican una preponderancia de células
con 2n = 107 (Cuadro 4, Figura 3), lo cual implicarfa
una pérdida de cromesomas en relacién con CP-36-
138 (Figura 4).

En Seccharum, 12 aneuploidia es una caracteristica
proveniente de la autofecundacidn de las progenies
hibridas. En éstas la mejosis es irregular y los univa-
lentes pueden ser excluidos de los nicleos en Ja
telofase. Como consecuencia, las progenies autofecun-
cadas pueden mostrar mayor o menor nimero de cro-
mosomas que el padre. En las progenies de autofe-
cundacion de fa linea B-3337 {2n = 118) en Barba-
dos, Stevenson (27}, informa de una disminucion del
nmimero de cromosomas con un rango de 118 a 106
cromosomas. EI caso extremo es el hallado para las
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28 NG 201
A:2n=58

B:2n=74

Fig 2 Varfacion del nitmero cromasdmico en células de una misma yema en el clon 28 NG 201 de 5 edule Célula en metafasce

progenies autofecundadas del hibrido interespeci-
fico B4362 (2n = 118), que disminuyeron en su
nGmero cromosomal a 2n = 87 en lineas sucesivas
de autofecundacién.

El segundo fendmeno observado en la variedad
My 53205 es el de inestabilidad cromosomal. Dos
yemas de esta variedad proporcionaron células con
diferentes numeros cromosomales. Ef rango, en este
caso, es importante ya que oscila entre 2n = 43 y

108, para una yema, y 2n = 60-107 para ia otra
{Figura 4) (Cuadro 4, Figura 3). Nuevamente, s¢ tuvo
especial cuidado en seleccionar aquellas células que
presentan la membrana celular mds completa y que
fuesen, al mismo tiempo, bien analizables. Se juzgd
la posibilidad de que este rango sea debido a un efec-
to de endopoliploidia. Sin embargo, hay dos factores
que hacen pensar que éste no es el caso. En primer
lugar, la colchicina fue utilizada en el pretratamiento
del material por un midximo de tres y media horas,
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tiempo claramente insuficiente para provocar la poli-
ploidia de las células antes de fijarlas. El ciclo celular
bajo estas condiciones es de mucha mayor duracién
Mds importante aun es nolar que el numero cromo-
somico mayor, encontrado en las dos yemas que pre-
senfan inestabilidad cromosomal, es de 2n= 108, que
es pricticamente igual que el hallado (2n = 107) para
el resto del material estudiado y menor que para
CP-36-138, el progenitor original. Si estz variacién
cromosomica fuese debida a un proceso de endomi-
tosis producida por el efecto de la colchicina, los
nttmeros cromosémicos elevados deberfan ser del
orden de mds de 200 cromosomas por célula.

La presencia de un mosaico cromosémico ha
sido hallado en numerosas plantas inferiores y su-
periores. En algunos péneros vasculares cripto-
gdmicos, por ejemplo en helechos de los géneros
Psilatum, Twnesipreris 'y Ophioglossum, hay una
variacién cromosomica intraespecifica considera-
ble, y las especies de Preris y Adiantum poseen
numeros cromosonticos variables en nteleos de la
misma porcidn radial y también en esporocitos en
el caso de Pteris Brown (3).

Varfacion del nimero cromosdmico del clon My 53705

{Zn)

En las angiospermas existen fambién numerosos
casos de variacidn cromosdmica en células de la mis-
ma planta. El caso cldsico es en la progenie del cruza-

Cuadro 3. Nameros cromosdmicos de hibridos complejos,

Padres y progenies Rango de variacion

P.O 1 2364 n = 148
PO J2878(P.01

2364 x E. K. 28) n=117-124
E K. 28 In = 80*

P 0.1 2364 In =148
P.O.J 2725 (P.O. 1.

2364 x E. K. 28) In = 92-108
E.K.28 In = §0*

P O I 213 In = 124%
CO. 281 (P. Q. 1. 213 x CO. 206) =115
CO. 206 ?

* o Suzuki, (28); Price (19)
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miento intergenérico Agroefymus turneri (2n = 28),
un hibrido natural entre Elymus inovatus y una es-
pecie de Agropyron, probablemente 4. dasysta-
chyum. Los nimeros cromosomicos varian entre las
células meristemdticas de las raices en todas las plan-
tas de la progenie y el rango oscila entre 4 y 80 para
un solo teiido radical segiin (Nielsen y Nath, (15).
Casos similares han sido hallados en especies cultiva-
das de Rubus, Aegilops e hibridos de Thiticum,
asi como en poblaciones naturales de Lpilobium,
Dioscorea, y otros. En la especie de Portulacaceae,
Clavionia virginica, el niimero cormosomico varia
entre plantas y dentro de la planta en un rango de
2n = 1-190, tanto en su habitat natural como en plan-
tas que {ueron trasplantadas a la ciudad de Nueva
York Brown y Bortke {4); Brown {4} En todos los
casos analizados, las plantas no podian diferenciarse
por sus genotipos y ademds eran fértiles Lewis ([ 1).

My 53205

A:2n=43

B: 2n= 65

La presencia de un mosaico cromosémico ha sido
consignada en Swechariom por Heinz er af. (8). Este
fendmeno fue observado en células de yemas vege-
tativas y en microsporocitos de Ia variedad H.
50-7209. El rango del ndmero cromosdmico en célu-
las de yemas fue de 2n = 108-128, mientras que la
meiosis mostro una variacién de 5410 a 6411 por mi-
crosporacitos Heinz et el (8) sugieren que [a varia-
cion del niimero cromosomico encontrada en algunas
variedades comerciales de cafia por Price (23) ¥
otros, puede deberse al fendomeno de inestabilidad
cromosomica en tejidos somdticos y no a errores de
las observaciones citologicas atribuidas a dificultades
de las técnicas. Las observaciones de este estudio
indican que ésta es una posibilidad que debe ser toma-
da en cuenta, particularmente en el andlisis de hi-
bridos interespecificos complejos. Es sintomatico
que el mosaico cromosOmico observado en este

C:2n=108

Fig 4  Mosaicismo cromasomico al nivel de una yema en el clon My 53205 Célula en metafuse
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trzbajo sea caracteristico de clones de procedencia
hibrida. Por ejemplo, My 53205 es una autofecun-
dacién del clon CP-36-138 que, a su vez, es de du-
dosa procedenciz y posiblemente de cardcter més
complejo que el consignado por Price (17) La va-
riedad 28NG201 descrita como 8. edule es, posi-
blemente, un hibrido intergenérico proveniente
de cruzamientos enire formas de Saccharum con
los géneros afines Miscanthus y Erignthus. E1 ni-
mero cromosomico hallsdo para este clon es 2n =
79-81 Price y Daniels (24), vy el observado en el
presente trabajo presenta un rango de variacion de
2n = 56-74, con diferencias cromosOmicas a nivel
de una vyema. En investipaciones realizadas en
variedades nobles de cafia de azacar, tipicas y
atipicas, se encontré variabilidad dentro de un
mismoe individuo con relacién al numero de cro-
mosomas, observindose anormalidades en el de-
sarrollo del uso probablemente causadas por fac-
tores genéticos como en Triticales [o cual llevd a
plantear esto como una causa posible del moszico
cromos6mico en los clones estudiados de § offici-
narum. Las diferencias halladas oscilan en un rangoe
de 3 a 19 cromaesomas,

Un reciente andlisis de casos de inestabilidad cro-
mosdmica Brown (3), indica que este fendmeno ocu-
rre predominantermente en plantas poliploides de nu-
meros cromosimicos altos. Siendo posiblemente 10,
el numero cromosomico bdsico de Swccharten, todos
los hibridos complejos de este pénero tienen repeti-
dos, ocho o mis veces, genomios muy similares, cuan-
do ne idénticos. Bajo las condiciones, la pérdida de
varios cromosomas no afectard mayormente la
sobrevivencia y duplicacion de células aneuploides
de un tejido que se desarrolla en condiciones de ines-
tabilidad somadtica. Ademds, debido a que Saccharum
se reproduce principalmente por via vegetativa, la
inestabilidad cromosémica no es tan importante para
la distribucién v expansion de los clones que sufren
este fendmeno.

Cuadro 4. Clones que presenta mosaicos cromosomales
en células somdticas de una yema.

Clones Rango de variacion
en células de una yema

MY 53205 2n =43, 65, 108
n = 60, 107
20 NG 201 2n=58,74

In =44, 58 68

No se conocen Brown (3), las causas genélicas y
ambientales que producen el fendmeno del mosaico
cromosomico y este factor es, quizds, el mayor
obstéculo para poder predecir el comportamiento
citogenético de clones hibridos en Szccligrum,

C) Nimero cromosomico en hibridos complejos

Tres hibridos de derivacion compleja fueron ana-
lizados en este trabajo (Cuadro 3). Los numeros
cromosomicos de algunos de los progenitores, {am-
bién de origen hibrido, han sido consignados por
otros investigadores Price {19)

La variedad P.O. ] 2878, que se ha utilizado en e!
programa de mejoramiento en Cuba, tiene un nimero
cromosémico de In = 117-124 El nimero descrito
anteriormente es de 2n = 117-121 Price {i9) Las
abservaciones efectuadas en el presente estudio co-
rroboran bien las determinaciones para esta variedad.

Es interesante notar que esta variedad conserva un
numero cromosomico que es algo superior a la suma
de los complementos haploides de los padres; en este
caso, la segregacidn meidtica irregular del hibrido
posiblemente aportd un mayor nimero cromos6mi-
co a la variedad seleccionada.

Lo contrario ocurre con la variedad P. 0. ] 2725,
para la cual el nimero cromosdmico encontrado da
un rango de 2n = 104-107, siendo este ultimo numero
el hallado anteriormente por Price (19).

Esta variedad, cuyos progenitores son los mismos
que para la variedad P. Q. . 2878, tiene un niimero
cromosdmico menor que el esperado, considerando
la suma de los numeros haploides de los padres
{Cuadro 3).

La variedad Co. 281 también ha sido utilizada
en cruces en Cuba; se le describe como 2n = 115
y es la variedad que ha proporcionado el mayor nu-
mero de células con un nimero idéntico de cromo-
somas. Se considera que ésta es la primera cuanti-
ficacién de cromosomas realizado para esta variedad,
ya que no ha sido hallada ninguna referencia al res-
pecto. Solamente se conoce el numero cromosémico
de uno de sus progenitores P O J. 213 con In=124.
Esta variedad es, a su vez, un hibrido interespecifico
entre S, officingrum (2n = 80) y §. sinense (2n =
91) (Figura 3).

Es importante notar que la variacién intraclonal
de cada uno de los hibridos complejos amalizados
es minima. A priori, se esperaba una mayor inesta-
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Chunnee: 2n= 91

Co 281: 2n= 115

Fig 5  Célulss en metafase de las variedades chunnee (5 sinense) y Ca. 281, un hibrido complejo. Céulas en metatase

bilidad cromosdémica en vista de las irregularidades
encontradas en hibridos supuestamente mds simples.
Al parecer, el fendmeno de inestabilidad somdtica
es caracteristico de algunas variedades y ello puede
estar determinado por una interaccién genotipo-me-
dio ambiente.

En todo caso, los fendmenos de aneuploidia e ines-
tabilidad somdtica tienen que ser evaluados en estu-
dios citogenéticos que se programen para esclarecer
el origen hibrido de variedades y clones obtenidos
en programas de mejoramiento.

Es la opinién de los autores que estos fendmenos
disminuyen grandemente la eficacia de las observa-
ciones citogenéticas hechas para estos fines. Ello,
adn mds, considerando el cardcter imprevisible de
estos fendmenos v el gran esfuerzo involucrado en el
andlisis citologico de este material que es dificil para
tal tipo de observaciones.

Por otro lado, la presencia de la aneuploidia deri-
vada de la inestabilidad somdtica puede ser explota-
da para el mejoramiento de Ia cafia de azdcar. Al
mismo tiempo, su estudio puede aporiar una mejor
comprension de la estructura poliploide de las espe-
cies e hibridos de Soccharum y géneros afines. Las
investigaciones de Heinz y Mee (7) y Heinz et al
(8), en cultivos de células en suspension de hibridos
interespecificos de Sacchanun, deberian levar rdpi-
damente a la obtencidn de series aneuploides de
plantas derivadas de un mismo clon por medio de
la técnica del cultivo de tejidos.

La produccion de plantas a partir del cultivo
de callos es una nueva herramienta que los mejo-
radores poseen para crear variabilidad. La inesta-
tabilidad somdtica se maximiza bajo condiciones
de cultivo de células in vitro Brown (3); Lewis (11).

La formacién de tejidos de callos y la diferencia-
cién posterior de plantas a partir de éstos, ofrece al
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mejorador de plantas de reproduccidn asexuszl la
posibilidad de cambiar el complemento cromosomico
y el genomio sin recurrir al cruzamiento.

[
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STUDIES ON THE SEED GERMINATION OF Parkia clapertoniana® |

E O ETEIERE™
MO FAWOQOLE*
A, SANT®

Las vainas de Parkia clapertoniana contiencn dos tipos de semilla denominadas
Pardo Rojizo {RB] v Pardo Oscuras {DB), las cuales se presentan en una refacion 1. 10
Las semillas RE germinan de inmediato mientras que las DB presentan dornmancia
debidg a recubrimiento de la semilla, Mas del 90% de las semillas RB gerinind a una

temperatura optima de 30°C.

