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DETERMINACION DEL NIVEL DE INOCULO PRIMARIO DE Pseudomonas solanac earin EN

1

SUELOS CON INFESTACION NATURAL® */
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LUIS CARLOS GONZALEZ**

Abstract

Several methods were tested for detecting the residual inocduni of Pseudomonas
solanacearum, Race 1, in inceptisols at Twrriglba, Costa Rica, where the bacteriun is
apparently endemic Planting frealthy potato tubers in soil samples in the greenhouse,
then wsing plant wilt as indicator of the pathogen's presence, was qualitatively the
most efficient methad,; however, it was nor possible o guantify precisely the level of
primary inoculun in several soils A selective culture medivm containing terrazolium
chiloride plus antibiotics allowed detection af V. solanacearum ar concentrations near
25 000 cells/gram of dry soil, even though a large number of antagonistic bacteria
predominated in many samples, completely inhibiting P solanacearum

Both methods were used to detect P solanacearum fn samples from soils
subjected for nearly four years to three systems of minimum tillage or one of tradi-
tional mechanical tillage, populations were consistenly larger in mechanically-tilled
soil | This was confirmed by planting potato and tomato directly in the field, where
significant contrasts in percentage of bacterial wilr resulted. The decrease of the
bacterivnt in mininman-tifled soils was artribured to an increase in organic mafter and
thus an incregse in antagonistic microorganisneg

Recibide para publicacion el 22 de abril de 1982,

Parte de la tesis de Magister Scientiae presentada por el
primer autor en el Programa de Posgrado en Ciencias
Agricolas de la Universidad de Coste Rica y ¢f Ceniro
Agronémice Tropical de Investigacién y  Ensefianza,
Turrialba, C.R

Los autores ggradecen la gran ayada materiad e injelectusl
brindada por el Dr. Michael T. Facksosn, representante
regional del Cenfro Internacions! de la Papa, ¥ por ¢l Dr.
Rattl A. Moreno, {itopatdloge del Centro Aprendmico
Tropical de Investigacién y Enseflanza

* Estudiante, Programa de Posgrado UCR-CATIE, Turrial-

ba, y Fitopattlogo, Lseuela de Fitoteenia, Universidad de
Costa Rica, San José, Costa Rica. Direccidon actual del
primer autor: Estacion Experimental de Faleon, Coro,
Edo. Falcon, Venezuela

Introducion

a raza 1 de la bacterta Pseudomonas solana-
ceariem . F . Smith, cuyo dmbito de hospedan-
tes incluye tomate, papa, chile, tabaco, beren.
jena y numerosas especies no cuitivadas, es un habi-
tinte de los suelos de .muchas regiones lropicales;
generalmente causa sintomas tipicos de marchitez
vascular, pero también infecciones sin sintomas (1)
En Costa Rica se encuentra en las zonas medias y
bajas, por debajo de tos | 200 msnm aproximada-
mente (2}, etacando principalmente tomate y tabaco;
la papa se siembra poco en tales zonas, en gran medi-
da debido 2 su susceptibilidad a esta enfermedad La
frecuente aparicion de marchitez bacteriana en papa-
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les v tomatales sembrados en terrenos previamente
libres de cultivos susceptibles (2, 3, 12) hace presu-
mir que la bacteria puede permanecer en el suelo
por periodos largos, ya sex  alojada en el xilema de
hospedantes que no dan sintomas (1, 7), en la rizos-
fera de los mismos o aun de especies no hospedantes
(13), o bien en niveles relativamente profundos del
suelo (4, 18)

En Costa Rica y otros paises se han hecho in-
tenitos de disminuir experimentaimente |a poblacién
de la Raza 1 de P solanacegrum en el suelo mediante
rotaciones con hospedantes no susceptibles, como
maiz, frijol y camote (3, 7). En ningln caso se ha
podido disminuir el indculo con esas rotaciones, si
bien se observd que en terrenos donde las malezas
fueron controladas con herbicidas, el staque posterior
de marchitez bacteriana en papa fue menor que
donde se practicd labranza de suelo para el control
de malezas (7).

Se considera importante seleccionar un método
confiable pero simple, que no requiera instalaciones
especiaies, para detectar la presencia de la Raza |
de P. solanacemum en los suelos y que también
sirva, de ser posible, para cuantificar el nivel de
inoculo Esto permitiria evitar la slembra comercial
de hospedaates susceptibles en terrenos infestados o,
por el contrario, programar la siembra experimental
de variedades cuya reaccidn a ese patégeno se desea
evaluar. Algunos autores (1, 13) han intentado este
reconocimiento mediante el aislarniento de la bacte-
ria de presuntas malezas hospedantes sin sintomas.
Otros han hecho siembras de plantas indicadoras
directamente en el campo (8, 12, 16), 0 en muestras
de suelo Hevados del campo al invernadero (4, 9, 16,
18); en la mayoria de los casos se ha usado tomate
o tabaco, que indican, mediante su reaccién de mar-
chitez, la presencia de P solgnacearum en las mues-
tras; sin embargo, esto toma varias semanas y requie-
re considerable espacio y material de invernadero

También se han desarroilado medios selectivos de
cultivo, que se espera puedan detectar, directamente
y en pocos dias, las poblaciones de P. solanacearum
en determinado terreno (5, 6, 9, 15). La mayoria de
estos medios selectivos, empero, no han sido proba-
dos con suelos tropicales, y en general sélo han detec-
tado la bacteria en svelos deliberadamente infestados
con suspensiones del patdgeno poco tiempo antes
del muestrec, vy no en terrenos agricolas con infes-
taciones naturales

Esta investipacion se hizo con la finalidad de eva-
luar alpunos de esos métodos de deteccion de Ja Raza
1 de P solanacearum, en terrenos de zonas bajas
tropicales, asi como determinar la forma en que ésta

bacteria sobrevive en estas zomas y ¢l efecto del ma-
nejo del terreno sobre iz misma. El estudio se desa-
rrolld en el Centro Agrondmico Tropical de Inves-
tigacidén y Ensefianza (CATIE) en Turriatba, Costa
Rica, durante ei afio de 1980

Materiales y métodos

A Determinacion de P solanacearum en malezas sin
sintomas

Se tratd de determinar si la bacleria podia sobre-
vivie en hospedantes alternos sin causar sintomas,
Se utilizaron malezas que invadieron un terreno
donde, desde 1976 hasta 1980, hubo siembras de
diferentes cultivos en rotacion con el cultivar de
papa ‘Atzimba’, que s muy susceptible a la mar-
chitez bacteriana, y con el hibrido MS 35-22, que es
tolerante {7) La seleccion del terreno se hizo bajo ia
suposicion de que, donde estuvo el cultivar ‘Atzimba’,
el nivel de indculo seria mayor que donde hubo
MS 35-22. De cada una de las 12 subparcelas mues-
treadas (6 de cada cultivar) se recolectaron 10 ejem-
plares de las malezas mds imporiantes que fenian
lefio en el tallo: Melampodium perfoliattum H. B K |
Bidens pilosa L. y Gaelinsoga ciliata (Raf) Blake, las
tres susceptibles a P solangceaim, ninpuna de las
plantas recolectadas moestraba sintomas de marchi-
tez.

Por otro fado, se determind si en plantas de M
perfolistunt sin sintomas, pero contiguss a plan.
tas marchitas, se podia detectar la presencia de esta
bacteria. Esto se hizo en un terreno recién arado, sin
historial reciente de solaniceas, donde habia M
perfoliatunm en diferentes situaciones, asi: a— jévenes
marchitas; b- adultas marchitas; ¢~ jovenes sin sin-
tomas; d— adultas sin sintomas; e~ jovenss sin sinto-
mas pero contiguas a planias marchitas; {— con los
primeros sintomas de marchitez y contiguas z plantas
marchitas.

El tallo de cada plante muestreada se pasd a agua
estéril tras desinfeccion superficial y se hizo un es-
trizdo en el medio TZC (11); como control se hizo es-
trisdo de P soplanacearum puro, aislado de M perfo-
liatum.

B. Determinacion de nivel de £ solanacearum en el
suelo por medio de plantas indicadoras

En una primera prueba se utilizaron como indica-
doras la papa (cv. ‘Atzimba’}, el tomate {(cv. Tropic),
y la maleza Melampodium perfoliatum De cada una
de las 12 subparcelas utilizadas para la bisqueda de la
bacteria en malezas se obtuvieron 10 submuestras de
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suelo a 10-20 cm de profundidad, que se combinaran
en una sola muestra por subparcela; la mitad de cada
muestra se distribuyd de inmediato en seis poles en
¢l invernadero {4-5 kg de suelo por pote), sembrin.
dose cada especie indicadora en dos potes. Cuando
las rarces llenaron el pole, se corlaron verticalmente
a 8 cm del tallo en cuatro costados. La segunda mi-
tad de cads muestra se paso a cajas grandes, donde
se sembro malz parg mantener una condicion similar
a [a def campo

La reaccion de las plantas indicadoras se calificd
un mes después de la siembra, de scuerdo con la si-
guiente escala; Grado 1 = plantas sanas al llegar a a
madurez; Grado 2 = plantas con sintomas de marchi-
tez solo después de cortar raices; Grado 3 = plantas
con sintomas de marchitez atn antes de cortar raf-
ces. Lin los potes donde no hubo marchitez se arranco
fa planta indicadora adulta y se sembro una nueva,
para verificar la ausencia de la bacteria

Tres meses después se repitio la misma prueba, uti-
lizando el suelo mantenido con plantas de maiz

Una segunds prueba se realizd utilizando como in-
dicadoras pldntulas de berenjena (Solaman melonge-
na), plintulas de Nicoriana glutinesa, tubércuios pe-
queiios de papa, cv. ‘Atzimba’; y brotes de cuatro
semanas, separados de tubérculos de papa. Se utiliza-
ron dos tipos de suelo: uno provino de un terreno
donde se acababa de cosecher un papal que sufrio
ataque severo de P solanacearum (“suelo infestado™);
el otro fue de un terreno vecino al infestado, perc
donde no se habiz sembrado papa (*suelo testigo™).
Cada uno de estos tipos de suejo se evaiud dos veces
con cada planta indicadora, excepto los tubéreulos de
papi, con fos que se evalud cada suelo en seis oportu-
nidades El corte de raices ¥ la calificacion en tres gra-
dos de reaccion se efectuaron al igual que en la
primera prueba,

€ Deteccidn de Ia bacteria en medios de cultivo
selectivos

Se utilizaron cuatro medios de cultivo selectivos,
desarroltados por Granada y Sequeira (5) para deter-
minar niveles de £ solanacearion en el suelo, que
contienen complementos crecientes de  antibidticos

Formuiz A = Glucosa (5 g/1), Peptona (10 g/i),
Caseina hidrolizada (1 g/l), Cloruro de tetrazolio
(50 ppm), Agar (18 g/l}, Cristal violeta (50 ppm),
sulfato de Polimixina B (100 ppm) Formula B =
{ormula A + Mertiolato {0.05 ppm)

Formula C= féormula B + tirotricina (20 ppm) y
Cloromiceting (5 ppm)

Formula D = fdrmula € + Vancomicina (10 ppm)
y Bacitracina (50 ppm).

Se probaron dichas formulas con cultivos puros de
P solanacearum, con suelos de campo conocidos
como naturalmente infestados con P solanacearum y
con suelos de infestacion desconocida, sin antece-
denies de siembras de solanicess El suelo se mues-
ired a 10-30 cm de profundidad, se homogenizéd y se
suspendid mediante agitacion lenta en agua estéril;
se probaron difucionesde 1:10, 1:100 y 1:1 000 g:ml.
De estas se esparcieron alicuotas de 10,05y .1 ml
por phto petri de 9 cm didmetro, con el medio de
cultivo solidificado.

D Prediccion del nivel de inbeulo en suelos con dife-
rentes labranzas

Para comprobar su eficacia, los métodos seleccio-
nados de las etapas anteriores se pusieron a prueba
mediante la evaluacién de suelos con nivel de infesta-
cidn desconocido, pero manejados {labrados) de di-
ferentes maneras, de tal forma que fuera de esperar
diferencias microbioldgicas entre ellos. Para ese fin
se utilizd un terreno sin historial reciente de solani-
ceas y sometido, durante los tres afios y medio ante-
riores, a los sigulentes cuatro diferentes sistemas de
iabranza, todos dentro del sistema de cultivo maiz-
frijol (14):

a. Suelo preparado en forma tradicional {TA): terre-
no roturado dos veces al afio con arado y desmenu-
zado con rotavator; los desechos de cada cosecha
anual de maiz y {rijol, asi como las malezas, se
arrancaron de raiz y se sacaron del terreno, dejan-
do el suelo limpio.

b Cobertura vegetal mezclada con tierra (CMMT); el
terreno no se trabajd con implementos; las cafias
de matz de cada cosecha anterior se arrancaron
manualmente, se trozaron junto con las malezas
y se mezchiron levemente con tierra de la misma
parcela, quedando en una proporcion de 1:1.
Inmediztamente después de cada siembra se aplicd
Gramoxone (Paraquat 0.5 kp/haia).

¢. Mantenimiento de cobertura vegetal de residuos de
cosecha sobre el suelo (CMSS); Jos desechos de
maiz y las malezas mds sobresalientes se trozaron
y se dejaron sobre el suelo. Este tratamiento es
similar al anterior, pero no se realizo ninguna mez-
cla de los residuos de cosecha con suelo; se uso
Gramoxone contra las malezas

d Suelo no alterado (CMS8R); cada afio las cafias de

maiz del cuitivoe anterior quedaron en pie, dobla-
das a la mitad. Se realizd uinicamente ef trabajo de
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preparacidn de suelo necesario para ia siembra y la
fertilizacion; se aplicd Gramoxone pars controlar
las malezas,

£l ensayo estaba sembrado en un disefio experi-
mental de parcelas divididas con cuatro repeticiones,
como parte de un experimento del CATIE a largo
plazo {14) Para ta presente prueba, se tomaron mues-
tras de suelo a lo largo de una banda central en cada
una de las 16 parcelas, a una prefundidad de
10-30 cm. De cada parcela se tomaron 16 muestras,
que se mezclaron; luego se distribuyd la mayor par-
te d= este suelo en el invernadero en ocho potes de
24 x 20 cm, en seis de los cuales se sembrod un tubér-
culo de papa {cv ‘Atzimba’); en los otros dos se sem-
braron seis plantas de Nicotiana glutinosa Estas fue-
ron las dos mejores especies indicadoras en ese orden
encontradas en anieriores ensayos de invernadero.

El resto del suelo se utilizé para aislamientos con
medios selectivos en el laboratorio, se usaron tres
platos petri con medio de la formula C por cada
una de las 16 muestras de suelo del experimento;
la dilucion del suelo en agus fue de 1:300 y la ali-
cucia de 0.1 mi

Para conocer el nivel real de infestacion se sembrd
papa {ev ‘Atzimba’) y tomate {cv. ‘Tropic’) directa-
mente en el campo, y se correlacionaron los datos
de prediccion en invernadero y laboratorio con los
obtenidos en ef campo. En éste ¢l pardmetro medido
fue ef porcentaje de plantas marchitas, que se tomd
a intervaios semanales; de todas estas lecturas se
obtuvo el porcentaje promedio de marchitez (PPM).

Resultados v discusion

A . Determinacion de P solmigceqrum en malezas sin
sintomas

No se observd exudade bacteriano, ni fue posible
aislar la bacteria, de ninguna de las 360 plantas exami-
nadas de las malezas Melampodium perfoliatum,
Bidens pilosa y Galinsoga ciligta El terreno mues-
treado  estaba altamente infestado con P solanag-
cearumt @ juzgar por el alto porcentaje de marchitez
en las siembras de papa anteriores y posteriores al
muestreo (7)Y, aln asi, ni siquiera se presentaron
malezas con sintomas de macchitez durante el reco-
nocimiento.

En plantas de M. perfoliatum con sintomas exter-
nos de marchitez, de un terreno secién arado, asi fue
posible detectar la buacteria mediante aislamientos
en medios de cultivo. Se obtuve mayor densidad de
poblacién bacteriana en el medio cuando se utiliza-

ron plantas, jovenes o adultas, con sintomas avanza-
dos de marchitez que cuando se utilizaron plantas con
sintomas incipientes. Por el contrario, no se obtuvo
ninguna colonia en los platos correspondientes a plan-
tas sin sintomas, adn aquellas que crecieron a sélo
3 cm e plantas totalmente marchitas

M. perfoliatum se ha reportado como hospedante
con sintomas de iz bacteria, tanto en combinacién
como en ausencia de cultivos susceptibles, y asi se
observd durante el transcurso de esta investigacion,
en diversos terrenos cercanos. Puede considerarse una
planta indicadora de ia presencia de P. solanacearum
en determinadas dreas, cuando invade el terreno des-
pués de la labranza mecdnica {arados o rastreadas).
Sin embargo, en los terrenos sin labranza celonizados
por esta y otras malezas, al terminar el cultive de
papa, M. perfolianon no mostrd marchitez; es dificil
que la bacteria pueda haber estado infectando estas
plantas sin causar sintomas, pueste que hubiese sido
detectada aunque fuera en unas pocas de las plantas
examinadas en esta prueba. El hecho de que haya
habido gran infestacidn en ese suele v, a pesar de ello,
no se hayan encontrado malezas marchitas, posible-
mente se deba z la no labranzs del suelo después
de iz cosecha de papa; es de esperar que, si estos
ferrenos hubieran sido rastreados luego de fa cosecha,
permitiendo fa invasion de M perfoliatum, si se
hubiesen encontrado plantas marchitas en el campo
(7). Corrobora lo anterior el hecho de que se aisld
consisientemente ia bacteria de las malezas que inva-
dieron un terrenc que fue arado y rastreado, aln
cuando tuvo una siembra previa cen un cuktivo no
susceptible (maiz),

Los resultados sugieren que esta raza de P. solana-
cearum es un componente normal de la microflora
de estos suelos, persistiendo al menos temporalmente
como saprofita o en asociacion no patogénica en la
rizosfers de especies hospedantes o no hospedantes
{13, 17). No estd claro porqué solo infecta al hospe-
dante susceptible tras ia labranza del suelo, y no
cuando éste se mantiene en barbecho con una pobla-
cion heterogénea de rnalezas

B. Determinacion del nivel de P. solgnacearum en el
suelo por medio de plantas indicadoras

La siembra de tubérculos de papa (ev. ‘Atzimba’)
resultd el mejor método de invernadero para detec-
tar la presencia de P. solanacearum en el suelo. En
todus las pruebas la papa tuvo un grado promedio de
deteccidn superior al resto de los indicadores utiliza-
dos (Cuadros 1 y 2)

Nicotiana glutinosa {Cuadro 2) fue algo menos efi-
ciente en detectar la presencia de la bacteria, ademds
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Cuadro 1. Deteccion de P sofanacearim en invernadero por medio de planias indicadoras, en muestras de suelo de un terreno con

diferentes porcentajes previos de marchitez bacterinna,

Siembra previa

Rexaceion de plantas indir.-adr;mu:h

Cultivar ppm® Puapa Tomate Melampodivm
Rep | Rep 2 Rpt Rp2 Rp i Rp2
‘Atzimba’ 36 1.0 1.0 10 10 10 1.0
‘Atzimba’ 28 HN) 25 10 10 10 [0
‘Atzimba’ 43 10 10 i0 10 10 1.0
*Atzimba’ 55 235 30 10 10 1.0 10
‘Atzimba’ 62 LS 30 10 io i0 10
‘Atzimba’ 46 10 i0 PG 10 i.0 10
MS 35-22 6 30 20 10 10 1.0 16
MS 35-22 10 25 20 1 & 10 20 16
MS§S 3522 11 10 20 10 10 1.0 1.6
M§ 35-22 23 25 30 10 10 1.0 16
MS 35-22 24 20 25 16 10 i0 14
MS 35-22 20 10 i G ig 10 i0 16

a PPM: porcentaje promedio de marchitez en la siembra previa de papa en el campo (7)

b Escala 1 = sin sintomas; 2 = sintomas despudés de cortar rajces; 3 = sintomas antes de cortar rafces.

¢ Hecha 3 meses después de la repeticion i, con suelo manienido bajo cultivo de maiz en el invernadero,

Cuadro 2. Deteccion de P solonacearum en invernadero por medio de plantas indicadoras, en dos suelos contiguos, con y sin inciden-
cia previa de marchitez bacteriana (“infestado™ y "testigo™, respectivamente).

Reaccion de plantas indicadomsb

Suelo pPM* Papa {de Nicotiana Berenjena Papa (ide brotes
tubércuios) glurinasa derraigados)

Infestadeo 59 1.8 P4 i5 1.0

Testigo - 14 26 1. 10

a Porcentaje promedio de marchitez en siembra previa de papa

b Escala: | = sin sintomas; 2 = sintomas despuds de cortar tajees: 3 = sintomas antes de cortar raices

de mostrar ciertas desventajas prdctieas (dificultad
de germinacién y crecimiento lento; sin embargo,
en ciertas circunstancias podria ser un indicador util,
st se considera que su semilla se puede guardar en
refrigeracion por mucho tiempo, ccupa poco espacio
y puede ser utilizada en cualquier momento. La
berenjena fue sun menos eficiente. Con la maleza sus-
ceptible Melampodiian perfoliatian se obtuvieron sin-
temas de marchitez en un solo caso, mientras que en
tomate nunca se presentaron sintomas (Cuadro 1),
Con brotes de tubérculos de papa (Cuadro 2) no se
pudo detectar en el invernadero la presencia de la bac-
teria, debido a que tuvieron un crecimiento pobre al

ser transplantados ai suelo en prueba, lo que aparente-
mente les hizo poco susceptibles a la infeccidn por
P solanacearum.

En las verilicaciones de ambas repeticiones, con
tomate y M perfoliatum en suelos que dieron reac-
cion negativa, solo se logrd detectar la presencia de
la bacteria en tres plantas de tomate y en ninguna de
A perfoligrum, esto confirmé la inelicacia de ambos
como indicadores de invernadero. Ademds, nunca
hubo evidencia de [a bacteria en sus heces vasculares
{prueba del exudado), por fo que aparentemente ni
siquiera hubo penetracién en estas planias.

Turrialba Vol 32, No. 4, pp. 347-357



352 TURRIALBA: VOL 32, NUM. 4, TRIMESTRE OCTUBRE-DICIEMBRE 1982

En cuanto a los niveles de indculo de los suelos
evaluados, los resultados {ueron diferentes de fo que
se esperaba obtener Asi, en suelo de subparcelas
donde hubo ‘Atzimba' se esperaba el nivel de
indculo mds alto, y por lo tanto un grado mayor de
resccion en el invernadero, que en el de las subparce-
las de M8 35-22; sin embargo, ocurrié a la inversa
{Cuadro 1) Lo anterior podria deberse 2 que, en las
parcelas donde hubo Atzimba, la salida masiva de
exudado bacteriano de las plantas hacia el suelo (9,
16} estimuld a organismos antagonicos a . solanacea-
nem a aumentar su poblacion y por ende bajar iz de
P solanaceartun (6}  En  cambio, donde hubo
MS 35-22 la poblacion primariz de P solanacearum,
si bien menor, podria haber estadoe en cierto equili-
brio con la flors microbiana y sobrevivir mejor en
el suelo (6, 18). Esto en parte fue confirmado por
siembras de papa posteriores en las mismas parce-
las de campo (7}, donde hubo alta incidencia de
marchitez bacteriana, pero de nuevo sin correlacidn
con los niveles de incidencia de la siembra anterior
al muestreo.

Se tratd de deferminar si existia asociacion entre
los datos de invernadero y campo Se encontrd que
no exisfia tal correlacion entre los grados obtenidos
con papa en el invernaderc y los porcentajes prome-
dios de marchitez previos y posteriores (7) al mues-
treo, en ninguna de las dos repeticiones

Un resultado similar, més inesperado adn, ocurrid
cuando se compararon un suelo con alta infestacidn
natural conocida y  {“suelo infectado™) y el suelo
vecino al anterior, sin siembras recientes de hospe-
dantes susceptibles (“suelo testigo”). El nivel de
indculo detectado por la papa y N glutingsa fue mds
alto en el segundo caso (Cuadro 2}, De nuevo, esto
podria obedecer a la accidn de un mecanismo de
controf bioldgice en el terreno donde recientemente
fiwbo alta incidencia de marchitez bacteriana. Casos
similares han sido sefialados por Jaworski y Morton
en Georgia (8) v Martin ef al. en el Pertl (12)

C. Deteccién de Ia bacteria en medios de caltivo
selectivos

En una primera prueba se esparcieron en platos
petri con medios de fas formulas A, B y D, alicuotas
de 0.5 ml de diluciones 1:100 {g:ml) del suelo “in-
festado” y del suelo “testigo”, descritos en la segun-
da prueba de deteccidén por plantas indicadoras. Tras
3 dias de incubacion a 28°C, solamente se reconocid
una colonia de P. solanacearum en un total de 112
platos; crecieron colonias de muchas otras bacterias
no identificadas, con un promedio por plato de
1679 en A, 1306 en B y 870 en D. No hubo creci-
miento de hongos en ningan plato. En los platos tes-
tigo, donde se esparcieron suspensiones de suclo mez-
clado con cultivos puros de P. solanacearuim, las colo-
nias de esta bacteria fueron reconocidas fdcilmente,
si bien su crecimiento se redujo ligeramente en el
medio D. Al cabo de 3 dias de incubacion las colo-
nias de P solanacearum eran fluidas, color crema,
de 2-3 mm de didmetro y pulvinadas,

En la segunda prueba se usé solamente la formula
C, con muestras de un suelo sin siembras previas de
solandceas, pero tomadas a 2 m de plantas jévenes
de papa que empezaban a mostrar marchitez bacte-
riana (la que leego alcanzé 100% de incidencia). El
suelo se suspendié 1:10 en agua; la suspensidn se
agité por 30 minutos y se diluyd 1:100 y 1:1000;
se esparcieron alicuotas de 0.1 ml por plato Esta vez
s¢ obtuvieron cinco colonias de P solanaceariom,
cuatro de ellas a la mayor dilucion (Cuadro 3} Su
crecimiento fue similar al de cultivos puros estriados
en los medios By C

Con la dilucion 1:100, el nimero de colonias de
otras bacterias fue comparable sl obtenido con el
medio D en la primera prueba, pero hubo mucha
inhibicion mutua a dilucién 1:10, lo que evidente-
mente imposibilitd también el desarrollo de P. solana-
cearum.

Cuadro 3. Coloniss de P solanaceqrum y otras bacterias obtenidas con tres diluciones de la suspension de un suelo altamente infestado,

en el medio de cultivo selectivo C.

P. solanaceartin

Otras bacterias

3 Plato 1 2 3

Dilucion {g:mi) Plato | 2

Nimere de colonias
L:10 0 0 0 1 539G 684 827
11100 i g 0 2354 239 455
1:1000 1 2 1 22 40 34
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En vista de estos resultados, que sugieren la pre-
sencia en estos suelos de muy altas concentraciones
de bacterias gue compiten con P solanacearum en
el medic selectivo, se decidid utilizar, en adelunte,
una suspension de suefo de 1:300 (g:ml) intermedia
entre las dos que dieron resultado en la segunda prue-
ba. Si bien esta difucion evidentemente solo permiti-
riz detectar poblaciones bastante altas de P solana-
ceqrurn {19% células/gramo o mds), tales poblaciones
no parecen excepcionales, en vista de las frecuentes
epifitias severas de marchitez bacterianz en suelos
como los estudiados (7, 8, 13).

D. Prediccion del nivel de inéculo en suelos con dife-
rentes [abranzas

Cuando se compararon los métedos de deteccidn
de P solangceartm en sueclos sometidos  a cuatro
dilerentes sisternas de labranza por tres afios y medio,
[a papa en invernadero fue la que predijo con mayor

Cuadro 4.
terrenos con cuatro diferentes labranzas de suelo.

acierto el nivel de indculo de las 16 parcelas, nivel
determinado luege mediante el desarrolio de marchi-
tez en siembras de papa y tomate directamente en ¢
campo. Nicotiena glutinosa y los medios selectivos
también detectaron la infestacion existente, pero no
predijeron con tanto acierto el nivel de indeculo. Hubo
un mayor uivel de indculo en ¢l suelo sometido al
método tradicional de labranza {TA) que en los otros
tres, maneizdos con labranza reducida, donde el
indeulo generalmente disminuyd

1. Deteccién a través de plantas indicadoras de inver-
nadero

Es papa, utifizada como indicadora de inverna-
dero, encontrd diferenclas significativas solamente
entre TA (promedio 22% en la escala de 1 a 3), v
CMMT (promedio 1 75) segun la prueba de Duncan
al G 05% (Cuadro 4); no hubo diferencias significati-

Reaccion de plantas indicadoras en invernmdero como medio de predecir In presencia de Ia raza | de P solanaccarum en

Deteccion por plantas indicadoras

Tratamiento Repeticion Papa N ghitinosa Porcentaje marchitez
(tubérculos) en papa, catapo (PRM)
Grade promedio de I escala’
I 22 14 499
3] 22 1.5 613
TA 11 27 17 779
v 22 2.2 6B 6
Promadio 2.29% 1.70% 64.40"
I 17 10 228
11 i8 2.2 3313
CMMT i1l i7 iz 219
v I8 10 88
Promedio 1,759 1358 21757
H 1.3 e 86
H 20 10 472
CMSS il 25 19 540
v 212 19 384
Promedio 2.00°" 145 26.31°
I 20 [2 4.5
3] 15 1.3 15.6
CMSR IH 23 1 8 546
134 18 14 136
Promedio 1.92%0 1.33% 24.56"
C V. 14.26 3092 29 32

I Escala: Grado 1 = plantas sanas af Hegar a o madurez: Grade 2 = plantas con sintomas de marchitez sole despuds de cortar rafces;

Grade 3 = planias con sintomas de marchitez atin antes de cortar raices
Promedios de la misma columna segeidos de la misma letra no difieren significativamente entre si, de acuerdo 2 In prueba de Duncan,

2

al 0§ 05%
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vas enire estos y los otros dos tratamientos A nivel
de campo, sin embarge, el tratamiento TA produjo
un porcentaje de marchitez (PPM) significativamente
superior a fos otros tres (Cuadro 4) Es de suponer
que en el invernadero no se detectaron el festo de
las diferencias entre tratamientos debido a la canti-
dad limitada de plantas indicadoras utilizadas (scis
plantas por repeticidn por tratamiento),

Cuando se utilizé Nicotiana glutinose como indi-
cador, no se detectsron diferencias significativas al
0.05% entre tratamientos, st bien la tendenciz fue
similar a la de fa papa.

Para determinar si existia asociacion entre los valo-
res de campo (PPM) vy los datos de invernadero, se
calculd el coeficiente de correlacién entre los tres
pardmetros, el cual indico la siguiente relacion:

0.74
Papa < B PPM
(invernadero) {papa)

0.60 0.63

N glutinosa
{invernadero)

Esto sugiere la utilidad de la papa come medic
para predecir la presencia de la Raza 1 de P solang-
cein en un terreno del que se desea saber si estd
infestado o no, a pesar del tiempo requerido {cerca
de tres semanas) En cuanto a Mcotiana glutinosa,
el coeficiente de correlacion obtenido indica que se
puede confiar en su uso como medio de predecir la
presenciaz de esta bacteriaz en un suelo, si bien es
menos sensible que a papa a la hora de cuantificar
el nivel de indculo

2. Aislamiento en medios selectivos

Er este intento de prediccion del nivel de indculo
solo se logré detectar a P solgnacearum, mediante
cultivo en medios selectivos, en aquellas parcelas
que posteriormente mostraror mds del 81% de mar-
chitez de plantes de papa en la dltima semana de eva-
luacidn, o un porcentaje promedio de marchitez
superior a 38% (Cuadro 5) La [érmula utilizada {(C),
a pesar de su alta concentracién de antibidticos,
aparentemente no inhibid el crecimiento de P. solanag-
cearum, como lo indica el hecho de que cuando se
suspendid 1 g de suelo en 300 mi de estéril y se le
agregd 107 cel/ml (poblacion estimada) de P. solana-
ceartim, se desarrollaron 1 145 colonias por plato

Cuadro §. Cuantificacidn de P solanacearum de 16 parcelas de un suclo naturalmente infestado, por un medio selectivo de cultivo,

T ratamiento Repeticion Aislamientos de suelo, medio selectivo marchitez en papa
P solmacearnan Otras bacteriag
Prom. 3 platos Prom. 3 platos PPM Ult. semana
Numere promedio de colonias

I 13 123 49.9 1000
I 03 76.7 613 100.0

A i1 13 273 719 1000
v 533 686 1000
I 0 102 228 538
[t ] 291.3 335 76.5

CMMT [t 0 38 21.9 45.6
v 0 323 88 286
I 0 180 86 267
I 0 164 4.2 19.0

CMSS 111 0 17279 544 937
v 0.66 79 384 815
i 0 100.7 43 195
i1 0 843 i56 430

CMSR i B33 2717 546 100 .8
v ¢ 1253 236 531

Suela (1:300) +

P solanacearum

(aprox 10%) 1 145 381
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de esta y 381 colonias de otras bacterias (Cuadro 5).
Se notd que los platos en donde se detecto P. solana-
cearum tenfan en general una poblacién mds baja
de otras bacterias (72 colonias por plato en prome-
dio), mientras que en platos sin P. solanacearum la
poblacién de tales bacterias fue generalmente eleva-
da (promedio 140 colonias por plato). Esto pudiera
indicar un efecto sobre Pseudomonas. Podria enton-
ces ser la baja poblacién de otras bacterias lo que per-
mitid detectar a Pseudomonas en parcelas como las
de TA. Para verificar lo anterior, se determinaron
los coeficientes de correlacion entre los siguientes
pardmetros:

PPM & 046 # otras bacterias
(campo) (medio selectivo)

0.73 —-0.43

P. solanacearum
(medio selectivo)

Los resultados indican que existe asociacion entre
el nimero de colonias de P. solanacearum obtenidas
en el laboratorio y los valores de PPM obtenidos en
el campo. En los dos casos en que no se obtuvo corre-
lacién significativa, el signo sugiere que existe una
asociacion inversa, es decir, que a medida que
aumenta el nimero de otras bacterias (posiblemente
antagénicas a P. solanacearum) en el medio selectivo,
disminuye el nimero de colonias de P. solanacearum
y el porcentaje promedio de marchitez en el campo
y viceversa. En Japon (18), en Kenya (6) y en Austra-
lia (4) se ha determinado que en suelos donde se in-
crementa la materia orgdnica la poblacién de P. sola-
nacearum baja rdpidamente, probablemente debido
a una mayor actividad microbial. Todos estos resul-
tados permiten suponer que la posibilidad de detec-
tar la presencia de P. solanacearum en medios selec-
tivos de laboratorio depende del efecto que bacte-
rias antagénicas ejerzan sobre su desarrollo en estos
medios (6). Ain si el tipo de labranza no influyera
directamente sobre P. solanacearum pero si sobre sus
organismos antagodnicos, a través del incremento en
materia orgdnica, habria aumento o no de la pobla-
cién de la primera en la medida que quiebre o se
guarde esa relacion.

En las muestras donde se detectd la bacteria, su
poblacion varié de 2.5 a 5.0 x 10* células por gramo
de suelo seco. Esta poblacion resulta elevada si se
considera que es natural, no inducida, puesto que
se encontrd en un terreno donde ain no habia indi-
cacion alguna de marchitez bacteriana, ni hubo siem-
bras de solandceas por muchos afios. Otros autores
(9, 15, 16), han encontrado poblaciones similares

o mayores, pero en suelos directa o indirectamente
infestados artificialmente; en suelos naturalmente
infestados, Jenkins, Morton y Dukes (9) no lograron
detectar a P. solanacearum, atin con métodos serold-
gicos muy eficientes. En las tierras altas de Kenya,
Harris (6) pudo detectar de 10® a 10% células/gramo
de suelo naturalmente infestado, mediante aislamien-
to en un medio selectivo. Sin embargo, no se conoce
informacién sobre el nivel de indculo primario de P.
solanacearum, Raza 1, en tierras bajas tropicales,
por lo que el presente trabajo pareciera ser la primera
indicacion al respecto.

3. Desarrollo de la enfermedad en el campo

La marchitez bacteriana atacé con severidad la
papa sembrada en las parcelas sujetas a labranza
tradicional (tratamiento TA), donde se alcanzo el
100% de marchitez entre la quinta y la décima
semanas. En contraste, en los suelos con los tres trata-
mientos de labranza reducida, el desarrollo de la
marchitez fue mds lento y apenas afectd, en prome-
dio, cerca de la mitad de las plantas (Figura 1). No
hubo diferencias entre estos tratamientos pero si
la hubo (al 0.01%) entre ellos y el laboreo tradi-
cional (Cuadro 4).

En las parcelas manejadas con labranza reducida
durante mds de tres afios, el tratamiento sin remocién
de las malezas, controladas periédicamente con her-
bicidas, asi como la ausencia de aradas, hicieron que
se mantuviera una capa de mantillo sobre el suelo,
donde, la elevada actividad bioldgica presumible-
mente redujo las poblaciones de P. solanacearum,
como lo sugieren los aislamientos en medio selec-
tivo (Cuadro 5) y en concordancia con los resulta-
dos de otros autores (4, 6, 18). Probablemente Ila
falta de diferencias significativas entre los PPM de

100 A
90 -7

80 4

PAPA

PORCENTAJE PROMEDIO DE MARCHITEZ

CMSS > TOMATE

CMMT
CMSR

T T
n 12

SEMANAS DESPUES DE LA SIEMBRA

Fig. 1. Determinacion del nivel de indculo primario de Pseu-
domonas solanacearum en suelos con infestacion
natural.
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fos tratamientos de labranza reducida se debe, en
parte, a una aparente recontaminacion de las par-
celas ubicadas en un borde de! experimento; ahi
el drenaje superficial, proveniente de terrenos ve-
cinos arados regularmente, puede haber introdu-
cido cantidades importantes de indculo {Cuadro 4:
rep U, trat. CMMT;rep. 11 y IV, trat. CMSS).

Donde el suelo se habia arado y rastreade dos
veces al afio hubo repetidas brotaciones de malezas
anuales, que erun controladas manualmente (14},
entre ellas predomind M. perfoliotum, especie de la
que algunas plantas jovenes se marchitaron; no se
llegé nunca, enlonces, a k invasion y desarrgllo suce-
sivo de una poblacion diversa v estabie de malezas, de
manera gue no se pudo verificar si se hubiera repetido
aqui la situacion descrita en el terrenc donde se bused
sin éxito la bacteria en malezas sin sintomas. s apa-
rente que son las malezas jovenes, que invaden los
terrenos recién arados, las que ol infeciarse incre-
mentan el inécule de P solangcearum en el suelo;
en esta etapa, M perfoliation podria constituir
un indicador de campo de fa presencis de la bac-
terig, aunque sblo sea transitortamente.

El tomate fue también afectado por marchitez
bacteriana, pero mds tarde y en menor grado que
la papa (Figura 1); ademds, no indico diferencias
significativas al 0.05% entre tratamientos, si bien
mostrd correlacion con la severidad de marchitez
en papa. En una parcela TA el 76% del tomate se
marchitd al cabo de 12 semanas; casos similares
han ocurrido en terrenos vecinos. El nivel consistente-
mente baje de marchitez en fomate en los suelos
con labranza reducida (promedio 8 7% a las 12 sema-
nas, nunca mayor de 28% Y sugiere que este método
de manejo podria ser una alternativa viable para el
control de la marchitez bacteriana en suelos de regio-
nes calidas tropicales infestadas con la Raza 1 de
P solanacearum

Resumen

Se evaluarcon varios métodos de detectar el indculo
residual de Pseudomonas solanacearim, Raza 1, en
inceptisoles de Turralba, Costa Rica, donde dicha
bacteria es aparentemente eadémica. El mis eficaz
cualitativamente fue la siembra de tubérculos sanos
de papa en muestras de suelo flevadas al invernadero,
utilizdndose la marchitez como indicador de [a bac-
teria; sin embargo, no fue posible cuantificar con
exuctitud el nivel de idculo primario en varios
suelos. Un medio de cultivo selectivo, conteniendo
cloruro de tetrazolio mds antibidticos, permitic
detectar P solanaceqrum a concentraciones de cerca
de 25 000 células/gramo de suelo seco, si bien en

muchas muestras predominaron diversas bacterias
antagdnicas que inhibieron totalmente a P. solanacen-
1M,

En muestras de suelos sometidas por casi cuatro
afios a ires sistemas de minimo iaboreo se detectaron,
por ambos métodos, poblaciones menores de P
solanacearum que en las de suelos sometidas al lzboreo
mecdnico tradicional. Esto se conlirmd mediante
siembra de papa y tomate directamente en el campo,
determindndose contrastes significativos en el porcen-
taje de marchitez bacteriana obtenido. La disminu-
cion de la bacteria en suelos con mirimo laboreo se
atribuy6 ai incremento en la materia orginica y, por
ende, en microorganismos antagonistas
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Resena de libros

FRISSEL, M J v 1. A VAN VEEN (eds) 1981
Simulation of nitrogen behaviour of soil-plant
systems Centre for Agricuitural - Publishing and
Documentation, Wageningen. 277 p.

El nitrogeno es el nutrimento que méas limita, con
excepcién del agua, la produccién de los cultivos en la
mayoria de los suelos del mundo. As{ para aumentar
la produccién agricola en los proximos 20 afios no
solo se debe aumentar la utilizacidn de fertilizantes
nitrogenados sino también, por razones de poca dis-
ponibilidad v alte precio, ia eficiencia de su utiliza-
cion por los cultivos. Para lograr este objetivo es nece-
sario comprender con mayor profundidad la dinamica
del nitrogeno en el suelo sobre tode en o relativo a su
disponibilidad y absorcién por las plantas asi como
los procesos que conducen a la pérdida del mismo
(nitrificacién, desnitrificacion, volatizacion de NHj)

Desgraciadamente la falta de informacién experi-
mental sobre estos procesos impide la postulacion de
generalizaciones vilidas que permitan predecir el com-
portamiento del nitrogeno en el suelo bajo la influen-
cia de un nimero de factores ambientales dados. Sin
embargo, con la informacion ya disponible es posible
desarrollar modelos matemdticos que permitan un
acercarniento al problema. Este fue el motivo de s
reunion de trabajo del panel de expertos que se levo
a cabo en Wageningen a principios de 1980 y cuyas
ponencizs, discusiones y conclusiones recoge esta pu-

blicaciéon. La reunidn puso en relieve las grandes difi-
cuttades tedricas v pricticas en el campo,

La ventaja de los modelos es el de dar un asidero
conceptual sobre cada proceso en particular, en tal
forma que se puede comprender las posibles relacio-
nes, causa-efecto de importancia.

En el desarrolio de un modelo se define muy bien
los pardmetros, asi como su mutua interrelacién. Des-
graciadamente a veces ia importancia relativa de cada
factor es muy arbitraria v depende del criterio del
autor; peor aiin, raras veces este énfasis es verificable
experimentalmenie. Este es el mayor defecto de los
modelos presentados, aparte de algunos errores de en-
foque pues por ejemplo, para un modelo de desnitrifi-
cacidn de suelos bien estructurados se dejz por fuera
el papel de la rizosfera.

La gran contribucidn de esta publicacién es preci-
smmente poner en evidencia la enorme brecha de in-
formacion que existe entre los modelos conceptuales
v la informacién experimental disponibie sobre los
principales fendmenos responsables de los cambios
del nitrogeno del suelo, al mismo tiempo sefiala aque-
llas dreas que necesitan atencidn experimental urgen-
te.

De esta manera se aportan nuevas ideas que dan
luz al camino a seguir en las investigaciones relaciona-
das con el nitrdgeno del suelo.

Se recomienda este libro para todos aguellos inves-
tigadores dedicados al estudio dei nitrégeno en el sue-
lo, asi como también para los agronomos interesados
en el tema.

CARLOS RAMIREZ
FAC AGRONOMIA
UNIV. COSTA RICA
SAN IOSE, COSTA RICA



SHOOT REGENERATION FROM CALLUS DERIVED FROM EMBRYO AXIS CULTURES OF

Theobroma cacao in vitro' |

E B ESAN*

Se indujo la produccion de callo de secciones de la plimnula de semitlas maduras
de cacao cuando se cultivé embriones axiales en el medio bdsico compuesto de
Murashige v Shoog, suplementado con nitrato de calcio, sucrosa, peptona bactereo-
logica, dcido neftalin acético, quitina ¢ inositol. Subcultivos del callo después de 50,
60, 70, 80 y 90 dias en el medio basico modificado con vitamings blancas, diferencia-

ron gemas adventicias in vitro

Introduction

n Niperia, the cacio industry is currently faced
with a prominent horticultural problem. This
is the lack of an adeguate rapid vegetative
propagation method for cacao which is capable of
making suppliers meet planting materizl demand
pressures. This can be attributed to the rapidly
expanding cacac growing areas and the giant re-
habilitation scheme designed for improving old
moribund farms. Accordingly, ihe tissue culture
method is being explored with this problem in view
In recent years the application of tissue culture
techniques has been extended to several plant
breeding programmes The ultimate aim has heen
to produce and rapidiy propagate superior, uniform
genotypes within a short time To attain this, the
induction and growth of orgsnised structures have
been attempted in somatic callus cultures of several
tree species (5, 10, 13} Commercial feasibilities
have been attained in the rapid clonal propagation
of several herbaceous ornamental plants through the

t Received for publication in November 1981

I am gratcful to Director, Cocoa Research Institute of
Nigerin for granting the permission to present part of
this paper at the 6th International Cocoa Research
Conference held in Caracas, Venezuela 1977 and o
publish the paper

¥ Cocoa Research Institute of Nigeria, PM B 5244, Ibadan,
NIGEREA

application of plant tissue culture technique (13)
However, in many tree species, callus subculture and
recuftures have formed either shoots or roots and
only occasionally both crgans are differentiated in
succession (2, 14). Nevertheiess, comparatively fewer
tropicai fruit trees have been successlully induced,
reared and maintained under tissue culture condi-
tions. In this paper, a report is made of an attempt
at vegetatively propagating cacao through in vitro
method

Materials and methods

Mature unripe {ruits (podsy of Thecbhroma cacao
L. were randomly collected from trees focated at
the Gambari Experimental Station of the Cocoa
Research Institute of Nigeria, Ibadan. The pods were
first surface sterilised by washing in lukewarm water
at 35°C to which had been added some drops of
‘Dettol’ and antiseptic liquid and a few drops of
‘Teepol' liquid detergent. These pods were further
immersed in 0.5% sodium hypoclorite solution
§10% Clorox) for 15 minuies; without further rinsing,
each of the pods were cut open. The pod husk was
separated from the mucilage placenta and seeds
The embryo axis of cach mature bean {seed) were
excised carefully and aseptically, using mounted
blades on metal scalpels. Each embryo axis (explant)
was quickly transfered on to a sterilised 10 ml
medified Murashige and Skoog (10) basal medium

Turrialba Vol. 32, No. 4 | pp. 359-364
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contained in 30 ml McCartney specimen bottles The
modilying addenda of the medium used for callus
induction (callogenesis) and  regeneration  are
presented on Table 1. The cultures were stored under
14 hour diffuse daylight condition provided by
Phillips fluorescent lamps of {50 ~ 250 lux at a
temperature of 26+ 2°C The optimum auxin concen-
tration (naphthalene acetic acid, NAA)} for callus
induction was determined in a preliminary trial (7}
Eight concentrations examined were 00, 0.1, 1.0,
2.0, 30, 50, 105, 15.0 mg/l A level of 20 mg/l
concentration was chosen as the most satisfactory
for callus induction from the plumule. Using this
preliminary result as a guide, calli thus induced in
this experiment were subcultured on the 50th,
60th, 70th, 80th and 90th days respectively These
subcultured calli were examined for possible incipient
or latent organogenesis and/er embryogenesis micro-
scopically. Callus originating from the plumule,
the hypocoty! as well as the radicle ends were sub-
cultured separately so as fo compare and contrast
their morphogenetic properties

Result

Callus was visible after 30 days in only those
cultures that contained 2.0 or more mg/l of NAA.
For concentrations of auxing lower than 2.0 mg/l
of NAA, the embryo axis explant mostly germinated
with or without production of callus. Calius induc-
tion occurred from three identifiabic regions of the
explants namely the root apex or radicle, the plumule
and the hypocotyl regions. Callus induction was often
garliest in the radicle region relative to the plumule

and hypocoty! regions. Most calius was induced when
NAA concentrations were above 50 mg/l Ac
cordingly, these showed rapid necrosis (browning
and progressive death) earliest. Callus produced from
tissues cultured on media that contained concentra-
tions between 2.0 and 50 mg/l were most friable
and showed occasional nodulation. This was
particularly most characteristic of callus induced
from the plumule region

All ages of subcultures made at 50, 60, 70, 80
and 90 days respectively showed a high degree of
variability both within and between age treatments,
especially with respect to the number of adventitious
buds and shoots, the time required for their develop-
ment, and the number of leaves eventuaily produced
{Figures 1, 2, 3 and 4)

Adventitious roots were not observed in any of the
cultures. Shoots were produced in all ages of sub-
cultures (plumule callus) except those subcultured
from the 90-day-old callus The observation made is
represented on Figures 2 and 3.

Organogenesis was not observed in all ages of
callus induced from bath the radicle as well as the
hypocotyl regions of the explant Differentiated
adventitious buds and shoots were not abways similar
to those characteristic of cacao grown in nature, They
often appeared vestigial. The number of leaves and
leaf-like structures produced per shoot varied with
treatments and ranged from 1 to 5. The highest
number of these leaves and leaf-like structures
occurred in subcultures made from the 70-day-old
callus (Figure 4} No roots were produced in any of
the regenerated adventitious shoots (Figures 5, 6
and 7)

Table 1. Media used for callus formation and shoot regeneration. M-8 salts modified to contain calcium nitrate® and organic fraction

made to contain bacteriological peptone.

Addenda to Murashinge-Skoog (13) sults formulations Cullogenesis (ppm) Shoot regeneration (ppm)
Ca{NO, ), * 350.00 300.00
Sucrose 50.00 20.00
Bucteriological Peptone® 10090 10 60
Naphthalene acetic acid 20 0.0t
Kinetin 00t Lo
Bacto Agar 8 000.00 8 000 00
Inositol 100.00 400.00
Nicotinic acid - £ 00
Glycine - 200
Pyridoxine HCL . 100
Thiamine HCL - 4,00
pH Adjusted with 1N NaOH 6.1 61

* (g (NO,), and bacteriological peptone ware supplemented to M-S formulatien.
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Discussion

In this investigation, callus has been induced from
one, two or three locations on the embryo axis
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adventitious leaves produced per shoot.

explant depending on the auxin concentrations
employed and the genotype of the seed. Adventitious
buds and shoots of cacao were induced in callus
initiated from mature cacao embryo axis explants

Adventitious shoot regeneration from callus
cuitures has not been reported previously for Theo-
broma cacao L. or any other member of the family

Turrinkba Vol. 32, No. 4 , pp. 359-364
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Vigs S(zand b). Vestigial shoots from Theobromae caceo
frigble highly nodulated callus.

I
/
i

Figs 6{n and b). A culture 2] containing calius from
which a shoot has been produced. In (b) the
morphogenetic caiius and shoeot are removed
from thcir containers so as to show details.

sterculizceae. However a few reports do exist on
successful propagation of a few other non-forest,
commercial fruit trees through the application of
tissue culture methods. The first repularly sub-
cultured callus cultures were reported for Salix
coperea {8) and Gastenea vesca (9), while several
other tropical fruit tree tissues of economic
importance have been used to demonsirate inherent
capability for organogenesis and/or embryogenesis
among tree species. These species include Citrus and
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Figs. 7(a and b) Cuiture bottles containing morphogenctic
calli from which etiolated shoots are
emerging. In both cultures, the callus has
necrosed at the surface (turned brown)
However adventitious budding is occurring
from the fresh whitish callus at the base
nearest the medium,

Note also a ball of calius being developed
from the tip of the shoot in (b}

Citrus relatives (63, Corica papaya 1. (4), Coffea
species (16, 18). Nevertheless commerical feasibilities
of these successes have not yet been attained.
Furthermore, other fruit tree tissue cultures such as
apples (11), avocado (1, 15), cacao (7)have even
failed to respond organogenetically beyond rooting,
Callus induction has been found to be easiest with
embryos or sections {rom very young seedlings of
tree species, and the most morphogenic callus have
been produced from seed or seedling hypocotyl
explants {(13). This justilies the choice of the explant
used in this investigation.

Observations in this investigation suggest that
tissues in different parts, even when as smali as
the cacac bean embryo axis, tend to have different
minimum auxin threshold for producing cailus. This
seems obvigus in that while czlius was readily induced
in the radicle region, good shoot growth was still
being enhanced at the plumule region even though
both regions were in direct contact with the medium.
A comparable observation, which was partly
explained by polarity, has been described by Esan
{6), when excised whole citras nucellus was used as
explants. The micropylar half remained embryo-
genic and produced nucellar embryos while on the
other hand the chalazal region grew in a disorganised
fashion and produced callus which also remained
undifferentinted even alter many subcultures and
recultures.

Mehra and Mehra (12) had pointed out that sven
though equally fast growing calli are often obtained
from different parts of the tree, the morphogenetic
potentials of those calli often vary with the actusl
site of origin on the explant

It is generally known that rhizogenesis in vitro
occurs more readily than other forms of regenerative
growtihs. Nevertheless shoot f{ormation foliowed
by rhizogenesis (rooting} has been reported to be
characteristic of cultures that are freshly isolated
from hypocotyls, stem meristems and young leal
segments (14), Accordingly, observations made in this
investigation confirm this general claim.

