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DETERMINACION DEL POTENCIAL AGROCLIMATICO PARA LA PRODUCCION DE

CANA DE AZUCAR (Saccharum officinariin L) EN COSTA RICA' [

OSCAR E ROJAS*
MICHEL ELDIN®*

The agroclimatic potential of suger cane is defined by estimating a production
function for dry matter, performing a rainfall frequential analysis, and calculating
a climatic ripening index. This requires the use of dutq on temperature (daily and
divrnal), precipitation (daily} and solar radiation (daily) Climatic data from five
weather stations representing the major physical-geographic regions of Costa Rica was
used i this study. M addition, the growing seasons and optimal harvest tines were

determined.

Intraduccion

a incertidumbre y el riesgo siguen siendo en la

actividad agricola dos limitanies constantes,

que desestimulan la inversion e impiden el
desarrolio de este sector productivo. A la vez dilt-
cultan las decisiones a tomar deniro de las empresas
agropecuarias, en los aspectos econdmicos de qué
producir y c¢dmo producir. Las respuestas a estas
dos preguntas dependerdn definitivamente de los re-
cursos neturales y humanos con que se cuente. Traba-
jos tales como la caraclerizacion agroecoldgica de
dreas y lz zonificacion de cultivos tienea como
objetivo disminuir la incertidumbre y cuantificar
el riespo; ademds suministran informacion ecoldgica

{  Recibido para publicacién ct 10 de octubre de 1982

Esta investigacidn corresponde o wna primera fase del
proyecto de zonilicacion agroclimdtics de la cafia de
azlear en Costa Rica, el que cuenta con el upoyo linan-
ciero de la Liga Ageicoln Industrial de la Cafiy de Azlicar
de Costa Rica (LAICA) y es purte de la Fesis de Grado
que presentd cf primer awtor ante da Rscuels de Eco-
nomia de [a Universidad de Costa Rics pars optar por ¢l
grade de ingenicro agronomo

¥ Ingeniero Agronome, HCA-Sede Central

% agcoctimatdlogo del Qlfice de ta Recherchie Scien-
tifique et Technique Outre-Mer de Francia, (ORSTOM),
destacado en ¢l Instituto Interamericano de Cooperacion
para la Agriculiura (J1CA), en el marco del convenio de
cooperacion entre el 1ICA v ¢ ORSTOM

suficiente para un mejor aprovechamiento u optimi-
zacion de los recursos naturales existentes (suelo,
apua, condiciones climdticas, etc). Lo anterior evi-
denciz ln importancia de este tipo de instrumentos
a la hora de formular planes y programas de carde-
ter agricola, en sus niveles macro y microeconémico.

El proposito del presente articulo, es aportar al-
gunas ideas en torno a lu utilizacion de estudios
agroclimaticos; en este caso referidos especificamente
al cultivo de Ia cafia de azucar en Costa Rica. Aunque
dnicamente se presenta a manera de cjemplo un and-
lisis puntual o por estacion meteoroldgica, este consti-
tuye un interesante punto de partida para obtlener
un trabajo mds detallado como es propiamente la
zonificacién del cultivo en el pais.

Relacién Clima-Cofia de Azdcear

La cafia de azucar para su cultivo estd limitada
fundamentalmente por dos componentes ecologicos,
el clima y el suelo, comportindose ¢l primero en for-
ma regular en todas las dreas cafieras del mundo,
mientras el segundo, o sea, ¢l tipo de suelo puede ser
variable

El clima para la cafia de azticar se presenta como el
factor determinante en cuanto a rendimiento se
refiere. Esto se comprende facilmente si se estudia la
influencia que sobre el crecimiento y desarrollo de la
misma ejerce cada uno de los agentes climdticos,
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Al respecte varios autores (1, 6, 7) han definido
que la temperatura, la luz y la humedad son los prin-
cipales factores de éste que controlan el desarrollo
de fa cafia.

Se cita, que para que exista una buena germinacion,
amacollamiento vy sobre tode un buen crecimiento
deben predominar temperaturas superiores a los
20°C, encontrindose el éptimo térmico para estos
procesos entre 25°C y 33°C. Ademds se ha COMpro-
bado que la asimifacion clorofilica aumenta de los
23°C a los 32°C aproximadamente, para decrecer
luego, mientras que fa respiracién mdxima se sitda
entre los 36 y 38°C. Segin esto resulta que por
encima de 33°C la adquisicidn de materia seca de-
crece pura quedar anulada completamente u cierta
temperatura

Por otro lado, existe una relacidon muy estrechy
entre ks bajas temperaturas v la riqueze de la cafia
de azicar Los productos de la protosintesis son
utilizados para la formacién de sacarosa cuando el
crecimiento es retardado. Se insiste especialmente
en la diferencia térmica que ha de ser importante
entre el dia y Iz noche, es decir de las temperaturas
méximas y minimas (5, 8).

La cafia es por excelencia una planta de sol La
intensidad luminoss alecta tode el complejo del
crecimiento de la cafia. A plena luz del sol los tallos
son mds gruesos, pero mds cortos, Las hojas son mis
largas v mds verdes y el amacollamiento es mids
abundante. Ademids la fuz influye sobre la forma-
cidn de los aziicares v en especial en el contenido
de sacarosa y pureza de los jugos (6, 7).

Este cultivo requiere de una buena disponibilidad
de humedad en el suelo durante el periodo de creci-
miento, pues el agua juega un gran papel en la tur
gencia, la traslocacion vy en la presion de crecimiento;
pero durante el periodo de maduracion se debe redu-
cir la presencia de agua, con el objeto de restringir el
crecimiento y dar comienzo a la acumulacién de la
sacarosa. 51 durante la zafra se presenta precipitacion

pluvial de cierta magnitud, puede que en el momento
no se reduzcan los rendimientos, pero pasados unos
dias se notard ef efecto perjudicial (5, 6, 10).

En resumen, diremos que la cafia de aztcar es una
planta para fa que la luz es esencial, que exige calor
y humedad para su crecimiento, pero que también
necesitz los frios nocturnos y que, como iiiima con-
dicidn para dar optimos frutos, exige ser privada de
4gua Poco 14 poco,

Materiales ¥y métodos

Se tomd la divisibn de Costa Rica en regiones
fisico-geogrificas realizada por el Instituto Meteoro-
logico Nacional Las estaciones meteorolégicas em-
pleadas en el estudio se presentan en el Cuadro 1y
en fa Figura 1 aparecen lus regiones fisico-geogrdficas
v las respectivas estaciones.

Como se ha determinado, las condiciones climg-
ticas necesarias para iz produccién vegetal o tonels-
das de cafia por hectdres son diferentes a las reque-
ridas para la maduracién o acumulacién de sacarosa
en la planta. Por estas razones es que se utilizan
dos indices para definir el potencial azucarero de
czda regidn analizada.
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LCuadro 1. Estaciones metegrologicus empleadas en el estudio agroclimitico,

Ubicacidn
Lat. Norte  Log. Qeste

Namero de estacion  Nombre de estacion

Lievacion msam

Adlos de registro
precipitacion

H San José 9736 84°05°
2 Santi Cruz 19°16° 83°38
3 Painiar Suy 85T §3°28°
4 tu Lol 10° 46 83"35
3 Zareera ey 84724
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El primer indice o “funcién de produccion”, que
se denomind Indice de Produccidn Potencial (IPP)
ha sido elaborado por de Wit v utilizado en un exce-
lente trabajo realizado por la Organizacién para la
Agricultura y la Alimentacién, FAO (4). Esta técnica
contribuye a hacer el criterio de zonificacion menos
arbitrario; a la vez que introduce las leyes de {a {{sica
en los procesos biolégicos que rigen la produccion
vegetal: [otosintesis, respiracion, evapotranspiracion,
crecimientg, etc., de maners, que se tendrd mids
oportunidad de lograr una zonificacién vilida para
zoras ecoldpicas bien diferentes.

Esta funcién, basicamente relaciona las variables
del clima mds importantes {radiacién solar y la tem-
peratura del aire)} con los procesos biologicos deter-
minantes en la produccion neta de biomasa {ia {oto-
sintesis v la respiracion} bajo el supuesto de buen
abastecimiento de agua y nuirimentos. La funcidn
empieads es la siguiente:

PN = 0.36 x bgm
N+ 0.25x ¢

PN: produccion neta de materia seca total
del cultivo durante los N dias del ciclo
del mismo v expresada en toneludas
por hectires

bpm: tasa mixima de produccidn bruta de
biomasa del cultivo

ey coeficiente de respiracion del cuitivo.

¢, depende de la temperatura promedio y el valor
de bgm depende de [a tasa mdxima de fotosintesis
de las hojas del cultive en condiciones de saturacion
por la luz.

Para poder definir el pericdo de integracion de la
funcién, y a la vez cumplir con el supuesio de buen
abastecimiento hidrico, se utiliza la téenica denomi-
nada Anglisis Frecuencial de Lluvias, propuesta por
Michel Eldin (2, 3} Ia cual emplea en lugar de pro-
medios, probabilidades que tienen un mayor signi-
ficado e interés en la produccidn agricola

El andlisis frecuencizl de lluvias expresa la dispo-
nibilidad de apua para el cultivo, en términos de
probabilidades ¢e ocurrencia de una cantidad de
lluvia relacionada con la evapotranspiracion poeten-
cial (ETP) del periodo considerado.

El periodo de analisis es variable y depende prin-
cipalmente de las condiciones del suele y de la nece-
sidad de agua del cultivo, sin embargo se considera
que un periodo de diez dias se ajusta al presente

estudio. Dicha eleccién de tiempo se deriva de fa ap-
titud de un suelo con caracteristicas hidricas prome-
dio para conservar el agua de las precipitaciones y
tenerla z disposicidn del cultivo para cumplir con un
abastecimiento satisfactorio. Pricticamente esto signi-
{ica que en el caso de que todas las precipitaciones de
un perfodo de diez dias se presentasen en el inicio
de éste, la cantidad de agua retenida por el suelo
asepuraria un buen abastecimiento hidrico del cul-
tivo a lo large de este periodo y eventualmente duran-
te una parte del siguiente

Por otro lado, la evapoiranspiracion potencial
(ETP} --que es calculada por medic de fdrmulas
climdticas-- expresa, con una buena aproximacion
los requisitos maximos de agua de cualquier cultivo.
Por lo tanto, a partir de este mdximo se puede defin
un requisito minime de agua necesario, para que el
crecimiento vy desarrolio del cultivo considerado,
contintien normahbmente; utilizando para el andlisis
frecuencial una [raccidén de ETP que se denomina
con la letra *Q”. Es importante recalcar este aspecto:
ETP es un indice netamente climdtico y aplicable
a cualquier cultivo; mientras que Q es fijado de
acuerdo a las necesidades minimas propias de cada
cultivo. Por lo tanto Q puede variar segin las etapas
de desarrollo de la planta en estudio

Después de encontrar lz probabilidad para cada
década, de que la precipitacidon sea mayor o igual
a una fraccion de la ETP, (P > Q), se obtiene un
grafico con todas las décadas del aito v sus respec-
tivas probabilidades. A la vez se establece una proba-
bilidad que represente para el agricultor un riesgo
razonable, por ejemplo una probabilidad mayor o
igual a O 6 (6 afios sobre 10).

Para el caso especifico de la cafla de azdcar “Q”
se definié como la mitad de la evapotranspiracion
potencial (ETP/2) y se escogio la probabilidad de
(.75 (3 aflos sobre 4) como el riesgo aceptable para
el agricultor.

Para el segundo indice se puede considerar que
la precipitacion y la temperatura son, de los elemen-
tos del clima, las causas principales gue ocasionan
variaciones en el contenido de sacarosa en la cafia.
Razén por la cual se modificd v udaptd al presente
estudio el indice elaborade por Martinez Garza {9)
quedando definido de fa siguiente manera:

Pi 1
P donde ICM = N
1 Ai i
1. indice Climitico de Madurez cuyo numeio

de orden se representa por ia letra i

Tuarrialba Vol 33, No. 1, 1983, pp. 110
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P.:  Es la suma de seis probabilidades para las
cuales la precipitacion durante la década sea
mayor o igoal a la mitad de la evapotranspi-
racién potencial; cuyo nitmero de orden se
representa por la letra i

A.: Es el promedio para tres décadas consecu-
tivas de sus respectivas amplitudes de tem-
peraturas

Para todos los posibles periodos de t décadas con-
secutivas, donde t es la duracion probable de la zafra
en décadas, se obtiene la suma de los t valores corres-
pondientes a [, El intervalo de t décadas, para el cual
la suma de los valores 1, es minima (ICM es mixima),
serd el mds apropiado para hacer la zafra desde el
punto de vista ciimatolégico.

Se estudiaron cinco probables intervalos de zafra:
seis meses, cinco meses, cuatre meses, tres meses y
dos meses. Ademds se dividio la suma de los ICM en-
tre el niimero de décadas para cada intervalo, con el
objeto de poder hacer comparaciones entre los dife-
rentes periodos.

Este indice nos sugiers una época de zafra tal que
ia probabilidad de que ilueva en el intervalo, de dos
meses antes de la cosecha sea reducida, Por otra parte,
se requiere que la amplitud de veriacidn diurna entre
temperatiras maximas y minimas, un mes antes de la
cosecha; sea grande (o que su reciproco sea pequefio).
Estas condiciones estin comprendidas en términos
cuantitativos en el indice,

Resultados y discusion

Anilisis Frecuencial de Liuvias

Para Iz Region 1 —Valle Central— el andlisis fre-
cuencial de lluvizs arroja una curva que se puede
considerar como la mds adecuada para el cultive de
la cafia de azitear (Fig. 2} En clla se aprecia muy
claramente una época con buen abastecimiento hidri-
co que va desde el 1° de mayo hasta finales del mes
de noviembre, necesaria para un buen crecimiento
y produccion de materia seca, y ademds una época
definida de sequia relativa indispensable para la
acumulacién de sacarosa La época de buen abaste-

e PROBABIHLIDAD DE QUE LA LLUVIA SEA > ETP/2
e v PROBABILEDAD DE QUE LA LLUVEA SEA = ETP

ENE FEB MAR ABR MAY JUN

JUL AGO SET ocT NOV (11

PROBABILIDAD

&

Pariodo de cultivo
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e
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Fig 2. Anilisis frecuencial de Huvias para Ia estacidn San José

20 22 24 26 28 30 32 34 36
DECADAS
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cimiento hidrico constituye el periodo de cultivo Region 4-—Atldntico

que tiene en este caso una duracion de 190 dias,

donde serd posible integrar la “funcion de produc- Para esta region el andlisis frecuencial de Huvias

cion”. proporeiona unos resultados sumamente interesantes
Si se observa la Figura 5 correspondiente a la estacion

Regién 2—Pacitico Norte La Lola, se notard que la regidn cuenta con los perfo-
dos de cultivo mds largos de todo el pais, ademds

La curve del andlisis frecuencial de la estacion no existe una estacion seca propiamente dicha. Por lo

meteoroiogica de Santas Cruz, presenta una forma anterior, se puede catalogar desde el punto de vista

muy caracteristica debide al fendmeno ciimdtico de distribucidn de lluvias, a la regién costers atldn-

denominade “canicula”™ o “veranillo” que influye tica como inapropiada para el cultivo de Ia cafia de

sobre el cenlro del Pacifico Norte. La canicula en azucar; ya que ésta no presenta condiciones adecua-

esta regign constituye un lema muy importante dus para la acumulzcion de sacarosa en la planta.

de andlisis, ya que se acentda de tal forma que divide

el pericdo de cultivo en dos (Fig 3) Razon por Region 5—Subvertiente Norte

la cual se ve la necesidad de contar, para el cultivo

de la cafia de azdcar, con riego suplementario para La curva de la estacidn Zarcero se asemeja 2 la

completar las etapas de crecimiente y formacion de estacién del Valle Central ya analizada (Fig. 6).

materia seca.
Indice de Produccién Potencial (IPP) e Indice Clima-

Region 3-—-Pacifico Sur tico de Madurez (ICM)

La curva del amdlisis frecuencial para la estacion Aungue el indice de produccion potencial, IPP, es
Palmar Sur, muestra un buen periodo de cultive, expresado en kilogramos de materia total por hecta-
220 dins y una estacion de sequin relativa poco rea por periodo de cultivo y representa aproximada-
acentuada (Fig 4) mente fa produccidén anval que podria lograrse si se

—— PROBABILIDAD DE QUE LA LLUVIA SEA = ETP/2
s e PROBABELIDAD DE QUE LA LLUVIA SEA 2 ETP

ENE FEB MAR ABR MAY JUN JuL AGD SET ocT NOV mC
PAOBABILIDAD
Pariodo de cultivo Pericdo de cultivo
w 60 dias ——8» (% 80idias B
e /-\\/_\
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Fig. 3 Andlisis frecuencial de Huviay para la estacion Sapta Cruz
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— PROBABILIGAD DE QUE LA LLUVIA SEA = ETP/2
e - PROBABILIDAD DE GUE LA LLUVIA SEA 2 ETP

ENE FEB MAR ABR MAY

JUN

JUL AGO SET acT NOV 21[M]

PROBABILIDAD

a9 b
o8} —
o7 f
0% | l
08t
oar /
D3¢
02 | /
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>

N
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220 dins

B \__,_/\

N T

Fig. 4 Andlisis frecuenciat de luvias para la estacica Pabmar Sur.

cumplen sus supuestos; es preciso recordar que tanto
este indice como el indice climdtico de madurez,
ICM, tienen sobre todo un valor relativo y su pro-
pésito principal es permitir la definicién y compa-
racion de zonas geogrificas diferentes desde el punto
de vista de las potencialidades climdticas de produc-
cion agricola.

En el Cuadro 2 se pueden ver los valores de los
indices para las estaciones analizadas. Se aprecia en
él que, para [a estacion de San José, los dos indices
toman valores bastante buenos, calificando al Valle
Central como una zona con buen potencial climitico
para la produccidén de la cafla de azdcar. la region
del Pacifico Norte también presenta buenos valores
para los indices analizados; sin embargo, es importan-
te resaltar varios aspectos: El valor del IPP es algo
bajo, pero la razdn principal de esto, se debe al citado
fendmeno climdtico “la canicula”, por lo que nueva-
mente se ve la necesidad de disponer de riego suple-
mentario, para asi mejorar la produccion de materia
secd.

Es interesante ver el posible valor que tomaria
el IPP si se completara el periodo de cultive por me-

18

20 22 24 26 28 38 32. 34 36
DECADAS

dio de riego; o sea eliminzndo la reduccidn del mismo
por el efecto de la canicula Si se hacen los cdlcuios
suponiendo que no existe este fendémeno, el periodo
de cultivo aumentaria para Santa Cruz a 180 dias,
y el [PP para la estacién tomaria el valor de
26 4675 kg de M.S. HMa™ N, mejorando el valor
del indice en un 8 por ciento.

El dltimo aspecto de sefialar es que la regién pre-
senta los mejores valores para el ICM de todas las
estaciones analizadas en el pais. Lo anterior tiene
gran impoitancia porque significa, que se podrd
esperar mayor porcentaie de aziicar por tonelada
de cafia cosechada en ests regidn que en cualquier
otra.

La estzcidbn Palmar Sur presenta un valor alto
para el IPP; pero se obtlenen valores bajos para el
ICM, indicando esto que no existen condiciones
adecuadas para una buena acumulacién de sacarosa
en la planta.

Para la estacién La Lola el IPP presenta el valor
mids alto de todas las estaciones analizadas,
44 093.0 kg de MS Ha7' N Hecho que demuestra
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—— PROBABILIDAD DE QUE LA LLUVIA SEA > ETP/2
—— ~—PROBASILIDAD DE QUE LA LLUVIA SEA = ETP

U EnE FEB MAR ABR MAY JUN UL AGO SET oCT NOV DiC
PROBABILIDAD
Periodo dé cultive 4
< 366 dins
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Fig 5.  Andélisis frecoencigl de Huvias para la estacién La Lolz
Cuadro 2. Indice de produccidn potencial e indice climitico de madurez para las estaciones en estudio,
Periodo i id Produceion 1CM? 1CM ICM ICM ICM
Estacion de cultivo kg Msha—'N-'  Mat, seca. zalra zafra zafra zafra zafra
por dia’ 6 meses 5 meses 4 meses 3 meses 2 meses
San José 190 26 248 33 13815 640 G18 14 43 2389 38 31
Santa Cruz? 140 24 41404 174 .36 14 37 2551 42.19 5917 7519
Palmar Sur 220 2971872 135.05 374 4.51 559 702 8§72
La Lols 366 44 093 .00 11917 249 126 233 240 2.45
Zarcero 170 15 084 32 8873 482 728 1259 1114 30.96
1 Se obtiene dividiendo el IPP por el ndmero de dius del periodo de cultive; sus unidades son kg de materia seca ha~' din ="
2 Lsts estacion tiene dos perfodos de cultive; o que apasece en el cuadro es la suma de ellos
i
3 ICM = —————
k
el potencial aproclimitico de ia region en cuanto a berante muy caracteristica. Pero, por otro lado,
produccién de materia seca o vegetal se refiere, de también presenta los valores mds bajos pama el
ahi gue el Atlintico presente una vegetacidn exu- ICM, lo cual evidencia que para la repion los fac-

Turrialba Vol. 33, No. 1, 1983, pp. 1-10
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Fig 6 Andlisis frecuencial de lluvias para la estacion Zarcero

tores climdticos no permiten la acumulacidn de
sacarosa en la cafla que al final de cuentas es
lo que interesa.

Por ultimo el valor minimo para el PP se
obtiene en la estacidn de Zarcero, siendo I
temperatura el principal factor climidtico causanie
de esto; debido a que se aleja de las temperaturas
comprendidas entre 25°C y 35°C, definidas por el
modelo como Optimas para la produccion de materia
seca. Alcanzando ésta apenas el valor de 16.83°C.

Estudio de la zafra: duracion y fecha, dptimas

En el Cuadro 2 se puede apreciar que para todas
las estaciones el ICM toma valeres menores confor-
me se aumenta el tiempo de zafra, debido 2 que las
condiciones del clima son menos favorables para la
acumulacion de sacarosa, ya que existe una mayor
probabilidad de que Hueva, y que la amplitud de
temperatura disminuya; esto es: se alejan las condi-
clones de sequia relativa indispensables para obtener
un buen rendimiento en azilcar.

El criterio para determinar la duracién dptima
para la zafra, fue evaluando el incremento porcentual
del ICM a partir de donde éste toma valores al{os

18

32 34 36
DECADAS

20 22 24 26 28

Se aprecia que para Szn José y Zarcerc el mayor
incremento del ICM se da al pasar de una zafra de
4 meses a una de 3 meses, por lo que se concluye que
lz duracion Optima estd entre estos dos periodos de
tiempo, v un alargamiento de la misma implicard
una reduccidn de los rendimientos esperados en
aztcar. Para Santa Cruz el ICM toma valores muy al-
tos a partir de la zafra de 6 meses, lo que tiene gran
importancia, ya que indica que la regién cuenta con
un periodo bastante largo para la recoleccidn de Ia
cafia sin que se perjudique el rendimiento en azi-
car. La duracidn 6ptima parece encontrarse entre
5 y 4 meses. Un aspecto importante de sefialar es
que segin los resultados obtenidos se puede espe-
rar un rendimiento mucho mejor con una zafra de
4 meses, en la regidn de Santa Cruz que en la de San
José, y el rendimiento esperado en aziicar para una
zafra de 6 meses en Santa Cruz es muy similar af ren-
dimiento para una zafra de 4 meses en San José. Esto
demuestra, la superioridad del potencial azucarero del
Pacifico Norte. La duracion de la zafra para el Palmar
Sur, debe ser de 2 meses, sin embargo el ICM tiene un
valor bajo implicando que las condiciones no son las
mds adecuadas para la formacion de azicares. Por l-
timo, para fa estacion La Lola, el ICM se mantiene
muy bajo para todos los periodos de zafra posibles
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Cuadro 3. Fechas Optimas para la zafra segun duracion de Iz misma,

Estacion Zafrade 6 meses  Zafra de 5 meses  Zafra de d meses  Zafrade 3 meses  Zalra de 2 meses

San José F 17 Dic-% In. 1 En -30 My 11 En-10 My 31 En -30 Ab [0 FL-10 Ab
D 36-16 2-13 4-12% 5-10

Santa Cruz F 7 Dic-30 My 27 Dic -20 My 1 En-30 Ab 21 En 20 AD 31 En-31 Mz
D 35-15 1-12% 314 4.9

Palmar Sur ¥ 7 Dic-30 My 27 Dic.-20 My | £n.-30 Ab i1 En-i0 Ab. 21 En-21 Mz
B 315-15 1-12 -0 3-8%

La Lola F - 12 Mz.-10 My
D 8-13

Zarcere T 27 Dic-19In 1 En-30 My 18 1b-29 In 11 Mz -30 My. 22 Mz -20 My
D 36-16 5-18 7-15% 9-14

*  Duracidn optima, segun resultzdos anteriores

analizados, no detectindose periodo favorable para la
recolfeccion de la cafia.