Las semillas DB germinaron en forma sucesiva cuando se les aplicé vavios méto-
dos para romper la dormancia. El mejor método fue la escarificacion con H,850,
concenntrado por 15 minutos, con el cual se logrd wna germinacion del 97%

La pulpa de lu fruta inhibié en forma total la genminacion de las semillas RB y
no estinuwdd en absoluto la germinacion de las semillas DB.

Introduction

arkig clapertoniana  also known as African
locust bean tree gbound in Nigeria especially in
= the guinea savanna regions. It is one of the pro-
tecte{i economic iree crops in the savanna belt.

The trees fruit during the months of December to
March and they bear numerous leguminous pods. The
pods contain a yellow powdery pulp which is rich in
carbohydrate (Purseglove, 8). The seeds are embed-
ded in the pulp.

In Nigeria the seeds are very important to the
Yorubas because they are used in preparing a form of

I Received for publication on January 10, 1982
The authors thank the University of Horin for supporting
s study through its Senate Research Grant.

*  Department of Biotogical Sciences, University of llorin,
Horin, Nigeria

spice known as ‘Irw’. The spice adds flavour to soup
and also makes it thick. The seeds thus serve as a
good and cheap source of spice. Cattie and other live-
stock are fed with the pods. The leaves when
ploughed into the soil serve as a good source ol ma-
nure.

Although the {ree crop seems to be protected by
natives, some factors coniribute to the low popula-
tion of the plant in the field. One of these is uncon-
trolled bush burning which is a common feature in
the savanna areas during the dry season. Bush burning
destroys the young seedlings and reduces the popula-
tion density. One other factor is excessive grazing by
cattle and other domestic stock. These animais not
only eat up the young and tender seedlings but may
also physically destroy them during movement within
the vegetation. Perhaps a more important factor is the
fact that only a small percentage of the seeds germi-
nate in the field; a lot more are dormant. Dormancy
of seeds has also been reported for Musanga cecro-
pioides, Bosquien angolensis, Ficus sp and Antiaris
africana which are common tree species found in Ni-
geria {Aramide, 1).

Turrialba Vol 32, No. 2, 1982, pp. 181-185
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The present investigation is part of a more elabo-
rate one on the biology of the plant. It is directed at
studying the germination of the seeds of Parkia. The
study revealed that a high percentage of the seeds are
dormant; data are presented aimed at breaking such
dormancy.

Materials and methods
Sampling procedure

Ripe pods containing viable seeds collected from
20 randomly selected trees in the field during the
fruiting period were used for the study. The number
of pods estimated per tree from which the samples
were selected ranged from 500 to 3000. Sixty ran-
domly selected pods were opened and the seed distri-
bution per pod was observed,

Seeds collected from the pods were soaked,
washed free of the pulp and dried at room tempera-
ture before they were used for germination studies.
Careful observation however revealed that two types
of seeds were present in each pod on the basis of their
testa colours. These were designated red brown (RB)
and dark brown (DB) respectively. Seed collections
used for this study were thus separated into these two
BIOupS.

Germination studies

Randomlby selected RB or DB seeds were surface
sterilised with 0.1% mercuric chloride solution for
approximately 30 seconds, rinsed in several changes
of sterile distilled water and plated in 9.0 cm sterile
Petri dishes. Ten seeds were broadcast on each plate
containing two sterile filter papers soaked with sterile
distilled water. The plates prepared in replicates of
ten were incubated at 30°C for 15 days.

A second batch of RB or DB seeds were later
plated as earlier described and subjected to vamous
temperature ranges of —10°C, 15°C, 25°C, 30°C,
35°C and 40°C. Ten replicates were also used.

Dormancy studies

Heat, Treatment. The DB seeds which were found
to exhibit dormancy were subjected to heat treat-
ment in order to break their dormancy The seeds
were subjected to 80°C or 100°C for 1, 2 or 5 min-
utes. The heat treatment was carried out by emer-
sing seeds in water at the specified temperature.

Seed decoating. Partial decoating of seeds was
achieved by partly removing the coat from either the
micropyle or non-micropyle end of the seed. This was

done by a careful surgical operation involving the use
of sterilised scapel and forceps. Total decoating in-
volved the removal of the entire seed coat. Ten repli-
cates of partial or total decoated seeds were then sur-
face sterilised and plated as described earlier

Scarification. The DB seeds were scarified by im-
mersing in different types of concentrated acids for
various periods. Mids used were H,S80,, HCI, and
HNO, each for 1, 2,5, 10 or 15 minutes. Seeds were
placed ir beakers and the acid poured in the beakers
just enough to cover the seeds Seeds were later
soaked in running tap water for 3 hours after the acid
had been poured off. They were later rinsed gen-
erously in sterile water before plating as usual. Un-
scarified seeds were plated as control.

Five herbicides and one fungicide (Table 6) were
also tested on the dormancy of the DB seeds The
seeds were exposed to the concentrated commercially
formulated herbicides or fungicide as was described
for acid scarification. The seeds were then plated as
earlier described.

Effect of fruit pulp on seed germination. The
effect of the fruit pulp on the germination of both
the RB and DB seeds was studied. Fresh seeds from
the pods with the pulp still intact were surface steril-
ised and plated as described earlier. After the germi-
nation period the seeds were washed free of the pulp
to determine their colours. In a second treatment,
washed DB or RB seeds were plated in Petri dishes
containing sterile distilled water with the fruit pulp
sprinkled on the filter papers. Attempts to prepare a
suspension of the pulp in sterile water failed.

Results

The total number of seeds per pod was found to
range from 7-23. As already stated, washed sceds
revealed that two types of seeds occur in the podson
the basis of the colours of their seed coat. These are
the redbrown (RB) and darkbrown (DB). The ratio of
occurrence of RB to DB seeds was found to be ap-
proximately 1:10 per pod (Table 1).

Germination studies showed that RB seeds germi-
nate readily (Figure 1) while DB seeds do not (Table
2). The optimum temperature for germination of RB
seeds is 30°C with little or no germination at 40°C
{Table 3). That germination of RB seeds in in-
hibited at low temperature of —10 and high tempera-
ture of 40°C (Table 3). The DB seeds did not germi-
nate during the exposure to any of the temperatures
tested. The DB seeds therefore appear to be dormant.
Exposure of DB seeds to 80°C heat treatment gave
low germination while those subjected to 100°C
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Fable 1. Distribution of Red Brown {RB) and Dark Brown (DB} seeds in randomly selected pods.
Average Average Average
Total number number of Number of RB | number of RB | Number of DB § number of DB | Ratio of RB
Samples of of seeds in 10 | seeds per pod seeds in seeds per pod seeds in seeds per pod DB seeds in
10 pods pods (+1S.E) 10 pods (1 S.E) 10 pods {+ 1 SE)Y pods
A 187 187+ 060 17 1.7 +0.21 170 17.0+ 049 1:10
B 146 146+ 1.19 12 1.2:013 134 134+ 113 1:11
C 153 153+ 147 13 13:015 140 140+ 136 1:11
)] 156 156+1.59 14 142016 142 142 + 1.47 1:10
E 146 4.6+ 1.21 11 I.1=x0.14 135 135+ 1.20 112
F 126 126+ 114 12 122013 114 ild 111 1:10

i S L = Stapdard Error.

showed no germination (Table 4). A maximum germi-
nation of 20% was observed when the DB seeds were
exposed ta 80°C for | or 2 minutes. Untreated seeds
(the control} did not germinate.

Partial or total decoating of DB seeds showed
improved germination over the heat treatment. Seeds
which were partially decoated at the micropyle end
gave 83% germination; those decoated at the non-
micropyle end gave 73% while those totally decoated
gave 91% germination (Table 5).

Fig. 1. Germination stages of RB seeds of Parkiz clapertoniona,

Turrialba Vol. 32, No. 2, 1982, pp. 181-185
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Table 2. Percentage germination of untreated RB and DB
seeds plated in Petri dishes at 30°C for 15 days.
Data are averages from | replicates,

Cumulative Yeage  Cumulative % age

Days of germination of germination
germination RB seeds of DB seeds
3 10 g
& 80 G
9 84 ¢
12 90 0
i5 940 0

Acid scarified DB seeds showed higher germination
than seeds subjected to heat treatment or which were
decoated This was especially true of seeds scarified
with concentrated HNO; or M, S50, . Seeds scarified
with concentrated HNO; for 15 minutes gave 86%
germination; those scarified with concentrated HCl
for 12 minutes gave 68% while those scarified with
concentrated H, 50, for 15 minutes gave 97% germi-
nation (Table 5). DB seeds cven when treated with
various herbicides and fungicide did not germinate
{Table 5).

The fruit pulp did not break the dormancy of the
DB seads; indeed it inhibited the readily germinating
RB seeds (Tabie 6).

Discussion

Two types of seeds have been identified in the
pods of Parkia clapertoniana. These have been desig-
nated red brown (RB) and dark brown (DB} seeds,
based on colour of their testa. This occurrence of two
coloured seed coats could be an attribute of genetic
influence. Germination of Parkia clapertoniana seeds
is limited to the RB seeds which unfortunately occur
in very low proportion in the pods. The DB seeds
which occur in very high proportion in the pods
exhibit seed coat dormancy. The dormant DB seeds
were successfully germinated after various treatments

Table 3. Percentage germination of RB and DB seeds
under various temperatures for 15 days, Data are
averages of 10 replicates,

Percentage germination

Seed Type  —10°C 15°C 25°C 30°C 35°C 40°C
RB 0o 36 76 92 76 2
DB 0 o 0 0 9 0

Yable 4. Percentage germination of DB seeds subjected to
heat treatment. Data are sverages of 10 repli-

cates.
Temperature Expasure time (min.}
¢ i 2 5
Controt ] ] 0
80 0% 20" 1O¥
100 0 0 0

Signiticantly different from control ot 955 probability
level

ranging from heat to herbicide treatments. Treat-
ments which resulted in dormancy break were acid
scarification, removal of seed coat and heat treat-
ment. The treatment which pgave the highest germi-
nation was scarification with H, 80, for 15 minutes.
Coutinho and Struffaldi (3) also observed seed coat
impermeability with seeds of Farkia auriculata al-
though they did not report the occurrence of differ
ent types of seeds in the pods Borthwick and
Robbins {2} found that germination at high tempera-
tures did not occur in mature lettuce seeds unless the
innermost of the three seed membranes is removed.
It is also reported that the removal of a small
portion of the rice husk breaks dormancy of the seed.
Aramide (1) observed that seeds of Antigris afticany,
Bosquen angolensis, Musanga cecropivides and Ficus
sp showed dormancy problems but only Antiaris afii-
cang had dormancy due to seed coat impermeability.

Usually the number of Farkia trees in any vepeta-
tion is low compared with other plants. The low per-

Fable 5. Percentage germination of DB seeds after scarifi-
cation with various chemicals. Data are averages
of 10 replicates,

Exposure time (min.)

Chemicals i 2 5 10 15
Control 0 ] 0 0 ]
HC 23% 34%  46% 60% 66
HNO, §2% 4% 78*  80F  B6¥
H, S0, Ga*  70% g7+ 9l® 97
Atrazine ¢] 0 0 0 ]
2,4-D 0 4] 0 0 [
EPTC 0 0 0 0 0
Molinate 0 £} 0 0 0
Monuron 0 0 0 G 0
Gammalin ‘20 0 0 £ G 0

Significantly difterent from control at 5% probability
fevet



ETEIERLE ET AL GERMINATION OF PARKIA CLAPERTONIANA 185

Table 6. Percentage germination of seeds plated with or
without fruit pulp. Dats are averages ol 10 repli-
cates.,

v
ogermimabion Washed  Washed

Unwashed — intact seeds RB seeds DB seeds

With pulp 0 o 0
Without pulp
{control} not applicable 75 {

* Significantly different {rom contial at 95% probability

Teved.

centage of viable RB seeds (Table 1) in the pods
therefore confirms the suspicion thal only a small
percentage of the seeds germinate in the fiekd. Even
RB seeds with their pulp still intact cannot germinate
uniess the pulp is removed completely. The pulp
therelore appears to inhibit the seeds from germina-
ting. Several workers have also observed this phenom.
enon in seeds especially for tomato (Juel 4; Koves
et al  0; Konis 5 and Ozoriode et gl 7). Seeds
obtained from pods should therefore be thoroughly
washed-free of their pulp before sowing A large scale
breaking of dormancy of the DB seeds by con-
concentrzted H,S50,; for 15 minutes is supgested,
Sowing of viable seeds should be carried out in a
controlled environment of 30°C in order to obtain
high germination.

Removal of the pulp of Farkiz seeds under field
conditions could occur either through splashing by
water, fermentation, decay or by animals These
processes, apart from that of water, expose the seeds
to possible destruction with a consequent reduction
in the number of seedlings that would have estab-
lished in the field With the success already obtained
in germinating the dormant DB seeds, there seems to
be rays of hope in increasing the population of the
species. This increase in population will thus supply
the much needed spice ‘Irv’ which apart from it
flavouring qualities also serve as a good source of
pretein to man.

Abstract

The pods of Parlia clapertoniana contain two seed
types designated Red Brown (RB) and Dark Brown
{DB), which oceur in the ratio of about 1;10 The RB
seeds germinate readily while DB seeds exhibit seed
coat dormancy. The RB seeds gave more than 90%
germination at an optimum temperature of 30°C.

The DB seeds were successfully germinated after
various methods had been used to terminate the seed
coat dormancy. The most successful method was
scarification with concentrated H, S0, for 15 nmni-
nutes which gave 97% germination.