This report aiso suggests that the ape of callus
being subcultured has direct effects on inherent
maorphogenetic potentials. Similarly, several workers
have observed similar phenomena in callus cultures
that have either aged or that had gone through several
passages (17)

The adventitious shoots, which were dilferentiated
in this investigation, have also been maintained for as
long as 9 months without root development. Similar
rootless shoots have been produced in callus cultures
of some other plants such as Pergudario (3, 14, 19).

Turrialba Vol. 32, No. 4 | pp. 359-364
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In conclusion, even though shoois have been
regenerated from cacao callus cultures its practical
importance and application for attaining the goal
being aimed at is stilf far from being satisfactory.
Nevertheless, this achievement will serve as a founda-
tion for future work

Abstract

Callus was induced from the plumule regions of
mature cacao seeds when the embryo axis was
cultured on a basal medium composed of Murashige
and Skoog Salts, calcium nitrate supplement, sucrose,
bacteriological peptone, naphthalene acetic acid,
kinetin and inositol When this callus was subcuitured
after 50, 60, 70, 80 and 90 days respectively on the
basal medium modified to contain white’s vitamins,
adventitious buds were differentiated in vitro.
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ESTUDO COMPARATIVO DE VARIEDADES DE BATATA DOCE (Ipomoea batatas),
VISANDO APROVEITAMENTO EM INDUSTRIAS DE ALIMENTOS! /

M P,LCERENDA*

4 D, CONCEICAO#
A M, CAGLIARI**

A M, HEEZEN
RoA, FIORETTO®**

A comparative study of sweet potatoe varieties was conducted to estimare their
wtilization in food industry. Eighteen varieties were utilized in this study including
varieties with pupl of different color (cream, orange and purple) The orange varieties

were the most important to the food industries,

After harvesting, the material was analyzed for color of the pulp, dry weight,
starch, « and B amylases, enzimatic browning, Brix of the crude and boiled broth,
pH of the crude broth, viscosity of the boiled paste and general aspects.

It iy concluded thar some varieties have better chance for processing than others

in the food industry.

Introdugio

batata doce tem sido pouco utilizada industrial-
mente no Brasil, embora possa ser economica-
mente empregada na industria, competindo, até
certo limite com a mandicca no [abricoe de raspas,
da fécula, do dlcool, da glucose, etc. (4). No Brasil a
batata doce ainda é pouco utilizada industrialmente.
Algumas industrias alimenticias brasileiras a utilizam
na fabricagio de doces em calda ¢ em massa, embora
em outros paises existam produtos alimenticios bas-
tante diversificados como enlatados (8Y; farinhas (5)
e flocos (7). Nosso objetivo, neste irabatho € obter
informagGes a respeito de caracteristicas [isico-qui-
micas de variedades de batata doce, com vistas a um
futuro aproveitamento industrial.

f  Recebido para publicacio em mayo, 1981,

* Professores Assistentes Doutores da Facultade de Cién-
cias Agrondmicas, Campus de Botucatu — UNESP.

**  Académica do Curso de Ciéncias Biologicas, Camypus de
Botueatu — UNESP

*a% Académicos do Curso de Ciéneias Agrondrmicas, Campus
de Botucatu - UNESP

Material ¢ métodos
Material
Amostras de batata-doce

As amostras de batata doce foram obtidas de en-
saio de campo conduzido na Fazenda Experimental
Sdo Manuel, municipio de Sio Manuel (S. P.). Apds
a colheita as rafzes sofreram um processo de cura e
foram encaminhadas ao laboratério para andlise

Preparo das amostras
As raizes sofreram os seguintes preparos:

a) Esfatiamento: As batatas foram cortadas em rode-
las com faca de ago inoxiddvel As fatias foram
utilizadas na determinagdo da cor, matéria seca
(umidade), extragao do caldo eru e, apds secagem,
para determinagiio do amido.

b) Extragao do Caldo Cru: As fatias obtidas foram
submetidas a pressio de 3.00 kg/cm? em prensa
hidraulica, dentro de recipiente pldstico dotado
de perfuragoes por onde escorreu o caldo cru, que

Turrialba Vol. 32, No. 4, pp. 365-370
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foi recolhido em bequer de vidro para andlise (6}
As andlises realizadas foram: pH, brix, a e B -
amilase.

¢) Cozimento: As raizes foram envoltas em alumi-
nite e cozidas em forno a 190°C por 70 minutos
(10). Apds o cozimento, as amostras foram utili-
zadas para determinacdo de brix, viscosidade, e
aspecto geral.

Métodos
Umidade - matéria seca

Foi determinada pelo método Oficial da ACGAC
(2) por perda de massa em estufa a 100°C, até massa
constante. O peso seco foi determinado por cdlculo

Amido

O teor de amide foi determinade por hidrdlise
dcida, seguida pela determinagio de redutores por
Eynon-Lane, segundo recomendagio da AQAC

(2}
Brix

A determinacfio do Brix foi feita apds clarificagio
do caldo, por filtraglo, usando refratbmetro marca
Toko, de 0 1 sensibilidade de leitura.

pH

Foi determinado no caldo, utilizando pH-meter
marca Corning Scientific Instruments Model 7, de
sensibilidade de 0.1 de leitura

a-amilase

Foi determinada pelo métode padronizado pela
OKA S/A Indistria e Coméreio de Dijstase Ltda,
baseado no método Oficial da AC AL (2).

B-amifase

Foi determinada pelo método descrito por
Walter Jr. et al (12) e os agicares redutores resul-
tantes da acfio enzimdtica determinados pelo método
de Somogy-Nelson,

Fenoloxidase

0 escurecimento enzimdtico, decorrente da agio
das enzimas do grupo das fenoloxidases fol avaliado
por método descrito por Cercda et al (3)

Viscosidade

A viscosidade da pasta cozida foi avaliada pelo
seguinte método: 50 g de batata doce cozida, foram
homogeneizadas com 150 ml de adgua destilada. A
pasta assim obtida foi submetida a ensaio em visco-
simetro Saybolt, em orzificio de 2 mm ¢ expressos
os resultados em S. U. Saybolt. As determinagoes
foram feitas a 25°C (10-12)

Aspecto geral

O aspecto geral foi determinado em batatas cozi-
das € submetidas a juizes que deram notas que varia-
ram de 0 a 12, levando em conta, individualmente, o
sabor, aroma e a cor. O aspecto geral foi avaliado
pela média das trés notas.

Andlise estatistica

Os valores obtidos nas andlises foram calculados
em média, coeficiente de variagiio, desvio padrao e
intervalo de confianga segundo Pimentel Gomes (9).

Resultados e discussio

Os resultados das andlises realizadas estfo relacio-
nados no Quadro 1 Os valores que constam no qua-
dro sdo médias de repeticdes. A reagio é medida em
minutos a maior aproximacgiio possivel.

Os resultados de cada andlise, contida no Quadro
1, em separado, foram calculados para: média e inter-
valo de confilanga, cujos valores estdo representados
no Quadro 2. Quanto a andlise de regressdo, foi feita,
mas o trabalho ficaria longo demais pois algumas co-
rrelagoes obtidas ndo sdo simples. Optamos por colo-
ca-las em outro trabalho, onde propomos as solucSes
para os resultados obtidos.

A interdependéncia das andlises torna dificil a dis-
cussao em separado, por esta razdio procuraremos, em
funcao dos Quadros | e 2, e em funcdo da importin-
cia para a industria alimenticia, discuti-los em conjun-
to. Em relagao & cor, as inddstrias brasileiras tem de-
monstrado maior interesse para com as variedades de
polpa laranja, devido & coloragdo que conferem ao
doce em massa,

Do ponto de vista industrial, hd interesse em va-
riedades que apresentam menor teor de umidade,

i que resulta em um malor teor de matéria seca e,

portanto, menor quantidade de dgua a ser evaporada,
Neste caso, embora nfo haja por parte da inddstria
um limite estabelecido para umidade, as variedades
que se destacaram por um teor de matéria seca acima
da média (64.67% ) foram; por ordem decrescente:
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Quadro 1. Resultados das analises de laboratorio em variedades de batata doce.

Materia Umidade g-amilase Brix Amido
Variedades seca g/1ot g mg glucose/ml/ pH Caldo Caldo 5100 g

g/100 g 5 min./100 Cru Cozido M.S.
IAC 02/19 27.68 7232 9050 6.3 15 252 52.82
JAC 3/4 36.6% 63.39 8100 6.4 100 294 67.73
IAC 45173 33.69 66.31 7350 58 100 252 57.46
JAC 58/71 22 88 17.12 785.0 6.1 80 216 6553
IAC 66/118 3241 6759 6600 58 13.0 240 6205
IAC 138-2 4163 5837 8700 6.4 130 294 70.08
SRT 066 40.09 5981 704 5 60 14.0 300 6518
SRT 072 45 88 5412 856 .5 58 120 28 8 78.72
SRT 129 31.78 6822 8900 5.7 130 192 4261
SRT 225 33.58 66 42 7350 6.1 14 .0 00 5429
SRT 230 38.14 61 .86 5350 6.5 110 270 7347
SRT 250 24.05 7595 8875 54 130 216 5170
SRT 252 37.47 6253 1175 6.3 100 60 72138
SRT 253 37.01 62.99 7725 65 120 228 69.87
SRY 257 40.47 5953 7250 6.6 160 318 59.14
SRT 263 48.21 51.79 7625 65 150 3690 6947
SRT 269 37.92 62.08 1625 62 120 364 6947
SRT 272 26.47 7353 8875 61 130 210 56 25

-amilase Viscosidade
Variedades unidades/ pasta cozida  Escurecimento Aspecto geral® Cor da
g M.S. 5.y ** D.0OJg Cor Sabor Aroma Media poipa

IAC 02/19 1142 86 29 0.00 11O 100 100 103 Faranja
IAC 3/4 177778 i5 875 80 160 g0 87 Creme
IAC 45/71 1230717 21 4.00 8¢ 70 70 7.3 Creme
TAC 58/71 410.26 20 000 70 50 80 67 Creme
IAC 66/118 123077 16 746 LR 9.0 80 8.3 Creme
IAC 138-Z 2128571 20 1236 2.0 3.0 160 93 Larania
SRT 066 326000 31 35.89 50 6.0 40 50 Creme
SRT 072 228571 13 1153 9.4 4.0 60 63 Creme
SRT 129 84210 18 000 9.0 3.0 7.0 8.0 Laranja
SRT 225 328571 38 296 10.0 10.0 16.0 oo Roxa
SRY 230 114286 12 000 9.0 6.0 8.0 7.7 Creme
SRT 250 1777.78 14 10.00 6.0 8.0 80 73 Laranja
SRT 252 516.13 48 0.00 9.0 60 8.0 7.7 Creme
SRY 253 516 13 16 476 40 80 5.0 6.0 Creme
SRT 257 177778 15 10.55 20 40 50 37 Creme
SRT 263 1777.78 18 10.28 20 20 20 2.0 Creme
SRT 269 1 006.00 23 10.49 110 1o 10.0 187 Roxa
SRT 272 3 200.00 44 158 g0 20 9.0 9.0 Laranja

¥ Média de Notas.

wx Sepundos Saybolt Universal.

SRT-263, SRT-072, 1AC-138-Z, 8RT-257 e SRT-066.
Destas, a IAC-138-Z ¢ de polpa laranja.

O teor de amido em batata doce é um fator de
grande interesse pars a industria. E fato conhecido
que a batata doce contém grandes quantidades de

amido, o qual é convertido, em parte, em maltose
e dextrinas durante a cocgllo, devido & presenga de
didstases ativas (12) O teor de amido convertido
por enzimas durante a cocgBo varia em torno de
538 a 954% , de acordo com a varidade (12). Os
autores sa0 unanimes em afirmar que o teor de amido
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Quadro 2. Valores médios e intervalo de confianga calculados para os resultados das andlises de batata doce.

Analise

Média

Intervalo de confianga

Matérica Seca 303~ 3864 g/I00 g 32026 - 386317
{Umidade 6136 - 67.97 g/iG0 g 61363 — 67974
f-amilase 736.36 —~ 823597 mg glucose/mi/min.f100 736362 — 825971
Brix do Caldo Cru 10,78 - 1294 % 10776 — 12944
pH do Caldo Cru 598 ~ 6.30 5685 — 6 398
Brix do Caldo Cozido 2402~ 2884 % 24020 - 28840
Amido 5885 -~  67.62 g/i00¢g 58846 - 67623
a-amilase 1181.09 -1 974 48 unidades{ml] 1 E81.092 — 1 974 478
Viscosidade 17.7F — 2751 SU Saybolt 17712 -~ 27510
Escurecimento Enzimatico 567~ 1063 5667~ 10634
Aspecto Geral 6.51 - 8.69 6.506 — 8.688

tem influéncia direta sobre a viscosidade da pasta
cozida e, indiretamente, através da a¢do das enzimas
amiloliticas, sobre o estoque de agicares produzidos
duranie a cura ou processamento sob calor Destas
enzimas, sdo encontradas na batata doce a @ ¢ a B-
amilase

A B-amilase parece ser a mais ativa das duas (12},
dando origem a maltose, mesmo a altas temperaturas.

A agao da cramilase sobre o amido dé formagio
4 dextrinas e estas tém o seu Otimo de atividade
70-75°C, a pH 6.0 (12). Esta atividade, 2 tempera-
turas elevadas é confirmada por Deobald (6),

No presente trabalko, as vailedade apresentaram
teor médio de amido de 6323 g e as variedades que
apresentaram teores acima desta média foram, em
ordem decrescente; SRT-072, SRT-230, SRT-252,
SRT-138-Z, SR1-253, SRT-263, SRT-269 e [AC-3/4.
Destas, a SRT-138-Z, é de polpa faranja e a SRT-269
¢ de polpa roxa.

O pH médio foi de 6. 14, portanto, de uma maneira
geral as variedades apresentaram um pH proximo &
faixa de atividade dtima das enzimas amiloliticas.

Quanto as enzimas amifoliticas, foram detectadas
atividade tanto da & como da S-amilase

A atividade média da o-amilase foi de 157778
unidades/mi, e apenas moslraram-s¢ pouco ativas as
variedades: 1AC-58/71, SRT-129 (laranja), SRT-252
¢ SRT-253  As variedades SRT-272 (laranja) e
SRT-066 apresentaram uma atividade de 3 200 uni-
dades/ml

A atividade da S-amilase fol avaliada pela produ-
¢fo de acticares redutores em condigBes de ensaio
e as variedades, de uma maneira geral apresentaram

altas atividades. A média calculada foi de 781 17 mg
glucose/ml/minuto x 100 e as variedades mostraram
atividade proxima desta média. Como consequéncia
da atividade destas enzimas, pudemos notar, e era
esperado, um aumento do Brix do caldo cru apés
a cocgdo.

A média calculada para o Brix do caldo cru foi de
11.9%,, sendo que as variedades que apresentaram
Brix mais etevado do que a média foram, por ordem
decrescente: SRT-257, SRT-263, SRT-225 (roxa),
SRT-066, 1AC-138-Z (laranja), SRT-129 (laranja)
e SRT-272 (laranja).

Quanto ao Brix do caldo cozido, 2 média calcu-
lada foi de 24.4% . Algumas variedades mostraram
valores bem elevados; com a variedade SRT-263, mas
partiram de um Brix inicial elevado, jd a variedade
SRT-252 havia apresentado um Brix de 10.0% sendo
o aumento devido a alta atividade enzimdtica. Se cal-
cularmos o aumento de grau Brix apds o cozimento,
em termos de porcentagem, vamos verificar que algu-
mas variedades, como a SRT-252, apresentaram um
aumento de Brix dz ordem de 260%, em relagio ao
Brix do caldo cru, o que mostra muito bem a impor-
téncia das enzimas amiloliticas (Quadro 3)

Quanto 2 viscosidade, parece ser de grande impor-
tincia quanto a gualidade da batata doce para indds-
tria. Segundo Rao e Humphries (10) a viscosidade
aparente ¢ uma maneira definitiva de classificar os
cultivares de batata doce quanto is qualidades orga-
nolépticas, principalmente gquante ao sabor. Assim, as
variedades que apresentamn viscosidade aparente ele-
vada (> 2 000 c.p.) tendem a apresentar uma consis-
téncia “seca” e as abaixe de 1 000 c p. sfo conside-
radas “amidas” Como os dados do presente trabalho
foram obtidos por outros métodos, torna-se dificii a
comparagio, Apesar disto, podemos constatar que
para os valores obtidos isto parece nfio ocorrer, jd
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Quadro 3. Aumento, expresso em porcentagem, do Brix de batata doce submetida a cozimento.

Varjedade Brix do caldo cru % Brix do caldo cozido % Aumento do gran Brix %
1AC-02/19 75 252 22333
TAC-3/4 100 204 194 .00
JAC45]71 160 252 15200
1AC-58/71 8.0 216 162.50
1AC-66/118 16.0 24 0 140.00
JAC-138-Z 13.0 394 126 13
SRT-066 140 30.0 114.29
SRT-072 12.0 28 8 140 00
SRT-129 13.0 192 47 69
SR1-225 140 00 114.29
SRT1-230 110 270 145 46
SRT-250 130 216 6615
SRT-252 10.0 36.0 260 .00
SRY-253 12.0 228 90 00
SRT-257 160 318 98 75
SRT-263 150 360 140 04
SRT-269 120 26 4 120,00
SRT-272 130 21.0 61354

que variedades de alia viscosidade, SRT-272, por
exemplo, tiveram uma média elevada para o aspecto
peral enquanto outras que tiveram valores bem baj-
x0s de viscosidade, tiveram notas mais baixas em as-
pecto geral. Esta caractersstica merece, a0 nosso ver,
estudos mais aprofundados. A viscosidade média
encontrada foi de 2261 SU. Saybolt. Preferimos
destacar a maior viscosidade, por acreditar que estas
darfio produtos processados mais consistentes As
variedades que se destacaram por uma viscosidade
mais elevada foram: SRT-252, SRT-272, SRT-225,
SRT-066, 1AC-02/19, por ordem decrescente

O escurecimento enzimitico é {ator importante
para a industrializacdo da batata doce j# que quando
ndo sio inativadas estas enzimas, ocorrem severas
corrosdes em latas (11) O autor observou que as
variedades que causam mais corrosdes tém também
akta atividade de fenoloxidases Além disso, as batatas
com alta atividade de fenoloxidases escurecem rapi-
damente quanto cortadas, proporcionanado, ao pro-
dute de sua industrializacfio, uma coloragfo escura
que o deprecia. Como se pode observar pelo Quadro
1, obtivemos variedades que ndo apresentaram escu-
recimento (0 0 D O fg) e outras com 35 89 de D O /g,
nas condigdes de ensaio. A média encontrada foi de
10.63, sendo que as variedades que nilo apresentaram
esxurecimento aprecidvel em condigdes de ensaio,
foram: 1AC-02/19, IAC-45/71, IAC-58/71, SRT-129,
SRT-230 e SRT.252.

Quanto 4s qualidades organolépticas ensaiadas, a
nota média obtida foi de 7.60 ¢ as variedades que se

destacaram da média foram, pela ordem: SRT-269,
IAC-02/19, SRT-225,IAC-13R-Z e SRT-272

Conclusdes

Considerando os valores de maior importincia
para a inddstria alimenticia como pontos ganhos,
podemos concluir que se destacaram das outras
variedades, pelo total de pontos e pela ordem, as
sepuintes: {AC-138-Z, SRT-263, SRT.225, SRT-272,
SRT-257, SRT-066 ¢ SRT-072 Destas, a 1AC-138-Z
e SRT-272 sio de polpa laranja e a SRT-225 de polpa
roxa. As demais sdo creme.

Resumo

O estudo comparative das variedades de batata
doce visou sua utilizagao em industrias de alimentos.
Dezoito variedades foram selecionadas, entre as
quais havian: as de polpa creme, roxa e [zranja, sendo
a ultima a preferida pelas industrias. Apds a colheita
as batatas foram remetidas ao laboratério onde foram
reatizadas as seguintes andlises: cor, matéria seca, ami-
do, & ¢ § amilase, escurecimento enzimitico, brix do
caldo cru e cozido, pH do caldo cru, viscosidade da
pasta cozida e aspectos gerais Da andlise dos resul-
tados concluimos que algumas das variedades apresen-
tam caracteristicas promissoras do ponto de vista do
aproveitamento em industrias de alimentos.
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SOURCES OF ASSIMILATES FOR EXPANDING FLOWER BUDS OF COFFEE!/

RAIMUNDO SANTOS BARROS*
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El estudio de las relaciones entre fuentes de sustratos v del desarrollo de botones
florales de café después de la latencia, ha demostrado que Se requiere un drea foliar de
aproximadamente 4 70 cm® para que una flor normal se abra. La fotosintesis concu-
rrente, dependiendo del drea de la Toja, fue esencial para el proceso y excedio la con-
tribucion de las reservas almacenadas, ambas en las hojas v en la madera de las ramas,
Los botones florales fueron capaces de niilizar sustrato procedenie de hofas alejadas
del boton, ya sea en direccion ascendente o descendente.

Introduction

uring the formation and initial growth of coffee
flower buds, a steady decline in the starch
reserves in the leaves and bramch wood is
observed, indicating a mobilization of carbohydrates

(Janardhan er af. 12) Following a short period of

initial growth, the flower buds pass through a variable
period of dormancy (Mes 15, Frederico and Maestri
73, when the metabolic activities are minimal (Gopal
and Vasudeva 9). With the onset of the first rains,
after a dry period or a sudden drop in the
temperature, or both (Browning 2), the flower whorls
expand rapidly until anthesis, with a marked rise in

1 Received for publication August 31, 1985 .
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author had an undergraduate student fclowship from
the National Council for Scientific and Technological
Development (CNPg) of Brazil during the conduct of
this research.

*  Agsistant Professor, Professor and Undergraduate Student,
respectively.  Deplo.  Biologia  Vegetal, Universidade
Federzl de Vicosa, 36570 — Vigcoss — Minas Gerais
Brazil.

the metabolism of carbohydrates {Croope er al 06,
Gopal et al 10, Janardhan et ol 13) and with an
increase in dry matter of over 500% in relation to
the dormant buds {Mes 15, Croope er 2/ 6}. Thus,
a fast transport of organic substances to the flower
buds is necessary at this time.

This paper reports on the contribution of different
sources of assimilates for the growth of flower buds,
from the break of dormancy to anthesis,

Material and methods

This study was cartied out in 2 greenhouse in
Vigosa, Minas Gerzis from August through October
1979, using a local selection of the hybrid “Catimor™
(Coffea arabica L. x C canephora Pierre). The plants,
which were approximately three years old and
blossoming for the first time, were grown in soil
in 20 kg cans. Flower bud dormancy was broken
by plentiful re-watering of the soil, following an
eight-day period of suspended irrigation. This
procedure is considered to mimic the natural condi-
tions (Cramer 5, Alvin 1)

The treatments, which followed a completely
randomized design with four replications, were set
in place before the re-watering Basically, these
consisted of the isolation of & node or a branch
segment of one or a few internodes of a {irst order
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lateral branch by making one bark girdle above and
one below the node or the branch segment under
study.

The contribution of the concurrent photosynthesis
was estimated by leaving six flower buds and leaves
trimmed to areas of approximately 3000, 22.50,
15.00, 7.50 and 2.75 cm® on each axil of girdle-
isolated nodes. Parallel treatments, but with leaves
covered with alumimum foil, were made o assess
the contribution of assimilate reserves of the leaves
(previous photosynthesis). Leafless segments of one,
two and four internodes in length, with six flower
buds in each axil of a single node, served to estimate
the contribution of assimilate reserves in the wood.
As controls, ungirdled nodes were left with six
flower buds and 30.00 em® of leaf area per axil,
either covered or uncovered,

The attracting ability of floral buds for assimilates
from sources located at various distances was
measured by taking branch segments having six
flower buds per axi! of a node and a leaf areaz of
40.00 cm® per axil either on the node under study,
or on the first, second or fourth node, either above
or below the flower buds

A possible lateral transport was investigated by
leaving six flower buds on one axil and only a
40.00 cm® leaf on the opposite axil, either of the
same node or of the node immediately above. The
leaf area needed for the normal development of one
bud was determined by leaving a leaf arez of ap-
proximately 12.50 cm? and two, four and six flower
buds on each axil of girdle-isolated nodes.

The competition ability for assimilates by the
flower buds and by the apical vegetative bud was
studied by taking girdle-isolated segments of first
order branches, as comprised of the most mature
distal node with six flower buds and the terminal
bud, and with one 20.00 cm? leaf per axil, at an
intermediate position, left between those two
structures. Identical segments, either without flower
buds or detipped, completed the treatment series.

Every other day, starting from the re-watering of
the plants, the lengths of the flower buds were taken
and their dry weight was estimated by the following
relation previously established from direct measure-
ments:

Y =1 8541 + 03008X + 0.0096X*

where Y is the dry weight, and X is the length.

Results and discussion

Mass transfer to the flower buds after the break
of dormancy seemed to be a function of the available
leaf area which reached a plateau at a {eaf area of
28.80 ¢cm® for six buds. This represented a require-
ment of an area of 4.70 em? for the normal expan-
sion of one bud (Figure 1). This shouid explain why
the flower buds did not go on to anthesis when
Magalhdes and Angelocei (14) removed the leaves of
a girdled flowering node. 1t also explains why Robus-
ta coffee trees bear a larger number of flower per axil
than do those of Arabica. In Figure 1, it can be
observed that the ability of the flower buds to
mobilize regerves from the leaves appeared to saturate
from a rather low leaf area of about 15.00 em?.
Beyond this value, the mass transfer seemed to be
due to the concurrent photosynthesis

Despite the rather low starch content in the
branches of coffee trees (Cooil 4), reserves were
readily available to the growth of buds, as shown
in Figure 2. The slope of the curve suggests that
mobilization ability of the flower buds might go
beyond the fourth internode, which could explain
Browning’s {3) observation that some flower buds
open even on defoliated branches

Four sources of organic nuirients can participate
in the final dry weight of flower buds after dormancy
break: i) concurrent photosynthesis in the leaves; 2)
branches and 4) original matter of the dormant bud
proper. In this study, the average dry weight of the
dormant buds was 390 * 0.80 mg and only the
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Fig. 1. Dry matter aceumulation in six flower buds as a
function of the leaf area Leaves uncoversd (@)
or covered with aluminum foil (0). (8) diy matier
contribution from the dormant bud The vertical
Hne represents the standard mean deviation in this
and in the fellowing fipures.
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Fig. 2. Dry matter transfer from internodes to six flower
buds per axi. Dry matter accumulation is taken

from the dry weigh! of the dormant buds as the
start,

weight in excess of 4.70 mg, the upper limit of the

range (shown in Figures 1-5 and 7 as 28.20 mg for

six buds per axil), was considered as mass transfer.
Although the chloroplasts of dormant flower buds
are able to carry on the Hill reaction, they occur
in such small numbers that their coatribution is
negligible (Janardhan and Gopal 11). Furthermore,
after the second day following re-watering, when dry
matter accumulation began fo accelerate, the flower
buds were already of a whitish colour. The contribu-
tion of the original matter of the dormant buds to
the final weight of the open flowers is shown in
Figure 3. This ranged from 100% in the dormant
bud to 35% in the open flower. These values are
likely affected by varietal and enviroamental dif-
ferences as dry weight of the dormant buds can
change from approximately 3.00 mg in Minas Gerais,
Brazit (Frederico and Maestri 7), to 5.50 and 6.70 mg
in different seasons in Southern India (Gopal and
Vasudeva 9)

By assuming that the expanding flower buds can
drain reserve assimilates from along the length of one
internode (half internode lengths above and below
the node under study), one internode could supply
only 7.00 mg of dry matter for the flowers on one
axil of a node, on the twelfth day after the start of
re-watering (Figure 3). This accounted for 8.75% of
the total dry weight and 13.5% of the mass transfer
to six flowers. Considering that the average dry
weight of a flower ranges from 13.00 to 15.00 mg,
the contribution of one internode seemed to be
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Fig 3. Expansion of six flower buds as a function of the
source of assimilates. § — uncovered leaves, 0 —
covered leaves, ¢ - internode, 0 - original organic
matter from the dormant bud.

insufticient for the expression of a single open {lower
(4.70 mg from the dormant bud plus 7.00 mg from
the internode). Concerning this, Mes (15) had already
observed that the food material from an explant of
one node plus one internode was sufficient only for
a limited growth of the buds, and these did not
reach full anthesis. However, the mass transfer from
several internodes to just one internode (Figure 2)
could bring about some flower opening, as observed
in this study and in the previously mentioned
example of Browning (3). Therefore, although
the flower buds easily were able to mobilize the
reserves from the branches (as shown in Figure 2),
the contribution of one internode for the expansion
of the flower buds {Figure 3) seemed to be limited by
its low storage content (Cooil 4). This is in clear
contrast to many temperate woody plants wlhose
flower buds open at the beginning of spring when
the planis bear no leaves

In spite of the high starch content in coffee leaves
which can account for as much as 20% of their dry
weight (Cooil 4), it seemed that the flower buds
attracted only the food material stored in the
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Fig. 4. Growth of six flower buds as a function of a
40.00 cm? leaf area left at each axil of the
subtending node (@), two nodes above (0), or two
nodes below (0), the buds under study.

proximal parts of leaves, as indicated by the data in
Figure 1. This seems to suggest that leaf reserves
are not so readily available to flower bud growih
as are the branch storages. With saturating leaf area,
the contribution of leaf storage for the flowers did
not exceed 13.00 mg (Figure 1), which represented
25.0% of the mass transfer and 10.5% of the total
dry weight of the six flowers (Figure 3).

On the other hand, concurrent photosynthesis
could supply 40.0% of the total dry weight and
61.5% of the mass transfer to the six flowers (Figure
3), and so was the most important source for flower
bud growth. The other three sources previously
discussed were naturally limited in supplying carbo-
hydrates for flower bud growth. However, as shown
in Figure 1, assimilates from concurrent photo-
synthesis could be transferred to the threshold of the
sink capacity of the flower buds (see Figure 6, as
well). Since the contributions of the leaf reserves
saturated at a low leaf area (Figure 1), the formation
of flowers with over 15.00 mg in dry weight, or the
maintenance of a greater number of buds per axil,
depend basically on an increase in the photosynthesis
as obtained through the larger leaf area required for
the flower expansion (Figure 1).

No difference was observed in the growth of
flower buds on ungirdled axils, whether the sub-
tending leaves were covered or not. Taking into
account that the reserves in the leaves (Figure 1) and
in one internode (Figures 2 and 3) are well below the
threshold value for the opening of six flowers, a
transport of assimilates must have occurred from
more distant leaves to the flower buds on axils with
covered leaves. This hypothesis was tested by taking
a 40.00 cm? leaf per axil which either subtended six
buds or was located one, two or four internodes

below or above the buds under study. Since there
were no differences among the treatments, Figure 4
shows only the results from the control (flower buds
on the same node as leaves) and from the flower
buds two internodes apart, both above or below the
source leaves. It can be seen that the buds attracted
assimilates from sources located at some distance,
irrespective of whether the flow direction was
acropetal or basipetal. Even two days after re-
watering, no differences in the growth of the buds
were observed. In the case of distant sources, initial
growth must have been due to storage reserves in
the branches (Figure 2), until a direct connection
of the sinks (buds) with the main sources (leaves)
was established. Very likely, this occurs in the first
growth stages of the buds. These facts would explain
why, under natural conditions, open flowers can be
seen all along a branch which retains only the most
apical two or three leaf pairs. Growth of flower buds
also did not differ even when the leaves were located
on the opposite side of the same node or on the node
immediately above (curves in Figure 5 compared to
the curve on the far left in Figure 4). Thus apparently
the transport system must be so interconnected,
either at the node level or at the internode length,
so that a radial flow of assimilates obtains.

Some difference is noted between the growth
curves as given in Figure 3 and in Figures 4 and 5.
While in the former, growth on the second day was
slow, with anthesis occurring on the 10th to 12th day
after irrigation, growth in the first two day, as shown
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Fig. 5. Growth of six flower buds as a function of a

40.00 cm? leaf area left on the opposite side of the
same node (@) or of the node immediately above (0).
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in Figures 4 and 5, was already very fast and the
flowers apened on the 7th {o 8th day after isrigation.
Since the growth rate of coffee flower buds is directly
related to temperature (Mes 15), it can be assumed
that the above differences were due to lower
lemperatures which prevailed in Vigosa in August,
when the data of Figure 3 were collected, than in
October, at which time the data for curves of Figures
4 and 5 were taken.

The study on the change in the number of buds
with relation to 2 fixed leal area of approximately
1250 cm® has shown that, despite a rise in net
assimilation rate with an increase in the quantity of
buds, the maximum number of normal cpen flowers
remained at about 2 63 (Figure 6). That is, a leaf area
of approximately 475 em? is necessary for the
expansion of o normal flower, quite in agreement
with the data of Figure | Excessive numbers of
flower buds per axil resulted in abortion, abscision,
or abnormal Aowers

When flower buds and the terminal vegetative bud
competed for the assimilates from a common source
of 2000 cm® leaf, which is insufficient to supaort
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Fig. 6 Number of open flowers and net assimilation rate
{EA) as a function of the number of flowers per
axil,, with a constant leaf area of approximately
12 50 em?

the expansion of six flower buds {(Figure 1), it was
observed that the flower buds grew as well as those
on a branch without the terminal vegetative bud
(Figure 7). On the other hand, the expansion of the
terminal leaves was aiways much greater in the treat-
ments in which the flower buds were removed than
in those which had the competing [lower buds
In the latter, the terminal leaves started expanding
only after the 10th day, when flower buds had
abscised or stopped growing. This indicates a larger
sink strength for the flower buds than for the
vegetative buds. This also happens in Monodora fenui-
Jfolia Benth, a tropical tree which beurs vepetstive
and floral buds spatially conjugated and not so
distant as the buds under the artificial conditions of
the present work The expunsion of flower buds
precedes the sprouting of new leaves which, too,
points to # higher competitive ability of the lower
buds (Njoku 16)

Conclustons

Since the reserves in the internode that were
available for the expansion of the flower buds were
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Mass transfer from a 20 00 cm?® leaf arca feft in an
intermediate position between six {lower buds and
the termipal vegetative bud (0), or under otherwise
similar conditions but with ecither the {lower buds
(0) or the terminal vegelative bud (0) removed
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limited to 7 00 mg per axil (Figure 3), and the supply
of reserves from the leaves saturated at a low leaf
area (Figure 1) and, in consideration that under
natural conditions the number of flower buds per leaf
axil is well above six, the number tested in this study,
the relative contributions of those sources of
assimilates should be lower. Moreover, as a
consequence of a higher leaf area, the participation ol
the concurrent photosynthesis should be higher than
that observed in the present work The information
gathered here supports the contention that for the
expansion of the flower buds, the contribution of
the various sources followed the order: concurrent
photosynthesis ® storage reserves in the leaves >
storage reserves in the branch wood, net taking into
consideration the dry matier of the dormunt bud
itself  In addition, concurrent photosynthests may
be the sole source that could be, in part, affected
by the sink strength (Figure 6) These facts may
explain the higher correlations of the number of
norrial opened flowers with the number of leaves
rather than with branch reserves, as reported by
Gopal and Raju (8).

The initial enlargement of the buds, after re-
watering, did not differ statisticaily, whatever the
sources of assimilates to which they were connected
{Figure 3). If in this stage, the organic nutrients
come preferentiaily from wood reserves in the
branches, from reserves in the leaves or from
concurrent photosynthesis, or from the two or three
sources simultaneously, only further studies on
assimilate mobilization can demonstrate this One
needs to exphin why, in absolute quantities, the
contribution of leaf reserves for the total final dry
weight of the bud saturates at so low a leal area
(Figure 1), even though the leaf starch content
could be high (Coeil 4).

Detailed anatomic studies of the transport system
for assimilates are also needed to explain the reason
for the existent up and down flow (Figure 4) and
radial flow, as well {Figure 5)

Although the floral buds have potentiaily a higher
competitive ability than the terminal vegetative bud,
this may not be, in fact, a true competition, since
the leaves subtending the floral buds were removed
(Figure 7). Although some competition may be
initiated, the processes of enlargement and anthesis
in plants with gregarious flowering, such as coffee,
occur over such a short time span that the vegetative
prowth would hardly be impaired; hence, the
phenologic pattern of plant growth may not be
affected.

Summary

A study of the relationship between sources of
assimilates and the growth of flower buds of coffee,
after dormancy break, has shown that a leaf area of
approximately 4.70 em? is required for the opening
of one normal flower. Concurrent photosynthesis, as
dependent on leaf area, was essential for the process
and far exceeded the contribution of storage reserves,
both in the leaves and in the branch wood. Flower
buds were able to draw assimilates from distant
source leaves, irrespective of the up or down flow
direction. Lateral transport was also observed  Flower
buds had a greater sink strength than the terminal
vegetative buds of the branch.
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Resena de libros

JOSHIDA, S Fundamentals of rice crop science
1981. International Rice Research Institute. Los
Bafios, Philippines. 1981.

Este libro trata sobre aspectos fisioldgicos del cul-
tive del arroz.

La obra consta de 269 piginas e incluye 479 refe-
rencias generadas en las dltimas 3 décadas sobre la
ciencia en el cultivo del arroz, destacindose las inves-
tigaciones generadas por el IRRI en estos Gltimos 20
afos.

El libro cubre la mayoria de los aspectos fisiologi-
cos del cultivo del arroz v su relacion con otras disci-
plinas v enfatiza el hecho de que 2l arroz sigue sierdo
un alimento vital para mas de la mitad de la poblacidn
del mundo.

El primer capitulo pone en conocimiento del lec-
tor, estudiante o productor, todos los aspectos del
crecimiento v desarrollo del cultive. En el capitulo
dos el autor muestra en forma prictica como los fac-
tores climdticos afectan el crecimiento y desarroflo
del cultivo. Los capitules tres y cuatro cubren todos
los aspectos nutricionales, tanto los positivos como
los desordenes de tipo negativo.

Los fundamentos fisiologicos del cultivo adquieren
su relevancia cuando se discuten en el capitulo cinco
los aspectos de fotosintesis y respiracion sierapre rela-
cionados con el crecimiento del arroz. Los indices
optimos de area foliar se discuten en este capitulo y
los aspectos bioenergéticos de produccidn del cultivo.

En el capitulo seis se tratan las caracteristicas de la
planta de arroz y su habilidad productiva; se destacan
las nuevas variedades de alta produccidn adaptada a
las condiciones del tropico y su refacidén con las carac-
teristicas de plantas asociadas con el nueve y viejo
concepto del tipo de planta ideal.

El autor termina el libro con los aspectos fisiologi-
cos vy su relacién con el andlisis de rendimiento. Se
encuentran y discuten dentro del texto el por qué de
las diferencias de rendimiento con diferentes grados
de tecnologia y el maximo potencial productivo y los
factores que actualmente limitan ese miximo produc-
tive. En otras palabras, los capitulos seis v siete el
autor discute los componentes y factores que influ-
ven en el rendimiento.

En términos generales el libro estd escrito en una
forma muy comprensible. En sus 269 paginas incluye
un total de 92 cuadros y 123 figuras, mds 39 ldminas a
colores sobre deficiencias y desérdenes nutricionales
del arroz. Los cuadros, Hminas v figuras hacen muy
amena la lectura v facilitan la comprensién de los
aspectos fisiologicos del cultivo del arroz.

ALVARO CORDERO V.

UNIVERSIDAD DE COSTA RICA

CENTRO AGRONOMICO TROPICAL DE
INVESTIGACION Y ENSENANZA (CATIE)
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INFLUENCIA DAS BACTERIAS LATICAS MESOFILAS: Streptococcus cremoris,
Streptococcus lactis, Streptococcus diaeetilactis ¢ Leuconostoc citrovorum NAS
CARACTERISTICAS DO QUELIO TIPO MINAS. NITROGENIO SQLUVEL, NITROGENIO

NAO PROTEICO E INDICE DE MATURACAQ'/

LA, BONASST*
J. S8, GOLDONI*

The objective of the present work was to compare the influence of some meso-
philic lactic acid bacteria: Streplococcus cremoris, S, lactis, S dincetilactis and Leu-
conostac citrovorum, as they affect soluble nitrogen, non proteic nitrogen and ripen-

ing degree of Minas cheese

In cheeses prepared with different

associgtions of bacteria species soluble

nitrogen, non proteic and ripening degree were determined ar 10, 20 and 30 days

after elaboration

The data verified that there was no definite relation among the obtained valies
and the different ratios of the untilized bacteria. However a gradual increase of these

values during ripening was verified

Introdugao

utilizagdo de microrganismos na elaboragio de
queijos, praticamente exisie desde os primor-
4w dios de sua fabricagdo. Antigamente, quando o
queijo era fabricado em condigdes empiricas com a
utilizagio de leite cru, podia-se considerar que o
mesmo iinha uma flora diversa. Com a methoriz da
qualidade do leite, ¢ com a utilizagio da pasteuri-
zagdo como etapz anterior 4 fabricagdo tornou-se
imprescindivel a adigio de cultura ldtica selecionada
para fornecer os microsganisnos necessdrios  obten-
¢do de um produto adequado (9).

As bactérias liticas mesofilas homofermentativas:
Streprococcus cremioris e Streptococcus lactis sao co-
mumente usadas isoladamente ou em combinagao com

1. Recebido 19 febrerou 1981,

*  Professores do Departamento de Tecnologia dos Produtos
Agropecudrios da Faculdade de Ciéncias Agrondmicas do
“Campus” de Botucatu ~ Universidade Estadual Paulista
“Fuiio de Mesquita Filko™, Botucatu, S P, Brasil.

as heterofermentativas Strepfococcus diacetilactis e
Leuconostoe citrovorum na {abricagio de diversas
varicdades de queijos {6, 12). No Brasil estas espé-
cies sio utilizadas principalmentie na elaboragio de
queijos de massa crua e semi cozida

A presente pesquisa foi desenvolvida tendo por
objetivo fazer um estudo comparativo sobre a in-
fluéncia destas espécies em relagao ao nitrogénio
soltvel, nitrogénio nao proteico ¢ indice de matu-
ragio do queijo tipo Minas. O trabalho foi estabe-
lecido para estudar o comportamento isolado ou em
combinagdo e também variagOes nas concentragoes
das diferentes cspécies de bactérias lditicas. Simul-
taneamente, procurou-se verificar a evolugao de
nitrogénio soldvel, nitrogénio nio proteico e indice
de maturagio no decorrer da cura do queijo Minas.

Materiais e métodos

Utilizou-se na presente pesquisa feite pasteurizado
tipo C. No laboratério procedeu-se is andlises do

Turrialha Vol 32, No. 4, pp. 379-385
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leite, conforme descrito em Bonassi et al (4). O leite
utilizado apresentou valores de acidez cxpressa em
dcido fdtico de 0.17% a 0 19% e para a matéria graxa
valores de 3.1 a 3.5%.

Estabelecidos os tratamentos a serem efetuados,
foi feita a distribui¢io ao 2caso em 4 ensaios. Para
confirmar 2 casualizagio ¢ para maior seguranga nas
determinagdes, fol constituido posteriormente o en-
saic de nimero V. Esse, também foi formado ao
acaso, englobando um tratamento de cada ensaio
anterior.

O delineamento adotado foi o de biocos ao acaso,
com esquema fatorial A comparacdo das médias dos
tratamentos foi feita pelo teste de Tuckey (8). Todos
o5 easaios foram realizados com queiios distribuidos
em 3 blocos de 5 tratamentos. Cada bloco constituiu-
se de pegas de queijos obtidas de um mesmo leite de fa-
bricagiio, repartidos em 5 tanques de ago inoxiddvel,
para serem efetuados os tratamentos Cada unidade
expertmental foi constituida por um queijo de 16 cm
de didmetro e 5 om de altura. Os tratamentos {oram:

ENSAIO]
i Testemunha (T) — Sem adiglio de bactérias
faticas
2 95%de S lactis e 5% de S digcetilactis
3. 95%de S factic ¢ 5% de [, citrovorun
4. 8 cremoris
5. 50%de 8 lactis ¢ 50%de L. citrovorum
ENSAIO
. Testemunha (T) — Sem adiclo de bactérias
ldticas
6. 75% de S cremoris, 3% de S lactis ¢ 20% de §,
dincetilactis
7.8 lactis

R 50%de S lactis e 50%de S. diacetilactis
G 95%de S cremorise 5% de S lactis

ENSAIO H1
1. Testemunha (1) — Sem adico de bactéricas
ldticas

10, 70% de 8§ cremoris, 5% de S lactis, 20% de S,
digeetifactis, 5% de L. citrovorum. Neste trata-
mento utilizou-se CH Normal 01 (10}

11. 50%de S cremoris e 50%de L. citrovorumn

12 90% de S cremoris, 5% de S lactis e 5% de L,
citrovorum

13 9%%de § cremoris e 5% de § diacetiluctis

ENSAIC 1V
I. Testemuaha (T) - Sem adicao de bactérias
tdticas

4. S0%de S cremoris e 50%de 8 Jactis

15. 50%¢c S cremoris e 50%de S diacetilactis

16 25% de S cremoris, 25% de §. digcetilacts,
2%%de S. lactis e 25%de L. citrovoruun

17. 95%de § cremoris e 5% de L, citrovoruni.

ENSAIO V

i, Testemunha (T) ~ Sem adi¢io de bactérias
liticas

3. 95%de S loctis e 5%de L citrovorum

7. 8. lactis

0. 70% de S cremoris, 5% de S, factis, 20% de S
digeetilactis e 50 de L. citrovorum. Neste trata-
mento utilizou-se a cultura CH normal 01 {10},

11, 50%de S cremoris e 505 de S, digcetilactis

A fabricacdo foi efetuada segundo Bonassi ef o/
{(4). A cultura kdtica, variou conforme os tratamentos,
sendo utilizada na proporcio de 1%, em relagio ao
leite de fabricacdo. O tempo de coagulagio para todos
os tratamentos foi 45 minutos (4).

Decorridos 10, 20 ou 30 dias apds o inicio da fa-
bricaglio, retirou-se da camara de maturagio um
queijo de cada tratamento, eliminou-se uma porgio
de 2 ¢m correspondente & casca. Apds serem raladas,
as amostras devidamente scondicionadas em frasco
de vidric foram armazenadas em congelador a
-18°C % 19C, sendo posteriormente efetuadas as
andlises quimicas, num periodo mdximo de 1 mes.

As determinagoes [eitas foram: a) nitrogénio
na forma solivel em dgua (18), utilizando-se o méto-
do Kjeldahimicro (2); b) nitrogénio ndo proteico
(13), utilizando-se o métode Kjeldhal-micro (2);
¢) o indice de maturagic (% de nitrogénio soldvel
em relagio zo nitrogénio total) foi calculado pela
formula: N soldvel x 100/N total (18).

Resultados e discussao

Os valores médios, obtidos para todos os trata-
mentos e 2 média dos resultados aos 10, 20 e 30 dias,
para nitrogénio solavel em dgua, nitrogénio ndo pro-
teico {expresso em gramas/ 100 g de queijo) e indice
de maturagio (nitrogénio soliivel x 100/nitrogénio
total) sao apresentados nas Quadros 1 a5

Pela observagiio aos Quadros I a 5, veritica-se que o
teor médio de nitrogénio soliivel, para todos os ira-
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Quadro 1. Teores médios de nitrogénio soliivel, nitrogénio nio proteico e também do indice de maturagao, com os respectivos niveis
de significincia, obtidos para o queiio integral ¢ em relagao aos valores calcuiados na matéria seca, no ensaio I.

N SOLUVEL

N NAO PROTEICO

INDICE BE
MATURACAO

Tratamentos Queijo Integral Amaostra Seca Queijo Integral Amostre Seca N sol x 100
(/100 g) (8/100 g) (/100 5) (g/100 g) o}
N total
i 0 332 a% (.570 at 0§30 a* 0 222 a* 929 a*
2 0.318a $.522a 0138a 0.228a 833a
3 0360 s 4590 0.337a 0.223a 963a
4 0342 0551 a 0.350a 0.240a 896a
5 03562 4.587a 0.i44 a .240 a 949a
dms (G043 4086 04022 0035 135
10 dins G 294 a* 0533 a* 0.115a* 0.181 a* §.52a*
20 dias G334b 0558 ab 01420 02300 908 ab
30 dias 0384 ¢ 0591 b 0159 ¢ 0245 9580
dms. 0.027 0.055 0014 $.022 099
CV % 4 .49 532 594 5.72 593

* Para cada determinagao guimica em cada conjunio, letras iguais indicam nao haver diferenga ac nivel de 5% de probabilidade pelo

ieste de Tukey

Quadro 2. Teores médios de nitrogénio solivel, nitrogénio nio proteico e também do {ndice de maturacdo, com os respectivos niveis
de significincia, obtidos para o gueifo integral e em relagdo aos valores caleulados na matéria seca, no ensaio I

N SOLUVEL N NAOQ PROTEICO iNDICE DL
; MATURAQAO
Tratamentos Queifo Integral Amostra Seca Queijo Integral Amostra Seca N sol x 100
(/106 g) {g/100 g) (g/108 g) {g/ 160 @ i)
N total
1 0.341 a* 0.547 a* 0.150 a* 0.238 a* 9.10a*
6 0358a 0561a 0163 a 02564 868a
7 0359 0572a 3154 02430 918a
8 0.3Ma 05732 01560 0244 a 211a
9 0.373a 0.560 = 0174 a 0274a 9.61a
dms. 0049 0.079 0.025 0.039 1.53
10 dias 0.315a¥ (0.552 u* §.127a* 0.221 at 870 a*
20 dias 03470 0.549 a 01671 02630 8 BB ab
30 dias 0418¢ 06180 g185¢ 0.2691 9.83b
d.ms. 0031 0.050 0016 0025 0.98
V% 509 4 99 575 557 6.00

*  Pars cada determinagio quimica, em cada conjunio, fetras iguais indicam nio haver diferenca 1o nivel de 5% de probsbilidade, pelo

teste de Tukey

tamentos dos cinco experimentos realizados, variou
de 0.318 a G419 /100 g no queijo integral e de
{503 a 0.636 g/100 g na matéria seca. O nitrogénio
nde proteico variou de 0130 a 0.196 g/100 g no
queijo integral e de 0.208 a 0.292 g/ 100 g na matéria
seca. O indice de maturagio variou de 8.07 a 10.61

Com relagio aos resultados encontrados neste tra-
batho, pode ser verificado através dos Quadros 1 a 5
que nac houve diferenca significativa nos ensaios
L1, I e 1V, para os diversos tratamentos, em todas
as éeierminagd'es efetuadas. O tratamento 15 do en-
saio 'V, constituido de 50% de 8 cremoris ¢ 500 de
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Quadro 3. Teores médios de nitrogénio solivel, nitrogéaio nao protelco e também do indice de maturagdo, com os respectivos niveis
de significincia, obtidos para o queijo integral e em relagio aos valores calculados na amostra seca, no ensaio 111,

N SOLUVEL N NAO PROTEICO INDICE DE
__ ” MATURACAQ
Tratamentos Quetjo Integral Amostra Seca Queijo integral Amosira Seca (N sol x }(}(})
{g/100 @) (g/100 g} (g/100 g (/100 g) N total
1 0.348 a* 0.579 a* 0156 a* 260 a* 9.63a*
10 0.360a 0.552a 016%a $4.258 a 9150
11 0358 0542a G167a $.253 881a
12 0.358 2 0.5357a G157a 0.248a 893a
13 0.357a 0.560a 0158z 0.249a 891a
dm.s. 0039 0 064 o0 0032 102
10 diag 0311 a*® 0.517 a* 0125 a* 0211 a* B.39 a*
20 dias 03428 0.534 a G1539b 02500b 873a
30 diag g4i5¢ 0623 b 0199 ¢ 0.29% ¢ 1013 5%
dms 8025 0.041 ¢ol12 002 068
CV % 397 418 4136 4.62 407

*  Para cada determinagfo quimica, em cada conjunte, letras iguais indicam nio haver diferenca ao nivel de 3% probabilidade, pelo

teste de Tukey

Quadro 4, Teores médios de nitrogénio solivel, nitrogénio ndo proteuo e também do indice de maturagdo, com o5 respectivos niveis
de significincia, obtidos para o queijo integral ¢ em telagio aos valores calculados na amosta seea, no enszlo 1V,

N SOLUVEL N NAO PROTEICO INDICE DE
- » MATURACAD
Tratamentos Queijo Integral Amostra Seca Queijo Integral Amostra Seca Nsolx 100
(g/100 ) (g/100 g) {(£/100 g) (/100 g) —
N total
1 0,317 a* 0521 a* 0.130 a* 0.211 a* 877 a*
14 0.332a 0.503a 0.15%a 0232a 8407a
15 0.357a 0544 a 01361 020842 878a
16 0353a 0540 a 0.140a 0.214 a §63a
17 (0 336a 0.527a 0137a 0.213a 832a
dms 0.067 0.114 0.077 4119 188
10 dias 0.280 a* 0.469 a* 0121 a* 0.201 a* 7660t
20 dias 0.318a 0.5G2a 0125 ab 0199 813a
30 dias 0418b 06100 170 b 0247 a 976 b
d.ms. 0.043 0.073 0048 0.076 1.20
Ccv % 7.44 8.23 24.79 24.38 8.32

* Para cada determinaho quimica, em cada conjunto, letras iguais indicam ndo haver diferenca ao nivel de 5% de probabilidade, pelo

teste de Tukey.