Otro interés que presenta el 1ICM, es que por medio
de ¢l es posible delinir, para una determinada dura-
cion de cosecha o zalra, la fecha éptima de inicio y
finalizacidn de la misma  Estas fechas se delinen
corno Optimas, ya que el indice garantiza que hayan
existido y existan las condiciones climdticas mds
apropiadas para la acumulacion de sacarosa en la plan-
ta de cafia.

En el Cuadro 3 se presents para cada estacidn
meteorologica las fechas optimas segun duracion del
periodo de zalra.

Conclusion

Se concluye que de las estaciones analizadas, solo
presentan buen potencial climdtico para la produe-
cibn de cafia de azicar, las estaciones de San José
y Santa Cruz, pertenecientes al Valle Central y
al Pacifico Norte respectivamente. Sobresale entre
estas la regidn del Pacifico Norte, por presentar
los mejores indices, siempre y cuando se pueda
contar con riego suplementario para completar las
etapas de crecimiento y formacion de materia seca;
y las condiciones fisioeddficas necesarias para la
actividad. Se considera no aptas para el cultivo las
regiones cercanas a fas estaciones: La Lola y Zarcero
La region del Paimar Sur se puede calificar de regular.

Resumen

El presente estudio es de tipo agroclimitico, refe-
rido al caso especifico del cultivo de iz cafia de azlicar

en Costa Rica. Se evaluaron cinco estaciones meteoro-
légicas, tomando en consideracion tres variables del
clima: temperatura, Huvia y brillo solar. Cada una
de las estaciones se encuentra ubicada en una diferen-
te region fisico-geogrifica del pais

Se logrd determinar diferencios en cuanto al poten-
cial agroclimatico de cada zona, resultando como
favorables para el cultivo, las regiones de San José
y Santa Cruz. Ademis se defimié la duracidn y el
periodo, dGptimos para la realizacion de la zafra
en cada lugar analizado
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REPRODUCTIVE SURVIVAL OF WEST AFRICAN DWARF SHEEP AND GOAT

IN NIGERIA UNDER INTENSIVE MANAGEMENT SYSTEM'/

Q. CHIBOK A *

En este estudio se colectd datos de mortalidad en ovejas {carneras, animales en cre-
cimiento y adultos) y en cabras {recién nacidas, animales en crecimiento v adultos)
por un periodo de tres afios, desde noviembre de 1977 hasta octubre de 1980 £l
efecto de estacion climdtica no tuveo ningun efecto en la proporcion de ovefjas machos
y hembras inuertas en ninguna de las edades estudiadas  En la estacion haiosa wmurieron
mds ovejas en crecimiento que durante la estacion seca, efecto no observado en los

carneros i en los adultos.

La época seca no afectd ef nmumero de cabras macho o liembra muertas, sin ent-
bargo, durante la estacion lfuviose murieron mds machos en todas las edades estudia-
das. Dwrante la época de lhivia murieron mds cabras en crecimiento que durante la
estacion seca No se enconiré un efecto de estacion sobre la relucion cabritos-cabras

merias.

Introduction

African Dwarf sheep found in the South-

Western part of Nigeria are not usually reared
under intensive systems of livestock management.
The same thing is true of West African Dwarl goats.
There is a high mortality of these livestock in the
Teaching and Research Farm of the University of Ife
where they are reared under the intensive manage-
ment system. The present survey therefore is under-
taken to determine the reproductive survival of the
West African Dwarl sheep and goats in Nigeria under
the intensive management system and aiso il the
season of the year affects mortality.

C hiboks and Thomas (1) indicated that West

Materials and methods

The data {or this study were collected from the
sheep and goat farm records at the University of Ie,
Teaching and Research Farm, during the years
1977 to 1980, There are iwo seasons in the year,

i Received {or publication in December 3, 1981

* Dept of Animal Science, University of Iie, ile-He,
Nigeria,

the dry season in this part of the country is from
November to March, while the rainy season is from
April to October based on the weather records {rom
the research farm (Table 6). The sheep data were
divided into the lollowing three catogories (i) the
preweaning group (from birth to fourteen weeks
post  partum) called lambs, (i) growers (from
fourteen weeks post parfum to puberty, seven
months post partum) and (iii) adults (from seven
months post partum onwards). The goat data were
divided into similar categories except that the young
animals in the preweaning group are called kids.
Males and (emales involved in the experiment were
identified during the data collection. Two types of
analyses were made in each animal category. One
consisted of classifying the data according to two
attributes to determine the relation between type
of sex and mortality within each season, hence two
classes were considered, namely (i) males and (ii)
females. For any sex that died during the three
years, the death record was noted Thus the sexes
were classified according to their status (dead or
alive) at the end of the three years The numbers
of animals falling in the four classes are given in
Tables 1 and 3 (for sheep and goats respectively),
called a 2 x 2 contingency Table (5) and the redl
analysis consisted of classifying the data according
to two other atiributes to determine the relation

Turrialba Vol. 33, No, 1, 1983, pp. 11-15
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Table . Lffect of sex on mortality of lambs, growers and aduit sheep during dry and rainy season,

DRY SEASON

RAINY SEASON

COMPARISON
SEX Dead Alive Chi-square Dead Alive Chi-square
(x*) (x*}
LAMBS Male 13 34 652 ns 18 7 0 81 ns
Female 5 20 21 4
) Maule 3 24 20 3
HROWE : ;
GROWERS Female 2 43 1.14 ns 19 7 143 ns
Male 3 113 4 109
0.015 ns A4l ns
ADULTS Female 9 31l m 9 161 041 ns

ns (P> 0 05).

Table 2. Effect of season on mortality of fambs, growers, and adults in sheep,

COMPARISON SEASON ALIVE CHI-SQUARE
{x*)

LAMBS Dry >4 i.9ns
Rainy 73

GROWERS Dry 67 94 20
Rainy 10 -

ADULTS Dry 434 0.003 ns
Rainy 470 003 ns

1 (P=00D)

beiween type of season and mortality; hence two
classes were considered, namely (i) dry season aad
(i) rainy season. Death records of animals that died
in each season were collected at the end of the three
yvears and in each season, animals were classified
according to their status (dead or alive) at the end
of the three years. The numbers of animals falling
in the four classes are given in Tables 2 and 4 (for
sheep and goats respectively) considered also as a
2 x 2 contingency Table (5) and the actual analysis
is shown on Tables 2 and 4 (for sheep and goats
respectively),

Results

In the three categories of sheep (lambs, growers
and adults), the observed differences in proportion

dead betwegen males and females did not differ
(P > 005) in each of the twe seasons {Table 1)
There is a sipnificant difference (P > 0.01) in the
observed difference in proportion of growers dead
between dry and rainy season while the observed
differences in proportion of lambs and adults dead
between dry and rainy season did not differ
(P > 0.05) significantly {Table 2). In the three
categories ol goats (kids, growers and adults) the
observed differences in proportion dead between
males and females in dry season did not differ
(P > 0.05) significantly (Table 3) But in rainy
season, the observed differences in proportion dead
between males and females showed a highly
significant difference (P > 0.01} in each of the three
categories of goats (Table 3). Table 4 shows that the
observed difference in proportion of growers dead
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Table 3. Effeet of sex on moriality of kids. growers and adult goats during dry and rainy season.

COMPARISON DRY SEASON RAINY SEASON
SEX Dead Alive Chi-square Pread Alive Chi-square
(x%) (%)
Male 24 6 34 4 -
¢ - 0.83 ns g 36
RIDS Female 18 8 s 22 16
. Male 2 22 1 7 o
GROWERS 0 56 ny B 26%*
! Female 9 54 g 31
- Made 2 38 [ 29 e
: 607 ns 15634
ADULTS Lemale 5 120 o 7 258
(P 001)

Table 4. Lffect of scason on mortality of kids, growers, and adults in goats,

COMPARISON SEASON DEAD ALIVE CHI-SQUARE
(7}
KIDS Dry 42 14 0.03 nis
Rainy 56 20
. Dry 1 76
GROWE () 74
SROWERS Ry o 38 g
Dry 7 158 ]
DULTS 023 ns
A Rainy i3 287 s
=5 (P 001)

Table 5. Maximum and minimum temperature distribution from November 1977 to October 1980,

YLAR YUAR YLEAR
19771978 1978/1979 1979/1980

MONTH 1"C 1°C ™C

M. Min. Max. Min Max. Min
NOV 326 N 312 19.3 300 213
DEC 31.0 190 322 212 31.0 17.2
JAN 334 170 311 2112 320 218
FLB. 350 224 350 220 338 2246
MAR 332 220 34 G AN 330 240
APR 300 W4 320 220 325 226
MAY 6.3 230 319 21 302 21.8
JUN 290 211 291 21 0 289 214
JUE 26.4 19.0 282 210 264 igg
AUG 26.7 200 260 20406 264 194
SEPT 270 2906 290 0o 279 198
oCT. 29.0 210 310 L0 256 21.5

Turriafba Vol, 33, Na. 1, 1983, pp. 11-15
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between dry and rainy season was significant
(P > 0.01) while the observed difference in propor-
tion of kids and adults dead between dry and rainy
season showed no significant (P> 0.05} difference

Discussion

Sheep and goats in South-Western parts of Nigeria
are not ustally reared under the intepsive system of
management unlike sheep and goats in the temperate
countries. Tables 2 and 4 show that there is more
mortality amongst growers in the rainy season than in
the dry season in both sheep and goats, Traditionally,
the native Nigerian sheep (Weast African Dwarl
sheep) and goats (West African Dwarl goats) roam
about sireets and bushes scavenging from garbage
and eating local forage Though these animals are
allowed to mave freely, they still go back to their
respective homes or owners at the end of the day. In
the rainy season or harmatian when the weather
is [airly cold especially in the mornings and nights,
there are hearths (fire-places) where hoth hunans and
sheep and pgoats gather te warm themselves. But in
the Teaching and Research Farm of the University
of Ife, these fire-places are not provided. This lack
of fire-places during the humid eainy season might
be a major csuse of the death of these livestock
Post mortem of most of the dead sheep and goats
in the rainy season did not reveal too many specific
pathogens to expluin the high mortality. Since the
West African Dwarl sheep and goats are being reared
under the intensive system of management, the life-

style in their natural {traditional) habitat should as
much as possible be simulated. Fire-places could be
provided in the pens for these livestock in the rainy
season or they could be bred in the rainy season in
such a way that they lamb or kid during the dry
SBASOIL

For the lambs and kids born in dry season, shades
should be provided to obviate the harmful effects
of hyperthermia. It has been found (4) that cattle
make more rapid gains and survive more during the
ot part of the summer if they have access to shade.
When natural shade such as trees is not available,
artificial shades will prove profitable. Construction
of shades and planting of plants that will ultimately
provide shade are already underway in the Univer-
sity of Ife Teaching and Research Farm. A prelimi-
nary study in which gravid sheep are programmed
to lamb in dry season and the dams and lambs
allowed to go out to the paddocks tiil about noon
when they are returned to the pens showed highly
significant reduction in mortality 1t is therefore
hoped that construction of shades and planting of
shady plants will prove to be a major panacea in
reclucing heat stress and increasing survival rate in
both sheep and goats The International Livestock
Centre for Africa, 1LCA (2) has a pilot study in
Fashola in Ovo town of Oyo state of Nigeria, their
animal hutches and shady plants help a grest deal o
protect the sheep and goats from extremes of
weather. Tables 5 and 6 show the temperature and
rainfall patterns during the period ol the experi-

Table 6,  Rainfall and relative humidity distribution from November 1977 to October 1980,

YEAR 1977/1978%

YLEAR 1978/1979

YEAR 1979/1980

MONTH RE RH (%) RF RH (%) RE REL (0h)
{mm) 10 AM 4PM (mm} 10 AM 4 PM {mm) 10 AM 4 M
NOV 175 810 499 85.09 790 370 39 50 823 620
DEC 0.00 73.3 479 0.13 83.0 500 £ 00 715 49 3
JIAN 406 152 413 000 84.0 430 000 BO 8 463
FEB 4140 790 4090 ooe 76.0 36.0 714 789 430
MAR 131 84 831.0 484 153 66 78.0 48 4 27 30 752 462
APR 314 42 87.1 64 3 169 40 810 610 817 139 500
MAY 155.44 8322 66.1 35276 81.0 690 15210 792 64.7
JUN. 168 65 86.0 713 246.30 86 2 720 105 90 84 9 67 8
JUL, 359 96 89.0 780 254 40 930 710 181 00 88.0 766
AUG 201 30 88.0 7540 402,50 890 78.0 233.20 815 782
SEPT 142,65 87.0 724 13700 870 73.0 337.10 88.5 714
ocCI 127.50 46.0 73.0 176 20 843 G8.0 255 20 877 695

*  RF = RAINFALL

RH=RLULATIVL HUMIDITY.
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ment. In both dry and rainy seasons the difference
between maximum and minimum temperature is
not drastic. The low-temperalures characteristic
ol winter are completely absent. Similarly, the
relative  humidity does not change significantly
irrespective of season thereby making the loss of
evaporative heat especially in dry season more
difficult But the adverse effect of high humidity
in the rainy season is usually offset by the constant
rainfall in the rainy season. Thus under this environ-
ment it will be more expensive to provide the young
animal with constant supply of heat in the rainy
seascil than to construct shades and have shady
plants to protect the animals from hyperihermia
in the dry season.

Besides the adverse effect of high temperature
and humidity on the sheep and goat growers, the
method of weaning the growers could be contributing
to their death. Under the intensive system in the
University of He Research Farm, the growers are
weaned at fourteen weeks posi partum (3) by
physically separating them f{rom their dams as it is
done in the temperate countries But traditionally in
South-Western part of Nigeria, these dams move
about with their young scavenging and eating local
forage till the dams encounter males which scare
away the young Over time the presence of the male
leads to reduction in the suckling intensity by the
yvoung until the corpora lutea of pregnancy repress
culminating in the dams manilesting heat (estrus)
and being bred by the males. The advantage of
this is that al no thme does the young completely
lose maternal presence and influence. H is possible
that the loss of maternal attachment at weaning
by the growers might affect their ultimate viability.
An experiment is underway to simulate the tradi-
tional method of weaning in the intensive manage-
ment system. In this ongoing experiment, & male will
be put with the nursing dam about 8 weeks post
parfup Gl the dam is bred, stil leaving the young
around In this case the young will be left with the
dam for a period significantly beyond fourteen weeks
post partan. This is hoped to be a compromise

between the traditional and the exotic methods of

weaning

Table 3 shows that more male goat growers and
aduits diet within the male groups than the equivalent
female growers and adults within the female groups in
the rainy season.

Abstract

Mortality data on sheep (lambs, growers and
adults) were collected over a three year period from
November 1977 to October 1980. In the same periad,
equivalent data were collected in goats (kids, growers
and adults). Season had no effect on the proportion
dead between males and females in each of the three
categories of sheep (lambs, growers and aduits) More
sheep growers died in the rainy season than in the dry
season but season had no effect in the proportion of
dead lambs and adult sheep. In goats, dry season did
not zffect the proportion dead between males and
females; whereas more males died in the rainy season
than in the dry season in each of the three categories
of goats (kids, prowers and adults). More goat growers
died during the rainy season than in dry season. There
is no seasonal effect in the proportion of goat kids
and adult goats that died.
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Resena de libros

GAUCHER, G, Traite de pedologie agricole. Tomo H.
Les facteurs de la pedopenese Editions G. Lelotte.
Disar, Belgique, 1981. 730 p.

Fl tomo 1f de la serie Pedologia Agricola, enfatiza
en los factores de la pedogénesis, sin repetir la infor-
macién del tomo I escrito en términos de una eda-
fologia orientada hacia la pedologia.

El libro consta de once capitulos, uno inicial intro-
ductorio y otro final de sintesis. Los restantes capi-
tulos {2 a 10) tratan sobre los factores clima, aspec-
tos bioldgicos, roca madre, tiempo, geomorfologia,
erosién, hidrologia, el hombre y paleoclima en cuanto
a su efecto sobte la pedogénesis. Este enfoque permi-
te elaborar mds a fondo en aspectes de erosion,
hidrologia, influencia humana vy paleoclima en la
formacion de los suelos, en contraposicién con el
concepto cldsico de discutir la formacidn del suelo
en funcion de cinco factores.

La discusién de los factores clima, organismos y
material parental (capitulos 2 a 4} es sumamente
amplia. El autor presenta informacion relevante
a variadas regiones del mundo, sin enfatizar en as
pectos de una sola zona ecologica. En estos tres
capitulos se nota ung presentacion bastante cuali-
tativa de la informacidn y quizd demasiado extensa
El autor presenta varios sistemas de clasificacion de
climas, de especies vegetales y de rocas,

En el capitulo 5 se discute el factor tiempo y su
relacién con la génesis del suelo. Quizd es un poco
dificil de creer, pero se razona en este capitulo que
la mayoria de los suelos del mundo no son mis anti-
guos que 2 300 afios; se resalta la idea dei Cuater
nario como periodo pedogenético

Los capitulos sobre relieve y erosion describen las
principaies geoformas y su modificacion posterior
por agentes erosivos. La relacidn entre la geomor-
fologia original y modificada por la erosion se
presenta en forma elegante, con muchas ilustraciones.

Los factores hidroldgicos v su relacidn con la
pedogénesis  se describen en el capitulo 8. Se discu-
ten los principales regimenes hidricos, relacionados
con excesos o déficits de agua en el suelo como sub-
capitulos.

El capitulo 9 es amplio en la descripeian del efecto
del hombre como factor formador de suelos. Se des-
criben los principales sistemas de cultivo v su efecto
sobre ln morfologia del suelo, El peniltimo capitulo
trata sobre palecclimas y paleosuelos para terminar
el texto con un resumen y un enfoque global de
pedogénesis

£ libro recopila informacioén valiosa muy dispersa
en la lteratura mundial. Desafortunadamente, mds
que los factores pedogenéticos, los temas tratados
representan capitulos separados sobre clima, geolo-
gia, hidrologia, sistemas de cultive v otros. El enfo-
que cualitstivo empleado por el autor limita el
alcance de la discusion pedogenética; en todo el
libre (730 pidginas) solo se incluyen siete cuadros
con datos numéricos

ALFREDO ALVARADO
FACULTAD DE AGRONOMIA
UNIVERSIDAD DI COSTA RICA



_ FERTILIZACION POTASICA DE PAPA (Solantum tuberosum L) EN CULTIVO BAJO RIEGO'/

I C LUCERO¥*
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C ANDREOLI*

Summary

The objective of this research was to study the effect of potassium fertilization
on potato.

During October 1979 — March 1980 measurements of yield, fuber quality and
starch content were made in a field experiment on irigated soils of the Lower Valley
of the Colorado River {Province of Buenos Aires, Argentina}

Treatments consisted of . (0) control; (1] 100, (2} 150 and (3} 200 kg Ky Ofha
and the results obtained showed.

1) Yield response to potash application was statiscally significant. 2) Fertiliza-
tion with 200 kg K, Ofha gave the highest yield. 3) Total yield in each treatment was
correlated with the rate of potassim applied, the corvelation coefficient wasr =0.77
4] When potassium rates were increased there was an increase on the production of
the largest size tubers (group A) and rhere was a decrease on the production of tie
largest size tubers {group A) and there was a decrease of lower size rubers (groups
C and £} The correlation coefficient between yield of group A4 tubers of highest
commerical quality and potassium applied was significant (r=0.75). 5) Starch content
on tubers was not significantly different along different treatments though it was

slightly higher inn the control treatments as it was their dry matter content

Introduccién

| cultivo de papa {Solanum tuberosum L) en
la Republica Argentina, constituye una de las
-4 actividades horticolas de mayor trascendencia
econdmici.

En el Cuadro | se consignan las cifras refativas a
produccidon en el periodo agricola 1978/1979, de

1 Recibido para publicacidn el 17 julio de 1981
Los autores agradecen lu colaboracién prestads por la
Ing. Agr. Marfa C. Monti de Iz Tstacién Experimental
Agropecuaria de Balcarce, quien tuve a su cargo las
determinaciones de almidon en cf material cosechado
en el presente ensayo

* Ings. Agrs Protesor titular, Asistente de Docencia,
Técnico Est Exp. Univ. Nac del Sur Ayudante de
Docencia respectivamente
Cétedras Edafologia 1 vy Conservacidn y Maneje de
Suelos Departamento de Ciencias  Agrarias  Univer-
sidad Naciona} del Sur. Argentina.

acuerdo a la informacidn del Instituto Nacional
de Estadistica y Censo (9).

Los valores precedentes reflejan la magnitud del
drea destinada al cultivo y el volumen de produccion
alcanzado, evidenciando las mismas, en funcion de la
alta demanda en el mercado interno, la pravitacion
que este género de explotacion agricola tiene en k
economia nacional.

En lo referente a experiencias locales tendientes
a incrementar los rendimientos por aplicacidn de fer-
tilizantes, cabe destacar, entre otras, las realizadas
por Pereyra (14), Issouribehere (8) y las concreta-
das en la Estacion Cooperativa de Experimentacién
y Extension Apropecuaria de Hilario Ascasubi (Pro-
vincia de Buenos Alres), todas las cuales pusieron de
manifiesto ia respuesta significativa del cultivo a la
aplicacion de nitrdgeno y [osforo y, en el primero
de los estudios, también del potasio.

Turrialba Vol. 33, No. 1, 1983, pp. 17-23
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Cuadro 1. Produccidn de papa en el periodo agricola 1978/79.

Papa temprana Papa semitemprana Puapa semitard fa Papa tardia
Superficie sembrada (ha) 8 500 76 600 9000
Supertficie cosechada (ha) 7200 74 200 8 600
Produecidn total {ton) 43 060 13319060 114 000

Segtin Harrap (6), una cosecha de papa extrae
cuatro veces la cantidad de potasio que toma del
suelo una buena cosecha de trigo y durante el pe-
riodo de su cultivo puede contener por hectdrea sem-
brada, aproximadamente 360 kg de K, O en plantas
vy tubérculos y estos dltimos, una vez cosechados,
llegan a contener alrededor de 240 kg de K, 0 por
produccion de ung hectdrea.

Este nutrimento resulta esencial para el desarrollo
normal de distintas actividades metabdlicas de la plan-
ta, particularmente en Ia sintesis de aziicares simples
y almidon.

Los estudios de Lachower y Arnon {11} levados
a cabo en lsrzel, evidenciaron, entre otras conclu-
siones, el efecto positivo de la aplicacién de [ertili-
zante potdsico sobre los rendimientos cualitativos
y cuantitativos del cultivo de papa

Litner {12} en Transvaal, determind incrementos
significativos en la produccidn de tubérculos a través
del empleo de fertilizantes nitrogensdos, fosfatados
y potdsicos, comprobando también que la fertiliza-
cién con nitrégeno en ausencia de los otros dos ma-
cronutrimentos, tendia g una reduceién de los rendi-
mientos, en tanto que Loue (13) en ensayos llevados
a cabo en Francia, por periodos que en algunos casos
se prolongaron hasta diecisiete afios, comprobd el
efecto favorable de la potasa sobre los rendimientos
y también la frecuente interaceién nitrégeno-potasio.

El presente estudio tiene por finafidad establecer
los efectos de la fertilizacion potdsica en cultivo de
papa bajo riego y constituve una contribucién al
mejor conocimiento del comportamiento de la pre-
citada especie horticola, en una regién que con
firmeza  sostenida acrecients su  importancia
econdmica

Materiales v métodos

Las experiencias de campo se reslizaron en el lote
experimental que laz Universidad Nacional del Sur

posee en las proximidades de Hilario Ascasubi (Valle
Inferior del Rio Colorado),

El suelo donde se implantd el ensayo responde al
cardcter aluvial y se sitda en las terrazas intermedias
aluviales del Rio Colorado. Corresponde a la serie
“San  Adolfo”, segin relevamiento de Cappannini
y Lores (3), tratdndose de un medic de textura
gruesa, arenoso-franco, con bajo contenido de
materia orgdnica, bien drenado, desarrollado a par-
tir de arenas edlicas ricas en gravas y gravillas, depo-
sitadas sobre limo calcireo.

Sus principales caracteristicas se detallan en el
Cuadro 2.

Las determinaciones analiticas precedentes se rea-
lizaron de acuerdo a 1a siguiente metodologia:

pH: potenciométricamente con una unidad
Metrohm E-396 en suspensién 1:2.5 (10).

Carbone: por digestién con dicromato de potasio.
Nitrogeno: método semimicro de Kjeldahi (2).
Textura: método de Douyoucos (1),

Capacidad de intercambio catibnico: saturando
la muestra con acetato de sodio, desplazando luego el
sodio con acetato de amonioc y determinando el sodio
por fotometria de llama (3).