The fruit pulp completely inhibited the germi-
nation of RB seeds and did not stimulate dormant DB
seeds to germinate
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Unidades basicas del SI#

Especie Unidad Simbolo Especie Unidad  Simbolo
Longiud metro ni

Muasa kifogramo Ky Temperatury kelvin K
licmipo segtundo 5 Intensidad luminosa candela  cd
Corriente cléctrica ampere A Cantidad de sustancia mole mol

Unidades suplementarias

Angulo plano radiin rad Angulo solido steradian sy

Unidades derivadas gque tienen
nombres y simbolos aprobados por el SI:

Especie Unidad  Sym-  Farmula  Espedie Unidad Sim- Formula

bolo bolo
Frecuencia hertz Hz 1/S Conductancia cléctrica  siemens S ATV
Fuerza newlon N Ky m/s? Flujo magnético weber Wh Vg
Presion pascat Pa Nim? Densidad de flujo tesla T Wh/m?
Trabajo foule il Nm Inductancis henri H WhiA
Potencia watt W s Flujo luminoso lumen lm cid/sr
Cantidad clectricidad  coulomb € As [Hluminacion lux Ix tm/in?
Potencial cléctrico volt v W/A Rudinctividad hequersl Bq /s
Capacidad eléctrica farad F Civ Dosis absarbida pray Gy Joky
Resistencia eléctrica ohm ity V/IA

Definiciones de las unidades basicas del Si*

El metro. Es la longitud equivalente a 1| 650 763 .73 longitudes de onda en el vacfo de la
radiacion electromagnética emitida por el dtomo de criptén 86, correspondiente a la transicion
entre 2p, o ¥ 3ds {su simbolo esm).

El kilogramo. Corresponde a fa masa dei kilogramo prototipo adoptado internacionalmente
{su simbolo es kg)

El segundo. Es la duracion de 9 192 631 770 periodos de la radiacion eleciromagnética
correspondiente a la transicidn entre dos niveles hiperfinos del estado base en el dtomo de cesio
133 (su simbolo ¢s s).

El ampere. Es la corriente eléctrica constante en dos conductores patalelos de longitud
infinita y de seccion transversal insignificante que, colocados a un metro de distancia entre i en el

vacio, se atraen con fuerza igual a 2 x 107 newton por metro de longitud (su simbolo ¢s A).
&

Continvacion en o pdging 204



CASSAVA MEAL AND CASSAVA PEEL MEAL FOR GROWING
AND FINISHING PIGS!/

b B SONAIYA*

Resumen

Se probo le inclusion de 0%, 30%. 45% v 60% de tubéroulos de vuca medidos
(CM} vy secados al sol en raciones de cerdos en crecimiento. En adicion se probé ef
efecto de adiciones 15% v 30% de CM ndx 15% v 20% de cdscara de vica medida
{CPM )} en raciones de acabado de cerdos Large White v Locales. Los cerdos en cre-
cimiento que recibieron ln racion con substitutos crecicron ligeramente wds rapido
v freeron ligeramente eficicntes en convertiv alimento que los cordos con lo dieta con-
trel, aungue las diferencias no fueron significativas BN acabado de cerdos a base de
dictas con CM = CPM fue bajo aunque la velocidad de crecimicnto v la cficiencia de
conversion de alimento no se altere en forma significative. La combinacion 13% CM =
205 CPM fle consistentemente superior aungue no significativamente, a las dends
raciones, En términos generales los cordos Large White wiilizaron CM mejor que los
cerdos locales, los wliimos emplearon CPM con mavor eficiencia La canal de los cor-
dos testigos obtuvo un valor de calidad mds alto que la de cerdos alimentados con ra-
clones sustituidas Debido a su mavor digestibilidad, CM supero el efecto sobre este

7. A OMOLE*

parametro de las mezclas CM-CPM.

Introduction

| he replacement of cereals with cassava meat in
the diet of prowing-finishing pigs has been

mn widely studied, Kok and Ribeiro (6) observed
enhanced liveweight gain, feed intake and efficiency
but noted incrcased fut deposition and reduced loin
eye area in pigs fed cassava based rations Peixoto
(12) reported depressed gain, fezd intake and
efficiency, but also higher fat deposition and
decreased loin eye urea. More recent reports have
shiown that cassava may fully replace cereals without
any deleterious cffects on live performances when
diets are properly balanced (4, 7, 8). However, Sonaiya

1 Reeeived for publication on April 20, 1980

* Department of Animal Science, University of Ife, ile-lfe,
Nigeria.

et al (16), feeding methionine supplemented cassava
meal diets to pigs at three stages of growth, conclud-
ed that higher levels of cassava meal fed to [linishers
increased fat deposition due to the higher digestible
energy intake.

Diluting the digestible energy of the finishing
rations with fibrous {eedstuffs should result in leaner
carcasses. Rice bran has been used as a diluent (9)
and cassava peel meal is very similar in proximate
composition to rice bran. The steady rise in the
amount of cassava tubers peeled for human and
livestock consumption, industrial starch production
and fermentation is rapidly increasing the quantity
of cassava peels available, Inclusion of up to 15%cas-
sava peel meal in corn based finishing diets improved
growth rate and carcass quality (15).

This is a report of experiments designed to study
the effect of cassava meal in the growing rations and
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cassava meal plus cassava peel meal in the finishing
rations,

Materials and methods

Five experimental rations containing 0% , 15%,
30 , 45% and 60 sun-dried, ground cassava tubers
(CM) were formulated for the growing phase
{Table 1) Finishing rations contained 15% and
30% CM + 15%and 20% sun-dried, ground cassava
peel (CPM) in a 2% factorial treatment to give four
substituted rations while the control ration did not
contain either of the test ingredients (Table 2).
Attempts were made to balance the rations by the
inclusion of palm oil and feed grade methionine and
lysine to arrive at isocaloric and isonitrogenous
rations.

The rations were amalysed for proximate
composition. Energy digestibility was evaluated with
pair fed pigs on each treatment in a metabolism
study. Gross energy of feed, feces and urine was

determined in @ Gallenkamp ballistic bomb calori-
meter. Urine was freeze-dried overnight in a Virtis
freeze dryer after shell freczing with alcohol in a
Virtis shell freezer. Hydrocyannic acid concentration
in CM and CPM was measured on a Beckmann atomic
absorption spectrophotometer at 515 mn using KCN
solution as a standard (18).

Eighty pigs (44 Large Whites and 40 Locals) were
allocated, 16 pigs per treatment, on the basis of sex,
breed and weight such that the average individual
weight in all treatments was 8.7 kg. Pigs were group-
fed the growing rations until they attained an average
of 40 kg liveweight. They were then put on the
finishing rations until they attained average slaughter
weight of 60 kg (75 kg for Large White, 45 kg for
Locals). Feed was supplied at a controlled rate of
1.5-2 kp/pig/day. Water was akways available. All
pigs were slaughtered and hot carcass measuremerts
taken as previously described (16) except for loin
eye area which was measured on loins chilled for
24 hrat 5°C

Table 1. Composition of cassava meal grower’s rations.

INGREIMENTS % Air Dy Basis

YeHow maize 5045 31.00 12.00 0.00 .00
Cagsava meal 0.00 15.00 30.00 45.00 60.00
Groundnut cake 20.00 22.30 24 .45 26.00 28.30
Fish meal 4.00 4.60 550 §.20 8.30
Brewers’ dried grain 15.00 16.00 16.40 10.00 000
Rice bran 1.50 1.50 1.50 1.40 0.00
Palm oil 565 6.20 615 6.00 0.00
Dicalcium phosphate 1.50 1.50 1.50 1.50 150
Oyster shel .50 0.50 450 0.50 050
Salt 050 0.50 0.50 0.50 0.50
Ad-Vit* (.50 050 .50 0.50 0.50
Methionine 0.15 0.15 0.15 015 015
Lysine 0.25 0.25 0.25 0.25 0.25

Calcuiated Analysis

Digestible encrgy (kealfkg) 3501.60 3503 90 3510.60 150450 3281.50
Crude protein oy 20.03 20.01 20.03 20.04 19.14
Crude fiber %) 394 409 4.16 354 260
Ether extracis %) 10.21 10.69 11.17 10.27 401
Calcium %) 083 0.89 0.96 111 P11
Phosphorus avail (%) 0.50 0.51 052 0.59 0.58
Methionine (%e) 0.50 0.50 0.50 051 0.49
Cystine 96) 0.35 0.34 Q.34 0.35 0.34
Lysine (%) 0.99 1.03 1.08 1.17 1.12

A commercizl vitamin-minerst preparation by Ptizer Ltd, lkeja, Nigesia., supplying per kg diet: 10 080 [U Vit A, 1333 TU Viu
D, 67 mgh,, 833 LU B,, 233 LU B, 003 meB, ,, 833 mg Choline chloride, 16 7 mg Zine bacitracin, 208 mg antioxidant,
167 mg iron, 133 mg Manganese, 208 mg Zinc, 125 mg Copper, § 83 myg Cobalt and 3 3 mg fodine
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Table 2. Composition of cassava meal-cassava peel meal rations for finishing pigs.

INGREDIENTS % Air Dry Basis

YeHow maize 53.00 27.00 10.00 2500 8.00
Cassava meal’ $4.00 15.00 30.00 15.00 30.00
Cassava peel meal? 0.00 15.60 15.00 20.00 2000
Groundnut cake 10.00 10.00 11.00 11.06 11.00
Fish meal 3.00 300 4.00 4.00 400
Brewers' dried grain 2.00 1300 15.00 800 16 00
Rice brag 27.00 12.00 1300 12.00 6.00
Palm oil 2.50 2.50 2.50 150 2.50
Dicaicium phosphate 8.50 0.50 8.50 0.50 0.50
Oyster shell 4.50 0.5¢ 850 0.5G 0.50
Salt 0.50 0.50 0.50 0.50 0.50
Ad-Vit 0.50 0.50 0.50 0.50 0350
Metlhionine .25 0.25 0.25 .25 0.25
Lysine 025 0.25 0.25 .25 0325

Calculated Analysis

Digestible energy (keal/kg) 3010 30 301030 3606.85 3003 49 3020.02
Crude profein %6y 14.28 14.18 1411 14.26 14.14
Crade fiber (50} 476 5.51 571 559 5.85
Ether extracts () 9.54 7.54 7.28 7.34 6.71
Calcium %) 0.52 .59 0.67 0.65 0.68
Phosphorus avail 0y 041 0.33 0.34 0.35 0.44
Methionine (%) 0.55 {3.50 0.50 050 (.49
Cystine (%) 0.24 a2 0.22 0.22 0.21
Lysine (%) 0.82 078 0.85 0.81 0.83

1 HCN content— 75 ma/fky
2 HCN content— 163 mg/ka

The effects of treatments, breed, and sex were
tested. Liveweight and carcass data obtained {rom
the finishing period were also summarised for the
two factors (CM and CPM) and iested for main
effects and interactions

Results

Effects of cassava meals on daily gain, feed and
dipestible energy intakes and efficiencies of growing
pigs are summarised in Table 3. Pigs receiving
increasing levels of CM pgrew slightly {aster and
appeared 1o more efficiently convert feed than pigs
on the confrol diet. Differences were however not
significant (P > 003) In the [inishing phase the
control diet promoted nen-significantly faster growth
and better feed efficiency than CM + CPM diets
(Table 4). It would appear that 157 CM is superior to
309 CM for growth promotion and efficiency of feed
conversion. Similarly, 20% CMP promoted better live
performances than 15% CPM and a combination of

15% CM  + 20v% CPM was consistently but non-
significantly superior to other substituted rations in
promoting live performances. Energy digestibility
values were generally low, did not seem to reflect
the level of crude fiber in the rations and did not
differ significantly in both growing and finishing
phases (P> 0 05).

Mean values for daily gain, feed intake and feed/kp
gain for the two breeds are presented in Tables 5 and
6. Large White pigs made significantly faster gains but
non-significantly consumed less feed and converted
feed more efficiently than Local pigs. During the
growing phase, Local pigs on the control showed
the fastest rate of gain as compared with Local pigs
on the substituted rations. Large White pigs on
45% CM ration made the fastest gains compared with
Large White pigs on other treatments. While dif-
ferences among Large White pigs were significant,
those between Local pigs were not. In the finishing
phase, the conérol diet as well as the 15% + 20% CPM
diet promoted the fastest significant rate of gain in
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Table 3. Live performances of growing pigs on cassava meal diets.

Cassava meal levels {70 )

0 15 30 45 60 SEM?

Daily gain {kgy .40 0.48 050 0.54 .48 0.049
Daily feed intake {kg) 1 40 1.40 1.19 1.40 £.39 0.093
Daily dry matter intake {kg) 125 124 1.04 1.21 1.19 0.085
Daily digestibie cnergy

intake? {keab) 274 281 240 2.85 270 0.178
Feed/kg pain (k) 347 2.93 2.40 2,60 192 0.406
Digestible energy/kg

gain (keat) 6.80 5.88 4.85 5.30 5.67 0.729
Dry matter/kg gain {kg) 3.10 2.59 210 225 2.50 0.384
Dry matter digestibility V) 60.66 56.60 60.10 6073 61.64 1.950
Energy digestibility %) 55.00 5528 56.10 58.89 5582 2196
Determined gross energy  (keabfkg) 3557 3627 3596 3457 3247 15362
Determined digestible

CRCIRY (keal/kg) 1956 2005 2017 2036 1942 40.38

I Obtained from determined de values.

1 Standard error of mean

Table 4. Live performances of tinishing pigs fed cassava meat-cassava peel meal diets.