S digeetilactis mosirou os maiores leores de aitro-
génio solivel e de nitrogénio ndo proteico Embora
de acordo com Fryer (7), 8 digcetilactis possua
maior efeito proteolitico que outros estreplococcus
ldticos, deve-se considerar que seu leor neste ensaio
nao foi estatisticamente diferente da testemunha

¢ no enszio IV seu teor praticamente ndo diferiu
das demais, fato esse que possibilita niio levar em
consideragia esta diferenca. Schrijver et al (19),
também ndo observaram diferenca na degradacio
proteica e ne nitrogénio solivel, nos queijos fabri-
cados unicamente com uma espécic homofermen-
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Quadro 5. Teores médios de nitrogénio selivel, nitrogénio rio proteico e também do indice de maturagsn, com o3 respeetivos niveis de
significincia, obtidos paza o queijo integral e em relagao aos valores calculados na amostra seen, no ensiio V.

N SOLUVEL N NAO PROTEICO iNDICE DE
Tratamentos Queijo Integral Amostra Seca Queijo Integral Amaostra Seca MAil_“:‘*q]ﬁg
(g/100 g) (8/100 g) (g/100 ) (2/100 g (N sof x 100,
N total
1 0389 ab* (624 b* 0.183 ab*® 0296 ab* 10 61 b¥
3 0.377ab 0.570 ab 0i70a 0257a 946 ab
7 0354 0332 0.t69a 0.257a 872a
10 0370 ab 0.560 ab 0196 b 0.292b 921 ab
15 04190 0636Db 0.i96 b 0.292% 10320
dms 0051 0 084 0.021 0.034 .40
10 dias 0.326 a* 8.535a% 0139 a* 0229 a* 8 89 a*
20 dians 0390 b 05950b 01830 6279 9 78 ab
30 dias 0429 ¢ 0623 D 0226 ¢ 0237¢ 1031b
dms 6.032 0053 04013 o022 0.90
cv % 4.94 5258 424 4 65 5.28

* Para cada determinragio guimica, em cada conjunio, fetras iguais indicam ndo haver diferenca oo nivel de 5% de probabilidade, pelo

este de Tukey

tativa de esirepiococo ldtico ou em combinagio
com heterofermentativas, como & cultura do tipo
BD (10).

Em todos os ensaios, a testernunha apresentou
vilores elevados de nitrogénio soluvel, nitrogénio
nio proteica e também de indice de maturagfio.
Em alguns ensaios esies valores foram superiores a
algumas combinagoes de bactérias ldticas; observados
para nitrogénio sobuvel na matéria seca ¢ fndice de
maturagao nos ensaios 1, HE, 1V e V e para o nitro-
génio ndo proteico na matéria seca nos ensaios
I, IV e V. Resultados concordantes foram obtidos
por Kiruchi et af (11), que observaram fraca ati-
vidade proteolitica dos estreptococos liticos comps-
rativamente & outras bactérias e também com Thomas
e Lowrie {20) gue constataram deficiéncia em pro-
teinase nas culturas liticas da Nova Zelindia. Outros
autores (1, 3, 14, 13, 16, 17, 21} elém do mais, con-
sideram que o coalho 2 as enzimas do leite ou da {lora
microbiana contaminanie, tem maior efeito proteo-
Iitico que as bactérias kiticas

Fm relacdo ds andlises eletuadas aos 10, 20 ¢ 30
dias, pode-se observar nos Quadros 1 a 5, que o ni-
trogénio soluvel, nitrogénic nio proteico e mdice
de maturagio Em zlguns ensaios estes valores foram
superiores 4 algumas combinagOes de bactérias Iiticas;
observados para nitrogénio soluvel na matéria seca e
indice de maturagao nos ensaios |, I, [V e Ve para

o nitrogénio ndo proteico na matériz seca nos ensaios
HE, IV e V Resultados concordantes foram obtidos
por Kiruchi er af (11}, que observaram fraca ativida-
de protechitica dos estreplococos liticos comparativa-
menie 3 outras bactérias e também com Thomas e
Lowrie {20) que constataram deficiéncia em protei-
nase nas culturas ldticas de Nove Zeldndin Qutros au-
tores (1, 3. 14,15, 16, 17, 21) além do mais, conside-
ram que o coatho e as enzimas do leite ou da flora
microbiana contaminante, tem maior efeito proteo-
Iitico que as bactérias ldticas.

E'm relacao s andlises efetuadas aos 10, 20 ¢ 30
dias, pode-se observar nos Quadros 1 a 5, gue o nitro-
génio soltvel, nitrogénio nao proteico e indice de
maturagdo, aumertaram com o desenvolvimento da
cura. Fstes resultados esto de acordo aos obtidos por
Dahberg & Kosikowsky (3) em queijos Lipo Cheddar

Conclusio

Os restllados ebtidos nas condigdes da presente
trabalho possibilitaram concluir que, as diversas com-
binagdes de bactérias liticas nao alteraram o teor de
nitrogénic soltvel em dgua, nitrogénio nie proteico
e indice de maturagio do quedjo tipo Minas Foi cons-
talado aumento gradual dos leores de nitrogénio sola-
vel, nitrogénio ndo proteico ¢ yadice de maturacio
durante a cura do queijo tipo Minas

Tarrialba Vol. 32, No. 4, pp. 379-385
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Resumo

(0 objetivo deste trabalho fol fazer um estudo com-
parative da influéncia de algumas espécies de bacté-
rias ldticas mesofilas: Streprococcus cremoris, Strep-
rococeus lactis, Streprococcus diacetilactis e Lew
conostoe citrovorum em relacdo zo aitrogénio soli-
vel, nitrogénio fdo proteico e indice de maturagio do
queijo tipo Minas

Nos queijos preparados con: diferentes combina-
cOes dessas espécies bacterianas, foram feitas aos 10,
20 e 30 dias determinacOes de nitrogénio soliwvel,
nitrogénio nio proteico e indice de maturacgio

Pela anpalise dos dados obtidos constatou-se que,
nao houve uma relagio definida entre os valores en-
contrados e as diferentes combinagdes de bactérias
utilizadas. Verificou-se porém, um aumento gradual
desses valores durznte a cura
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INSTITUTO INTERAMERICANO DE COOPERACION PARA LA AGRICULTURA
Febrero de 1981

En virtud de que of HCA ha adoptado el Sistema Internacional de Unidades, nos permitimos
anotar a continuacidn para los sutores y colaboradores de lus Revistas Turriniba y DRELA, asi
como para otras serics de publicaciones del Instituto, las siguientes reglus principales

En 1960, Ia Conferencia General de Pesas y Medidas (CGPM) v la Oficina Internacional de
Pesas v Medidas (BIPM) decidieron por unanimidad cn Paris, sede del BIPM, crear un sistema
iternacional de unidades de pesas y medidas (SIUY En 1975 habia ya 44 paises miembros del
BIPM cuya tarea principal es asegurar la unificacion mundial en torno del SIU. Hoy dia los Estados
Unidos de América ¢ Inglaterra han adoptado también ¢l uso del SIU

Por cjiemplo, of kilogramo es unidad de masa, y ya no de peso: el recurso al coneepto de peso
queda abolido. pues corresponde en realidad a la fuerza de atraceién debidu a la gravedad, y. por lo
tanto, los cuerpos en of espacio interplanctario no licnen peso, pero si conservan su masa La
unidad de fuerza es ol newton (N), que corresponde @ la necesaria para producir una aceleracidn de
un metro por seeundeo sobre una masa de un kifopramo Launidad de presion o esfuerzo es el pascal
(Pay v equivale o la nocion abolida de kilogramos (fuerza) por centimetro cuadrado: 9 806 650 kg
(fuerza)/m =1 Pa.

Reglas principales para la consignacion de las unidades Sl
[ Noseusan las maytsculas en fos nombres de unidades Unica excepeidn: grados Celsius.

2 Los simbolos no se escriben con mayisculas. Excepciones: los derivados de nombres de
personys

3 Los prefijos métricos no se escriben con maydsculas. Excepciones: tera T, giga G, mega M.
4. Lossimbolos se escriben siempre igual, sean singular o plural, g © 5 mm. no 5 mms

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

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

7. Nose usa ¢l punto después del simbolo (24 m, no 24 m.), excepto al final de un péarrafo.
8  Siempre se deja un espacio entre el nimero y el simbolo o unidad, ej.: 10 cm, no 10cm.
9. No se usan comas ni punios para separar nimeros fargos; se deben scparar de tres en tres, El
punto marca el principio de la fraccién 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 izquierda del punto decimal, ej.: 0.77 y no .77,
I1. Cuando se expresan unidades compuestas como kildmetros por hora, se usa la diagonal, ej.

78 km/h, 50 m/fs. Si se trata de newton metros se usa el punto, ej.. 5 Nomn.

Contintia en la pdgina 440



COMPORTAMIENTO JUVENIL DE NUEVE PROCEDENCIAS DE Pinus caribaea

VAR hondurensis BARRETT Y GOLFARI EN COSTA RICA'/

RODOLFO SALAZAR*

Summary

This is a preliminary assessmient of the provenance test of Pinus caribaea var
hondurensis Barret and Golfari established by the Tropical Agriculrure Research
Training Center {CATIE] in Costa Rica

The analysis of the growth at two years of age revealed significant differences
among the nine provenances tested. However the genetic varignee was never higher
than 6.4 percent for the traits assessed

Iu the provenances Melinda, Guanaja, and Limones, slower growtit was observed
This observation was supported by the principal component and cluster analysis,
witich grouped these three populations separately from the rest.

It was found that most of the variables studied showed highly significant
differences among the three sites tested

In this juvenile stage, most of the variation was detected between trees within
provenances It will be interesting to follow up these observations to determine if this
pattern is maintained in coming years.

Introduccion

b, cspués de que P. caribaea var hondurensis fue
& identificado, ha venide siende extensivamente
¥ plantade en algunos paises tropicales y sub-
tropicales {7, 28) Sin embargo se ha dado poca
atencion al origen de las semillas, por lo que en oca-
siones resuita dificil obtener conclusiones correctas
de aigunas planizciones

Los estudios preliminares muestran que los bos-
ques naturales de esta variedad presentan gran varia-
cién en sistemas de ramificacidén, forma del fuste,
altura, caracteristicas del cono y semillas (1, 22, 25,
20, 27),

1 Recibido para publicacion e! 14 de julio de 1982
Esta publicacion estd basada en Iz tesis de Ph D., presen-
tada por el autor al Departamento Forestal de la Univer-
sidad de Oxford, Inglaterra, en junio de 1981

* Gerente de Celulosa de Turriziba, § A, Turrialba,
Costa Rica

A la fecha, mds de 40 paises del tropico y subtro-
pico colzboran con el “Proyecto de investigacion de
procedencias de pino de América Central”, promo-
vido por el Commonwealth Forestry Institue (CFI),

{5).

Resuftados preliminares confirman que existe
considerable variacién entre procedencias y que es
posible obtener una ganancia apreciable a través de Ja
simple seleccion. En general estos estudios muestran
a Mountain Pine Ridge, Poptin, Alamicamba y
Brus Lagoon con un compaortamiento sobresaliente en
términos de produccion, pero con un fuste v sisterna
de ramificacién variables; Melinda y Culmi presen-
tan un comportamiento inferior (2, 6, 17, 18, 29,
30,34, 37).

lLos resultados de las pruebas recientes estable-
cidas bajo el control CFI, evidencian la existencia
de variacion genética entre procedencias en términos
de crecimiento inicial asi como la presencia de inter-
accidn genotipo-ambiente. Consistentemente Moun-
{ain Pine Ridge, Alamicamba, Brus Lagoon, Santa Cla-

Turriaiba Vol. 32, No, 4, pp. 387-397
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ra, y Cubmi aparecen como las mds promisorias en
crecimiento diamétrico, altura y forma del fuste;
aungue en algunos sistios se observa una alta inci-
dencia de cole de zorro y fuerte ramificacién (10, 12,
13, 16, 19, 31, 32, 36). Burley y Nikles {9) indican
que la variedad hondurensis es superior en vigor a las
otras dos variedades, pero esta importante caracteris-
tica normalmente estd asociada con fuste y ramifica-
cion poco deseables, asi como alta incidencia de cola
de zorro. Hudges (21) encontrd que Mountain Pine
Ridge tiene una alia variacidn entre drboles con res-
pecto a propiedades de la madera

Recientemente Barnes ef af (5) en un andlisis de
nueve procedencias en cinco paises, enconiraron que
ias caracteristicas cualitativas tienden a estar bajo
menor control genético que las caracteristicas cuanii-
tativas; en este caso, ninguna procedencia fue consis-
tente en mostrarse superior en los cinco sitios en tér-
minos de productividad. En general un gran propor-
cion de la variacion fue detectada entre drboles; Santa
Clara presentd drboles superiores en algunas localida-
des; Guanaja presentd alto volumen y alta densidad
de madera; Alamicamba generalmente presentd los
fustes mds rectos y menor bifurcacién aungue con
baja densidad de la madera v sistema de ramificacién
poco deseable.

En general, y aungue las pruebas de procedencia
son relativamente jévenes, éstas indican que existe
considerable variacidon genética en algunas caracteris-
ticas de produccion

El presente trabajo pretende, a través de técnicas
biométricas, evaluar el grado de varizbilidad entre
y dentro de nueve procedencias de P caribaea var
friondurensis, asi como medir el grado de interaccién

Cuadro 1. Informacion geoclimatica de las nueve procedencias,

genotipo-ambiente de algunas caracteristicas de pro-
duccion, & los dos afios de edad.

Materiales y métodos

Los estudios de laboratorio, asi como los andlisis
estadisticos, se realizaron en el Departamento Fores-
tal de la Universidad de Oxford, Inglaterra

El “Proyecto de investigacion de procedencias
de pino de América Central” promovido por CFl
dio inicio en 1979 con la recoleccidn de semillas
en toda el drea de distribucidn natural; Kemp (24,
25) describe en [orma detallada la técnica de mues-
treo. Como parte de este proyecto, el Centro Agro-
nomico Tropical de Investigacidn y Ensefianza
(CATIE), establecié en setiembre de 1977 el expe-
rimento 77-1(112). Dyson {11) describe el proce-
dimiento de vivero para la preparacién de las plan-
tas

El disefio experimental fue suplido por el CFl;
bdsicamente es un disefio de bloques completos al
azar repetido en cinco sitios, cinco repeticiones por
sitio, 12 procedencias por repeticidn y siete drboles
en ineas por parcela,

Las procedencias son nueve de P caribaea var
Nondurensis, una de P caribaca var cartbaes y dos
de P. oocarpa Schiede El presente estudio conside-
16 solo el P caribaea var. hondurensis; el Cuadro 1
resume la informacion geoclimitica de las nueve pro-
cedencias

La Figura | muestra los cinco sitios de plantacion.
Este andlisis no toma en consideracion los sitios 4 y

{hrigen

Pais Localidad Latitud Longitud Altitud Precipitacion Meses Temperatura
°N °p {msam) anual (mm) 38C08 media ("C)

Nicaragua  Alamicamba (ALA) 13734 84°17 25 2610 3 207
Nicaragua  Rijo Coco (RIQ) 14°45" g3°35° 74 2 863 2 254
Honduras  Guanaje (GUA) 16°27 8554 75 2308 3 271
Guatemala  Poptin (POP) 16°21° 89°25° 500 1 688 4 243
Honduras Culmi {CUL) 15°06° 85°37 350 1325 6 243
Honduras Brus Lagoon (BRU} 15°45" 84°40° 10 2 840 2 26.5
Honduras Los Limenes (LIM) 14°0% 8642 700 663 7 2112
Belice Mountain Pine

Ridge (MPR) 16°58 89° 00" 487 1 558 3 139
Belice Melinda (MEL) 17701 88°20° 12 2137 2 %9
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Fig. 1. Mapa de Costa Rica mostrando los sitios de planta-
cion.

5; el primero porque mostrd una alta mortalidad en
los primeros meses por mal drenaje, y el segundo
porque fue establecido seis meses después. El Cuadro
2 es el resumen de la informacion geoclimdtica de los
tres sitios en estudio.

Sitio 1 (Celulosa de Turrialba): localizado a 15
kilbmetros por carretera a Limon al noreste de

es un bosque himedo tropical, en la faja de transicién
premontano muy himedo con topografia plana. El
suelo es profundo y bien drenado. Antes del experi-
mento estaba cubierto por gramineas y especies
arbéreas de regeneracién secundaria.

La densidad de siembra fue de 2.5 x 2.5 metros
utilizando arbolitos de 20 y 25 centimetros de
altura.

La plantaci6én se limpié a mano cinco veces el pri-
mer afio y cuatro el segundo. La sobrevivencia en el
Sitio 2 fue afectada adversamente por ganado y el
Sitio 3 fue parcialmente destruido por el fuego en
1979.

La morfologia de los drboles juveniles se evalud
a través del anilisis de las siguientes variables: altura
total en cm a 6, 12, 18 y 24 meses, didmetro en
milimetros (mm) a 1.3 m de altura a 12, 18 y 24
meses; nimero de internudos y nimeros de ramas
a los 6 meses.

Se utilizé6 el siguiente modelo completamente
al azar para evaluar la variacién entre sitios, proce-
dencia y la interaccién sitio-procedencia de cada
variable:

Turrialba; ecol6gicamente es un bosque muy himedo Y. = u+S.+P. +(SP).. + Ry ;i + (PR); :
; ) ijkl i ij " Nk ik/i
premontano (20) con topografia accidentada. El FT..
suelo es profundo y bien drenado. Antes de la planta- ijkl
¢idon fue potrero dominado por regeneracion natural.
Donde:

Sitio 2 (Florencia Norte, CATIE, Turrialba): eco- ) ' th
légicamente es un bosque premontano muy hiumedo Yijkl = valor promedio de la variable \t(len 1
(20), con topografia ondulada. El suelo es profundo y arbol en l% repeticiéon de j proce-
bien drenado. Antes del experimento el sitio fue dencia de i sitio;
ocupado con pruebas de especies forestales. u = efecto real de la media;

S; = efecto del it sitio;i=1, 2, 3.

Sitio 3 (Universidad Nacional, San Isidro de El P. = efecto de la jth procedencia; j = 1, 2,

General): sobre la carretera a Panamd; ecolégicamente ] 9.
Cuadro 2. Informacion geoclimatica de los sitios de plantacion.
Sitio Latitud Longitud Altitud  Precipitacion Meses Humedad Temperatura °C
°N °0 (msnm) (mm) secos rela{;iva Med. Max. Min.
(o

Celulosa de

Turrialba 9°55° 83°37 750 2673% 1 88 22.2 26.9 17.6
CATIE 9°52 83°40° 650 2673 1 87 22.2 26.9 17.6
U. Nacional 9°22 83°33’ 670 3030 3 87 243 31.0 17.5

San Isidro de El General

* No hay registro. Considerado similar a CATIE del que dista de aproximadamente 5 km en linea recta.

Turrialba Vol. 32, No. 4, pp. 387-397
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(PS)U = gfecto de la interaccidon entre el ith
sitio con [a;’“ procedencia;
Rejp = efecto de kih repeticion en el ith girio:

k=125

! pro-

_ . L s st
(Pil)]-kﬁ efecto de la interaccidn de laj o

cedencia en la ki repeticion en ef i
sitio

Ty = efecto del ith drbol en I repeti-
cion de iz jtl procedencia en el ith
sitio; 1 =1, 2,7,

kth

En el Cuadro 3 se presenta la forma del andlisis
de variancia junto con los cuadrades medios espera-
dos para cada fuente de variacién, de acuerdo al mo-
delo descrito. El programa de computacion utilizado
{ANOVAR 2) incluye la prueba de rango miiltiple
y la transformacidn de rafz cuadrada para variables
discontinuas

Pado que el andlisis de variancia propuesto no pre-
senta una fuente de error simple para probar el efecto
de sitio, este fue probado por la combinacion de
los respectivos cuadrados medios (3 + 4) 5. Para la
correccion de Jos grados de libertad se utilizd la apro-
ximacién de Satterthwaite (3)

It a
(C M)
=1
df =

Cuadro 3. Andlisis de variancia y cuadros medios esperados.

df = grados dg libertad

w; = coeliciente usado por ith cuadrado medio

M = elith cuadrado medio del total n cuadrados
usados en la construccidn del término de
error

E]l andlisis de componentes principales y anilisis
de agrupamiento fucron utilizados sobre la base de
promedio por procedencia, pars detectar la tenden-
cia de las procedencias a agruparse en funcién de lus
variables analizadas.  Estos andlisis multivariados
han probado ser eficientes en estudios taxondmicos,
basicamente cuando se analizan muchas variables (4,
8, 14,15,35).

Resultados v discusion

En el Cuadro 4 se observa que el efecto de sitio fue
significativamente diferente para ocho de las nueve
variables evaluadas; no obstante, solo el didmetro a
18 y 24 meses presenia 2525 y 21.59% como Ia
variacidn mis alta detectads entre sitios Esto indica
que la uniformidad de los sitios es tal, que durante
esta etapa iuvenil las diferencias observables son mi-
nimas. El didmetre aparenta ser el mis susceptible
sl efecto de silio principalmente de los 18 meses en
adelante

La diferencia entre procedencias aungue fue signj-
ficativa y altamente significativa (Cuadro 4} para siete
de las nueve varisbles, en ningin caso fue superior a
6.4% , que en este caso corresponde a nimero de
ramas; Poptin y Cumi presentan 4.7 y 4.9 (Cuadro 5)
ramas a los seis meses de edad, siendc el promedio
3.4 Esto indica que durante los dos primeros afios, ia
morfologia que exhiben las procedencias es bastante

Fuente Grados de Cuadros medios esperados
No. Variacion latitud (d.1) significancia

s 2z 2 2
1 Sitios {(5-1) O+t 0pp + tp o* R/S 4t O sp +p g
2 Procedencias (P} (F-1) G+ Lot pR/S * If g? gp s o? p
3 SxP (8—-1} (P-1) gt g? PR/S + tr o* P
4 Repeticiones

2 2 2
(R)en S S(R~1) 0% 107 ppis 1P 07 g
. 1 . 7

5 PxRens (P-1}5{R-1) o+t g PR/S
6 Agrboles (T

ea RPS SPR(1-1) o?

1 Los nitmeros en esta columna se relacionaron con la de Ia primera columna
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Cuadro 4.

Resumen del andlisis de varianciz y componentes de la variancin.

No. Fuentes de Grados Prueba de 6 meses 12 meses 18 meses 24 meses
variacién de signifi- Ty in ta it di nt gi It di
{atitud cancia
CUADRADOS MEDIOS
1 Sitios (5) 2 3+4)-5 11300 6 84 957 93660 2428 1B5000 1679 634200 2881
2 Procedencias (P} 8 3 12800 201 601 7216 1.73 13 650 65 39 630 207
3 8x¥P 16 5 2833 0.20 061 1 889 0.52 9423 29 18 050 2.7
4 Repeticiones (RYen 8 12 5 7896 0.37 123 6595 249 23610 82 77 060 34.7
5 PxRenS§ 96 & 3611 040 113 2548 0.72 11 340 32 12390 42
6 Arboles (1) 810 22316 027 065 1171 0.33 2717 il 6434 21
PRULBADEF
S NS ik A&k A dk £ dek £33 kA
I] Aot Aokl EEE Atk #* ik NS NS E X gk
Sxp NS NS NS NS NS NS NS NS NS
R on S NS NS * L EX XS EE EEE 2 EE b0
?XR@HS L Hkok #i e LR EX 0 B H EIE 2 dookk L
COMPONENTES DE LA VARIANCIA Vb
8 051 642 3.50 16.47 1414 11.02 2535 17.13  21.59
P 164 520 6.38 300 2.22 086 1.48 2.72 437
Sx?P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rens 260 0.00 028 3.80 5.66 414 3.96 990 1234
PxRens 732 5.81 8.52 11.63 1131 26.20 14 85 820 772
TenRenPenS 8573 8257 81.35 69.24  66.67 5778 54 46 62.05 5398

*  Significativo a P < 0.05 de probabilidad
**  Significative a P < 0.01 de probabilidad.
*Ex Significative a P < 0 001 de probabilidad

similar. Aunque persistentemente Guanaja y Melinda
presentan los mds bajos crecimienios en didgmetro
y altura con respecto a las restantes siete proceden-
cias {Cuadro 5). Esle comportamiento puede consi-
derarse como genético, ya que la matriz de correla-
cién linear simple {Cuadro 6) indica que ias variables
evaluadas, no estdn significativamente relacionadas
con las varizbles climiticas en esta etapa fuvenil

Aunque ¢l andlisis de varianza (Cuadro 4) no mos-
tré diferencias significativas para la interaccion sitio-
procedencia, en el Cuadro 7 se muestrz que en el
Sitio 2 (CATIE) la mayoria de las variables presen-
taron los valores mds bajos. Ademds, la Figura 2
muestra la presencia de la interaccion en el caso de
altura y DAP, donde la mayoria de las procedencias
mostraron una reduccion a los 12, 18 y 24 meses
principalmente en Sitio 2 La reduccién no se presen-
t a los seis meses, posiblemente porque a esta edad
aun perdurard el efecto de vivero. La mayor interac-
cidn en el Sitio 2 en cuanto altura la presentaron
Limones, Poptin, Alamicamba y Guanaja aunque

ésta no fue constante en todas las edades. La proce-
dencia Melinda fue constante en presentar los mds
bajos crecimientos en los tres Sitios a las diferentes
edades. En DAP, Poptin, Melinda, Alamicamba,
Guanaja y Limones, fambién presentaron una fuerte
interaceion; en el Sitio 2 exhiben los mejores didme-
tros, aunque a los 24 meses la interaccién fue mini-
& .

Resulta interesante observar {Figura 2) como los
genotipos que presentan, los desarrollos mds pobres
en los Sitios I y 3, se comportan mejor en el Sitio 2.
Seria interesante demostrar cudles son los factores de
sitio que provocan este tipo de interaccién durante
esta etapa juvenil.

En esta variedad ya se ha mencionado que las
diferencias entre procedencias estin influenciadas
por factores de sitio Barnes er al. {5); Greaves, (18).
Will vy Hodgkiss (1977) informaron que el
FP. radigta D. Don en Nueva Zelandia, cuando crece
en suelos con baja concentracidon de nitrdgeno y
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Cuadro 5. Promedios y parimetros de dispersion.

Procedencias 6 meses 12 meses 18 meses 24 meses
th in ra th di th di th di

A la micamba 65.49 1.17 2.20 150.90 0.88 221.93 2.19 347.87 4.63
Rio Coco 63.38 1.69 3.82 148.46 0.81 214.70 2.12 352.19 4.97
Guanaja 63.97 1.41 293 131.72 0.54 198.04 1.74 302.64 3.90
Poptin 64.68 2.22 4.72 147.41 0.78 223.55 2.50 340.14 5.35
Culmi 66.02 2.17 4.87 155.20 0.87 214.81 2.18 352.34 5.24
Brus Lagoon 63.96 1.30 2.58 151.57 0.89 224.65 2.20 361.08 4.88
Los Limones 59.86 1.65 3.36 138.95 0.66 200.20 1.87 323.48 4.70
Mountain Pine 65.54 1.75 3.60 148.91 0.84 214,57 2.25 347.85 4.99
Ridge Melinda 55.18 1.77 340 133.95 0.61 195.20 1.77 317.48 4.40
X 63.12 1.66 345 145.23 0.76 212.01 2.09 338.34 4.79
Sx 1.83 0.07 0.10 4.83 0.08 10.27 0.17 10.72 0.19
Se 2.58 0.09 0.14 3.33 0.11 9.15 0.11 9.11 0.12
CV (%) 2.89 5.11 541 6.84 10.64 10.74 0.23 18.31 0.42

ht-Altura (cm)

di-DAP (cm)

Cuadro 6. Matriz de correlacion linear simple (z).

in-Numero de internudos a 6 meses

ra-Numero de ramas a 6 meses

. Variables i 2 3 4 5

1.00
0.67°
-0.05
-0.03
-0.35
~0.11
-027
0.37
0.28
~0.40
~0.39
-0.29
-0.10
-03s
-0.13

Latitud
Longitud
Altitud

1

2 1.00
3

4 Precipitacion

5

6

7

8

032
~0.40
-0.03
~0.48
~0.32

0.37

0.22
~0.37
-0.33
-0.19

0.11

035

006

1.00
~0.93x0s
0.86**
-0.86**
0.17
0.64
0.62
018
0.06
-0.01
0.27
0.03
0.52

1.00
-0.88**
0.90***
0.1
-0.55
-0.49
0.10
020
031
0.04
0.25
-0.24

1.00
-0.78*
0.08
0.45
0.42 -
007 -
0.0
-0.15
-0.04
-0.11
-0.26

Meses secos
Temperatura
th 6
in

9

ht 12

dil2

ht18

dilg

ht 24

di 24

1.00

-0.03
~0.41

G.32
003

-002

0.06

015

0.09

-0.29

1.00
-0.01
0.13
0.69*
0.63
0.72*
-0.66
0.54
0.41

1.00
0.98***
018
0.02
0.02
0.36
0.06
063

1.00
024
0.08
0.08
0.36
013
0.65

1.00
0.98***
083**
081"~
0.96***
084¢*

100
0.89**
0.80**
0.98***
0.75*

1.00
0.92%**
0.80**
0.71*

1.00
0.77*
0.86%*

1.00

078 1.00

Significativo al P < 0.01 de probabilidad.
Significativo al P < 0.01 de probabilidad.
Significativo al P < 0.01 de probabilidad.

fosforo presenta una reduccion en el didmetro y
tamafio de ramas. Namkoong and Davey (1976)
mostraron que familias de P. taeda L. responden
diferente a distintos niveles de nitrégeno.

La variacién total entre drboles, varié entre 53.9
y 85.7% ; esta condicidén ofrece una buena alternativa
para estudios de progenie, con el fin de identificar
individuos altamente productivos.

La prueba de rango multiple (Figura 3) soporta
el analisis de variancia, en el cual aunque existen
diferencias significativas entre procedencias, esas
diferencias son minimas. La prueba indica que con
respecto a la altura total y el didmetro, las proce-

ht 6, ht 18, ht 24, = Altura a 6, 12, 18, y 24 meses.
di12,di18,di 24 =DAPa 12,18y 24 meses.

Ip = nimero de internudos.

ra = numero de ramas.

dencias Limones, Melinda y Guanaja pueden ser
consideradas como las de mds bajo crecimiento en
los dos primeros afios. Es posible que estos geno-
tipos hayan sufrido modificaciones especificas para
adaptarse a condiciones especiales de sitio, como en
el caso de Melinda donde los suelos son 4ridos. Suelos
dridos, baja precipitacion y siete meses de verano en
el caso de Limones, y poblacién aislada sobre suelos
de baja fertilidad en el caso de Guanaja.

A través del andlisis de componentes principales
se encontrd que el 65.4% de la variacion total obser-
vada en las nueve variables estudiadas, depende del
primer componente, el cual estd formado bdsicamente
por altura y didmetro a 12.18 y 24 meses. El segundo
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Cuadro 7. Promedios y prueba de rango maltiple para sitios,

Sitios ht 6 in ra ht 12 di 12 ht 18 di 18 ht 24 di 24
1-Celulosa 6183 1.84 372 146,12 0.7G 22203 35 364 .36 5125
-CATIE 6530 1.26 275 12756 0352 184.37 1.27 286 53 3.64

3-U
Nacionai 6218 193 392 16201 1.07 229.63 263 364 14 544
;(m 63.12 166 345 145.23 0.76 21201 2.09 338 34 478
8% 158 0903 006 4 58 0.09 8.66 .16 15 64 06.33
st 224 045 0.09 647 013 12.24 0.23 2312 047
CV () 251 266 373 315 11 66 4.08 N 462 6.93
Pruchba de
rango mud-
tiple
P<005) 3 3 3 i 3 3 3 3 3 1 3
2 H 1 1 i | 1 2 3 1
t 2 2 2 2 2 i 2 2
ht = Altura (cm)
in = Nuamero internudos a 6 meses
m = Numero de ramas a 6 meses
di = Diametro {cm)

Cumdro 8. Raices Iatentes y porcentaje de variacidn por

componente.

Yariacidn en porcentaje
Componentes Raices Simple Acumulado

i 5.88 6537 65 37

§ 217 24 06 89 43

1 059 660 96 43

v 0128 307 99 11

A4 003 038 $9.49

componente formado por numero de internudos
y ramas contiene el 24 19 de la variacion. El fercer
componente formado por altura a seis meses contiene
solamente 6.6% de [a variacion (Cuadro 8). El Cuadro
9 presenta el valor proporcional que cada compo-
nenie extrardo da a las variables.

El 89 49% de ls variacion total estd representada
por los componentes | y 1I; fa representacion grifica
de cstos dos componentes (Figura 4) confirma los
andlisis anteriores, También en este caso, las pobla-
ciones Melinda, Limones y Guanaja se agrupan en
forma separada del resto de las poblaciones por su
crecimiento menor Las poblaciones Culmi y Poptin
de Honduras y Guatemala respectivamente f{orman
olro grupo, bisicamente por presentar a los seis
meses mayor numero de internudos y ramas.

Los anteriores resultados son similares a los obte-
nidos en el andlisis de agrupamiento (Figura 3), que
muesira el grado de similitud entre poblaciones
y permite extraer dos grupos principales de proce-
dencias: Guanaja, Melida v Limones por un lado y
Brus Lagoon, Montain Pine Ridge, Poptin, Alami-
camba, Rio Caco y Culmi por el otro

Conclusiones

L.os resultados de los diferentes andiisis realizados
son consistentes en cuanto que muestran las proce-
dencias Melinda, Limones, y Guanaja con creci-
mientos iniciales comparativamente bajos. En este
caso las variables altura total y didmetro resultaron
ser buenos discriminantes. El bajo rendimiento de
estas tres procedencias ya ha sido reportado.

Se considera riesgoso descartar cualquiera de estas
procedencias por el comportamiento que presentan
en la etapa inicizl de desarrolio, mixime si existe
interaccidn genotipo-ambiente que también varia
con la edad. La mayoria de los genotipos estudiados
presenian un crecimiento constante en cada sitio,
aunque algunos muestran reducciones o incrementos
bruscos en esta etaps juvenil,

El crecimiento inicial que muestran las nueve
poblaciones tiene una tendencia ecotipica, posible-

Tusrialba Vol. 32, No. 4, pp. 387-397
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: nacién de los componentes I y II.
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Fig. 2. Interaccidn sitio procedencia.
3
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Fig. 5. Dendrograma presentando la agrupacidn de las pro-
cedencias como resultado del andlisis de agrupa-
1 18]por 24 198 fcuL 10| 0 b ™ e miento.
o .
0 " | . bt oM Ly, 0 24 sof*™ as
ron| e aa - . .
ol on - % P mente por tratarse de poblaciones naturales relativa-
2 oo TR e BN ] B mente discontinuas creciendo sobre una amplia varie-
as| roe 13§ Mo 20| 148 oejmo 220) e, mo . e . ,y. .
o il & ror o dad de suelos, en condiciones climdticas variadas y en
" = " algunos casos con presencia de fuertes vientos. Estos
e e ™ “’ ” . factores pueden ser los responsables de provocar alte-
Bl || | . - raciones genéticas en el proceso de adaptacion,
S T U I L B P D il s Pl B wl M T creando de esta manera la presencia de ecotipos.
vy wa b
o . .
w o i o as o " wal® | s Continuar observando el comportamiento de estas
ht L1 b o di ! g ul g procedencias por un periodo mds largo permitird
6 meses 12 meses 18 meses 24 meses

Fig. 3. Prueba de rango miltiple (P < 0.05).

detectar si la tendencia inicial de crecimiento se man-
tiene, esto facilitaria la toma de decisiones desde los
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Cuadro 9. Valor proporcional para cada variable por componenie.

Vectores por componesnie

Variables 1 11 41 v v

at 6 0.73 ~{}.26 1.00 046 -{.28

in 0.33 1.00 004 001 010

ra 039 (.96 016 0.34 0.62
ht 12 1.00 ~0.16 ~0.13 061 -0.01
di 12 097 —{.30 ~0 .26 0.37 ~(.26
ht 18 0.96 ~{3.30 010 -0.73 L.00
di18 0.97 0.07 016 ~1.00 ~(1.38
it 24 0.95 -~ 24 ~0.42 (.39 0.32
di 24 0.93 G40 -0.30 ~().16 -0 .98

Wi 6, I 12 ht 18, ht 24 = Altura totala 6, 12, 18 ¥ 24 meses
di12,di18,di 24 =DAPa 12, 18 y 24 meses

ir = Numero de internudos

primeros afios y acelerando de esta manera el proceso
de mejoramiento.

Resumen

Se presenta un andlisis preliminar de una prueba
de procedencias de Pinus caribaea var. hondurensis
Barret y Golfari, establecida por el Centro Agro-
nomico  Tropical de Investigacidn y Ensefianza
(CATIE)Y en tres sitios en Costa Rica. Las variables
de crecimienio evaluadas wmostraron diferencias
significativas a los dos afios de edad entre las nueve
procedencias estudiadas. Las procedencias Melinda,
Guanaja y Los Limones presentaron los crecimientos
mds bajos Estos resultados fueron soportados por el
andlisis de componente principales y cluster andlisis,
fos cuales consideran estas tres poblaciones como
diferentes. No obstante, en ninguna de ias variables
analizadas la variacién genética detectada fue supe-
rior al 6.4%

Ocho de las nueve variables analizadas, mostra-
ron diferencias altzamente significativas entre los tres
sitios en estudio, durante las cusiro edades juveniles
estudiadas

Se encontrd que a este estado juvenil, la mayor
parte de la variacion se presento entre drboles dentro
de procedenciazs Serd de mucho interés comprobar
si esta tendencia persistird en os préximos afios.

i = Numero de ramas.
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Notas y comentarios

Academia de Ciencias de Cuba. Recientemente he-
mos recibido siete publicaciones de la A.C C,, cuatro
Informes Cientifico-técnico (no. 21, 104, 124y 175)
y tres publicaciones no seciadas, todas relacionadas
con la Ciencia del Suelo. Los trabajos recibidos cu-
bren aspectos de génesis, mineralogia y materia orgd-
nica en suelos cubanos y son distribuidas por la Edi.
torial de s Academia de Ciencias de Cuba, La Habana
2, Cuba

Publicaciones

Esta publicacion titulada Pinus oocarpe es la se-
gundz de la serie de bibliografias que el autor A
Greaves ha preparado sobre especies forestales tropi-
cales de reconocido valor comercial.

En esta oportunidad se presentan en forma resumi-
da 310 revisiones bibliogrificas sobre Pinus oocarpa
Schiede; conifera de ripido crecimiento, nativa de zo-
nas altas de México vy América Central

Esta especie ha demostrade tener ampliss posibili-
dades para el establecimiento de plantaciones comer-
ciales en las zonas tropicales v subtropicales, razon
por lz que en los Gltimos afios esta conifera ha sido
ampliamente investigada,

las 310 citas resumen en forma bastante clara la
mayoria de las investigaciones, que sobre esta especie
han sido realizadas desde 1936 hasta 1980,

Para facilitar 1a utilizacidén de la bibliografia, el
autor clasifica las citas en los siguientes campos: Revi-
sién de literatura, Poblaciones naturales, Silvicultura,
Evaluacion de la especie, Fisiologia, Crecimiento y
produccion, Genética, Plagas y enfermnedades, Propie-
dades de la madera, Utilizacidn

Este tipo de bibliografias son de gran valor, ya que
le ofrecen al técnico informacidén en forma concisa
sobre una ampliz variedad de temas; y ademds, por-
que ponen a st disposicién una considerable cantidad
de informacion, que de otra forma le seria de muy
difici adguisicion

Publicaciones

El grupo britanico de Investigaciones Geomorfold-
gicas ha publicado 30 boletines técnicos con el fin de
reunir la metodologia aplicada a problemas de geo-
morfologis por temas especificos.

El presente boletin titulado “Soil apgrepate
stability tests for the geomoerphologist™, trata sobre
métodos para estimar la estabilidad de agregados y
cubre tante aspectos tedricos de formacién de agrega-
dos como los principales métodos para su cuantifica-
cion desde el punto de vista geomorfologico

La publicacidon puede ser adquirida por medio de
Geo Abstracts Ltd, Regency House 34 Duke Street,
Norwick NR 3 3AP, England.



A COMPARISON OF WATER BALANCE COMPONENTS IN NATURAL AND PLANTATION

FORESTS IN EL SALVADOR, CENTRAL AMERICA!/

NORMAN W PRICE®

La precipitacion bajo el bosque, el flujo de precipitacion por los tallos, la Inone-
dad de suelo, la evaporacion v la transpiracion fueron medidas en cuatro tipos de
bosques en el drea de Metapin-Montecristo, El Salvador. El tipo de bosque (latifo-
Hadas vs. coniferas) tiene gran importancia sobre el balance hidrico de una region.

Los cuatro tipos de bosques incluyveron. una plantacion de ciprés (Cupressus
lusitanica Afill ), una plantacion de pino (Pinus pseudostrobus Lindl. ), wn bosque mix-
to de pino-roble (P. cocarpa Schiede y Quercus peduncularis NEE ), v un bosque de

regeneracion natwral,

Segun un andlisis de los cinco fuctores estudiados, se llego a la conclusion de que
la plantacion de ciprés tiene el mayor impacto sobre el balance hidrico del drea, segui-
da en orden por el bosque mixro de pino-roble, lu regeneracion natural dominada por

latifoliadas, ¥ la plantacion de pino.

} Received for publication in November 30, 1981.
K

The reseach deseribed here was undertaken in partial
fulfiment of the requirements for the degree of Masters
in Environmental Studies af York University, Downsview,
Ontario, Canada.

Drs. H. E Daugherty (Thesis Superviser), €. D. Fowle,
D Mclver, and Roger Schwass, the suthor's thesis com-
mittee, provided necessary advice and support which is
gratefully acknowledged The Faculty of Environmental
Studies was gencrous in its financial assistance

Many people in El Salvador deserve mention for their
assistance, but 1 would Hke Lo cile for special thanks Ing.
Joaquin  Alonse Guevara Moran, ex-Director General
de Recorsos MNaturales Renovables and Lie ] Francisco
Serrano, Jefe, Parques Nacionales who put al my disposal
the services of their staff and facilities. Ing Thomas
Cattersen (FAO Silviculiuralist} of Recursos Naturales
Renovables was generous enough to loan me s Bouyoucos
Moisture Meter and a dozen gypsum moisture blocks
which permitted the more imtensive monioring of soil
moisture trends

* Coordinator, Agroforestry Short Course, Dept. of RNR
CATIE

Introduction

eforestation with rapid-growth tree species in

tropical regions may lead to unwanted changes

in local andfor regional water balances. An
understanding of the impact of rapid-growth species,
particularly the conifers, on the water resources is
thus essential for evaluation of land-use and water
management priorities

Differences between the impact of conifers and
natural hardwood stands on the water balance have
been established for temperate and some tropical
regions. Higher percentages of interception of rainfalf
by conifers have been established by several
researchers (1, 9, 23), and Swank, er al. (30, 31, 32)
showed that lfower streamflow result from conver-
sion of natural hardwood stands to pine due to
evaporation of the grealer amount of intercepted
rainfall,
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The abjective of this research was to compuare
conifers and natural hardwoods, in relation to their
respective impact on the water balance, in a tropical
region. The field research was undertaken between
July 1976 and March 1977,

Research Ares

The field research was carried out in the Metapan-
Montecristo region of northeastern El Salvador, an
area rough and mountsinous, underlain by faulted
sedimentary strata and strongly dissected by rivers
and ravines. Slopes are variable, but average about
60% and usually exceed 50 m in length Drainage is
typically dendritic,

The four sites used in this investigation were
between 1600 and 18G0 mast with a mean annual
rainfall of 1940 mm and a temperature tange of
8°C to 23°C Thus, they fall within the sub-tropical
wet forest zone The area is covered by a mosaic
of conifer plantations of various ages, various stages
of suceession, mixed stands of osk-pine, and pasture

Generally, during the study, rainfall was well
beiow the six year average though stifl within the
limits of standard deviation. Air temperafures
corresponded  to  the long-term average with &
tendency towards warmer days and cooler nights

The four sample areas consisted of a nine-year
old plantation of Pinus pseudostrobus LINDL.
{pinzhete), situated at 1800 m, a nine-year-oid
plantation of Cupressus lusitanica MILL. (ciprés)
at 1600 m, a natural stand of Quercus aff. sapotae-
folia LIEBM. {encino), @ peduncularis NEE (roble)
and P oocarpa SCHIEDE (pino ocote}at 1760 m, and
a stand of natural regeneration, dominated by leu-
caena sp. {gugje), Roupale montana AUBL. (zorri-
llo), Winmeria cyelocarpe RADLK. (lioroncito),
Cassia sp (vainilio), and Smuwravia pseudorubriformis
BUSC (sicte pellejos) at 1800 m

The plantations of pinabete and ciprés were both
situated in an area slightly to moderately sloping
Spacing in both was 2.5 by 2.5 m. DBH and heights
were 15 em/76 m and 12 em/105 m respectively
for the pinabete and ciprés. Undergrowtl was dense
and controlled by slashing about once a year.

The mixed oak-pine was sifuated on relatively flat
terrain. The dominants averaged 38 cm in DBH with
heights ranging from 13-26 m. A moderately dense
second storey canopy occurred at 9 m with stems
ranging from 4 to 10 ¢m in diameter. The age of the
stand was approximately 60 years

A site approximately 35 years of age on a bench
near a large ravine was the location of the natural
regeneration {restment. DBH varied between 10 and
51 em with an average of 18, Heights were on the
average about 8 m,

Further detail with respect to the different forest
stands can be found in Price {24), “Highland Defores-
tation and Approaches o Forest Recovery in the
American Tropics: the Metapan-Montecristo example
of Bl Salvador

Throughfall and Stemflow

Materinls and Methods: Rain gauges were constructed
from 6.5 cm diameter plastic funnels attached to 5
litre plastic reservoirs. The capture surface was sel
45 e¢m above the ground since this height had been
shown by experience to be the best compromise
to avoid additions from splash-back or interference
from wind.

Stemflow channcls were formed from plasticine.
The channel was concave and extended about 2 em
from the trunk Polvetheling tubing led from the end
of the channel to a litre plastic jug which served as
the reservoir.

Throughfall and stemflow were meuasured in the
morning  before the afterncon  rains, though
ocassionally two or three duys delay occurred

The gauges were positioned in a regular pattern
throughout the site, with one puuge being situasted
in the most open location and another situated at
the most closed; six to eight gauges were used. Stem-
flow was measured at five locations at each site, based
on DBH, with trees representing the average and a
range of diameters being selected

Results: It was assumed that the meteorological
station 2t Los Planes, which is within 300 meters of
the Natural Regeneration site, would provide gross
precipitation dota to represent the above cunopy
condition. However, variation between sites suggests
that this assumption did not hold The variation
mentioned above is evident in the summary of mean
throughfall by site as a percentage of gross precipita-
tion {i.e meteorelogical station) given in Table 1.

To avoid the assumption of uniform precipitation
over the entire area, analysis of throughfall was
restricted to the specific site by calcutating mean
throughfall as a percent of the gauge with the largest
consistent catch The assumption in this case is that
rainfall over a particular site on any given occusion
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Table 1. Mean throughfall by sites as a percentage of mean rainfalf in open®,
Date Natural Regneration Mixed Quk-Pine Pine Cypress
July 27 .
Aug 13 1.60% + 100 = 34 10 30
47"
Aug. 14 42 60 41
Aug 15 102 89 129
Aug i7 76 60 53 50
Aug 24 72 85 99 103
Aug 31 105 143 159 i63
WET Sept. 2 4 g 59 126
SEASON Sept. 3 23 4 543 2917 4 234
Sept. 7 76 56 69 66
Sept. 8§ 55 75 39 99
Sept. 21 75 206 250 223
Sept 23 78 67 64 62
Sept. 24 66 83 48 63
Oct. 5 37 76 76 81
TRAN- Oct 29-
SITION Nav. 9 33 9 20 19
Nov. 17 578 35 58 69
Nov. 18 124 21 114 25
Nov. 20 75 80 69 57
Nov. 25 98 0 1 ¢
DRY Dece ] 134 29 93 78
SEASON Dec 6 54 0 0 i}
Dec. 7 42 0 G 0
Dec. 9 82 O g 0
MEAN 94 5 2868 2008 286.9

Ed

a  Tlhroughfall as recorded at site

b Rainfalf as recorded by Meteorological Slation

was evenly distributed. Considering the relatively
small size of the sites, this is a reasonable assumption.
Also assumed s that the gauge with the most
consistently high catch gives a good estimate of
the gross precipitation. Three means {or throughfall
were calculated for each site; one for the wet season,
one for the dry and the third for the overall record
(Table 2}. During the rainy season, both the Natural
Regeneration sile and the Pine site appear to permit
the greatest amount of throughfall, with mean
throughfall percentages close to 85 percent Also
closely grouped together are the Mixed Oak-Pine
and Cypress sites with a lower mean throughfall
of 68 percent. This same pattern lollows into the
catly dry season, though & change in the distribu-
tion of rainfall, favouring the Natural Regeneration
site, is noted In point of fact, the Mixed Qak-Pine,
Pine, and Cypress received no lurther precipitation
after December 6, while the Natural Regeneration

As recorded at the Los Planes de Montecristo Meteorological Station

site was frequently under low, wind-blown cloud.
A change is apparent st the Natural Regeneration
site as well, This can largely be explained by much
more open site conditions resulting from the
combination of dry conditions and strong winds
causing a degree of defoliation of the vegetation,

When considered in relation to the area of caplure,
stemflow does not appear as a significant quantity
with means of 006 mm/m?*, 002 mm/m?,
006 mm/m®, and 004 mm/m® respectively, for
Natural Regeneration, Mixed Oak-Pine, Pine, and
Cypress. However, as a “per stem”™ measure (Table 3)
the contribution of stemflow {o the soil is more
readily apparent Stemflow at the Natural Regenera-
tion and Pine sites is the greatest, being 5.1 and 4.4
times preater than the maximum mean gauge catch
for their respective sites. The Mixed Oak-Pine and
Cypress sites are grouped closely with stemflows
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of 26 and 2.8 times their maximum mean gauge
catches

Discussion: Precipitation variability, in
mountainous terrain, is a complex function of large—
and small-scale topographic parameters super-imposed
upon weather conditions (5). As long as the measure-
ments of rainfall are confined to a given watershed
a smatl density network of gauges is adequate to
provide a coefficient of variation of less than 10
percent (21), However, inter-gauge distance and
elevational differences are highly correlated with
variation in catch (5) This correlation with inter-
gauge distance, and possibly elevational differences,
is apparent in the mean throughfall data by site
as a percentage of gross precipitation (ie meteo-
rological station). In fact, even distances as short as
300 meters, such as that between the meteorological
station and the Natural Regeneration site, are
significant enough to cause extreme variation. The
degree of vadation between the meteorological
station is more surprising than similar differences

between this station and the other three siies, ail
of which are on a different watershed (though st
similar elevation and relatively close)

A trend towards a redistribution of rainfzll is
evident from the rainy season into the dry season.
This has not been previously investigated in the area
and could be an important consideration in the silvi-
cultural treatment of present and future plantations,
which deseyves further attention

The literature indicates differences in the resulls
of researchers interested in forest-type effects on
interception and throughfall, particularly in relation
to hardwoods versus softwoods Whereas some
authors (9, 10, 29} have pointed to or found
significant differences between hardwoods and soft-
woods, others (16, 25, 26) have not The results of
the present study seem to lie between these two
groups. Throughfall, based on a comparison of mean
gaupe catch with the particular sites’ gauge with the
maximum mean catch, at the Natural Regeneration

Table 2. Mean throughfall as a percent of the gauge with largest receipt.

Date Naturat Mixed Pine Cypress
Regeneration Oak-Pine
Aug 13 - 74 79 33
Aug. 14 - 87 113 62
Aug. k5 - 81 62 34
Aug. 17 2188 105 74 80
Aug. 24 65 88 72 74
WET SEASON Aug 31 83 6t 79 73
Sept 2 75 48 88 86
Sept. 3 68 77 74 7
Sept 7 95 56 7t 66
Sept. 8 106 44 127 51
Sept 21 - 63 69 59
Sept. 23 88 69 77 59
Sept. 24 79 48 98 56
Oct. 5 102 66 67 82
TRANSITION Oct. 29-Nov. 9 30 6 58 -
Nov. 17 98 59 131 25
Nov 18 101 71 - 25
Nov 20 98 68 97 32
Nov 25 179 0 0 0
DRY SEASON Dec § 101 56 123 30
fJec. 6 250 0 0 t}
Dec 7 - 0 0 0
Dec. 9 128 0 0 0
Overall Mean 101 89 53.17 7095 60 59
Wet Season Mcean 84 9 68.79 82129 67.29
Dry Season Mean 136.43 3387 5014 48 83
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Table 3.  Summary of mean stemflow by site and ‘event’,
Date Natural Mixed Pine Cypress
Regeneration Oak-Pine
Aug 13 - - 24.24 563
Aug. 14 - 263 12904 18.80
Aug 15 - 15.70 5702 38.70
Aug 17 - 166 .71 21031 5966
Aug 19 - 10899 15353 150 81
Aug 24 200 64" 65.70 188.25 210 86
Aug 31 G 0 21.41 3144
Sept 2 G 1714.73 196 65 134.06
Sept 3 25253 191.24 152,53 18449
Sept 7 46.19 1.15 17.78 592
Sept 8 25253 9597 237.60 166.93
Sept. 21 266 18895 25253 234 35
Sept 23 56 .08 18.68 48.32 18.75
Sept, 24 25253 252.53 25253 0.36
Nov. 9 368 6.32 (047 0
Nov §7 4462 0 vo152 556
Nov 18 5159 0 45711 556
Nov. 20 23333 191.57 234 57 0
Nov. 2§ 25733 G 006 0
Dec 1 6.18 o 0325 0
Dec 6 214 67 no precip. no precip. 710 precip
Dec 7 2632 - - -
Dec. 9 25353 - - -
Dec. i35 8.99 - - -
Dec. 18 54.20 - - -
Dec. 22 354 - - -
MEAN 1056 176 131.2 854
mni/stem mm/siem mm/stem mm/stem
Asa % of Max.
Mean Guuge Catch 511 259 437 278

a  Lach datum represents the average of 5 stemflow gauges

and Pine sites was found to be the highest, at 85 and
82 percent respectively In a similar grouping, the
Mixed Oak-Pine and Cypress sites had the Jowest
throughfall (or conversely, the highest rate of
interception), at 68 and 67 percent These
percentages apply during the rainy season; similar
groupings arise from the overall {ie both rainy and
dry seasons) means but are distorted as a result of
changes in precipitstion patterns during the transi
tion and early dry scason. The close similarity
between the Mixed Ouk-Pine and Cypress sites is
interesting considering the difference in develop-
ment of the two stands; the Mixed Oak-Pine being
a mature stand, some 60 + years old, whereas, the
Cypress plantation is only nine years old Depending
upon  silvicultural  treatment,  the i
interception can be expected {0 increase al the
Cypress site as the trees continue to grow and expand
their leaf surface area

amount  of

Extreme variation is the rule rather than the
exception in the pattern of interception, and,
consequently, for its complement, throughfall (7).
Though not discussed in any detail in the literature,
differences in the amount of variation between forest
types appears to be significant. This is important in
determining patterns of soil moisture and is a factor
to be considered in inter-forest-type sampling of
throughfall, if comparable data are to be produced.