Cationes intercambiables: sodio v potasio por
fotometria de Hama con upidad Crudo Caamafio v
caicio y magnesic por titulacion con versenato (10).

Como material de siembra se utilizaron tubérculos
de la variedad Kennebec, introducidos de los Estados
Unidos de América v en lo que se refiere a fertilizan-
tes, como portadores de potasio (nutrimento en
estudio), mnitrogeno y fosforo, fueron empleados
cloruro de potasio, urea y superfosfato triple, res-
pectivamente.
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Cuadro 2. Caracteristicas fisicas y quimicas del suclo serie “San Adolfo”.

Profundidad pi Materin orgdnica C.IC. Cationes inlercambiables
—————— Arena Arcilla  me/100 g me/100 g
cm %C %N % % Ca Mg Nu K
0-20 72 6.4 003 84 88 173 9 7 03 .8
30-40 73 03 0.04 82 93 186 10 7 0.6 10
40-60 75 02 0.04 86 75 16.0 8 6 0.5 10

En coanto a disefio experimental, se adoptd el
método de distribucidén de parcelas en bloques
al azar, comparindose las cuatro dosis siguientes
de fertilizante potdsico:

Ko . . ... ... . ... .. testigo
Ky .. .. 100kg/hade K,0
Ky .. ... .  150kg/hade K0
K3 e 200 kg/h& de K'_so

Todas las parcelas recibieron el equivalente a
100 kg/ha de nitrogeno y 150 kg de P, O¢ /ha los que
se aplicaron previo al levantamiento de los camello-
nes

Se establecieron cinco repeticiones por tratamien-
to contindose con un total de veinte parcelas con
dimensiones, cada una de eflas, de 7 m de largo por
4.20 m de ancho, es decir con una superficie de
29.40 m?

En cada parcela se levantaron seis cameliones con
una linea de plantacién cada uno, distribuyéndose
los tubérculos-simiente a 0.25 m entre uno y otro,
totalizéndose 168 plantas por parcela.

Los trabajos de preparacién del terreno consis-
tieron en la ejecucion de labores de roturacion
~dos araduras cruzadas— y dos pasajes de rastra.
Posterformente se efectud el replanteo de las par-
celas en funcién del disefio establecido y se sistena-
tizd fa fraceion pars el riego por surcos

El fertilizante se aplicd en forma localizada por
debajo y al costado de la linea de plantacién culmi-
nando estas tareas el J9/10/79 y el 9/11 se encon-
traba el cultivo en plena brotacidn.

A lo largo del ciclo vegetativo se realizaron las la-
bores culturales pertinentes, que consistieron en tres
aporcaduras y trabajos de desmelazado.

Se aplicaron cinco riegos manteniéndose la hume-
dad eddfica en valores que oscilaron entre el 70 y

80% de la capacidad de campo, cuyo valor para las
tierras en que se implantd el ensayo es de 9.5%.

Durante el periodo de evolucion el cultivo evi-
dencié un buen estado sanitario, realizdndose en su
debido momento pulverizaciones preventivas con
productos insecticidas y fungicidas.

El periodo octubre/79 - marzo/80, se caracte-
rizé por la persistencia de temperaturas altas y
vientos intensos peneralmente del sector N.O., de
alto poder de desecacion.

El manejo adecuado del riego facilito el manteni-
micnto en buen estado del cultivo, cuya cosecha se
realizd el 7 de marzo descartdndose en tal oportu-
nidad, por cada parcela, I m en cada cabecera y
0.70 m en cada borde, computdndose los rendimien-
tos en una superficie de 14 m?® por parcela.

Resultados y discusion

El material cosechado se clasificd en funcion del
peso de los tubérenlos, en las categorias que se indi-
can en el Cumdro 4.

El' Cuadro 5 resume los valores promedio
de los rendimicntos expresados en kg/parcela, obte-
nidos en cada uno de los tratamientos de fertilizacion
potisica y también la proporcion que correspondid
a cada una de las categorias de peso de tubérculo,
establecidas en ef Cuadro 4.

Del andlisis de los valores establecidos en el Cuadro
6, se desprende que las diferencias observadas en los
rendimientos totales en funcion de los tratamientos
recibidos, resultan altamente significativas.

Las subsiguientes determinaciones estadisticas per-
niiten concluir que los tratamientos Ky, Ky y K5, in-
ducen un aumento en el redimiento que resulta signi-
ficativo en relacién con el testigo Ky e igual consi-
deracidn cabe hacer con referencia a la dosis K
respectoa K, v K,

Turrisiba Vol. 33, No. 1, 1983, pp. 17-23
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Cuatro 3. Registros meleorologicos. Periodo 19/10/79-7/3/80.

Afio Mes Temperaturas °C Eluvias mm
1979 Mdxima Minima Media
Octubre 226 83 156 235
Noviembre 238 9.7 16.8 60.0
Diciembre 279 i3l 20.5 44.5
1980
Eancro 30.2 15.0 226 330
Febrero 311 15.5 2318 155
Marzo 29.8 14.2 220 360
2125
Cuadro 4, Clasificacion de los tubéreulos.
Categorias
A C D £
Peso de cada tubérculo (g) > 300 200-299 100-199 6099 < 6

La mds efectiva es Kj;, que corresponde a
200 kg/ha de potass

Los rendimientos totales correlacionan con las
dosis de fertilizante aplicado, resultando r = 0.77,
como ilustea In Figura §.

Prosiguiendo con el andlisis estadistico, segin
valores consignados en el Cuadro 7, se concluye que
la fertilizacidn potdsica ha promovido un incremento
en la produccién que resulta altamente significativo,
F = 927, en relacién con el testigo, de tubéreulos
de mayor peso que corresponden a la categoria “A”,
alcanzando significacidn las dosis K. en relacién con
Ky v K; v K5 respecto a Kg, K; ¥y K,

En lo que se refiere a la produccion de tubérculos
de ia categoria “B”, puede observarse en el detalle
de! Cuadro 5, que los rendimientos ofrecen pequefias
variarttes a través de las diferentes dosis de fertilizante
empleado, en tanto que para los grupos “C”y “D”,
la tendencia que generan fas dosis crecientes de po-
tasa, es hacia la disminucidn.

Eilo implica, en consecuencia, que las mds altas
dosis de fertilizante potdsico han influido notable-
mente también en ¢l mejoramiento de la calidad
de la produccién o mds precisamente, en el rendi-
miento cuglitativo,

El Cuadro 8 detalla el nimero de tubérculos de
cada grupo obtenidos en los distintos tratamientos
y la Figura 2 la correlaciéon observada entre dosis
de potasa aplicada y produccién de tubérculos
categoria “A”, resultando r="0.75.

Respecto a los resuitados obtenidos en las deter-
minaciones de materia seca y almiddn, en las mues-
tras correspondientes a los tratamientos comparados,
los valores promedio se resurmen en ¢l Cuadro 9.

Las cifras porcentuales precedentes indican corres-
pondencia enire los porcentajes de maleria seca y
almidon.

En efecto, las variaciones que experimentan los
valores de materia seca en funcion de los tratamien-
tos, van acompafiadas por variaciones eq igual sentido
de los contenidos de almidén, observdndose una rela-
cion inversa entre dosis de potasa aplicada y los dos
componentes mencionados.

Fste efecto fue destacado por Harrap (6) cuando
en la fertilizacién se emplea, como en el presente
estudio, muriato de potasio. Similares consideraciones
formula Demolon (4)

Sostiene Harrap que, en lineas penerales, las dosis
mds alftas de K;O originan ligeras disminuciones en
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Cuadro 5. Rendimientos. Valores promedio, kgfparcela,

Calidad comercial

Tratamiento A B C D L Total
K, 7122a il 266 14 (88 5062 1696 38 324a
K, 7932a i1 548 15 362 4 954 2048 4] 844b
K. 10 2760 11 562 12934 4 880 2458 41 710b
K, 14 310c 11 762 13 468 4142 1426 4540 ¢
Cuadro 6. Andlisis de la variacion en ef estudio de fos rendimientos.
Factor de variacion Suma de cuadrados Grados de fibertad Varianza IF
Tratamientos 137 3 456 gegtt
Bloques 14 4 35 0.66
Error experimentai 63 12 525
Total 2114 19
Cuadro 7. Anilisis de 1z variacion en el estudio del rendimiento de tubéreulos categoria “A”.
Factor de variacion Suma de cuadrados Grados de libertad Varianza F
. . ++
Tratamicntos 10240 3 34.13 927
Bloques 31348 4 B37 2.27
Error experimental 44.26 12 168
Tatal 180.14 19
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Cuadro 8, Namero promedio de tubéreulos/parcela agrupados por calidad.

Calidad
I'mfamientos A B C D 0y
K, 23 42 94 60 29
K, 25 46 102 62 34
K, 34 46 36 61 34
K, 44 47 80 56 22

Cuadro 9. Niveles promedio de materia seca y almiddn en tubéreulos.

Tratamiento Materia seca Almidon
% Yo
K, 21 50 14 59
K, 2033 13 06
K, 20.03 13.06
K, 19.20 11.69

el contenido de almiddn en tubéreulos, las que que-
dan compensadas, como en el presente caso, con el
sumento de produccidn,

Resumen y conclusiones

Con la finalidad de estudiar los efectos de la ferii-
lizacién  potdsica sobre los rendimientos cuantita-
tivos y cualitativos en cultivo de la papa (Solaman
tuberosur 1) bajo riego, se realizd un ensayo de
campo en tierras del Valle Inferior def Rio Colorado
{Provincia de Buenos Aires) Repilblica Argentina

Los resultados obtenidos sefizlan:

1. Para los rendimientos totales expresados en kg/
parceia, se obtuvo respuesta aftamente signifi-
cativa, F = 8.68, a Ia aplicacién de K, 0.

2. Las dosis de mayor efectividad resultd la corres-
pondiente a 200 kg/ha de potasa, si bien las de
100 y 150 kgfha incrementaron también signi-
ficativamente los rendimientos en relacion con el
testigo.

La correlacion observada entre dosis de fertilizante
y rendimientos fue r = 0.77.

3. El aumento creciente de la dosis de potasa incre-
mentd en igual sentido y en forma altamente signi-
ficativa, F = 927, la produccidn de tubérculos
de mayor peso, correspondiente al grupo “A”;

mantuvo con escasas fluctuaciones la correspon-
diente a la cateogria “B”; e indujo disminucién
en los de menor tamafio, grupos “C” y “D”, por
lo que se concluye afirmando que la fertilizacion
mejord los rendimientos en calidad v cantidad.

. La correlacién determinada entre dosis de potasa

y produccion de fubérculos categoria “A”, resul-
tor=075.

. Los countenidos promedio de almiddén y materia

seca no experimentaron variaciones de relevancia;
no obstante, la tendencia de tales fluctuaciones se
orientd hacia la disminucién de ambos componen-
tes & media que se incrementé el nivel de K,0
utilizado.
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lente de las facultades de agronomia de Ameérica
Latina; aunque en esta ultima no hay la prepara-
cién en ciencias bdsicas que hay en las primeras,
por ¢l estilo sencillo y la presentacion diddctica, el
libro del Dr. Opeke resubta muy ttil a los estudiantes
latinoamericanos

El libro estd dividido en cuatro secciones. La pri-
mera de ellas comprende los capitules 1 a 6, en que
se discuten los principios bdsicos y prcticas generales
de todos los cultivos. El capitulo 1 cubre la ecologia
de los cultivos arbéreos en Africa Occidental. Esta
region difiere de las otras dreas tropicales en los fac
tores climdticos y eddficos; estos ultimos se discute
en relacidn a la distribucion geogrifica de Jos cultivos
arbéreos,

El capitule 2 discute en términos muy sencillos
los aspectos principales de propagacién: la prepa-
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racion y mangjo de los semilleros y almacigales en
palma de aceite, kela, cacao y otros. La discusién
cubre desde los niveles de productores de escasos
recursos, hasta las explotaciones comerciales. Con-
tienen por ejemplo, esquemas de instalaciones muy
sencillas para desinfectar el suelo y para el control
de la erosion de los almacigales

En el capitulo 3 se discuten los métodos de pro-
pagacién por semilla o vegetativos, también con
ilustraciones sencillas. El capitulo 4 es en parte un
complemento del anterior, pues cubre especial-
mente el equipo y materisles necesarios para pro-
pagacion y manejo de los cultivos arbdreos. Ei capi-
tulo 5 cubre la siembra de campo, v ¢l 6 la regene-
racién y rehabilitacién de las plantaciones

La segunda seccidn del libro, capitulo 6 a 16 es
el tratamiente individual de 10 cultivos: cacao,
kola, café, citricos, laticeferos, marafién, palma
de aceite, coco, mango y té B! tratamiento indi-
vidual varia segin el cultivo e incluye una primera
parte sobre el origen, taxonomia y aspectos botd-
nicos, v luego la parte agrondmica: escogencia del
sitio, almacigal, transplante, tratamiento, enferme-
dades y su control, plagas v su control, cosecha
procesamiento, notas cortas sobre mercadeo v usos

El capitulo 17 trata de algunos cultivos arboéreos
subexplotados. Como se refiere a especies originarias
de Africa Occidental, tiene interés especial por tratar-
se de informacién de origen local Cubre especies
coma Synsepalum dideificum {cuyo nombre aceptado
por prioridad es Richardella dulcifica), cuyos frutos
tienen la propiedad de afectar ef gusto haciendo dul-
ces todos los sabores por un tiempo corto; otras es-
pecies edulcorante tratadas son Dioscoreophyllium
cranminsi y Thaumatococcus danielli. También fru-
tales como el caimito africano, Chrysophylium
albidun, Dacryodes edule y Carapa procera, y olea-

ginosas: Buryrospermum parki y Tetrapleura tetrapte-
ra. Otras especies de posible cultivo se agregan en unu
lista al final del capitulo.

El dltimo capitulo 18, incluye discusiones sobre
las tendencias generales de la agricultura de cultivos
arbéreos: cambio de sistemas extensivos a intensivos;
necesidad de mayor conocimiento en suelos y fertili-
zacion, manejo integral de enfermedades vy plagas,
control de malezas v necesidades de mayor estudio
de tos aspectos econdmicos.

En temas mds concretos, ef autor se refiere a ks ne-
cesidad de estudios bdsicos en los sisiemas de incom-
patibilidad; colecciones de germoplasma, estudios
citoldgicos y genéticos, y desarrollo de la utilizacidn
de los productos. El Dr. Opeke en el capitulo final
se refiere varias veces a la necesidad de incrementar
la investigacion en cultivos arbéreos y de fa disemina-
cidn de conocimientos entre las regiones agricolas de
los trépicos.

Cada capitulo tiene una bibliografia corta, cuyas
referencias a menudo no se ajustan a las reglas inter-
nacionales, pero que con frecuencia son valiosas por
lo poco conocidas que son en ofras regiones tropi-
cales,

El valor y el interés del libro del Jefe Opeke estd
para el pablico fuera de Africa, en la informacién
clara y sencilla, 3 menudo original, sobre los cultivos
arboreos en sus aspectos botdnicos y agrondmicos,
y es de agradecer 2 su autor que haya puesto, en for-
ma tan clara y resumida, toda su vida en la agricultura
de los tropicos,

JORGE LEON
CATIE, TURRIALBA,
COSTA RICA



STRUCTURE AND FUNCTIONS OF A RAINFOREST IN THE INTERNATIONAL AMAZON
ECOSYSTEM PROJECT: PRELIMINARY DATA ON GROWTH RATES AND NATURAL
REGENERATION FROM A PILOT STUDY!/

S HEUVELDOP*

M., NEUMANN¥*
Resumen

Se llevaron a cabo investigaciones bdsicas sobre la estructura floristica y geomeé-
trica de los rodales, la forma de los drboles, los suelos y los microclimas en el drea del
provecto internacional de investigacion en ecosistenmas del bosque pluvial, en San Car-
los de Rio Negro, Venezuela La presente contribucion se refiere a los sitios de asocia-
ciones forestales que crecen sobre espodosoles.

En el provecto se mantiene un sector de estudio permanente, en la que se lim-
piaron 13 lotes, de 10 x 10 m cada uno, para andlisis de biomasa Adyacentes a este
sector, se establecieron 6 lotes experimentales de 50 x 100 m cada uno. Todos los lotes
experimentales se limpiaron en diciembre de 1975 y tres de ellos fueron quemados en
febrero de 1976

En 1979 se hicieron nuevas mediciones en un drea de 2 ha del sector de estudio
no perturbado, en rodos los lotes de biomasa, y en un lote experimental quemado y en
otro no quemado. En las parcelas del bosque no perturbado se encontrd que los incre-
mentos digmétricos de los drboles con DAP superior a 13 ¢ eran relativamente bajos,
alcanzando valores menores de I mm por afio v muy variables, con una desviacion es-
tdndar de + 200% . Las tasas de crecimiento anual y los volimenes reducidos por mor-
talidad de drboles se igualaron, alcanzando aproximadamente 2.8 m° por ha, o sed
0 8% de la biomasa aérea verde. Se encontraron claros abiertos naturalmente 12 meses
antes, a causa de la carda de alqunos drboles. Los claros abiertos natiralinente 12
meses antes, a causa de la caida de algunos drboles. Los claros midieron un total del
0.5% del drea ocupada por las 10 ha del secror de estudio permanente. De estas cifras
se dedujo que el turno seria 190 afios para los drboles emergentes v del dosel superior,
¥ 60 afips para los drboles de los estratos inferiores. Todas las especies emergentes v los
del estrato superior se regeneran bajo ¢l dosel cerrado.

En los lotes para andlisis de biomasa v en los claros abiertos naturalmente se
presento una regeneracion compuesta por las mismas especies, e inicialmente se habia
registrado una composicion floristica similar, sin embargo, los lotes para andlisis de
biomasa que habran recibido un tratamiento drdstico, progresaron wmds lentanente
v exhibieron una menor densidad que los claros naturales. La regeneracion natural
exlilio diferencias marcadas en composicion, distribucion y dominancia entre los lotes
quemados y los no quemados, pero ne hubo diferencias significativas del crecimiento
promedio en altura. No se encontraron individuos de Cecropia —especie pionera— en
los claros naturales, v solo unos pocos individuos en los lotes de biomasa, pero en los
lotes quemados es la planta dominante. En los lotes que se limpiaron pero no se que-
maron, Cecropia fue dominainte solo durante los primeros 2-3 afios ¥ luego fue des-
plazada por otras especies; entre dstas se cuentan especies Lpicamnernte emergentes y
las que van a ocupar tanto los estratos superiores como los inferiores, formando final-
mente comunidades similares a los rodales originales

Received for publication in August 19, 1981 remeasurement pilod project. The authors are grateful
to Dr. I Meding, Direcior of the project, and his staff
Proyecto Agroforestal GTZ/CATIE. at FVIC, Caracas, for providing all facilitics during the
The Beutsche Forschungsgemeinschaft and the German stay in Venezuels and {o Prof. Dr. E. F Briinig, Drs
Academic Exchange Service (DAAD) sponsored the C. Jordan and H. Klinge for suggestions and comments
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Introduction

Y ke most productive forest areas of the world
are found in the tropics. Several publications
which present recent and old records give an
average net primary productivity of tropical forests
of around 20 t/ha/y, ranging from 9 to 32 t/ha/ vy
{18, 29) This range reflects the large variety of site
conditions and  interactions between  land
communities and the enviroment. The San Carlos
Research Project on the Amazon Rainforest Eco-
systems is an international, interdisciplinary MAB
Pilot Project which aims at better understanding
the structures and functions of the tropical forest

The project was designed and initiated in 1974,
Among the major objectives of the project were the
following: 1) To study the present floristic and
geometric forest structure in order to determine
any variztion of structure which could be
explained in physic-ecological terms similar to
those previously determined in Borneo, and 2) to
study the changes in forest structure by the repeti-
tion of initial measurements in order to determine
rates of growth and regencration. The initial measure-
menis were made by Brunig and Klinge (12). The first
remeasurement of the natural forest area was schedul-
ed for 1985 because changes were expected to be
slow and smali, and therefore difficult to discern
and prove with the simple methods to be adopted.
In 1979 and unexpected opportunity arose for a pilot
remeasurement of part of the plots, which was a good
chance to obtain some preliminary information of
changes and growth on the site. This pilot remeasure-
ment was undertaken by the authors with financial
support from the German Research Foundation
(DFG) and sponsored by the German Academic
Exchange Service (DAAD).

The organization and objectives of the San Carlos
project are described by Medina ef ol 34 and Brunig
et al, 11. A general description of the landscape and
vegetation in the study site is given by Brunig and
Heuveldop, 10 and Klinge er af, 26. Herrera, 21 and
Klinge er al, 26 give inlormation on the soils and
terrain conditions. The climate is typical equatorial
with a mean annual temperature of 26°C and an
average rainfall of about 3600 mm year™ (Heuvel-
dop, subm. Amazoniana) (Figure 1}, The forest
formation class s natural  weakly  seasonal
predominantly evergreen equatorial tropical low-
land forest

The research site includes a wide range of forest
associations (Brunig er af, 14) varying from a “tierra
firme” forest (Jordan and Uhl, 25) through a
so-called “high caatinga™ forest (Klinge, 28), and

finally to & low bana scrubland. The research plot
includes altogether an area of 28 ha. Figure 2 shows
a map of the plot lay-out. In this paper only the
forest association groups K to N (Brunig er al,
13), which vaguely correspond to Amazonian “high
cantinga” forest, will be deait with, and for the
sake of simplicity be referred to as “the podzol
site”  The soils are podosols of sandy quartz
mineralogy with varied drainage conditions (Klinge
and Herrera, 27). Research work in the San Carlos
Project is aimed at investigaling the influence of
ecological features on structures and functions of
a natural rain forest ecosystem. Reviews of develop-
ments and preliminary results are given in Brunig
(ed., 11) and Adiscemarto and Brunig (eds, I).
General goals are to quantify stand structure
and function, stand developments and ecological
consequences after different treatments, especiaily
in regard to these exireme obligotrophic soils.
Reported here are the resuits which focus on growth
rates, mortality, and regeneration in a permanent,
undisturbed observation area; and regeneration
patterns in converfed areps. These resuits were
obtained from investigations and remeasurements
carried out in 1979 by the authors and from the
research reported in 1975 by Brunig and Klinge
(Brunig et o/, 12) within the podzol site.

SAN CARLOS DE RIO NEGRD
1950-1958 ; 1970-1978
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Fig. 1. Climate dizgram for San Carlos de Rio Negro,
Venezuela, according to LIETH. Data taken from
Climate Station San Carlos 1950 to 1958 and 1979
to 1978 for intermediate time no data available.



HEUVELDOP, NEUMANN: GROWTH RATES AND REGENERATION OF A RAIN FOREST 27

700
_ e T
DO S T
/WMW 07 :
650 B2 L
CRTITE . e G
PP
&00 .
P K ]
550 : premmn
: SO0 :
SG0 e e
v ¥ )
il Gt (A LM R
£50 :
[ 1 X1 H
VALLD . AT A Oy ' 4
400
! E B
LEELS. 7 S VELLELEA ////ﬁ LA
350
gIErIres it 7 g/ 7 |
S S
300 {
YITITI L TRITIE ) SO T ETF O
250 e
CEITLRFD VIRERIIIA VRLIERIN SOFREELS
200
E 3
“Lotarite plot”
£ 2
E 1
] 50 100 150 200m AG0m

Podzot plot y 200- 700

[} measured down to 13em dbh
FAmoasured down lo Som dbh
B measurod down 10 1ch bk

1~ Xid fomass plots
E1-EH exponmental piols

Fig. 2. Layoul of the Nalural forest rescarch plot at San
Carlos de Rio Negro, Venezuela for the amazoniun
ccosystem study

Methods

The podzol site was divided into two parts, 10 ha
each (see Figure 2), a permanent natural forest
observation area (X = 0-200; Y = 200-700) and an
adjoining area with experimenial plots (X = 200-40{}
Y = 0-700). Brunig er af, 12, Brunig and Synnott,
13 and Synnott, 38 give a detziled description on the
investigation methods used, some of which are
described in the next paragraphs, For the initial study
of tree dimensions, foristic and geometric stand
structures, a coordinate grid was established in the
400 x 700 m area and field measurements were made
within 10 x 10 m squares arranged continuously
slong 200 m long transects in the area X = 0-200 and

E4 ang £5 wilh mpastrameant Hapsects

Y = 200-700 (Figure 2). All trees exceeding certain
minimum diameters were surveyed. The limits,
determined after a trial survey, were set at 1 cm
(2 transects, cross-haiched on the map, Figure 2},
5 m {8 transects, simply hatched) and 13 cm (40
transects, blank). Tree diameters were measured
by using metal measuring tapes at breast height
All trees were recorded by species (local name and
code number) and iheir location by decimeter co-
ordinates of the trunk center at base in the X:Y-
coordinate system. A topomap and map of all dead
wood was drawn for each square.