Cagsava meal levels (%) 0 15 30 15 30 SEM?
Cassava peet meal levels {%) [} 15 i5 20 20

Daily gain (kg) 48 0.43 043 .47 .40 0.028

Daily feed intake (kg) 164 164 1.57 1.64 1.58 0.040

Daily dry matter intake (km 140 1.39 1.33 1.33 134 0.029

Daily digestible energy intake' (keal 339 37 355 330 332 0200

Feedfkg gain (kg) 3.40 3.86 362 3146 3.97 0245

Digestible energy/kg gain {kcal} 703 8.87 8.18 6.96 834 0.849

Dry matter/ke gain (kg) 190 327 306 293 337 0208

Dry matter digestibility (%) 53.27% 6533 ga71? 6096°  7016° 3.210

Energy digestibility (%) 60,011 68757 66.44 61.26" 6704 3.827

Determined gross energy (kcalfkg) 440" 1340% 3408% 3283% 3131° 122.10

Determined digestible cnergy (kealfkg) 2064 2286" 22647 20112 2099" 136.09

i Based on determined digestible energy of the diets.

a4, b, ¢,z Tigures in the same horizontal row beasing the same superseript are not sienificantdy (P > 0.0%) different

2 Standard crror of mean
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Table 5.  Live performances of two breeds (large white {LW) and focals (L) pigs) and two sexes (barrows {B) and gilts (()) fed cassava
meal in the growing stage.

Cassava meal levels (50)

0 15 30 45 60

LW L W L LW L LW L 1w i
Daily gain (kg} 0429 0.377 0.593 G.363 0.636 0.353 6.743 0332 0603 0349
Diaily feed intake (kg 1.36 143 1.36 43 1.36 [.G1 i36 143 136 142
Feed/kg gain (kgy 317 3.79 229 394 2.14 2.86 1.83 441 2326 4.07
Paily gain (kgy' 0401 0.405 0.52G 0427 0583 0.406 0.533 0542 0.394 0.558
1 Barrows and gilts sespectivily .
Large White pigs while Local pigs made the fastest different and did not seem to be influenced by the
non-significant gain on the 30% CM + 15%CPM diet. experimental freatments.

In general, it appeared that Larpe White pigs utilised
CM better than Local pigs while Local pigs utilised

CPM better than Large White pigs Large White carcasses were significantly superior

to Locals’ in dressing, length, backfat and loin area
(Table 8). Lean cuts percemt was not significantly
different. Dressing value was highest in Large Whites
on the control and decreased with increasing substitu-
tton of CM and CPM. Differences between the substi-
tuted rations were not significant. Dressing value was
non-significantly improved in Locals with increasing
substitution. Backfat increased in both breeds with
increasing substitution while loin eye area decreased
in Large White carcasses but increased in Local carcas-
ses with increasing substitution.

in the growing phase, barrows made the fastest
gain on the 30% CM diet while gilts had the best
growth rate on the 60% CM diet (Table 5). In the
finishing phase, 30% CM + 15% CPM mixture
promoted the fastest rate of gain in barrows while
gilts made the greatest daily gain on the control
{Table 6). All differences were not significant. Gilts
appeared more sensitive to changes in diet compaosi-
tion but at higher levels of substitution seemed to
utilise both CM and CMP better than barrows.

Carcasses of control pigs had significantly higher Barrows had non-significantly longer carcasses
dressing values than those of pigs on substituted with thicker backfats than gilts and increasing substi-
rations (Table 7). Pigs on substituted rations did not tution tended to increase both length and backfat
differ significantly in dressing value. Carcass length, equally in barrows and gilts (Table 9). Sex did not
backfat, loin eye area, lean cuts percent and fresh seem to have any effect on the carcass characteristics
Hver amd kidney weights were not significantly of pigs on this experiment. This would suggest that

Table 6.  Live performances of large white and local pigs; barrows and gilts fed cassava meak-cassava peel meal rations in the finishing
stage (40 kg — Slaughter).

Cassava meal levels (%) 0 5 30 15 30
Cassava pecl meal levels (96} 4] 15 i5 20 20

LW L LW L LW i LW L Lw L
Daily gain tkgy 0686 0.273 0.535 0.266 0.513 0.283 0.674 0.268 0.536 0.236
Daily {eed intake gy 136 192 1.36 1.92 1.36 1.7 1.36 1.92 136 1.80
Ieed/kg pain Gpy 198 7.03 154 7.23 2.65 6.25 2.02 7.16 2.54 7.63
Daily gain kg)! 0474 0.485 0.466 0.400 0.456 0.407 0419 0.525 0368 0.424

1 Barrows and gilts respectivily .
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Table 7. Carcass data of pigs fed cassava meal-cassava peel meal rations,

Cassava meal levels V) ¢ 15 30 i5 30 SEM'
Cassava peel meal levels (9} 0 15 15 20 20
” i b b b b
Dressing Y6y 75.05 6953 6925 68.17 69.67 1.68
Carcass {ength (em) 67.94 7001 68.38 67 38 68.13 099
Backfat average {em) 252 261 2.70 272 2.63 .08
Loin area {cm?) 21.09 18.49 1992 18.22 18,83 1.14
Lean cuts (%) 75.18 74.41 74.12 75.66 76.23 0.87
frosh liver weight (g) 971 1170 1111.5 975 899.5 111.44
Fresh kidney weight (=) 165.5 i64.5 1735 179.0 1589 8.21
1 Standard crror of mean.
a4, b: Figures in the same row bearing the same superscript aze not sigrificantly ( > 0,05) different

Table 8. Careass data of large white and local pigs fed eassava meal-cassava peel meal rations,
Cassava meal levels {6 15 30 15 30
Cassava peel meal levels (%) 15 15 20 20

1w L Lw L Lw L iw L iw L
Dressing o) 87.59 62.50 77.70 61.35 75.20 63.29 72.67 63.67 74.02 65.32
Carcass length {cm) 75.75 60.13 77.63 62,38 76.50 60.25 73.50 61.25 7525 61.00
Average backfat (cm) 233 2.71 139 2.82 2.47 292 2.55 288 238 .88
Loin area {cm? } 29.60 12.57 1274 1423 21.91 16.13 22,55 1389 23.52 14,13
Lean cuts (%) 1565 74.70 7497 73.84 7520 73.04 7387 7745 7327 79.19
Fresh liver weight {(m 1067 875 1165 1173 1135 1088 1004 945 981 818
Fresh kidney weight [£:4] 163 168 156 173 1587 190 168 190 143 173
Iable 9, Carcass data of barrows and gilts {ed cassava meak-cassava peel meal rations.
Cassave meal levels %) 15 30 15 30
Cassava peel meal levels (%) 15 15 20 20

B G B G B G B G B G
Dressing %) 7497 75.12 7200 67.05 68.00 70.50 69 .86 66.74 6887 3,48
Carcass length (em) 6850 67.38 71.13 6888 68.75 68.00 66.63 68.13 69.63 66.63
Average backfat {cmy) 2.56 148 2,79 2,43 275 164 2.80 2,64 264 2.62
Loin atea {em*) 2226 1991 16.76 2021 20.19 17.84 .92 [5.52 17.97 19.68
Lean cuts %) 75.11 75.25 7522 73.59 73.38 74.86 76.19 7513 76.23 76.22
{'resh liver weight {gy 1077 1057 1066 1264 1108 1162 995 1012 1000 962
Fresh kidney weight (& 173 158 £55 174 177 170 180 178 152 164
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barrows, castrated at 4 weeks, had assumed similar
body characteristics to gilts by slaughtering time.

All animals were in good health throughout the

experiment. This would indicate that the level of

HCN contributed to the rations by CM and CPM (11-

55 mgfkg feed, which corresponds (o an intake of

16 5825 mg HCN/day) was below fhe lethal dose
for pips which is still undetermined.

Discussion

The results of the growing phase, in line with our
earlier observations (16), would indicate that cassava
meal may be substituted for corn up to 60% of the
total ration without producing any deleterious eflects
on live and carcass performances. The reports of Kok
and Ribeiro (6), Mejia {10), Shimada (13) and Job
(5) lend further support to this view These workers
observed that cassava meal up to the 60%level in the
diets of pigs promoted similar growth rates and feed
efficiencies which were better than the controls

All experimental rations in the growing phase had
similar energy digestibilities whicly, were lower,
though not significantly, than dry matter digest-
ibilities. Oyenuga and Fetuga (11}, reported high
digestibility for dry matter while digestion coef-
ficients for other nutrients in cassava meal were
much lower Chicco e al (3) observed that digest-
ibility was not significantly different among cassava
meal treatments. In the finishing phase of our experi-
ment however, energy digestibility was higher than
dry matter digestibility. Since the finishing rations
included CPM as an energy diluent, the pigs ap-
parently had less feed energy available and, conse-
quently, digestion of feed energy increased. Depres-
sion of energy digestibility has been attributed to
fibrous feedstuffs: brewer’s dried grain (BDG) and
Stylosanthes (21). However, these fibrous feedstuffs
contain very high amounts of crude fiber and are
essentially roughages. Cassava peel meal, on the other
hand, contains only 10% crude fiber and should be
more digestible. Furthermore, it would appear that
cassava meal, being more digestible than cassava peel

meal, had a promoting effect on the digestibility of

CMP — CM nixtures. This would supgest that higher
substitutions of CPM can be accompanied by higher
levels of CM as shown by the similar dry matter and
energy digestibilities of the 15% CM -+ 15% CPM and
30%CM -+ 20% CPM mixtures,

The inclusion of up to 60% CM in growing rations
and 20% CPM as well as 30% CM in finishing rations
wil resuit in considerable savings in feed cost since
the market price of maize is about 200% higher than

the price of cassava; and the cost of the simple
processing of cassava roots required is minimal.

Abstract

Experiments were conducted to study the inclu-
sien of 0% 30%, 45% and 60% sun-dried, ground
cassava tubers (CM)} in growing rations; and of
15% and 30% CM 4+ [5% and 20% sun-dried, ground
cassava peel (CPM} in finishing rations of Large White
and Local pigs. Growing pigs receiving substituted
rations grew slightly but non-significantly faster and
were slightly more efficient in feed conversion than
pigs on the control diet. Finishing pigs on CM + CPM
diets had slightly depressed but non-significant
growth rate and feed efficiencies. A combination of
15% CM + 20% CPM was consistently but non-
significantly superior to other substituted rations.
Generally, Large White pigs appeared to utilise CM
better than Local pigs while Local pigs utilised CPM
better than Large White pigs. Carcasses of control
pigs had significantly higher dressing values than
those of pigs on the substituted rations. Cassava meal,
being more digestible than CPM, had a promoting
effect on the digestibility of CM—CPM mixtures.
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DETERMINACAO DO S TROCAVEL DO SOLO PELO METODO COLORIMETRICO
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Abstract

Traditional metliods for determining the exchangeable S of soils lack sensitivity,
reproducibitity, and are too time conswming The wmethod described in s paper is
more favorable. Blue metivvlthvmol in a high pH {12 70} forms a complex of barivun
ion, and the intensity of the resulting color varies linearly, as a finction of the quantiy
of fon present in the solution On the basis of this principle, S in the SO7* jorm is
determined, with a colorimeter provided with an expanded scale and a 430 wm filrer.

The soil extract is obtained with HCl 1072 in the proportion of 2.5 mil of
extracting solution per gram of soil The cations in the extract constitute interferents,
once they have been complexed by the methyltiimmol. Therefore, a cation exclenge
resin should be used for eliminating them

The jollowing results were obrained for the soils of the State of Saoe Paulo (in
pom of S-80,) LEa —~ 16 7, PVIs — 13, LVa - 183, LR - 20, Pln - 225, Plp —

24.3; T - 25and 0 - 23,

I relation ro magnitude the values obtained above are consistent with those

described in the literature,

The variation coefficient lad values of 6.40 ro 0.80, with 2.36 as the mean
vadiee, wihiich indicates that the precision of the method used is satisfactory.
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Introducio

uso de fertilizantes concentrados com baixo
contetdo de SO;7, vem motivando o desen-

e volvimento de novos métodos analiticos para
avalizar a disponibilidade de S0;? do solo. Atual-
mente, nos trabalhos de rotina, sio mais empregados,
os métodos turbidimétrico e gravimétrico, os quais,
entrentanto apresentam limitagdes de reprodutibili-
dade e de sensibilidade. Assim, erros provocados pela
falta de homogeneizacio do disperso e por processos
de coprecipitagio e de solubilidade do precipitado sdo
COMuS.
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0 3,3 — bis NN — di (carboximetii}-aminometil-
timosulfataleina de sddio, de férmula molecular
Cys Hys O3 N, SAg, é conhecido comumente por
azul de metiltimol. Devido as suas caracteristicas
estruturais, o composto pode ser utilizade como
indicador em virios métodos compleximétricos
(16} e também na determinagio direta de afguns
elementos, como zircdnio, hafrio (2) e magnésio
{i6).

Para anions o resgente tem sido empregado na
determinagiio indireta do sulfato Lazrus er al (8)
usando o composto determinaram o SOZ2 em dguas
de chuva, numa faixa de sensibilidade variando de
05 a 50 ppm 8 Posteriormente Gales ef al (4)
usando a mesma tecnica encontraram variagdes de 5 a
400 mg S0;7/litro de dgua natural.

Fsses trabalhos baseados na determinagio indireta
do 50572, fundamentam-se no fato de que o anion
precipita uma fracdo do Ba™? de uma solugio de con-
centragdo conhecida do elemento, sendo que, o res-
tante do cition é complexado pelo metiltimol e detes-
minado colorimétricamente.