Stemflow is frequently calculated in precipitation
studies using the area of capture of the trees to
which gauges are attached. Determined in this
manner, stemflow is often concluded to be un-
important. Some authors, however, prefer to consider
stemllow as a “concentrated application of water
to the soil where conditions are ideal for entry”
(13). Calculated on a millimeter per square meter
basis stemflow, in the present study, was found to

Turrialba Vol. 32, No. 4, pp. 399416
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be minimal However, the mean “per stem” quantities
for stemflow, as measures of a “‘concentrated applica-
tion of water to the soil” are significant Conse-
quently, the greater amount of stemfiow, such as
indicated between the Pine plantation and the other
three sites, particularly the Mixed Oak-Pine and the
Cypress, is certain to favour better soil moisture
conditions. This could well be important in an area
that has already been shown to receive less rainfall
than other areas such as the Natural Regeneration
site. Similarly, the lower amoun? of stemflow at the
Cypress site, situated in the same area as the Pine,
could in time limit productivity by limiting seil
moisture. As to differences between hardwoods and
conifers, data reviewed by Geiger {8} indicated that
hardwoods tend to have more stemflow than conifers.
In the present study, there is a split between the two
hardwood stands and the two conifer stands, with
the Natural Regeneration stand aligned beside the
Pine as the greatest conductors of stemflow and the
Mixed Qak-Pine and Cypress closely grouped together

with an aversge stemflow of about two-thirds that of

the former two sites,

Soil Moisture

Materials and Methods: Percent Available Soil
Moisture, at the different sites, was monitored with &
Bouyoucos Moisture Meter (Beckman [nstruments,
Inc) and a dozen CEL-WFD Gypsum Moisture
blocks. Three gypsum blocks were placed at each
site in sequence at 10.2, 30.5 and 61 cm depths The
gypsum blocks were fitted into an undisturbed col-
umn of soil as per instructions as supplied by the
manufacturer,

Readings were taken from the blocks during the
regular routine of visiting the site. Readings were
discontinued during the dry season after all sites at all

1able 4,

three levels had reached zero pereent available soil
moisture.

Soil moisture, field capacity and wilting point
measurements were carried out as a part of soil
sampling done early in the study and again at the
end by the laboratories at the Centro Nacionai de
Tecnologia Apropecuaria {(CENTA) and the Direc-
cion-General de Riego y Drenaje (Le Drainasge and
{rrigation}. The final sampling consisted of soil mois-
ture sampies taken at one-foot {305 cm) intervals to
a five-foot (152.5 cm} depth.

Results: Differences with respect to field capacity,
wilting point, and storage capacity are evident be-
twees sites, and within sites, be{ween organic and
mineral soil horizons (Table 4). Considering storage
capucity as the most relevant comparative measure,
since this factor represents the particular soils ability
to hold a given quantity of water, the data shows the
Mixed Oak-Pine site to have the greatest storage
capacily, followed closely (18% difference) by the
Pine site The Cypress and Natural Regeneration have
the lowest values

The month of September is noted as the time of
the year, from a meteorological point of view, that
the Iatertropical Zone of Convergence is the closet
to El Salvadeor. Characteristically, this is a month of
high rainfall, much of it resulting from “temporales,”
interspersed with prolonged periods of low, dark
clouds. The record of percent available seil moisture
(Figures Ta and b) for the Natural Regeneration site
appeurs to reflect this, with soil moisture at all depths
at about 90 percent availability broken by a period of
12 days {ie from September 9 to 2(Q) of no rain n
which soil moisture availability markedly decreased
Available soil moisture returned to higher levels with
the advent of new storms and remained high until
into mid-October, after which a continual decline

Summary of field capacity, wilting point and storage capacity for the organic and mineral soils for each site.

Natural Mixed Pine Cypress
Regeneration Qak-Pine
0-16 cm 16 + em 0-12 em 12 +cm 0-12 cm 12+ ¢cm 0-7 em 7 +em

Field capacity (%)

(0.33 atm) 41,28 39,714 4728 4290 3365 49 .47 56 .96 59.26
Wilting point (/)

(15 atm) 3165 29 29 2365 26 40 1822 31.90 44 54 39.06
Storage capacity

{mm/cm) 0.93 0.98 235 233 1.89 1.93 0.88 139
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began, broken only by a couple of heavy storms in
mid-November, with all depths recording zero percent
available soil moisture by December 14th.

The curve shows a deficit from mid-December to
fate-April (transition from dry to wet season) and
then fluctuates around 90 percent available soil mois-
ture during the rainy season, except for July. In July

there is a retreat of the Intertropical Zone of Conver-
gence and the occurrence of “caniculas,” periods of
sunny rainless days, resulting in a low rainfall for the
month. Consequently, soif moisture depletion would
oecur at this time (possibly causing a deficit at certain
sites), Soil moisture depletion would again occur after
late September (ie the end of the rainy season)
leading to a deficit by mid-December.

Turrialba Vol. 32, No. 4, pp. 399-416
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Inter-site comparisons {Figures 2, 3 and 4) are
limited fo the period between November 9 and
December 15, when data for all four forest-types is
avaitable. The dominant characteristics of the soil
moisture curves are as follows. The trend is towards
depletion with the Cypress site having the most rapid
rate at all three levels sampled. At the 10 cm level,
Cypress is closely mimicked, with the exception of
the early part of the curve, by the Natural Regenera-
tion site The Natural Regeneration and Mixed Oak-
Pine sites have very similar curves at both the 305
and 61 cm levels. Except for the 10 ¢m level the cur-
ves for the Mixed Qak-Pine site are consistently, at
all levels, those with the lowest rates of moistusre de-
pletion.

Discussion: Field capacity, wilting point and stora-
ge capacity is determined for the most part by the
nature of the soil {2) In the particular situations in-
vestigated in this study the data obtained reflects the
historical development of each site, including the evo-
lution of the present forest types now present
Though it is accepted that individus species do
affect the physical and chemical properties of the soil
(6}, the available data in this instance are not
adequate to definitely indicate possilbe contributions

160 H

90 -

Percent Availabie Soil Moisture

by the forest species found at the different sites
towards the variation in these three factors, between
sites. Nonetheless, certain inferences seem reasonable,
although they are made guardedly. For instance,
Hoover {13) has indicated that forest soils under
old-growth tend to have an almost urlimited infiitra-
tion capacity; undoubtedly as well, these same soils
also have high storage capacities The high storage
capacity at the Mixed Oak-Pine site does appear {o
suggest this, The lowest storage capacities at the Pine
and Cypress sites, consequently, may reflect their
youth and, as well, their recent disturbance {(ie 9
years past) during planting. The slower rates of
decompaosition of conifer leaves (8) may also be a
factor too, with attendant retardation in organic
soil buildup. In the case of the Natural Regeneration
sife, with its very low storage capacity, greater uge
does not seem to have resulted in greater storage
capacity.

Some of the differences seen between the sites
at the 10 and 30.5 cm depths are explainable on the
basis of previously presented data for throughfall,
A radical variation in soil moisture at the Natural Rege-
neration site, relative to the other sites, is apparent
between November 11 and 12. At this time, while

Natural Regeneration

i s e e Mlixed Qak-Pine

Pine

Cypress

Nov.

Fig. 2. Soil moisture trends by site at the 10 cm depth.
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other sites experienced a decline in soil moisture, the
Natural Regeneration jumps from 26 percent avail-
able soil moisture to 84 percent. Though no field data
is available on throughfall at the sites, 8.8 mm of pre-
cipitation was recorded at the meteoroiogical station
at Los Planes. Throughfali was checked on the 17th
at which time it was noted that the Natural Regenera-
tion site had received some six times as much rain as
the other sites. Consequently, this departure from the
dominant trend appears to reflect g situation of
unequal distribution of precipitation over the area.

Evaporation

Materials and Methods: The objective of the
evaporation measurements was to obtain a com-
parative measure of “evaporation potential” or
“evaporativity” near the ground in the different
forest types This was carried out using Livingston
Spherical Atmometers (white) as part of an evapori-
meter Construction and operation of the evapori-
meters were adapted from Livingston (17) and Read
{25, 26),

The atmometer bulbs were pre-calibrated at the
factory before shipping and each carried a correction
coefficient which standardized readings for all the
atmometers. Directions for maintenance, as given in
Livingston (17) were followed as closely as possible
Atmometers were aliowed to operate for three
months before being replaced with new unused atmo-
meter bulbs,

Readings consisted of recording the amount of
distilled water needed to bring the reservoir back
to a mark., The date and hour were also recorded
for later use in calculating the rate of evaporation
There were three evaporimeters placed at each site,
except for Naturzl Regeneration, the third instrument
from which was placed at the meteorological station
at Los Planes. Readings were taken every day or every
other day, though longer periods between readings
occasionaily occurred,

Table 3. Summary statistics of evaporativity (ml/hr) by site,

One evaporimeter was suspended in the canopy
at each site in order to observe the difference in
evaporativity with height. These evaporimeters
were suspended on the same platforms used for
transpiration trials

Results: A comparison of the mean values (Table
5} for evaporativity for the sites indicate a close
similarity between the Mixed Oak-Pine, Natural
Regeneration and Pine. The Cypress site, with a mean
of 079, has an evaporativity .58 times that of the
Pine whose mean of G.50 is the greatest of the three
remaining sites.

One-way analysis of variance (Table 6) for the
combined data for evaporativity, including data from
the meteorologicul station at Los Planes, indicates
the presence of highly signilicant variation at the
0 001 {evel of probability.

The intersite comparison showed no significant
difference among the Mixed Oak-Pine, Natural
Regeneration and Pine, as would be expected from
the previous comparison of the means All sites,
except the Cypress, had highly significant differences
when compared to the Meteorological Station; the
Cypress had a significant difference with the Meteoro-
logical Station at the 0.05 [evel of probability
Differences between the Cypress and the other three
sites were all highly significant.

Differences between the Cypress and Pine sites
could be expecied to approach each other more
closely as the Pine site was possibly affected by
a line of giant cypress which formed & windbreak
up-wind of the site

Three things are indicated by Figuses 5 and 6;
these are intersite variation, the fluctuating nature of
evaporation and the marked difference in evapo-
rativity between the Rainy/Transition Season and the
Dy Season. The difference between the Cypress site
and the other three sites is highlighted, particularly
during the period of measurement in the Dry Season

Number of Mean Standard Minimum Maximum Coefficient of

Cases Deviation Variation (%6 }
Mixed Qak-Pine 51 47 022 096 1.16 4740
Natural Regeneration 49 843 0.23 095 (9t 530
Pine 51 350 023 0.06 0.94 45.3
Cypress 54 079 0.30 014 1.590 384
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Table 6. Summary of intersite T-test results.
Meteorological Mixed Qak-Pine Naturaf Regeneration Pine Cypress
Station
Meteorological g 2gt@)""*(b) 8,68t 7.8 ww 335+
Station 10.4(0? 102 104
Mixed (.96 -0.67 — G 1GFE
Qak-Pine 98 100 163
Natural - 154 — 5. 77k %
Regeneration 98 101
Pine -~ 5.55
103

(@} = T-value; (b) = Significance; {¢) = Degrees of Freedom.
* = Probably Significant at & 05; ** = Significant at .01; *** = Highly Significant at 0.901.
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(ie Jan 25 — Mar 17) Variation between the sites
is mainly reflected in different rates of evaporation;
however, though all the sites tend to follow the same
trend in fluctuations, there occurred a number of
occasions when s particuiar site was not consistent
with the others in relation to this trend Differences
in trend are probably a reflection of a particular
topographic  location.  This explanation would
account for the greater number of oceasions on which
the Natural Regeneration sife was not consistent
with the others, situated as it was the head of a
small valley down or up which were channeled the
prevailing winds, in contrast to more dispersed move-
ments over the other three sites. The contrast
between mean evaporativity lor the Late Rainy/
Transition Sesson and the Dry Season (Table 7)
#s marked by rates of evaporation during the Dry
Season of approximately twice those during the
former season. These higher rates are a result of the
generally dryer conditions and the influence of the
cool, dry northerly winds which prevail during this

pericd. The Average Percent Relative Humidity
during January, February and March (March value for
1976) was 72, 75 and 70% compared to values of
85, 83 and B80% for the months of Qctober,
November and December. Average wind speeds were
about 19 km/hr, with maximums in the 80s or near
80%. Mean Montly Maximum and Minimum
temperatures showed a trend towards increasing
through August to March, particutarly during March
and the preceding month of February. The monthly
means presented in Table 8 are more indicative than
absolute, based as they are on an incomplete monthly
record; however, the trend fowards increasing tem-
peratures and the differences between sites are clear
and consistent. A comparison of the mean rates of
evaporation at the sites during the Rainy/Transition
Season and Dry Season, as indicated in Table 7
correspond well with the mean maximum tem-
peratures for the corresponding periods, with the
exception of the Mixed Oual-Pine site during the wet
period. The Mixed Oak-Pine site, though experiencing

Table 7. Comparison of mean near-ground evaporativity (ml/hr) for Late Rainy Sesson/Transition and Dry Season,

Oct, 26 — Jan, 2§ Jan, 25 — Mar. 17 Ratio
Mixed Oak-Pine 0 286 0580 0.286/0.580 =049
Natural Regeneration 0.320 0526 0.32040.526 = 0.61
Pine 0.332 0.606 0.332/0.606 =055
Cypress 0.530 0.983 0.530/0.983 =054

Table 8. Mean maximum and minimum temperstures for August through March at sites.? Q).

Aug. Sept. Oct. Nov. Pec. Jan. Feb. Mar.
Mixed 21iJ 20 233 1232 11 222 266
Oak-Pine 122° 133 127 133 13.3 8.8 2. 127
Natural 188 183 18.8 177 17.7 194 21 21.6
Regeneration 122 122 122 116 11.6 717 10.5 116
Pine 18.8 188 21 203 21 216 238 261
116 116 122 133 127 B8 12.2 122
Cypress 216 216 222 227 23 8 216 25 26.1
127 2.9 1279 iz7 127 88 116 12.7

a = Average number of records eguais 8
b =Maximum
¢ =Minimum

Turrialba Vol. 32, No. 4, pp. 399-416
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temperatures similar to the Cypress site, nonetheless,
had the lowest mean evaporation rate for this latter
period. This may reflect local site conditions such as
higher relative humidities and less sub-canopy
turbulence which would tend to suppress vapour
pressure deficits and in tumn evaporativity.

Evaporativity at mid-canopy was one third greater
than the corresponding level near the ground (Table
9}, with the exception of the Cypress site. Exces-
sive shading may be the cause of differences found
between the Cypress canopy evaporimeter results and
the other sites.

Discussion: The higher evaporativities at the Pine
and Cypress sites agree with the results of Swank
et al. (30, 31, 32) which indicated that coniferous
stands lose more water to evaporation than similar
deciduous stands. In part this is due to the large
leaf area of conifers (average of 59.5 m? and 65.9 m*
respectively, for P psendostrobus and € lussitanica
found in plantations studied) which provides a large
interceptive, and consequently evaporative, surface.
The open and uniform nature of plantations permits
the development of organized mass air flows which
also favors greater loss of moisture to evaporation
both from the soil and the vegetation

The evaporativity at canopy level and at the
Meteorclogical Station was much higher than the
near-ground forest evaporativity as was expected
from previous studies (26, 33)

Transpiration

Materials and Methods: The objective behind the
measurement of transpiration was to obtain a
comparative measure of transpirational water loss
for the different forest types The ‘“cut-stem
potometer” fechnique used for measuring transpira-
tion in this study was adapted from Weaver et al
(34).

Table 9. Summary of canopy evaporativity {mi/hr).

In  choosing stems, attention was paid to
mtintaining consistency within amd between trials
with respect to size, position in canopy (eg ali
stems were taken from mid-canopy), and exposure
in order to reduce variation within species

Sterns were cut using garden sheass attached to
a long pole and were placed inte water contained
in a 250 ml praduated cylinder within seconds of
being cut. A one-holed cork stopper held the stem
in place and partially sealed the cylinder. The
cylinders were further sealed using plasticine around
the rim and around the stem and opening of the
stopper  Additional seuling was aceomplished using
a fast drying cement (Seal-All, Aflen, Stevenson
Products)

At each of the plantation sites, four replicates
were prepared during each  trial, since only one
species was involved. For the natural regeneration
site, five different species were tested and during
a given trial, four species with two replicates cach
wete involved. Three species were tested at the Mixed
Ouk-Pine site, one Pine (Pino ocote), one Oak {Enci-
no) and one sub-canopy species (Trompillon).

Once the potometers for o particular site were
all prepared, they were then ali raised into mid-
canopy on a smail platform where they were left
for a period of 48 hours Measurement involved
determining waler loss from the gradualed cylinder
and leaf area of sample

Though the method does not give quantitatively
reliable data in an absolute sense, it has been shown
to be an ecenomical and refatively simple method
to obtain data sufficient to establish transpirational
differences among forest types and species (15, 34).

Results: A comparison of the mean transpiration
rates (Table 10) for the different sites indicates that
the Pine Plantation with a mean of 2.37 the lowest
rates. The Mixed Osk-Pine, with a mean of 398 is

Mixed Oak-Pinc Natural Regeneration Cypress Pine
Number of Readings 9# 22 g% 23
Mean 0.89 0.86 1.0 093
Standard Deviation 035 0.3% 0.28 0.25
Ratio of Near Ground*#*
to Canopy Evaporativity 064 064 .98 065

*

[nstruments were damaged during high winds, which prevented further measurements

**  Readings for Near Ground Evaporativity were recorded together with those for the Canopy at the same time
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Table §0. Summary statistics of transpiration data mifm* /hs by species and site.

Sites Mixed Natural Cypress Pine
Species Oak-Fine Regeneration
Quercus aff Pinus
Sapotaefolia Lichm [ ecacna sp Cupressus husitanica pseudostrobus
Mean 335 2189 403 2.27
so! 219 234 1.25 109
Cleyeratheneoides Roupala wontana
(sw} Cheicy Audi
Mean 5.48 626
§$D 1353 i 86
Pinues oocarpa Sauravia pseudo-
Schiede rubrifornis Busc
Meian 311 675
SD 677 364
Cassia sp.
Mean 878
S$D 1.43
Wimmeria
eyelocarpa Radle
Mean 912
S.D. 534

1 Standard Peviation.

1,76 times greater than the Pine and is followed
closely by the Cypress Plantation at 403 (ie. 1.77
times Pine). The Natural Regeneration site, with a
mean of 676 experiences transpiration rates some
2 98 times greater than that of the Pine Plantation.

Statistical variztion among the cross-species
comparisons ranged {rom notl significant to highly
significant  Differences in mean trunspiration rate
between Pinabete and CiprEs, four of the Natural
Regeneration species {the exception being Guaje),
and Trompilion from the Mixed Ouak-Pine site were
highly significant. A significanl difference was aiso
found between Pinabete and Ocote pine. Besides
the highly significant difference found with Pinabete,
Ciprés also showed highly significant differences
with all species from the Natural Repgeneration site
except Guaje. No significant differences were un-
covered between Encino and Trompillon or Ocote
pine of the Mixed Qak-Pine though a possible
significant  difference  was indicated  between
Trompillon and Ocote pine. None of the three species
from the Mixed Oak-Pine site has a statistically
important variation when compared with Guaje of
Natural Regeneration site. However, both Encino and
Ocote pine had highly signiflicant differences with
Zorrillo, Vainillo and Lioroncito of the Natural

Regeneration species and a significant difference
with Siete Pellejos. Amonpst the Naturai Regenera-
tion species, a highly significant difference was found
between Guaje and Zorrillo, Vainillo and Lloroncito.
Significant differences were found between Guaje
and Sicte Pellejos, and Zorrilio and Vainilio

The results of the one-way ANOVA (Table 11)
comparing the grouped data for the broad-leaved
species to the grouped data for the conifers indicated
a highly significant difference between the two
groups. The mean transpiration rates for the broad-
leaved and coniferous groups wetre, respectively, 6.62
and 3.08. The broadleaved group has, overall, a mean
transpiration rate some 2.14 times greater than that
of the conifers

Discugsion: Published transpiration rates obtained
by Weaver er al. {34), using similar techrnigues to
those used in the present study are comparable in
range {o that found in the broadieaves species. Data
from McLean (18) is similar in its lower range as is
data [rom Odum et al (22). In cross-species
comparisons, data from Henrict (11) indicates lower
transpiration rates for both Cypress (€ lusitanica)
and Pine (P. radiata) when compared with Acacig and
Lucalyprus This relationship held true for five of the

Turrialba Vol. 32, No. 4, pp. 399416
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Table 11. Analysis of variance (grouped broadleaved versus grouped conifers),

Seurce D.F. Sum of Squares Mean Squares F. Ratio F. Prob.
Between Groups 9 3492043 38.8003 4.149 0400
Within Groups 102 953.9250 913522

Total 111 1303.1294

seven broadieaved species in the present study.
However, no significant difference was found
between any of the conifess in the study and Encino.
Oaks are the principal dominants in mature natural
stands in the study area. Transpiration rates for
Cypress and Pinus radiata were almost the same in
Henrici’s study, while in the present report Cypress
has a rate of 1.30 times gieater than P oocarpa and
1.78 times greater than P pseudostrobus. Kittredge
(14) found average daily transpiration for pines
greater than various species of Oaks, whereas, in this
case no significant statistical difference was found
between Encino and either pine Transpiration rates
for pines in the present study are also comparable
to those found by Minkler (19)

Consideration of the exact meaning of transpira-
tion rates, in terms of water loss, must include com-
parative measure of the leal surface area of the
species involved. The two plantation species, Pinus
pseudostrobus and Cupressus lusitanico, had mean
leaf surface areas of 595 m? and 659 m?, respec-
tively  Data for broadleaf species was not obtained
nor found in the literature, but are likely to be less
based on subjective impressions from field observa-
tions. Some of the broadleaved species, notably
Leucaeng sp. and Cassia sp., experience partial
defoliation during the dry season, which would
lessen their impact on available soil moisture.

Conclusions

It is clear that the Cypress site is the driest of

the four sites. Low throughfail, high evaporation
and moderately high transpiration (together with
a large leaf surface area) combined to give the most
rapid rate of soil moisture depletion and produce
very dry site conditions Foliowing in order of dry-
ness were the Natural Regeneration and Mixed Qak-
Pine sites, both of which had similar site conditions
when all factors were considered. The Pine site, with
greater throughfall, moderate evaporation rates and
low transpiration: rates, was the least dry of the four
sites

These conclusions have important implications for
the area In terms of the water balance the implica-
tions are: 1) run-off, and, consequently, streamflow,
is reduced under plantations of conifess, particularly
cypress and 2) higher evapotranspirational losses will
lead to increased rate of regression of streamflow uas
present plantations mature and new ones are plantes.

The principal management implications are: 1)
reduced streamfiow will reduce the danger of
flooding during the rainy season of the San Jose
River; 2) vegetative cover, in the form of a canopy
and litter, as provided by the conifer plantations,
provide protection for the soil and reduce the
potential for soil erosion; 3) rapid rates ol soil
moisture depletion, as found under cypress, along
with a deep layer of iitter and abundant brush lead
to dry conditions which increases fire hazard, and 4)
reduced streamflow, arising from greater evapo-tran-
spiration by the forest, leads to reduced availability
of irrigation water and thus will prolong the effective
drought season.

These implications apply to the immediate are in
which the study was undertazken and may extend
to other areas in El Salvador where reforestation is
occurring as well

Management priorities will determine the impor-
tance of reduced streamnflow from the area. A number
of factors argue strongly for placing the management
for water yield as the first priority. The most
compelling being that £l Salvador, as Moore (20) has
stressed, is first and foremost an agricultural country
dependent upon export for foreign exchange
earnings. Moreover, the country experiences an
annual drought period of approximately five months
and, consequently, s a country where water is an
extremely valuable resource sufficiently scarce
already that rationing occurs throughout a portion
of the year in many parts of the country.

Reforestation is an ugent necessity in order to
preserve soii resources and, as well, to provide jobs
and revenues in many areas of the world Undoubtly,
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various species of conifers such as Pimes sp. and
Cupressus spo., have an important role to play; it
s not the intent of this research to discredit their
utility. However, the choice of reforesting with one
species versus another can have important implica-
tions, as this study indicates. Yet, huge gaps in our
present knowledge concerning the characteristics of
forest species in relation to factors such as evapo-
irenspiration exists, which prevent proper evalua-
tions of such choices and their long-tenm significance
It is towards the objective of reducing this gap that
this research has been directed and the discussion of
the advantages and disadvantages of conifers versus
natural broadleaved species addressed.
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ADUBACAO FOLIAR DO FEIOEIRQ (Phascolus vulgaris L.): 1. ESTUDO DE E:-POCAS DE

APLICACAO DE NITROGENIO! /
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Summary

To study the effects of foliar fertilization with nitrogen in different stages of
plant growth, nwo field experiments were set out in a sandy loam soil. The first
experiment was conducted during the wet season and the second during the dry
SeasOI.

Nitrogen {32-0-0) was applied on the leaves at the level of 20 lfha on three
different dates divided nwice: 15 and 30, 30 and 45, 45 and 60 days from seedling
emergence. All of the plots received a basic soll fertilization with 80 kgiha of P,0;,
30 kglha of K, O applied in the row plus 30 kgfha of N topdressed 15 days after
seedling emergence

Foliar nitrogen fertilization at 30 and 45 days after seecdling emergence increased
bean production by 18% in the wet season and 39% in the dry season. It was noticed
that late season application of nitrogen on the leqves caused an increasing in the

thousand-grain weight.

Introdugdo

pritica da adubacdo foliar vem aumentando nos
ultimos anos devido s respostas rdpidas e satis-
L fatorias que vém sendo obtidas em algumas cul-
furas, e ainda 20 baixo custo da aplicagiio, principal-
mente se associada i aplicagio de defensivos. Contu-
do, em nosso meio, s¥o escassas as pesquisas sobre
essa pritica na cultura do [eijdo, e virios aspectos
carecem ainda de estudos ou confirmagdes.

H Recebido para publicagiio em 11 de novembro 1981,

% Departamente de  Agricullura e Silvicultura, FCA[
UNESP, 18600 Botucatu, SP. Brasil

¥ Jdem, com bolsa do CNPq

w54 [stadidrio do dept? de Agricultors ¢ Silvicultura, FOA/
UNESP.

Alguns autores (3, 4) justificam o estudo sobre o
assunto no feijoeiro devido a facilidade de aplicagio
e custo relativamente baixo quando em associagdo
a0 controle fitossanitirio

Um dos aspectos ainda nio definidos do problema,
¢ a época de aplicagfio que poderiz promover os mel-
hores resultados.

Com relagdo a este aspecto, tem sido demonstrado
que, para a cuftura da sofa, aplicagdes de adubos folia-
res no estipio reprodutivo da planta tem dado bons
resultados (5, 10), embora existam trabathos que
mostrem resultados negativos para essa pratica (1,
8)

Na cultura do feijoeiro, foi demonstrado {7} que
aplicagdes tardias podem dar bons resultazdos, em
determinadas condigdes, Por ouiro lado, encontram-
se citagfes (5} em que os adubos foliares nitrogena-
dos proporcionaram melhores resuitados gquando
aplicados no estégio vegetativo das plantas anuais.
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Com a finalidade de contribuir para o estudo
de épocas de aplicacdo de adubo nitrogenado foliar
em feijoeiro foi conduzido o presente trabalho

Material e métodos

O trabatho constou de 2 ensaios conduzidos em
condices de campo na Estagao Experimental de Sio
Masuel, Municipio de Sio Manuel, Estado de Sio
Paulo, sendo um na safra das dguas e o outro na safra
da seca do ano agricala de 1979/80

O solo utilizado para ambos os ensaios fol classi-
ficado como Latossol Vermelho Escuro-fase arenosa,
que revelou as seg;lintes carateristicas: pH = 3.5;
M O =067%:K =017emg PO 3 =005 emg;
Cat? + Mg™® = 153 emg e A" = 0.4 emg por
100 g de TFSA, em amostragem realizada antes do
19 ensaio.

A cuitivar utilizada foi a carioca

O delineamento experimental utilizado foi em
blocos casualizados, com 4 tratamentos e 5 repe-
tigoes.

Os tratamentos constaram de:

i) Testemunha

2) Adubagdo foliar aos 15 e 30 dias ap6s a emer-
géncia das plantas

3} Adubacio foliar aos 30 ¢ 45 dias apds a emer-
géncia das plantas

4) Adubagiio foliar aos 45 e 60 dias apds a emer-
géncia das plantas.

A adubagdo foliar constou da aplicagio de 20 i.
por hectare da formula 32-0-0, parcelas em duas
vezes, sendo, o produto utilizado, conhecido comer-
cialmente como URAN

Em cada uma das aplicagdes foram utilizados
300 /ha de dgua mais 1,0 ml de espalhante adesivo
por litro de dgua.

Todos os tratamentos receberam adubagio normal
no solo na base de 30-80-30 kg/ha de N, P;0;5 e
K, 0, respectivamente nas formas de sulfato de amo-
nio, superfosfato simples e clorcto de potissio Os
adubos fosfatadas e potissico foram aplicados por
ocasiao da semeadura, em sulcos situados 5 cm ac
lado e abaixo daqueles destinados s sementes

A adubacfio nitrogenada foi efetuada na sua tota-
lidade, em cobertura, aos 15 dias apds a emergéncia
das plantas

Cada parcela experimental constou de cinco linhas
de cinco metros de comprimento, espagadas entre si
de 0.40 m

Considerou-se como drea Gtil da parcela as 3 linhas
centrais, eliminando-se 0.50 m de cada extremidade
dessas linhas, que foram consideradas como borda-
duras

As semeaduras do feiifio foram efetuadas a 5 de
outubro de 1979 ¢ 14 de fevereiro de 1980 respecti-
vamente para a época das dguas ¢ da seca. O final
de emergéncia das plantas foi observado sos 15/10/79
e 21/02/80, respectivamente para o ensaio da safra
das dguas e da seca e na mesma ordem a colheitazfoi
realizada em 10 de janeire e 13 de maio de 1930.
Apds a colheita de ambos os ensaios [oi procedida
a secagem, a limpeza e a pesagem do produto A par-
tir dos grios colhidos na safra da seca, foi determina-
do o peso de 100 graos conforme prescreve as regras
para Anilise de Sementes (2).

Na acasiao da colheita do ensaio da safra da seca
foram coletados ao acaso 10 plantas por parcela e
determinado o nimero de vagens, o nilmero total
de grios, o nimero de grios desenvolvidos ¢ o au-
mero de grios ndo desenvolvidos A média dos dados
obtidos com as 10 plantas {oi utilizada para cdleulos
dos parimetros dos ensaios.

Resultados e discussdo

0 desenvolvimento vegetative das plantas foi not-
mai durante todo o ciclo, ocorrendo leve incidéncia
de bacteriose que nio chegou a prejudicar os ensaios
Contudo a aplicacio do adubo foliar aos 15 dias apds
2 emergéneia das plantas ocasionon uma leve queima-
dura na parte marginaf do limbo dos foliclos A me-
dida em que foram retardadas as aplicagdes, os sinto-
mas diminuiram de intensidade ¢ frequéncin. O desen-
volvimento das planias injuriadas foi normal o que
leva a coreluir que as injtrias ndo chegaram a afetar
o creseimento das mesmas,

0Os dados médios da producgiio de feijio das safras
das dguas e da seca, encontram-se na Figura |

A andlise estatistica dos dados de producdo nio
tevelou diferenca significativa entre os tratamentos
para época das dguas, entretanto notou-se uma ten-
déncia de se obter maior produgio {18% ) quando se
faz aplicacio do adubo foliar aos 30 e 45 dias ap6s
a emergéncia das plantas (Figura 1)

Na safra da seca a producio verificada para o cita-
do tratemento foi significativamente superior (39%) a
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Fig 1 Efcito de épocas de aplicagio foliar de nitrogénio
(T . testemunha; § 1§5e30;2. . 30cds;
3 . . 45 ¢ 60 dias da emergénein) ns produgio do

feijoelro, culturs das dguas ¢ da seea

producio da testemunha ¢ também em relagdo a
produgdo obtida para a aplicagio do adubo aos 15-30
dias apos a emergéncia das plantas.

A média de producfio das duas safras vem realgar
0s dados obtidos na época das secas, onde verifica-se
que o tratamento em que foi efetuada a aplicacdo do
adubo foliar aos 30 e 45 dias apds 2 emergéneia das
plantas produziu 29% mais que a testemunha

Os dados médios do nimero total de grios, nime-
ro de grios desenvolvidos e o nimero de grfios nio
desenvolvidos por planta acham-se na Figura 2.

A anilise estatistica dos pardmetros mencionados,
ndo revelou diferencas significativas entre os trata-
mentos, contudo pode-se verificar que a aplicagdo de
adubo faliar aos 30-45 dias apos @ emergéneia, reve-
lou uma tendéncia, ndo significativa, de apresentar
maior numero total de grios por planta e maior
numero de grios desenvolvidos por planta e menor
numero de grios ndo desenvolvidos por planta. Tal
fato vem explicar em parte a mafor producio abti-
da para este tratamento, anteriormente vista Esses
resultados levam a presumir que a aplica¢io do adubo
foliar na citada época contribuiu para o fornecimento
de niveis maiores de nitrogénio, permitindo o desen-
volvimento de maior nimero de grios que os demais
tratamentos. Essa premissa poderia ser feifa com
maior seguranga caso os resuitados obtidos fossem
estatisticamente diferentes.
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Fig. 2 Efeito de épocas de aplicagie foliar de nitrogénio
(T . . testemunha; 1 .. 15e30;2 .. 30ed5;
3 .. 45 e 60 dias apds emergéncia) no nimero de
praos por planta de feijao, cultura da seca.

Os dados médios do numero de vagens por planta e
do peso de 100 grios encontram-se na Figura 3. A
andlise estatistica desses dados nio revelou diferenca
significativa para o niimero de vagens por planta,
entretando em todes os traiamentos que se ufilizou
o adubo foliar resultou em maior niimero de vagens
que da testemunha. Tal fato leva a formular a hipd-
tese de que a aplicagiio de adubo nitrogenado por via
foliar influiv na retencio e formagio das vagens.
Contude, deve-se ressaltar que tais resultados nio
{orzm estatisticamente diferentes,

Ainda pela Figura 3, com referéncia ao peso de
100 graos pode-se observar que a aplicagdo de adubo
nitrogenado foliar aos 45 e 60 dias apds a emergéncia
das plantas resultou em griios significativamente mais
pesados que os da testemunha e da aplicagio de foliar
aos 15 e 30 dias apos a emergdncia das plantas. Con-
tudo o citado tratamento nio diferou da aplicagdo
aos 30 e 45 dias #pos a emergéncia da planta. Pode-se
dizer que a medida que se retardou a aplicagdo dos
adubos foliares obteve-se sementes mais pesadas.

Alguns autores tém observado que & manutencio
de niveis adequados de nitrogénio nos estigios tardios
da planta pode manter por mais tempo a taxa foto-
ssintética das folhas (1, 7, 9). Isso parece ser aconte-
cido na safra da seca do presente frabalho uma vez
que ocorreu um aumento ne peso de 100 sementes,
que pode ter sido uma lungdo da manutengio da sin-
tese de carbohidratos por um tempo muaior, ou em
maior intensidade, nos estdgios finais da cultura

Turrialba Vol. 32, No. 4, pp. 417421
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Quadro 1. Médins dos dados de produgiio, obtidas para tratamentos dos ensatos conduzidos na safra das dguas e na safra da seca.

I ratamento Safra das dguas Safra da seca Média das o
producao: kg/ha producio: kg/ha 2 safras

TEST. 494 u 546 b 524 160
1530 327a 570 b 549 106
30435 581 a 758 a 669 129
45--60 479 a 680 ab 579 111
DM.S (55) 152 144

{Tukey)
CV %) 15.54 12.02
Nota: Médins seguidas da mesma letra nilo difercm entre si significativamente.

Quadro 2. Médias dos dados de ndmero de vagens por planta, nismero de griios por planta e nitmero de grios por vagem, obtida no

ensaio conduzido na safra da seca.

Nimero de Nimero de griios por planta Peso Nimero de graos por vagem
vagens por desen- nio desen- de desen- nio desen-
planta total volvidos volvidos 100 graos total volvidos volvidos
Testemunha 408a 19661 1544 a 4221 228%a 4.90 179 1.10
Sel0 4440 20922 1702a 390a 2308a 475 1.36 0.89
30e45 4423 31.48a 1830 318z 2345 ab 4 81 4.14 068
45e¢60 4.52a 19.62a i6.30a 3322 414 b 4.33 3.59 0.80
D M S 5% 162 7.02 553 209 058
(Tukey)
C v (%) 1978 1831 17.55 3007 228
Nota: Médias sepuidas da mesme letra nilo diferem entre si significativamente.

Entretanto, quande se analisa os dados de produ-
¢do (Figura 1), observa-se que a contribuigde do peso
de 100 grios isoladamente ndo foi suficiente para
elevar substancialmente a produgiio, uma vez que a
aplicagdo de adubo foliar aos 25 e 60 dias apds a
emergéncia das plantas que revelou maior peso de
100 grios, nfio chegou a provocar aumentos signifi-
cativos de producdo em relagio a testemunha e, re-
sultou inclusive em uma produgéo inferior a obtida
no tratamento aos 30 e 45 dias, embora nao sendo
estatisticamente significativa

Provavelmente, a soma de beneficios revelados
por cada uma dos componentes isoladamente é que
foi a responsdvel pela malor produgac verificada pela
aplicacdo do adubo foliar aos 30 e 45 dias apbs a

emergéncin das plantas  Assim  contribuiram para
maior produgio, o major nimero de grios desen-
volvidos e o maior peso de 100 grios, sendo que cada
componenie influiu com uma parcela que na soma-
toria resultou em maior produgdo.

Tais resultados contrariam a hipotese de autores
{6), que trabalhando com soja, recomendaram g
aplicacio de adubos [oliares em estdgios tardios das
plantas, visando o fornecimentoe de aiveis adequados
de nutrientes para que houvesse boa translocagio
dos mesmos para o6rgaos o que seria suficiente para
aumento de produgdo. Deve-se levar em considera-
¢do que o habito de desenvolvimento diferentes das
duas espécies, venham justificar as diferengas com os
resultados do citado autor.
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Conclusies

1) A aplicagio de adubo nitrogenado foliar parcelado
oas 30 e 45 dias apds a emergéneia das plantas
resultou em significativo aumento de produgdo
(39% ) em relagdo a testemunha na safra da seca
e em aumento razodvel {18% ) na safra das dguas
e e aumento médio de 29% nas duas safras.

2) A aplicacao do adube nitrogenadoe foliar parcela-
¢ i

do aos 45 e 60 dias resultou em semenles mais

pesadas que a niio realizagio da pulverizacio foliar.

3) Em face dos resultados obtidos no presente tra-
batho, novos estudos sio necessdrios, principal-
mente visando verificar o eleito em épocas isola-
das, bem como do fornecimento de outras doses
miis elevadas.

4} A aplicagao de adubo nitrogenado foliar nfio oca-
sionou efeitos significativos no numero de vagens
por planta, nimerc total de grios, nimero de
graos desenvolvidos e niimero de graos ndo desen-
volvidos.

Resumo

Com a {inalidade de estudar o efeito da aplicagio
de adubo nitrogenado via foliar em diferentes esti-
gios de desenvolvimento do fefjociro, foram: condu-
zidos dois ensaios em condigao de campo na Estagio
Experimental Sto Manuel, Municipio de Sio Manuel,
Estado de Sao Paulo, em um solo classificado como
Latossolo Vermelho Escuro-fase arenosa, sendo um
na safra das dguas e outro na safra da seca, no ang
agricola de 1979/80

Os 4 tratamentos constaram de uma testemurnha
e da aplicagGes por via foliar de 20 I/ha da férmula
32-0-0 divididos em 2 aplicag8es: aos 15 e 30; 30
¢ 45 e 60 dias apds a emergéneia das plantas Foram
utilizados 300 l/ha de dgua mais espalhante adesivo
Todos os tratamentos receberam adubagio fundanmen-
tal de 80 kg/ha de P, 05 e 30 kg/ha de K50, mais
30 kgfha de N, aplicado em cobertura aos 15 dias
apds a emergéneia das plantas.

No ensaio conduzido na época das dguas niio foi
verficado resposta significativa quanto 4 produgio
de grios, notando-se apenas uma tendéncia de aumen-
to da mesma {18% ) quando o adubo foi aplicado
aos 30 ¢ 45 dias da emergéneia Os resultados obti-
dos nu época da seca evidenciaram que a aplicagio
de adubo foliar no citado estigio resultou em aumen-
to significativo da produgde Verificou-se ainda que

i medida que se retardou a aplicacio do adubo foliar,
houve aumento no peso de 100 sementes de feijio
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Se reconoce en general que los factores eddficos
forman parte de las principales limitantes de la pro-
duccidn agricola en los tropicos. Existe bastante ex-
periencia a nivel local sobre estos problemas, pero no
se ha resumido fa informacidn individual con el fin de
obtener una visidn global de los problemas y las solu-
clones propuestas

Este velumen incluye los 21 trabajos y los resime-
nes de las discusiones presentadas de un simposio rea-
lizado en el Instituto Internacional para Investigacidn
en Arroz (IRRI},

Los primeros trabajos se refieren a aspectos genera-
tes del problema; el primero analiza la posible coope-
racién en suelos vy el segundo identifica las limitantes
de suelos que afectan el desarrollo agricola de los
tropicos. Este segundo capitulo resaita algunas limi-
tantes pocas veces reconocidas como por gjemplo ia
limitacién a la produceidon por excesiva temperatura
del suelo. También se reconoce claramente la necesi-
dad de establecer las relaciones entre las propiedades
de suelos y de los climas en relacion a los requeri-
mientos de cultivos especificos

La sepunda subdivision del simposio se dedicd a la
identificacidn de las limitantes de suelo en relacién a
su clasificacion en el primer trabajo y en diferentes
partes del mundo en los cuatro restantes. Las cuatro
regiones consideradas son América Tropical, la parte
hiumeda de Africz Tropical, la parte sureste de Asiay

los trépicos semidridos con referencia especial a India.
Esta parte, que consiste en casi la tercera parte del
voiumen, incluye un capitulo muy general v en otros
cuatro discute los problemas de las regiones mencio-
nadas en términos de sisternas de agricultura, Bstos
capitulos tienen bibliografias bastante amplias refle-
jando la investigacion de los grandes centros interna-
cionales en estas regiones. Se da mucha relevancia en
estos trabajos a Ins necesidades de investigacion en las
diferentes regiones. Considerando el alto nivel de los
autores de los trabajos, se debe considerar estas reco-
mendaciones, ya que vienen de personas con ia vision
general de las necesidades

La tercera subdivision estudia individualmente las
dreas donde falta informacidn sobre Hmitantes de sue-
los. En 14 trabajos, que incluyen mds de la mitad del
volumen, se estudian problemas como el de fa acidex
de los suelos bien drenados. Como el topico es muy
amplio es dificil evitar que se omitan apreciables
areas; se descuida la cuantiosa experienciacon boro en
Latinoamérica y se exagera los problemas de los pro-
pios paises en el caso de capituios como el de elemen-
{08 MENOores.

A juicio de este revisor el problema de deficiencia
de P pudo tratarse en un poco mds que el 3% del
volumen. Se estima también que faltan muchas citas
importantes que podrian haber contribuido a este ca-
pitulo En forma similar el capitulo sobre K cubre
solamente parte de la situacion con énfasis en la [n-
dia Asi se cita solamente un trabajo no publicado
sobre Latinoamérica, en comparacion con mds de una
docena de trabajos de fa India

Los capitulos tienen resimenes atiles v en la bi-
bliografia se cita muchos de los trabajos fundamenta-
les en el campo. Por desgracia el volumen no tiene
indice, 1o que le hace mucha falta. El inglés de la obra
es claro y comprensibile. El volumen representa otra
adicidn Gtil a la literatura agricola en los tropicos,
proveniente del IRRIL

ELEMER BORNEMISZA S.
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



ADUBA(;‘.AO FOLIAR DO FEUOEIRO (Phaseolus vulgaris L.): 11 EFEITOS

DO NITROGENIO COM E SEM COBERTURA NITROGENADA'/
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Summary

In two field experiments, the effects of nitrogen fertilizers applied in the soil
andfor on the leaves on bean production were studied The first experiment was
caomcducred during the wet season and the second during the dry season,

Nitrogen (32-0-0} was applied on the leaves on 5 levels (0, 12, 24, 36 and 48
I/ha divided into a applications {15, 30, 45 and 60 days from seediing emergence), in
the presence or absence of 30 kgfha of topdressed nitrogen

The topdressed nitrogen always increased bean production. In the wet season
there was a small production .increase due to foliar fertilization in the absence of
topdressing, but in the dry season a tendency to quadratic reponse to foliar fertiliza-
tion was noticed irrespective of topdressing. Nitrogen application on the soil {20 days
from seedling emergence} caused gn increase in number of pods per plant whilst the
foliar fertilization with nitrogen in the absence of topdressing increased the Housand-

grain weigth.

Introdugdo

rabalhos conduzidos por Bulisani ¢ outros (2,
3) demonstraram que a adubagdo {oliar do fei-

b joeirc pode ser uma prdtica vidvel, uma vez que
existe a possibilidade da mesma ser efetuada junta-
mente com os tratamentos fitossanitdrios. Os autores
relatam que ocorreram aumentos de produgfio de 18
a 35% com a adubaclo foliar, dependendo do
produto utilizado, da dosagem e da presenga ou
auséncia de adubagho mineral no solo. Os tralamentos

1 Recebido pira publicagio em [1 novembre 1981

* Dept® de Agricultusa e Silvicultura, FCAJUNESP, com
bolsa do CNPq

L Dept? de Agricultura e Silvicultura, FCAJUNESD.
rEk Eetaptiric do DAS/FCAJUNESP.

sk Ultrafértil S/A.

que receberam adubagdo no solo produziram mais
do que aqueies que receberam adubos ap.nas pelas
folhas, e a resposta ao adubo foliar foi menor quande
em presenga de adubagdo no solo,

Em Israel, foram estudados alguns aspectos da adu-
bagio foliar do feijoeiro (6), que concluem ter oco-
rrido aumentos de 10 a 40% na produgio quando
foram feitas 1 ou 2 aplicagOes foliares de nutrientes
(NPKS), em consequéncia principalmente do aumen-
to no némero de sementes por planta e do peso de
100 sementes Os autores explicam que estes efeitos
foram devidos nfo propriamente ao fornecimento
de nutrientes, mas sim a um retardamento da queda
da taxa [otossintétlica das plantas

Apesar disso, alguns resultados de pesquisas condu-
zidas no Brazil (8) tem demonstrado que a adubagio
foliar do feijoeiro chegou a deprimir a produgdo.

Em todos os casos relatados, [oram utilizadas for-
mulas NKP em adubagao foliar, o que nio permite

Turrialba Vol. 32, No, 4, pp. 423-428
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atribuir o efeito, benéfico ou maléfico, a um deter-
minado nutriente. Desta maneira, entre outros
aspectos, ¢ lmportante o estudo dos efeitos de deter-
minados nutrientes, quando aplicados via foliar, na
producac do feijoeiro e em seus componentes, para
que se possa chegar 2 uma recomendacdo segura
desta pritica,

Dentre os macronutrientes primdrios, tem-se
obtido respostas do feijoeirc & adubagiio nitroge-
nada com relativa frequéncia, o que torna funda.
mental o estudo do emprego de lertilizantes nitroge-
nados & culturs em questiio (5), principalmente se
for levado em consideracic que a translocagdo do
nitrogénio das folhas para os grios apressa a senes-
céncia das folhas, como foi observado na cultura da
soia (1, 10).

Material e métodos

O trabalho constou de 2 ensaios conduzidos em
condigGes de campo, na Estacio Experimental de
Sdo Manuel, Municipio de Sio Manuel, Estade de
Sdo Paulo, sendo uma na safra das dguas e o outro
na safra das secas do ano agricola de 1979/80

O solo utilizado para ambos ensaios foi classifi-
cado como Latossol Vermelho Escuro-fase arenosa
que revelou as seguinfes cardcteristicas quimicas
pH =55, M O = 067%; POy =005 emg; K¥ =
017 emg; Ca®t = 1.19 emg; MG* T =034 emg €
A" =04 emg por 100 g de TFSA, em amostragem
feita antes do 1° ensaio. Foi efetuada calagem na
dose de 2 t/ha

A cultivar utilizada em ambos ensaios fol a cartoca

O delineamento experimental utilizado para cada
ensaio foi um fatorial 2 x 5, com quatro repetigdes,
em blocos casualizados. Os tratamentos constaram
das aplicacdes de 0, 12, 24, 35 e 48 litros por hectare
de adubo nitrogenado {32.0-0) via foliar, na presenga
ou nao de adubagdo nitrogenada no solo. As doses
foram divididas em quatro aplicagdes feitas aos 15,
30, 45 e 60 dias apés a emergéncia das plantas. Em
cada uma das aplicacGes foram utilizados 300
litros/ha de dgua e 1 ml de espalhante adesivo por
litro de dgua. A adubagao bdsica constou da aplica-
cio de 80 e 30 kg/ha de P,0;5 e K,0, respectiva-
mente, nas formulas de superfosfato simpies e cloreto
de potdssio, aplicadas por ocasido da semeadura, em
sulcos situados 5 cm ao lado e abaixo daqueles
destinados ds sementes.

Nos tratamentos destinados a receber adubo nitro-
genado no solo foi aplicado 30 kg/ha de N como sul-
fato de Aménio, em coberturs, aos 15 diss apds a
emergéncia das plantas,

Cada parcela experimental constou de cinco linhas
de cinco metros de comprimento, espagadas entre si
de 040 m. Foi considerado como drea 4til da parcela
as 3 linhas centrais eliminando-se 0.50 m de cada
extremidade.

A semeadura foi efetuada a 5 de outubro de 1979
¢ 14 de fevereiro de 1980 respectivamente para a
época das dguas e da secs. Considerou-se final de
emergéncia das plantas 15/10/79 ¢ 21/02/80 respecti-
vamente para o enszio da safra das dguas e o da seca
e na mesma ordem a colheita foi efetuada em 10 de
janeiro e 13 de maio de 1980 Por ocasito da colheita,
na época da seca, foram amostradas 10 plantas por
parcela, onde foram determinades: nimero de vagens,
nimero de grios, tamanho das vagens e a produgdo
por planta Foi efetuada andlise de varidncia dos
dados obtidos e tentou-se correlacionar entre si os
resultados

Resultados e discussao
Desenvolvimento das plantas:

O desenvolvimento vegetativo das plantas foi
rormal durante todo o ciclo, ocorrendo leve inci-
déncia de bacteriose gue ndo chegou a prejudicar
0s ensaios. Entretanto apos a aplicagiio do adubo
foliar nitrogenado houve uma queimadura que afetou
a parte marginal do limbo dos foliclos Essa ocorrén-
cia foi verificada pars a aplicagio do loliar nu dose
de 48 |/ha, ¢ em menor intensidade e frequéncia para
a dose de 36 I/ha. Os demais tratamentos nio chega-
ram a mostrar sintomas de fitotoxidez. A injiria oco-
rred com menor intensidade e frequéncia nas aplica-
coes mais tardias, estando presente em maior inten-
sidade e frequéncia quando o adubo [oi aplicado aos
15 dias apés a emergéncia ou seia quandoe as plantas
apresentavam a 3% folha trifoliada, sendo extrema-
mente leve quando se aplicou o foliar aos 60 dias apds
a emergéncia

Tanto as plantas injuriadas como as nio injuriadas
desenvolveram-se normalmente, o que leva a concluir
que aparentemente as queimaduras verificadas ndo
chegaram a afetar o desenvolvimento das mesmas
Alguns autores tem atribuido diminui¢des na produ-
¢do com aplicagic de adubos foliares & queima das
folhas pelos produtos (G, 7), 0 gque nac ocorreu no
preseqte caso

Produczo:

As producoes obtidus nos ensaios da época das
dguus e da época da seca encontram-se na Figura |
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| de N/ha (divididos em 4 aplicagbes vie foliar)

Fig. 1. Produgdes de feijio na época das dguas e da seca, em fungdo da aplicagao de N via foliar, na presenca e auséncia de adubagio

em cobertura.