Association and diversity patterns, along with
stand characteristics of the natural forest observation
area, were analysed by a number computer program
previously described by Brunig ef af, 14 In the
experimental plot area, trees above 13 cm diameter
were measured in order to link the area to the vegeta-
tion classification in the natural forest area. The
naturai forest was subdivided at medium-scale level
of variation into 10 association groups, H to Q.
Variation at smail scale proved exceedingly complex
(Brunig, Alder and Smith, 13). Trees in thirteen
subjectively distributed biomass plots (I — XHI,
see Figure 2) and six experimental plots (El — EG,
see Fipure 2) were felled in 1975, Objectives and
methods are described by Klinge and Herrera, 27,
and Brunigeral, 12

The biomass plots (10 x 10 m} were compietely
clear felled and all phytomass removed in fractions
between August (towards the end of the rainy season)
and i December (in the middle of the dryer season)

Experimenial plots E2, E3 and E4 were cut and
burned without logging. The plots E1, E5 and E6
were only cut. In all plots stems remained unlogged.
In early spring 1976 Hevea sp. was planted in the
burned plots (4 x 4 m = 623 plants per ha). About
one year after establishment of biomass and
experimental plots, October 1976, Heuveldop and
Herrera recorded natural regeneration in the [3
biomass plots (10 x 10 m) by counting all plants
in a diggonal 1 m wide and 13 m long transect
running from east to west in each plot. Since it was
extremely difficult to ditinguish between species,
these very small plants were classified by groups of
tree seediings, regrowth, Monocoryledoneae, Sela-
ginella, palms and ferns For technical reasons plot
{ was not registered.

Growth and regeneration measurements were
mude three and a half years later, in 1979, in an
area covering 2 ha within the natural observation
area by Heuveldop and Neumann. This remeasured
part comprises 10 tramsects which, in accordance
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to the data analysis (Brunig er al, 13), corresponds
well to the average stand structures and species
compositions of the whole study site These 10
transects (Y = 500-600, X = 0-200) were selected
because the area includes the two I cm transects
established in 1975 for special intensive studies.

Some difficulties pertaining to growth rates arose
from the fact that tree numbers and measurement
points were not marked on the stems in 1975, Also,
about 6% of the trees could not be located in the
field in 1979 for some unknown reason. This may
be connected to inaccuracies in 1975 or 1979, or
with unrecorded removals in the intervening period.
The errors in diameters, due to deviations of measure-
ment height, may reach a magnitude of about
3% (Loetsch er al, 31). Other sources of error,
such as errors caused by different pulling strengths
or tilting anges, are negligible A smali number of
quite large measuring or recording errors were
suspected because of very larpe differences and
consequently all differences between diameter
measurements in 1975 and in 1979 exceeding
% 1.5 cm were considered freaks and ignored in the
calculations,

Natural regeneration was studied in 13 biomass
plots within aatural gaps {approx. at X = 10 -~ 20,
Y = 560 — 570 and X = 170 -~ 180; Y = 540--550)
and on the experimental plots E4 and E5 {50 x
100 m). In the biomass plots all trees of more than
0.2 m height were recorded (species and height)
along the same diagonal transects as in 1976. In the

first natural gap mentioned, the number of seedlings
were estimated and all tree species above 0.2 m were
recorded, while in the second gap only tree species
above 1 m were recorded {species and height). These
measurements were carried out along transects in the
biomass plots. Regeneration was also studied in the
experimental plots B4 and E5 along 1 m wide and
one 100 m and three 50 m long transects in each plot.
The transects were established as shown in Figure 2.
Within these transects, all tree species reaching the
height of at least 1 m were recorded (species and
height). Not all of the six experimental plots were
due to a limited amount of time. Plot E4 and plot E5
were selected because they are neighbouring and were
treated differently in 1975, as mentioned above.

All species were documentated by an extensive
sterile ecological reference collection and each by
at least one fertile herbarium collection made by
Brunig in 1975 Determinations were not yet
completed at the Herbarium of Botanic Gardens,
Caracas at the time of writing. Therefore, local
vernacuiar names were used corresponding to the
computing code numbers 1 to 410, 410 being a pool
of more than 30 miscellaneous species.

Results

Stand data under natural conditions

Density, basal area and volume and stand tables
were calculated for the whole 10 ha natural forest

Table 1. Structural stand parameters for tree 1 em dbh, MAB Amazon Forest Ecosystem Project {Taken from Britnig, Alder and

Smith (15) ).

Forest association (code)  Number of stems ha

Basal area ha ™

Mean height tallest Tree volume

m* 8.D.7 (¥6) trees m m* SD* %
(H) 11 634 383 60.0 32 4219 610
O 81361 315 613 33 4263 60.0
(K) 12011 41.9 51.6 29 3747 63.4
3)] 16 385 384 55.8 27 292.8 66.2
(O} 10 000 335 46.8 27 344 4 449
(N} 9 485 397 443 24 362.1 409
(L} 11 128 347 393 24 286.4 330
(M} 8119 38.2 43.0 21 3280 36.9
(¢3] 10 000 308 35.1 14 2282 52.2
Q) 18 205 197 128 9 838 1143
(H-Q) 11533 3546 me 3061 mec

SP : standard deviation % 0, Cunuri-Yaguacana-Tamacuari

n.c @ not caleulated L Cunuszi-Yucito-Pilapoco

H, ! :  Yevarc-Hiva-Cunuri M Cunuri-Yucito-Yaguacana

K, T : Cunuri-Yevaro-Piapoco P Cunuri-Yucito-Media luna

Q

Yucito-Curcha marilia-Leagua vacea
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Table 2. Number of stems, basal area and volume 13 cm dbh in the whofe area (left) and in the 2 hectares selected for remeasuremeit
in 1979, growing stock data relate 10 1975 and are original data of Brunig, 1975.

Diameter breath height

Values for 2 10 ha site (¥ = 200-700, X = 200)
Basal area/ha Vol. above

Valees for a 2 ha site (Y = 500-600; X = 0-200)
Number of stems/ha  Basal area/ha Vol above

cm Number of stems/ha
N o {m?} prod, (m*) N “h (m?) prod. (m*)

1~ 49 8 681 795 3.53 9.8 8 640 819 344 9.6
5~ 99 1292 11.8 5.02 4.6 950 8.0 3.73 229
10 - 129 324 30 3.23 222 285 28 293 242
13 - 149 144 3 2.18 166 126 12 1.80 171
15~ 199 224 21 519 44 2 214 2.0 iz 486
20 - 299 190 17 849 858 221 2.1 10.07 1103
6 -399 52 0.5 457 526 78 0.7 643 76.1
40 -~ 49.9 12 0.1 181 224 16 0.2 148 328
30 - 3599 4 089 122 8 (LI 150 256
60 — 2 095 12.9 6 2,33 318
total 10925 35.86 303 3 10 554 44.22 1990
d 1340 628 2408 246.7 669 3012 3423

study area and for each of the 10 association groups
A preliminary report is given by Brunig, Alder and
Smith (15) and is reproduced in Table 1 for trees
greater than 1 cm dizmeter at breast height {dbh).
Mean basal arca of trees above 1 cm dbh is 35.6 m*
ha ™ for the whole area and 40.2 m* ha™ for the
remeasured 2 hectares in 1975 Corresponding tree
volumes are about 303 m® ha™ and 399 m? ha™
respectively {calculated by an estimated form factor
of 0.5), while the number of individuals trees
amounted to 10 925 and 10 554 . In comparison to
the whole areq, this means that somewhat larger trees
were located in the selected area, proving logical when
the association group map is consulted which shows
a large bana area (groups P and W) outside the 2
hectares and a large proportion of Yevaro association
{H and I} within the remeasured 2 hectares

Mean number of individual trees and mean basal
area for the 13 biomass plots are 11 446 ha™ and
36.8m* ha™! (Klinge, 28).

The first results of the analyses of stand structure
on the podzol site was presented by Brunig (Brunig
et al, 13 and [4). The association group classification
program developed on precursors used eariier in
Sarawak and Brunei is described in Adisoemarto and
Brunig (eds, 1). The work on the structural anafysis
will be continued.

Development and growth in closed stands

Regeneration, growth and the resulting structural
pattern of the forest are closely refated to mortality

and gap sizes (Ashton and Brunig, 3; Ashton, 4);
these, in turn, are related to site characteristics,
soil and time. Therefore, assessments of change are
subject to a large variation between variables.

Mean digmeter increments {ound in the San Carlos
podzol sites are less than 1 mm year™ for ali trees
above 13 cm dbh, ranging from 0.2 m to 1.3 mm,
depending on tree species. The increment of under-
story trees {I cm to 13 cm dbh) is lower, averaging
about 0.2 mm year™ , while emergent trees (above
30 cm dbh) show a mean diameter increment of
0.9 mm year™ Table 3 pives some of the data
obtained in 1975 and 1979 Basal area and number
of trees above 13 mm dbh remains constant. Standard
deviation of the averape diameter increment is quite
large, probably due to the large variation in growth
rales among the very different social classes. Ingrowth
in the class above 13 cm dbh compensates mortality
with respect 1o the number of trees and species.
Emergent trees on this site greater than 30 m in
height, represent 2% of the total ingrowth. Main
canopy trees, with heights between 20 and 30 m,
amount to 25% , and the remaining 73% of total
ingrowth are understory species.

The change in the number of stems is shown
in Table 4. From 1975 to 1979, ingrowth in the
1 cm class was slightly higher than mortality in
transects 520 — 530, compared to only [% [rom
the data in 1975 in transect 570 — 580. This
indicates that there is hardly any chanpe in species
composition since almost all emergents and main
canopy trees are able to regenerate in the shade of
the forest stand without an intermediate pap phase
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Table 3. Stand data per ha, development August 1975 — February 1979 in selected area (Y : 500-600; X = 0-200); for dbh 13 cm.

Data from 1975%

Data from 1979

Parameter estimated living living dead increment mortality increment
(per % per year) (% per year)

Basal area (m? . ha ') 30.12 30.09 0.87 0.84 0.8% 0.8%

Number of stems . ha—! 669 37 35 5.5 5.2

dbh of b.a. mean — tree (cm) 23.94 24.18 17.3 0.24 — 0.3

Mean height (m) 22.7 .c.? 23.1 n.c.? - -

Volume (m?) 342.3 .c? 10.05 n.c.? 0.8 —

Source: *Brunig’s fieldbook data.

2 Not calculated, only diameter increment was measured in 1979.

Table 4. Ingrowth and mortality in the two 1 cm transects (X: 0-200; Y: 520-530 and X: 0-200; Y: 570-580).

N 1975! N 1979
Registered Dead
Transect living living ingrowth
dbh 1 cm dbh 1 cm in 1 cm class 1 cm dbh 13 cm dbh 13 cm

Y: 520 - 530
X: 0-200
(except biomass plot) 1989 2127 138 102 3
In % of all trees 1975 c9 5.1 0.2
per ha 10 468 690 537 16
Y:570 — 580
X: 0 - 200
(except biomass plot) 1941 1961 20 125 6
In % of all trees 1975 1.0 6.4 0.3
N per ha 10 216 100 653 32

1 Source Brunig’s fieldbook data.

(Figure 3). The fact that the stand consists of a
remarkable proportion of shade-bearing species
might lead to the conclusion that they are in a late
succession stage.

Mortality for all diameter classes averages
0.8% year™, which gives a calculated turnover
rate of 123 years. However, mortality is unevenly
distributed within the different storys (Table 4).
Therefore, it seems reasonable to differentiate
mortality in relation to tree layers. This will result
in a turnover rate of about 60 years for understory
trees and almost 190 years for emergents and main
canopy trees.

The size of natural gaps amounting to 0.01 — 0.02
ha obviously originates from single tree falls.

Fig. 3. Distribution of species under regeneration in two
selected transects (10 x 200 m each) of the natural
forest research plot at San Carlos de Rio Negro,
Venezuela, in decreasing order.
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According to Brunig’s investigations in 1975, the
total area of one year old gaps comprises about
0.5% of the 10 ha site. Based on this data, turnover
rates are calculated to be 200 years, which seems
reasonable and corresponds to the results estimated
by mortality rates.

REGENERATION IN CONVERTED AREAS
Biomass plots

The distribution of the 13 biomass plots is shown
in Figure 2. These plots represent almost all associa-
tion groups selected by the computer program
excluding association I, which is located in an area
dominated by Eperua purpurea. Table 5 gives some
characteristics of the primary stands before cut
and harvest. Number of individuals and species
as well as basal area and tree volumes differ between
the plots in relation to the variation in association
groups. Species composition in and around the
plots shows that the main canopy trees most common
are Cunuri I (024), Yagudcana (092), Yévaro (100)
and Piapoco (188). Before cutting, the understory
in the plots were dominated by Tamacuari (221),
Cunuri I (024), and Majagua hoja ancha (12).
Therefore, there are some differences in species
composition before and after harvest. On the other
hand, regeneration in eleven plots shows that out of
the most common four species, at least one is
important in the mature stand before harvest or is
important in the vicinity. Plot XII, especially, shows

The distribution of species under regeneration in
the biomass plots Nos. 1-13 (10 x 10 m each) of
the natural forest research plot at San Carlos de
Rio Negro, Venezuela, ordered in accordance to
the frequency distribution from the undisturbed
transects (Fig. 3).

nearly the same species composition in the regenera-
tion as in the surrounding mature stand. Figure 4
shows that the most common regeneration species
in all plots is Buyuyo hormiga (008), which also
exists sparsely in closed stands. In the larger gaps
Yagrumo (431), Cecropia sp., and Lacre (434), a
secondary succession species, appear frequently in
only 2 plots (VI and XI). Considering the small
but scattered regeneration area studied in all plots,
(156 m? in total) it seems that species which are

Table 5. Some characteristics of the previous stand on the biomass plots in 1975 (for dbh 1 cm).

Plot N Number of stems* Number of Basal area ha™ #*  Volume ha™' ** McIntosh**
0. 2 . .
100 m™ species** m? m? index

I 62 15 31.00 282 0.7315
II 61 16 71.56 645 0.6783
I1I 94 39 33.48 254 0.8707
v 98 28 34.47 272 0.7529
v 144 44 16.22 102 0.8584
VI 135 35 30.55 281 0.6882
VII 162 48 23.02 201 0.8279
VI 130 26 51.00%* 600%* 0.6838
X 113 37 35.18 261 0.8021
X 110 30 39.37 318 0.6979
XI 111 39 58.00 599 0.8505
XII 140 37 34.76 210 0.7414
XIII 191 36 26.91 98 0.8246
Average 119 33 37.35 317

* From Klinge’s biomass data.

** From Brunig’s fieldbook data.
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characteristic for the stands are also well represented
in the biomass plots.

Mean height of all plants above 0.2 meusured in
1979 is 0.47 m. This indicates an annual growth
rate of more than .15 m, assuming germination
immediately after treatment. In five plots, maximum
height varies rather significantly and amounts to more
than 1 m in five plots (IV, VI, VI, IX and X) In
four plots, maximum heights are 0.8 -~ 0.9 m, of
Buyuyo (008). Fast growing species in the remaining
plots are Catamajaca hoja ancha (019), Arepillo me-
dia luna (140), Macure {145), and Cecropia. The
tallest tree, Catamaja h.a. (019} reaching a height
of 3.5 m, is probably a coppice shoot. Cecropia,
which does not occur in the closed stands, shows a
dominant height of 2.9 m in one plot only (1V).
Elsewhere (plots I, VI, VI and XI), the average
height is 1.1 m, which equals the heights measured
for other species in the same plots

in 1976 and 1979 the number of seedlings in
the plots was estimated. Mortality was found to be
7% . Plot Il had five times more seediings in 1976
than the other plots. The reason is not exactly known
yet. The average plant density for all plots was equal
to or greater than 117 000 individuals per ha, 37 000
individuals having height greater than 02 m
Maximum and mean stem heights are positively
correlated with the number of species (r = 0.71 and
0.66 respectively). Although these correlations are
weak, there is a clear tendency of an increase in
the number of species in all of the plots. Figure §
shows mean heights in 1 m steps for all plots along
the east-west transects and corresponding number
of individuals. Obviously, the plot edges are occupied
by less plants with lower mean heights on the east
side than in the middle of the plots. There are no

height (m)
106

.- 105
+0.4
+0.3
T0.2
...0.1

number (n)

e

012345678901 208m
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Fig. 5 Distribution of mean hight and aumber of
individuals under regeneration in ihe bhiomass plots
Nos. 1-13 (10 x 10 m cach) of the natural forest
research plot at San Carlos de Rio Negro, Venczuela.
Measurernents were taken ia the 1 m wide east-west
diagonzls of each plot,

final conclusions on this picture yet. Possibly, the
poor regeneratior on the edges is connected Lo root
competition, soil water status and temperature.
Compared to natural gaps, regeneration on the
biomass plots shows about 23% fewer individuals
and about the same reduction in mean heights.

Regeneration on experimental plots

Adjacent to the study site, experimental plots
(E1 ~ EO) were established in order o study the
development of various natural and planted crops
under clear cut, burned and unburned conditions
{Brunig et of, 12). For technical reasons the plots
were not established as originally planned with
exception for E3 and ES5 where Heves spp. was
planted. Plot E5, which was clear cut only, can
ecologically be regarded as a larger windthrow area.
Clear cut and burned plot E4 resembles the initial
situation in shifting cultivation areas or “‘conucos™,
which is the common land vse form.

The original vegetation was investigated by Brunig
in 1975 With respect to floristic aspects, the two
plots E4 and E5 differ somewhat. Before clear cuis
plot E4 (722 trees/ha above 13 cm dbh) coerespon-
ded closely to the intermediate areas of the study
site, dominated by Micranda spruceana {association
group L and M, simple structure, few species, rather
low diversity, aerodynamically smooth). Plot ES was
more refated (o the M spruceana — Eperua lencantha
stand type {association group 0 and N, more
complex, aerodynamically rougher and relatively rich
in species). One year after cutting a similar secondary
succession was found in both plots (E4 and ES).
The dominating species was Cecropiz The ground
vegetation in k4 was, practically, completely
destroyed by the fire In 1977, two years after
treatments, Cecropin was well covering the burned
area On the contrary, in the unburned E5 the seed-

fable 6. Comparison of ecological (Motyka, M.) and eco-
logical tloristic (Srensen, S) smilarity and diversity
index Mcintosh, ML) in experimental plots E4 (cut
and burned and ES (clear cut orly) the decreasing
similarity due to the different treatment and the
fower Ml on E4 in 1979.

Original vegetation
{above 12 cm dbh}

Natural regeneration
(above 1 m height)

1975 1979

M E4/E5 57.0 24.8

S EA/ES 0.65 0.47
E4 Ej E4 E5
Mi 0.627 0611 0.492 0.815
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lings pool remained more or less undisturbed. The
plot showed, at the same time, increasing dominances
of about 20 other species. The importance of Cecro-
pia was distinctly diminished here. This tendency
of increasing difference in species composition is
continuing. In 1979 seventy-two species were found
in E5 and twenty-five in E4 (Figure 6). Only two
species, Lacre (434) and Café de venao (430), were
found in the burned area E4, and did not occur in
ES. The calculated density per hectare of all plants
higher than 1 m was 29 800 in E4 and 10 800 in ES.

Similarities between both plots are quantified by
application of the indices of Srensen, 37 and Motyka
cited by Whittaker (4), based on original vegetation
(1975) and on natural regeneration (1979).
Diversities in both plots before and after treatments
are characterized by the MclIntosh-index (Mclntosh,
33). Table 5 gives the results of these calculations.
Before cutting, the plots showed close ecological and
floristic similarities, while diversity in E4 was some-
what higher than in ES. Four years later, there is a
decrease in all figures except for diversity in ES,
which increased from MI 0.611 to MI 0.815 per 100
individuals.

In addition, average and maximum heights were
measured on several occasions since plot establish-
ment. Cecropia, the most numerous species on both
plots during the first three years, showed differences
in height growth as early as 1977. Measured mean
heights of Cecropia in 1979 were 4 m in plot E4
and only 3 m in plot E5, while maximum heights

Nihal

Fig. 6. The distribution of species under regeneration in
two selected experimental plots (50 x 10 m each)
of the natural forest research plot at San Carlos
de Rio Negro, Venezuela, ordered in accordance
to the frequency distribution from the undisturbed
transects (Fig. 3).

amounted to 8.5 m in E4 and 5.0 m E5. Only in plot
ES was the maximum height equal to or exceeded
by other species such as Guajo (079), reaching 12 m;
Palo de dato (069), 10.5 m; Palo Brasil, (014) 6 m;
and nine other species above 5 m.

A hybrid of Hevea brasiliensis was planted in plot
E4 in April 1976. The plantation was carried out in
4 x 4 m (i.e. 625 plants per hectare). According
to the inventory in 1979, thirteen living plants
were found on the 250 m? sample plot area, which
equals 520 individuals or 83% of the original number.
The average height of each species was 1.8 m (i.e.
below mean height of all individuals).

Differences in site conditions in regard to nutrient
status have been investigated by Jordan and Uhl and
are still under observation.

Discussion

The relatively small permanent study area of 10 ha
comprises quite different stand types stratified into
the mentioned 10 stand classification groups. Forest
dynamics are affected by floristic and geometric
structures, which change along gradients of time
and site. The first resurvey in 1979, in one part
of the study area after 3% years, could not be
expected to produce proof of significant structural
changes. The data were analyzed, tentatively, as a
guide to continued research. However, it seemed
justified to produce the results of the analysis of
the data of 1975 and 1979 in view of the scarcity
of such measurements in natural and modified
tropical rainforest.

The calculated variations of basal areas, volumes
and stands are lower than the averages for tropical
rain forest but agree to the general descriptions
given for Kerangas and Kerapah in Sarawak and
Brunei (Brunig, 9 ). It must be emphasized that the
San Carlos data are yet quite insufficient from a
biometrical point-of-view and that the standard
deviation of the grand mean amounts to about
200% . This variation was not unexpected because
single trees behave very differently in yearly incre-
ments according to their social position, age and condi-
tion. It seems correct not to use mean diameters and
increment for determination of ages of trees because
of the wide fluctuation in single values. But we feel
justified to conclude that ingrowth and diameter
growth equals losses by mortality resulting in an
almost constant basal area.

Natural forests generally regenerate as a response
to gaps in the upper canopy (Richards, 36; Ashton
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and Brunig, 3; Whitmore, 39; Halle er af, 19). If

the gaps in a sufficiently large are are well scattered,
furn-over rates can be calculated (Ashton, 4) This
is, however, valid only for uneven-aged primary
forests. Murphy and Uhl, 35 found that in the
adjacent tlerra-firme forest 4 8% of the total area
was in the gap phase with an estimated persistence
of five years. The calculated turn-over rates amount
to 104 years on this basis. Brunig (9¢) showed from
data in Sarawak that gap area and gap sites can be
dependent on site and forest structure and the
resulting covariances make any simple assessments
rather dubious affairs. In the “caatinga™ forest,
on the podzol site, the area of l-year old gaps was
0 5% of the total area in 1975 (see map in Brunig
et al, 14, and original fleld cards} FEven if the
resuiting turn-over rate of around 200 years {its well
to estimations based upon mortality rates, it has to
be considered that, first, the interpretation of gap

age is anything but reliable and, sccond, that if

understory trees (seedlings and poles) with initial
growth after windthrow in the upper canopy become
suppressed after a couple of years, as in small gaps,
the upper canopy cioses from the sides. Possibly,
because of this, cstimated turn-over rates are
exaggerated if calcufations are based upon gap area
only

The remeasured part of the forest in the podzol
site indicates a late successional stage as all important
species regenerate in the closed stands without 2
particular gap phase. Whitmore, 39 found quite
similar figures for dipterocarp stands in Malaya as we
did in San Carlos, stating that 6%, 22% and 72% re-
spectively of emergent, main canopy and understory
trees are regenerating. On the contrary Hartshorn, 20
states that 75% out of 105 canopy tree species at La
Selva, Costa Rica regenerate successfuily only in gaps.
Similar findings have been published by Aubreville,
5 and Richards, 36. However, comparisons of this
kind are rather unsatisfactory because actual site
and stand parameters differ geeatly in time and, also,
applied investigation metheds vary within a rather
wide range Variabilities in stand architectures,
species  composition and seasonalities lead to dif-
ferentiations in stand developments and dynamics
which, in turn, interact with site factors and exchange
processes.

In spite of this, comparisons provide, at least, an
orientation which shows that biomass and produc-

tivity of the San Carlos stands are below average of

tropical rain forests but well equal to stands under
similar soil and environmental conditions in Borneo
{Brunig, 7).