No caso particular dos solos, a determinagio do
suifato considerado como trocdvel € feila através de
um processo de extragio, com a posterior determina-
£d0 quantitativa do ion nesse extrato. Para isso, sfo
preconizadas solugfes de vérias naturezas e em
cada caso, deve ser escolhida a que caracterize real-
mente 2 fragdo do ion trocivel do solo ¢ a0 mesmao
tempo, a que nfio interflira no método analitico a
ser usado para a determinagiio do sulfato. Desse
modo, tem sido usado como agente extrator,
dgua morna {1, 14); acetatos de sodio e amodnio
(10, 19); fosfatos de cdlcio e potdssio (5, 6}
icido cloridrico (11, 13, 18) e cloretos de cilcio,
de amonio, de litio e de magnésio {6). Entretanto,
apesar desses Indmeros trabalhos, poucas ou quase
nenhuma pesquisa procurou estabelecer niveis criti-
cos do anion, relativo a uma solugio extratora em
particular.

Para os solos tropicais, a fragio de S-S0 consi-
derada como trocdvel, extraida com sclugio de 0.1 M
de cloreto de litio (17}, ou com 500 ppm P na forma
de Ca (H,PQ0;), (17), ou ainda comn acetato de amd-
nio (15) é relativamente baixa. Portanto, para deter-
minagio do sulfato nesses solos, deverdo ser usados
métodos analiticos que apresentam um bom limite
de sensibilidade.

Portanto, o objetivo deste trabalho ¢ desenvolver
urn procedimento analitico que além de boa sensibili-
dade, seja prético e de baixo custo operacional.

Fundamentos do métode

Uma solugBo de azul de metiltimol, contendo ions
Bat? é caracterizada por se apresentar vermelha em
meio dcide e azul em meio bdsico. A mudanga é devi-
da ao fato de que em condigGes dcidas os ions Ba*?
nio sio complexados pelo azul de metiltimol, en-
quanto que em meio alealino hd a formagho de com-
plexo de cor azul, desde que, exista quantidades equi-
moleculares de Bat? e metiliimol. Em caso de ex-
cesso do complexante a [ragio ndo complexada
possue cor ¢inza,

Ao se colocar ions SO37 em wma solugdo equinio-
lecular de Ba*® metiltimol em pH deido hd precipi-
tagdo do 80;* na forma de BaSO, , resultando entdo
na quebra de equimolaridade e consequentementc
num excesso de metiltimol em solugfio. Elevando-se
entio o pHl desse sistema, constituido de BaSQ, -
Bat® - Metiltimol, a solugio resultante passard a
ter cor variando de azul 3 cinzs, dependendo da
quantidade de SO;? presente.

Material e método
Solugio estoque de cloreto de birio

Dissolver 1.526 g de BaCl, . 2H, O em um copo de
600 ml contendo 300 mi de dgua Transferir a solu-
¢do para balfo de 1000 ml e completar o velume com
dgua destilada.

Solugao de azul de metiltimol equimolecular

Colacar 0.0591 g de metiltimol em balio de
250 ml, dissolver em 12.5 ml de solugilo estoque clo-
reto de hario e adicionar 2.0 ml de dcido cloridrico
1.0 N. A solugho passa de escura a laranja. Juntar
35 ml de 4gua destilada ¢ completar o volume com
dlcool etilico. O pH desta solugio é aproximada-
mente 250 e devido a sua instabilidade deverd ser
preparada minutos antes de ser utilizada. Em caso de
estocagem, colocar em  frasco escuro e em geladeira
por um perjodo méiximo de 24 horas,

Solugfio tampio pH 1270
Misturar 750 ml de hidroxido de sédio 0.1 M 2

250 mi de glicocol 0.1 M, agitar e transferir a solu-
¢80 para garrafa pldstica,

Solucao padiio de sulfato

Dissolver 0.1479 g de sulfato de sodio anidro em
copo com 300 mi de agua. Transferir 2 solugdo para
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bafao de 1000 ml ¢ completar o volume com dgua
destilada, A solugiio conterd 100 mg SO /litro.

Método

Caracteristicas espectrais do complexo Bat? —
metiltimol, mefiltimol niio complexado ¢ complexo
metiltimol-interferentes.

Para se determinar os espectros dos sisternas acima
citados, preparam-se solugdes diluidas de: metiltimol-
Ba*? em plt 2.5 (Ba*? ndo complexado); metiltimol-
Bat* em pHi 12.70 (Bat® complexados); metiltimol-
Cat?, Mgt?, Mn*?, Fet?, K*, Cut?, NOT, PO;3,
ClOF em pH 12.70. Colocou-se uma aliquota de
cada amostra em células e determinou-se o espectro
de cada solucio, usando-se para tal um espectrofo-
tometro com registrador. Fez-se uma varredura de
luz com comprimente de onda variando de 300 a
700 nm, obtendo-se os espectros desejados.

Estudo do pH na complexacio do Bat?

Para o estudo em pauta, foram colocadas em baldo
de 50 mi, contende 10 ml de solugio equimolecular
de Bat? — metiltimol, 200ug de SO;?. Elevou-se o
pH a diferentes niveis, através de adigio de NaQH
0.2 N em quantidades crescentes. Em seguida com-
pletou-se o volume com dgua destilada. O pH de
cada solugio foi medido potenciometricamente e
as leituras da concentragio obtidas e um colori-
metro com extensio de escala e com filtro de
430 nm.

Estudo dos interferentes

A fim de se verificar & interferéncia de diversos
citions e anjons na determinagio do $-S07?,
procedeu-se da seguinte maneira: em balac de 50 ml
contento 10 ml de solugho equimolecular de bdrio-
metiltimol em pH 2.50 e 200 pg SO7*, colocou-se
alfquotas com quantidades crescentes do interferente
em leste. Em seguida, elevou-se o pH a 12.70 com
tampdo e completou-se o volume a 50 ml. Para
efeito de comparagio, o colorimetro foi aferido para
feitura 50 (na escala de 0 a 100 de concentraciio, com
solugao contendo 200 pg de 8072 sem presenca
de interferente).

Os cdtions estudados foram adicionades na forma
de cloretos, wma vez que este anion participa dos
reagentes, ¢ sua presenga nao constitui-se em inter-
ferente. Jd para estudo da influéncia dos anions em-

pregaran-se sas de sédio, pelo fato desse cation
também participar dos reagentes

Para eliminagio dos cations do extrato do solo,
usou-se resina catidnica DOWEX 50W — X8 com ca-
pacidade de troca de 5 meq de cation/g de resina.
Para tanto, colocou-se em funil de separacio de
250 mi, 20 ml de resina e £ 20 md de extrato de solo.
Em seguida, agitou-se por 1 a 2 niinutos e recolheu-se
o extrato em recipiente aproprisdo. Usando-se esta
metodologia, conseguiu-se uma eficiéneia na extragfo
catidnida da ordem de 95% contra 85-87%quando se
usou & tradicional coluna de extragio.

Preparo da resina

Saturou-se a resina catidnica com ions Ht tra-
tando-a com HC 3 — 4N, Para isso transferiu-se para
um cope, aproximadamente volumes iguais de resina
e de HCI 3 — 4 N, apitou-se com bastio de vidro e
deixou-se em repouso par 2 mimuos. Em seguida,
eliminou-se parte do eluido e procedeu-se lavagens
sucessivas da resina com dgua destilada ¢ desminera-
lizada, até que nic mais foi detectads a presenca
de HCL Por fim eliminou-se mecinicamente toda a
dgua existente na resina, ficando esta pronta para
ser usada.

Apls o seu emprego na extragao dos cations do
extrato cloridrico, como referenciado anteriormente
a resina foi recuperada. Para isso transferiu-se o mate-
rial do funil para um copo e procedeu-se a lavagem
com HCl 3 a 4 N conforme metodologia citada ante-
riormente.

Estudo da estabilizagdo do complexo metiltimol-
Bat?

Em balio de 50 ml colocow-se 10 mi de mistura
equimolecular Bat? — metiltimol com pH = 2.50.
Em seguida, adicionou-se quantidades de $0;7
corresgondentes a 0, 10 e 600 pg, elevou-se o pH
== 1270 e completou-se o volume com dgua desti-
lada. Fez-se a leitura até 30 minutos em periodos
de 5 minutos, seguida de periodos de 10 minutos
até uma hora e finalmente perfodos de 1 hora até
o tempo de 5 horas.

Preparo da curva padsio

Tomou-se aliquotas de 0, 1.0, 20, 35, 40 ¢
5.0 mi da solugio padrdo SO;7 (100 ug SO:%/ml),
colocou-se em balfo de 50 ml, contendo 10 mi de
solugdo de azul de metiltimol, agitou-se bem e
deixou-se em repouso por 3 a § minutos, Em seguida,
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adicionou-se 10 ml de solugao tampio pH 12.70,
agitou-se e completou-se com dgua destilada.

Aferiu-se o ponto zero da escala de leitura do
aparetho, com o padrdo em branco (0.0 pg SO %)
¢ o valor 100 ou outro valor miximo, dependendo da
escala utilizada, com o padrao de 500 pg SOZ*.
Fez-se as leituras dos valores intermedidrios e tra-
gou-se a curva padrio.

Em se tratando de colorimetro de boa sensibilida-
de, expandindo-se a escala consegue-se linearidade
para valores de O a 300 ug de 80;° ousejade Oa
100 ppm S.

Preparo de amostras de solo

Pesou-se 20 g de solo seco ao ar tamizado em
peneiras de 2 mm e colocou-se em erlenmeyer de
100 ml. Adicionou-se 50 mi de HCl 0001 N, agi-
tou-se durante 30 minutos e filtrou-se em papel de
filtro. Nestas condicdes, o extrato estd pronto para
ser colocado em contato com a resina catibnica.
Assim, tomou-se aproximadamente 20 mi de resina
imida, saturada com ion hidrogénio e colocou-se
em um funil de separagio de 200 — 300 ml. Adicio-
nou-se 10 ml de filtrado e agitou-se por 1 minuto.
Deixou-se o sisterna resina-extrato em repouso até
decantagiio da resina e em seguida, fezsea separagio
do extrato, coletando-o em copo pequeno o sobre-
nadante o qual, estio em condigdes de ser analisado.
Tomou-s¢ aliquotas de 4 a 10 ml do extrato devida-
mente preparado ¢ colocou-se em baldo de 50 ml
contenda 10 ml de azul de metiltimo. Agitou-se
¢ deixou-sc em répouso por 3 a 5 minutos, Adicio-
nouse 10 ml de tampdo, completou-se o volume
com dgua destilada e fez-se as leituras no colori-
metro, Em se tratando de extrato muito dcido,
deve-se fazer uma neutralizagdo prévia antes de colo-
car o tampio, pela adigio de gotas de NaOH 1 N,
até o aparecimento de cor azul. Este procedimento,
tem a finalidade de permitir uma maior eficiéncia
do tampdo.

Resultados e discussio
Espectros

Os espectros de absorgho do metiltimol-Ba*?
em pH = 2.5; metiltimol-Bat® em pH 12.70;
metiltimol-Ba 80, pH 12.70 e metiltimol-inter-
ferentes sio mostrados na Figura 1.

O metiltimol em pH 2.50 apresenta absorgiio
méxima em 440 nm; o complexo metiltimol-Bat?

em 610 nm e o metiltimol-interferentes variando
entre 600-620 nm. Os interferentes representados
pelos citions bivalentes, como o Cu*?, o Cat® e o
Fet? uma vez que formam complexo do mesmo
tipo do metiltimo-Bat?, apresentam A max de
610 nm.

Para o complexo metiltimol-Ba*? (pH 12.70),
a lei de Beer é mais rigorosamente observada em
A 610 nm. No entanto, para este comprimento
de onda a presenca dos interferentes (Cat, Cut?,
Mg*?, ¢ Fet?) torna-se bem pronunciada. Como
eliminagdo dos cdtions do extrato do solo, pela
resina catidnica ndo apresenta uma eficiéncia de
100%, os tragos de interferentes remanescentes
sa0 sensivelmente detectados quando adota-se esse
comprimento de onda. Devido a isso, escolheu-se
A de 430 nm onde apesar da concorddncia com a
lei de Beer ser um pouco prejudicada, a presenca
dos interferentes remanescentes torna-se bem menor
e no final, a sensibilidade do processo € muis favo-
rivel.

Estudo da estabilizagfio

Os resultados sio apresentados na Figura 2. Nos
primeiros 15 minutos, a partir do inicio da reacio
de formagiio do complexo, nio hd uma estabilizagao
perfeita do sistema, devido talvez a uma baixa veloci-
dade de reagio. Apds esse primeiro periodo, estabe-
lece-se um estado de equilibrio que vai até 4.5 horas
e a partir deste @ltimo estdgio inicia-se novamente
uma fase de instabilidade. Portanto recomenda-se um
termpo de repouso minimo de 15 minutos ¢ miximo
de 45 horas, apds o inicio da reagfio, antes das leituras
das solugbes,

Interferentes
0s resultados sio mostrados na Quadro 1.