Pode-se notar pela referida figura que ocorreram
algumas tendéncias de resposta a4 adubagao foliar,
embora nao se tenha obtido diferenga estatistica-
mente significativa para os tratamentos foliares.
Houve resposta significativa apenas para a aplicacdo
do nitrogénio em cobertura no solo.

E interessante ressaltar na Figura 1 a tendéncia
quadrdtica dos resultados obtidos na época da seca,
demonstrando que a partir de certo ponto apareceu
um novo agente limitante da produtividade, prova-
velmente a dgua através de sua interagdo com a nutri-
cdo da planta, como pode ser visto na Figura 2, onde
estdo as precipitagOes ocorridas no periodo. Refor-
cando essa hipdtese existem trabalhos demonstrando
que a adubagao foliar apresenta melhor resultado sob
condicdes hidricas satisfatorias (4).

Outro ponto a ser discutido é o fato de que a apli-
cacao de aproximadamente 20 kg de N/ha via foliar
(48 I/ha de 32-0-0), proporcionou uma produgdo
de feijao muito semelhante dquela obtida com 30 kg
N/ha em cobertura, no solo, na época das dguas, mas
nao na época da seca (Figura 1). Novamente poderia
ser levantado o problema das condigoes hidricas en-
contradas em cada caso.

Componentes da producio:

Os resultados obtidos para os diversos componen-
tes da producao do feijoeiro na época da seca podem
ser vistos em Quadros 1 e 2.

Na Tabela 1 pode-se notar que a aplicagdo de ni-
trogénio em cobertura sempre proporcionou resulta-
dos com valores maiores do que sem a aplicagfio de
nitrogénio no solo, com exce¢io do tamanho das
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Fig. 2. PrecipitagGes ocorridas durante a conducio dos
ensaios.
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Quadro 1. Efeito da andubagio foliar com nitrogénic (32-0-0) em presenga ¢ auséncia de cobertura nitrogenada no peso de 100 semen-

tes, producao por plantas, n® de vapens por planta ¢ tamanho das vagens do feijoeiro, safra da seca,

I/ha* Produgao Peso de 100 Nimero de vagens Tamanho das
Cobertura 32.0.0 gfplanta sementes*® por planta vagens {cm)
0 212 213 x 26 89
12 226 W3y 28 96
24 2217 22y 26 84
0 kg Nfha 36 216 225y 28 78
48 17.6 21.0x 15 7.8
Média 213 b 219b 26 b 835b
0 295 220 37 82
12 306 225 3.7 86
24 339 225 37 33
30 kg N/ha 36 296 124 3.5 8.2
48 292 225 3z G.5
Média 30.5a 224a l6a 86a
CV.% 1913 15 159 172
f ad foliar ns. o ns ns
f.ad. cobertura ek *# Hik ns
f. interagao ns *ik ns ns

*  Poses divididas em 4 aplicagdes aos 15, 30, 45 ¢ 60 dias da emergéneia das plantas

#* 3¢ by demonstram diferencas significativas (P < 0.5) para N em cobertura; x e y indicam diferengas entre tratamentos foliares.

Quadro 2, Efeito da aduba Ao foliar com nitrogénio {32-0-0} em presenga e auséncia de cobertura nitrogenada no nimero de Eri0s por
I G -, 3 < Il
planta e nitmero de graos por vagem do feijoeiro, safra da seca.

1/ha* n? de graos/planta®* n? de grios/
Cobertura 32-0-0 desenvolvidas ndo desenvolvidas total vagem
0 a6 23 119 454 x
12 108 38 14.6 528y
24 11.5 23 138 232y
0 kg N/ha 36 116 24 140 519y
48 84 25 149 480 x
Média i04b 274 1303 b 493
0 129 26 156 467
12 13.2 30 16.2 440
24 13.9 37 176 4.57
30 kg Nf/ha 38 12.2 4.0 162 4.25
48 1211 11 152 4.75
Média 129a 313a 1660 4,53 a
CV.% 6.5 323 178 15.00
{ ad. foliar 1.5 n.g ns. ns
f. ad. cobertura # ns *E n.s
f. interagdo ns ns I s. *

*  Doses divididas em 4 aplicagoes aos 15, 30, 45 ¢ 60 dias da emergéncia das plantas.

** 3 a b demonstram diferengas significativas (P < 0.5) para N em cobertura; x e ¥ indicam diferengas entre tratamentos foliasres.
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vagens. Apesar da rfdo significincia estatistica entre
as diferencas observadas, na maioria dos casos, os
resultados obtidos explicam os resultados obtidos
para praodugio (Figurz 1), sendo que no caso da au-
séncia de N em cobertura foram obtidos coeficientes
de correlagio altamente significativos entre a pro-
ducdo por planta e peso de 100 sementes com a pro-
dugfio de grios em kg/ha

Na Tabela 2 encontram-se o ndmero de grios
desenvolvidos, niac desenvolvidos e total por planta
e o nimero de grios por vagem. Novamente o teste
{ foi significativo apenas para adubagio em cobertura.
Cumpre ressaltar que, na auséncia de nitrogénio no
solo, obteve-se correlagio altamente significativa e
positiva entre o ndmero de grios desenvolvidos,
numero total de grios por planta e nimero de grios
por vagem com a producio de feijio, ao passo que a
correlagao obtida para griios nfo desenvolvidos foi
negativa. Estes resuftados permiiem inferir que a
tendéncia observada pars a producio foi devida & uma
melhor desenvolvimento dos grios

Os resultados obtidos no presente trabalho, na
época da seca, permitem aindz inferir que a resposta
fisiolégica do feijoeiro parece ser diferente quandoe o
nitrogénio ¢ aplicado no solo ou via foliar, pois o
aumento de produgao devido d aplicagio de nitro-
génio no solo deveu-se principalmente ao aumento
no numero de vagens por planta, uma vez que nio
foram obtidas correfacoes significativas dos outros
parimetros estudados com a produgdo (Quadros I
e 2} Por outro lado a adubagdo foliar, quando na
auséncia da cobertura, fez aumentar o peso de 100
sementes e numero de graos por vagem {Quadro 2},
o que ficou claro pelo estudo das correlagbes que
foram obtidas, sendo que & adubagio em cobertura
nio modificou o numero de grios por vagem signi-
ficativamente (Quadro 2).

Estes resultados estdo de acordo com a teoria
segunco a qual a adubagdo foliar, através daz manu-
tencao de um nivel adequado de nitrogénio nas
folhas, poderia aumentar, ou manter por mais tempo,
a taxa fotossintética das mesmas (1, 6, 9). Por outro
lado, as mesmas tendéncias podem nio ter sido obser-
vadas na presenca de nitrogénio aplicado no solo em
razao de um njvel mais elevado do nutriente, uma
vez que umz ripida senescéncia e queda na taxa
fotossiniética de folhas foi associnda com niveis
supra otimos de nutrientes nas mesmas (6).

Resumo

O presente trabalho foi realizado com a finalidade
de estudar as respostas do fejjoeiro ao nitrogénio apli-
cado em cobertura, no sclo, e por via foliar Para

tanto foram instalados dois ensaios em condigbes
de campo, sendo um na época das dguas e outro
na época da seca, em um solo classificado como Lato-
ssol Vermelho Escure-fase arenosa.

Foram empregadas as doses de O, 12, 24, 36 e
48 i/ha da formula 32-0-0, divididas em quatro apli-
cagoes foliares aos 15, 30, 45 e 60 dias da emergén-
cia das plantas, na presenga ou auséncia de adubagdo
nitrogenads em cobertura no solo, na dose de
30 kgfha. O adubo foi diluido em 300 l/ha de dgua
mais espalhante adesivo. Todas as parcelas, em ambos
os ensaios, receberam adubacho fundamental de 80 e
30 kg/ha de P2 Oy e K, O, respectivamente

Com relacdo & produgio de grios niio foram verifi-
cadas diferengas significativas devidas 4 adubagéo fo-
liar em ambas as épocas de cultivo A adubagio em
cobertura sempre proporcionou maiores produgdes
em refagdo ds parcelas

Com relagio 4 produgio de grios ndo foram verifi-
cadas diferencas significativas devidas a adubagio
[oliar em ambas as épocas de cultivo. A adubagiio em
cobertura sempre proporcionou maiores produgoes
em refagao As parcelas que nio receberam nitrogénio
no solo. Na época das dguas a adubagdo foliar propor-
cionou uma tendéncia de aumento nas produgdes
apenas das parcelas sem adubagao em cobertura, ao
passe que na época da seca foi observada uma ten-
déncia quadrdtica de resposta a adubagao foliar, inde-
pendentemente de adubagao em cobertura. Na au-
séncia de nitrogénio em cobertura, a adubacao foliar
proporcicnou maior peso de 100 sementes, major
produgao por planta e maior numero de vagens por
planta, ao passo que a adubagio em cobertura fez
com que aumentasse o nimero de vagens por planta,
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PROTEIN CONTENTS OF CASSAVA CULTIVARS AND ITS HYBRID WITH WILD

MANIHOT SPE-CIESI/

M A, NAGIBNASSAR*
JTOSE G, DOREA **

Se calculo el contenido proteinico de los tubérculos de dieciseis cultivares de
vuca y un hibrido de yuca con la variedad silvestre Manihot oligantha, Tumbién se
analizé la semilla de yuca y de ocho variedades sifvestres de Manihot. 57 porcentage
de proteina en el tubéreulo pelade de cultivares de puca variaba entre el 0.9% vy el
14%, y erade 4 5%en el tubérculo pelado del hibrido.

La proterna en las semillas de las variedades silvestres de Manihot varigba entre
el 27 99y el 37 3%, comparado con el 26 8% en Ia semilla de yuca.

Introduction

assava, the sixth major stapie food in the
world, has the poorest protein content in
comparison to the five leading food crops:
wheat, rice, maize, sorghum and barley Cassava
is the magor source of food energy in several tropical
countries. As 50-80% of calories consumed by
people in these countries are from cassava, their
diets are often protein deficient (12).

Recently attention was given to correcting this
protein deficiency either by selecting clones with
high protein content or by studying the proper
utilization of other parts of cassava such as the seeds
or leaves. Some attempts were made to select clones
with protein rich tubers but no outstanding success
was achieved (13).
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This paper reporfs profein content in sixteen
cassava  clones maintained in our germplasm
collection and a hybrid of cassava with the wild
species M. oligantha

Materials and methods

Tubers of sixteen cassava clones, 8 months old
maintained in the germplasm collection at the
Experimental Station, University of Brasilia were
analyzed chemically f{or protein confent. Total
nitrogen and dry matter basis was determined
by the AO.AC. procedures (2). Percent protein
was obtained by multiplying percent N by the
factor 6.25. For every clone two samples were
analysed, one from small tuber (50 g) and the
second from older tubers (200 g). Tubers were
peeled, and protein was estimated in both peel
and pulp. Tubers of hybrid between cassava clone
Catelo and M. oligantha were analysed in the same
way. Seed of cassava and wild Manihor species
maintained in the living collection at University
of Brasiliz were analysed for protein content by the
same procedures.

Results and discussion

The concentration of protein in tubers of cassava
clones and tubers of the hybrid is presented in Table
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1. It is seen that protein percent {(N%x 615 =
protein percent) ranged from 0.7% to 1 2%in larger
tubers (bigger than 200 p) while the range was
0.9% to 1 4% in tubers less than 50 g In the same
clone, protein content of the pulp was higher in
small tubers than bigger ones These numbers agree
with those found by Akinrele (1) who reported
0.7% for protein content in peeled tuber on dry
matter basis and Chada (3) who found 12% .
However, these researchers did not pay attention
to the effect of tuber size on protein content
Jennings (4} stated that protein in cassava root

Table 1. Protein content of tubers of cassava clones,

tends to be concentrated in the outer zone of the
root This may explain why the small tubers have
higher protein content since they have a larger
proportion of the outer zone than older and bigger
ones. The very little variation of protein content
among the sixteen clones collected from all over
Brazil shows that selection for this characteristic
in cassava clones will not bring any notable improve-
ment. From Table 1 it is seen also that protein is
higher in peel than in pulp in all the examined
samples and in all clones. This may be explained by
the above mentioned statement of Jennings that

Clone Approximate size Protein in peel % Protein in pulp Y%
CBM 4206 200¢g 213 0.90
e 2.09 P22
EAB 348 200¢ 141 083
50g 1.69 1.04
BGM 188 200g P [
508 168 1.45
CPM 0231 200 g ——
50g 1.56 1.26
CPM 2002 200 g S
s0g 208 099
CPM 0232 200 ¢ 200 102
50¢g 1.82 115
BGM 808 200¢g 163 0.93
j0g e R
CPM 0225 Wog 138 0.89
50¢g 125 095
BGM 204 200 g 124 106
50¢g e
CPM 1805 200 g 1.14 0.72
50e 137 100
EAB 1156 200 g 1.58 0 84
50g 128 1.i6
EAB 484 WW0g 196 1.07
g s
BGM 048 200g 1.4} 0.82
50¢ L1 117
BGM 020 W00¢g 180 0.98
50g 153 1.23
CPM 1060 280g S
50g 158 119
EAB 673 200g 1.36 .70
50g 1.5% 093
Hybrid 200 g 663 4,56
50g 806 4.56
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protein in cassava roots tends to be concentrated
in the outer layers.

The analysis of hybrid tubers showed a notable
increase in the hybrid of cassava with M. oligantha
as it is 4.6% In an earlier paper, the senior author
reported the high protein content in M. oligantha
{9) as it was 7.1% on dry matter basis. Moreover,
crosses of this species with cassava were highly
fertile (6, 8). This author also showed low HCN
content in the wild species M oliganrha (10). This
may exclude any possibility that high protein
content in the wild species is due to HCN nitrogen

{11}

Table 2 shows the results of seed analysis of
some wild Manihot species maintained in our living
collection. The highest protein content is that of
M. brechyandra followed by M alutacea. M.
brachyandra is native to Western Pernambuco and
Northern Bahia, one of the driest areas in Brazil
The senior author had reporied that the seed of wild
cassava is eaten by the populstion of these regions
particularly in famine times. Jones (5) reported that
cassava seed is eaten in several parts of West and
Central Africa Thus, this discovery of the high
protein content in native cassava hybrids may open
a4 new door to better protein balanced food for
people of the tropical world

{able 2. Protein content in wild Muanifior species seed
on dry matier basis.

Species Protein 9,
M glaziovii 3069
M caerulescens 2791
& brachyandra 3535
M pseudoglaziovii 3115
M alutacea 3733
M zenhneri 2899
M. dichotoma 29 24
M. reprans 33128
M. esculenta 26 81
Summary

Protein contents of tubers of sixteen cassava
cultivars and a hybrid of cassava with the wild
species Manifiot oligantha were estimated. Seed of
cassava and eight wild Manihot species were
analyzed also. Protein percent in peeled tuber of
the cassava cultivars ranged from 0.9%to 1.4% while
it was 4 5% in the hybrid peeled tuber Protein in
witd Manihor species seed ranged from 27.9% to
37.3% compared with 26 8% in cassava seed
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EVALUACION DE 1.0OS DANOS CAUSADOS EN FRIIOL POR LARVAS Y ADULTOS DE L.OS
CRISOMELIDOS Diabrotica balteate LECONTE Y Cerotoma fucialis ERICKSON'/
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Summary

Damage to common beans (Phaseolus vulgaris) by feeding of larvae and adults
of Diabrotica balteata LeConte and Cerotoma facialis Frickson was evaluated wnder
greenhouse and fleld condivions. Second and third instar larvae were more damaging
than first instars Stand losses due to larval artack were in some cases as high as
100% . Both species caused signiffcant reductions in leafarea in plants infested when
1, 4 and 7 days old. No significant reduction in leafarea was found when I4-day-old
or older plants were infested with 10 larvae/plant

Mixed and pure adult populations of these species at the rate of 2 and 4 adults/
plant caused yield losses of up to 60% during the initial period of plant growtl (8-15
days) and to a lesser exteni during flowering. No significant effect was detected
by such infestation levels at other stages of the growth cycle. Adult damage
to flowers and pods was also considered; however, no vield reduction was detecred
presumably because the adulis prefer feeding on the foliage. When maize and beans
were planted in association, adults of C. facialis caused more damage to the beans
than those of D. balteata, The results are discused in relation ro the management of
clhrysomelid infestations in connmon heans.

Introduccion

g xisten varios géneros de crisomélidos que ats-
t can al frijol comun {(Phaseolus vulgaris) en
B=dd América Latina. Entre cllos Diabrotica, Syste-
na, Epitrix, Muecolaspis, Coluspis v Disonyeha son
los mds prevalentes (10). Las especies Digbrotica
balteata LeConte y Cerotoma facialis Erickson son
importanies en diversas dreas de Centro y Sur Ameéri-
ca y aunque son polifagas muestran cierta preferencia
por los cultivos de frijol (4, 11)

Los crisomélidos D balieata v C facialis pue-
den causar dafio ai {rijol en tres formas: por el ataque
de ias larvas a ias semillas en germinacion, a las plin-
tulas recién germinadas y a las raices de plantas en

1 Recibido para publicacidn el 10 de febrero de 1982

* Centro Internacional de Agricultura Tropical, CIAT
Apartado Aérea 6713, Cali, Colombia

desarrolto (2, 7); por los adultos (3, 10) y como apen-
tes transmisores de enfermedades virales de importan-
cia econdmica (6)

En estudios preliminares, tanto Gent {7) como
Boonekamp (2) encontraron que en condiciones de
laboratorio las larvas de D balreatn pueden criarse
en maiz pero no en raices de {rijel, mientras que las
de C facialis pueden criarse en frijol pero no en
mafz Sin embargo, en ocssiones se ha detectado ata-
ques de larvas de D balteata en campos comerciales
de [rijol, lo cual sugiere que en condiciones naturales
puede haber alguna supervivencia de larvas de esta
especie cuando se alimentan de plintulas en este
cultivo

Los crisomélidos han sido ampliamente estudia-
dos como vectores de enfermedades virales. Gamez
(6} publicé una revision sobre su importancia como
transmisores de por lo menos seis enlermedades del
[rijol en América Latina. Por el contrario, prictica-
mente no hay literatura sobre el efecto del dafo
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mecdnico de las larvas y de los adultos cuando se
alimentan de la planta de [rijol.

En este articulo se resumen los resultados de
cinco ensayos de invernadero y ocho ensayos de
campo dirigidos a evaluar el efecto del dafio cau-
sado por las larvas y por los adultos de D. balteata
y C facialis en el desarrollo y rendimiento de plantas
de frijo]l Como los trabajos se desarrollaron en una
zona en la cual el atagque por virus es muy bajo, no
se estudia el efecto de los adultos sctuando como
vectores de virus.

Materiales y métodos

Los trabajos se desarrollaron en invernaderos
y campos experimentales de la estacion principal del
CIAT localizada en Palmira, Colombia a 1024 metros
sobre el nivel del mar. El dafio por larvas fue estu-
diado en condiciones de invernadero {234°C,
87% H. R)). Las larvas utilizadas para infestar plantas
fueron obtenidas en el labotorio a 27°Cy 80% HR.
La evaluacion del efecto del dafie meednico por adul-
tos se realizd en el campo a 24°C y 80%H R

La cria y manipulacidén de larvas de D balteata
s¢ hizo siguiendo los métodos descritos por Pitre y
Kantack (9) vy Chalfant y Mitchell (4}, con algunas
modificaciones. Las de € facialis fueron criadas de
acuerde con la metodelogia desarrollada por Gonza-
lez y Cardona (8). Para obtener huevos se colectaron
adultos de ambas especies en cultivos de frijol me-
diante el uso de una aspiradora de motor tipo D-Vac
Los adultos se introdujeron en jaulas y alli se separa-
ron las hembras de cada especie, las cuales se introdu-
jeron en grupos de & 10 en cajas Petri de 25 mm de
alto por 140 mm de didmetro, provistas de una tapa
con abertura de ventilacion. Como alimento para los
adultos se utilizaron hojas, flores y vainas tiernas
de frijol colocadas sobre una capa de gasa himeda
que sirvid como sustrate de oviposicion. Los huevos
obtenidos por este procedimiento se colocaron en
cajas de Petri (200/caja) en un incubador a 27°C y
80% H. R Se revisaron diariamente y a Iz eclosidn
las larvas fueron transferidas con un pincel a semillas
de maiz er germinacion en el caso de D balteate vy de
frijol en el caso de C faciafis. El alimento fue renova-
do periddicamente y la cria se programd de tal mane-
kA Gue sienipre se tuvieran a disposicién todos los
instares de ambas especies,

Efecto del dofio causado por larvas

En el invernadero se sembraron semillas de la va-
riedad Dizcol-Calima en potes plisticos de 10 cm de

sltura vy 10 em de didmetro (1 semiila por pote). Se
infestd con 10 larvas/planta y las siembras se hicieron
en fechas distintas, de tal manera que se lograra in-
festar simultdnecamente plintulas de 0, 1,4, 7, 14y
21 dias de edad Cada edad se infestd con cada uno
de los tres instares larvales v todos los tratamientos
{combinacion edad de la planta — instar larval) asi
como el testigo absolute {no infestado) se replicaron
10 veces en un disefio de bloques completos al azar,

Para medir los efectos de la infestacién con los
diversos instares a diferentes edades de las plintulas
se estimd el porcentaje de germinacion, el porcen-
taie de plantas supervivientes y el porcentaje de area
foliar a los 10, 15 y 20 dias después de la infesta-
cién. Bl drea foliar se midid por el método de Grid
(planimetro) o en ocasiones con un medidor elec-
tronico. Veinte dias después de la infestacion, las
plantas se cortaron a ras del suelo y los potes se
cubrieron con una malla para detectar la emergencia
de adultos

Efecto del dafio causado por adultos

Para medir el efecto de la infestacion con adultos
también se uso la variedad Diacol-Calima. Se sembra-
ron parcelas de 4 surcos de 4 m de longitud con
distancias de 0.60 m entre surcos vy 0.10 m entre
plantas Se utilizaron niveles de infestaeién de 0, 2,
4 y 6 adultos/planta. Para confinar los adultos se usa-
ron jaulas de malla de 2.5 m de longitud por 1 m de
ancho y 0.80 m de altura, ias cuales fueron colecadas
sobre los dos surcos centrales de cads parcela. Las
parcelas testigo también fueron enjauladas con el fin
de medir el efecto de jaula en los rendimientos Las
infestaciones se hicieron por periodos de 1 6 2 sema-
nas comenzando a los 8, 15, 22, 29, 36, 43, 50 &
57 dias después de ia siembra del frijol. Al final
de cada periodo de infestacion los adultos se colec-
taron y contaron y las jaulas fueron trasladadas al
tratamiento siguiente. En algunos experimentos se
infestd con una combinacidn de D balteata vy C
facialis en proporcion 1:1; en otros se infestd con
las especies separadas. Todos los tratamientos se
replicaron 3 veces en un disefio de bloques com-
pletos al azar

Para prevenir la infestacion de insectos, las plantas
ao cubiertas con jaulas fueron protegidas con aplica-
ciones semanales de Malathion a [a dosis de 09 kg
izfha. A los 70 dias de edad se determind la altura
promedio y el nimero de vainas/planta en una mues-
tra de 10 plantas tomadas al azar por parcelz. A la co-
secha se midieron los rendimientos (14% de humedad),

En cotro de los experimentos se evalud el efecto de
una infestaciéon con 4 aduitos/planta de ambas es-
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pecies en fa primera etapa de desarrolio (8 a 15 dias
después de fa siembra) sobre los rendimientos de frijol
sembrado con majiz. Bl frijol se sembrd a 0 60 m en-
tre surcos y G 10 m enire plantas; el maiz a 050 m
entre plantas, 2 plantasfsitio, en el mismo surco del
frijol y simultdneamente con éste. El disefio experi-
mental y It metodologia general fueron iguales a los
de otros experimentos.

Para determinar el dafio causado por (. facialis
a las estructuras reproductivas de la planta (botones,
flores y vainas), se disefid un experimento en el cual
se infestd con 4 adultos/planta por un periedo de
una semana empezando a los 29, 36, 43,50 y 57 dias
después de la siembra usandoe I misma metodologia
de los otros ensayos,

Se utilizaron 6 repeticiones, en tres de las cuales se
evaiud el daflo a las estructuras reproductivas toman-
do 5 plantas al azar por parceln a los 2,4 y 7 dias
después de haber infestado. Las plantas fueron lleva-
das al laboratorio para hacer los recuentos defallados
del nimerc de estructuras sanas y dafadas. Para man-
tener el nivel de infestacion de 4 adultos/plants, en
cada evaluzeidn se retiraron los adultos correspen-
dientes a las 5 plantas muestreadas, es decir 20 adul-
tos/parcela. Las otras 3 repeticiones se dejaron sin
disturbar v en ellas se tomaron los datos de rendi-
miento.

Resultados y discusion
Efecto del dafio causado por larvas

Cuando las larvas de D balteata v C. facialis s¢
alimentaron de los embriones de las semillas, causa-
ron pérdidas en germinacion que variaron entre 36
y 70% . Si la semilla logra germinar, entonces puede
ocurrir que las piintulas mueran antes de emerger

pero el efecto depende del instar que esté atacando
y de la edad de la planta afectada. Asi, las larvas de
primer instar no influyeron en la germinacion, inde-
pendientemente de la edad de la pléntula o de ia es-
pecie de insecto y la mayoria de las plantas sobrevi-
vieron al ataque (Cuadro 1} Las larvas de segundo
instar si se alimentaron de las semillas en germinacidn
y causaren mortalidad significativa de pldntuias in-
{estadas entre O v 4 dias después de i siembra Las
de tercer instar de ambas especies causaron la muerte
de la mayoria de lag plantas, min de aguelfas infesta-
das 7 dias después de [a siembra. Todas fas plantas
infestadas a los 14 y 21 dias de edad sobrevivieron.

Cuando la semitla o ia plintula logran sobrevivir al
ataque, las plantas que emergen muesiran dsfio en
ias hojas primarias y trifolio parecido al causado por
adultos {perforacionesy. El {ollaje puede aparecer
deformadec y muchas plantas muestran retardo en
el crecimiento y una reduccion del drea foliar que
depende del instar que ataca Las larvas de primer
instar de ambas especies causaron menor reduccion
del drea foliar que las de segundo y tercer instar
(Cuadro 2}, Bl segundo instar de D balteata solo
causo reduccion significativa del drea [oliar en plin-
tulas de 0 y 1 dia de edad mientras que éste instar
de C facialis causd el mayor dafio en plintulas in-
festadas alos 0, 1 6 4 dias

Las larvas de tercer instar fueron las mds dafiinas,
en especial las de C facialis en plantas de hasta de 7
dias de edad, Ninguna de las especies afecto fas plan-
tas infestadas 14 y 21 dias después de is sicmbra
(Cuadro 2).

Al estudiar en mayor detaile el dafio por larvas,
se conflirmd que las de segundo y tercer instar de
ambas especies fueron mds dafinas que las de primero
y que C facialis fue mds dafiino que D. balteata (Cua-
dro 3) Las observaciones detalladas permitieron de-

Cuadro I Porcentaje de supervivencia de plantas de frijol (variedad Discol-Calima} infestadas a diferentes edades con 10 farvas/planta
de Dighrotica halireate o Cerotoma facialis en condiciones de invernadero.

Edad de la planta ol infestar (Dias después de fa siembra)

Instar Especies 0 1 4 7 4 21 Promedio
Primero Dighrotica 100 100 100 104 106 Hu 10049
Ceroroma 100 100 a0 100 100 100 98 3
Segundo Diabrotica 14 60 106 100 160 100 783
Ceroroma ] d 30 100 100 160 550
Tercero Dighrotica 20 10 0 30 100 140 43.3
Cerotora 10 14 10 40 100 100 45.0
TESTIGO 100 100 100 100 100 180 G0
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Cuadro 2. Porcentaje de drea folinr con respecto al testigo de plantas de frijol (Variedad Diacol-Calima) 10 dias después de haber sido
infestadas a diferentes edades con 10 larvas/planta de Diabrotica balteata o Cerotoma facialis en condiciones de invernadero.
Edad de las plantas al infestar (Dias después de la siembra)
Instar Especie 0 i 4 7 i4 21 Promedio
Primero D palteata 732 54 8 918 955 853 166 7 845
C facialis 105.8 812 87.0 884 876 83.5 889
Segundo D balteata 725 211 84 .4 726 94 9 94.4 733
C facialis 739 28 6.1 76.1 959 87.6 60.4
Tercero L halteata 143 206 33.0 501 1129 826 632.2
C facialiy 2313 84 133 323 107.8 923 45.7
Cuadro 3. Porcentaje de drea foliar con respecto al testigo de plantas de la variedad Diacol-Calima {0 dias después de haber sido infes-
tadas a diterentes edades con 10 larvas/planta de Diabrotica balteata o Cerotoma facialis en condiciones de invernadero.,
Edad de las plantas al infestar (Dias después de la siembra)
Instar Especie 0 1 4 7
Primero Diabrotica 91 3 a* 70.5a lilda 98.2a
Cerotoma 749 a 683 a 8930 996 a
Segundo Diahrotica 32c 39b 794 b 96 3a
Ceratoma g d G ¢ 4 lc 68 8ab
Tercero Diabrotica 84b 38b 0 e 188¢c
Ceratoma 125b 47506 334 194 ¢

®

notar dafio no solo en las hojas primarias sino tam-
bién a fos cotiledones, el hipocotilo y los puntos de
crecimiento de las plantas en desarrollo En algunos
casos ias larvas sbren galerias en los talios desde el
sistema radicular hasta el primer nudo. En este caso
las plantas mueren.

La supervivencia de larvas en estos ensayos fue re-
lativamente baja Lz emergencia de adultos de € fau-
cialis {promedio: 19 9%) fue mayor que la de D. bal-
teata {promedio 9.1% ). Esto confirmé los resultados
de Boonekamp (2} quien concluyd que C facialis es
una especie mejor adaptada al frijol que D. balreata

Efecto del dafio causado por adultos

La magnitud del dafio meecdnico causado por adul-
tos de [ bhalteata y C facialis dependié del nimero
de aduitos por planta y de Iz edad del cultivo; los
resultados fueron consistentes a través de diferentes
experimentos. En general, I infestacion no afectd
la altura de las plantas pero si tuvo un efecto signifi-
cativo en los rendimientos. En el Cuadro 4 se ilustra
una respuesta tipica de plantas de la variedad Diacol-

I'n sentido vertical, las cifras seguidas por la misma letra no son significativamente diferentes al nivef de 5% {Duncan).

Calima al ataque de crisomélidos, Las parcelas infesta-
das con 2 y 4 adultos/planta durante el periodo ini-
cial de crecimiento (8-15 dias de edad) rindieron 54
y 60% menos que el testigo, respectivamente. Tam-
bie se encontrd un efecto significativo cuando se in-
festdé con 4 adultos/planta durante la época de flo-
racion (29-36 dias). En este caso la reduccidn en ren-
dimiento fue del 37.8% . No hubo efecto de las infes-
taciones en las otras épocas del cultivo.

Se obtuvieron resultados similares cuando se in-
festdé con D, balteata o C. faciulis por separado {Cua-
dro 3); de nuevo, las épocas criticas fueron la prime-
ra semana de edad del cultivo y la fioracidén Cuando
se probd con C facialis en forma individual, se en-
contro que esia especie file mds dafiina que D, baltea-
ta {Cuadro 5). Con ambas especies, el dafio fue mds
severo cuande se infestd con 4 adultos/planta por un
periode de dos semanas.

£n una asociacion maiz-frijol infestadz con 4 adul-
tos/plania en la primera semana del cultivo, también
C facialis fue mis daiflino que D balteata (Figura 1).
Los porcentajes de reduccion en rendimiento causa-
dos por C facialis en el monocultivo de frijol yenfa
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Cuadro 4. Efecto de ks infestacién en diferentes épocas del cultivo con 4 niveles de poblacian de adultos de crisomélidos’ en los rendi-

mientos (gramos/planta) de fa variedad Diacol-Calima,

Periodos de infestacion (dins después de la siembra)

Nivel de infestacion

(adultos/planta) 8-15 15-22 22-29 29-36 36-43 43-50 50-57 57-64
0 6.1 a* 6.6a Tia 51ab 5.2a 3.7a 39a 4.7n
i 4.0 ab 53a 674 57a 442 4.4da 452 50a
2 28b S6u 49 43 ab 36a 400 3.3 51a
4 i4b 53a 5%a 378 30a 4.1a 4132 53a

1 D balteata y C fucialis en proporcion 1:1.

*  T'n sentido vertical, las cifras seguidas por Iz misma letra no son significativamente diferentes ai nivel del 5% (Duncan)

Cuadro 5. Efecto de Ia infestacién en diferentes épocas del cultivo con 2 niveles de poblacién de adultos de crisomélidos en fos rendi-

mientos (gramos/planta) de Ia variedad Diacol-Calima.

Nivel de in-

Periodos de infestacion (dias después de 1a siembra)

Especie festacion Infesiacion por 7 dias Infestacion por 14 dias
{aduitosf
planta 8-15 15-22 2229 259-36 36-43 8-22 22-36 36-50
D balteata 0 95t 89a 96a 8la 84a 94a 10.2a 7la
4 520 75a 83a 89a 645b 50b 77b 570h
C facialis 0 6.0 x* 92x 58x 48x 48x 75X 2lx 24 x
4 Ily 0ly 0By 19y 59y 0 v O.ly 16y

* En sentido vertical, las cifTas seguidas por la misma letra ne son significativamente diferentes al nivef del 5% (Duncan). Cada especie
probada y analizada por separado
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facialis

Rendimientos de frijol Diacol-Calima sembrado en
monoecuitivo y asociacion e infestado con § (testigo)
y 4 adultos/planta de Divbrotica helreata v Ceroto-
ma facialis crtre los B y los 15 dfas de edad del cud-

tivo.

asociacion con marz [ueron de 59.3 v 76.6%, respec-
tivamente, D balteata dio lugar a pérdidas del
13 1% en monocultivo y del 48.0% en la asociacion,
Al nivel de infestacion ulilizado en estos experi-
mentos, ambas especies fueron mds Importantes
en la asociacion; sin embargo, es de anotar que en
esta modalidad de siembra no se han observado po-
blaciones tan altas de crisomélidos y por el contra-
rio, las poblaciones tienden a ser menores que cn
monocultivos de frijol (3).

Cuando se estudid en detalle el dafio a las estruc-
turas reproductivas {Cuadro 6), se enconiré que
los adultos de € facialis, ta especie mejor adapiada
al frijol, atacan mayor proporcion de vainas forma-
das (perfodos 43-50 y 50-57 dias después de siem-
bra) que flores (periodos 29-36 y 36-43 dias). El dafio
en vainas no es muy importante porque los adultos de
limitan en general a raspar superficialmente, por lo
cual las vainas se recuperan, las lesiones cicatrizan
y los granos no se ven aflectados. Esto podrra expli-
car por qué a pesar de haberse encontrado hasta
20% de vainas con dafio superlicial, sin embargo

Turriaiba Vol. 32, No. 4, pp. 433439
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Cuadro 6. Porcentajes de estructuras con dafio y rendimientos (gramos/plania) de la variedad Diacol-Calima después de la infestacion
con 4 adultos/planta de Cerotoma facialis en diferentes épocas del cultivo,

Variable Periodo de infestacion (dias después de siembra)

29-36 36-43 43.50 50-57
Flores con dafio (%) 4.8 49 206 -
Vainas con dafio (50) 1.2 18.2 207
Rendimiento con 4 adalios por planta 5.3 b* 6.1a 6.0a 64a
Rendimiento del testigo sin infestar 64a 5.2¢ 60a 5.1a

*  En sentido vertical, los promedios de rendimiento seguidos por la misma letra no son significativamenie diferentes al nivel del

5% (Duncan).

los rendimientos en los periodos 36-43, 4350 y
50-57 dias después de la siembra no fucron signi-
ficativamente diferentes a los del testigo. Por el
contrario, al infestar eatre los 29 y los 36 dias se
detectd efecto significativo en el rendimienio aunque
el dafio en flores fue inferior al 5% . Esto no solo
confirma resultados anteriores sobre Iy importancia
def dafto en floracién, sino que sugiere que el efecto
puede deberse mds a la defoliacidn que al consumo
de estructuras reproductivas. La importancia de la
defoliacion en frijol fue estudiada por Appadmai
y Rajakarma (1) y por Gilvez et al {5} quienes con-
cluyeron que las mayores pérdidas ocurren cuando la
defoliacion coincide con la floracidn y formacion
de ias primeras vainas (30-43 dias después de
siembra).

Bajo las condiciones de invernadero y los altos
niveles de infestacidn utilizados en estos experi-
mentos, ias larvas de crisomélidos causaron dafio
significativo a las semillas y plintulas de frijol. Sin
embargo, solo en raras ocasiones se han detectado
ataques de importancia eccondmica en algunas zonas
de América Latina y la mayoria de los agricultores
nunea usan insecticidas del suelo para prevenir el da-
fio por larvas. Bsto podria deberse a que las pobla-
ciones generalmente no llegan z los niveles criticos,
no son detectadas, o los dafios son confudidos con
problemas relacionados con mala calidad de la semi-
lla. Usualmente fas infestaciones son menores de una
larvafplanta. Por otra parte, la mayoria de los agr-
cultores se preocupan por el dafio visual causado por
los adultos y aplican insecticidas, una prictica que de
acuerde con nuestros resultados rara vez se justifica
Las poblaciones promedio en cultives comerciales
(0.6-1 0 adultos/planta) estdn por debajo de los ni-
veles criticos de 2 a 4 adultos/planta aqui estableci-
dos. Ademds los muestreos de campo han indicado
gue las mayores poblaciones ocurren hacia el final
del periodo vegetative, una época en la cual se ha
demostrado que no se causan pérdidas econdmicas.

Por estas razones, en dreas en las cuales los criso-
mélidos no estin transmitiendo virus, el control
quimico de estas plagas deberia ser recomendado
sélo en casos especizles y limitado a la primera
semana del cultivo o a la época de floracidn.

Resumen

Se evalud bajo condiciones de invernadero y cam-
po el dafio causado al frijol comiin (Phaseolus vuige-
1isy por larves v adultos de Digbrotica balteata
LeConte y Cerotoma facialis Erickson Los instares
larvales segundo y tercero causaron mds dafio que los
primeros instares, La pérdidas de poblaciones de pldn-
tulas por larvas fue de 100% . Ambas especies causa-
ron significantes reducciones en el drea foliar en
plantulas de 14 y 7 dias de edad. No hubo reduc-
cidn significativa en el drea foliar cuando se infesta-
ron plantas de 10 dias o més con 10 larvas por plan-
ta. Poblaciones de aduitos puros y mezclados de estas
especies en una proporcién de 2 a 4 adultos por plan-
ta causaron pérdidas en rendimiento hasta un 60% du-
rante el periodo inicial de crecimiento (8-15 dias) y
en una menor proporcién dursnte la floracion No
se registraron efectos significativos a estos niveles
de infestacién ni en otros periodos de crecimiento
de la planta de frijol. El dafio de los adultos a flores
y vainas también fue considerado; sin embargo, no
se registrd reduccion en rendimiente probablemente
porque los adultos prefirieron alimentarse del frijol.
Cuando frijoles y maiz se sembraron en asociacion,
los adubtos de O faciolis causaron mds dafio a los
frijoles que los de D balteata Los resultados se dis-
cuiieron en relacion al manejo de infestaciones de
crisomélidos en frijol comiin,
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Viene de la pdgina 386

Unidades bisicas del SI#*

Especie Unidad Simbolo Especie Unidad Simbolo
Longitud melro m

Masa kidlogramo kg Temperatura kelvin K
Tiempo segundo S Intensidad luminosa candela  ¢d
Corriente eléctrica ampere A Cantidad de sustancia mole mol

Uinidades suplementarias

Angulo plane radian rad Angulo solido steradidn sr

Unidades derivadas que tienen
nombres y simbolos aprobados por el 81:

Especie Unidad Sim-  ¥Formula  Especie Unidad Sim- Férmula

bolo hoio
Frecuencia hertz Hz /8 Conductancia eléctrica siemens S AV
Fuerzu newton N Kgm/s?  Flijo magnético weber Wb Vs
Presion pascal Pa N/m? Densidad de flujo tesla T Whb/m?
Trabajo joule i N m Inductancia henrt H Whi/A
Potencia watl W Is Flujo luminoso lumen Im cd/fsr
Cantidad electricidad  coulomb € As {luminucion lux Ix im/m?
Potencial eléetrico volt \Y W/A Radiactividad hequeral Bg /s
Capacidad eléetrica farad F /v Dosis absorbida gray Gy I6kg
Resistencia eléctrica ohm W V/A

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 cripton 86, correspondiente a la transicion
entre 2p, o v 5dy (su simbolo es m).

El kilogramo. Corresponde s 1a masa del kilogramo prototipo adoptado internacionalmente
{su simbolo es kg)

El segundo. Es la duracién de 9 192 631 770 periodos de la radiacién electromagnética
correspondiente a la transicién entre dos niveles hiperfinos del estado base en el atomo de cesio
133 (su simbolo es s}

El ampere. Es la corriente eléctrica constante en dos conductores paralelos de longitud

infinita y de seccién transversal insignificante que, colocados a un metro de distancia entre si en el
vacio, se atracn con fuerza igual a 2 x 10-7 newton por metro de longitud (su simbolo es A).

Continua en lu pdging 446



INFLUENCIA DE NUTRIMENTOS ORGANICOS NA PERSISTENCIA

— DO CARBARIL EM SOLOS'/

RODOBIKQ HIRATA*, LUIZ CARLOS LUCHINI** TEREZINHA BONANHO MESOUITA %+,

FLZA FLORES RUEGG*#+

La degradacion del carbaril, evaluada por la técnica de centelleo liquido fite estu-
diada en dos tipos de suelos rratados con diferentes fuentes de nutrinientos organicos.

Los resultados obtenidos muestran que después de 2 semanas de tratamiento, la
degradacion del carbaril bajo la influencia de las fuentes de carbono, a excepcion de
celulosa pura y papel de filtro fue mayor en el Latosol Rojo-Amarillo. fin el Latosol
todo el insecticida se degrado, no siendo este el caso del suelo Gley Hinmico

La incubacion previa de los suelos con hojas de vegetales y papel de filtro duran-
e 2 semanas, alteré de manera similar la persistencia de carbaril en los dos suelos.

Introducio

B atéria orginica tem grande influéncia na fertili-
dade dos solos, pois além de melhorar suas
4 W 48 propriedades fisicas e quimicas, mantém ativa
a comunidade microbioldgica. A incorporagdo de re-
siduos de plantas ao solo é um dos recursos para
repor o contelido orginico consumido com o cres-
cente uso agricola (6) Essa modificagio em nutri-
mentos orginicos influencia a flora microbiana e conse-
queritemente, o destino dos resrduos dos pesticidas
no solo

1 Recebido para publicagiio en 15 junho, 1981,

Trabalho parcisimente {inanciade pela Secretarin de
Cooperagio Econdmica ¢ Téenica Internacional-SUBIN,
da Secretariz de Planejamento da Presidéncia da Repu-
blica-SEPLAN (Brasitia) e pela Apéneia Internacional
de Energia Atdmica-AlEA, Viena Os autores agradecem
a0 Dr. Kenneth Alan Lord pelas sugestoes no delinea-
mento dos experimentos

*  Quimico, Centro de Radioisdtopos do Institute Biolo-
gico, Sdo Paualo, Brasil-Bolsista do CNPg

**  Técnicos-Quimicos, Centro de Radioisétapos do Insti-
tuto Biolégico, Sac Paulo, Brasil

4% Pesquisador Cientifico, Responsivel pelo Centro de
Radieisdtopos do Instituto Bioldgico, Sio Pauloe, Brasil

Recentemente, investigamos a  influéneia da
adigao de fertilizantes (NPK) e de uma fonte de car-
bono (sacarose) na persisténcia do carbaril em dois
solos com diferentes conteidos de matéria orginica
{4) No presente {rabalho, os mesmas solos foram
tratados com outras fontes de carbono, algumas
menos acessiveis & metabolizagiio do que a sacarose,
com a finalidage de verificar se a diminuigio na
persisténcia do carbaril com a adigao de nutrienies
orginicos aos solos, jd observada, ¢ um fendémeno
geral

Material

Solos

Dois tipos de solos {4) coletados nos arredores
do Institute Bioldgico foram utifizados nas expe-
rigncitas. Um deles, o solo Glei Himico, é caracteri-
zado pelo maior teor de matéria orgdnica (4.33% )
e 0 outro, o Latossolo Vermelho-Amarelo, pela
pequena quantidade de matéria orginica (0.36% ).
Antes dos experimentos, os dois solos, secos ao ar,
{foram passados numa peneira com malha de 2 mm.

Pesticida

4 C-carbaril (1-Naftil N-metilcarbamato), marcado
no grupo carbonilico, foi adquiride no Centro de

Turrialba Vol. 32, No. 4, pp. 441-445
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Radioquimica, Amersham, Inglaterra, em solugio
benzénica, com pureza radioquimica de 99% e ativi-
dade especifica de 37 mCi/mmol Para os ensaios,
preparcu-se uma soluclio aquosa de carbaril grau
técnico (obtido no Instituto Biologico) contendo
2 pg/mi de carbaril *frio” 4 qual se adicionou car-
baril radioativo resultando solugdo com cerca de
70.000 dpm/mi

Fontes de carbono
Foram utilizadas as seguintes fontes de carbono:

a} sacarose pura {(Hoechst)

b) leite (fonte protéica com 1 e 14% de teor em
gordura}

c) oleo vegetal (de soja)

d) celulose microcristalina pura (Merck)

¢) papel de filtro (Klabin)

fy folha vegetal (de soja)

Métodos
Tratamento dos solos

Amostras de 10 g de solo foram pesadas em fras
cos esmerilhados de 250 ml. A massa (0.1 g) de cada
fonte de carbeno foi adicionada aos solos de acordo
com os procedimentos abaixo:

a) sacarose: 2.7 mi de uma solucdo aquosa de saca-
rose de concentracdo 37 mg/ml

5} leite com 1 e 14% de teor de gordura: 2.7 ml de
uma solucio de leite de concentragio 37 mg/mi

c) oleo de soja: 0.1 p de dleo mais 2.7 ml de dgua.

d) celulose pura: 0.1 g de ceiulose mais 2.7 ml de
dgua

e) papel de filtro: foram feitos dois tratamentos.
Em um deles 0.1 g de papel foi coberto com soio,
adicionou-se em seguida 2.7 ml de dgua e deixou-
se a mistura incubar por duas semanas. No outro,
a 0.1 g de papel coberto com solo fol adicionado
27 ml de dgua.

) folha de soja “seca™: 01 g de folha, desidratada
por um periodo de 24 horas em dessecador, mais
2.7 ml de dgua.

g) folha de soja “verde”: foram feitos dois tratamen-
tos como os descritos para o papei de filtro.
Tomou-se 0.4 g de folhas “verde”, recentemente
colhidas, correspondentes a 0.1 g de folha “seca”

e mais 2.7 ml de dgua que foram adicionados s
amostras dos solos. Um dos grupos de amostras
foi incubado durante duas semanas.

Apods esses tratamenios adicionouse 1.0 mi de
solugao de carbaril radioative. Este procedimento
elevou a umidade nas amostras de solo Glei Hiimico
para 2/3 de sua capacidade de campo, mas foi ne-
cessdrio acrescentar 0.8 ml de dgua szo Latossolo
Vermelho-Amarelo  para  atingir aquele conteddo
de umidade Amostras em duplicata de cada trata-
mento foram analisadas em diversos intervalos.

Procedimento analitico
Extragcio

Cada {0 g de solo foi extraido por agitagiio com
20 mi de diclorometano durante 2 horas. Deixou-se
a mistura em repousc € separou-se o solvente por
decantagiio. O solo remanescente fol extraido mais
duas vezes com porg¢les de 20 mi de diclorometano,
os extratos combinados e o volume ajustado para
50 ml em frasco volumétrico. Um volume de 5.0 ml
de extrato foi evaporado até a secura em frasco de
cintilacdo, adicionando-se em seguida 10 ml de
solugio cintiladora compostz de 200 mg POPOP,
4 g PPO, 500 ml Triton-X e 500 ml de xileno ou
tolueno por litro de solucio.

Cromatografia em camada delgada

Secou-se uma aliquota de 5.0 mi de exirato de
solo com sulfate de sddio anidro antes de concen-
trar a 1.0 ml para anslise por cromatografia em
camada delgada de siliea gel com indicador fluores.
cente, usando-se hexanc-acetona 4:1 como solvente
As placas foram divididas em sec¢des, e a silica ras-
pada para frascos de coniagem de cintilagio liquida.
A maior parte da radioatividade apresentava o mesmo
Ry (0.38) das amostras de referéncia do carbaril
“frio”, localizadas pele *“quenching” de fluores-
céneia sob luz ultravioleta,

Combustao imida do solo

Apds a extragio, o radiocarbono remanescente
n0 solo foi determinado por combustio dmida a
140, usandose o procedimento de Smith er al
(5). O '*CO, resultante de amostras de 2.0 g de
Latossolo Vermelho-Amarelo e 1.0 g de solo Glei
Mamico, foi absorvido em 2.0 ml de monoetanoc-
lamina dissolvide em 20 ml de coquetel de cintilaciio
contendo 3.5 gfl PPO em tolueno (2 partes por
volume) e éter etilenoglicol monometilico (1 parte),
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Determinacao da radioatividade

As medidas radiométricas foram realizadas em
espectrometro  de cintilagio liguida da Nuclear
Chicago, modelo Mark I As amostras foram conta-
das durante 10 minutos, e os resultados corrigidos
em funcfo da radisgio de fundo e do *“quench™,
que foi estimado usando-se o método de raziio de
canal com fonte externa

Resultados e discussdo

As taxas de degradacfo do carbaril em dois solos
modificados pela adicio de virias {ontes de nutrimen-
tos orgdnicos, sic mostradas nas Figuras 1 ¢ 2 para os
solos Glei Huimico (GHO e Latossolo Vermelho-Ama-
relo (LVA), respectivamente. Encontram-se en el
Quadro 1 as porcentagens do '*C recuperado dos so-
los, duas semanas apos a aplicagdd do '* C-carbaril;
ensaios por cromatografia em camada delgada do ma-
terial marcado com ' *C, extraido com diclorometano,
mostrou que pelo menos 95% da radioatividade pre-
sente nestes extratos tinha o mesmo Ry que o carbaril
padrio,

A degradacio do carbaril foi relativamente mesnor
no sole LVA ndo modificado, isto €, 53% comparado
aos 46% remanescente no solo GH apds sete semanas.
Esses valores sGo semelhantes daqueles observados por
Carazo et al {2} trabalhando com os mesmos solos

Adicdo de fontes de nutrientes, leite, sacarose e
olec de soja, induziv um aumento moderado na
velocidade de degradacdo do carbaril no solo GH,
sendo este mais evidente com leite contendo 14% de
gorduara, observando-se 25% de carbaril remanescente
apos sete semanas (Figura 1B} Entretanto, dos tra-
tamentos com celulose pura, papel de filtro e folhas
de soja, somente aquele com folhas de soja “verde”
propiciou um pequeno aumento na taxa de degra-
dag¢do, os outros tratamentos nio tendo praticaments
nenhum efeito (Figura 1A).

Todas as fontes de nutrimentos adicionadas aumen-
taram acentuadamente a velocidade de degradagio
do carbaril no solo LVA, as menos acessiveis sendo
celulose pura & o papel de filtro (com ou sem incu-
bagzo prévia) Nos outros tratamentos onde os nu-
trimentos orginicos foram mais efetivos, menos que
10% de carbaril restou apds quatro semanas (Figuras
2A e 2B).

A velocidade de degradacio do carbaril aumentou
no solo LVA muito mais gue no solo GH pela adi¢ao
de substdncias nutritivas, a despeito da degradacao ser
levemenie menor no solo LVA ndo modificado que
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Fig. 2 Porcentagem de carbarit extraido de  Latossolo
Vermelho-Amarclo apds adigao de diferenies fontes
de carbono. {A = fontes com celulose, B = fontes
sem celulose),

no scio GH. Hirata er al (4) também obtiveram
efeitos semelhantes no comportamento do carbarii
nesses mesmas solos tratados com sacarose.

Como no trabalho citado (4), ndo hd razio para
supor que microorganismos naqueies dois solos res-
ponderiam diferentemente as fontes de nutrimentos
adicionadas: a provavel razfo para a falta de resposta
na degradacio do carbaril no solo GH aos nutrimentos
adicionados é o maior contelde de matéria orgdnica
deste solo que, causando adsorcio mais forte do
carbaril {coeficiente de absorciio 128 comparado
a 0.65 do LVA (3), reduziria a disponibilidade do
inseticida para a degradacao

Das fontes de nutrimentos que aumentarn a degra-
dacao do carbaril as mais eficientes sdo aquelas mais
facilmente disponiveis para os microorganismos.
Entao, por exemplo, enguanto celulose pura e papel
de filtro sac metabolizados muito lentamente, folhas
de soia contém compostos como a hemiceluiose e
amido que sac mais facilmente atacadas por micro-
organisriios do que a propria celulose.

Adicionalmente, as folhas, o leite e Oleo de saja
contém alguns compostos nitrogenados; podemos
entdo assumir que aquelas fontes de nutrimentos mais
facilmente disponiveis sustentam uma populagio de
microorganismos mais elevada nos solos, resultando
numa degradagao mais rdpida do carbaril.