Richards, 36 and Brunig, ¢ mention that natural
regeneration is complex and is essentiazlly dependent

on interactions between nutrient, water supply and
radiation components. Also, spectral distribution
is one of the main factor affecting seed germination
and, thus, determining survival and development
of species. In regard to radiation quantities, similar
effects are quoted by FEvans et al, 16; Gaterum e/
al , 17 ; Hughes, 24: Loach, 30

Measurements on light distribution have been
performed rather extensively in the San Carlos
Project. 1t was found that relative light intensities
at ground level average to 2 — 3%, which is more
than previously expected. Longman and Jenik, 32
state that most results from investigations on light
intensities in tropical rain forests show values lower
than 1% of total light above canopy Regeneration
of almost all canopy species in the closed stands
found in San Carlos on the podzol site, as well as
on the laterite site (Murphy and Ukl, 35), may be
due to this relatively high position of light pene-
teation.

Light distribution seems to be more closely related
to stand height than to any other stand parameters
(Heuveldop, 22). The San Carlos stands are regarded
as comparatively low, which is well in line with the
aversge illumination rates at ground level. At the
present stage of data evaluation, further correlations
between radiation parameters and germination have
not vet been quantified.

Differences in regenerating species and growth
found between the 13 biomass plots may be due to
variations in soil and drainage conditions, previous
stand  structure, floristic composition, nutrient
status and seasonality of fructification. One year
after treatment, regeneration was extremely poor
in the number of individuals and height development.
The 1979 inventory resulted in almost the same
number of individuals as in 1976, with an average
height of 47 cm for all plants above 20 cm. Compared
to natural gaps, the biomass plots had no established
regeneration at the time of canopy opening After
phytomass harvest the soils were bare, water holding
capacity had decreased, the upper soil layers were
compressed and no shading-under story trees were
present. These heavy impacts have, probably, lead to
the relatively low number of species which at an
average is 12 per 13 m?® (equal to 9230 per ha) for all
12 biomass plots recorded in 1979, values ranging
from seven (3385 per ha) (plot XI and XID to
eighteen (13 846 per ha) (plot VHI). In the, more
or less, equal sized natural gaps about four times
more species were found Typical pioneer species
fike Cecropin spp. occur only occasionally in the
bigmass plots. Climbers amounted to 12% in natural
gaps and to about 15% of regenerating tree plants
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in the biomass plots. Plot size, in addilion to condi-
tions on these heavily treated biomass plots, did not
distinetly favouwr specilic pioneers.

On the other hand, no selective influence on species
composition in the regeneration could be found in
closed stands compared fo the above mentioned
natural gaps. An increase in light did not compensate
for the changes in sile conditions, as far as natural
gap and biomass plot areas are concerned Light
quantities and qualities at ground level in the
investigated closed stand seem sufficient {or regenera-
tion of all main species

Evidently, an initial dominance of Cecropin spp.
is possible only in the larger areas. As found in the
clear cut and burned experimental plot E4, the
significant dominance lasted for the first four years
or more after treatment, while in the unburned plot
ES, within two years after treament other species
became dominant. This may be expiained by higher
root competition, and to changes in radiation pattern
caused by the denser vegetation in the unburned plot,
Cecropia decreasing in number and height after a
couple of vears More research is needed in respect
to species development, especially in correlation
to niicroclimates, nutrients and water economy .

Within the fotal investipation site, twenty tree
species representing 80% of all main canopy species,
ie species of mare than 20 m height, were selected
for comparisons of regeneration in various plots
{Table 7). These species amount to about 12% of all
individuals in the main canopy. Under closed canopy
80% of all selected species were found representing
28% of all individuals within this layer.

Natural gaps and biomass plots show almost the
same relative number of species, but a higher
dominance than that found in regeneration under
ciosed canopy. Compared Lo corresponding figures
for the mature stand, dominance of the 20 selected
species among a#ll individuals is more than double
under closed canopy and is about three times higher
in paps and biomass plots. Number of species in
experimental plot ES is well in line with the former

plots, while the {requencies of other species are
increasing. Piot F4 still shows heavy disturbances in
1979 It is noticeable that three years later 70% of
the mosi [requent dominant species regencraie more
or less independentiy of the treatments used (ie. the
area was not burned). Even after burning, 15% of the
primary species occurred within this relatively shost
time, comprising 3% of all tree plants reaching more
than I m in height.

Still the mechanisms conirolling regeneration are
widely unknown and further studies are aceded to
clarify the interdependent f{actors between forest
structure, site, and forest dynamics. Supplementary
studies of the physio-ecology snd genetics of the
major species are required,

The major remeasurements of the whole area,
planned for 1985, wili produce more reliabie data
on the dynamics ol the natural stands and the
recovery of the felled and burned plots. Studies of
shifting cultivation plots nearby indicate that
recovery seems to be more rapid than commonly
supposed {Uhl, in Press). The pioncer species, Ce-
eropia, is not found in the natural gaps, and on some
biomass plots only single individuals are found, while
this pioneer dominates on the burned experimental
plot. On the clear cut and uburned plot Cecropia
dominated only during the first 2 — 3 years and
was then suppressed by other species. These are
typical emergent and main canopy species as well
as understory species, indicating the developing
of a similar community as the previous stands

Summiary

In the international rainforest ecosystem research
project at San Carlos de Rio Negre. Venezuela,
basic investigations on floristic and geometric stand
structure tree forms, soils and microclimates were
carried out in 1975, The German contribution was
focussed on the forest associations in the spodosol
sites.

Table 7. Regeneration of 20 selected tree species, representing 80% of all individuals in the main canopy (tress above 20 m  height),

19759.
Regeneration species Closed s{ands Natural gaps Biomass plots Unburned ES Burned E4
In 9% of selected species 80 70 70 i5
In Y% of alt indiv in
correspond layver 28 13 20 3
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An area of 10 ha is kept as permanent study area,
where 13 plots {10 x 10 m each) were clear cut for
analysis of phytomass

Six adjacent experimental plots were established,
each measuring 50 x 100 m Al experimentsl plots
were clear cut in December 1975, three of them
additionally burned in February 1976.

Surveys were carried out in 1979 within a 2 ha
area of the undisturbed study site, all biomass plots,
one burned and one unburned experimental plot.
Diameter increments in the mature stands for all
trees above 13 e¢m dbh were found to be relatively
low, with values less than T mm year™, and very
variable with a standard deviation of & 200%. Yearly
growth rates and volumes reduced by mortalily,
amount to about 2.8 m® ha™ or 08% of above
ground fresh phytomass. Natural 1-year-old gaps,
caused by fallen single trees, comprise a total area
of 0.5% within the 10 ha study site. Turn-over rates
are calcuiated from these figures to be 190 years for
emergent and main canopy trees, and 60 years for
understory trees. All emergent and main canopy
tree species regenerated under the closed canopy.
On the biomass plots (10 x 10 m) and in the natural
gaps the same regeneration species occur and similar
floristic compositions are found as in the previous
stands, though the heavily treated biomass areas
develop slower and plant communities show less
densities than the natural gaps. Regeneration in the
clear cut, burned and unburned experimental plots
show distinct differences in species, distribution
and dominances but no significant differences in
mean height growth. The pioneer species, Cecropia, is
not found in the natural gaps and on some biomass
plots only single individuals are found, while this
pioneer dominates on the burned experimental plot
On the clear cut and unburmed plot Cecropia
dominated only during the first 2 — 3 years and was
then suppressed by other species. These are typical
emergent and main canopy species as well as under-
story species, indicating the developing of a similar
community as the previous stands,
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ESTUDO COMPARATIVO DE CULTIVARES DE REPOLHO (Brassica oleraceae L. var,
capitata L.) COM VISTAS A PRODUCAO DE CHUCRUTE: ACIDOS ORGANICOS! /

JOSE SANTQ GOLDONI*
ISMAEL ANTONIO BONASSI*

Summary

The objective of the present work was to verify organic acids production in a
study carried on with 23 cabbage’s cultivars, regarding sauerkraut production under
natural fermentation

Through the obtained results was verified that for all cultivars studied were
found acetic, propionic, butyric, valeric, lactic and heptanoic acids. Also iso-butyric
acid was found for all cultivars, exception done fo Guinshu-YR n@ ] cultivar. The
levels of these acids varied during the fermentation process, being the amounis of
lactic, acetic and heptanoic acids much higher than those of the other ones, from these
the lactic acid was predominant. The amounts of iso-butyric and butyric acids were
the lowest. The valeric and propionic acids presenied intermediary values with
predominance of the valeric acid over the propionic acid.

Through the determinations of organic acids of low molecular weight it was pos-
sible to vertify that all cabbage cultivars resulted in sauerkrauts of good quality.

Introdugio

sempenham um papel de grande importdncia na
nutrigdo, particularmente para a populagio que
ndo term acesso zos alimentos congelados e enlatados.

E m muitos paises os alimentos fermentados de-

O chucrute, que € o produto resultante da fermen-
tagiio do repolho (Brassica oleraceae L. var. capitata
L.). Ocupa lugar peculiar na dieta humana e tem
prande significado econdmico, principalmente para a
Holanda, Alemanha, Tugosldvia ¢ Estados Unidos.

I Recebido para publicagio em novembro 3, 1981,
Trabalho financiado pefs Fundadho de Amparo a Pesguiss
do Estado de Sio Paulo (FAPLSP).

A TFundagio de Amparo & Pesquisa do Estado de Sio Pau-
o (FAPESP), pelo auxilio finunceiro prestado na excecu-
¢do do presente trabalho

¥ Professores Livre-Docentes — Departamento de Tecnolo-
gin dos Produtos Agropecudrios da Faculdade de Ciéncias
Agrondmicas do “Campus” de Botucatu - Universidade
Estadual Paulista “Julio de Mesquita Fitho", Botucatu,
S8.P., Brasil.

[mimeros autores tém feito pesquisa sobre chucru-
te, encontrando-se diversos trabalhos (3, 4, 5, 6, 7,
10, 11,12, 13, 16 e 17), que reportam estudos com
cultivares de repolho. Sdo também descritos os resulta-
dos da producio de dcidos orginicos durante a fer-
mentagdo e o efeito dos mesmos na qualidade do chu-
crute resultante.

Considerando-se a importdncia destes 4cidos e ao
pequeno nimero de informagdes relativas ao assunto
em nosso pais, objetivou-se no presente trabalho veri-
ficar a produgio dos dcidos orginicos durante a fer-
mentacdo de vinte e trés cultivares de repolho utiliza-
das na elaboragio de chucrute.

Material e métodos

Como matériz prima para o preparo de chucrute
utilizou-se de repolho (Brassica oleraceae L. var. capi-
tata L.) fornecido pelo Departamento de Horticultura
da Faculdade de Ciéncias Aprondmicas do “Campus”
de Botucatu e produzido na Fazenda Experimental
“Sdo Mancel” sitwada no municipio de Sdo Manoel,
SP. As cultivares estudadas foram: Ishii-742, Akioo,
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Takahara-YR, Ei-Yu, Ishii-733, Kagayaki, Fuyusuru-
ga, Guinshu-YR nQ 1, Todoroki, 146 ou Matsuri, 55
X 234 ou Hibrido entre Linhagens de Louco, Alvora-
da, Ishii-722, Subarashi, Chusei, Toyohikari ou Ishii-
655, Bansei, Ishii-745, Guinshu-YR nQ 2, Ginga, To-
yohikari n9 2, Louquinho e Matsukase.

As fermentac¢des com as diferentes cultivares, fo-
ram preparadas pelo método da salga seca, empregan-
do-se sal refinado comercial, segundo metodologia
adotada por Goldoni (3). A fermentagdo das 23 culti-
vares foi realizada concomitantemente. A preparagio
e seu acondicionamento nas cubas de fermentacdo,
foi feita toda de uma vez, em um unico dia de tra-
balho e as cultivares foram tomadas ao acaso. A fer-
mentacdo foi realizada a temperatura ambiente (4),
em condicdes idénticas para todas as cultivares. A
temgeratura média registrada em termo-higrografo foi
19.8°C.

No decorrer do processo fermentativo foram cole-
tadas amostras de salmoura, colocadas em vidros
hermeticamente fechados e armazanadas em congela-
dor 4 temperatura de -20°C. Posteriormente foram
efetuadas as determinagoes dos acidos orgdnicos, se-
guindo-se a metodologia descrita por Wilson (18), em-
pregando-se o cromatografo as gds, modelo C. G.-170,
com detector de ioniza¢ao de chama. Para a andlise
direta dos acidos orginicos utilizou-se de uma coluna
de vidro, previamente silanizada, de 1.8 m de compri-
mento e 1/8” de didmetro interno, empacotada com
Chromosorb 101. A temperatura da coluna foi 189°C
e a vazdo do gds de arrastre foi 40 ml por minuto. Os
tempos de reten¢ao dos dcidos orginicos nas condi-
¢Oes de trabalho adotadas, estdo ilustrados na Figura
1.

cm

”E

.0 Coluna Chromosord  i01
T Detector « 200°C

T Columo s 180°C

1o T Vaporizador « 304 °C
Rotdmetro 2,6

Volume injetado = 1,5 ui
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~-— Acético

o

30

~—Isovalérico
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[ T e e e ™ T
. minutes
Fig. 1. Cromatograma dos padr&es de acidos orginicos e do

padrdo interno.

[id

Resultados e discussio

Os resultados da produgdo dos acidos orgénicos,
durante a fermenta¢do com as diferentes cultivares de
repolho empregadas para a elaboragdo de chucrute,
sao apresentados nos Quadros 1 a 7: dcido litico
(Quadro 1); dcido acético (Quadro 2); dcido heptanodi-
co (Quadro 3); dcido valérico (Quadro 4); 4cido pro-
pidnico (Quadro 5); icido iso-butirico (Quadro 6) e
acido butirico (Quadro 7).

Pode ser verificado nos Quadros 1 a 7, que no de-
correr do processo fermentativo, para todas as cultiva-
res estudadas, foram encontrados os dcidos acético,
propidnico, butirico, valérico, latico e heptandico. O
acido iso-butirico também foi encontrado em todas as
cultivares, excegdo feita a cultivar Guinshu-YR n9 1.
Os dcidos latico, acético e heptandico, sobressairam-se
dos demais pelos maiores valores apresentados; destes
o0 acido ldtico foi o predominante.

Com a finalidade de ser avaliar a qualidade dos
chucrutes, foi elaborado o Quadro 8, onde sio apre-
sentados os valores para todos os dcidos orgdnicos e as
relagGes entre a acidez volitil (dcido acético) e acidez
ndo voldtil (dcido litico), no produto final. Através
desse Quadro, verifica-se que os resultados obtidos pa-
ra os dcidos latico e acético, bem como para a relagdo
entre o acético e o latico, foram as seguintes: dcido
ldtico,+variando de 1 700 ppm (Guinshu-YR n? 1) a
10 500 ppm (Takahara-YR) e média de 5 823 ppm;
dcido acético, variando de 400 ppm (Ishii-722) a
3200 ppm (Akioo) e média de 1 667 e a relagdo en-
tre o dcido acético e o dcido ldtico, variando de 0.11
(Hibrido-Louco) a 0.68 (Guinshu-YR n9 1) e a média
de 0.31. Esses dados, de maneira geral, estdo de acor-
do com os valores e as variagGes apresentadas por di-
versos autores (2, 7, 8, 9,12, 14, 15 e 16). Nesses, os
pesquisadores mencionam especificamente os dcidos
latico e acético, por considerarem que a relagio entre
a acidez voldtil (dcido acético) e a acidez nio volatil
(4cido ldtico), é um fator importante para a valiagdo
da qualidade do chcrute.

Quanto aos acidos heptandico, valérico e butirico,
também detectados neste trabalho para os diferentes
chucrutes, conforme se verifica no Quadro 8, a varia-
¢do encontrada foi a seguinte: heptandico- de 0 ppm
(Ei-Yu, Fuyusuruga, Guinshu-YR n9 1, Todoroki, Hi-
brido Louco, Alvorada, Ishii-722, Subarashi, Chusei,
Guinshu-YR n9 2 e Louquinho) a 1684 ppm (Kaga-
yaki), valor médio de 293 ppm; valérico- de 0 ppm
(Guinshu-YR nQ 1, Hibrido Louco, Ishii-722, Chusei
e Toyohikari n9® 2) a 180 ppm (Toyohikari), valor
médio de 59 ppm; propidnico de 17 ppm (Todoroki)
a 220 ppm (Takahara-YR), valor médio de 72 ppm;
iso-butirico- de 0 ppm (Guinshu-YR n9 1, Ishii-722,



GOLDONI, BONASSE: CULTIVARES DE REPOLHO PARA PRODUCAQ DE CHUCRUTE 41

Quadre 1. Producio de icido litico em p.p.m., durante 2 fermentacdo kitica de 23 cultivares de repolho.
Cultivares Dias de fermentagio

0 4 5 7 19 22 23 30 32 34
Ishii-742 200 2400 - 6 400 - - 6 400 -
Akioo 300 5250 - — 7706 - - — 8750 -
Takahara-YR a 5800 0 - - 7600 - - - 10560 -
Li-Yu ] 4100 - - 8 400 - - - 8600 -
Ishii-733 0 1704 — 2100 - - - 6 000 -
Kuagayaki 505 4250 — - 11200 - - - 5050 -
Fuyusuruga 300 - - 6 600 - - 8 8CO - - 8 760
Guinshu-YR N9 | 0 - - | 8OO 6 00 - 1 760 - e
Todaroki Q 4 000 - 5 300 - 4 860 - -
146 ou Matsuri { - 4 500 - 10§00 - 5200 - -
35 %234 800 - 7 800 9 8OO - 8400 - -
Alvorada 0 - - 7 800 8 500 = 2760 o -
[shii-722 804 3200 6 800 1 660 - - 3200 —
Subarashi ] 1 000 5006 2 800 - - 1 800 -
Chusel 0 - 21006 1600 4 0G0 - - - 4 600 -
Toyolikari 7006 - 1 500 740606 70060 — - - 7950 -
Bansei 306 - 4 BOO - 4 500 — — - 4900
Ishii-745 500 - 4 400 - 4 Q00 - - - 5760
Guinshiu-YR N¢ 2 006 - - 500 - 6 100 - - - 4 400
Ginga 300 - - 12 8OO - 3600 e - - 4 500
Toyohikari N¢ 2 706 - - 3200 - 8400 - - - 6 600
Lougquinho 106G o~ - 2400 e 5600 e - - 6100
Matsukase 300 - - 3210 - 3 800 - - - 3 8%0
Quadro 2. Producao de dcido acético em p.p.m., durante a fermentagdo litica de 23 cultivares de repolho.
Cultivares Dius de fermentagio

{0 4 5 7 9 22 23 30 32 34
Ishii-742 150 1 300 - - 2056 - - - 1 860 -
Akioe 266 1675 - 27506 - - - 31200 -
Takalara- YR 230 2230 - - 2356 - - - 2650 -
Fi-Yu 150 2 800 - - 273 - - - 1780 -
Iskii-733 150 1150 - - 1200 o - - 1320 -
Kagayuki 185 1625 - - 1690 - - - 1 750 -
Fuyusuraga 350 - - 1 860 - 1580 - - 1 600
Guinshu-YR N9 ] 10 - - 1200 - 1 360 — 1150 - -
Todaroki 40 . 1 480 - 1 250 - 1360 - -
146 ou Matsuri 260 - - 1820 - 1 856 - 1 460 - -
55 234 450 - 860 - 950G - 940 - -
Alvorada 170 - 1 G&0 - 850 - 850 - -
Ishii-722 350 - 450 750 180 - - 400 -
Subarashi 220 - 1120 370 850 - - - 980 -
Chusei i80 - 600 600 680 - - - 750 -
Toyohikari 300 - 500 1980 1480 - - - 1 350 -
Bansei 150 - - 2460 2 0540 - - - 2§50
ishii-745 249 - - 2330 . [ 750 - - - I 860
Guinshu-YR N© 2 230 - - [ 560 - 2630 - e - 2 480
Ginga 290 - - 3770 - [ 980 - - 1950
Toyohikari N& 2 450 - 2860 — 4620 - - o 2460
Louguinho 380 - - 860 - 1 560 - - - 1 660
Matsukase 320 - - 1 350 o 1 500 - - - 1 4350
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Quadro 3. Produgio de dcido heptandico em p.p.m., durante a fermentagdo fatica de cultivares de repolho.

Dias de fermentagie

Cultivares 4] 4 5 7 19 22 23 30 32 34
Ishii-742 1156 2543 - - 1140 - - - 451 -
Akico 2059 6 447 e - 790 - - - 1366 -
Takahara-YR 2168 2192 - - 451 - - - 551 -
Ei-Yu 2035 2414 - - 483 - - - [t} -
[shii-733 1269 1 83 - - 524 - - - 197 -
Kagayaki 1392 3224 - - 496 - - - 1 684 -
Fayusuruga 2 406 - 3926 - - 0 o - 0
Guinshu-YR N¢ 1 560 - - 1302 - 250 - g - -
Todoroki 1503 - - 2579 - 201 - 0 - -
146 on Matsuri 1761 - - 1358 - 753 P 187 - -
55 x 234 3147 - o 2 382 - 363 - G - -
Alvorada 1573 - - 7189 - 479 — 0 - -
Eshii-722 1551 - 2631 3235 0 - - - 0 -
Subarshi 1 805 - 1193 427 222 - - - 0 -
Chusei 1075 - 2293 2 281 0 e - - 0
Tayohikuri 1523 - 0 i 580 ] - - - 274 -
Bansei 1725 - - 2164 - 114 - - - 173
[shi-745 1180 - - 3578 - 225 - e - 145
Guinshu-YIR N9 2 1882 - - 1209 - 230 - -~ - 0
Ginga 2454 - - 6 206 - 221 - - - 205
Toyohikari 31296 - - 33522 - 741 - ~ - 76
Louquinhe RAET:S - - i 938 - 157 - - - G
Matsukase 1507 - - 2917 - 0 - - - 230
Quadro 4. Producio de dcido valérico em p.p.m., durante a fermentacao kKtica de 23 cultivares de repolho.
Cultivares Dias de fermentagio

0 4 5 7 19 22 23 30 32 34
[shii-742 129 220 - - £30 - - - 120 -
Akioo 130 360 - - 110 - - - 130 -
Takshara-YR 186G 250 - - 120 - - - 170 -
Ei-Yu 140 160 - - 74 - - — 55 —
3hii-733 130 180 - - a0 - - - 840 -
Kagayaki 35 200 - - 95 - - - 150 -
Fuyusuruga i60 - - 278 - - 119 - - 80
Guinshu-YR N9 | 80 - - 110 - 60 e 0 - =
Fodoroki 150 - - 180 - 50 20 - -
146 ou Matsuri 170 - - 180 - 70 - 80 - -
55x 234 200 - - 140 - 100 - 0 - -
Alvosada 280 - - 460 - 1H) - 30 - -
Eshi-722 150 - 270 280 0 - - - { -
Subarashi 120 - 150 90 60 - - 24 -
Chusei 106G - 180 170 40 - - - 0 -
Toyohikari 0 - 80 130 90 - - - 180 -
Bansel 130 - - 200 — 80 o - - 40
Ishii-745 140 - - 280 - 49 - - - 44
Guinshu-YR NO 2 140 - - 00 39 — - - {
Ginga 120 - - 330 - T - - - 60
Toyohikari N9 2 180 - - 220 - 100 - - - 0
Louguinho 230 - - 160 - 40 - - - 50
Matsukase 150 - - 200 - 90 - - - 50




GOLDONI, BONASSI: CULTIVARES DE REPOLHO PARA PRODUCAO DE CHUCRUTE 43

Quadro 5. Producio de dcido propidaico em p.p.m., durante a fermentacdo litica de cultivares de repotho.