Pelos resultados obtidos, verifica-se que os anions
estudados nao interferem no método pois estes, nao
precipitam o Bat®. Os cations monovalentes por sua
vez, a exemplo do K+ nfio sio fortes interferentes,
devido uma nao complexagiio total desses cations
pelo metiltimol. Por outro lado, os multivalentes
possivelmente sendo complexados pelo metiltimol,
competem com o Bat? e consequentemente tem
grande influencia na reagdo. Portanto nessas condi-
¢Oes para a determinagio do S02?, nos extratos de
solo ¢ necessitio a eliminagio dos diversos ions,
através do uso de resina de troca catidnica.
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Quadro 1. Interferéncia dos ions no complexo metiltimol-Bat® | Leitura fixada em 50 (escala 0-100 do colorimetro) para o g de inter-

ferente,
5 4 2 ] 5000
g e 9 0 G0 100
a Leituri
50.0 375 360 340 33.¢ 33.0
=]
§ e 0 i0 30 129 600 1800
& Leitura
= 50.9 40.0 414 425 440 45.6
N1 2 2
Z s 0 10 50 200 2000
'g Leitura
P 500 50.5 56.6 56.0 560
P
E e G 5 10 20 100 1000
S T Leitura
50.0 54.0 550 580 60.0 60.8
E m 0 5 20 190 550 1140
7} Leitura
b 50.0 36.5 e 530 562 98.0
et L 0 10 20 425 83 850
Ied
< Leitura 5090 50.5 515 515 520 560
g Mg 0 10 50 100 2040 1000 2060
=
8
= Leitura 500 5009 500 500 510 52.0 530
2
;’_O! i G 100 500 1GO0 2000 10000
g
£ Leitura 500 530 558 56.0 51.0 590
Estudo do pH na complexacio do birio Quadro 2. Estabilidade do complexa metiltimol-Ba™ em
funcac do pit.
. . . pH Leitura
O complexo metiltimol-bdrio apresenta estado de
equilibrio estdvel na faixa de pH 12.60 — 12.30
dro 2 10.50 99
(Quadro 2). 11.93 95
12,11 91
12.20 87
. 1227 86
Como o intervalo de pH, no qual, o complexo me- 1235 83
tiltimol-bdrio apresenta-se estdvel é muito estreito, e 12.55 78
considerando que & determinacio deste complexo 12.62 69
terd que ser procedida num ponto de estabilizacdo, 1267 68
entdo teve-se que eleger um tamplo que permitisse 13?0 68
a obtengdo de um pH dentro do intervalo menciona- ;;‘ ;i 62
do. Para tanto, usou-se a solugio de SIRONSEN, com i;‘ 9; 23

pH 12,70 aproximadamente,
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Curva padrio
Para curva de calibragio com um miximo de

500 A de S057%/50 mi, obtiveram-se resultados inclui-
dos na Quadro 3.

Quadro 3. Valores de curva de calibragio en la determina-

cao de 8072,
Hg 807 adicionado/ Leitura
balao 50 ml
0 0
100 210
200 440
300 620
400 79.0
500 100.0

Para tais grupos de valores, encontrou-se um coefi-
ciente de correlagio (r) de 0.994.

A curva padrio desde que tragada para valores
extremos 400-1000ug de SO7%/balio 50 ml apre-
sentou coeficiente de correlagio da ordem de 0.990.
Valores extremos inferiores de 400 pg, para a condi-
¢do do aparelho utilizado — (EEL-222) ndo apre-
sentou boa linearidade, devido & limitagio na expan-
sio da escala do colorimetro. Por outro lado, para
quantidades de S0;% superiores a 1000 pg/balio
50 ml a linearidade ¢ prejudicada devido ao excesso
de SO;? relativamente ao de birio.

Enxofre trocdvel

0 usc de um extrator para a fracio do S na forma
de SO;* do solo ¢ motivo de muita discussio entre
pesquisadores. No entanto hd um uso malis frequente
do cloreto de litio 0.1 M como extrator, pois mekho-
res correlacBes entre a quantidade de S extraido e a
producdo de vegetal tem sido obtida (18, 20). Entre-
tanto, o uso dessa solugdo € ainda questionada por
ouiros pesquisadores, os quais tem preferido extra-
tores como: CaCl,; CaCl, -K, HPOQ, ; CaliPQ, s MaCl,;
KCl; HCI; acetados, etc. (6, 7, 12).

Desse modo, McClung ef al. (15) encontraram que
para os solos do Estados de Sio Paulo, o § extraido
com acetato de aménio varia entre 1.8 a 21.7 ppm.
Para o mesmo extrator, Mackenzie et ol (12), verifi-
caram que em solos de Quebec, o S-trocdvel estd
entre 47 a 109 ppm. Por sua vez, Neptune et af
(17} afirmaram que em solos do Brasit o § extraj-
do com Ca{l,P0.;),, em média, varia de 4.8 a
233 pg S/g solo. Finalmente, Little (9) encon-
trou uma variagdo de 14 a 26 ppm de S-trocdvel,
quando o anion foi extraido com HCI0.00i N

No presente trabalho empregou-se o HCl 000}
N e os teores de §-SO72 em solos do Estado de Sio
Paulo, determinado pelo método proposto sio mos-
trados na Quadro 4.

Os conteddos de $-50;% encontrados nos solos
analisados variaram de 13.0 a 250 ppm e portanto
esto coerentes com os dados citados na literatura.

Quadro 4. Conteridos de §-80;7 (ppm) extraido com HCI 16— M. Solos de Estado de Sio Panlo. Os valores médios de §8-5077 esti-

mado para cada solo & resultante de 4 sub-amostras,

Repetigdes Média Coefficiente de Variagio

Solo* i 2 4 %)

Edn i5.8 i75 16 4 [71 i6.7 451
TL 275 245 241 243 151 6.40
PVisg 126 132 131 13.0 I30 203
PVq 241 50 243 4.0 24.3 2194
0 248 254 251 247 250 0.86
LR 29 303 19.7 201 00 125
LVa 17.8 185 i86 18.3 183 2121
Pln 133 17 224 227 235 293

1 LEs - Latossol Vermelho Escuro Fasc Arcnosa; TE — Terra Roxa Fstruturada; PVIs = Podzolico Vermelho Amarele Variedade
Laras; PVg — Podzotico Vermelho Amarelo Variedade Piracicaba; § — Solos orginicos; LR — Latossol Roxo; EVa — Latossol Ver
meiho Amarelo Fase Arenosa; Pln — Solos Podzolizados de Lins ¢ Masqlia; Variedade lins
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Resumo

Em confronto com os métodos tradicionais de
determinaciio do S trocdvel do solo que pecam em
sencibilidade, reprodutibidade e consumo excessivo
de ternpo, 0 método descrito neste trabatho apresen-
ta caracteristicas mais favordveis. Metiltimol azul em
pH elevado (12.70) complexa o ion bdrio ¢ a intensi-
dade da cor resuitante varia linearmente, em fungfio
da quantidade do ion presente na sofugio. Partin-
do-se desse principio, indiretamente o S na forma
de SO;? ¢ determinado, com um colorimetro pro-
vido de escala expandida e filtro de 430 nm.

O extratc de solo é obtido com HCl 107 M
na proporgao de 2.5 mi de solugio extra-
tora por grama de solo. Os cdtions presentes no ex-
trato constituem-se em interferentes, uma vez que
também sho complexados pelo metiltimol, devendo-
se, portanto, usar uma resing trocadora de cdtions
na sua eliminagio.

Para os solos do Estado de Sho Paulo, encontra-
ram-se S seguintes resuitados em (ppm) de 5-50;:
LEa — 16.7:PVls — 13; LVa— 18.3; LR — 20; Pln —
225;PVp - 243, TE~25e0 25,

Em ordem de grandeza, os valores acima obtidos
sio coerentes com os descritos na literatura.

O coeficiente de varia¢ao apresentou valores entre
6.40 e 0.86, tendo 2 36 como valor médio, o que per-
mite assegurar que o método usado tem boa precisio.
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Collecting wild cassavas, Manifiot spp in Brazil®

Resumo. O aztor vigjou duranie 17 semanas 415 de Feve-
reire a 29 de Margo, 4 de Julho a 12 de Agosto de 1980,
19 de Fevergiro a 12 de Margo de 1981) por nove estados
Brasileiros de duas dreas: Nordeste Brasifeiro em Estados do
Rio Grande do Norte. Cears, Piaui, Maranhao. Pernambuco.
Paraibs e Bahia; Centroeste Brasileiro: estados de Goids ¢
Mato Grosso do Sul Sementes efou estacas foram coletadas
e plantadas numa co!eggo viva,

Numero total de 726 introdugses s3o agora numa colecSo
viva na Universidade de Brasitia. S89: M. caerulescencs, M
glaziovii, M. dichotoma, 8 pseudoglaziovii, M. epruinasa,
M. heptaphylia. M. pohlii, M grahamii. M. zenhtneri. M
reptans. M. sp (undertermined). 6 {Seize) mil semenies’
das seguintes espécies <30 mantidas para que sefam planta-
das na proxima estacdo. S3o M. tripartita, M. gracitis, M.
falcata, M. fruticulosa, M longeperiofata. M. oligantha.
M. pentaphylla, M. alutacea, M. pruinosa, M. paviaefolia.
M. salicifolia, M purpures-vostata. M. attenuata e M. romen-
1osa.

A distribuicdo geogréfica destas espécies esta relatada.
Avaliagdo destas instrodugBes em relagio a resistbneia a
Xanthomonas manihotis, Coelosternus manihoti, ¢ capaci-
dade de formagdo de raizes esta apresentado. Sementes deste
material s8¢ disponive! gos melthoristas de {{TA ¢ CIAT,

There is evidence that Northeastern Brazil and
the states of Goias and Mato Grosso are the main
centers of diversity in the genus Manihior (1) These
sites were found to contain about 50 wild species.
A collecting trip in Northeastern Brazil was carried
out by this author in 1975, The material collected in
that trip proved extremely valuabie to plant breeders

* Supported by a grent from the Inlernational Develop-
ment  Research Centre (IDRC), Gtlaws, Canmada, and
the National Councii for Research Development (Cone-
selho Nacional de Pesenvolvimento Cientifico ¢ Tec-
rolégico (CNPq), Brasilia, Brazit

For example, plants of M. gleziovii that grow in
[ITA and those which came from that material,
sitowed a high level of resistance to the mealy bug,
a very dangerous insect in West Africa. Moreover,
crosses between these plants and cassava cultivars
were highly fertile. These results were the principal
stimulug for the expedition as it showed the need
for more exploration in these areas to obtain a
broader spectrum of germplasm to be used in plant
breeding programs. In addition to this objective,
many natural habitats are suffering continuous
destruction and 2 number of wild species are on the
verge of extinction (i, 2).

Therelore, saving these genotypes and maintaining
them in a living coliection was another stimulus for
this work .

Materials and methods

To determine localities of wild Manilior species,
the following procedures were {ollowed:

I. Localities of wild Manifhot species in North-
eastern Brazil, Goias, and Mato Grosso were
extracted from the monograph of Rogers &
Appan (4).

2. A visit was made fo the herbarium of the Univer-
sidade Federal do Ceard where a major collection
of Manihot is deposited. They were studied, and
localities of species were determined

3. Cooperation was obtained from the Brazilian
Corporation for Extension and Rural Assistance
(Empresa Brasileira de Assisténcia Técnica e Ex-
tensio Rural — EMATER). The chief of the exten-
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sion services for cassava contacted his agents in
-approximately 500 counties and requested that
farmers be asked to supply the localities of
Manihot spp. known to grow wild on their farms
and called “Manicoba”. Several agents were very
helpful and supplied information, assistance in
the field and guided me to the actual localities.

4. Rainfall distribution in Northeastern Brazil was
studied. Species adapted to drought regions were
determined by comparing their natural habitats
with rainfall distribution.

5. Seeds of the collected species were germinated
using 26/38 C for 18/8 hours to break dormancy,
then planted in a nursery. After 2 months, the
seedlings were transplanted to the plots for the
collection. Ability to form tubers was examined
at this stage.

6. Four months after transplantation, the growing
plants were infected artificially by Xanthomonas
manihotis according to Takatsu and Lozano (5).
The infections were applied to 3 plants of each
species.

7. Observation of susceptibility of the growing plants
to infection by Coelosternus manihoti was
documented. For this purpose, 50 stems of each
species were investigated.

Results and discussion

The help received from EMATER, Empresa Brasi-
leira de Assisténcia Técnica e Extensio Rural
(Brazilian Corporation for Technical Assistance and
Rural Extension), was extremely valuable and serves
as an example for what can be called a national
campaign for saving wild cassavas threatened by
extinction. The areas covered and routes followed
are shown in Figures 1 and 2. The results of these
collecting activities are presented in Tables 1 and 2
including the species collected, the areas of collection
and the number of living plants of seeds in storage.
A total of 6750 acessions of wild Manihot species
true seed and cuttings were collected from about
60 sites (Table 1, 2). The sampling was performed
on a population basis. Each seed collection was
gathered from different plants of the local popula-
tion taken at random.

The travel dates correlated with the maturation
period of the fruit which is normally subsequent
to the rainfall in different parts of Brazil. February
to March is the most suitable time for collection
from the littoral and adjacent areas in Northeastern
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I"ig. 1. Route and regions of collection in Northeast Brazil.

Brazil. These areas are known as the “zona de mata”
and “zona de agreste” respectively. July to August
is the suitable time for collection from the savana
regions known as the “catingae.” In Goias and
Mato Grosso do Sul, the most suitable time is also
February to March.

The geographical distribution of M. pseudo-
glaziovii was seen to be restricted to the littoral areas
with rainfall precipitation ranging from 1000 —
1400 mm (Figure 3). However, material of this
species was collected from microregions with a very
low precipitation of only 500 mm per year, such as
the region of Remigio, the state of Paraiba. It seems
that this species has developed certain biotypes
adapted to drought conditions. These biotypes can
be used in breeding programs as sources of resistance
to drought.

Occurence of Manihot glaziovii was restricted to
dry regions such as Crato and Sobral with rainfall
precipitation of 600 — 700 mm per year. This species
can also be used as another source of drought
tolerance. Another species, M. caerulescence, was also
collected from dry regions, Picos and Petrolina (500
— 600 mm per year). Geographic distribution of this
species had been studied earlier by the author (3).
This new data confirms the previous results of its
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large distribution covering vast areas with large
range of precipitation.