Quantidades de '*C nio extraivel, presente nos
solos apos duas semanas da adigio do '*C-carbaril,
medidas apds combustio a **CO, foram, general-
mente, maiores no solo GH que no LVA, a média
total de todos tratamentos sendo 154 e 6.7%do apli-
cado, respectivamente {Quadro ).

Esta diferenga pode ser devida ao nivel mais alto
da matéria orgdnica no solo GH, os produtos de de-
gradaciio do carbaril reagindo com a matéria orginica
para formar residuos nio exiraiveis

Assumiv-se que o radiocarbono nio encontrado
por extragio ou combustic tenha evolvido como
'4C0,, isto ocorrendo especialmente com o solo
LV A modificado.

Neste estudo verificamos que diferentes fontes
de carbono, mesmo aquelas menos acessiveis 4 meta-
bolizagio como a celulose, podem influir na fertili-
dade do solo e na persisténeia do carbaril, modifi-
cando a flora e a fauna em solos com baixos teores
de matéria orginica.
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Quadro 1. Efeites da adigiio de diferentes fontes de corbono na distribei¢ao do radiocarbono em dois solos, duas semanas apds aplica-

¢do de ' * C-carbarzil (70.000 dpm/ml).

4 C recuperado com % do aplicado

Adigiio ao solo

Glei fhimico

Latossole Venmelko-Amarelo

Extraido® Combustio  Total Extraido” Combustio  Total
Nenhuma 71 28 99 87 11 98
Sacarose 39 16 75 26 17 43
Leite (1% gordura) 62 12 74 22 5 27
Leite (14% gordura) 56 12 68 40 4 44
f)]eo vepetal (soja) 58 14 72 34 i7 51
Celulose pura 67 13 80 85 3 88
Papel de filtro 68 14 82 65 6 71
Papel de fiitro incubade 2 semanas 57 20 73 60 5 65
Folha de sojz “‘seca™ 70 18 88 23 5 28
Folha de sojz “verde 57 22 79 29 4 33
Folha de soja “verde™ incubada 2 semanas 64 13 77 15 1 16

Andlise dos extratos por cromatografia em camada deigada mostrou que pelo menos 95% do ' * C extrajdo era carbaril.

Resumo

Investigou-se a degradacio do inseticida carbaril
em dois solos tratados com diferentes fontes de nu-
trimentos orginicos, utilizando-se técnicas radioisotd-
picas de cintilometria em liquido

Resultados obtidos mostram que apés seis semanas
de tratamento a degradago do carbaril, sob a influén-
cia das fontes de carbono exceto celulose pura e papel
de filtro, aumentou no Latossolo Vermetho-Amareto
onde todo inseticida foi degradado, comparado ao
solo Glei Hamico.

O tratamento com folhas de vegetais, com ou sem
incubacfio prévia por duas semanas, modificou de
modo semelhante a persisténcia do carbaril em
ambos os solos. Comportamento andlogo foi obser-
vado usando-se papel de fiitro, que é fonte de carbo-
no de metabolizagio mais lenta.
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Viene de la pdging 440

El kelvin. Corresponde a 1/273.16 de la temperatura termodindmica del puntro triple del
agua {(su simbolo es K.

La candela. Es la intensidad luminosa —en direccion perpendicuiar y con una superficie igual
a 1/600 000 de metro cuadrado~ de un cuerpo negro, a la temperatura de solidificacion del
platino a una presidn de 101 325 newton por metro cuadrado.

La mole. Esla cantidad de sustancia de un sistema que contiene tantas entidades elementales
como dtomos hay en 0.012 kilogramos de carbono 12,

El radidn. Ls la medida de un plano cuyo vértice coincide con el centro de un cfrculo y cuya
abertura es igual a la longitud de su radio subtendido como arco.

Ef steradian. Es 1a medida de un dngule solide con su vértice al centro de una esfera y que
abarca sobre su superficie el drea de un cuadrado cuyos lados tienen la tongitud del radio.

Centro Interamericano de Documentacion
¢ Informacién Agricola
[ICA

Tomado y adaptado de: Francisco Campos y Asociados, S.A. - Berlia No 321, México 21, B.F



CHARACTERIZATION OF Thanatephorus cucumeris ISOLATES CAUSING WEB BLIGHT OF BEANS
IN COSTA RICAY/
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Resumen

Setenta ¥ un aislamientos de Thanatephorus cucumeris fiieron obrenidos del
tefido de hojas de frijol infectadas en el campo y recolectadas en diferentes dreas de
cultivo de Costa Rica, localizadas entre 50 p 1 200 m sobre el nivel del mar. Otros
dos aislamientos fueron obtenidos a partir de lesiones sobre las hojas de las malezas
Sida acutifolia ¥ Rhotboelia exaltata en un campo de frijo! cerca de Esparza Con base
en las caracteristicas del micelio, a la condicion multinuclear y a la estructura del septo
(tipo doliporo), todos los aislamientos correspondieron tipicamente a Rhizoctonia
solani, ef estado imperfecto de T. cucumeris. La rata de crecimiento linear, determinado
sobre agar papa — dextrosa (PDA) a 25°C varié mucho entre los aislamientos, siendo
dicha variacion entre 10 y 29 mm en 24 horas Todos los aislmnientos produjeron es-
clerocios de color pardo a pardo oscuro, variando en didmetro desde 0.5 a 9.0 nun.

Todos los aislmnientos fueron patigenos hacia el rejido de hojas e hipocotilos
de frijol {enltivar Mexico 27), siendo sus virulencias significativamente variables, Hubo
ung correlacion positiva entre In rata de crecimiento de un gislamiento v su virulencia
a hojas e lipocotilos de frijol De los 73 aislamientos probados, 26 y 38 pertenecen
a los grupos de anastomosis (AG) 1 v 2, respectivamente. Los nueve aislamientos
restantes no hicieron anastomosis con ninguno de los cuatro AG de ensayos usados.

Introduction (8, 10, 25). Weber {24) was the {irst to demonstrate

that WB of beans in Florida is caused by Rhizoctonia

n the humid lowlands of Latin America and the solani Kihn and its perfect state, Thanatephorus

I Caribbean, web blight {WB) is one of the most cucwmeris (Frank) Donk. Both the perfect and

destructive diseases of beans {(Phaseolus vulgaris imperfect states of this fungus often have been

L)(3,5,6,8, 10, 11, 19, 25). 1t causes a very rapid observed and reported occurring on beans in Costa

defoliation  and sometimes even complete crop Rica (3, 6, 7, 8, 11) and other bean growing areas
failure during the rainy season in the lowland tropics in the tropies (3, 10, 19, 24, 25).

In nature, T cucumeris exists in the form ol

1 Received for publication on May 11, 1982. many strains that differ in cultural appearance and

Part of a Ph. D. dissertation presented by the senior

author to the Gradnate School of Cornell University patilogenicity‘ Such Va:riability !1:1_3 been  demon-
We thank personnel of the Ministry of Agriculture and the strated to occur among isolates obtained from within
University of Costa Rica for their help and use of their one field or from different bean fields (9). It has been
facilities shown that 7. cuctmeris generally consists of 4

* Graduate student, associate professor, and professor, é{]as.tO‘H?OSI‘S Broups (AG) that .are gharactmzed by
respectively, Departments of Plant Pathology, Cornell ISt_m(‘tW_e morphological, physiological, and patho-
University, Geneva (14456) and [fthaca (14853), New genic traits, although overlapping may occur among
Yoik, and Plant Phatologist, San Jose, Costa Rica. the groups (1, 16, 20).
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The WB isolates of 7. cucumeris have a faster
growth rate, produce larger number of sclerotia, and
are more sensitive to €O, than the subterranean
isolates of this fungus {(4). Nevertheless, the aerial
isolates were found capable of causing damping-off
and both hypocotyl and root rot of beans. In
contrast, the subterranean bean isolates of 7T
cucumeris with a fast growth rate were able to cause
acrial infection under conditions of high humidity
and temperature (9). Similar results have been
reported with T cucumeris isolates from cowpea (17)
and soybean (23).

The objectives of this study were fo charac-
terize and to determine the range of variability among
isolates of T. cucumeris causing WB of beans in
Costa Rica,

Materials and methods

[sotations and identification of T. cucwomneris
from naturally infected leaf tissues. leaf samples
were collected [rom bean fields in the Central Plateau
and the eastern and western regions of Costa Rica
during the rainy season {August-December) of 1979,

Small leaf pieces were obtained from the margin of

expanding lesions, surface sterilized for 1-2 min in
0.05% NzOCI solution, and then plated on potato-
dextrose agar (PDA) or the selective medium of Ko
and Hora (14). After 24-48 hr of incubation at 24°C,
hyphal tip transfers were made to 0.5% yeast-PDA
(Y—PDA) slants from colonies showing the myecelial
characteristics of the imperfect state, R solani (2}
Stock cultures were mainiained by periodic transfer
to Y—PDA slants at 20°C. All isolates were examined
for the presence of the characteristic dolipore septal
apparatus and the multinucleate condition of the
hyphal tip cells (12, 13). The isolates were grown
on 2% water agar plates at 25°C until the colony
had almost covered the surface of the agar plates.
Several drops of a wetting solution (} ml each of
Tween 20 and 85% lactic acid/L distilled water) were
placed about 2-cm proximal to the advancing hyphal
tips and spread thoroughly with a bent spatula. The
wetted areas were then stained with a drop of
0.05% trypan blue in lactophenol Pieces of agar
(i x | cm) containing the stained hyphae were
thinly cut, placed on a slide, covered with a slip,
and examined microscopically after 5-10 min

Cultural variability and pathogenicity of WB
isolates of T. cucumeris. Growth rate, sclerotial
formation, zonation, and color of the isolates were
determined as described previousty (9), Four to 6
plates were used for each isolate per determination
and were incubated at 25°C. Sclerotial formation

and color of the colonies were identified according
to Butler and Bracker (2) and Kuppers (15),
respectively.

The bean cuitivar Mexico 27 was used in the
pathogenicity tests, Nontreated seeds were surface
disinfested for 5 min in 0.25% WNaOC!| and rinsed
several times in sterile distilled water. Pasteurizad
greenhouse-prepared soil mix (PS) (equal parts of
top soil and sand) was used in this study, Test plants
were watered daily and maintained in a greenhouse
at 20°-24°C and relative humidity that varied between
60% -90%  Inoculum preparation, methods of inocula-
tion, and incubation periods were essentially as
reported earlier {9).

To test the pathogenicity of the isolates on hypo-
cotyl tissues, 5 seeds were planted 2-cm deep in
20-em clay pots, three-fifths filled with P5. Six to
8 days after planting, the plants were thinned to
3/pot and a layer about d-cm thick of T cucumeris-
infested soil (14) (10%, v/v of inoculum source soil/
PS) was added to the pots around the bean hypo-
cotyis Check plants were covered with PS that was
treated identically as the T cucumeris-infested soil.
All treatments were replicated 5 times. After 14 days,
plants were removed from the soil and their roots
were washed and rated for disease severity. A rating
of 0 to 5 was used with O indicating no apparent
disease, whereas 5 referred to most severe disease
{dead plants).

The pathogenicity of isolates of T. cucumeris
was compared using the detached leaf method (9).
Deteached leaves of 20-day-old plants were placed
on a wire mesh about 3 cm above the bottom of
plastic moist-chamber boxes (10x20x30 cm). High
humidity was maintained by addition of water to
the bottom of the boxes and by lining the sides
with filter paper that extended to the water. The
feaves were also sprayed thoroughly with sterile
distilled water using an atornizer. The check treat-
ments received noninfested PDA dises. Six leaves
were used per box per isolate. Disease severity was
recorded after 5 days’ incubation at 25°C using a
scafe of O (no apparent lesion development) to 5
(100% of leaf surface is affected).

Anastomosis grouping The 4 AG testers used in
this study were obtained from Dr. E. E  Butler,
Departament of Plant Pathology, University of
California, Davis, CA 93616. Stock cultures of these
isolates were maintained by periodical {ransfers to
Y-PDA slants. Anastomosis between isolates was
determined by using the method of Parmeter et af
{18). The anastomosis reactions recognized in this
study (perfect fusion, imperfect fusion, and contact
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fusion) were based on the definitions and descriptions
previously reported in the literature (i8). Isolates
which did not anastomose with any set of the testers
were paired in all possible combinations with other
isolates. Pairings among isolates were made at [east
2 differeat times with each of the testers.

Results

Identity of the WB isolates. The majority of the
81 isolates examined were recovered from lesions that
appeared to be initiated either by sclerotial or
mycelial form of inoceium (24). However, 3 isolates
{R-70, R-72, and R-706) were obtained from lesions
characteristic of basidiospore infection {7) Al of
the jsclates possessed the mycelial characleristics
of R solani {(imperfect state of T cucumeris) as
described in the literature (2} Eight of the isolates
were discarded as they failed to grow after several
transfers to either PDA or Y-PDA slants. The
remaining 73 isolates exhibited the presence of a

dolipore septal apparatus and the cells of their
young hyphal tips were multinucleate {12).

Cultural variability among the collected isolates of
T cucumeris. Growth Rate, Significant differences in
growth rate were found among the 73 WB isolates of
T cucumeris obtained froms several bean growing
regions of Costa Rica {Table 1). Average colony
linear prowth of these isolates ranged from 10 fo
29 mm per 24-hr incubation on PDA at 25°C
Generally, isolates of the fungus collected from the
bean growing regions at elevations between 200 and
750 m (Esparza, 200 m; San iIsidro, 650 m; and
Turrtcares, 700 m) appear to have the highest growth
rate. In contrast, isolates collected from bean {ields
at elevations of 50 m (Upala) and above 750 m
{Central Plateau region}) exhibited a relatively slower
growth rate on PDA.

Zonation. Zonate formation is due to the
periodical changes in mycelial growth and density

Table 1. Anastomosis groups, growth rate, and virulence to beans of web blight isolates of Thanatephorus cuctameris in Costa Rica.
Isolxte Locality and Growtl rate Virulence (0-5)" Anastomiosis
no.® altitude {m) (cm/24 hr)t Hypncotylw Lear™ group?
R-37 Turrdcares; 700 576 414 500 1P
R—-66 San Isidro: 650 572 4.14 5.00 1-P
R--49 Pasougres; 200 5.70 160 5.00 |--P
R~53 Turrubares; 500 538 340 5.00 1-P
R—-67 San Isidro; 650 5.36 414 4.83 1P
R-25 Tusrriicares; 700 5.20 167 500 [—1
R-80 Esparza; 200 5.18 407 5.00 1-1
R-355 San Maieo; 400 5.16 187 5.00 1-PF
R-G68 San Isidro; 650 4.98 427 4.83 1-P
R-75 Espasza; 200 4.94 407 5.00 1P
R-26 Tureacares; 700 4.86 407 5.00 1P
R-14 Tursicares; 750 4.74 180 5.00 1-1
R~21 Tursseares; 700 4 .64 295 4.00 1-1
R-44 Tursiicares; 750 4.36 3180 5.00 1-1
RT3 Esparza; 200 436 3187 4.83 1-p
R-76 Esparza; 200 424 140 5.00 1-p
R~-69 Fsparza; 200 422 3147 5.00 1-P
R-74 Esparza; 200 432 154 5.00 1-P
R~72 Esparza; 200 418 380 4.83 1--F
R-24 Turrcares; 700 408 314 5.00 1P
R-65 San Isidro; 650 3.78 3187 4.33 [—1
R-45 Turricares; 700 352 307 4.00 1P
R-70 Esparza; 200 3.38 347 4.67 1P
R-52 Orotina; 500 3.28 2867 3.67 2P
R—-78 Esparza; 200 3.28 273 367 1P
R-63 Fabio Baudrit; 850 3.02 31387 3.83 2-P
R-71 Esparza; 200 3.02 247 3.23 1P
R~60 San José; 1 000 290 267 3.50 1
R4 Patmares; 900 276 127 3.66 2P
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Table ! (Cont.)

R-23 Dulce nombre: 850 174 267 3.83 -7

R-51 Riogrande; 800 2.72 2,07 3.50 21
R-36 Duicenombre; 850 270 3.20 400 1-P
R—-11 Palmares; 1 100 264 1.20 333 2]
R-2 Palmares; 950 2.58 214 3.33 21
R-34 Upala; 50 258 220 31.33 21
R-62 Fabio Baudrit; 850 258 2,07 3133 2--p
R~7 Naranjo; 1 000 1.56 147 3.00 2-C
R—-64 Fabio Baudrit; 850 2.56 240 3.33 1-C
R-29 Upala; 50 252 1.73 3.00 2-C
R-53 Villa Bonita; 900 2.52 120 3.00 -

R-61 Fabio Baudrit; 850 252 147 3.33 2-C
R-22 Dulcenombre; 830 248 100 300 21
R-59 San José; 1 000 248 207 2,83 -

R-20 Santa Eulalia; 900 2.44 2.20 2.50 2-C
R--8 Paimares; 900 242 1.47 3.00 -

R--1% Santa Eulalin; 900 242 214 2.50 -

R-~10 Palmares; 900G 240 100 300 2-C
R-28 Upala; 50 234 1.00 233 2P
R—57 San José; 1 GO0 .34 2640 1,50 2P
R-58 San JTosé; 1 000 234 1.74 2167 2-C
R~17 Santa Fulakia; 900 232 1006 183 2-C
R--27 Dulcenombre; 850 2.32 1.20 2.50 2-C
R--46 Monserrat; 900 232 120 283 2-P
R34 Santa Fulalia; 900 230 260 2,33 2-C
R-32 Upaliz; 50 2.30 2.00 2.16 2-P
R~3 Palmares; 1 000 222 0.74 233 -

R—-6 Paimares; 1 100 218 0.74 1.67 1-C
R-15 Palmares; 900 216 1.20 183 -

R~30 Upala; 50 216 1.00 2.00 -

R-9 Palmures; 900 212 .54 2.00 2-C
R-~12 Palmares; 960 282 1.00 133 1-C
R--40 Ciruelas; 800 2312 0.60 1.83 -

R-41 Ciruelzs; 800 308 060 200 21
R-33 Upala; 50 208 147 1.16 2%
R-36 Upala; 50 208 1.26 100 2P
R--42 Villn Bonita; 900 1.08 054 1.83 2-C
R-31 Upula; 50 2.06 1.26 233 2-C
R-47 Dulcenombre; 850 2406 1.00 1.83 2-C
R--50 Fstanquille; 1 200 106 060 1.00 2}
R~1 Paimares; 900 2.04 1.60 1.66 2-p
R—16 San Ramon; 1 100 2.04 1.20 1.50 1-C
R-39 Ciruelas; 800 2.04 0.47 133 2-P
R-48 Dulcenombre; 850 2.04 1.00 133 21

LSD: 003 0019 G030 0.021

Refers to locality or regions in Costa Rica where the isolates were collected

b Fach number is an average of 6 and 5 replicates, respectively,

v Diseqse severity rating was recorded using a scale of 0 to 5, with 0 referring to no apparent disease symptoms and 5 indicating
100% of inoculated tissues were infected

WX Disease rating was determined 14 days and 5 days after inoculation, respectively.

y Anastomosis grouping was according to the designation given by Parmeter et al. (18). P, 1, and C refer to perfect, imperfect,
and contsct fusion, respectively.

4

These isolates failed to anastomose with any of the tester isolates or any of the other isclates used in this study
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resulting in the production of a sparse and a dense
aerinl mycelial mat regions (21} All the isolates
examined in this study failed {o exhibit zonstion
However, concentric rings composed of the aggrega-
tion of sclerotia were observed in cultures of isolates
R-6, R-7, R-9, R-31, R-32, R-33, R4, R-57, R-58,
R-63, and R-69 that were incubated in the dark,
but none was found under artificial ilumination.

Sclerotial Formation, All the isolates of T. cucu-
meris included in this study produced dark brown
sclerotiz. However, these sclerotia varied in size and
distribution on the surface of the agar plates. Small
sclerotin  {2-4 mm  diam) that were uniformly
distributed on the surface of the colony were
produced by 47 isolates which exhibited low to
intermediate  growth rate {Figure Ic). Within this
group, 2 isolates (R-11 and R-15) showed aggregates
of sclerotia in the cenier of the plate, whereas 10
others produced aggregates of sclerotia in the form of
concentric rings The latter were produced when the
isolates were incubated in darkness but nof under
continuous artificial ilumination. Isolates of T
cucumeris with fast growth rates produced sclerotia
that were evenly distributed on the agar plates and
were either few and large {79 mm diam; isolates
R-24, R-26, R-37, R-66, R-67, R-68, and R-69)
(Figure la) or numerous and very small (0.5-1 0 mm
diam; R-49, R-71, R-72, R.73, R.74, R-75, and R.76}
{Figure 1b).

Color of Vegetative Hyphae The color of the
mycelium of all isolates studied was typically brown
The brown color of most of these iselates is
characterized as N90 A60 M60 and N99 AS50 M50
for the mycelium and sclerotin, respectively (13)
Few isofates had a mycelial and sclerotial color of
dark brown which was designated as N99 A5G M5S0
The latter isofates had a fast growth rate and
produced smail sclerotiz (0 5-1.0 mm diam)

Virulence on hypocotyls and leaves Significant
differences were found in the relative virulence of
the 73 isolates of T cucwmeris to bean hypocotyls
and leaves (Table 1). Virulence of the isolates was
found to be related to their relative prowth rates.
The isolates with the highest growth rate were the
most virulent, whereas those with the slowest growth
rate exhibited the least virulence.

The highly virulent isofates of T cucumeris caused
a rapid and severe necrosis on leaves and branches
of bean seedlings. Lesions first became visible after
36 hr of incubation and the foliage of inoculated
plants was completely affected within 5 days Small
sclerotia (0.5-10 mm diam) were produced on
infected tissues 5 days after inoculations. The least

virulent isolates incited restricted necrotic lesions
that did not coszlesce nor result in infection of

Fig i Representative cultures of Thanatephoris cucnmneris
isolates causing web biight of beans in Costa Rica
after 14 days' growth on potato-dextrose agar uf
25°C with continuous light. a-b) Large (7-9 mm
diam} and smali (0.5-F 0 mm diem) sclerotial isolates
of Anastomosis Group (AG) 1, respectively. )
Isolates of AG-2 showing sclerotiz (20-4.0 mm
dizam} that often aggregate toward the center of
the culture
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branches. Sclerotin were not visible around such
restricted lesions over the duration of the test.

Supken lesions were produced by the highly
virulent isolates on hypocotyl tissues. Lesions
were dark brown and sometimes coalesced resulting
in girdiing of the stem tissues at the soil line or
slightly above. The soil surface of the pots infested
with isolates of T cucumeris often were covered
by numerous small sclerotia (0.5-10 mm diam)
whicit first became evident 3 days after inoculations.
Brick-red sunken lesions were produced on hypocotyl
tissues by the least virulent isolates. The most virulent
isolates generally were collected from the bean
growing regions of eastern, central, or western parts
of Costa Rica with an altitude between 200 and
700 m {San Isidro de El General, Turricares, and
Esparza),

Anastomosis grouping. Sixty-four out of the 73
WB isolates of T cucumeris examined were assignable
to the anastomosis groups designated by Parmeter et
al. (18}. Of these, 26 and 38 were found to belong to
AG-1 and AG-2, respectively None of the isolates
were members of AG-3 or AG-4 (Table 1) Nine
isolates failed to anastomose with the tester strains,
among themselves, or with any of the web blight
isolates belonging to AG-1 or AG-2. The 3 types
of the anastomosis reaction observed in this study
were similar to those reported in the literature (18).
The “contact fusion” reaction wag observed with 18
of the isolates in AG-2, the “imperfect reaction,”
with 7 isolates of AG-1 and 9 in AG-2, whereas the
“perfect fusion” was observed with 19 isolates of
AG-1 and 1§ isolates in AG-2.

Isolates within AG-} varied in color of mycelium
and in size and number of sclerotia. Several isolates
including R-66 exhibited a light brown and sparse
mycelium with few large {6-9 mun diam) sclerotia that
were dark brown in color Other isalztes including
R-74 (Figure 1b) had an appressed and coarse
mycelium with numerous small {0.5-1.0 mm diam)
sclerotia. Sclerotin were imbedded in the agar,
uniformiy distributed on agar surface, and along with
the mycelium were dark brown in color. Isolates of
both groups had a fast growth rate and were highly
virutent on hypocotyls and leaves,

Isolates within AG-2 showed only minor variation

in cotor of myecelium and in size and number of

sclerotia as compared to the isclates in AG-1 (Figure
Ic). The mycelium was appressed to moderately
aerial and brown in color. Sclerotin were 2-4 mm
dizm, often aggregated into compound sclerotia, and
had a darker brown color than the mycelium. Isolates
in AG-2 were characterized by slow to intermediate

growth rates as well as low to moderate in virulence
to bean hypocotyls and leaves.

Discussion

Only T cucumeris wasisolated from naturally
infected bean leaves in Costa Rica exhibiting typical
symptoms of WB. Identification of the collected
isolates was based on the mycelial characteristics
of the imperfect state, R solani (2}, possession of
a prominent dolipore septal apparatus, and the multi-
nucleate condition of the young hyphal tip cells. The
last 2 features provide reliable diagnostic criteria in
distinguishing T. cucwmeris and its imperfect state
from many Rhizoctonia-like fungi, which are similar
in cultural appesrance and mycelial morphology (12,
13). The binucleate Rhizoctonia-like fungi have been
reported as causal agents of foliar blights on grasses
and sugarbeets {13).

Echandi (5, 6, 7, 8) and Gonzdlez (11} previously
had reported on the occurrence of T cucumeris and
the severity of WB of beans in Costa Rica. Parmeter
et al (18} were successful in producing the perfect
state under laboratory conditions using isolates of
the fungus previously recovered from naturally
infected bean leaves collected in Costa Rica. The
basidial state of the fungus also has been reported
occurring on beans (7} and tobacco (22) under
field conditions in Costa Rica The basidial state
was also observed during the present study on bean
tissues in flelds in Esparza, San Isidro, and several
areas in  the Ceniral Plateau. In this study,
considerable cultural variability was demonstrated
to exist among the WB isolaies of T. cucumeris in
Costa Rica. Cultural and morphclogical variability
has been reported in the literature among isolates
of R. solani that are associated with WB diseases on
different crops and from different geographical
regions (5, 23} Variability in cultural appearance
also has been reported in the literature among the
subterranean isolates of R. solani (9).

Rapid growing mycelium is characteristic of T
cucumeris isolates. Among the different habitats
in which the fungus is found in nature (aerial, surface
or subterranean), the aerial forms have been reported
as having the fastest prowth rates (4). However,
several isolates of this fungus obtained from infected
bean hypocotyls and roots previously were shown
to have a comparable prowth rate to the aerial WB
isolates (9). The WB isolates examined in this study
varied significantly in their growth rates which were
also closely associated with their virulence to beans
The fastest growing isolates were distinguishable from
the others by cultural appearance, higher virulence on



GALINDO ET AL CHARACTERIZATION OF T. CUCUMERIS CAUSING WER BLIGHT OF BEANS 453

bean hypocotyls and leaves, and they were all in
group AG-1

All isolates of T. cucumeris obtained from WB
lesions on beans were pathogenic to both hypocotyl
and leaf tissues, although they varied considerably in
their virulence {Table 1). Pathogenicity of the aerial
isolates of R solgni to roots and hypocotyl tissues
also have been reported on cowpeas (17), soybeans
(23), and beans (9). In addition, R. solani isolates
recovered from infected roots and hypocotyls have
been shown to be pathogenic to the foliage of beans
{9} and cowpeas (17). These resulis suggest that
both foliar and root isolates of T. cucuineris have the
capacity to infect the above-ground or subterranean
bean tissues depending on the conditions prevailing
in their habitats.

The sclerotia produced by the isolates of 7. cuen-
mreris in culture differed markedly from those formed
on infected bean tissues. Sclerotia in culiure were
variable in shape and size (3-7 mm diam) and some-
times formed apgregates (1-2 cm diam), whereas those
produced on infected tissue appeared round and very
small (0.5-1.0 mm diam). This behavior also has been
observed with R solani isolates obtained from WB
lesions on beans in Floridz (24), but not from
soybeans (23)

The majority of the WB isolates of T. cuctimeris
studied in this investigation were assignable o snasto-
mosis groups AG-1 or AG-2. The characteristics of
these isolates were in apgreement with those given by
Sherwood (20). Isolates of T. cuwcumeris in AG-1
and AG-2 have been previously isolated from
naturally infected bean leaves in Costa Rica (18).
Nine isolates obtained in this study failed to
anastomose with any other isolates tested. The latter
sugpests thal either snastomosis is rare among these
isolates or that additional AG exist in nature as
suggested by Parmeter ef al (18) Recently, field
isolates from Japan have been placed in & new AG
(1, 16).

The T cucumeris isolates collected from the
diverse geographical regions where beans are grown
in Costa Rica varied greatly in cultural characteristics
and virulence fo bean tissues Generally, the isolates
obtained from Esparza, San lsidro de EI General,
and several from Turricares were highly virulent to
beans In contrast, isolates from Upala, San Ramén,
Palmares, and some from Turnicares were only weak
to moderately virulent. Esparza, San Isidro, and
Turnicares are at altitudes of approximately 208,
650, and 700 m, respectively. WB is endemic in these
areas and often occuis in epidemic proportion as a
result of favorabie environmental conditions for

disease incidence and development during the rainy
season. In addition, the basidial state often has been
observed occurring on beans and other crops in these
areas. Thus, there are more opportunities for
continued variability of the fungus and the prevelance
of more variants than in areas where disease incidence
and severity are lower, such as Upala (elevation 50 m)
and Estanquillo (elevation 1200 m).

Summary

Seventy-one isolates of Thanatephorus cucumeris
were oblained from naturally infected hean leaf
tissues collected from several bean growing areas
of Costa Rica that ranged in elevation from 50 to
1200 m. Two other isolates were obtained from
lesions on leaves of the weed species Sida acutifolia
and Rhothoeliv exaltata in a bean field near Esparza.
Based on mycelial charascteristics, multinucleate
condition, and presence of the dolipore-type septal
structures, all isolates were typicaliy R. solani which
is the imperfect state of T cucumeris. Linear growth
rate, as determined on PDA at 25°C, varied greatly
among these isolates and ranged {rom 10 to 29 mm in
24 hr. Ali isolates produced brown to dark brown
sclerotia which varied in size from 0.5 to 9.0 mm
diam. All isclates were pathogenic fo bean leaf and
hypocoty! tissues (cultivar Mexico 27), but their
virulence varied significantly. There was a positive
correlation between growth rate of an jsolate and
its virulence to bean leaves and hypocotyls. Of the
73 isolates tested, 26 and 38 isolates belonged to
anastomosis groups (AG) 1 and 2, respectively. The
remaining 9 isolates failed {o anastomose with any
of the 4 AG testers used.
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esena de libros

PAUL, EA. y JN. LADD (eds.). Soil biochemistry.
Vol. 5. M. Dekker Inc., New York 1981, 480 p.

Este es el primer volumen donde el Prof. McLaren,
iniciador de la serie no figura entre los editores, Su
muerte dejd un apreciable vacio entre los que practi-
can la bioquimica de suelos. El volumen consiste de
diez capitulos independientes que reflejan dreas con
investigacién activa en los ltimos afios y no tratados
en volimenes anteriores.

El primer capitulo se refiere a la quimica vy las
transformaciones de los compuestos naturales resis-
tentes a una descomposicion rapida. Este capitulo dis-
cute las evidencias de Ia existencia de compuestos or-

génicos 1esistentes en suelos. Se discute en un segun-
do subcapitule [a formacidn y quimica de estos com-
puestos y se termina con conclusiones y una biblio-
grafia de casi 300 referencias.

En el segundo capitulo se estudia el andlisis “in
situ” de los componentes de origen bioldgico del sue-
lo. Hace tiempo se estima deseable realizar estudios
con materiales no extraidos, sin que hasta el presente
haya side posible este tipo de estudios. El reciente
desarrollo en microscopia electronica y otras técnicas
instrumentales hacen ahora posible estudios sin ex-
traccion, indicando ef lugar preciso de la materia orgd-
nica en la estructura del suelo. Se discute en el capitu-
lo la localizacidn e identificacion, ademis de la cuan-
tificacion de estos derivados.

14 combinacidén oxidativa de compuestos aromati-
cos por enzimas de microorganismos de suelos es el
topico del tercer capitulo. Se discute el topico en
cuatro subdivisiones dedicadas & las enzimas que pro-
mueven Ja combinacion oxidativa que producidas por
microorganismos del suelo y aparte del suelo, la dife-
renciacion de las enzimas de combinacion oxidativa
producto de las reacciones de combinacidn oxidativa
y finalmente los significativos bioldgicos v ecologicos
de las reacciones de combinacion oxidativa.

En el cuarto capitulo se estudia el contro! de las
transformaciones de urea en suelos. Se discute aqui
las propiedades de la ureasa en suelos, los efectos de
los inhibidores de ureasa y los efectos de los inhibido-
res de la nitrificacién sobre 1as transformaciones de
urea en e suelo. Por ser Ia urea una forma de abono
nitrogenado muy importante, es critico el conocer
sobre sus transformaciones en suelos; aqui se presenta
un resumen tanto sobre los aspectos tedricos como
los pricticos de sus cambios de forma.

En el quinto capitulo se presenta la informacion
sobre la quimica y iz distribucidn de los amino azuca-
res en suelos y organismos de suelos; se resume la
informacién sobre I quimica de los amino aziicares,
su distribucidn en organismos vivos, su determinacion
y las cantidades y formas de amino azicares, su distri-
bucibn en organismos vivos, su determinacion vy las
cantidades y formas de amino azGcares en suelos. Se
presenta el conocimiento zctual sobre Ia transforma-
cidn de estos compuestos en suelos.

El sexto capitulo se dedica al topico de los deriva-
dos de petrdleo en suelos. Se analiza su bioguimica,
ecologia y microbiologia. Este capitulo, el segundo
mas largo del volumen, reune informacién de una se-
rie de ciencias. Se discuten las sustancias de importan-
cia en este campo, su comportamiento en suelos y sus
efectos sobre el mismo. Se incluye también informa-
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cidn sobre la dindmica e dos reacciones v el compor-
tamiento en sisternas acudticos.

La fijacion biologica del nitrdgeno es el tdpico del
séptimo capitulo. Este tema, que ha recibido mucha
atencién recientemente, es cubierto con base a la lite-
ratura de la Gltima década. Los principales aspectos
discutidos son la fijacion de N;, los organismos invo-
lucrados, la bioquimica del proceso y sus relaciones
con Q5. Se discuten también sistemas donde asocia-
ciones entre microorganismos, raices y plantas, espe-
cislmente tropicales, resultan en fijacién de Ny .

La desnitrificacion es el topico del actavo capitu-
lo. Se estudian aqui los organismos responsables y la
fisiologia v la biquimica del proceso. Se le da conside-
rzeién a los métodos de medicidén del proceso y el
sistemna del suelo donde ocurre. Se considera la pro-
duccién no biologica de formas volatiles de N,

Ei capitulo noveno se dedica a los metales pesados
en la biologia y bioquimica de suelos. Se analizan las
formas principales de interaccidn entre esios elemen-
tos, esenciales o no, y los procesos biologicos o bio-

quimicos en suelos. Se considera mds que todo los
aspectos microbioldgicos del problema, tratados con
menos profundidad en otros trabajos de revision

En el décimo capitulo se estudia la biomasa micro-
biana en suelos, su medicién y transformaciones. Se
presenta su medicidn por microscopia directa, por
medicion de componentes especificos de fa biomasa,
la velocidad de respiracion y otras técnicas. Se analiza
la concordancia entre las diferentes técnicas.

Un breve indice final ayuda al lector & encontrar el
material deseado en este volumen de alto nivel que
presenta y resume mucho material de dificil acceso y
de gran actualidad. El libro requiere conocimientos
bisicos en microbiologia de suelos y buenas bases en
bioguimica para su aprovechamiento vy se le reco-
mienda para los especialistas y estudiantes de posgra-
do en el campo.

ELEMER BORNEMISZA S.
FACULTAD DE AGRONGMIA
UNIVERSIDAD DE COSTA RICA



LONGEVIDAD, LATENCIA'Y GERMINACION DE LAS SEMILLAS DE Ferbesina greemmnanii -

EFECTO DE LA CALIDAD DE LA LUZ'/

CARLOS VAZQUEZ-YANES*
ALMA OROZCO-SEGOVIA®

During a year the longevity of buried and imbibited seeds was studied, also the
effect of the spectral composition of the light on seed gennination was investigated, on
Verbesina greenmanii, « secondary growth plant from the tropical rain forest. The seed
were placed in plant growth chambers with modified light compasition, and under
natural light conditions in the forest. Other experiments were carried out on the effect
of the red (660 mn) and far red light (730 nm). The results show that the seeds may
remain dormant in the soil and in imbibed condition. The spectral composition of the
light plays an important role on the regulation of seed germination. The seeds are
stimulated to germingte by the red light and inhibired by the far red light

Introduccion

g | estudio de la ecofisiologia de la germinacion
de las semillas permite comprender en forma
¢ mds precisa los mecanismos que regulan la lon-
gevidad de las semillas en el suelo, el rompimiento de
la latencia, la germinacién y el establecimiento de
las plantas en condiciones naturales. Este aspecto
de Ia biologfa de las plantas es de mucho interés
en ¢l estudio de aquellas especies que se esiable-
cen solamente en dreas alteradas o destruidas de la
vegetacidon madura, ya que en la vegetacion no alte-
rada dichas plantas persisten solo en forma de semilla

1 Recibido para publicacién el 12 de noviembre de 1981

Este trabaje fue parcialmente {inenciudo por el Consejo
Nacicnal de Cienciaz y Tecnologia de México (Proyecto
PCECNAL 790222). los experimenlos en camaras y
cajones de composicidn espectral de la luz controlada
fueron efectuados en el Departamento de Botdnica de
Ia Universidad de Leicester en Gran Bretafia, contando
con el asesoramicnto v apoye del Dr. Harry Smith

*  Pepartamento de Botdnica, Instituto de Biologia, Apar-
tado Postal 76-233, Deteg Covoacin - CU 04510
México, D F

Con respecto a las semillas de algunas de estas espe-
cies, hay evidencias de que la alterscion de la cubierta
vegetal natural es la fuente de estimulos ambientales
que desencadenan la germinacion en el suelo (18).

Las poblaciones de algunas plantas pioneras helio-
filas de corta vida dependen para sobrevivir de poseer
mecanismos eficientes de conservacion de semilias
viables en el suelo, que germinen sélo cuando las con-
diciones ambientales externas sean propicias para el
desarroflo de los individuos; o sea, cuando la cubierta
vegetal natural ha sido alterada y la luz solar incide
directamente sobre el suelo (13, 19, 20}.

V. greemingnii es una compuesta arbustiva muy
abundanie en la vegetacion secundaria temprana
de ferrenos en barbecho y claros amplios de la selva,
en regiones cilidas y semicidlidas de México. Las plan-
tas de esta especie producen aquenios pequefios,
alados que se diseminan por el viento en la época
seca del afio. Se han reportado semillas en el suelo
de Ia selva madura (6). Esta especie es abundante
en ia Estacion de Biologia Tropical de Los Tuxtlas
de la Universidad Nacional Autdnoma de México en
e] Estado de Veracruz. De ese lugar proceden las se-
millas empleadas en la investigacidn y en él se-efec-
tuaron los experimentos y observaciones de campo
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Las caracteristicas de la Estacidn han sido descritas
en detalle por Lot (10).

En un trabajo previo (18) se describieron los efec-
tos de la temperatura y la germinacidn en luz v obscu-
ridad en V. greenmanii y otras compuestas pioneras:
Bidens pilosa 1., Eupatorium macroplpflum 1,
Epittierii Klatt y Vernonia deppeana 1ess. Todas ellas
presentaron semillas fotobldsticas, al igual que V.
caracesang Rob. & Greenm:. de Sudamérica (14).

Con el antecedente anterior se procedid a realizar
experimentos de longevidad de semillas en el suelo de
la selva y en condiciones de imbibicién y se estudio el
efecto de la calidad de la fuz sobre la germinacién,
tanto en condiciones artificiales como en el campo,
para profundizar en el entendimiento de los factores
que regulan la conservacion de semillas viables en el
suelo y el disparo de la germinacién cuando ocurre
una perturbacién del dose] vegetal, los experimentos
de vizbilidad complementan al estudio de la latencia,
ya que permiten integrar un panorama del mds pro-
bable comportamiento de las semilias en condiciones
naturales, al obtenerse simultdneamente informacién
acerca de las posibilidades que las semillas tienen de
sobrevivir en el suelo y de los factores externos que
irmpiden o desencadenan su germinacion.

Es sabido que la luz solar sufre un notable cambio
en composicion espectral al ser transmitida o refle.
jada por el follaje verde de la vegetacién (8, 12). Este
cambio produce una modificacién en la distribucion
fotdnica del espectro luminoso, se reduce la energia
en la porcion correspondiente al color rojo (660 nm),
sufriendo un incremento relativo en la porcidn corres-
pondiente =! infrarrojo cercano y en particular en el
color rojo lejano (730 nm). Las mediciones efectua-
das en la selva madurz con un espectrofotdmetro
portdtil (2) indicaren valores de ¢ (sigma) 0.01 a 0.3
en la luz difusa, a nivel del suelo, en diferentes puntos
dentro de Ia selva. A valores similares han llegado
otros autores que han medido la composicién de la
lz en la vegetacién tante tropical (8) como bajo
otros tipos de doseles (15).

Segin Monteith (12), ¢ expresa el valor de iz rela-
¢ién Rojo/Rojo lejanc que reselta de dividir la ener-
gia del espectro luminoso concentrada en 660 nm
entre la que se encuentra en la franja de 730 nm (1).

Cuando Ias semillas se encuentran en medios ifu-
minados cuya luz presenta un valor de ¢ muy bajo,
su fitocromo se mantiene en su forma inactiva y las
semillas permanecen latentes. La germinacién se ini-
cia al producirse un incremento energético en la
porcion roja del espectro que tiene lugar al aumentar

la intensidad de la luz que Uega al suelo sin incidir
sobre follaje verde (5, 9, 14, 17, 20). El papel del
pigmento fitocromo como sensor ambiental en las
sernillas es bien conocido (3, 4, 11).

Materiales y métodos

Las semillas fueron colectadas a partir de varios
individuos diferentes en el momento que estaban
slendo diserninadas. Un ejemplar de herbario que
respalda la identificacidn se encuentra depositado
en el Herbario MEXU con el ndmerc Vizguez~
Orozco 54.

Todos los experimentos salve el de semillas ente-
rradas, fueron efectuados en cajas de Petri de 10 cm
de didmetro sobre agar puro al 1% en agua destilada,
empleando 100 semillas por caja.

Los experimentos realizados fueron: 1) longevidad
durante un afio en semillas enterradas, 2) longevidad
de semillas imbibidas, almacenadas en obscuridad, 3)
efecto de la composicion espectral de la luz en cdma-
ras de crecimiento, 4) efecto de la luz difusa de Ia
selva en condicienes naturales y 5) efecto de exposi-
ciones breves y alternantes a luz de color rojo v rojo
lejano,

1) El experimento de longevidad en el suelo consistié
en mezclar 200 semillas con 10 g de suelo de la
selva esterilizado, para eliminar semillas previa-
menie presentes en él. La mezcla fue introduci-
da en bolsas de malla de nylon que se cerraron
y enterraron en el suelo de la selva madura a
5 cm de profundidad, cada mes se extrajo una
bolsa v las semilias se pusieron a germinar en un
cristalizador dentro de una cdmara de crecimiento
a 25°Cy 12 h de fotoperiodo.

1) El experimento de longevidad por un afio en
imbibicién consistid en sembrar semillas en ca-
jas de Petri que fueron cubiertas con pliegos de
papel de aluminio y polietileno y después almace-
nadas en la obscuridad a 25°C Cada mes una caja
sembrada era desenvuelta y expuesta a la luz en
la cdmara Conviron después de verificar la germi-
nacion en oscuridad,

3) El experimento de germinacion en cdmara de cre-
cimiento, en condiciones de calidad de luz contro-
lada, fue efectuado en las cuatro cimaras cons-
truidas por Heathcote ef af (7). Las cuatro cdma.
ras funcionaron a 25°C con un {otoperiodo de 12
horas. El valor de la relacién R/RL para cada ci-
mara fue: la cdmara uno ¢ =2 3 representando una
drea descubierta, 1a cdmara dos ¢ = .58 represen-
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tando una sombra vegetal producida por un dosel
delgado; la cdmara tres, ¢ = (.23 representando
sombra de un dosel relativamente denso y la cdma-
ra cuatro, ¢ = 020 representando la sombra de
un dosel muy denso. La energia [uminosa total
de las cdmaras es de 10 a 15 veces mayor que fa
que existe en el suelo de ia selva a mediodia.

4) Los experimentos de germinacion en e} suelo de
la selva se efectuaron con cajas de Petri sembra-
das que se colocaron en cuatro lugares de seiva
madura, dos lugares de vepetacion secundaria
de aproximadamente 14 afios de edad y bajo una
sombra no vegetal en descubierto que produce
una luz difusa de composicion espectral muy
diferente a la de una sombra vegetal. La germina-
cidn fue verificada después de un mes.

5) Los tratamientos de exposicion a luz de color rojo
y rojo lejano fueron efectuados en dos cajones
construidos exprofeso. El cajon de fuz roja estaba
provisto de un plafén luminoso formado por
tubos fluorescentes “daylight™ {60 w) cuya luz
atraviesa una capa de perpex rojo del mimero 400
{de ICI) y un vidrio transparente incoloro. El cajon
de luz color rojo lejano tiene un plafén luminoso
formado por bombillas de tunsteno-haldgeno de
60 w parcialmente sumergidas en una cdmara
de agua corriente para enfriar y eliminar el infra-
rojo. La luz producida atravesd una capa de
perpex rojo y otra de perpex verde. Ambos tipos
de limparas producen luz de diferente composi-
cion espectral que al pasar por los filtros perpex
adquiere las propiedades requeridas (14). Las se-
millas fueron sembradas en la oscuridad y después
de dos dias se expusieron durante periodos de
10 a 30 minutos al efecto de la luz de una u otra
cimara o de ambas consecutivamente, para verifi-
car si el f{itocromo de las semillas es activado y
desactivado por la luz de color rojo y rojo lgjano
respectivamente. Después del tratamiento las cajas
de Petri fueron almacenadas en la oscuridad a
25°C por un mes antes de verificar la germinacién

Resultados

Los resultados de los experimentos de viabilidad
en el suelo y en condiciones de imbibicidn se presen-
tan en la Figura 1. Se observa que en ambos casos a)
viabilidad en el suelo; b) condiciones de imbibicién,
hubo semitlas que permanecieron viables pero el por-
ciento final de germinacién fue bajo, ya que dismi-
nuyd de mds de 50% 2 menos de 10%en un afio. Los
resuttados obtenidos en las cimaras de calidad de luz
controlada se presentan en la Figura 2. Se observa que
la disminucion del valor de < disminuye la germina-
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Fig. 1. Se muestra el porciento de germinacion obtenido
después de cada mes de almacenamicnto Las colum-
nas rayadas corresponden a I germinacion obtenida
después de desterrar iss semillas ¥ las columnas blan-
cas corresponden a la germinacion obtenida después
de exponer a la iz las semillas almacenadas imbibi
das en [a oscuridad
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Fig. 2. Desarrollo de la germinacidn en las cuatro cdmaras
de calidad de iuz controlada que simulan; 1 terrenc
descubierto, 2— dosel delgado, 3— dosel intermedio,
4~ dasel denso

cién y la velocidad con la que ésta se presenta. Los
resultados obtenidos del experimento de germina-
cidn en el campo se presentan en el Cuadro 1, se
observa menos germinacion bajo la sombra vegetal,
que fa que se obtiene bajo una sombra artificial. Los
resultados de exponer las semillas a luz de color rojo
¥ rojo lejano se preseatan en el Cuadro 2, se observa
que el efecto estimulante de la Juz roja es totalmente
revertido por el rojo lejano cuando este tratamiento

Tuerialba Vol. 32, No. 4, pp. 457-462



460 TURRIALBA: VOL. 32, NUM. 4, TRIMESTRE OCTUBRE-DICIEMBRE 1982

Cuadro 1. Germinacion de semillas de Verbesing greenmanii
en difercntes ecosistemas.

Localidad Germinacion (% )
Bosque maduro X
625
1 7
2 7
3 7
4 4
Bosique secundario 14.50
5 17
6 7
Sofnbra artificial al
descubierto 53.00
7 35
& 51

Cuadro 2. Efecto de tratamientos de luz de coler rojo (R)
y rojo lejano (RL) sobre la germinacion de
Verbesing grecimanii.

Tratamiento! Germi/nacién
{70)
R, 11
Ry 16
R,, 17
RI“IG Rl(? 14
Rl., R,, 20
RL,, R,, 28
RZU l{Llﬂ Rlﬂ 16
Ry, RL;, Ry 19
R,o RL,, Ria 31
RL]O D
Ri., 0
RL,, 0
RIG RE‘!U 0
R'.'.O RE‘?O O
Ryo RLy, 1
RL[O Rlﬂ Ri“lﬂ O
RL?D R10 RE"ZD 0
RL]G Rﬂﬂ RLZiU 0

b Lacifra indica el tiempo (minutos) de irradizcidn aplicado
en cada tipo de luz

es aplicado en Oitimo término, lo cual corresponde
con lo observado en varios experimentos de diversos
autores en especies de semillas fotobldsticas (4, 9,
14, 17).

Biscusion

El éxito de las plantas pioneras, al igual que ¢l de
lag hierbas anuales {(13) depende de la potencialidad
de sus semillas para sobrevivir [atentes en el suelo y de
germinar solo cuando las condiciones ambientales ex-
fernas representanr una razonable probabilidad de
sobrevivencia de las plintulas y de alcanzar la edad
reproductiva; por esta razon, es de esperar que este
tipo de especies presenten una latencia impuesta por
factores exiernos que prevenga la germinacion cuando
las condiciones para el establecimiento sean desfavo-
rables, pero que no la impida cuando estas se tornen
favorables.

Las semilias de V. greenmanii presentan una via-
bilidad relativamente baja al ser liberadas, pero la
porcion de semillas viables es capaz de sobrevivir
en el stelo por varios meses y en condiciones de imbi-
bicién. La viabilidad decae mds rdpidamente en el
suelo que en cajas de Petri, pero al afio de enterradas
las muestras aGn presentan semillas viables, lo cual
puede permitir una mayor acumulacién de semillas
viables en el suelo cuando se presenta una nueva esta-
cién de fructificacion; o sea, una parcial superposi-
cidn de generaciones de semillas.

Al igual que en otras compuestas tropicales las se-
millas son fotobldsticas ¥y permanecen latentes en
bajos valores de ¢ (14, 18). Este fendmeno puede ser
de particular importancia en tanto las semillas perma-
necen en la superficie del suelo después de ser disemi-
nadas; ya que, cuando las semillas quedan enterradas
o alojadas en cavidades oscuras del suelo, la total
oscuridad de esos medios impide la germinacion.

Cuando ef dosel vegetal es destruido por una per-
turbacién, el aumento de valor de ¢ puede desencade-
nar la germinacién abrupta de aquellas semillas que se
encuentran al alcance de la luz.

Las semillas de V. greenmanii en condiciones natu-
rales pueden formar parie del banco de semillas del
suelo y que probablemente ese banco tenga caracte-
risticas similares a las descritas por Thompson y
Grime (16), como del tipo tres; o sea, una parte de
las semillas producidas en una estacidn de fructifica-
cidén germina al ceer en terrenos descubiertos. De
aquelia porcién de semillas que cae en terrenos cu-
biertos de vepetacién, una parte importante se integra
al banco de semillas latentes del suelo, del cual las
pérdidas principales son por pérdidas de viabilidad,
parasitismo y probablemente también por predacion,
hasta que ocurre una perturbacion del dosel vegetal
que desencadena la germinacion.

Esta prediccion surge del andlisis conjunto de los
resultados de campo y de laboratorio gue se plantea-
ron en esta investigacion,
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Resumen

Durante un afio se estudio la longevidad en el suelo
y en condiciones de imbibicion de las semillas de
Verbesing greenmanii Urban, que crece en una region
de selva tropical hameda, formando parte de la
vegetacion secundaria. Se investigd también el efecto
de la composicion espectral de Iz luz sobre la germi-
nacion en cdmaras de composicidn espectral contro-
fada, en el medio ambiente y bajo el efecto de luz de
color rojo (660 nm) y rojo lejane (730 nm). Los
resultados indican que las semillas pueden per-
manecer viables y latentes en el suelo y que la com-
posicion espectral de la luz juega un papel importante
en el controf de fa germinazcién. La germinacion es
estimulada por la luz roja e inhibida por Ia de color
lejano.
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Resena de libros

OLSON, G.W. Soils and the environment. A guide to

soil surveys and their applications. Chapman and
Hall, New York, NY 1981, 178 p.

Este texto fue preparado para proveer informacitn
generada por la descripeidn de perfiles y mapas de
suelos, indicando los principios de agrupamiento de

suelos, y para discutir algunos aspectos especificos de
su aplicacion. Ei lector a quien se dirige este libro es
la persona comin, o sea cualquiera interesado en el
uso del suelo y de la tierra.

Los primeros capitulos introducen al lector en la
terminologia de aspectos morfolégicos del suelo, and-
lisis de laboratorio y nomenclatura del sistema ameri-
cano de clasificacion de suelos. Hasta el capitulo 4 se
trata de una discusion edafoldgica simplificada.