Dias de fermentagio

Cultivares

0 4 5 7 19 22 23 30 32 34
{shii-742 30 50 60 - - - 70 -
Akioo 0 180 - 130 - - 155 -
Takahara-YR 11 i60 - - 140 - e - 220 -
Ei-Yu 70 110 - 110 - - - 100 -
Ishii-733 10 45 - - 50 - - - 10 -
Kagayaki 20 19 - 65 - - - RS -
Fuyusuruga 50 - 90 - - 1G0 - - 60
Guinshu-YR N9 | 30 - 80 - 98 - 100 - -
Todoroki 0 - 80 - 90 - 17 - -
146 ou Matsuri 80 - - 60 - 140 - 60 - -
55 x 234 30 - - 50 - 90 — 60 — o
Alvorada 100 - 130 - 100 - 60 g -
Ishii-722 490 - 50 90 50 - - - 30 -
Subarashi 60 - 80 29 50 - - - 20 -
Chusei 30 - 60 70 60 - - - 70 -
Toyohikari 10 - 50 50 90 - - - 80 -
Bansei 20 - - 140 - 60 - - - 40
1shii-745 10 130 - 40 - - - 50
Guinshu-YR N9 2 5 - - 100 - 80 - - - 60
Ginga 4 - - 290 70 - - - 30
Toyohikari N9 2 10 - - i38 - 100 - - - 80
Louquinho 40 - 20 - 70 - - - 70
Matsukase 40 - - 120 - 54 - - - 60

Quadro 6. Producio de dcido iso-butirico em p.p.m., durante & fermentagio latica de 23 cultivares de repolho.
¢ ¢ P

Dias de fermentacio

Culivares

[} 4 5 7 i9 22 23 30 32 34
Ishii-742 0 10 - - 15 - 20 -
Akico G 29 - . 32 - - - 35 -
Tukahara-YR 0 20 - - 18 - - - 30 -
Ei-Yu 0 8 - i8 - - - 30 -
Ishii-733 } G - 0 - - - i5 -
Kapayaki 0 I 19 - - - 215 -
Fuyusuruga 0 - 20 - - 26 - 21
Guinshu-YR N9 i 0 - a - 9 - 0 - -
Todoroki 0 - 10 - 20 - 0 - -
146 ou Matsuri 0 - - 15 - 18 15 - -
55 x 234 0 - 10 - 30 - i0 - -
Alvorada 0 - - 30 - 20 - 10 - -
Eshii-722 0 - 5 0 0] - - - 0 -
Subarshi 0 - 13 4] 0 - - - 0 -
Chusei 0 - 0 i 0 - - 0 -
Toyohikari 0 - 0 18 20 - - - 20 -
Bansei 0 — 14 20 - - - i2
Eshii-745 4] - 50 - i0 - - - i6
Ginshu-YR N9 2 0 - - 10 - 0 - - - i0
Ginga 0 - — 400 - 0 - - - i3
Toyohikari N9 2 0 = 9 - 20 - - -~ 0
Louquinho 0 - - G - 10 - - - 10
Matsukase 0 - - ¢ - 3 - - 10
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Quudro 7. Produgiio de deido butirico em p.p.m., durante a fermentagio Kitica de 23 cultivares de repotho,

Dias de fermentagio

Cultivares

0 4 5 7 19 22 23 30 32 34
Eshii-742 £} 1} - - P2 - - - 25
Akioo 0 30 37 - - - 40 -
Takahara-YR 0 15 - - i0 - - - 10 -
Ei-Yu 0 25 - 30 - - — 32 —
[shii-733 Q 0 - P 60 - - - 15 -
Kagayaki 9 12535 - - 12 - - 15.5 -
Fayusurugs 0 - 16 - 20 - - 0
Guinshu-YR N9 | ] - 30 i5 15 - -
Fodoroki 0 - 20 - 30 e 8 - -
146 ou Matsart 0 30 36 17 -
55 x 234 0 - - 13 . 40 - 22 - -
Alvorada 0 - 20 - 30 - 15 — -
Ishii-722 0 - 2 15 3 - - - 0 -
Subarashi 0 10 0 0 - - - 10 -
Chusei it - 12 10 10 - - - 10 -
Toyahikari 0 - 0 10 30 - - - 20 -
Bansei ¢ - 15 15 — - 9
Ishii- 745 0 — - 20 - 18 - - e 20
Guinshu-YR NO 2 0 - 40 - 10 - - - L5
Gingu 0 - - 700 - 0 - - - i2
Toyohikari N9 2 0 - - 26 50 - - - i3
Lougquinho 0 - - 1 - 14 - - i3
Matsukase 0 13 - 20 - - - 19

Subarashi, Chusei e Teyohikari n® 2} a 35 ppm
(Akico), valor médio de 13 ppm; e butirico de 0 ppm
{Ishii-722) 2 40 ppm (Akioo), valor médio de 16
ppim.

Vorbeck et al (17), estudando os componentes vo-
liteis do “flavor” de chucrute, verificaram que aitas
concentragdes de dcidos graxos de baixo peso molecu-
lar: propidnico, butirico, iso-butirico, valérico, iso-va-
lérico ¢ caproico, exercem efeito prejudicial 4 quali-
dade do chucrute; desses, o dcido butirico & citado
como sendo o principal agente de acio indesejivel ao
“Havor™. No presante trabalhio, o deido capréico este-
ve ausente e os demais dcidoes, apresentaram valores
baixos, principalmente quando comparados dqueles
econtrados para o ldtico e acético, dcidos esses pro-
duzidos em quantidades maiores durante a fermenta-
¢lio, com as diferentes cultivares de repolho estuda-
das, conforme mostra os dados contidos no Quadro 8
Por outro lado, em virtude das quantidades de dcido
butirico variarem entre 0 a 40 ppm, pode-se conside-
ré-lo como ndo sendo prejudiciais 4 qualidade dos
chucrutes pois, no mesmo trabalho de Vorheck ef af
{17) a concentragio de dcido butitico verificada em
chucrute com “off-flavor” foi mil vezes superior
dquela do chucrute classificado como “excelente”

Vorbeck er al, (17), também mencionam como in-
terferentes no *‘flaver” de chucrute, outres dcidos
praxos de baixo peso molecular: caprilice e heptandi-
co. Quanto ao dcido caprilico, que nio foi detectado
no presente trabalho, provavelmente o efeito sobre o
“flavor™ ndo tenha grande significado conforme mos-
tra 0 trabalho desses autores, pois, foram encontradas
praticamente as mesmas quantidades para o chucrute
considerado excelente e para aquele com “off-flavor”.
Relativamente ao dcido heptanégico, que foi encontra-
do durante a fermentaciio de todas as cultivares de re.
potho empregadas no presente estudo (Quadro 3) e
que permuneceu niit maioria dos produtos elaborados
{Quadro 8), sua presenca é desejdvel e quantidades re-
lativamente elevadas foram verificadas em chucrutes
classificados como excelentes (17).

Conclusdes

Os resultados obtidos mostraram que os dcidos or-
ginicos produzides durante a fermentagdo com dife-
rentes cultivares de repotho foram: acético, propidni-
co. butirico, iso-butirico, valérico, litico e heptandi-
co. Os teores desses dcidos variaram durante e fer-
mentacdo, sendo as quantidades do litico, acético e
heptandico as maiores; destes o dcido latico {oi o pre-
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Quadro 8. Acidos orginicos em p.p.m. enconlrados nas salmouras finais dos chucrutes elaborados com 23 cultivares de repotho e

relagies entre os dcidos scético e litico.

Culivares Lalt. Acet, Hept. Val. Prop. Isob. But Acético/Latico
Ishii-742 6 400 1 860 451 120 70 20 20 029
Akioo 8 750 3200 1 366 130 155 35 40 0.36
Takahara-YR 10 306 246350 1 551 170 220 30 10 225
Ei-Yu 8 600 2 780 0 55 100G 30 32 032
i53i-733 6 000 i 320 197 80 70 15 15 G622
Kagayaki 9 {50 1750 1 684 150 55 223 155 0.19
Fuyusurugi g 700 1 600 4 80 60 21 20 018
Gainshu-YR N9 1 1 700 115G ] 0 100 0 i5 068
Todoroki 4 800 I 360 G 20 17 0 8 027
146 ou Matsuri 5200 1 460 387 80 60 15 17 028
55x 234 8 400 940 0 0 60 ] 22 911
Alvorada 2730 830 0 30 60 10 15 ¢31
jshii-722 1200 400 0 0 30 { 0 612
Subarashi 1 800 980 Q 20 20 G 10 0.54
Chusei 4 600 750 O 0 70 ¢ i0 016
Toyohikari 7 950 1 350 274 1BG L] 20 20 07
Bansei 4 900 2150 173 40 44 12 9 044
Eshii-745 5 106 1 860 143 40 50 16 20 233
Guinshu-YR NO 2 4 400 2 480 0 0 650 10 i3 G 56
Ginga 4 560 i 950 205 60 30 13 12 0.43
Toyohikari N¢ 2 6 600 2460 76 0 80 ¢ 13 041
Louquinho 6 100 1 660 ) 54 70 {0 i3 027
Matsukase 3980 1 450G 230 50 60 10 i0 0.36
Media 5 823 1 667 293 59 72 13 16 012

Lat -Litico: Acet -Acético: Hept -Heplandizo; Val -Valérico: Prop -Propiénice; Isob -isebutirico: But -Butirico

dominante. Através desses dados pode-se concluir que
todas as cultivares produziram chucrute de boa quaii-
dade.

Resumo

O objetivo do presente trabalho foi verificar a pro-
duciio de dcidos orginicos em wm estudo conduzido
com 23 cultivares de repolho, com vistas & produgiio
de chucrute pelo processo [ermentativo natural

Pelos resulindos obtidos verificou-se que, em todas
as cultivares estudadas, foram encontrados os dcidos
acético, propidnico, butirico, valérico, litico e hepta-
ndico O dcido iso-butirico também foi encontrado
em todas as cultivares, excegiio feita a cultivar Guin-
shu-YR 19 1. Os teores desses dcidos variaram duran-
te a fermentacdo, sendo as quantidades dos dcidos
litico, acético e heptandico as maiores, destes o dcido
litico foi o predominante. Os deidos iso-butirico e bu-
tirico, foram os detectados nas menores quantidades
Os dcidos valérico e propidnico, apresentaram valores
intermedidrios com predomininciz do valérico sobre
0 propidnico.

Através das determinagdes dos dcidos orginicos de
baixo peso molecular, {oi possivel afinnar que todas
as cultivares produziram chucrute de boa qualidade.
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RESIDUOS, DEGRADACION Y PERSISTENCIA DEL FUNGICIDA MANEB EN PATATAS,

EN COSTA RICA!/

*k

VERA DIEZ*

MANUEL A. CONSTENLA **

Summary

Residues of the fungicide maneb (manganese-1,2-ethylen-bisdithiocarbamate)
were analyzed by the carbondisulfide evolution method in samples of potatoes, potato
leaves and soil from a commercial crop located in Llano Grande de Cartago, Costa
Rica. The residues were monitored during all the crop until harvesting.

The highest amount in the potato tubers was 0.25 ppm. In the soil the maximtim
amount was 14 ppm and the minimum was 0.8 ppm. The corresponding values in the
leaf samples were 492 ppm and 22 ppm respectively.

The degradation of maneb in the soil (sandy-loam type) under outdoor condi-
tions showed a pseudo-first order kinetics with a half life of 10.6 days. A similar
study of the degradation of the pesticide in the potato tubers resulted in a half life
of maneb of only 5.2 hours.

After photochemical irradiation of maneb suspended in water and in absence
of oxygen, carbon disulfide and ethylendiamine were determined as decomposition
products. All maneb disappeared within 1 h irradiation.

Recovery values for residues of maneb are in the order from 82 to 99%.

Recibido para publicacion el 13 de junio de 1982.
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Introduccion

s0) es uno de los productos quimicos mas im-

portantes que se han desarrollado para el com-
bate de las enfermedades fungosas de las plantas (6),
sobre todo en los cultivos que necesitan un mayor
esfuerzo en el control de este tipo de enfermedades
como patata, tomate, banano, frutales, tabaco, hor-
talizas y cereales.

E 1 maneb (1,2-etilenditiocarbamato de mangane-

Las enfermedades causadas por hongos producen
graves dafios en las cosechas, sobre todo en regiones
de alta humedad.

El maneb es un fungicida de amplio espectro de

accion y que actiia sobre mas de 100 especies de hon-
gos y se utiliza en mds de 60 cultivos. Es preciso
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aplicarlo al cultivo de la patata muchas veces antes
de que se produzea la cosecha. El hongo que mds
frecuentemente atzca a la patata es el tizon tardic
{Phytophthora infestans) {2).

Aunque el maneb es un fungicida no sistémico,
existe interés en conocer los niveles de residuos en
el ambiente agricola (16}, ya que se han encontrado
efectos toxicos sobre los animales, tanto del mismo
maneb, como de su metabolito o producio de degra-
dacion etilentiourea (15). Organismos internacionales
como la FAO y la OMS, han insistido en que es
precise controlar los residuos de plaguicidas en lfos
productos agricolas que sirven para la alimentacion

(5).

En Costa Rica, la produccion de patatas en el afio
de 1978 fue de 40 000 toneladas métricas™. La patata
se consume fresca, no hay ningin tipo de slmacena-
miente, vi que la produccidn nacionzl no supera el
consumo, por lo que ésta es otra de las razones que
hacen importante conocer el grado de contamingcion
del producto

No existen datos sobre la acumulucion y degra-
dacidon del fungicida maneb, bajo las condiciones
ambientales del pais E}l objetivo de este estudio
consistid también en determinar como se  irans-
forma el maneb en Iy planta y en el suelo en con-
diciones de campo, donde fuctores abidticos norma-
les como el efecto de la luz solar y factores bidticos
como el efecto de los microorganismos del suelo,
raices y otros acttan en la degradacion del fungi
cida

Materiales y métodos

Condiciones experimentales

EF trabajo de campo se realizé en la fincy del agri-
cultor Sr. Gonzale Femdndez T., en Llano Grande
de Cartago, Costa Rica. Este agricultor proporciond
un cultivo de 1,3 ha manejadas enteramente de acuer-
do a su criterio y experiencia acumulada

Esta drea ofrece suelos profundos de dos tipos
texturales: franco-arenoso (zona A) y franco areno-
limoso (zonas B v ©): el pH de los suelos oscila entre
565 v 610, Conforme a la topografia del terreno y
a las caracteristicas texturales de los suelos que lo
componen, el drea se dividid en tres zonas o loies
de muestreo (A, B y C). Cada zona se muestred por

*  Ing Agron. Carles Ramirez, Programa de la Papa del
Centro  Agricola Regional de Cartago, comunicacidn
personal,

aparte y cada muestra estd formada por submues-
tras tomadas de cada zona Aparte del muestreo,
cabe destacar que el trabajo de campo consistid en
anotar lus dosis y fechas de las aplicaciones de insec-
ticidas, abonos, herbicidas y ef fungicida.

Siembra

La siembra consistio en una sola variedad conocida
como Atzimba {(Solenwmn tuberosum var, Atzimba)
v se efectud del 6 al 8 de octubre de 1977

Aplicaciones de agroguimicos

Para el combate de fos insectos se aplicd 9.5 kg/ha
del producto comercial DT en formulacion en pol-
vo al 10% en el momento de la siembra. Asimismo
se hicieron diez aplicaciones del insecticida organo-
fosforado Tamaron 600E a razdn de .75 l/ha del
producto comercial, en cada aplicacion. Para el
combate de las enfermedades por hongos se utilk
20 exclusivamente maneb en forms del producto
comercial Manzate® 80% polve mojsble, a razdn
de 25 kgfha Se efectusron 16 aplicaciones durante
el cultivo los dias 25 y 29 de octubwe, el 1, 5, 8,12,
15, 18, 24 y 28 de noviembrey 2,6, 10,13, 21 y 31
de diciembre de 1977,

En el momento de ia siembra se fertilizd con
1 000 kg/ha de la [ormula 10-30-10. A los 27 dias
después de la siembra y luego em tres ocasiones
adicionales, se aplicé abono foliar de [drmula 10-4-
7-2 en dosis de 1 kg/ha. En el momento de la aporca,
es decir 49 dias después de la siembra, se aplicé
al suelo la {ormula 10-30-10, a razdn de 500 kg/ha.

Lus malezas se controlaron mediante dos aplica-
ciones de herbicidas. En el momento de la siembra
se usé Dowpon M (84 5% polvo soluble) a razdn de
13 kp/ha y 15 dias después se aplicd Afalon (50% pol-
vo mojabie) a razdn de 2 kg/ha

Muestreo

A los 44 dias después de la siembra se tomaron
fus primeras muestras de follaje. El muestreo se con-
tinud durante toda la vida del cultivo vy en las fechas
que se muestran en los Cuadros 1y 2 en el sueloy
foilaje respectivamente 5S¢ recolectaron muestras
inclusive el tltimo dia de la cosecha {25 de enero
de 1978) Las muestras se empacaron en bolsas de
polictiteno y se guardaron en congelacion a 15°C
bajo cero. Los andlisis quimicos de residuos se efec-
tuaron dentro de los 15 dias siguientes al mues-
treo



DIEZ, CONSTENLA: RESIDUOS, DEGRADACION Y PERSISTENCIA DE MANERB 49

Para dar tiempo al desarrolio de los tubérculos,
las primeras muestras se tomaren a fos 66 dias des-
puds de la siembra. Al igual que el follaje, lus mues-
tras de patatas se mantuvieron en congelacidn (a
—~15°C) hasta el momento en que fueron sometidas
al andlisis quimico.

{as muestras de suelo fueron tomadas a una pro-
fundidad de 0 a 10 cm y se secaron al aire a tem-
peratura ambiente. En total se tomaron 96 mues-
tras de follaje, 90 de tubérculo y 90 de suelo.

Cosecha comereial

El agricultor efectud ia cosecha comercial en los
diss comprendidos entre el 23 y 25 de enero de
1978, 107 a 109 dras después de sembrado el cultivo

Método de andlisis

Los residuos del fungicide maneb se determina-
ron por el método modificado de formulacidn de
disutfuro de carbono descrito por Keppel (11). Por
medio de este método los residuos de maneb se des-
componen directumente en fa muesira, por calenta-
mierito en medio dcido. El disulfuro de carbono que
se forma se pasa & través de uns torre de limpieza v
hiego es absorbido en otra torre por el reactivo de
Viles con el cual forma el complejo de cobre del
N,N-bis-( 2-hidroxictil ditiocarbamato. Este complejo
produce un color amarillo cuya sbsorbancia se cuan-
tifica 1 435 nm

Curvas patron

Se determinaron cuyvas de calibracion para tres
diferentes dmbitos de concentraciones: 0-240ug,
300-500ug vy 600-1 000ug de maneb Se utilizd
un éstandar analitico propoercionado por El. Du
Pont de Nemours & Co. (Inc ), USA

Estudio de recuperacion

Se evalud el método analitico utilizando alicuotas
de 1, 5, 10 ¥ 25 ml de una disolucidon de 1 ug/ml de
maneb y alicuotasde I, 2, 3 vy 4 ml de una disolucion
de 100 ug/ml de maneb Cada una de las alicuotas se
mezclaron con 100 g de tubéreulo libre de residuos y
se procedio a efectuar el sndlisis de maneb. Los resul-
tados se encuentran en e} Cuadro 3.

Estudio de degradacion del maneb en el suelo

Se pesd 2.5 kg de suelo (areno-limoso) seco y
pasado por una criba de 20 matias. El suelo se analizd
previamente y se encontrd libre de residuos. Por el

método de dilucidn se incorporaron 100 ppm de
maneb. El suelo tratado se mantuvo a lz intemperie
durante tres meses. Se tomaron once muestras que
se analizaron segin el método para residuos de maneb
anteriormente descrito.

Estudio de la degradacion del maneb en el fubérculo

Se inyectaron una serie de tubérculos con
100 ppm de maneb cada uno. Se guardaron en un
lugar fresco y oscuro por espacio de 30 dias. Los
dias 1, 2, 4, 13, 28 vy 30 se tomaron muestras y se
anatizaron por el procedimiento ya mencionado

Degradacion fotoquimica del maneb

Una suspensién de 500 mg de maneb en 300 ml de
agun destilada, libre de oxigeno, se irradié por medio
de una ldmpara de inmersion Phillips de 125 W duran-
te una hora. Durante todo el experimento se hizo pa-
sar una ligera corriente de nitrogeno libre de oxigeno.

Andlisis quimico y fisico de los suelos

Para determinar el pH se utilizd un potenciometro
Coleman 28 C, segin el método propuesto por
Tackson (10). El contenido de materia orgdnica se
analizd por el método descrito por Walkley y Black
(17). Los porcentajes de arena, limo y arcilla se deter-
minaron por el método combinado del hidrometro
y tamizado, originalmente propuesto por Bouyucos
(1) y adaptado por Forsythe (8).

Resultados y discusion
Residuos de maneb en fos suelos

Como se puede ver en ef Cuadro 1, los residuos de
maneb en los suelos son altos. La cantidad mixima
encontrada fue de 14 ppm y la minima de 0.8 ppm.
Como las aplicaciones se hacen directamente sobre ¢l
follaje, los residuos encontrados en los suelos se de-
ben a arrastres por las Huvias v 2 otros factores

Después de [z dltima aspersién los promedios de
los residuos encontrados son: Zona A = 2.3 ppm;
Zona B = 2.9 ppm; Zona C = 39 ppm . Las diferen-
cias se deben posiblemente a la topografiz del terre-
no. La Zona A estd situada mds en alto, luego sigue
la Zona B. La Zona C es la mas baja de la parcela y
hacia ella corren las aguas de drenaje de las otras
zonas,

Residuos de maneb en el follaje

En el Cuadro 2 se muestran los resultados de los
estudios de residuos y de acumulacién en el follaje.
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Cuadro 1. Residuos de maneb en los suelos,

Fecha de muestreo Zona A {(ppm) Zona B {ppm) Zona C (ppm)
13.32.77 - - -
14.12.717 26 39 6.7
151277 1.7 47 4.4
1612.71 1.1 5.6 22
1912711 54 1.5 4 0
012717 81 3.0 50
211297 34 16 it
221277 1.8 EN 5.7
23,1277 4.6 129 3.5
24,1277 6.4 52 74
26,1277 32 32 4.5
271207 14 41 21
281277 36 4.7 9.7
43.01.78 2.0 4.0 14
04.01.78 60 23 108
060178 53 7.1 59
080178 37 0.8 38
09.01.78 10 29 14.0
10.01.78 L9 11 4.7
11.01.78 2.0 31 29
13.01.78 2.0 41 4.7
140178 2.3 1.1 10.9
16.01.78 2.8 1.6 30
17.01.78 11 2.9 31
180178 1.1 2.2 4.2
1901.78 15 44 37
2001.78 18 17 45
23.01.78 2.5 4 1 37
2401.78 1.6 32 3.5
250178 1.1 18 2.3

Aunque el follaje varia en cantidad con el crecimien-
to de la planta, éste recibe directamente el fungicida,
por esta razén ef dia de la aplicacion y 2 a 3 dias
después la cantidad de residuos de maneb es mds
alta. A partir de la dltima aspersién se observa una
lenta disminucion de los residuos. El valor mdximo
de residuos de maneb observado en el follaje fue de
492 ppm y el minimo fue de 22 ppm.

Residuos de maneb en los tubérculos

Los residuos de maneb en los tubéreulos son bajos,
la mayoria son inferiores al limite de tolerancia acep-
tado que es de 0.1 ppm (7) El promedio para las
treinta muestras de tubérculos tomadas durante toda
la vida del cultivo es para cada Zona: 0.07 ppm para
la Zona A, 0.07 ppm para ln Zona B y 0.08 ppm para
fa Zona C. Se obtienen residuos mayores en los tu-
bérculos de 2 a 6 dias después de las aspersiones (en
promedio 0.13 ppm en las Zonas Ay B, 0.14 ppm en
fa Zona C). Esto dltimo sugiere una translocacion del

maneb hacia el tubéreulo en ese periodo de tiempo
que sigue al momento de las aspersiones.

Estudio de recuperacidon

Como se muestra en el Cuadro 3 los resultados
de recuperacién prueban que el método analitico
usado logra detectar entre el 82 y el 99% de los
residuos presentes en los tubéreulos.

Degradacion del maneb en el suelo

La degradacion del maneb en el suelo en estudio
sigue una cinética de primer orden como se puede
ver en la Figura 1. Segiin los resultados obtenidos,
el maneb tiene uma vida media (t;; ) de 10.6 dias
en el suelo. Este resultado concuerda con lo en-
contrado por lley y Fiskell (9) para la deprada-
cidn del zineb en suelos,
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Cuadro 2. Residuos de maneb en follaje de patatas.

Fecha de muestreo Zona A (ppm) Zona B {ppm) Zona C (ppm)
211177 29 79 77
27.11.77 81 61 162
141217 350 436 447
1512717 336 430 242
16.12.77 91 303 157
19.12.17 303 335 350
01277 300 349 492
231277 130 420 400
221277 473 444 444
23,1277 428 431 428
24.12.77 444 447 425
26.12.77 320 3114 208
271277 190 363 343
281277 227 432 437
03.01.78 221 428 357
040878 389 130 in
06.01.78 130 273 20
08.01.78 376 316 304
04901.78 159 259 390
100178 283 233 134
11.01.78 155 203 146
13.01.78 142 106 314
140178 158 1i2 286
16.01.78 104 195 205
1701.78 133 99 48
180178 145 126 172
19.01.78 83 363 155
200178 40 168 104
23.01.78% 31 87 110
24 .01.78% 52 100 70
25.01.78% 22 85 60

*  Muestras de ka cosecha comercial.

Cuadro 3. Recuperacién del maneb por el método de evolucion de disulfuro de carbono, en patatas.