Manihot attenuata, 8. purpurea-costata, M, aluta-
cea and M. peliata were collected from the
Veadeiros-Cavalcanti region in the state of Goias. The
first two species are endemic to this region as they
have not been reported to occur in any other.
Probably this is due to the dramatic heterogeneity
of the topography of this region with a high plateau
of 1600 m elevation. Probably this has provided the
isolation of fragmented populations that made
possible evolution of these two species Manihot
attenuata may provide a considerable source for
tolerance to cool temperature in breeding programs

because it prows at elevations of about 1600 —
1700 m.

Preliminary evaluation of the living plants at the
Estacao Biologica, Universidade de Brasilia (Table 3)
showed, that M pseudoglaziovii is highly resistant
to Xanthomonas manihotis. Probably this resistance
had been zequired because it grows naturally in humid
regions and the littoral areas where natural selection
may have worked to bring out these types. The same
thing can be said for M. reptans which also grows in
similar conditions in Central Brazil.

The only species found to form tubers was A
caerwdescens. As shown by the author earlier (3), this
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Table 1. Manihior species collected as sceds, locality of collection and number of living plants at the Estagao Biologica, Universidade

de Brasifia.

Specics

Locality of collection

N© of living plants in cultivation

M. caerulescens

M. glaziovii

M dichotoma

M. pseudoglaziovii
M. epruinosa

M heptaphylle

M. polilii

M spp.

Naturad hybrid

M. reptans

Picos, Floriano, Urucui (P1}, Petroling, Araripina (PE),
Mosro de Chapeu {(BA) Tres Lagoeas (M3)

Sobral, Crato (CE)

Serra taihada, Quricuri (PI)

Natal, Lajes, Mossoro (RN), Campina Grande, Remigio (PB)
Barra de Corda (MA)

Seabra, Senhor de Bonfim {(BA)

Jeguie (BA)

Tacobina (BA)

Cruz das Almas (BA)

Alexania (GO)

261
[453
26
12
16
21

86

M. zenhrneri
M. grahamii

Goianiz (GO)
Sta Helena (GO)

74

species had suffered frequent natural hybridization
with cultivated cassava resulting in the production of
various biotypes. Probably this explains the acquiring
ability for tuber formation.

Manifiot  pohlii  collected from Jequie is a
promising source for producing natural rubber under
“cerrado”™ conditions. Wild plants growing in this
region had been utilized by local farmers for the
production of natural rubber,

This is the first report of possible economic
utilization of this plant for this pupose. Moreover,
it proved easy propagation by cuttings in our living
collection. This fact would make it a good candidate
for breeding programs to improve rubber produc-
tivity.

Many parts of Northeastern Brazil have not yet
been visited. There is an urgent need for the sys-
tematic collection of Manilior germplasm from these

Fable 2. Maniho! species collected as seeds, locality of collection and the number of seeds now in the seed bank at the Departamentio

de Engenharia Agrondniea, Universidade de Brasilia.

Specics Locality of Collection N© of seeds
M. reptans Coromba, Goids Velho, Alexania Formoss, Veadeiros (GO) 711
M. zenlitneri Goianiz (GO) 322
M. salicifolic Xavantina (MS) 110
M. purpurea-costata Veadeiros (GO) 205
M, stricta Kavantina (MS) 180
M. attenuara Veadeiros (GO) 132
M. gracilis Luziania (GO) 561
M. falcata Alexznia (GO) 282
M. fruriculosa Alexania (GO) 410
M. congeperiolata Brasitin (GO 475
M. oligantha Cristalina (GO} 223
M pentapliylia Goids Velho (GO) 396
M. alutacea 3 Goitds Velho (GO) 341
M. pruinosa T Gotas Velho (GO) 24
M. paviagfolia Coromba de Goids (GO) 533
M tomentosa Formosa (GO) 341
M tripartita Goiania (GO) 615
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Fig. 3. Average annual rainfall distribution in Northeast
Brazil.

regions. Natural hybrids should receive more atten-
tion in collection work because of their assumed
easy crossability with cassava and their large charge
of genetic variability. A new approach to collection
should be the collaboration of researchers with exten-

sion agents in the area through suitable arrangements
with central extension administration.

Summary

The author has travelled for 17 weeks (February
15 — March 29, July 4 — August 12, 1980; February
1 — March 12, 1981) in nine Brazilian states distribut-
ed in two main areas: Northeastern Brazil in the
states of Rio Grande do Norte, Ceard Piaui, Maran-
hdo, Pernambuco, Paraiba and Bahia, and Wester-
Central Brazil in the states of Goias and Mato
Grosso do Sul. Seeds and/or cuttings were collected
and planted in a living collection.

A total of about 726 introductions are now being
grown at the Universidade de Brasilia. They are: M.
caerulescens, M. glaziovii, M. dichotoma, M. pseudo-
glaziovii, M. epruinosa, M. heptaphylla, M. pohlii, M.
grahamii, M. zenhtneri, M. reptans, M. sp. (un-
determined), and a natural hybrid. Six thousand
seeds of the following species are being maintained
until planting in next season: Manihot tripartita, M.
gracilis, M. falcata, M. fruticulosa, M. longeperiolata,
M. oligantha, M. pentaphylla, M. alutacea, M.
pruinosa, M. paviaefolia, M. stricta, M. salicifolia,
M. purpurea-costata, M. attenuata and M. tomentosa.

The geographical distribution of these species is
reported.

Evaluation of the introductions in relation to
resistance to Xanthomonas wmanihoti and Coelo-

Table 3.  Evaluation of some of the collected species grown in the living collections at the Estacao Bioldgica Universidade de Brasilia.

Species

Description

M. caerulescens

Susceptible to Xanthomonas manihotis and Coelosternus manihoti, collected from regions with

600 mm rainfall per year; rubber producer.

M. pseudoglaziovii

Highly resistant to Xanthomonas manihotis. Susceptible to Coelosternus manihotis (Figure 5) some

collections from regions with precipitation as low as 500 mm per year.

M. glaziovii Susceptible to Xanthomonas manihotis, very susceptible to Coelosternus manihoti (Figure 6).
From dry regions with 700 mm of precipitation per year; rubber producer.

M. pohlii Highly resistant to Coelosternus manihoti. Easily propagated by cuttings; excellent rubber producer

in Cerrado habitats.

M. reptans Highly resitant to Xanthomonas manihotis and Coelosternus manihoti.
M. zenhtneri Susceptible to Xanthomonas manihotis and Coelosternus manihoti.
M. grahamii Highly resistant to Coelosternus manihoti.
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sernus manihotii as well as the capacity to form
rubber is presented here. Seeds of these materials
have been made available o breeders of IITA and
CIAT.
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Fewer beetle pests on beans and cowpeas interplanted
witit banana in Costa Rica

Resumen, Se estudid ia densidad de los escarabajos
Diabrotica balteata v Ceratomna ruficorais rogersi en mong-
cultivo de frijol comin v de frijol de costa {caupf) asi como
en el cultivo asociade de estas dos especies con banano El
trabajo se realizd en Costa Rica, haciendo el muestreo de
camgpo con ta ayuda de una red. La poblacidn en Costa Rica,
fue aproximadamente tres veces mas alta en los monacultivos
que en los cultives asoctados, io que quizd permita explicar
las diferencias en rendimiento obtenidas cuando se intercalan
legurninosas en el trapico

Beans and cowpeas are frequently interplanted
with other crops throughout the subtropics and
tropics, What are the advantapes of growing the crops
in polycultures? Although much speculation hag
focused on the possibility that there are fewer insect
pests on these crops when interplanted, there has been
little empirical work. Studies in annual cropping
systems in the netropics have shown that there are
fewer beetle pests on bean when interplanted with
corn (1) or with corn and squash (2). This communi-
cation demonstrates that there are significantly fewer
bettles (Diabrotica balteata and Cerotoma ruficornis
rogersi) on beans and cowpeas when interplanted
with banana. Both D balteata and C ruficornis are
important pests throughout Central America. The
adults eat the leaves and flowers of the plants and
transmit viral diseases. The larvae eat the roots

Material and methods

The beetles were sampled from bean and cowpea
plants in three monocultures of bean (Phaseolss vul-
garis, CATIE-1), three monocultures of cowpea
(Vigna unguicidata; V-44), three polycultures of
bean-banana, and three polycultures of cowpea-bana-
na. In each case, one monoculture was planted imme-
diately adjacent to a comparable polyculture so that
there were three pairs of bean monoculture/bean-
banana polyculture, and three pairs of cowpea mono-
culturefcowpea-polycutture. Fach plot was 10mx 10
m. Beans and cowpeas were planied at the same den-
sity in all plots. The work was conducted in July,
1976, at the Tropical Agriculture Research and
Training Center at Turrialba, Costa Riea.

The beetles were sampled with a standard sweep
net 38 cm in diameter when the beans and cowpeas
were approximately six weeks old and about 35 cm in
height. It is at this stage of plant growth that there is
the highest number of beetles per plant. The banana
was approximately 3 m in height and provided consi-
derable shade, yet the bean and cowpea plants
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appeared to be, if anything, larger and more luxuriant
in the polycultures than the monocultures.

Sweeping was done in roughly straight lines and
the same vegetation was never swept twice. The
sweep net was swung in an arc covering approximate-
ly 1.5 m, with the net coming into intact with vegeta-
tion for a distance of 0.75 to 1 m and to a depth of
about 15 cm. During the daylight hours, at which
time the sweep sampling was done, nearly all the
beetles are in the top 15 c¢cm of the plants. One
hundred forty sweeps were taken in each plot.

Results and discussion

Table 1 shows the number of D balteata and C
ruficornis sampled from bean and cowpea plants in
monoculiures and polycultures. There were signifi-
cantly more beetles of each species in monocultures
than polycultures (P < .03, paired 1 test).

While there was considerable varability in the
monoculture-polyculture difference from one pair of
plots to another, there were usually at least three
times as many bestles in the monocultures than the
interplanted treatments.

Whether or not such large differences in beetle po-
pulation translate into yield differences will depend
to some extent on when the differences first appear.
The beetles do most of their damage when the plants
are quite young (probably during the first four
weeks) by directly reducing photosynthetic surface
ares and by infecting the plant with viral disease.
Previous work has shown that one of the reasons that
there are fewer beetles in polycultures is due to shade
created by overstory crops; beetles prefer to feed in

Table 1. — Numbers of beetles obtained in sweep samples of
beans and cowpeas in monoceltures and in dicultures with
bananas. { } = pumbers in diculture. 140 sweeps per sample.

Plot C ruficornis
No. D. balteata rogersi
BEAN \ 39 (76) 29 (18)
2 (TN 19 (B)
3 123 (16) (3
COWPEA 1 92 (1) 61 (24
2 57(23) 37427
3 22 (1) 39 (O

unshaded areas (3). In annual cropping systems in
which corn provides the shade, the understory beans
dom’t benefit from the shade until approximately
45 days after planning-after most of the damage
to beans has been done. However, in an inter-
cropped system with a perennial such as banana,
sufficient shade can be provided at the start of the
season to deter beetle colonization of beans and
cowpens. Yet this will obviously require the use
of legume varieties that are somewhat shade tolerant.

Beans and cowpeas can also benefit from being
intercropped with shade-producing annuals such as
corn, despite the fact that the corn does not produce
enough shade to deter beetles until fairly late in the
season. If very large areas are planied to these poly-
cultures over a number of seasons, there will be a
gradual decline in beetle numbers over time. This will
oceur because the effect of decreased beetle abundan-
ce on the legumes towards the end of one season will
be felt by the new legume seedlings in the next
season. As long as the area planted to polyculture is
large enough, high numbers of beetles would not be
likely to imunigrate into the area during the first few
weeks of the season. Using annuals such as corn as
opposed {o perennials to provide the beetle-deterring
shade would eliminate the need for careful selection
of shade-tolerant legume varieties. It would, however,
require agricultural planning (i.e., planting of oniy
polycultures) on a scale larger than is typical in the
tropics.

Summary

DPest beetles were sampled with a sweep net from
beans and cowpeas growing in monoculture plots and
in polyculture plots with banana in Costa Rica. There
were approximately three times as many Diabrorica
balteata and Cerotoma ruficomis rogersi on beans and
cowpeas in monocultures than polycultures. Such
large differences might account for some of the
benefits of legume interplanting.

May 2nd, 1980

STEPHEN J. RISCH*

* Section of Ecology and Systematics, Division of Biologi-
cal Seiences, Cornell University, 1thaca, New York 14850,
USA
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Leaf area in relation to petiole length in cassava

Resumen. Se encontrd una correlacion positive entre la
longitud del peciolo y el area foliar de la yuca. Se propone un
método simple v rapido para estimar el drea foliar cuando se
efectian evaluaciones genéticas de nuevos especimenes

Total leaf area exposed by a plant determines
largely its capacity for photosynthesis and transpira-
tion. Hence leaf area index is gaining more impor-
tance while assessing the productivity of crop plants.
Attempts were made in the present study to work out
the relationship between petiole length and leaf area
in order to develop a simple method for measurement
of leaf area particularly for larger population of
cassava as the linear measurement methods developed
for this erop (1, 2) are more time consuming.