A partir del capitulo 5 se describe un sistema de
computarizar informacion y su posterior interpreta-
cion al clasificar tierras, conirolar la erosion, estable-
cer correlaciones con rendimientos de cosecha, consi-
deraciones y planeamiente para el futuro

La forma en que se presenia la informacion estd de
acuerdo con la audiencia a la que estd dirigida la obra,
{Quizd por esta razén no debe buscarse datos cuanti-
tativos nuevos ni adelantos clentificos sobresalientes
del tema El autor no incluye valiosa informacién
generada sobre inventario de recursos naturales y pu-
blicada por el centro de ensefianza #l cual pertenece.

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



EFFECT OF DIFFERENT CENTRAL AMAZONIAN SOILS ON GROWTH, NODULATION, AND

OCCURRENCE OF N, —FIXING Azospirillum spp. IN ROOTS OF SOME CROP PLANTS!'/

L A DEOLIVEIRA*
ROSYLVESTER-BRADLEY*?

Resumo

Foram plantados feifdo de asa, soja, feijfo caupi e milho em diferentes solos da
Awmazonia Central, muna drea protejida de cluva As taxas de crescimiento das planias,
nodulagdo e ocorréncia de Azospirillum em latosolo amarelo argiloso e solo podsodico
arengso ndo queimados foram muito baixas Em latosolo argiloso queimado o cresci-
mento das plantas e o ocorréncia de Azospirillum foram maiores, mas ocorren pouca
nodulegiio. Soja var. Jupiter nodulou espontaneamente em solo aluvial (“vdrzea”)
Com inoculagdo de Rhizobium a nodulagdo de soja aumentou em solos da vdrzea e
terra preta dos indios A nodulagio de feiido de asa e feifio caupi ndo aumentou com
inoculagdo sem adubagdo em latosolo ou solo podsdlico, mas em solo de vdrzea o cres-
cimento e a nodulagdo de felido de asa inoculado aumentaram. O crescimento e nodu-
lagido de feijdo de asa inoculado e adubado aumentaram, especialmente em solo pod-
solico arenoso, enquanto o crescimento de feiffio caupi awmentou em todos os solos,
e nodulacio somente em solo podsolico queimado e solo da virzea. Os dados indica-
ram que a auséncia de nodulagio em latosolo argiloso era parcialmente devida i presen-

¢a de nitrogénio no solo,

Introduction

ellow latosol occurs over a large proportion of
Y the Central Amazoniz {4, 5, 8, 10} Much of

this soil is very heavy, acidic (pH 4.C — 50},
has a high aluminium saturation level (over 50% of
total C. E. C) and low available phosphorus
I-2 ppm). Areas of a more sandy soil (red-yellow
podsol) occur on the valley sides This sandy soil is

1 Received for publication August 13, 1980
The authors thank the soll laboratories at CLPEC,
Itabuna, Bahia; EMBRAPA Km 47, R} and IAC, Cam-
pinas, SP for carrying out plant and soil analyses, and
Valmique Silva de Souza for valuable technical
assistance A Portuguese version of this paper will be
published in Acta Amazonica.

*  nstituto Nacionai de Pesquisas da Amazonia (INPA)
Caixa Postal 478, 69 000-Manaus, AM, Brazi

¥+ Present address:
Centro Internacional de Agriculiura Trepical (CIAT)
Apartade Aéreo 6713, Cali, Colombia

grey in colour at the surface but appears similar to
yvellow latosol when analysed by routine chemical
tests. These two soils will be distinguished here by
use of the terms latosol and podsol, Sandy podsocl
is often used in preference to clayey latosol for
subsistence agriculture by the local inhabitants

The natural vegetation on these two soils is forest
which showed a living biomass of 473 t ha™" (dry
weight), containing 2 983 kg N ha™ (6). However,
when three parameters were used to  estimate
nitrogen-fixing  activity  (nodulation, acetylene-
reducing activity and oeccurrence of Ny ~f{ixing Azo-
spiriflum spp ), little activity was found in association
with roots of trees growing in arcas of undisturbed
forest on clayey latosol (12). Plants growing in sandy
podsol and more f{ertile soils showed higher levels
of activity.

Areas ol forest in this region are being cleared
for agricultural development, the trees being burned
after felling which releases some plant nutrients into
the soil and atmosphere. Growth of Pennisetm puir-
pureum  planted in recently cleared latosol near

Tusriatha Vol. 32, No. 4, pp. 463-469
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Manaus was enhanced tenfold by fertilization with
phosphorus but nitrogen gave little response. Maize
and cowpea also showed little response to nitrogen
in the first year of cultivation, but in succeeding years
the response increased (1). This implies that nitrogen
was not the limiting nutrient immediately after
deforestation. However, continuous cultivation of
the soil, especially if fertilized with phosphorus
alone would rapidly cause depletion of the soil
nitrogen and other nutrients. [t is thus important
that nitrogen-fixing plants should be incorporated
into the agricultural systems being introduced in
order to avoid the use of costly inorganic nitrogen
fertilizers.

The objective of the investigations described here
was to determine whether crop plants growing in
representative Central Amazonian soils fix nitrogen
and whether this activity can be enhanced by
fertilization and inoculation of the appropriate
bacteria.

Materials and Methods

Experiment I: Soil samples were collected from
five sites considered to represent Central Amazonian
soil types as follows: “alluvial” soil from the north
bank of the Rio Solimdes about 1 km above its
confluence with the Rio Negro; “sandy podsol” at
an experimental site at km 14, AM-010; “clayey
latosol” at the Instituto Nacional de Pesquisas da
Amazonia (INPA) Reserve (Estacdo Experimental
de Silvicultura Tropical, EEST) at km 45 of the
Manaus-Caracarai road BV-8; “burned clayey latosol”
in anareaat EMBRAPA-UEPAE-Manaus (km 30,
AM-010) which had recently been deforested and
burned, and which therefore contained ash; “black
earth” from the Estrada do Aleixo, Manaus, on the
north bank of the Rio Negro opposite its confluence

Table 1.  Analyses of soils used in Experiments I and IL.*

with the Rio Solimoes. Soil analyses and descriptions
of alluvium and black earth are shown in Table 1.
Samples were collected at five points at each site
from 0-20 cm depth and mixed. The soil was
distributed in plastic bags of 1.6 kg capacity covered
with  aluminium foil to prevent excessive
temperatures. Soybean cv. Jupiter, winged bean
(Psophocarpus tetragonolobus cv. IRI 30-91 from
the Legume Research Institute, Singapore) and
maize seeds were surface-sterilized in 0.1% acidified
HgCl, and planted in four replicate bags of each soil.
The plants were irrigated with distilled water. Plant
dry weight, dry weight of nodules on the legumes,
Azospirillum enrichment root culture activity for
the maize, acetylene-reducing activity of the intact
system and total foliar nitrogen were determined
after 42 days growth in a rain-proof area. Azospi-
rillum  enrichment root culture activity was
determined as previously described (12). Acetylene
reduction was determined by enclosing the entire
plant and soil system in a polyethylene bag and
incubating with acetylene for three hours, after
which gas samples were analysed for ethylene by gas
chromatography (2).

Experiment II: Samples of the same soils as those
used in Experiment I were taken. Eight bags of each
soil type were planted with surface-sterilized soybean
cv. Jupiter seeds, four with rhizobium inoculum and
four without. The rhizobium culture used for the
inoculum had been isolated from nodules on soy-
beans grown in Experiment [ in alluvial soil. Dry
weight of nodules and plants were determined after
45 days growth.

Experiment III: Clayey and medium latosol and
sandy podsol were colllected from three sites close to
the INPA EEST reserve at km 45 BV-8. Samples at
each site were collected from primary forest and

. P K Ca + Mg Al pH Organic (Total) N

Soil Type ppm ppm meq./100 g matter (%) % C/N
Alluvium  (4) >30 144 14.3 0.8 5.0 0.4 0.12 2

Podsol (P) 15 28 0.7 0.5 4.7 0.8 0.07 7

Clayey latosol (CL) 2 66 0.5 2.5 3.6 5.0 0.32 9

Burned clayey 1 56 1.7 0.5 4.6 2.2 0.18 7

Latosol (BCL)

Black earth (BE) 3 44 6.3 0.1 5.2 3.1 0.17 11

*  Analyses carried out at EMBRAPA-Km 47-RJ. Black earth (‘“‘terra preta dos indios™) is a fertile soil containing many pieces of
broken ceramics presumed to be left by the indians who once inhabited these sites (9). Alluvial or ““varzea” soil is the fertile alluvial
soil deposited in annual floods on the banks of sediment-loaded rivers such as the Rio Amazon.
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from adjacent areas which had recently been
deforested and burned. These as well as alluvial soil
from the banks of the Rio Solimbes were obtained
using the same methods as those described for
Experiment 1. Surface-sterilized and pgerminated
winged bean cv. IRI-30-91 and cowpea | Vigna wigni-
culata cv. VITA 3 (TVU 1190)] sceds were planted
in bags of each soil with three treatiments: untreated,
inoculated and inoculated and fertilized, with five
replicates ol each treatment The rhizobium
inoculants used were prepared from cullures isolated
from nodules on the respective plants growing locally
and pretested for efficient nitrogen fixation on
plants in sterile sand and nutrient solution, Fertiliza-
tion rates of triple super phosphate, KCi and lime
were caleulated from the seil analyses {Table 2)
following the recommendations of Souza (11).
Nodule and plant dry weight were determined aiter
75 days growih.

Results

Table 3 shows that in Experiment | plant dry
weight, nodule weight, Azospirilon enrichment
culture activity and total plant nitrogen were all
refatively low in unburned clayey [atosol and sandy
podsol

In the other three more fertile soils (burned clayey
latosol, black earth and alluvial soil), soybeans and
winged beans grew equally well, whereas maize grew
better in burned latosel than in alluvial soil or black
earth.

The pattern of occurrence of nodulation and Azo-
spivifin enrichment culture activity in the three more
fertile soils was different for each plant Soybeans

showed some nodulation in  alluvial soif, and
negligible amounis in other soils. Winged beans
showed good nodufation in both alluvium and black
earth. They did not nodulate well in burned clayey
latosol even thouogh plant weight was relatively high
in this soil. On the other hand activity of Azospiril-
ey enrichiment cultures from maize roots was higher
in burned latosol and alluvium than black earth.

Total plant nitrogen was particularly high in
burned clayey latosel for all three plants. The acety-
lene reduction assays carried out on the intact system
at the end of the experiment showed zcetylene reduc-
tion only by winged beans in alluvial seil and black
earth,

Experiment Il was set up in order to test further
the noduiation of uninoculated soybeans in alluvial
soil observed in Experiment 1. Table 4 shows that
inoculation of soybeans with Riizobium isolated
from the nodules formed on soybeans in alluvial soil
in Experiment I caused better nodulation in alluvial
soil and black earth, Mowever, plant weight was only
slightly higher in the inoculated treatment in alluvial
soil

The results of Experiment I are shown in
Fable 5. Although growth of the winged beans and
cowpeas was better in burned than unburned latosol
and podsol in no case was it as good as when the soil
was fertilized. Even in alluvial soil growth of cowpeas
was better with fertilization. Cowpeas in unburned
unfertitized latoso! and podsol either failed to
germinate or died shortly after germination, despite
various replantings

Neither winged beans nor cowpeas nodulated
better in burned than unburned latosol and podsol

Table 2. Analyses of soils* and fertilization rates used in Experiment IIL
; Fertilizer applied

Soil P K Mg Ca Al pi Organic Lime TSPRE Kl
Typett ppm ppm meq./100 g matter Jb tha~! kg ha~! kg ha~t
c A 24 0l 02 G.7 39 34 410 336 101
BC 4 1562 06 13 0.1 590 50 0.65 285 60
M 2 28 0.2 02 G.7 4.0 14 198 336 101
BM 3 28 01 00 0.5 4.0 22 132 336 101
e 2 17 0.1 0G¢ 0.9 38 36 4.79 336 101
BP 2 2] 0.1 0.0 i0 16 4.2 495 336 101
A 52 106 20 99 0.1 50 1.9 0.00 143 101

Carried out at 1AC, CAMPINAS, SP

O = clayey latosol; BC = burned clayey fatosel; M = medium latosol; BM = burned medium latosol; P = podsol; BP = burned podsol;
A = alluvium; TSP = triple super phosphate.
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Table 3.

Levels of four plant parameters in different Central Amazonian soils (Experiment I). Values of the same parameter anotated

with different letters are significantly different at the 50% level (Tukey’s test).

Plant parameter Sail type¥ Soybean Winged bean Muaize
Dry weight (g) plant = A 139" 12020 096"
P p24b 0750 0.20°
cL 0240 0520 0 56°
BCL 1 29% 1.69° 2.30°
BE ik 1012t 0 90"
Nodule weight (rmg) plant ' (egumes) and
root enrichment assay nmol C, H, culture—
b= (maize) A 20.70 62700 205 08
P 0.00 1670 12780
cL 0.00 p8sb 24 99 b
BCL 000 p47b 198 290
BE 016 41 374b 20 80 b
Fotal N (mg) plunt,~* A 19000 5128b 10e3b
p 688° 2638¢ 3 640
cL g51° 22.66°¢ g4gb
BOL 183090 g4.224 24 1570
BE 24 870 43.40°¢ g93b

* Asin Table 1

Iable 4.  Means and coefficients of variation {(in brackets) of dry weights of nodules and whole soybean cv Tupiter plants in different
inoculated and uninoculated Central Amazonian Soils (Experiment I1).
Soil Type mg nodules plant ' dry weight plant =" (g)
Uninoculated. Inoculated Uninoculated Inoculated
Abuviem 30.75(187) 485 IH 249 (30} 273 (10}
Podsol 0.90 127503 0.81 (33} 0.65( 3
Clayey latosol 0.00 0.50 (149 .53 (34) 041 (24
Burned clayey latosol 0ac 63.85( 8%) 2,27 (32) 167 (47}
Black earth 0.06 22930 ( 2N 233(13) 199 (44

without fertilizer, even in the presence of inoculated
Rhizobium spp. In slluvial soil inoculation alone
improved both nodulation and growth of winged
beans, but not of cowpeas.

In the fertilized and inoculated treatments winged
beans nodulated well, particularly in the sandy pod-
sol. Cowpeas on the other hand only showed good
nodulation in fertilized and inoculated burned pod-
sol and alluvial soil.

Discussion

The growth of winged beuans, soybeans and maize
in Experiment I varied markedly between the

different soit types The good growth observed in
burned clayey latosol was presumably due to the
autrients contained in the ash. The legumes did not
however nodulate in this soil, which indicates that
it contained sufficient nitrogen to meet the plants’
needs. Indeed, the total nitrogen data show that
the plants grown in burned clayey latosol contained
relatively high nitrogen levels.

Azospirilium enrichment culture activity was high
in burned clayey latosel, but this does not necessarily
imply that nitrogen was being {ixed in the roots.
Acetylene reduction assays of the intact maize plants
in this soil were negative, although this might have
been due to poor diffusion of the gases in and out
of the soil. The higher enrichment culture activity



DE OLIVEIRA AND SYLVESTER: N, —FIXING AZOSPIRILL UM SPP. IN AMAZONIAN SOILS 467

observed may have been due Lo an increase in tota}
numbers of bacteria including Azospirithon in the
roots stimulated by more abundant energy-rich
root exudates. The low Azospirillum enrichment
culture activity observed in black earth was un-
expected: previous observations showed abundant
N, —fixing Azospirillum in black earth samples (12)
The difference may be due to the black earth having
been collected from an  uncultivated site, whereas
previous investigations used samples from inhabited
sites planted with fruit trees, cassava and other crops

Soybeans are usually considered to require
inoculation with Rhizobium  japonician for the
establishment of effective nitrogen-fixing nodules,
but rhizobia of the cowpea miscellany can form
nodules on soybeans, although they are [requently
ineffective (7, 13). Effective nodulation of low-
yeilding soybeans of Asian origin by naturatly-
occurring cowpea rhizobia has been observed in
African soils (3) In Experiment I and 1l surface-
sterilized seed and soil [rom areas not previously
planted with soybeans were used The occurrence
of nodules in uninoculated sluvial soil thus implies
that this soil naturally contzins rhizobia able to
promote nodulation in Fupiter.

In Experiment Il inoculation greatly increased
nodulation of Jupiter in both alluvial soil and biack

garth, and to a certain extent in sandy podsol and
burned clayey katosol. The lack of nodulation in the
uninoculated black earth samples and its presence
in the atluvial soil indicates that the rhizobia causing
nodule formation were indeed of soil rather than
seed origin because if they were of seed origin nodula.
tion would have occurred in uninoculated black
earth. However plant growth was no preater in
inoculated than uninoculated treatments which
implies that the strain of rhizobium used was
inefficient on this variety of soybean. Further inves-
tigations would be needed to determine the spec-
ificity and efficiency of these naturally-occurring
rhizabia.

The better growth of plants in fertilized than
burned latosol and podsol observed in Experiment 111
indicates that the ash did not contain sufficient
nutrients to support good growth The guantity of
nutrients contained in burned soil depends on the
efficiency of the burning, the degree of leaching and
run-off, and other factors. Resuits obtained with
burned soil thus vary between experiments It is
possible that if crops were planted after a good
burn before significant leaching had occurred they
would not require additional fertilization.

In Experiment Il inoculation alone did not over-
come the lack of nodulation of winged beans or

Table 5. Means and coefficients of variation {in brackets) of dry weights of nodules and plants of winged bean and cowpea in dif-

ferent Central Amazonian soils (Experiment [1I).

Plant Soil Winged Bean Cowpea
parameter type® Inoculated Inoculated
and and
Untreated Inoculated Fertilized Untreated Inoculated Fertilized
Dry C 042( 62 062( 488( 29 - 030¢ ~) 395( 18}
weight BC 187 ( 24) I 84 ( SI15(11) 069¢ 435) 066 26) 4.38( 25}
() M 0.29 ( 21) 031 (- 3155(18) - - 366( 43)
plant~! BM 283030 169 ( 33821 177¢18) 170( 43) 318 ( 24)
P 046 ( 37 .22 ( 329( 14 - 3.00( 24y
BP 228015 256 ( 4065(17) 105¢ 38) 109 ( 34) 438( 33
A 278( 29 4 04 ( 326( 32 272( 16) 2.22¢ 28) 314 ( 4
Dry
nodule C 00 oo 54.0 (103) - 0.0 .5 (200}
weight BC 25 {200 00 338 ( 86) G0 0.0 4.0
{(mg} M 00 Q.0 464 (101) - - 1 3(100)
plant™! BM 049 0.0 640 ( 80) 00 G0 14(273)
P 09 a0 1294¢ 72 - - 00
Bp 0.0 10 146.0 ¢ 23) G4(225) 0.8 (225} 600137
A 590 (213 1838 (11 1210 ¢ 72 13.2 (133 122 (147 450 ( 75)

*  Asin Table 2.

— Plants failed to germinate or died shortly after germination
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cowpeas growing in latosol or podsol even when
it was burned. Once fertilized, however, the winged
beans did nodulate. The more abundant nodulation
of fertilized winged beans in sandy podsol than
medium or clayey latosol, despite equally good
growth in all three soil types indicates that there was
more nitrogen available in medium and clayey latosol,
thus partially inhibiting nodulation A simifar dif-
ference between clayey and sandy soil was observed
when examining roots of vegetation (12) and is
presumably due to more rapid leaching of nitrogen
from sand than clay.

Cowpeas only nodulated in two of the inoculated
and fertilized treatments: burned sandy podsol and
alluvial soil. Plant growth was however more or
less equal in all the treatments. This implies that
cowpeas nodulate less readily than winged beans
when nitrogen is present in the soil. Further experi-
ments are needed to show the efficiency of nitrogen
fixation by winged beans and cowpeas in different
soils and whether it can be improved by inoculation
of Rivizobium.

The failure of cowpeas to grow altogether or their
death shortly after germination in unfertilized un-
burned iatosol and sandy podsol was overcome both
by burning and by fertilization. This may have been
due to the greaier vigour of the plants in more fertile
soils enabling them to resist disease

The data indicate that neither the winged bean nor
the cowpea varieties used in these experiments would
grow well in latosol or podsol without fertilization
Even the nutrients available after recent burning
were not sufficient to support good growth and
nodulation. It is also implied that the soils tested
contained levels of nitrogen which were sufficient
to inhibit nodulation in some cases However, selec-
tion of the varieties used in the experiments described
here was carried out without the determination of
characteristics that would enable them to grow in
soils of low npatural fertility, The differences in
nutrient uptzke between varieties observed in these
experiments imply that a wider range of varieties
should be evaluated for ability to grow at low levels
of nitrogen, phosphorus and lime, association with
mycorrhizae and high rates of nitrogen fixation It
might then be possible to distribute these varieties
to Amazonian farmers, thus avoiding as far as possible
the application of expensive inorganic fertilizers.

Summary

Winged beans, soybeans, cowpeas and maize were
planted in pots containing different Central

Amazonian soils in  a rainproof area. Plant growth,
nodulation, and occurrence of Azospirillum in un-
burned yellow clayey latosol and sandy podsol
were very low. In burned clayey latosol plant growth
and incidence of Azospirilhum increased but nodula-
tion was still low. Soybeans cv. Jupiter nodulated
spontaneously in alluvial seil, and inoculation with
Rhizobium isolated from these nodules increased
nodulation but not growth in alluvial soil and black
earth. inoculation zlone did not increase nodulation
of winged bean or cowpea in latosol or podsol, but in
alluvial soil growth and nodulation of inoculated
winged beans increased Inoculated and fertilized
winged beans showed an increase in both plant
growth and nodulation, especially in podsol, whereas
cowpeas showed an increase in plant growth in all
the soils, and an increase in nodulation in burned
podsol and alluvial soil. The datz indicated that the
lack of noduiation in clayey latosol was at least
partially due to the presence of nitrogen in the soil
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CARACTERIZACION DEL POTASIO EN ALGUNOS SUELOS DE CHANCHAMAYO,

SELVA ALTA DEL PERU!/

CARLOS SEMINARIO®
HUGO VILLACHICA**

Summary

The forms and availability of potassium for sorghum {Sorghum vulgare L. [ were
determined in 31 soil horizons from the orders Entisol, Inceptisol, Alfisol, Ultisol and
Vertisol from the tropical humid region of Pertt. Available K was also extracted with
2, 4, 6 and 8N sulfuric acid, 0.5 N hydrochioric acid; N sodium acetate, and N
annonium acetare.

Total K ranged from 1761 io 4348 ppm with the acid, the sandy soils having
the lower aimounts, No relationship was found benween soluble K and the other forms
However, the ratio fived/exchangeable K was a good index to group the soils This
ratio was higher in the more acid solls. Exchangeable K was directly related to clay
content and inversely related to rhe degree of weathering of the soils. Sulfuric and
hydrochloric acid extracted from 30% ro 50% more K rthan ammonium acetate
(exchangeable K), except in those soils with 2°1 expandible clays. Sodium acetate
extracted only 20% to 65% of the exchangeable K.

The decrease in exchangeable K with cropping explains from 80% ro 100% the
upiake of K by plants in soils having more than 70% base saturation, while it only
explains 50% of K uptake in soils having less than 50% base saturation. 4 tentative

critical level for deficient soils is proposed at 0.15 meq K/100 g soil

Intreduccion

a disponibilidad de nutrimentos para las raices
es un aspecto de la nutricidn mineral de las
dnti plantas estudiado con cierto énfasis en los sue-
los de la Costa y la Sierra, pero no en los suelos de
fa Selva peruana. En visiz de la afta meteorizacidn
que existe en esia ltima region, es de esperar que la
fixiviacién del potasio sea intensa y, consecuente-
mente, que muchos de los suelos sean deficientes
en este nutrimento. La agricultura en la Selva empie-

1 Recibido para publicacion el 3 de octubre de 1981

#  lngeniero Agrénomo Ex-alumno del Programa Acadé-
mico de Agrenomis de la Universidad Naclonal Agraria
“La Molina”, apartado 456 — Lima

**  Profesor asociade Departamento de Suelos y Pertilizan.
tes de la Universidad Nacional Agraria “La Molina™,
apartado 456 — Lima

za normalmente con la tumba y quemaz del bosque,
lo cual eleva el contenido de K cambiable del suelo,
para luego disminuir cuando éste ditimo se cultiva en
forma continua (19). Sin embargo, es probable que
esta disminucion en ¢l contenide de K esté condicio-
nado al tipo de suelo, clima y especie vegetal o cul-
tivar, Para zonas con precipitaciones de alrededor
de 2 000 mm/afio, se ha encontrado que en los Ulti-
soles la deficiencia de K se presenta al segundo afio
de cultivo continuo después de la quema del bosque
{19), mientras que un Inceptisol con dos afios de cul-
tivo no presenta la deficiencia aun al ser cultivado en
macetas (20}

Los estudios realizados con suelos de Peru indi-
can resultados contradictorios en cuanto a la evalua-
cion del K disponible Durand (6) encontrd que el
dcido nitrico N fue ef extractante mds adecuado para
suelos de diferentes partes del Perd, incluyendo la
Selva. Pero, los resultados encontrados por Oré (13)
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sugieren que la capacidad fijadora de K de los suelos
de ia Selva es menor que los de la Costa v Sierra
y que por lo tanto, el dcido nitrico no es un buen ex-
tractante en estos suelos. Es probable que estos
resultados estuvieran en funcidn del grado de meteo-
rizacion del suelo v del tipo de arcilla predominante
En los suelos donde predomina la caolinita v la mont-
moriolinita fa fijacidn de K es baja, v es bastante pro-
bable que el K cambiable sea iz principal fuente de K
disponible para las plantas (11).

El presente experimento se efectud para determi-
nar las formas del K en 31 muestras de suelos del
valle de Chanchamayo y evaluar la forma mds dispo-
nible para las plantas de sorgo (Sorghum vulgare 1 ).

Materiales y métodos
Suelos

Se estudiaron siete perfiles de suelos con un total
de 31 horizontes del valle de Chanchamayo, Selva
Alta del Perd. Estas muestras representan a seis gran-
des grupos de suelos extensamente distribuidos en
{a Selva peruzna y que tienen un amplio rango de ni-
veles de K y de mineralogia Los perfiles estdn Jocali-
zados en el trayecto de San Ramodn hacia Pampa
Silva, excepto uno que fue tomado camino a Villa-
reica. Bl ¢lima de la zona es subtropical humedo
(17), con una temperatura promedio mensual que
oscila entre 21 a 25°C; la precipitacién anual media
es de 1900 mm. La altitud en la zona muestreada
va desde 800 2 900 msnm. Algunas de las caracte-
risticas generales de cada perfil y de los horizontes
estudiados se presentan en ef Cuadro 1.

Anilisis quimicos

Las muestras de sueios fueron secadas al aire,
molidas con un rodilio de madera y pasadas por un
tamiz de 2 mm Los andlisis de caracterizacion de
fos suelos se efectuaron utilizando los métodos nor-
males del Laboratorio de Andlisis de Suclos y Plantas
del Departamento de Suefos de la Universidad Nacio-
nal Agraria—La Molina. Estos métodos fueron: com-
posicion mecdnica por el métode del hidrometro
usando calgon al 10% como dispersante; pH en una
relacidn suelo: agua de 1:1; carbonaios por gasovo-
lumetria; materia organica por el método de Walkiey
y Black; vy nitrogeno total con el Microkjeldahl El
fosforo disponible fue extraido con bicarbonato
de sodio 0.5 M a pH 8.5, empleando el dcide ascor-
bico como reductor, La capacidad del intercambio
catidnico (CIC) se determind con acetato de amonio
N pH 70 y en el extracto se midieron el calcio

(Versenato), magnesio (amarillo de tiazol), potasio y
sodio (fotdmetro de lama). La acidez cambiable
fue extraida con cloruro de potasio N y titulada con
hidroxido de sodio, utilizando fenolstaleina como
indicador. Debido a ia limitacion de no disponer de
informacion mineralogica especifica, la CIC de fa
arcilla fue calculada asumiendo una CIC de 134
meq/g de materia orginica, de acuerdo con los re-
sultados obtenidos en suelos de la zona (5).

El K del suelo fue fraccionado de la siguiente for-
ma. El K soluble se extrajo de 10 g de suelo agitados
en 50 ml de agua destilada. El K cambiable fue ex-
traido con acetato de amonioc N a pH 7.0 Pama la
determinacion de! K fijado se utilizd la téenica de
Wood y de Turk (21) en la cual se hierven por 10
minutos 10 g de suelo en dcido nitrico N, después
de extraer el K cambisble. Bl K total fue extraido
con la mezcla de los dcidos nitrico y perclérico calen-
tados a 220°C (4). ELK residual es la diferencia entre
el K total y la suma del K soluble, cambiable y fijado.

El K disponible fue extraido con: 1) dcido sulfi-
rico en cuatro concentraciones diferentes; 2, 4, 6y
8 N, en una relacién suelo: dcido 1:5 (9); 2) dos
extracciones sucesivas con dcido clorhidrico, 0.5 N
en una relacion suelo: deido 1:10 consideradas por
separado v en conjunto; 3} acetato de sodio N a
pH 48 en una relacidn 1:7 {14) y 4) acetato de
amonio N a pH 7.0 (14)

El K total de la planta fue determinado en una
digestiébn con agua oxigenada y dcide sulfirico
{8). EI K en los extractos de suelo fue determinado
por fotometria de lama, mientras que en los extrac-
tos foliares fue determinado por espectrofotometria
de absorcion atdmica,

Experimento de invernadero

Las muestras de los 31 horizontes fueron cultiva-
das en el invernadero en macetas con 300 g de suelo,
Se tuvieren cinco plantas de sorgo por maceta y cua-
tro repeticiones por tratamiento. Todas las muestras
recibieron una dosis constante de 200 ppm de N,
200 ppm P, 30 ppm Mg, 50 ppm S5, 5 ppm Mn,
5 ppm Fe, 5 ppm Zn, 3 ppm B, 1 ppm Cuy 0.5 ppm
Mo Se realizaron dos cortes sucesivos de sorgo a los
25 y 50 dias de la siembra. Después del primer
corte se aplicaron 200 ppm adicionaies de N y de
P, No se aplicd K en ninguno de los dos cortes,
Las muestras foliares fueron secadas a 79°C y anali-
zadas para K, como se describié anteriormente.

El andlisis estadistico se efectud de acuerdo a lo
propuesto por Calzada (2). Adicionalmente se reali-
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Cuadro 1. Algunas caracteristicas de los perfiles y horizontes de suelos estodizdos.
Cambiable CiC® dela

Horizonte Prof. Arenas  Agcilla pH M.O.  Caleareo  CIC Ca Mg Al Arcilla

en o Oh b K % meq /100 g
PEREIL 1 Sipa Alto (San Ramon}. Rhodudult
Al 0 - 20 39 24 40 49 0.0 7.8 29 03 21 12
A3 20 -~ 35 36 25 49 14 0.0 4.6 2.7 0.} 2.1 il
BI 1 35 - 55 39 27 51 09 0.0 4.3 1.5 0t 22 11
B2 It 55 . 86 36 47 54 0.3 0.0 3.9 1.7 0. 29 12
B221 80 - 100+ 34 47 30 0t 0.0 5.6 23 0.4 38 12
PLREFIL 2 Sipa Bajo (San Ramén) Troporthent
Ap 0 17 54 18 50 37 0.6 9.7 5.6 06 08 26
AC 17 - 60 38 20 51 1.6 006 6.2 4.6 02 i6 20
¢ 60 - 1004+ 57 22 512 19 oo 58 38 02 23 15
PLRFIL 3. La Bretafia (San Ramon) Dystropept
Ap 018 65 5 60 17 006 0.2 5.3 03 02 52
AC 18 - 25 64 1 52 08 0.0 36 29 01 0.6 36
Ci 25 - 40 57 18 50 0.3 0c 4.2 i7 01 [.2 2
2 40 - 55 57 17 53 1.5 0 36 2z 01 1.0 9
C3g 55 - 80P 51 25 49 13 06 41 14 0.2 1.2 9
PERI'IL 4 Cumbre Pamps Watley (Pampa Silva) Riodudail’
Al 0-- 15 54 13 63 11 0.4 7.0 55 0.1 00 2z
A3 15 - 37 52 i7 62 12 0 54 44 01 0.0 2z
Bil 37-70 50 0 6.2 06 00 82 40 03 0.0 37
B132 70 - 90 52 23 652 05 00 38 26 0.7 0.0 14
B2 90 - 120% 43 37 6.4 20 00 56 39 1.2 0.0 8
PLERETL & Pampa Sitva Cafeta] (Pampa Silva). Lutropept
Ap Q.20 52 i3 65 30 09 9.0 79 ! 0.0 43
Cen 30 - 40 56 i4 10 16 09 124 it 0.7 00 13
2 40 70 54 H 67 b7 0t 84 70 0.8 0.0 38
<3 70 100+ 37 16 68 0.8 O 16 66 0.5 0.0 41
PERFIL 6 Entaz Bajo (Villarrica}. Rhodudaif.
Ap 0 18 20 37 b6 17 00 0.6 93 0.9 0.0 23
B2 1t 18 - 48 17 49 312 09 048 18.2 155 69 1.3 35
B2 2t 48 - o4 21 45 58 0.2 00 223 202 0.9 07 49
B3 64 - 84 26 35 59 13 00 260 229 0.7 0.4 69
Cea R4 100+ 34 25 71 13 22 174 167 05 0.6 63
PERE L 7. Pampa Sitva Vertisol (Pamipa Silva}. Cliremudert
Al g8 31 26 64 51 00 280 200 11 00 81
B2 1 8 &0 30 31 66 19 00 301 28.4 12 00 83
B22 60 - 8C 38 33 6.4 1.3 04 306 286 13 oG 87
C 80 - 160+ 60 i 60 0.2 0.0 87 268 13 06 158

*  Caleulada asumiendo una CIC de 1 34 meyg/g de materia orpianica.
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zaron correlaciones miltiples y ecuaciones de regre-
sion lineal y cuadrdtica utilizando ias computadoras
del Centro de Computo de la Universidad Nacional
Agraria - La Molina,

Resultados y discusion
Formas de K en el suelo

Los resuitados de las determinzciones de las for-
mas de K en los suelos antes del cultivo con sorgo
se presentan en el Cuadro 2. El K total promedio
por perfil estuvo en el rango de 1761 ppm (Perfil 2)
a 4548 ppm (Perfil 7} Los bajos contenidos de K en
el Entisol v en el Ultisol (Perfiles 1 y 2) se explican
por lo naturaleza comin del materisl original con-
sistente en granito con predominancia de feldespato
sodico (C A, Villachica, Comunicacidén Personal).
La diferencia en posicion fisiografica, Perfil 1 en
ladera alta del cerro y Perfil 2 en la base del mismo
cerro, condiciona fa diferencia en pedogénesis entre
ambos suelos. En cambio, el contenido de K total
varié notablemente entre los Inceptisoles, va que en
el Distropept (Perfil 3, material madree lutita) el K
total disminuyd con Iz prolundidad, mientras que
en ¢l Eutropept (Perfil 3, material madre calcdreo)
el K total aumentd con la profundidad Este resul-
tado refleja la diferencia en meteorizacidon y en ma-
terial madre entre ambos suelos Los resultados del
contenido del calcdreo vy de la CIC preseniados en
el Cuadro | apoyan esta hipdtesis Los mayores
contentdos de K {otal encontrados en los Perfiles
6 v 7 (Alfisol y Vertisol, respectivamente) con res-
pecto al Perfil 4 (Alfisol), pueden estar asociados
en parte al mayor contenido de arcilla, probable-
mente del tipo 2:1 (Cuadro 1) De lo expuesto se
deduce que los contenidos mids bajos de K total
estin en los suelos mas meteorizados y en los de tex-
tura mds arcnosa. Sin embargo, en los materiales
recientemente depositados y que no han sido may
afectados por la pedogénesis, el contenido de ¥ total
estard determinado por ef material original

Ll K soluble represenié en promedio de G.11 al
0.43% del K total y del 4 al 32% del K cambiable
{Cuadro 2} Sin embargo, no existid una relacion
definida entre el K soluble v las demds farmas de K
en el sucio, como lo sugirid la faita de correlacion
entee el K cambizble, total o residual {15).

Et K cambioble promedio por perfit estuvo en el
rango de 24 ppm (Perfil 2) a 136 ppm (Perfil 7,
Cuadro 2), correspondiendo fas mayores cantidades
a aquellos suelos con mayor contenido de arcilla y
con las arcillas de mayor CIC (Cuadro 1). El K
fijado estuvo presente en menores cantidades

(88 ppm) en los Perfiles 2 y 3 y en cantidades mds
altas (166 ppm} ea los Perfiles 5 y 6. Con base en
fa relacion K fijade/K cambiable, promedio por per-
fil, los suclos podrian ser reunidos en tres grupos.
El primer grupo estaré conformado por el Vertisol,
con una cantidad de K fijado equivalente a la canti-
dad de K cambiable (razon 1:1} El segundo grupo
estard conformado por los Alfisoles, el Ultisol y el
Inceptisol eutrofico (Eutropept), con 1.2 a 2.3 veces
el K fjado en relacidn al K cambiable El tercer
grupo estari formado por el Inceptisol distréfico
{Dystropept) v el Entisol (Troporthent) con mds de
tres veces K fjado con respecto al K cambiable Es
posible explicar estas diferencias en funcidén del
tipo de arcilla predominante en cads suelo. Por
ciemplo, [a montmorilionita, arcilla predominante
en los Vertisoles, se caracteriza por presenfar unpa
baja fiacion relativa del K. La abta fijacién observa-
da en el Entisol y en el Inceptisol distréfico, con
respeeto al K ocambiable, asi como aquella observa-
da en el Uitiso, presumiblemente se debe 2 la pre-
senciz de ilita y montmorilionita mal eristalizada
en cantidades aftas en cstos suelos (11, 13) Esde es-
perar que la presencia de caolinita en el Ultisol (13)
disminuya 1z f{ijacion del K. Las cantidades medias
de K fijado en los Alfisoles sugiere la presencia de
caolinita y de arciilas fijadoras de K de tipo 2:1 (18)

Extraccidn quimica del K disponible

Al comparar las cantidades de K extraidas por
los diferentes reactivos, se observa (Cuadro 3) que
el dcido sulfirico extrajo de 60 a 200% mids K que
¢l acetato de amonio en el Ultisol, el Entisol v en los
Inceptisoles. I'n uno de los Alfisoles {Perfil 4) las
extracciones con deido  sulfirico fueron 30 a
50% mayores que aquellas del K cambiable En el
otro Alfisol (Perfil ¢) v en el Vertisol no existio
mayor diferencia entre las cantidades medidas con
ambos extractantes, {0 que probablemente se expli-
que por iz existencia de una mayor cantidad de mine-
rales de arcilia expansible. La correlacidn entre el
K extraido con deido sulfarico y el K cambiable
fue significativa solo para el deilo sulfiirico 8 N,
con un coeficiente de determinacion de 0.96 (15),
lo cual sugiere que las diferentes ubicaciones del K
absorbido en ef complejo de cambio de estos suelos
son igualmente accesibles para ambos reactivos,

En el Cuadro 3 también se observa que la primera
extraccion con dcido clorhidrico liberd cantidades de
K similares a las del K cambiable, excepto en un
Alfisol (Perfil 6) v en el Vertisol. La segunda extrac-
cion con dcido clorhidrico removid aproximadamnente
la mitad de lo extraido is primera vez. Este resultado
indica que en los primeros cinco perfiles ia primers
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Cuadro 2. Formas del potasio en el suelo antes del cultivo.

Forma de Potasio

Horizonle

Total Soluble Cambiable Fijado

ppm

PEREIL 1 Sipa Alto (Rhodudult)
Al 1013 7 41 {0y
A3 1 950 3 16 103
i1l 1 462 4 i6 129
B2 it 2219 4 86 158
32 2t 3120 4 133 170
PEREIL 2 Sipa Bajo (Tropoerthent)
Ap 1657 6 47 1G3
AC 1 821 8 i4 62
C 1 804 g 12 140
PERFIL 3. La Bretaiia (Dystropept).
Ap 4 664 10 65 98
AC 4920 7 16 62
Ci 2072 4 23 84
Cag 2365 2 ) 94
Cig 1487 4 20 97

PERVIL 4 Cumbre de Pamps Walley (Rhodudalf)

Al 3169 15 118 166
A3 2291 8 39 184
B11 3388 6 68 158
Bi 2 4 097 5 74 166
B2 4 266 5 152 156
PERYTIL 5 Pampa Silva Cafetal {Eutropept)

Ap 2486 7 82 179
Cea 3754 6 51 191
Cz 3705 7 H) 146
C3 5094 9 74 133
PERFIL 6 Lntaz Bajo (Rhodudail)

Ap 4 485 3 63 142
B2 It 4 069 6 86 98
B2 2t 4662 4 98 115
B3 4 248 12 90 99
Cea 4 440 b 76 196
PLREIL 7. Pampa Silva Vertisol (Chromudert).

Al 4973 [ 177 123
B2} 40061 7 121 127
B12 4217 3 117 103
C 4 339 3 129 121
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Cuadro 3. Cantidad de potasio extraida del suelo por diferentes métodos y antes del cultivo {promedio por perfil).

Método e Pertil No.
extraccion 1 2 3 4 5 6 7
Rhodudult Troporthent Dystropept Rhodudalf Eutropept Rhodudalf Clhiromudert
ppm K

H,S0, 2N g2 72 66 124 197 74 127
H, 80, 4N 93 84 79 136 1i1 a7 141
H, S50, 6N 160 74 68 142 120 87 160
H,50, 8N 102 50 53 140 124 20 133
NH, OAcpH 7.0 58 24 28 94 68 87 i34
HCT 1o ext 62 32 39 94 70 45 100
HC1 Za ext. 26 17 16 43 36 32 38
HCl Total 86 49 55 133 105 81 143
NaOAc pH 4.8 35 i3 19 51 34 18 35

extraccion con dcido clorhidrico desplazé mayor-
mente el K cambiable, mientras que en la segunda
oportunidad se despiazd otras formas de K. En el
Alfisol de Entaz y en el Vertisol se necesitaron dos
extracciones sucesivas con dcido clorhidrico para
desplazar una cantidad de K simifar al K cambiable.
En este sentido, el alto coeficiente de determina-
¢idn obtenide al correlacionar las cantidades de K
cambiable vy aquel medido en la primera extraccidn
con dcido clorhidrico (R* = 0 94%%) apoya la hipo-
tesis de que la primera extraccidn con dcido clorhi-
drico  desplaza mayormente al K cambiable
(Cuadro 3) El acetalo de sodio extrajo entre 20 y
68% del K cambiable y tuvo una baja correlacién con
el K cambiable (R* = 0.23%%)} v con el K fijado
(R* = 038%*) Luego, se concluye que el dcido
sulfurico 8 N y el dcido clorhidrico en primera
extraccion son los que desplazan & mayor cantidad
de K cambiable en los suelos estudiados, concordando
con los resultados obtenidos por otros investigadores
(3,7, 10).

Absorcion del K por las plantas

El K total absorbido por dos cortes de sorgo en
cada muestra estuvo en el rango de 3 a 124 ppm
(Cuadro 4). Las muestras de los Perfiles 1,2y 3, que
tuvieron las menores cantidades de K cambiable,
presentaron una absorcion menor a [2 ppm de K,
en promedio de cada perfil En cambio, iz absorcidn
del K fue media (37 ppm} en los perfiles 5 y 6 corres-
pondiendo con el nivel medio de K cambiable en
estos suelos Las mayores absorciones promedio de
K se produjeron en los suelos de los pedfiles 4 v 7

(54 y 78 ppm de K, respectivamenie), lo que estuvo
de acuerdo con su mayor contenido de K cambiabie
{Cuadro 2).

Los resultados presentados en los Cuadros 2 y 4
evidencian que el K limitd el desarrolio del sorgo
al primer corte en las muestras del Ultisol y en las
muestras subsuperficiales del Entisol ¥ del Inceptisol
distréfico. Para el segundo corte, los rendimientos
obtenidos en las muestras de los perfiles 1 al 4 fueron
notoriamente menores que aquelios obtenidos al pri-
mer corte, mientras que en las muestras de los perfi-
tes 5 ai 7 la disminucién en el rendimiento no fue tan
espectacular. Los menores rendimientos observados
en el Ultisol probablemente también se explican
parcialmente por una mayor saturacién con Al en
este suelo (Cuadro 1), En el Alfisol de Pampa Walley,
el Inceptisol eutrofico v en el Vertisol, el rendimiento
de materiz seca zl segundo corte fue del orden 60,
78 y 73% , respectivamente, de aquel obtenido
al primer corte (Cuadro 4). En el Altisol y en Incep-
tisol esto correspondio a una disminucioén en la absor-
cion de K al segundo corte a niveles de 66 y 85% del
K absorbide al primer corte (Cuadro 4) En el Verti-
sol (Perfil 7), la reduccion en la absorcidén del K
al nivel de 44% de lo absorbido al primer corte, pudo
deberse a un consumo de lujo durante los primeros
25 dias de crecimiento del sorge, ya que el rendi-
miento de materiz seca zl segundo corte solo dismi-
nuyd al nivel de 74% con respecto al primer corte

Ei K absorbido al primer corte correspondié apro-
ximadamente al 30% del K cambiable inicial, excepto
en los Perfiles 1 y 7 (Cuadro 2 ¥ 4). En las muestras
de los Perfiles 1 v 7, la relacidn fue del orden de
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Cuadro 4. Rendimiento de materia seca (mg) por maceta y caniidad promedio de potasio scumulado en la purte aérea det sorgo (mp de
de K por kg de suelo).

Horizonte Materiz secafcorte K acumulado/corte

1° 2° 1° P Total

PERFEL 1. Sipa Alto (Rhoduduit)

Al 503 16 93 20 11.3
A3 275 10 37 0.1 38
Bil 213 10 27 0.1 18
B2 1t 208 10 57 0.1 58
B2zt 241 10 67 0.1 [
PLERFIL 2 Sipa Bajo (Troporthent)

Ap 790 272 18 4 61 245
AC 438 10 14 0.1 75
C 273 10 34 0.1 35
PEREIL 3. La Bretafia (Dystropept).

Ap BS7 487 19 1 84 175
AC 499 172 4.5 16 7.1
Cl 36 183 72 5.1 123
Clg 217 1 55 0.1 56
Clg 3i5 16 66 [N 67
PERVIL 4. Cumbre de Pampa Walley (Rhodudalf)

Al 995 479 48.7 254 741
Al 729 469 253 274 527
Bl1 861 485 36.4 16.3 527
BI 2 603 405 320 219 537
B2 458 408 20.3 i6 2 365
PRRFIL 5. Pampa Silva Cafetal {Eutropept).

Ap 940 811 0.7 165 371
Cea 844 606 155 151 366
2 676 492 194 161 355
3 535 425 278 14 6 424
PERFIL 6 Entaz Bajo (Rhodudalf).

Ap 806 746 223 149 37z
B2 1t 603 596 400 155 555
B2 477 619 159 175 43.4
B3 626 519 205 11.8 323
Cea 531 485 87 108 195
PERFIL 7. Pampa Siiva Vertisol (Chromudert)

Al 1.093 867 878 359 1237
B2 967 682 4315 208 64.3
Bz2 930 655 316 186 502
C 16 677 557 19.7 154
10% y de 45%, respectivamente, debido a los ya men- El K total absorbido por las plantas correlaciond
cionados factores de la acidez cambisble y del con- muy bien con el K extraido con scetato de amonio
sumo de hujo, respectivamente (K cambiable). con dcido sulfurico 8 Ny con dcido
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clorhidrico 0.5 N primera extraceion (Cuadro 5)
Las correlaciones fueron menores cuando se sumaron
ias cantidades obtenidas en las dos extracciones suce-
sivas con deido clorhidrico, lo que indicod la eficiencia
de la primera extraccidn con dcide clorhidrico en
predecir la disponibilidad del K paa el sorgo. Tam-
bién se observaron correlaciones menores cuando se
usé dcide sulfurico 6 N o acetato de sodio. No se
obtuve correlacion significativa entre las cantidades
de K determinadas en dcido sulfurico 2 Ny 4 Ny
aquellas absorvida por el sorgo. Los resultados evi-
dencian que aquetlos métodos que miden el K cam-
biable son los que proveen un mejor estimado del K
del suelo absorvido por las plantas de sorgo. Por
giemplo, cerca del 92% de {a variacién en la absor-
cién de K af primer corte y det 97% de ln absorcion
total fue predecida por ias variaciones en ef K cam-
biable extraido con acetato de amonic. Una respues-
ta similar es obtenida con el dcido sulfiirico 8 N
Resultados concordantes fueron observados por
Nelson (10) en diferentes suelos de Mississippi donde
ol K extraido con acetato de amonio también fue
un buen indice del K absorbido por las plantas de
girasol

Fuenies de K disponible para la planta

Los andlisis de las muestras de sucios tomadas
antes y despuds del cultivo con sorgo indican que,
en el Entisol, el Inceptisol eutréfico, los Alfisoles
y el Vertisol, se puede atribuir la mayor parte del K
cambiable (Cuadro 6) En el Inceptisol distrdfico,
el X absorbido pudo provenir de cantidades equiva-
lentes de K cambiable v de K residual. Es probable
que algin factor, presumiblemente el Al, limito
fa absorcien del K por las plantas en el Ultisoi, lo
que permitid 2 acumulacion del K cambiable al

segundo corte. De los resultados presentados en los
Cuadros 4 y 6 se puede deducir que el K absorbido
por las plantas de sorgo provino en 80 a 100% del K
cambiable en los suelos con mds de 70% de satura-
cion de bases y en 50% del K cambiable y 50% del
K fitado en el Inceptisol de baja saturacion de bases
(Perfil 3).

Los resultados del Cuadro 6 indican que en todos
fos suelos, excepto el Inceptisol eutréfico (Perfil 5),
los cambios en el K cambisble estuvieron acompafia-
dos de cambios en el K residual y muy poco en el K
fijado. Este resultado no debe interpretarse como que
el K fijado no varia, puesto que es bien conocido el
equilibrio que existe entre las formas de K en ef suelo.
La explicacion que se asume en este caso e5 de que
probablemente el equilibrio estuvo dirigido a man-
terer log niveles de K cambiable y fijado en el suelo,
a partir def K residual

La disminucién en el K total en el suelo con el
cuitivo (Cuadro 6) explica en todas las muestiras
las cantidades de K absorbidas por las plantas de
sorgo {Cuadro 4). Es interesante resaltar la baja can-
tidad del K absorbido por los dos cortes de sorgo en
relacién al K total del suelo {(mdximo 1.7%en el Ver-
tisol, Cuadre 6). Los porcentajes de K absorbido por
las plantas en relacion al K total son menores que
aquellos informados por otros investigadores {12},
debido a que en el presente experimento s6lo se pudo
obtener dos cortes de sorgo en los suelos que te-
nian menos de 5.4 de pH (Perfiles 1,2 v 3)

Luego, los resultados indican que el K estuvo
presente en cantidades deficientes al primer corte
en el Ultisol, e Entisol v el Inceptisol distréfico
En los otros suelos el K disponible estuvo en un
nivel adecuado, pero empezd a limitar los rendi-

Cuadro 5. Cocficientes de correlacidon entre ef potasio disponible por diferentes extractantes quimicos y el absorbido por las plantas.

Extractante K ahsarbido K absorbido K absorbido
1° corte 2° corte total
1,50, IN 0 146 0.007 0327
H, S0, 4N gice - 0.329 0.097
I, 50, 6N 0307 0.151 0 505+
H, 50, BN 0 938** () 957%* 0.845%*
NH,OAcpH 7.0 {0 G53w* 0. 945 {3 879
HOL .95 1% 0 982n* {J Bao**
HCH2 LN S 0.553%* 0.781*+*
HCI Total (.33 0.180 0.533%#
NaQAcpH 4§ 0,378 0.283 0.487%*

4+ Sionificativo ab 1%
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Cuadro 6. Cambio de las tormas de potasio en el suelo y potasio absorbido por el sorgo (promedio por pertil).

Perfil Nea. de Formade K' K absorbido
. ] horiz.

No Suclo ot Cambiable? Fijado Resid. K total suelo
ppm G
1 Rhoduduilt 5 1+ i8 8 ~14 4 -32.1 03
2 Troporthent . 917 +277 ~104 .7 0.7
3 Distropept 5 - 6.1 + 22 - 6.2 04
4 Rhirodudali 5 598 -18 ¢ -84 2 16
5 Eutropept 4 - 378 -304 +18 7 10
6 Rhodudalf 6 - 196 +13 4 789 049
7 Chromudert 4 -~ 932 ~30.2 ~188 6 17

1 Los signos indican aumento {+) o disminucidn (~) con respecto af contenido inicial

2 Incluye al K soluble

mientos al segundo corte, excepto en el Alfisol serie
Eniaz. Tentativamente se puede sugerir que el nivel
critico entre los suelos deficientes v adecuados en
K disponible esta alrededor de 0 15 meq K/100 de
suelo A partir de 0.30 meq K/100 g de suelo se
observa el consumo de lujo del K por las planias
Resultados similares fueron encontrados por Sobulo
(16} en diferentes suclos de Nigeria. En vista de que la
agricultura de la Selva peruana esta orientada princi-
palmente hacia el establecimiento de plantaciones de
especies exigentes en I, tales como el café y los fru-
tales, se hace evidente la importancia de fa capacidad
de suministro de K a larpo plazo en estos suelos Los
resultados indican que en muchos de los suelos dci-
dos, la fertilizacidon potisica serd una prictica obliga-
da para obtener buenos rendimientos en los cultivos.