Muestra Microgramos de maneb Microgramos de maneb % de Recuperacién
afindidos recobrados
1 460 0 366.0 92
2 3000 2700 90
3 2000 1680 84
4 1000 990 99
5 350 205 82
6 100 94 94
7 50 4.5 90
8 10 09 90
Respecto a la acumulacion del maneb en el suelo, y la rdpida degradacion del maneb, es dificil que me-
se concluye que tomando en cuenta los residuos dizndo 2 a 3 meses de descanso entre cultivos, este
midximos y minimos encontrados (14 y 0.8 ppm) fungicida se acumule de una cosecha a otra.
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Fig 1 Relacién de primer orden para la descomposicion
del maneb en el suelo. Logaritmo natural de la con-
centracion en funcidn del tiempo (dias)

Estudio de la degradacién del maneb en el tubéreulo

Los resultados indican para el maneb una vida
media (t,/' ) de solamente 5.2 horas en el tubédrculo,
Esta vida media tan corta en el tubérculo puede su-
gerir dudas sobre el grado de cardcter no sistémico del
fungicida. Entre los productos de descomposicion
se encuentran la etilendiamina y la etilentiourea.
Estos productos pueden formar N-nitrosaminas por
interaccién con los nitritos presentes (4, 12). Las
nitrosaminas son productos potencialmente peli-
prosos para la salud (3, 13, 14)

Degradacion fotoquimica del maneb

El estudio de la catdlisis fotoguimica en la degra-
dacién del maneb, demostré que la irradiacion de las
suspensiones de maneh, con luz de hasta 300 nm de
longitud de onda, produce su répida descomposicidn.
Aproximadamente en ¢l término de una hora todo el
maneb en suspensidn se descompone.

Se pudieron identificar dos productos principales
de su descomposicién: el disulfuro de carbono (me-
diante el reactivo de Viles) y la etilendiamina (por
medio de su espectro infrarojo). No se produce suffu-
ro de hidrégeno (H,S) La descomposicién foto-
quimica del maneb que recubre el follaje debe seguir
el mismo camino. La etilendiamina formada puede
producir por reacciones de nitrosacion, N-nitrosami-
nas potencialmente peligrosas (12).

Resumen

Se analizaron por el método de produccién de di-
sulfuro de carbono, los residuos del fungicida maneb
en muestras de tubéreulo, suelo y follaje de un cul-
tivo de patatas situado en Llano Grande de Cartago,
Costa Rica,

En el tubérculo la cantidad méaxima de residuos
encontrada fue de 0.25 ppm y It minima de
0.01 ppm. En el suelo la cantidad mdximz encontra-
da fue de 14 ppm y la minima de 0.8 ppm. En el
follaje se observé un miximo de 492 ppm y un mi-
nimo de 22 ppm

Se Hevd a cabo un estudic de degradacion del ma-
neb en el suelo en condiciones semejantes a las nata-
rales. La cinética de la degradacidn sipuid una reac-
cidon de primer orden. El maneb en el suelo en estudio
presenta una vida media de 10.6 dias.

El estudio de la depradacién del maneb en el tu-
bérculo dio como resultado una vida media del fun-
gicida de solamente 52 horas La degradacion foto-
quimica del maneb dio como resultado la formacidn
de disulfuro de carbono vy etilendiamina, principal-
mente. Se observd que la luz ultravioleta degrada
ripidamente ¢l maneb.

Se evaiué el método analitico usado para la deter-
minacion de los residuos de maneb. Se obtuvieron
porcentajes de recuperacion entre el 82 y el 99%
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Resena de libros

ROYCHOWDHURY, M. L. et « Laterization
Processes. A. A, BALKEMA. Rotterdam,
The Netherlands. 1981. 450 p. {(} 48.50).

El Programa Internacional de Correlacién en Geo-
logia organizé en Trivandrum, India en 1979 un
Seminario sobre Procesos de Laterizacion. De los 82
trabajos presentados en la reunidn, 51 fueron selec-
cionados y publicados en este volumen, 25 de los
cuales representan cuatro continentes y 26 [ueron
contribuciones de la India. El hecho de que mis del
50% de los trabajos representen estudios con late-
ritas de la India hace que Ia informacidn tenga un
sesgo que el lector debe tener en cuenta

Los topicos tratados en el texto son muy variados,
cubriendo aspectos de geomorfologia y génesis de
lateritas, su distribucién en el espacio y el tiempo,
geoquimica, geofisica, téenica de explotacién, mues-
treo y andlisis y la relacidn entre las lateritas y la agri-
cultura, geohidrologia y geotectonica

La mayoria de los trabajos se relacionan con aspec-
tos geoldgicos de las lateritas, de manera que especia-
listas en pedologia o ingenieria aplicads no encontra-
rén en este volumen informacion relevante a sus
campos de frabajo. Por el contrario, desde el punto de
vista geoldgico, el libro constituye una obra de refe-
renciz invaluable.

El texto incluye gran cantidad de datos; cabe men-
cionar que el concepto tradicional del andlisis total
se ve reforzado con el uso del microscopio elecirdni-
co, andlisis térmico diferencial, rayos X, etc, presen-
tdndose datos que podrin servir como patrdn de com-
paracion en estudios futuros. Las deseripeiones micro-
morfologicas logradas con el microscopio electronico
de barrido aclaran varios de los pasos genéticos entre
fases minerales de las lateritas.

La edicion del libro es excelente, no asi la impre-
sion, considerando lo variado de las escuelas represen-
tadas en este Seminario. Debe felicitarse al equipo
de editores, quienes en un lapso relativamente corto,
lograron sacar @ Ia luz un texto que debe formar
parte de las colecciones geologicas de todas las biblio-
tecas, en especial en regiones tropicales. El libro pue-
de ser adquirido escribiendo a A. A Balkema, P. O.
Box 1675, Rotterdam, Netherlands.

ALFREDO ALVARADO
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



ATIVIDADE REPRODUTIVA DE TRES CULTIVARES DE SOJA, POR SECCAO DA

PLANTA E ESTADIOS DE DESENVOLVIMENTO!/

ENIO MARCHEZAN*
JOSE ANTONIO COSTA**

Caracterization of the reproductive activity of sovbean cultivars Planalto, Br-4
and Sulina, was performed by node, borh for the main stem and branches. Condition
for high yield was provided. This field experiment was conducted at the Estagio Expe-
rimental Agrondémica da Universidade Federal do Rio Grande do Sul, during 1980/81
The medium part contributed, approximately, with 30% of the flowers and pods pro-
duced and fixed About 50% of the reproductive siructures produced by the branches
were on those located at the lower part of the main stem, and the other half on
branches originated on the medium section of the plant. On the average, the time dur-
ing which the reproductive structures were produced was of 53 days (from RI unil
the beginning of R6) About 50% of the flowers were produced during the first two
weeks of flowering The rate of flower production picked up between days seventh
and tenth after the beginning of the flowering period.

Introdugio

uma parcela maior do potencial reprodutivo da

soja requer o conhecimento da distribuigfio do
surgimento de flores e legumes no perfil da planta e
ao longo do periodo reprodutivo. O éxite de seu em-
prego estd nao dependéncia do momento oportuno de
sua aplicagio e do potencial de resposta do gendtipo.
A idade fisiologica em que a planta concentra a pro-
ducfo de estruturas reprodutivas identifica os perfo-
dos criticos ou de maior potencial. Wiebold et ol {11)

A utiiizacic de tecnologia que objetive explorar

1 Recebido para publicagiio em 15 junho, 1982,
Parte do trabatho de tese do primeiro autor, apresentado 4
FA/UFRGS para a obtencio do titulo de Mestre cm
Agronomis. Frabalho parcialmente {inanciado pela
FAPERGS, CNPq, EMBRAPA ¢ PROPIESP da UFRGS

* Eng® Apr?, M.Sc, Prof. Assistente do Departamenio de
filotecnia - Centro de Ciéncias Rurais da UFSM, CIEP
9 700, Santa Maria RS

t Eng® Agr?, Ph D, Prol’ Adjunto do Departumento de T
totecnia da Faculdade de Agronomia — UFRGS, bolsista
do CNPq, Cx. Postal 776, CEP 90 000, Porte Alegre-RS

constataram que a produgiio e fixagdo de flores e le-
gumes estd relacionada com a localizagdo dos nods na
comunidade de plantas. Utilizando cultivares de hdbi-
to de crescimento determinado, dividiram a planta em
trés secgBes de acordo com o mimero de nds no caule
e verificaram que 48% das flores surgiram nos nos da
secgfio média da planta, 38% na secgdo superior e
14% na inferior. Dos legumes {ixados, 40% encontra-
vam-se na secgfo média, 53% na superior e apenas
7% nos nos da secgio basal da planta. O pequeno ni-
mero de legumes fixados na secgdo inferior foi atri-
buide ac menor nimero de flores por nd e a gueda
prematura de fothas nessa regido.

Domingues e Mume (5) observaram gque a contri-
buigio das diferentes seccdes da planta para o rendi-
mento, varia conforme o hdbito de crescimento das
cultivares. Naquelas de hdbito determinado, a secgio
superior da planta contribuiu mais para o rendimento
do que a parte basal, enquanto nos gendtipos de hidbi-
to indeterminado a secgdo inferior contribuiu mais
que a superior. O baixo rendimento dos nds superio-
res foi atribuido a0 pequeno ndmero de grios por néd
e a menor duragio do periodo de enchimento, resui-
tando em grios de menor tamanho (5, 10).

Turrialba Vol 33, No. 1, 1983, pp. 55-60
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Em cultivares de hdbito de crescimento indetermi-
nado (7) foi verificado, na cultivar Hark, que o no ni-
mero oito, contado a partir da base da planta, foio de
maior atividade reprodutiva, sendo que Hawkeye
exibiu a maior produgio de flores e legumes no déci-
mo né, o que corresponde acs nds inferiores da seca-
¢io média da planta. Os autores sugerem que este
comportamento estd relacionado & arquitetura da
planta, permitindo maior penetragio de luz na culti-
var Hark do que na Hawkeye.

O surgimento de flores e legumes estd associado ao
~iclo da cultivar e a disponibilidade hidrica durante o
ciclo (7). Hark, de ciclo curto, atingiu a maior taxa de
surgimento de flores aos 6] dias apds a emergéncia,
enquanto Hawkeye, cultivar de maior ciclo, alcangou
esta mesma situacdo aos 71 dias. O mdximo surgimen-
to de legumes na cultivar precoce ocorreu aos 72 dias,
e na Hawkeye aos 93 dias. O intervalo de tempo enire
o aparecimento da primeira flor e o surgimento do
primeiro legume foi de 9 a 14 dias, para as cultivares
Hark e Hawkeye, respectivamente.

A participacfio dos ramos no rendimento, é fun-
¢io das condicBes de manejo e do hdbite de cresci-
mento do gendtipo. Beurlein er af (2) e Adams (1)
preconizam que a arquitectura de planta mais eficien-
te para rendimento de grios deve apresentar o caule
desprovido de ramos, entretanto outros autores (8, 9)
demonstraram a importdncia da contribuicio dos ra-
mos tanto em cultivares de hdbito determinado como
indeterminado. Embora as cultivares de hdbito de-
terminado tivessem 33% mais ramos do que as de hi-
bito indeterminade, nic houve diferencas quanto ao
nimero de nds por ramo, indicando que hd compen-
saciio entre o numerc de ramos ¢ o nimero de nés
por ramo. A irrigacio elevou a contribuicio dos ra-
mos, sendo que a participacio do caule foi pouco al-
terada. Este acréscimo ocorreu, possivelmente pelo
aumento do tamanho e/ou maior eficiéncia dos ramos
no produgio de grios, uma vez que nfo foi constata-
do maior nitmero de ramos (8).

Este experimento objetivou caracterizar a ativida-
de reprodutiva no perfil da planta de soja e a distri-
buigiio do surgimento dessas estruturas ao longo dos
estddios de desenvolvimento. Esas informactes pode-
rio ser uteis 4 aplicagiio de técnicas de manejo para
viabilizagfo de uma parcela maijor do potencial de
produgdo de {lores e legumes.

Material e métodos

( experimento foi conduzido na Estacio Experi-
mental Agrondmica da Universidade Federal do Rio
Grande do Sul, municipio de Guaiba, RS. O solo per-
tence a unidade de mapeamento S#o Jerénimo, classi-
ficado por Brasil (3) como Lateritico Bruno Aver-

melhado Distrofico. Segundo a mesma publicagdo, o
clima caracteriza-se como subtropical dmide,

O delineamento experimental utilizado foi de blo-
cos casualizados com frés repeticBes, ¢ as cultivares de
soja, de hdbito de crescimento determinado, Planalto,
Br4 e Sulina, os tratamentos aplicados 3s unidades
experimentais, As parcelas eram constituidas de oito
linhas espacadas de 0.50 metros, com seis metros de
comprimento. Os resubtados contidos neste trabalho
sdo provenjentes de observagfes realizadas em cinco
plantas por parcela, previamente marcadas, nas unida-
des experimentais acima caracterizadas, pertencentes
a outro experimento.

A aplicagio de corretivo e fertilizantes foi efetuada
segundo recomendagio da andlise de solo. A semea-
dura foi efetuada no dia 19 de novembro de 1981,
com semeadeira de uma linha regujada para colocar
45 a 50 sementes por metro, inoculadas e {ratadas
com captan-moly, da dose recomendada pelo fabri-
cante. No estadio de desenvolvimento V4, segundo es-
cala proposta por Felu e Caviness (6}, executou-se o
desbaste deixando-se, em média, 20 plantas por metro
linear. Ainda nesse estdio fol escothida, em cada par-
cela, uma seccio de linha que contivesse cinco plantas
espacadas de, aproximadamente, cinco centimetros.
Fssas plantas constituiran a amostra na qual foram
feitas as determinagfes, nfio tendo ocorrido dano visi-
vel em nenhuma delas.

As plantas daninhas foram controladas com aplica-
¢do dos herbicidas trifluralina, em pré-semeadura in-
corporado ¢ bentazon, em pos-emergéncia, quando as
invasoras haviam desenvolvido de quatro a cinco
folhas e a soja estava no estddio V4. No controle de
pragas foram empregados inseticidas 4 base de en-
dossulfan e clorpirifos. Iniciando no estidio R3, ain-
tervalos de aproximadamente 10 dias, aplicavase o
fungicida benomil, com a finalidade de minimizar os
efeitos das doengas flingicas,

No florescimento foram coletadas folhas de plan-
tas da parcela para andlise de tecidos. Para avaliagio
de umidade do solo utilizou-se quatro tensidmetros,
instalados dois em cada profundidade de 30 e 60 cen-
timetros. A partir do inicio do florescimento, sempre
que a tensfio de umidade do solo atingiaz 0.6 bares,
fornecia-se dgua através de irrigacio por aspersio.

A caracterizagfio da atividade reprodutiva das cul-
tivares foi realizada em cada nd, tanto no caule como
nos ramos. Convencionou-se chamar de “planta total”
ao somatorio dos valores obtidos no caule ¢ nos ra-
mos. Na planta total, as estrutras reprodutivas dos ra-
mos foram adicionadas ac nd do caule que lhe deu
origem. A divisio da planta em trés secgfes foi reali-
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zada segundo o mimero de nds do caule, iniciando a
partir do n6 das folhas unifolioladas. Todas as secgBes
da planta estiio constituidas de seis nds do caule, exce-
to a seccfio superior das cultivares Br-4 e Sulina, que
possuem sete nds. Considerou-se como ramo a estru-
tura que possuisse no minimo um nd, caracterizado
pela presenca de folha.

O intervalo de {empo enire duas contagens sucessi-
vas de flores e de legumes foi de trés e quatro dias, al-
ternadamente. A diferenca de um dia no intervalo das
observactes niio foi tomado como medida técnica,
mas como a solucfo mais econdmica em vista da dis-
tdncia do local no experimento.

A flor era contada no momento em que as pétalas
excediam o comprimento do cilice, tornando-se visi-
veis e o legume, quando ulirapassava as pétalas (nesta
ocasifo jd secas) da flor que lhe deu origem, apresen-
tando cerca de 0.5 cm de comprimento

O numero de “flores produzidas™ ¢ “legumes pro-
duzidos™ foi obtido pelo somatorio dos valores regis-
trados em cada observagdio. A dilerenga entre o ni-
mero de flores e o ndmero de legumes produzidos ori-
ginou o nimero de “flores abortadas”. A “abcisio de
legumes” foi obtida pela diferenca entre legumes pro-
duzidos e legumes presentes no estidio R8. O legume,
para efeito de contagem nesse estddio, deveria conter,
no minimo um girfo. Denominou-se de “flores fixa-
das” dquelas que se translormaram em legumes, en-
quanto a “fixagdo de legumes” referiu-se dqueles pre-
sentes no estddio R8. A “fixacfio total”, expressa em
percentagem, refaciona o numero de legumes encon-

trados na planta, no estddio RE, ao nimero de flores
produzidas.

Resultados e discussio

O rendimento obtido, de 4 300 kg/ha, na média
das trés cultivares, sugere que foi atingida a condico
de alto nivel de manejo, proposta inicial deste tra-
balho.

Quadros 1, 2 e 3 contém a distribuicfo das estru-
turas reprodutivas por secgfo da planta, nas trés culti-
vares. Na planta toial, o tergo médio contribuiu com
cerca de 509 das fores e legumes produzidos e fixa-
dos. Wicbold et al {11} encontraram resultados se-
methantes em cultivares de hdbito de crescimento
determinado, atribuindo-os aos ramos de pequeno ta-
manho surgidos nesse ter¢o e que provavelmente tin-
ham excelente intercepgio de luz.

Os nds da regifio média da planta, que apresenta-
ram maior produgio e {ixagdo de flores e legumes, re-
gistraram {ambém malor aborto efou queda de legu-
mes, porém, proporcionalmente menor do que os ou-
tros nds, o que resultou em mais legumes fixados. O
elevado nimero de flores e legumes surgidos nos nos
da regifio média da planta, associado a maior probabi-
lidade de fixagdo de legumes, sugere que esses nds
possuem maior potencial a ser explorado.

Exceto para a cultivar Sulina, onde as secces su-
perior e inferior tiveram contribuigSes similares, nas
cultivares Planalto e Br-4 o terco superior da planta
apresentou a menor participagiio. O pequeno ndumero

Quadro 1. Contribuicio, em nimero absolito e percentagem, das secgdes inferfor, média e superior da planta para o surgimento ¢ fixa-
¢ao de flores e legumes no caule, nos rameos e na planta total da cultivar Planalto. EEA da FAJUFRGS, Guarba-RS, 1980/81.

Secedo inferior Seceiio média Secgio superior

Estadio Estrutura Ne S N© % Ne % NO %
Planta total 204 100 39 39 107 52 38 19
Flores produzidas Caule 95 47 4 4 53 56 38 40
Ramos 1G9 33 55 50 54 50 - -
Planta total 94 HEY 32 34 51 54 11 12
Lepumes produzidos Caule 35 37 2 6 22 63 1
Ramos 59 63 30 51 39 49 - -
Planta total 28 140 9 32 15 54 4 i4
Eegumes fixados Caule 13 46 1 8 8 61 4 31
Ramos 15 54 8 53 7 47 . -

Secgdo inferior — compreende os 1ds de | a 6 do caule
Secgio média — compreende os nds de 7a 12 do caule
Secgdo superior — compreende os nos de 13 a 19 do caule
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Quadro 2. antribuigﬁo, em nimero absoluto e pereentagem, das secgGes inferior, média e superior da planta para o surgimento e fixa-
¢2o de flores e legumes no caule, nos ramos e na planta total da cultivar Br-4. EEA da FA/UGRGS, Guaiba-RS, 1980/81.

Total Secefio inferior Secgiio média Secgio superior
Estadio Estrutura NO % NO b NO % NG 2
Planta fotal 205 100 76 37 98 48 3 15
Flores produzidas Cawde s 37 10 13 34 46 31 41
Ramos 130 63 66 51 64 49 - -
Planta total 160 100 42 42 50 50 8 8
Legumes produzidos Caule 29 29 7 24 14 48 8 28
Ramos 71 71 35 49 36 51 - -
Planta total 36 100 15 42 18 59 3 8
Legumes fizados Caule 12 32 3 35 6 50 3 25
Ramos 24 68 12 50 12 50 - .

Secgdo inferior — compreende os nds de | 4 6 do caule,
Secgio média — compreende os nds de 7a 12 do caule.
Secgo superior — compreende o5 nas de 13 2 18 do caule.

Quadro 3. Contribuigfio, em mimero absoluto e percentagem, das seccdes inferior, média e superior da planta para o surgimento ¢ fixa-
¢io de flores e legumes no caule, nos ramos e na planta total da cultivar Sulina, EEA da FAJUFRGS, Guaiba-RS, 1980/81.

Total Secgiio inferior Seccan média Secgdo superior

Estadio Estrutura NO Y% N¢ % Ne % NQ %

Planta totai 187 4] 43 23 95 51 49 26
Flares produzidas Caule 24 45 4 5 31 37 49 58

Ramos 103 35 39 38 64 62 - -

Planta total il 00 15 3 57 53 29 26
Lepumes produzidos Caule 44 39 2 4 13 30 29 66

Ramos 67 61 23 34 44 66 -

Planta total 35 100 8 23 2% 60 6 17
Lopumes fixados Caule 10 29 1 10 3 30 6 60

Ramos 25 71 7 28 18 12 - -

Seccio inferior — compreende o3 nos de 1 2 6 do caule,
Secgdo média — compreende os nds de 7a 12 do cauie.
Seccio superior — compreende 05 nos de 13 a 18 do caule

de legumes fixados nessa regifio pode ser atribuido a
menor produgio de flores e legumes, porgue nio suz-
giram ramos nessa secgfo e os percentuais de fixaglo
foram semelhantes aos outros nds da planta. Porém,
nio foi encontrada explicagio fisiolégica para a baixa
percentagem de fixacdo de legumes, uma vez que essa
regifio da planta seria a de maior potencial de fixagfo
em fungio da radiacdo solar disponivel

A maior participagio da seecio inferior das culti-
vares Planalto e Br4 em relagiio a parte superior,
possivelmente esteja associada ao desenvolvimento
dos ramos, possibilitando que atingissem extratos su-
periores da comunidade de plantas onde havia maior
disponibilidade de radiagio solar. Na cultivar Br4, é
possivel que a arquitetura da planta tenha favorecido
maior penetragio de luz, pois a secgdo inferior do
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pressiva. Estas constata¢Ses concordam com afirma-
cOes de Weil e Ohlrogge (10) e de Hansen e Shibles
(7), de que a atividade reprodutiva no perfil da plan-
ta depende do gendtipo e de fatores ambientais que
influenciam a penetra¢do de luz aos extratos inferio-
res das plantas.

Nos ramos, cerca da metade das estruturas repro-
dutivas produzidas e fixadas pertenciam aqueles que
surgiram nos nds da secgfo inferior do caule. Os ou-
tros 50% estavam nos ramos provenientes dos nés da
sec¢do média da planta, exceto para a cultivar Sulina,
onde aproximadamente dois tercos das flores e legu-
mes faziam parte dos ramos da sec¢do média.

Os dados da distribui¢do do surgimento de flores e
legumes ao longo do tempo de observacdo e dos estd-
dios de desenvolvimento, encontram-se nas Figuras 1,
2 e 3. A duragio média do periodo de surgimento de
estruturas reprodutivas foi de 53 dias (do estddio R1
ao inicio de R6). A distribuicdo do aparecimento
dessas estruturas ao longo do tempo mostrou compor-
tamento semelhante dos gendtipos. Cerca de 50%das
flores surgiram nos 14 dias iniciais do florescimento
que foj de 38 dias para a cultivar Planalto e 49 dias
para Br-4 e Sulina. A diferenca de 11 dias, cerca de
20% do periodo de florescimento, verificada entre a
duragdo desse periodo na cultivar Planalto com Br-4 e
Sulina, sugere a possibilidade de haver variabilidade
genética para essa caracteristica. Domingues e Hume
(5) registraram amplitude de variagdo desse periodo
de 17 e 26 dias. Produgio de flores por periodo de
tempo mais longo pode representar ndo s6 maiores
rendimentos, mas também maior estabilidade, pois
novas estruturas poderdo surgir se ocorrerem condi¢d-
es adversas.

Relacionando o aparecimento de flores com a ida-
de fisioldgica da planta, Planalto, Br-4 e Sulina produ-
ziram, respectivamente, 74, 59 e 52% de suas flores
até o inicio do estddio R3. A distribuicdo do apareci-
mento de flores através dos estadios de desenvolvi-
mento esteve relacionada ao ciclo da cultivar, como
foi constatado por Hansen e Shibles (7). Mais da me-
tade das flores foram produzidas até o inicio do estd-
dio R3, com a cultivar Planalto apresentando acima
de dois tergos nessa ocasifo. Isso mostra que a aplica-
¢do de tecnologia visando influenciar a atividade de fi-
xacdo de flores, deve considerar o comportamento re-
produtivo de cada cultivar. Planalto, por exemplo,
havia produzido cerca de 75% das flores ao atingir o
estadio R3. A utilizagdo da técnica apds esse estidio
estddio estard comprometendo os resultados. Por ou-
tro lado, hd um momento no qual ocorre a maior ati-
vidade de produgdo de flores, que para as cultivares
estudadas situou-se entre o sétimo e o décimo dia
apods o inicio do florescimento.
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Fig. 1. Distribuicdo, através das datas de observagdo e dos
estiadios de desenvolvimento, do surgimento das
estruturas reprodutivas na planta total da cultivar
Planalto. EEA da FA/UFRGS, Guaiba, RS, 1980/81.
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Fig. 2. Distribui¢do, através das datas de observagdo e dos
estadios de desenvolvimento, do surgimento das
estruturas reprodutivas na planta total da cultivar
Br-4. EEA da FA/UFRGS, Guaiba, RS, 1980/81.