Fully expanded leaves were matked at random
separately for 1) broad and medium leaf type and 2)
for narrow leaf type. The leaves were collected at
monthly intervals between second to eighth month
stages and their actual leal area with the corre-
sponding petiole length were measured separately for
both the leaf types. The petiole length of fully
expanded leaves varies from 15 to 40 cm and their
leaf area ranges from 130 to 540 cm® (Fig. 1).
Maximum values were recorded during the active
period of plant growth (2 to 6 months) which
normally coincides with the rainy seasons. More
reduction in leaf and petiole length were noticed
during dry period. Fcllowing the regression
equations, it would be interesting to see the predic-
tion equations of the areas, on the basis of petiole
length, both for the strains of wide and narrow lobed

Fig | Vasation in petiole length and leaf in fally expanded leaves of cassuva (Var H-23044)
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leaves (Fig. 2) The calculated values of leaf area
based on the regression equations were tested with
actual leaf area traced on graph paper and the
differences were found to be not significant.

Several methods were suggested to measure the leaf
arez {3) The present report suggests that petiole
fength can be taken as an index to measure the leaf
area for large number of genetic stocks of cassava,

Acknowledgements: The author is thankful to Dr.
N. Hrishi, Director, Central Tuber Crops Research
Institute, Trivandrum for providing the facilities to
carry out the work.

Summary

Positive correlations were observed between the
petiole length and leaf area of cassava. A simple and
rapid method is suggested to measure the leaf area
while evaluating more number of genetic stocks,

I

uly 8, 1981

T. RAMANUJAM®

I

Piant Physiologist, Central Fuber Crops, Research Insti-
fute Trivandrum-695017, Kerala, INDIA
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Studies on the use of cocoa by-products in animal
teed. 1 Responses of weanling rats to various
levels of cocoa pod husk.

Resumen. Treinta ratas de laboratorio destetacas se uga-
ron en un #nsayo para determinar el nivel éptimo de inclu-
sion de cascara de cacao en ia dieta L. cdscars de cacao
se incluyd a3 B niveies: G 10, 200 30 v 40 por ¢iento de iz
cligta.

Ef dptimo nivet de inclusidn {tomando como base la
tasa cde crecimiento y la eliciencia alimenticial fue el trata-
miento con un 20 por ¢iento de cadscara de cacao No se
observd ningén efecio téxico debido al uso de céscsra de
cacao £n la dieta.

Feeding costs remains the largest limitation to
animal production in most parts of the tropics. This is
especiaily so for nonruminant animal production. Te
reduce the feeding costs, the search for cheap, non-
traditional feed sources must be intensified. One such
feed source is cocoa pod husk (CPH).

It is estimated that from the annual output of
400,000 tons of dry cocoa beans in Ghana, a leading
cacoa producer, 636,157 tons of dry cocoa pod husk
may be obtained (Adomako, 3) The husk is largely
discarded on cocoa plantations. Earlier reports (de
Alba and Basadre 4; Adeyanju 1; Bateman and Larra-
gan 6) indicate that this by-product has potential for
livestock feeding Its nutrient content is similar fo
high quality forage. Its use in traditionsl livestock
feeding, especially for non-ruminants is limited by the
high crude fibre and theobromine contents (Owusu-
Domfeh, 9). Nevertheless, where optimum levels are
established, its inclusion could lower feed cost.

This experiment was undertaken with a view to
establish optimum levels of CPH in monogastric diets
using laboratory rats as the test animals.

Materials and methods
Animals and diets

Thirty weanling laboratory rats (half male and
half female) aged 3-4 weeks, were used in a com-
pletely Randomised Design (CRD) experiment to
study the effect of five levels of CPH inclusion, viz, 0,
10, 20, 30 and 40 per cent in the test diets (Table 1)
The diets were isonitrogenous but energy (TDN) was
allowed to fluctuate among diets.

The CPH was obtained from the Plantation

Section of the Faculty of Agriculture, University of

Science and Technology, Kumasi. The fresh CPH was
crushed manually with wooden mallets, dried over a
mechanical grain dryer and later milled through a 1

mm mesh size sieve prior to inclusion in the experi-
mental diets. The chemical composition of the cocoa
husk was determined according to AOAC (5) proce-
dures. However, theobromine level in the husk was
determined according to Boig’s methods as reported
by Chatt {7).

Housing and management

All rats were fed individually in 23 x 15 em
metal cages Fach cage was bedded wood shavings
which were changed daily. Feed and water were given
ad lib. Daily feed intake records were kept. All rats
were weighed prior to and at the end of three week
feeding trial, All rats were sacrificed at the end of the
trial by ether asphyxiation and the liver, heart and
kidneys examined for gross tissue changes which
might be indicative of toxicity.

Results and discussion
Feed intake
There was an increase in feed intake with increase

in CPH up to a level of 30 percent CPH inclusion and
a decrease thereafter (Table 2). The general increase

{able I: Dietary composition (air dry basis).

Level of husk (96}

0 1o 20 30 40

fngredients

Cocoa Pod Husk 0 19 20 30 40
Maize 52 48 42 35 29

Rice Bran ] 7 5 3 H

Copra Cake 13 g ) 4 i

Fish Meal 23 24 25 26 27

Bone Meal t I ; 1

Common Salt 1 H 1 i 1

Chemical compo-

sition (%}u

Dey matter 891 891 890 890 891
Crade Protein 221 228 122 227 3228
Ether Extract 60 57 4% 45 40
Crude Fibre 76 182 133 155 11715
Calculated TDN 723 706 684 661 6318

a  From Laboratory Asnalysis except TDN. Values expressed
on Dry Matter Basis.
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Table 2: Performance of rats on various levels of cocoa husk

Level of cocoa husk (90)

Criteria 0 20 30 40
[nitial body weight (@) 849 827 84.2 76 8
Average daily Teed intake ) 8 6“]3:*: 14 3“1) 11 3" EO.S“b
Average daily pain (g) i (:8“b | BUh H 78“b 1 00"
Ireed eHiciency gainffeed 019 0.7 0leé 0.09

in feed intake with increased level of CPH by the rats
could be due to an increase in the palatability of the
diet or to an increase in feed intake in an attempt to
balance their energy requirement. There was a pro-
pressive decrease in energy density of the diet with
increasing CPH level (Table 1). The presence of vela-
tile compounds in CPH believed to enchance palata-
bility has earlier been reported (Willians, 10). Owing
to the high crude fibre content of cocoa husk (Table
3} the 30 percent CPH could be the limit in intake
imposed by the physical capacity of the gut. The
pattern of feed intake observed is in agreement with
the work on CPH in broiler chicks by Ougutuga et af
(1977).

Growth rate and feed efficiency:

The highest rate of gain was recorded for the rats
on 20 percent CPH (Table 2). Apart from the 20
percent CPH diet which differed significantly from
the 40 percent CPH diet, none of the dietary
treatments resulted in significant differences in rate
of gain. The poorest rate of pain was recorded for rats
on 40 percent CPH. It seems that fairly satisfactory
gains can be made by rats on diets containing up to
30 percent CPH; the most optimum level being the 20
percent CPH. This observation is in agreement with
work reported by Adeyanju et al (1a) on pigs and
Ogutuga et a/ (8) int broiler chicks. It is probable that
the 20 percent CPH diet presented the right balance
in amipo acids and minerals

There were no significant differences in feed
efficiency between diets though it appeared the
lowest feed efficiency resulted from the 40 percent
CPH inclusion {Table 2). The 20 percent CPH inclu-
sion appeared to be the best of all the CPH containing
diets with regard to feed efficiency.

Means iz a row with different superseripts are signilicantly ditferent (P = 0 05},

Organ weights:

There was a trend in increzsing kidney weight per
unit body weight with increase in level of CPH (Table
4). However, neither the kidney weight nor weight of
the other organs examined differed significantly
across treatments. Thus it could be inferred that in
general, at the level of CPH inclusion in the present
trial, the theobromine levels (0.32% in the husk
{Table 3)) were not high enough to cause visible
toxicity effects.

Conclusion

CPH can be used satisfactory in monogastric diets
as deduced from rat trials at levels up to 30 percent
inclusion in the diet. It seems the 20 percent level of
inclusion is, however, the optimum.
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Tabie 3: Chemical composition (dry matter basis) of cocon

pod husk
Component o
Dry Matier 863
Crade Protein 74
Crade Fibse 265
Lither Extract 1.4
Ash 95
Theobronsine 032
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Table 4: Oxgan weight per unit live weight (g x i(Tz) of tats
on different levels of cocoa husk

Level of Husk (97)

Organ 0 10 20 30 40

Liver 482 470 5.05 4.52 4.82

Kidacy 0.82 0.88 0.88 0.91 103

Heart 0.45 0.42 (.45 0.45 042
Summary

Thirty weanling laboratory rats were used in a
three-week trial to determine the optimum level of
cocoa pod husk (CPH) inclusion in the diet. The CPH
was included at 5 levels, viz 0, 10, 20, 30 and 40
percent in the diet.

The most optirnum level of inclusion in terms of

growth rate and feed efficiency was the 20 percent
CPH inclusion. There were no observed toxicity
effects due to CPH feeding

W. S, ALHASSAN®*
R. B NAAWU*

*  Department of Animal Science, University of Science and
Technotogy, Kumasi, Ghana
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Salt effect on i vive activity of nitrate reductase in
peanut (Arachis hvpogaea 1..) seedlings.

Reswumen. Se estudid la actividad de la reductasa dg nitra-
tos bajo la influencia del cloruro v el sulfato de sedio Ambas
sales promovieron la actividad de la enzima in vive tanto en
los cotiledones como en los ejes embrionarios. Ef efecto del
cloraro fue mas pronunciaclo sue el del suifato.

Inhibition of the activity of nitrate reductase
(NADH: Nitrate reductase, EC [1.66.1) by water,
heat and sait stress (3, 6, 7, 8) and the faciors for
such decrease were described earlier (2, 8, 12),
Sankhla and Huber (10}, however, reported a promo-
tion in the in vive activity of nitrate reductase in
cotyledons and leaves of 4-day-old Phaseolus seed-
lings treated with salt and ABA. However, the mecha-
nism of action of such stimulation has not been
elucidated. Differences in the i vivo and in vitro
activities of the enzyme under the influence of salt
(50-150 mM) in Selicornia has been reported by
Austenfeld (1). Earlier studies indicated that the
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stimulation of nitrate reductase activity was not
due to an osmotic effect, but could be attributed
to high ion concentrations. This may lead to an
increased release of nitrife to the reaction media
which could result in a stimulation of the nitrate
reductase  activity (12). High concentrations
of monovalent cations are said to exert specific
effects on cell membrane permeability which may
lead to an increased release of nitrite from the cells.
The present study was intended to {ind out the effect
of two salts of sodium with different anionic species
at equi-valent concentrations (70 meq/l) on the in
vive activity of nitrate reductase

Material and methods

Healthy and uniform sized seeds of peanut (Ara-
chis hypogaea 1.} var TMV2 were surface sterilized
for 3 min with 01% HgCl,, washed thrice with
distilled water and were allowed to perminate in
28" £ 2°C in 6™ petridishes filled with acid washed
quartz sand Distilled waler served the contral and
for treatments 70 meg/l of NaCl and 70 meg/] of
Na, 50, were added to the sand. Cotyledons and
embryonic axes were separated on days 2, 4, 6 and
8 of germination. The in vivo activity of the enzyme
was measured after infiltration and incubation in
0.1 mM KNO; for 1 h, following the procedure of
Klepper et al (5).

Results and discussion

Higher activity of nitrate reductase was noticed
under the influence of the two salts. The stimulation
was more in the embryonic axes than in the coty-
ledons. With progress in age there was a decrease in
the enzyme activity, both in the control and the
treated seedlings. Although both salts stimulated the
nitrate reductase activity chloride showed 2 to 3
fold higher stimulation (% over control} than
sulphate; this was more pronounced on the 4th day,
both in cotyledons and embryonic axes. Earlier
studies indicated higher activity of nitrate reductase
under the influence of high concentration of mono-
valent cations (4, 10). In the present study the
pronounced effect of chloride over sulphate on the
stimulation of enzyme, when supplied as their sodium
salts at equivalent concentration (70 meg/l), may
indicate a differential effect of these anions on cell
membrane permeability. Presence of sulphate in the
medium may be inhibiting the production of nitrite
which can be atiributed to the plasmolysis of cells
or to a direct effect of salt on on the enzyme  Earlier
studies (9} have also shown the influence of inorganic
salts on the permeability of cell membranes. The
results support the earlier views (4) of inhibition in
the stimulation of nitrate reductase in alfalfa leaf
discs when they were supplied with sulphate
salts of potassium and sodium, while the chloride
salts of the two cations were found to stimulate the
nitrite production.

Table 1. Effect of chioride and suiphate salts of sodium (70 meq/l) on in vivo activity of nitrate reductase (Umale/NOJ i fr.wi fl)
in peanut seedlings (means of 3 replications).
Age in days
2 4 6 8
Cotyledons
Control 0192 0.162 0100 0.100
NaCt 0.496 0.862 0652 0.240
(258) (532 {651 {240)
Na, 50, 0.368 0214 0.316 0 960
(191 (132) (316) {96}
Embryonic axes
Control 0960 9.110 0144 0.102
NaCl (0.909 0.894 0.716 (3.366
947 812) (497} (689)
Na, 50, 0.728 0.404 (354 0.120
{758) {367) (2406) {216)

Figures in parantheses denote the values in % over the controt

Turrialba Vol. 32, No. 2, 1982, pp. 216-218
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Summary

Activity of nitrate reductase in peanut seedlings
was studied wunder the influence of chioride and
sulphate salts on sodium. Both salts promoted the in
vivo activity of the ensyme as well in cotyledons as
in embryonic axes. The effect of chioride was more
pronounced than sulphate
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