Resumen

En 31 horizontes de suelos de los ordenes Entisol,
Inceptisol, Alfisol, Ultisol y Vertisol del trépico
humedo peruano se caracterizaron las formas de K
y su disponibilidad para las plantas de sorgo (Sor-
ghum vidgare 1.). E1 K disponible también se extrajo
con dcido sulfarico 2, 4, 6 y 8 N, dcido clorhidrico
0.5 N en dos extracciones sucesivas, aceiato de sodio
N, pH 4 8 y acetato de amonio N, pH 7.0,

El K total varid entre 1761 y 4548 ppm, encon-
trindose las menores cantidades en los suelos dcidos
y en los arenosos. No se encontro relacion entre el K
soluble y las otras formas de K En cambio, [a rela-
cidn K fijado/K cambiable fue un buen indice para
agrupar los suelos Estz relacion fue mayor en los
suelos mis dcidos. Por el contrario, el K cambiable

estuvo presenie en mayores cantidades en los suelos
menos meteorizados y con mayor contenido de ar-
cilla. El dcido suifurico y ef dcido clorhidrico extra-
jeton de 30 a 50% mis K que ¢l acetato de amonio
(K cambiable), excepto en aqueiflos suelos con ar-
cillss 2:1 expandibles. El acetato de sodio extrajo
soto de 20 a 65%del IC cambiable. La disminucion
en el K cambiable con el cultivo explica en 80 a
100% la absorcion de este nutrimento por ef sorgo
en {os suelos con mds de 70% de saturacion de bases,
micntras que esta disminucién sélo puede explicar
el 50% del K absorbido por las plantas en los suelos
con menos de 50% de saturacion de bases. Tentativa-
mente se propone que los suelos deficientes en K
tuvieron menos de 0.15 meq de K/100 g de suelo,
mientras que scbre 0.30 meq de K/100 g de suclo
existio consumo de [ujo
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CERAMBYCIDAE ASSOCIATED WITH THE HOST GENUS Nothofugus IN CHILE

AND ARGENTINA'/

R SCOTT CAMERON*
LUISE PENA G **

Resumen

Los drboles del género Nothotagus se consideran fmportantes para la produccion
comercial de madera en Chile En la madere de algunas de estas especies se encuentra
conunmmente graves defectos causados por insectos de la familia Ceramycidae. Este
trabajo reune la dispersa informacion publicada sobre los cerambicidos que se desarro-
figi en especies de Notholagus en Chiile y Argenting Ademds, se presentan observacio-
nes origingles sobre nueve especies de cerambicidos con datos sobre heéspedes para
Acanthinodera cummingi Hope, Microplophorus castaneus Blanch. Callisphyris semi-
catigatus Fairm. & Germain, Lautarus concinnus (Philippi ), Planopus laniniensis Bosg,
Platynocera lepturcides Blanch., Calydon submetallicum {Blanch ), Chenoderus testa-
ceus (Blanch ), ¥ Holopterus chilensis Blanch Existe informacion sobre 27 especies
de cerambicidos que se desarvollan en Notholagus; entre ellos 22 se encuentran en N
dombeyi (Mirb. ) Cerst., cinico en N. pumilio Poepp. ef Emdl ), 10 en N antarctica
{Forst.) Qerst, dos en N alpina (Poepp. et Endl ) Oerst., y seis en N. obliqua {Mirb. )

Qerst.

Introduction

eech forests of the genmus Nothofagus are
B restricted to the southern hemisphere in the

South Pacific region. Similarities between
indigenous forests of Argentina and Chile and the
related forests in New Zealand are discussed by
Clarke {14) and Schmithiisen (36} Unique eco-
logical relationships have developed in these forests,
particularly between Nothofagus spp. and the wood
boring beetles of the family Cerambyecidae that
utilize these trees as hosts (10, 30)

i Received for publication in January 30, 1981

This work was {inanced in part by the Vicerreclorn
de [nvestigacion of the Universidad Austral de Chile.

* TFormerly, Prefessor Ad Honoremm and Peace Corps
Volunteer, Institute Silviculturs, Universidad Austral
de Chile Vaidivia, Chile; presently Entomeclopist [H,
Pest Control Section, Texas Forest Service, Lufkin,
Texas.

¥+ Professor, Rescarch Affiliate in Zeology - Peabody
Museum at Yale University

There are ten species of beech trees in the genus
Nothofagus native to Chile The ranges of several of
these species also extend into Argentina. Raulf, &,
alping {Pocpp. et Endl) Oerst.; coigde, V. dombeyi
(Mirb } Oerst; robie, V. obliguea (Mirb) Oerst ; and
lenga, N. manilio (Poepp. et Eadl) Krasser are of
major importance to the timber industry in Chile.
Nirre N antarctica (Forst.}y Oerst.,, a  widely
distributed species often found in association with
lenga, is a shrub or a relatively small tree of little
commercial importance. Chilean foresters have noted
that the timber of some Nothofugus species olten
has much defect due to cerambycid damage.
Cerambycids not only cause defect and occasional
mortality, bul also open infection courts for wood
destroying lungi.

The literature on cerambycids associated with
Nothofagus spp. in Chile and Argentina consists
primarily of taxonomie studies, with only scattered
information on host preferences. Biological investiga-
tions are practically non-existent

The following authors report numerous original
records of cerambycid species which develop in

Turrialba Vol. 32, No. 4, pp. 481487
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Nothofagus spp 1 Bosq (3, 6), Fairmaire and Germain
{18}, Havrylenko and Winterhalter (23), Monros (28),
and Pefa (31, 32). In a monograph of the immature
stages of the neotropical cerambycids, Duffy (16)
las described the larval and pupal stages, and listed
distributions and records of host plants for many
Chilean and Arpentine species. A biological sketch
for Cheloderus childreni Gray in association with
N dombeyi in Chile has been described by Cameron
and Real {8) No other detailed accounts of biologies
of Chilean cerambycids are available in the literature

The purpose of this paper is to review known
associations of cerambycid larvae with Nothofagus
spp., to report several new host records and to
encourage further work in this area.

Methods

From 1971 to 1974 cerambycid larvae and
adults were collected from Nothofagus species in
the provinces of Cautin and Valdivia in southern
Chile. Larval host relationships were established
by rearing larvae and pupae from portions of
branches and logs in screened laboratory rearing
cages, or by physically extracting specimens from the
inner bark and wood of trees showing external signs
of beetle attack, such as eatrance holes or frass Adult
specimens were identified by the authors and some
identifications were confirmed by M. Cerda*.
Numerous fHolopterus clilensis Blanch. were captured
by placing small wire cages (5x5x10 cm) over exit
holes on the baoles of host trees. The biology of this
species was studied in detail and will be reporied
in a subsequent paper

Resuits

The cerambycid species observed in this study
and those reported in the literature to develop in
Nothofagus in Chile and Argentina are listed in Table
. Species are grouped by subfamily and listed in
atphabetical order within each subfamily Indicated
for each cerambycid are: the countries in which it
has been collected, the NMothofagues species in which
it hias been reported to develop, whether or not it has
been reported to develop in host genera other than
Nothofagus, and the condition of the host (live, dead
or dying, not specified by the author) The authors
of these citations are referred to by numbers which
correspond with the numbered list of literature cited

¥ Miguel Cerda, MD. Casilla 209, Punta Arenas, Chile.

In SUmMmMary, twenty-seven  species  of
cerambycid beetles are reported to develop in Notho-

fagus spp. Five additional species have been collected

in the adult stage from — or the larvae are suspected
to develop in — Nothofagus spp ., but host relationships
remain to be confirmed. Twenty-two species develop
in coiglie, five in lenga, ten in firre, fwo in rauli
and six in roble.

Seven species of cerambycids were observed to
develop in Nethofagus species in this study, five of
which are new host records A brief summary for
each of these observations follows.

Callisphyris semicaligatus Fairm. & Germain -
One adult was extracted from a pupal chamber
in a live 40-year old rauli (23 5 c¢m in diameter,
22 m in height and approximately 40 years old)
This tree was located in a thinned stand of second
growth rauli in the Villarrica Forest Reserve,
northeast of Pucon. Approximately 40 percent
of the trees in this stand had signs of cerambycid
attacks, The larvae construct palleries in the
center of the main stem, oceasionally making holes
to the exterior to extrude frass. The galieries
reached a maximum of about 8 x 12 mm in cross
section and a length of 1 to 2 m and contain a
mixture of fibrous and granular frass,

Calydon  submetallicum (Blanch.) — Numerous
adults were reared from bolts of N obligua
taken from fallen trees at Fundo Los Pinos,
near Valdivia, and Fundo Quechuco, near San
José de la Mariquina. The larvae feed in the
phloem throughout their development and, upon
maturity, bore into the wood to form the pupal
chamber. The winding galleries are filled with
tightly packed granular frass. Numerous parasitic
wasps also emerged from the bolls containing
jarvae and pupae of C submetallicum.

Chenoderus  testaceus {Blanch.) - One adult
emerged from dead wood of a N dombeyi
branchlet severed by a Platynocera lepiuroides
larva. The branch was collected near the city of
Valdivia

Holoptertus chilensis Blanch. — Numerous adults
were captured in wire cages as they emerged from
pupal chambers within the boles of N obligua
on the University Austral campus in Valdivia, on
the Fundos Forestales of the University near
Valdiviz and on the Fundo Quechuco near San
José de s Mariquina. The larvae enter trunks
of live robles at the base of the tree and bore in
the live wood below the soil level and up to several
meters above the ground. Young trees of rable
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commonly are riddled with . chilensis galleries,
rendering the wood useless for lumber. This
species prefers V. obliqua, but one aduit was
captured as it emerged from the bole of N
dombeyi.

Lautarus concinnus (Philippi) — One adult was
extracted from a gallery in the wood of a live

N, dombevi in the Cordillera Pelada, south of

Valdivia™

Planopus  laniniensis Bosq — Two adulis were
extracted from galleries in the live wood of large
limbs of N dontbeyi on the Fundo Quechuco
near San José de la Mariguina. A wood rottling
fupgus appears to bhe ussociated with this
ceramtbycid species.

Flatinocera lepniroides Blanch. — The larvae of
this species initially bore in the wood of live
branchlets of N dombeyi Inlested branches often
break and fall to the ground, where the insects
complete their development within the severed
branch. Several aduits were reared from branchiets
collected beneath a large opengrown coigiie near
the city of Valdivia.

Discussion

As published reports of larval and adult host
records for Chilean cerambycid beetles are brief and
incomplete, conclusions discussed here can be only
preliminary . Linsley (27) stated that species in the
more primitive Prioninae and  Lepturinae groups,
with the exception of some specialized forms having
restricted host ranges, are generally more polyphagus
and the polyphagus species are usually associated
with dead or decomposing wood. Conversely,
cerambycid species  developing in live wood are
penerally  believed to be move host specific. As
shown in Table 1, the Chilean Prioninae species,
Acanthinodera cununingi Hope and Microplophorus
castaneus Blanch. are both polyphagus and develop
in dead wood Both of these cerambycids were
collected in this study from the dead wood in stumps
of Pinus radinta. This is a new host record for the
tatter species and both are examples of a polyphagus
indigenous insect adapting to an exotic host plant.

With the exception of Callisphiyris semicaligatus,
all species of Lepturinae found in sssociation with
Nothofagus are reported to develop exclusively in

*  Specimen collecied by Pedro Real, Universidad Austral
de Chile, Valdivia, Chile

live trees belonging solely to this host genus This
dependency would appear to contradict the general
polyphagus habits of the Lepturinae, but these
species are associated with hosts restricted to limited
ranges in Chile and Argentina.

The species in the unique subfamily Oxypeltinae,
recently created by Duffy (16) and revised by Cerda
(11), develop exclusively in live Nothofagus trees.
The Cerambycinae are reported {o develop in dead
or dying Nothofagus host material and several also
develop in other host genera. One notable exception
is Holopterus chilensis which appears to be almost
exchusively restricted to the live wood of V. obliqua.
No conclusions car be drawn for the Lamiinae due
to the scarcity of host records for species in this
subfamily.

More cerambycid species are associated with
coigie than with any of the other Nothofagus
species Coiglie has a wide geographical distribution
in Argentina and Chile and it grows on a variety of
sites in association with many other tree species
(7, 37). The wide variety of habitats in which coigiie
grows probably accounis for the large number of
cerambycids which utilize it as a host. Conversely,
the relatively limited distribution of rauli may
account for the small number of cerambycid beetles
reported to develop in this species.

The record of Callisphyris semicaligatus in young
stands of raulf could be of major significance to the
forest industry in Chile since plans to reforest large
areas of cut-over native forests with rauli currently
are under consideration. C semicaligatus has been
reported to cause mortality to young trees of M.
dombeyi in Argentina {23, 38). Another species, C
vespa Fairm. and Germain, severs large branches of
fruit trees, (Prunus and Malus spp)) in Chile and
Argentina (3, 32, 34). Gara (19) observed extensive
wood boring damage by an unknown cerambycid
farva in vigorous stands of rauli in the Fundo Jauja,
45 km east of Collipulli in Chile. It is possible
that this damage also was caused by ¢ semi-
caligatus.

Many cerambycid beetles have been reported to
develop in the wood of Nothofagus species in Argen-
tinn and Chile, and some of these beetles cause
considerable damage. Clearly, as the value of Nosho-
fagus timber steadily increases, there is a need for
further research to document additional host
associations and to study the biologies of the more
damaging cerambycid species.

Turriziba Val. 32, No. 4, pp. 481487
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Tabte 1, Species of Cerambycidae associated with the genus Notfiofagus in Chile and Argentina®,

Larval host and host condition,

Distribution N aiping N antarctice N dombeyi N obligua N punilio Possible  Other host

Subfamily, genus Nothofagus geners
and species association
Prioninae
Acanthinodera cummingi C NS~13,17, NS-2,13,17
Hope 33,34 33,34
D--32, 40
Microplophorus castancus A C D-6, 13,23 D5, 13,23 B-6,13 D-3,13, 23,
Blanch. NS--26 N§-22, 24 28, 40
N§-32
Microplophorus magellanicus A, C D-13 D13
Blanch
Lepturinac
Adalbus crassiconis A, C 123 L-23 NS-18
Fairm. & Germain
Callisphyris semicaligatus A, C L-40%* 123 L.—-23, 28 NS-18 123,28
Germain & Fairm.
Latetarus concinnus A, C 1-12,23 L—3g** NS-25
Phiklippi
Planopus laninicnsis Bosg AC Lo (0%
Planopus octavioharrosi C 1.-38
Cerda N&-10
Platynocera lepturoides C L—-40**
Blanch.
Sibylla coemeterii AC NS-6 16,28
Thomson
Sibylla flavosignata AC NS-12 NS§-18

Fairm & Germain

Sibylla integra A,C .23
Fairm. & Germain

Sibylla livida Germain C L-31 NS-~12
N§-32
Oxypeltinae
Cheloderus childreni A, C L-6,8,11, L-8,31 N§-~20
Gray 33,24
NS-21, 32
D-28
Cheloderus pefiai A, C N§-32 NS-11, 29
Kuschel
Oxypeltus quadrispinosus AC L-6,11 1-11 L-6,11,23 L-6,11% NS-18

Blanch. NS-3 NS-3,20
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Table 1 (Cont.)

Larval host and host condition

Distribution V. alpina

Subfamily, genus
and species

N_antarctica N.doniheyi

N abliqua

N pumilic

Possible Qther host
Nothofagus geners
associption

Cerambycinae
Callideriphus laetus
Blanch.

Calydon globithorax
(Fairm . & Germain)

Calydon havrylenkoi Bosq

Calydon submetallicum
Bianch.

Chenoderus hicolor Fairm

Chenoderus octomactlaties
Fairm #++

Chenoderus testacens
Blanch

Chenoderus tricolor Fairm
& Gerrnain

AC

Granunivosum Flavofasciatum a ¢

Blanch

Xenacompsa favonitida
Fairm. & Germain

Holoptera chilensis
Blanch

Maripanus decoratus
Germain

Phymarioderus bizonatus
Blanch

Lamiinac
Azygocers picturaia
Fairm. & Germain

Paroectropsis decoratus
Cerda

Tuberopepius chilensis
Breun

A, C

AC

A, C

AC

e}

023
NS--17

NE-6

D-6, 23

L 40
N§~32

NS4, 23

D-23

B--23
NS§--17

D-40
NS-18, 22

NS—-16

NS§-3,6

L -4+

D-d0**

NS§-22 D-13

NS-2,17
D-32 NS-24, 34
N§--34

D-1,38
NS-6, 18

D-28

NS-186, 35
NE-18, 38
NS-9
NS§-29

* A — Argentina, B~ Brazil, C — Chile, L - live, D ~ dead or dying, N§ — kost condition not specified ; numbers refer to literature
citations with the following additions: 38 — Ernesto Krahmer, Valdivin

sidad Austral, Valdivia, Chile, personal communication: and 48 — This st

¥* New record.

, Chile, personal commaunication: 39 — Pedro Real, Univer-

udy .

##% Since the submission of this artiele, a new genus, dchenoderus, has been proposed for Chenoderus octomaculatus, NAPP, D S
Revisao do género Chenoderus Fairmaire e Germain, 1859 (Coleoptera. Cerambycidae). Rev. Brasil, Biol. 39(2):571-585 1979,

Turriaiba Vol. 32, No. 4, pp. 481-487
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Summary

Several tree species in the genus Nothofagus are
of major importance to the timber industry in Chile.
Serious defects caused by cerambycid beetles are
commonly found in the wood of some Nothofagus
species. This paper summarizes the widely scattered
information on cerambycids which develop in Notho-
fagus species in Chile and Argentina.  Original
observations of host plants are presented for the
following nine cerambycid species: Acanthinodera
ctemmingt Hope, Microplophorus castaneus Blanch
Callisphvris  semicaligafus  Fairm. and  Germain,
Lautarus concinnus {Philippi), Planopus laniniensis
Bosq, Platynocera lepturoides Blanch,, Calydon
submetallicurm (Blanch ),  Chenoderus  restaceus
{Blanch ) and Helopterus chilensis Blanch. Nothofa-
gus is the reported host for the larvae of 27
cerambycid species; 22 species develop in V. dombeyi
{Mirb.} Qerst, 5 in N, pumilio (Poepp. et Endl}, 10 in
N antarctica {Forst.) Oerst, 2 in NV alpina (Poepp. et
Endl ) Qerst, and 6 in N obligua (Mirb.) Oerst,
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COMUNICACIONES

tvaluation of Phaseolus coccineus Lam. germplasm
for resistance to common bacterial blight of bean.

Resumen. Fueron evaluados once materizles provenientes
de ia especie Phaseolus coceineus Lam., para CONocer su resis-
tencia al anublo bacterial comiin causade por Xanthomonas
campestris pv. phaseoli {Smith) Dye. Las Fineas M 7701, G
35044, N. 1 B20 y N.i. 15 fueron altamente resistentes y
pueden servir como fuentes de resistencia en mejoramiento
genético de frijol para anubio bacterial comiin

The common bacterial blight of bean caused by
Xanthomonas compestris pyv. phaseoli (Smith) Dye is
one of the important seed-transmitted diseases of dry
bean (P. vulgaris 1..) for which efficient chemical con-
trol measures are not available and also within the dry
bean germplasm very few materials possess acceptable

levels of resistance to this disease. In search of

adequate sources of resistance to this disease several
related phaseolus species were tested for blight
resistance and the present report is related to the
evaluation of P coccineus lam. germplasm for
common blight resistance.

Materials and Methods

Eleven materials of £ coccineus obtained from the
germplasm bank of CIAT, Colombia were planted in
the green house pots in 3 replications along with two
blight susceptible local cultivars of P wulgaris as
controls. In the third week after germination two
pairs of trifoliate leaves per plant were inoculated
with isolate 822A-1 of X compestris pv. phaseoli
(Smith) Dows, at an approximate concentration of

106cells/m! utilizing modified multiple needle inocu-
lation method. The blight resistance of the inoculated
material was recorded 15 days after inoculation on a
scale 1-5 as described earhier(2),

Resufts and discussion
The blight reaction of the eleven P coccineus

materals and the susceptible P. vudgaris controls are
presented in Table 1. As seen from the results M

Table 1. Levels of resistance of £ coccineus germplasm for
common blight (X. compestris pv. phaseoli (Smith)

Dye.
Identification of Level of
Material Resistance®

P coccineus

MITA 46-1

NI 520(P.1 201304)
G 35022 (P.L 165421)
NIL 2(P1 176672}
NI 229

G 35075

M 7701

G 4834 (Puebla 56-C)
G 35044 (P.L 201297)
N.L. 15 (Blanc No. 5)
G 35078 (R.1. 273-448)

F vulgaris controls

¥

S S R S s T g S I I Y

CV ‘Iguagy’
CV. ‘Carioca’

L in

* Scale of evaluation 1-5 representing resistant to suscepti-
ble reaction.

Turrialba Vol. 32, No. 4, pp. 489-490
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7701, G 35044, N.I. 520 and N.I. 15 possessed high
levels of resistance followed by G 35022, NI 229
and G 35078 which presented acceptable levels of
resistance but with more distinct chlorotic border
around the lesion than the earlier group of materials,
The rest of the materials showed intermediate to
susceptible reaction. Considering the efforts involved
in obtaining useful hybrids with high fertility by
interspecific  crossing, only the first group of
material possesing high levels of resistance are
adequate for use in the breeding program aiming at
incorporation of blight resistance in the commercial
cultivars belonging to P. vulgaris.

Tolerance to common blight was reported in £
coccineys P.1 165421 (3) and also in populations of
P coccinens. The advanced interspecific hybrid
progenies of P wulgaris x F. coccineus cross showed
disease reaction varying from high tolerance to
susceptibility (personal correspondence, D. P, Coyne,
Univ. Nebraska, USA) and the preliminary results of
our selfed and backerossed progenies of P. vulgaris x
P coceineus cross confirm the above results. It is
important o bring together the genes conferring
resistance to common blight originating from
different species in order to have higher and stable
levels of resistance and as P yulgaris and P. coccinens
are considered to be closely related species (1) such
transference is relatively easier as compared to the
other interspecific crosses of the genus plaseolus

Resumo. Onze materiais provenientes da espécie
Phaseolus coccinens Lam. foram avaliados para resis-
1éncia 4 bacteriose comun causada por Xanthomonas
compestris pv. phaseoli (Smith) Dye. As linhas M
7701, G 35044, N.I 520 e N.I. 15 foram altamente
resistentes e poderiam servir como fontes de resistén-
cia no melhoramento do feijoeiro para resisténcia d
bacteriose comum,

Summary

Eleven materials of Phaseolus coccineus Lam. were
evaluated for resistance to comnmon blight caused by
KXanthomonas compestris pv. phaseoli (Smith) Dye.
The accessions M 7701, G 35044, N.I. 520 and N.I.

15 were highly resistant and can serve as sources of

resistance in breeding dry beans for common blight
resistance.

Feb. 04, 1982

S TARA MOHAN

Instituto Agrondmico do Parand
Caixa Postal 1331

86100 Londrina, Parand
BRASIL
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Peso e teor de dleo de sementes de Mamoneira (Rici-
nus communis L.): Efeito da posicio de amostragem
do rdcemo

Summary. The seed weight and ofl content of the castor-
bean cultivar Guarani and the introduction IPP, were eva-
luated at the top, middle and fower pares of the raceme. The
evaluations were done in order to verify differences along the
raceme

Significant wvariations were observed for such charae-
teristics among plants, especially on the apex of the raceme.
In general, the seed weight and oil content decreased from
the lower two the erpper part of the raceme. Significant
differences were found in the IPP introduction in relation to
“Guarani.” 1PP introduction has a long raceme with a greater
number of fruits than the Guarani cultivar, and could
increase the gompetition for plant metabolites among fruits
on the top, middle and tower part of the racems.

The oil contents must be considered as average values
since they were obtained by solvent extraction of several
seeds. Individual seed evatuations should present grester
differences than the solvent extraction method. Therefore, a
standard sampling procedure should be used to obtain repre-
sentative measurements. The middle and lower part of the
racemne appears to be the most suitablie for seed sampting.

Despite the tendency of seed weight and ol content to
decrease from the bottom to the top part of the raceme, no
significant correlation was found between such measure-
ments.
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No processo de selecio e melhoramento, a quanti-
ficagio da variabilidade ambiental em relagdo a varia-
¢io genotipica é de importincia critica.

Em plantas oleagianosas, além da variabilidade natu-
ral entre plantas em relaciio ao peso e teor de dleo das
sementes, ¢ conhecida a existéncia de variagiio dentro
da prépria planta. Assim, o pesc e 0 teor da semente em
soja (2} varia em fungfio da posicdo desta na planta.
No milho, estas caracteristicas variam em fungfio da
posigio de insergdo da espiga na planta (4) e da locali-
zaciio do grio na propria espiga (5). Para o girassol
{3), considerave] variagdo € observada, dependendo da
posicio da semente no capitulo. Também para a mo-
moneira, ji é conhecida a existéncia de variaciio em
peso, teor e qualidade do dleo, em fungiio da posigio
do rdcemo na planta (6). Como a andlise para teor de
6leo pode ser feita em sementes individuais, por
exemplo, através de ressondncia nuclear magnética
(NMR), grande variagdo ambiental poderd ser detecta-
da, a qual poderia mascarar a variabilidade genotipica.
Desta maneira, procurou-se verificar a existéncia de
variagio em peso e teor de dleo da semente, em
fungfio da sua localizagfo no dpice, na parte mediana
ou basal do ricemo na momoneira.

Material e métodos

Foram utilizadas duas variedades de mamoneira
{Ricinus communis L.), o cultivar comercial Guarani
e uma introdugio coletada no municipio de Pirapo-
zinho — SP (IPP}. O primeiro cultivar possui cerca de
60 a 70 frutos e 45 a 55 cm de comprimento do
ricemo primario. J4 na segunds, o niimero de frutos
pode ul{rapassar a 200, medindo cerca cerca de 70 a
90 cm de comprimento o ricemo primirio.

Foram amostradas cinco plantas de cada cultivar,
dispostas no mesmo local, do Centro Experimental

de Campinas. Os cachos foram subdivididos em trés
partes, aproximadamente iguais, em nimero de fro-
tos, para fins de avaliacfio: apical, mediana e basal. No
cultivar Guarani, foram estudados os cachos primérios
e secundarios, ji para a introdugfio IPP, apenas o ca-
cho primdrio.

As sementes foram avaliadas em peso e teor de
dleo. Os teores de dleo bruto ¢ umidade, foram feitos
segundo os métodos da American OHf Chemists’
Society {1). Os resultados das determinactes de dleo
bruto foram calculados na matéria seca.

Resultados e discussiio

Os resultados obtidos em avaliag@es de peso e teor
de dleo das sementes, so vistos no Quadro 1. Obser-
vou-se que tanto o peso quanto o teor de Oleo das
sementes apresenfou major variagio na introdugio
IPP que no cultivar Guarani, em relagdo 4 posigio de
amostragem no cacho, Para o cache primédrio, notou-
se gue o peso das sementes da parte apical foi menor,
da parte basal maior e, da parte mediana intermedid-
ria, semelhantemente ao que é conhecido um mitho
(5). Para o cacho secunddrio do cultivar Guarani, este
fato nio foi observado. Contudo, apresentou valores
inferiores em relagio ao cacho primdrio, como ja era
sabido (6).

Apesar de ser ter observado variacio significativa
entre plantas para o peso de sementes, esta caracteris-
tica apresentou maior varizgfo na parte apical do que
na parte mediana ou basal do ricemo.

Con relagiio ao teor de dleo, verificou-se diferengas
significativas apenas na introducgio PP, para as dife-
rentes posigdes de amostragem do rdcemo. Esta intro-
dugio além de possuir maior niimero de frutos, possui
também maior comprimento do ricemo primdrio do

Quadro 1. Peso de 100 sementes e teor de 6leo ema mamoneira, amostradas na parte apieal, mediana e basal do ricemo,

Peso de 100 sementes

Teor de 6leo

Cultivar
Apical Mediana Basal DMS Ccv Apical Mediana Basal DMS v
5% 5%
« g g 2 b % Yo Yo % %
Guarani R, * 460+ 110 471+78 3505+83 50 50 521419 523+21 517227 2.2 23
Guarani R,* 435351 4132356 435:250 N 4.0 51819 526:17 5182232 1.6 1.7
PP R, 433222 45916 462219 19 2.4 503133 514+£4% 52538 1.4 1.5

* R, eR, = ricemo primirio ¢ sccunditio, respectivamente

Turrialba Vol. 32, No. 4, pp. 490-492
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que o cultivar Guarani. Uma possivel explicagiio para
este fato poderia estar ligada & competigdo enire fru-
tos do mesmo récemo, por metabolitos elaborados na
planta. Dai a razfio para menor peso e menor teor de
Oleo para as sementes da parte apical. Esta hipdtese
foi também sugerida para o case do milho (5). No
caso da cultivar Guarani, a competicio por metaboli-
tos seria menos intensa, pelo fato do cacho ser menor
a apresentar menor niimero de frutos no ricemo.

Apesar do peso e do teor de Oleos das sementes
tenderem a diminuir da base para o dpice, foi observa-
da uma correlagio muito baixa (=017 NS) entre
estas medidas, indicando a independéncia entre elas.

Os resuitados obtidos de andlise do teor de dleo
por extragdo com solvente, representam valores mé-
dios de grupos de sementes. A variagio do teor de
dleo de semente para semente deverd ser maior e a
variacdo ambiental poderd mascarar possivels dife-
rengas genotipicas. O critério de amostragem de se-
mentes deverd ser padronizado, evitando coletar
sementes na parte apical do cacho, preferindo-se a
parte mediana ou basal,

Resumo e conclusdes

O peso e o teor de &leo de sementes do cultivar
Guarani e da introdugde IPP, foram avaliadas visan-
do-se verificar a existéncia de variagiio entre a parte
apical, mediana e basal do ricemo. No cultivar Guara-
ni, foram avaliadas os rdcemos primdrios e secunda-
rios, enquanto na introdugdo IPP, apenas o primdrio,

Observou-se acentuads variagfo para o peso e o
teor de dleo das sementes entre plantas, principalmen-
te na parte apical do rdcemo. Observaram-se também
diferencas entre as trés posices amosiradas, mais
acentudamente na introducdo IPP. De modo geral,
tanto o peso quanto o teor de dleo das sementes ten-
dem a diminuir da base para a extremidade apical do
ricemo. A introdugdio IPP apresenta um cacho primd-
rio com maior nimero de frutos e de maior compri-
mento, do que o cacho do cultivar Guarani, o que
acentuaria a competicio por metabolitos entre semen-
tes 2o longo do racemo no primeiro material.

A variagdo no teor de Oleo de sementes individuais
a0 longo do ricemo poderd ser maior que a variagdo
observada apenas nas trés posicdes medidas, uma vez
que os resiltados em teor de dleo extraido com sol-
vente, foram obtidos a partir de grupos de sementes,
representando assim um valor médio. Para a andlise
do teor de dleo em sementes individuais, pela téenica
de NMR por exemplo, se faz necessirio uma padroni-
zacdo de amostragem, sugerindo-se evitar a coleta de

sementes da parte apical, preferindo-se as da parte
mediana ou basal.

Observou-se também uma baixa correlagio entre o
peso de sementes e o teor de Oleo (1=0 17 NS}, apesar
destas duas medidas diminuirern da base para a parte
apical do rdcemo, sugerindo a independéncia entre
elas.

28 decembro, 1981,

LUIS CARLOS DA SILVA RAMOS*
ANGELO SAVY FILHO®*
JOAO SHOJTRO TANGO®**+

* 8. Genética, Instituto Agrondmico de Campinas, SP,
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¥+ 8. Oleaginosas, Institute Agrondmico de Campinas, SP.
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Yieid response of yellow yam (Dioscorea cayenensis)
after disenfesting planting material of Prarylenchus

coffeac’|.

Resuman. En Jarmaica se encuentran varics nematodos
dafiinos asociados al fiame (Digscarea spg }; sin embargo solo
se ha encantrado el Pratylenchus coffeae infectando el Aame
amarillo (D, cayenensis) afectade por la pudricidn seca. la-
mada ''"guemazdn”, La pudricidn seca puede estar asociada
con herida de! talio y del primerdio radical; si {a herida es
severa, en algunos casos la germinacion y el vigor de la pianta
pueden verse seriamente afectados

£n un experimento sg obtuvieron plantas provenientes
de trozos de fiame desinfestados de P. coffese por inmersion
durante 30 minutos en una solucion de 2 000 ppm de
Oxamy! o por 45 minutes en agua a 45°C Las rendimientos
con estos tratamientos fueron, respectivamente, 369 vy
23% superiores y produjeron tubdrculos can menos nivel
de “quemazon’ que los obtenidos de plantas provenientes
de tubéresios no desinfestados. Los resultados sugieren que
log agricultures deberian usar, para siembra material con baja
incidencia de “quemazon''. Se recomienda establecer una
dependencia cuva inmediata responsabilidad sea desinfestar
el material de flame gue se vaya a usar para la siembra; even-
tualmente se encargaria de suministrar semilla “‘limpia™.

Yams (Dioscorea spp) have traditionally consti-
tuted the staple root crop in the Jamaican diet. The
yellow yam (D cayenensis) is the most popular
variety and in 1978 constituted 33% of total yam
production of 164 500 tons. Between 1970 and
1979, average tuber yield of yellow yam ranged from
10.8 to 12.8 tons/ha which is considerably below the
yield potential of this cultivar

In JTamaica, several parasitic nematodes are
associated with yam plants in the field (5, 6). Praty-
lenchus coffeqe, Scutellonema bradys and Hoplo-
laimus sp. are involved in the etiology of a dry rot
of yvam tubers (2, 3, 4, 7, 8, 10). P coffeae, consid-
ered to be the most noxious of the nematodes affect-
ing yams (7, 8), is the only nematode found infesting
yellow yam tubers which are affected by the dry rot,
called “buming” in Jamaica. This condition is
characterised by cracking in the skin underlaid by a
brown, corky rot in the storage tissues (3, 10). This
rot progresses deeper into the yam tissues following
harvest and prior to planting or consumption and
is generally more pronounced towards the stem end
of yam tubers. When a yellow vam tuber is harves-
ted, the stem end (“head”) is cut off and retained for
planting and the remainder consumed. On heavily
“burnt” heads, stem primordia appear to be damaged
or destroyed by the dry rot resulting in such heads
not sprouting or vines growing from them being less

1 Part of studies conducted jointly by the Plant Protection
Division, Ministry of Agriculture (MINAG), Jamaica and
the Inter-American Institute for Co-operation on Agri-
culture (IICA), at Allsides, Trelawny on the Projeci
titled “Hillside Farming Development Project™

thrifty than those from less affected heads. The term
“less affected” is used as a yellow yam tuber which
was not infested by P coffeae and affected to some
extent by the dry rot. It has never been observed by
the senior author.

When yam tubers affected by the dry rot were
disinfested in previous investigations, populations
of the invading nematode were reduced and develop-
ment of the dry rot suppressed. There was a high
incidence of sprouting and vines were more vigorous
than those from untreated yams (2, 3, 4,6, 7, 8).

This trial was conducted to investigate qualitative
and quantitative yield response after disinfesting
yellow yam planting material of P. coffeac.

Materials and methods

This trial was carried out at the Allsides Pilot
Development Project (1, 9, 11, 12, 13), on recently-
terraced plots which had been cropped for two suc-
cessive years to yellow yam. Recently-harvested
yellow yam planting material showing distinct
symptoms of the nematode-related dry rot was used.
Examination of random samples from the selected
heads showed them to be infested with P coffeae
{avg. 400/10 gm peeling). The foliowing treaiments
were used: 1) no treatrent {control); 2) heads dipped
for 45 min. in water at 45C and 3) heads dipped for
30 min. in a 2000 ppm solution of CGxamyl (Methyl
N'N’.dimethyl-N-{methylcarbamoylloxy)-1-thiooxa-
midate).

Six days after being dipped, the heads were
planted, 12 per plot, 0.67 m apart into two continu-
ous mounds 1.5 m apart giving a plant density of
i0 000/ha. The three treatments were replicated
three times in a randomised complete block design.
The soil, an Ultisol classified locally as Wire Fence
Clay Loam, Map No. 32, is highly acidic (pH 4.9),
and levels of available N, P and K are medjum, low
and very low respectively.

Cuitural practices were those normally followed
at Allsides. Weeds were controlled manually. Plants
were supplied with a mixture of 200, 300 and
150 kg/ha of N, P, 05 and K, O respectively divided
equally at planting and at 16 and 25 weeks there-
after.

Forty weeks after planting, counts were made of
P coffeae in soil from each plot. At 43 weeks when
the plots were harvested, every tuber was rated for
the nematode-related dry rot ona | — 5 scale where
1= 1-20%, 2= 21~ 40%, 3 = 41-60%, 4=61-80% and
5 = 81-100%of the tuber’s surface having the dry rot.
The weightsof heads (the top portion of the harvested

Tusrialba Vol, 32, No. 4, pp. 493-495
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Table . Quantitative and qualitative yields of yellow yam {Divscores cayenensis) tubers harvested 43 weeks after planting Prarylen
chus coffeae-infested planting pieces (heads) or infested heads disinfested by hot water or nematicide dips,

Levels Wt. of Wt. of ‘Fotal Wt of Caleu-
of dry table heads wi, of vams har- lated
rot on yams har- tubers vested £ross
Treatment tubers® har- vested har- per kg yields
vested from 36 vested planied
from 36 plants from 36
plants planis (tons/
kg (kg) (kg) (kg) ha)
Untreated 2.6 38.0 46.8 1648 3.82 29.1
heads
Hot water- 22 751 346 1297 4.95 36.0
dipped' heads
Oxamyl-dipped? 20 91,1 51.7 142.8 505 387
heads
158D 5% - 2.8 - 5.2 - -

1. Heads dipped for 45 min. in water at 43C,

2, Heads dipped for 30 min. in a 2 800 ppm solution of Oxamyl.

3. Tubers rated for the nematode-related dry rot ona 1 - 5 scale where 1 = 1-20%, 2 = 21-40%, 4 = 61-80% and 5 = 81-100% of the

tuber’s surface having the dry rot.

tuber which is retained for planting) and table yams
{the rest of the tuber) were taken separately. Counts
were made of P coffeae in the skin of harvested
tubers.

Results and discussion

There was 100% germination of heads and every
plant produced a tuber. Presented in Table 1 are the
tuber yields and levels of dry rot for the different
treatments. Tubers borne by plants growing from
heads disinfested by Oxamyl or hot water showed
lower levels of the nematode-related dry 1ot than
tubers borne by plants from untreated heads. Plants
from disinfested heads produced greater quantitative
yields of heads and significantly greater weights of
table yams than those from untreated heads Overall,
plants from disinfested heads bore significantly
greater weights of tubers than plants from un-
disinfested heads. Substantially higher numbers of P
coffeae were found in the skin of tubers borne by
plants arising from untreated heads but three weeks
before harvest, there was no difference between
treatments in the numbers of this nematode in the
soil from plots (Table 2).

Results from this trial confirm previous findings
that disinfesting yellow yam planting material of
P coffeae, the most noxious of the nematodes
affecting Dioscorea spp, will result in significantly

Table 2,  Numbers of Pratylenchus coffeae in soil and in
the skin (peeling) of yellow yam (Dioscorea caye-
nensisy tubers harvested from plots in which ne-
matode-infested planting picces (heads) or
infested heads disinfested by hot water or nema-
ticide dips were planted,

No. £ coffeael Wo. P. coffeas/
100 ce soil at 10 gm tuber skin

Freatment 40 weeks at harvest
{43 weeks)

Untreated heads 27 48

Hot water-dipped? heads 29 2

Oxamyl-dipped® heads 13 5

1. Heads dipped for 45 min. in water at 45C.

2. Heuds dipped for 30 min, ina 2 000 ppm solution of Oxa-
myl.

increased tuber yields (7, 8) Disinfesting heads
with hot water or Oxamyl resulied in increased
quantitative vields of 23% and 36% respectively.
Disinfesting yam heads can be costly (estimated
at over § 100 per ton for Oxamyl treatment of
yellow yam heads) but the high initial expenditure
is easily recovered from the increased vyields
(estimated to result in revenue exceeding § 600 from
each ton of planted yellow yam heads).
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Tubers borne by plants arising from disinfested
heads showed less of the nematode-related dry rot
than those from plants growing from untreated heads.
It has been observed in an on-going trial that plants

growing from yellow yam heads with fow levels of

the P. coffeae related dry rot sprouted earlier and are
more vigorous than plants growing from heavily dry
rotted heads. It appears that levels of P coffeae
infestation and dry rotting of yellow yvam heads
have a direct bearing on the performance of plants
arising from such heads. Any treatment that will
reduce populations of an invading nematodes and
levels of the dry rotting of yam planting material
should therefore be beneficial.

Recommendations

It is recommended that growers should use yellow
yam planting material with the least evidence of the
dry rot. However, in Jamaica, yams are always
infested with noxious nematodes and those involved
in the dry rot, especially P. coffeae, are ubiquitous.
In any event, good yam planting material is generally
unavailable and costly, and growers are penerally
forced to plant what they have or can obtain. Given
this situation, it would be beneficial to the yam
industry if an agency were established to see to the
disinfestation of available planting material in the
first instance and eventually be responsible for
providing “clean” planting material. In this context,
it is hoped that the Ministry of Agriculture would
take the necessary steps which would assure increased
production of this staple food crop.

Abstract

Several noxious nematodes are associated with
yams (Dioscorez spp.) in Jamaica but Prarylenchus
coffeae is the only one found infesting yellow yam
(D). cayenensis) tubers affected by a dry rot called
“burning”. The dry rot appears to be associated with
injury to stemn and root primordial and in cases where
the injury is severe germination and plant vigour are
seriously impaired.

Plants growing from yellow yam heads disinfested
of P. coffeae by dipping for 30 min in a 2 000 ppm
solution of Oxamyl or for 45 min in water at 45°C
produced 36% and 23% preater quantitative yields
of tubers which showed lower levels of the nematode-
related dry rot than tubers borne by plants arising
from undisinfested heads. Results suggest that
growers should use yellow yam planting material with
the least evidence of the dry rot. It is recommended
that an agency be established whose immediate
responsibility would be to disinfest available yam

planting material and eventually be responsible for
providing “clean’ planting material.

Febroary 18, 1982,

DAVE G. HUTTON*
ABDUL H. WAHAB*
HOWARD MURRAY*®

*  Nematologist, Plant Protection BPivision, MINAG, Agri-

cultural  Research  Specialist, TICA and Project
Agronomist, MINAG, respectively.
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Behaviour of !4 C-metalaxyl in Brazilian soils.

Resumo. Estudou-se em laboratdrio o comportamento do
14 C-metalaxyl em trés tipos de solos brasileiros (Gley Hd-
mico, Latossolo Roxo e Latossolo Vermelho Escuro}). O
14C.metalaxyl apresenta alta mobilidade nas trés cromato-
grafias de solo e baixos coeficientes de sorcao, mesmo em
solos com alto teor de matéria organica {Gley Humico e
Latossolo Roxo) e foi persistente nos trés solos pelo periodo
estudado de 8 meses. A degradacao do metalaxyl no solo
Latossolo Roxo correspondeu apds esse tempo a 29% ,
representada por um metabolito nao identificado detectado
pela cromatografia em camada delgada. A populag%o bacte-
riana foi maior no Latossolo Roxo e provavelmente asso-
ciada a esse processo de degradac’éo

Metalaxyl is a new systemic fungicide (CGA
48988) (DL-methyl-N (2, 6-dimethyl-phenyl)
-N-(2-methoxyacetyl) alaninate) with specific
activity against pathogens belonging to the order
Peronosporales (1, 2, 6, 7). The systemic activity
of metalaxyl in azalea by applying it to the soil has
been demonstrated (1). The structure of systemic
fungicides applied to the soil can be altered by

chemical breakdown process and by action of the
microorganisms. Also uptake of fungicides by plants
from the soil can be very inefficient if there is a
tight adsorption of the fungicide to the soil.

The purpose of this investigation was to obtain
information on the behaviour of this new compound
when applied to samples of Brazilian soils.

Materials and methods
Chemicals

Metalaxyl WP 25 was provided by Ciba Geigy,
Brazil and '*C-metalaxyl by Ciba Geigy, Basel,
Switzerland. The !*C-metalaxyl uniformly ring
labelled had a specific activity of 46.5 uCi/mg.

Soils

The three soil types used, consisted of Humic
Gley, Red Latosol and Dark Red Latosol, differing
in their properties (Table 1). Ten gram samples of
each dried soil were added to wide necked screw
capped jars, followed by addition of water to 2/3
field capacity. A week after, 1.0 ml of a mixture
of '#Cring labelled metalaxyl (140.000 dpm/ml)
and unlabelled metalaxyl (10 ppm) in acetone, was
added on each soil sample. During the test, water
was added periodically to maintain the moisture
content of the soil. This was achieved by monthly
quantity of distilled water to attain the desired soil
water content. Duplicate samples of each soil were
incubated at 20 — 25°C and the entire flasks content
were extracted at monthly intervals over an 8-month
period.

Extraction of ! # C-metalaxyl

Each sample was extracted with 50 ml of
methanol, by shaking the mixture for 4 hr. When
necessary a sequence of two extractions with
methanol was realized. The soil was separated by

Table 1.  Properties of the soils
' Microbial population after 8 months
Soil Organic matter Clay Sand pH (g of soil) 10°
Type %) %) %) Bacteria Fungi
Humic Gley 4.3 32 57 5.7 34 4.7
Red Latosol 3.8 7.72 62 5.3 136.7 6.7
Dark Red Latosol 2.0 63 24 4.8 114 1.7
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allowing to stand overnight. The extracted products
in methanol were quantified by scintillation counting
and thin-layer chromatography.

Scintillation counting

A Nuciear Chicago Liquid Scintillation Spectro-
meter, model Mark 1, was used for counting. Aliquots
of each sample were transferred to scintillator vials,
and after evaporation of methanol the scintiilation
counting solution was added (5). Recovery of '*C-
metalaxyl is presented as percent '*C representing
the '*C recovered on each extraction over the
Y4 Cometalaxyl added

Thin-layer chromatography (tlc)

Silica gel thin-layer plates (Merck F 256} were
used for separation of extracted samples: 10 ml
samples of soil extracts were concentrated and
spotted on the plates, developed in the solvent
systems either benzene:ether (BE){(50:50) or acetone:
ether: acetic acid (Ace Eth AcoHM) (79:20:1). '9C-
metalaxyl was chromatographed at the same time
as reference.

After drying, the plates were exposed to X-ray
films. The amount of degradation was determined
by dividing the plates in 1 cm zones, scraping the
silica into scintillation vials and assaying by scintilla-
tion counting (4)

Values were calculated as percent degradation
representing the dpm per spot over the sum of dpm’s
in the plates.

Combustion technique

Residues of 'YC-metalaxyl, together with any
19 C-labelled degradation products in the soils not
recovered after a sequence of two extractions by
methanol, were determined by soil combustion (8).

Adsorption experiment

'* C-metalaxyl solution (10 ml=72.5 ug)in 0.01 M
calcium chloride was added to air dried soils (1.0 g)
in wide necked screw capped jars. After shaking for
4 hr the soil was allowed to stand, and 1.0 ml aliquot
of the supernatant solution taken for '*C assay. The
soil/water distribution coefficient (K} was calculated
as concentration on soil {dpm/g) over the equilibrium
solution concentration (dpm/ml).

Soil thin-layer chromatography

Mobility of the fungicide in the soils was
determined by soil tic technigues, and '* C-metalaxyl
in the plates was located by autoradiography (3, 4)

Soil microbial population

Soil microorganisms were enumerated at the end
of the study by socil dilution Seil dilutions were
plated in triplicate on Czapek-Dox medium agar, and
the plates incubated at 28°C for one week. The
Czapek-Dox medium consisted of (gfl}: saccharose:
30, NaNoj: 3, KoHPO,: | MpSO, - 7TH,0: 05,
KCI 0.5, FeSO, 7H,0:0.1 and agar 15 Bacteria

Table 2. Recovery of radiocarbon (%) from soils treated with ! *C-metalaxy!
. Methods for Time (days)
Soil determining

Type radioactivity 0 30 60 90 120 150 210 240
1% Extraction 95 92 71 72 47 62 75 66
Humid Gley 2™ Extraction - . 27 24 12 15 10 13
Wet Combustion - - - - 21 17 14 11
Total 92 92 98 97 80 94 59 90
15! Extraction 92 82 56 62 47 51 55 55
Red Latosol 27 Extraction - - 30 33 13 11 15 14
Wet Combustion - - - - 35 26 25 18
Total 92 82 86 85 95 88 95 87
1% Extraction 95 95 69 70 51 66 73 67
Dark Red Latosol 279 Extraction - - 25 19 11 10 13 9
Wet Combustion - - - - 18 16 13 14
Total 95 95 94 89 80 92 99 86
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498 TURRIALBA: VOL. 32, NUM. 4, TRIMESTRE OCTUBRE-DICIEMBRE 1982

were counted after 3 days and fungi colonies after
7 days. Populations are expressed as colonies per
gram of soil.

Results and discussion

Recovery of metalaxyl from soils as a function of
incubation time is presented on Table 2. After a 30
days incubation of **C-metalaxy! in soils, one solvent
extraction was sufficient to recover most of the
radiocarbon added to the three soils, After 60 days
a second extraction of the samples with methanol
was necessary to recover the same amounis of radio-
carbon. As '?C-metalaxyl aged in the soils, it was
necessary to combust the samples to recover the
amount of radiocarbon not extracted by methanol
(Table 2). During the period of time from 120 to
240 days, values of radiocarbon adsorbed to the soils
and detected by wet combustion were in the range
of 10 to 30% . Red Latosel was the soil that showed
the higher percentage of radiocarbon not recovered
by the solvent and these amounts can be considered
as bound residues or degradation of metalaxyl to
mare polar compounds, not extracted by methanol
(Table 2). Comparing with results obtained in the
same  soils with a benzimidazole fungicide like
carbendazim (5) metalaxyl showed to be less
adsarbed to the soils and easily extracted by the
organic solvent.

Thin-layer chromatography of soil extracts showed
that most of the recovered radiocarbon chromato-
graphed was '*C-metalaxyl; however a metabolite

was detected in higher amounts in Red Latosol
extracis. The percentage of this meiabolite (Rf 0, 10
in BE), varied from 14+ in the 60 days to 29%in 240
days extracts (Table 3).

When this compound was eluted from plates
developed in BE, followed by further chromato-
graphy in Ace Eth AcoH the activity was located in
a zone of tlc at RF 03 to 04; ' C-metalaxyl had an
Rf 0.67 in this solvent. The second methanolic
extraction from soils incubated over an 8 month
period with *%C-metalaxyl showed after chromato-
graphy the same pattern of degradation, as assessed
by tlc.

Red Latosol supported a steady increase in the
degradation. This observation may be related with the
greater bacterial population noted in the Red Latosol
and therefore the reduced degradation in Dark Red
Latosol, a consequence of a much less active microbial
population (Table 1). Though in less amount this
metabolite is also detected in Humic Gley soil;
however the variation at each sampling time is
probably a consequence of the fluctuating microbial
population with time,

Sorption coefficients of '* C-metalaxyl in Humic
Giey, Red Latosol and Dark Red Latosol were
respectively of 0.80; 0.56 and 0.36. Sorption results
are in agreement with the high mobility of '*C-
metaiaxyl on soil thin-layers of Dark Red and Red
Latosol soils and to an intermediate mobility of the
fungicide on Humic Gley soils (Figure 1).

Table 3. Percent of matalaxyl and a metabolite detected in extracts from three soils incubated with ' * C-metalaxyl.

Days after treatment

Soil Type Compounds 30 60 90 120 210 240
. Metalaxyl 82 80 78 79 72 72
Humic
Gley
Metubolite 4.0 5.0 6.3 4.6 2.0 10
Metalaxyl 83 80 63 74 64 68
Red
Latosol .
Metabolite 6.7 14 17.4 126 13 29
Metataxyl
Dark Red etataxy 85 82 89 71 72 75
Latosol
Metabolite 2.0 5.5 51 5.3 3.4 4,2
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Fig 1. Movement of ' Cometalaxyl on soil thindayer plates

The data obtained in laboratory tests indicate a
persistence of '*C.metalaxyl in soils and therefore
its low sorption coefficients associated with its
systemic activity (2, 6) indicate a long term avail-
ability for the control of soil plant pathogens.
However, its low sorption coefficient and the high
mobility also indicated a facility for leaching, and this
must be considered in field applications

Over an 8-month period, only one metabolite
was detected from ring - labelled metalaxyl, indicat-
ing a high stability of the benzene ring to microbial
attack and that degradation in these soils proceeded
probably by hydrolization in the side chain of the
molecule.

Persistence of metalaxyl showed to be dependent
on soil type and the degradation process probably
associated with a bacterial population on soils.

Summary

Behaviour of '*C-metalaxyl in three types of
Brazilian soils (Humic Gley, Red Latosol and Dark
Red Latosol) was studied in the laboratory. Metalaxyl
had high mobility on the three soils thin-lavers
and fow sorption coefficients, even in soils with
high organic matter content (Humic Gley and Red
Latosol). Metalaxyl was persistent on the three soils
over an 8-month period. Depradation of metalaxyl
in Red Latosol was 29 percent after this time,
represented by a non identified metabaolite detected
by tlc analysis. Bacterial population was higher in
Red Latosol and probably associated with this
degradation process.

September 135, 1981

M. RAPHAFLA MUSUMECI*
ELZA F. RUEGG*
C. A. CAMPACCH!*®

*  Scientific Researchers, Radioisotope Centre, Biclogical
Institute, § Paulo, Brazil.

¥#  Scientific Researcher, Fungicide Bept,  Biological
[nstitute, § Paulo, Brazil
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