Em relagdo a produgfo de flores, este é o periodo
critico e/ou de maior potencial reprodutivo. Assim, a
distribui¢do do surgimento de flores e legumes pode
ser tdo importante quanto a duragfo desse periodo.

O lapso de tempo entre o surgimento da primeira
flor e do primeiro legume (tamanho igual a 0.5 cm)
foi de 14, 18 e 13 dias, respectivamente, para as culti-
vares Planalto, Br-4 e Sulina. O maior ntimero de dias
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Fig. 3. Distribui¢do, através das datas de observagio e dos
estadios de desenvolvimento, do surgimento das
estruturas reprodutivas na planta total da cultivar

Sulina. EEA da FA/UFRGS, Guaiba, RS, 1980/81.

constatado para a cultivar Br-4 possivelmente esteja
relacionado ao acamamento, em grau médio, experi-
mentado por essa cultivar no inicio do florescimento,
resultando em queda das estruturas presentes na oca-
sifo, aumentando o tempo entre os dois eventos.
Cooper (4) explica a influéncia do acamamento sobre
o desempenho reprodutivo da planta, através da redu-
¢do da atividade fotosintética da comunidade de
plantas submetidas a este tratamento.

Resumo

A caracterizagdo da atividade reprodutiva das culti-
vares de soja Planalto, Br-4 e Sulina, por né, do caule
e dos ramos, foi efetuada em condig¢Ses de manejo pa-
ra alto rendimento. O trabalho foi conduzido a cam-
po na Estagdo Experimental Agrondmica da Universi-
dade Federal do Rio Grande do Sul, durante o ano
agricola de 1980/81. Na planta total, o tergo médio
contribuiu com, aproximadamente, 50% das flores e
legumes produzidos e fixados. Nos ramos, cerca de
50% das estruturas reprodutivas pertenciam aqueles
que surgiram nos nds da sec¢do inferior do caule, € os
outros 50% estavam nos ramos da sec¢do média da
planta, exceto para a cultivar Sulina que produziu
mais nos ramos do ter¢o médio. A duragdo do perio-
do de surgimento de flores e legumes foi de 53 dias
(do estddio R1 até o inicio de R6). A metade das flo-
res surgiram, aproximadamente, nas duas semanas ini-
ciais, sendo que a maior taxa ocorreu entre o sétimo e
o décimo dia ap6s o inicio da floragdo.
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NUTRITIONAL VALUE OF PROTEIN AND OIL IN RUBBER SEED
(Hevea brasilensisy!
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Resumen

La produccion de hule de Hevea brasilensis estd aumentando en Centroamérica.
Lsto significa wuna mayvor disponibilidad de semilla, que por el momeinio se usa en can-
tidades limitadas. Lste trabajo presenta informacion quuonica y biologica sobre el po-
tencial nutritivo de la yemilla en alimentacion animal. La semifla cruda y seca contiene
17 6% de proteinag v 36 7% de aceite crudo. El contenido de todos los aminodcidos
esenciales en la proteina es adecuado excepto en el caso de la lisina, dato confirmado
en ensayos con animales de laboratorio. El proceso de coccion por extrusion se tradujo en
un meforantiento de la calidad de la proteing y es una forma efectiva de eliminar el
HCN de la semilla. El aceire tiene un contenido alto de deidos grasos CI18:2 con una di-
gestibilidad de 84% crudo, que aumenta a 93% cuando se calienta. Sin embargo, los va-
lores son inferiores a los de la digestibilicdad del aceite de algodon Los resulrados del
estudio indican que la seniilla del drbol de hulde tiene potencial en mutricion animal y

E.BRAHAM?*,
I ZUNIGA***

en la industria del aceite.

Introduction

uses for the seed of the rubber tree (Hevea brasi-

lensis), whose production s increasing in
Centrzl America. According to local statistics, 10 342
ha of land were planted with 4 292 621 treesin 1972
in Guatemala (5, 17). On the basis of sbout 5 kg of
seed per tree, the potentinl availability of seed is in
the neighborhood of 21 463 metric {ons.

I n recent years there has been an interest to find

The kernel itself, that is, once the hull has been
removed, contains 31.7 per cent moisture, 3.7 per
cent crude fiber, 29.6 per cent fat and 11 4 per cent
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protein (3, 4, 6, 18). Giok ergi. (11) reported on the
chemical composition of the kernel, the amino acid
content of the protein and its nutritional quality.
They indicated the kernel to contain 32.3 per cent fat
and 27.0 per cent protein. Amino acid analysis
showed the protein to be a good source of lysine and
tryptophan, but low in sulfur-containing amino acids.
Its protein quality as assayed by the PER (PER
= Protein efficiency ratio: weight gain/protein
intake) method was 2 0. Fetuga et al. (9) conducted
a more complete chemical and biological study on the
nut of the rubber tree, reporting on chemical compo-
sition, amino acid content for rubber seed protein as
compared o soybeans and peanut, and their results
showed the full-fat seed meal {0 be nutritionally
superior to the defatted sample. The nutritional as-
says suggested lysine and sulfur amino acids to be
limiting the quality of the protein. Other authors (7,
15) have {ed the rubber seed meal to rats and chicks,
reporting fair quality values. One of the problems
with this vegetable source is that it containg HCN,
which can be removed by a thermic treatment.

The need for oil and protein in Central America is
increasing; therefore, it was of interest to study the
chemical and nutritional nature of these two sub-
stances as found in the seed.

Turrialba Vol. 33, No. 1, 1983, pp. 61-66
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Materials and methods

The rubber tree belongs to the Zuphorbiaceae and
there are two species, both from Brazil, utilized for
latex production. One of them is from Ceard (Mani-
hot glaziovii) and the other one from Pard (Hevea
brasilensis). Both are now grown in various regions of
the world, Heves seed obtained from plantations in
the tropical lowlands of Guatemala was used for the
study.

The seeds were first decorticated by mechanical
means to separate the hulls from the kernel. The ker-
nels were then ground to 20 mesh and used for oil
extraction, This was accomplished by either a hydrau-
lic pressing operation or by hexane extraction on
previously air-dried samples. The crude oil resulting
from either process was purified by filtration through
celite and stored at 4°C until utilized The solvent
extracted meal was desolventized by applying moder-
ate temperatures an air, in a laboratory convection
oven. This material was also stored at 4°C until used.

For other nutritional studies, the dried nuts were
obtained from seeds passed through a hammer mill
without screens. The resulting product was then
separated into hulls and meats, The meats were then
cooked in a Brady extruder at a temperature of
315°F. For the feeding trials, the extruded product
was fed full-fat or hexane extracted.

The oil produced either by hydraulic pressing or
solvent extraction was analyzed for free fatty acids,
saponification  index and iodine number by the
AOCS official methods (1). The oil was also subjected
to nutritional evaluations through feeding experi-
ments with rats fed 1Q per cent casein diets with
varying amounts of oil.

The original kernel as well as the oilextracted
meal were analyzed for their chemical composition
following AGAC official methods of analysis (2). The
oil-extracted meal was analyzed for calcium, phos-
phorus, iron and HCN by the methods of the AOAC
(2), Fiske and Subbarow (10) with modifications by
Lowry and Lépez (13), by Jackson (12) and Moss
and Mellon (14), and by Easley et al (8), respective-
ly. The meal was also assayed for its essential amino
acid content by microbiological techniques on acid
hydrolyzate for all amino acids and on an atkaline
hydrolizate for tryptophan (19).

Protein quality of the meal was measured by the
protein efficiency ratio at approximately 10 per cent
protein level in the diet. The quality of the protein
was also evaluated by supplementing a 10 percent
protein diet of rubber seed protein with the amino
acids lysine and methionine In the protein guality

assays, the rubber seed meal was incorporated into a
basal diet made with a mineral mix, cod liver oil,
refined cotton-seed oil when necessary and a com-
plete vitamin B mixture. Comstarch was used to
adjust to 100 per cent. For the studies on the digest-
ibility of the oil, a basal diet was used made of casein
12 per cent, mineral mixture 4 per cent, cod liver oil
1 per gent, amounts of rubber seed oil varying from 5
to 20 per cent and starch to make up to 100 per cent.
Either 5 per cent refined cottonseed or soybean oil
was used as reference oil. All diets were supplemented
with a complete vitamin B mixture. After an adjust-
ment period of 7 days, all fecal output was collected
for a 5-day period. The dried feces were analyzed for
oil after grinding,

Results
Chemical composition

Table | summarizes the results on gross chemical
composition of the kernel of the seed, the solvent-
extracted seed and extruded seed. With respect to the
decorticated seed, attention should be given to the
high moisture level and the relatively high amount of
ether extract. The HCN content is also high The
solvent extracted meal shows an expected high pro-
tein content and a significant low level of HCN. Of
interest is the relatively high level of Ca The ex-
truded product has 202 per cent protein ang 45.6
per cent fat.

Data on essertial amino acid content of rubber
seed protein are shown in Table 2, together with that
of other oilseed sources (16) for purposes of compari-
son. Based on experimental evidence on the other
oilseed meals, the amino acid pattern of the protein
of the rubber seed is deficient in lysine, sulfur amino
acids and tryptophan. The most significant deficiency
appears to be in sulfur amino acid content.

Protein quality of rubber seed

Two experiments were performed. The results are
shown in Tables 3 and 4, In the first experiment,
using hexane-extracted kemels, PER was increased by
lysine addition; however, methionine addition alone
or in the presence of lysine did not improve protein
quality above the unsupplemented diet or the one
which was supplemented with Iysine. The second
study carried out, in which raw, cooked and extruded
samples were tested, showed the same tendencies to
amine acid addition; however, the unsupplemented
rubber seed diet gave 2 significantly lower PER value
than that observed in the first study. Further cooking
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Table ;. Chemicat composition of rubber seed (%),

Decorticated Raw Rubber seed Extruded

rubber seed meal”
Muoisture 452 54 134 16
Protein (N x 6 25} 89 176 291 242
Ether extract 2272 367 98 45 6
Crude fiber il - 64 -
Ash 20 31 48 33
Carbohydrate {by difference) 186 - 365 -
Calcium, mg % - - 415 -
Phosphorug, mg % - - 34 -
Iron, mg % - - 132 -
HCN, mg % i21 . ¢7s -
4 By hexane extraction of oit
Table 2. Essential amino acid content of rubber seed protein (mg/gN).

Rubber seed Soyl:oe:ma Cottonseed” Peanut? Sesame®

Arginine 321 4532 702 669 547
Histidine 110 149 166 i52 121
[soleucine 159 336 236 257 261
Loucine 170 482 369 380 461
Lysine 244 395 268 233 160
Methioning 104 195 188 149 31
Phenylalanine 224 508 498 540 461
Threonine 151 246 221 168 194
Tryptophan 41 86 74 69 a1
Vadine 246 328 308 31t 244

T Orrund Watt (16)

Table 3. Proiein guality of rubber sced meal and effect
on amino acid supplementation in young growing
rats.

. srige D
Briet Average PER
weighggain,
g

Rubber seed meal (RSM) 30+¢1.9 125003

RSM + 0 20% L-lysine 4766 1712014

RSM + 0 20% methionine 27+13 1132005

RSM + 0 20% L-lysine - -

RSM + 0.20% metiionine 45+ 44 163007

a Proteinin diet: 10.9% Average initial weight: 42 g

b Protein efficiency ratio! Weight pain/protein intake

of the cake did not improve protein quality, aithough
a slightly higher value was found for the extruded
product.

Some physicochemical characteristics of the oil

Table 5 summarizes the results on some character-
istics of the oil obtained by pressing and by hexane
extraction. They were essentially the same, although
free fatty acid content in the solvent extracted oil
was slightly higher than that obtained by pressing.
The free fatty acid composition is shown in Figure 1.

Nutritive value of the oil

The nutritional value of the oil was determined by
rat growth performance. In one experiment, the
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Table 4. Protein quality of raw, cooked and extruded
rubber seed and effect of amino acid supplementa-
tion as determined in young growing rats.

Diet Average PER
weight gain
g:al

Raw rubber seed 13 0.66
Cooked rubber seed 11 0.62
Extruded rubber seed 16 0.80
Extruded rubber seed + lysine

+ tryptophan 41 1.60
Extruded rubber seed + oil

extracted 18 0.75
Extruded rubber seed oil

extracted + lysine 39 1.49
+ lysine + tryptophan 40 1.45
Casein 112 2.54

a Protein in diet, 10.6%. Average initial weight, 45 g.

Table 5. Physicochemical indices of rubber seed.

Hydraulic Hexane
press oil extracted oil
Saponification value 196 208
Iodine value 131.7 141.4
Free fatty acids (ml KOH) 13.95 19.40

results shown in Table 6 were obtained. Weight gain
as well as diet intake was inversely related to oil in
the diet, and a 50 per cent mortality was observed
when the diet contained 20 per cent rubber seed oil.
Heating for 2 hours at 139-141°C and fed at the same
level in the diet did not improve animal performance.

On a second biological experiment with adult rats,
the results in Table 7 were recorded using a 10 per
cent oil level in the diet. Weight performance was
improved upon heating for 1 hour and, better still,
with a 2-hour heat treatment, which resulted in values
similar to those observed with cotton-seed oil. No dif-
ferences were observed in food intake. The digestibili-
ty of the oil was also improved upon heating although
not to the values obtained from cottonseed oil.

Discussion

The results of the present investigation show that
the rubber seed is a good source of oil and protein

Fattv acid composition
C 16:0 7.78
C 18:0 10.50
C 18:1 25.45
o
C 18:2 35.28 ]
C i8:3 17.88 ©-
it
@
=
9]
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2
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2 2
° <
- -
3] 3]
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\q L -
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Fig. 1. Fatty acid composition of rubber seed oil.

which could play an important economic role in areas
where the seed is available. On a dry matter basis it
contains around 40 per cent fat and 16 per cent
protein. These values differ from those reported by
Giok et al. (11), who indicated oil to be about 32 per
cent and protein about 27 per cent. From the point
of view of utilization, the high moisture level of the
seed is a disadvantage, since for any kind of proces-
sing, it would have to be dried. The results of the
present study also differ from those by Giok et al.
(11) on the cyanide content, which they reported as
high as 330 mg/100 g. Extraction of the oil, however,
decreases the values significantly.

Differences between this study and that reported
by Giok et al. (11) were also found in essential amino
acid content, particularly with respect to lysine and
tryptophan, which were lower in the present study.
On the other hand, other amino acid values are simi-
lar, including sulfur amino acids. The biological tests
carried out, however, indicate that the protein of the
rubber seed is deficient in lysine and no improvement
was obtained in protein quality when methionine was
added alone, or together with lysine. Tryptophan ad-
dition was also ineffective. The protein quality of the
seed was relatively low and not improved by heating
in the present study; however, Giok et al (11)
showed their material to be of a rather good quality.
These differences suggest that the materials probably
did not come from the same species, or that environ-
mental conditions have a significant effect on the
composition and quality of the protein.
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Table 6. Lffect of different levels of rubber seed oil on the growth of young rats.

0il source Treatment Level in diet, g Average weight Average feed Mortality
gain, ga consumed, g

Soybean o - 20 120 - 0/8
Rubber seed ail - 5 96 345 /8
Rubber seed oil - 10 59 234 /8
Rubber seed oil - 15 33 194 0/8
Rubber seed oil - 20 13 171 4/8
Rubber sced oil 2 hr heat at

139-142°C 20 i6 - 3/8

a  28-day experimental peried

Table 7. Adult rat performance and oil digestibility.

Qil source Average weight gain, g=1 Average feed intake, g Digestibility %
Rubber seed oif {RSO) 40 74 838
RSG - 1 hr heating 45 74 g5.4
RSO ~ 2 hr hesting 62 74 930
Cattonseed il ¢C80) 65 74 979
C8O - | hr hesting 61 75 94 7
CSO — 2 br heating 63 74 949
4 animalsfzroup. 10%oil in basat diet
o 28-day experimentat period
b 139-142°C

Summary

The oil of the seed has been classified as a semidry-
ing oil which may be used in the paint industry.
However, it was of interest to test it for its nutritional
value. The results indicate that when fed at a high
fevel in the diet, it is toxic. No explanation can be
given {or such an effect. It may be possible that the
oil used in the first study (Table 6) became oxidized
or otherwise chemically altered due to the unsatu-
rafed nature of the oil, inducing lower weight perfor-
mance and mortality in the experimental animals. It
is well established that oxidation of fats and oils
lowers their nuiritional value and often produces
toxic compounds. At the 10 per cent level and for
adult rats, heating resulted in an improvement in per-
formance, not only with respect to weight gain but
also in its digestibility. Therefore, the utilization of
the oil as a source of energy for animals should be
further investigated, since if safe it could contribute
to alleviate the shortage of energy for animal diets in
Central America.

The production of rubber from the rubber three
{Hevea brasilensis) is increasing in Central America.
This implies a greater availability of the seed, at
present utilized only to a very limited extent. This
report presents chemical and biological information
on the nutritional potential of the seed in animal
nutrition. The raw dehydrated seed contains 17.6 per
cent protein and 36.7 per cent crude oil. The amino
acid content of the protein is deficient in lysine,
wlich was confirmed by rat assays. Extrusion cook-
ing improved the profein quality of the product and
it Is a useful process to remove HCN from the seed.
The oil has a high concentration of C18:2 fatly acids
with a digestibility of 84 per cent, which increased to
93 per cent upon heating. These values are slightly
lower than those found for cottonseed oil. The results
of the study suggest that the seed of the rubber tree
has potential in animal nutrition and in the oil indus-
try.
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N, (Cy Hy ) FIXING ACTIVITY IN 17 VARIETIES OF FIELD-GROWN COWPEA

(Vigna unguiculata (LY WALP )Y/

GUILLERMO CASTILLEIA G *
JOANN P ROSKOSKI*

La actividad fijadora de Ny de 17 variedades de caup:, no inocrladas, fue deter-
minada mediante la técnica de reduccion de acetileno. Todas las variedades estudiadas
mostraron actividad fijudora de N,, con una fifacion de N total entre 4 3y 0.5 Kg N
fhadofha. En algunas variedades es posible reconocer un patrén de actividad fiiadora
de Ny durante el ciclo de vida de lg planta. Las variaciones en la actividad fijadora en
el ciclo dia-noche rambién son consideradas en este articulo,

Introduction

tropicel and subtropical areas (13). In Alflrica,

because of its economic importance as a dietary
staple, this species has been refatively well studied
agronomically {10). Nevertheless, little information is
available about its nitrogen fixing capacity otuside
those areas where it is normally cultivated Due to
the increased demand for high quality protein in the
tropics, the Internaiions! Institute of Tropical Agri-
culture (HTA) instituted a programme to field test
cowpea varieties throughout the tropics. As part of
this programme, 2 study on N; fixation by cowpes
was conducted in Xalapa, Veracruz, Mexico by the
Instituto Nacional de Investigaciones sobre Recursos
Bioticos.

C owpeas are g widely use pulse crop in many

Although rhizobiz inoculation is esseniial for
many crop legumes, it has not proven effective in
field trials of promiscuous tropical species, like
cowpea (4). This paper presents the results of a study

1 Received tor publication in January 19, 1982
*  Instituto Nocional de Investigaciones sobre Recursos

Bidticos. Apartado Postal No. 63, Xalapa, Verscruz
México.

carried out to determine the nitrogen fixing capacity
of 17 varieties of cowpea grown in the field without
inoculation.

Materials and methods

The cowpea field trials included 17 varieties of
Vigna unguiculata produced and selected by the
IITA, and Phaseolus vulgaris var. Negro Jamapa
as a reference species. Varieties were randomly
assigned to rows, 100 plants/row, in a 15 x 10 meter
plot. Final planting density equaled 14 plants/m® as
specified in the HTA field trial instructions. Seeds
were sown in May 1979

The soil in the experimental area is volcanic in
origin, with an organic matter content of 3 5% total
nitrogen content of 0.3% and 14 ppm available
phosphorus.  Approximately 60 kg/ha of super
phosphate were applied to the experimental plot at
the time of sowing Average annual rainfall on the
area is 1957 mm and average annual temperature is
18 C. Supplemental watering was necessary for only
the first two weeks after planting,

Thirty days after planting and every ten days

thercafter, three plants per variety were removed
with care taken to extract the entire root system.
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Aerial parts were dried at 65°C for 48 hours and then
weighed Nodulated roots of each plant were placed
in separate 20 ml test tubes which were then stop-
pered N, fixing capacity of the samples was
determined by the acetylene reduction technique (7),
using a two hour incubation period. Nodule fresh
weight was obtained inmediately after C, H, reduc-
tion analysis

Nitrogen fixed was calculated from moles of

C,H, reduced, using the theoretical 3:1 ratio (7).
In the case of cowpea, which does not cvolve H,
during nitrogen fixation (14), the 3:1 ratio appears
to accurately represent the relationship between
N, fixation and C,H, reduction. The amount of
nitrogen fixed during the crop period was calculated
by summing the values obtained every ten days and
extrapolating between sampling periods.

In order to determine diurnal changes in N, fixa-
tion, the specific activity (uMoles C, H, produced/g
nodules/hour) of two varieties, TVx1836 and 5VS-3,
was measured every three hours during 36 hours
At the time of this experiment, variety TVx1836
was in the process of setting fruit, while variety
SVS-3 had not yet flowered. The field and C,Ha
reduction procedures utilized in this experiment
were similar {o those presented above.

Results

The reference species completed its life cycle
in 100 days and vyielded 2 tons/ha, which ap-

proximates typical yieids for this region. The cowpea
life cycle was longer, varying [rom 140 to 160 days
according to varieties, production ranged from 124
to 2 086 kgfha (1)

Total fixation for the varieties ranged from 0.05
to 4.30 kg Nfha, with a total nodule biomass from
0.04 to 1.5 grams per plant. This equals a N,-fixing
efficiency per variety from 0.97 to 409 uMoles
CoHy/fglh.

Based on total fixation per variety, the 17 varieties
can be clustered in two groups whose mean fixation
values are statistically different (Table 1} Group 1
includes varieties which fixed from 1.17 to 431 kg
N/ha, and group 2, varieties that fixed 091 kg
Nfha or less. Ny fixation peaked at 110 days after
germination coincident with flowering and maximum
plant biomass accumulation {Figure 1A} Although,
in general, nodule biomass is greater at this time,
some varieties exhibited maximum nodule biomass
later. During the pod filling period, fixing activity
and plant and nodule biomass begin to decrease
until at senescence nodule biomass and nitrogen
fixing activity equal 0. In contrast, specific fixing
activity exhibited an opposite pattern (Figure 1B).
Maximum specific fixing activity (fixation per gram
of nodules per hour) oceccurred early in the growth
cycle, preceeding the plant biomass peak, and
decreased until the end of the plant life cycle.

In comparison, varieties from group 2 showed no
pattern in Np-fixing activity per plani, nodule

Table 1. Mean total fixation, nodule mass, efficiency and planta biomass for the two groups of varieties.

Group (varieties)

Total' fixation Nodule mass (g)

Specific® activity  Plant biomass (g)  Grain® production

1. (8VS-3: TVu201L; TVul ol
IVX289; TVx1153,TVx1836;
TVx11366; TVXIB3IGE) 14la

i

{TVul977: TVudss7; TVx3y,;
TVx6e6; TVN3IT; TVXI30;
TVxO44: TVXT193;, TVxIB4D) 0.41b

a2
~1
D
o
~
iad
—
]

230 531 1.60

t Total lixalion equals kgN, lixed per ha during crop cycle Means of the group data separated by Tukeys w-proceduse, 3% kevel

[

Specific activity equals uMoles of C. H, produced per gram of nodule per hour

3 Grain production cousls metric tons of grain produced per ha. Taken from Alarcon (1)
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Fig 1. Lile-cycle changes in growth and N, -fixing sctivity
af two pgroups of varictics of vowpea (Vigna wrgul-
ctelgtay (A) N,-lixing activity per plant for both
groups of varietics The Nowesing period is indicated
for both groups (B) Plant biomass compared to
speciiic activity tor both groups of varietics

biomass (Figure 1A} and specific fixing activity
(Figure !B). Mowever, plant bjomass, although
smaller than in group 1, seems to follow a similar
pattern.

Variety TVx1836 did not show & definite diurnal
cycle regarding the fixing specific activity, and

{6y 1uejd/ssew a|npoN

variety SVS-3 showed a pattern opposite to that for
atmospheric and soil temperature, and light (Figure
2}. Fixing specific activity was lower during the light
period and the first two hours of darkness, It then
increased reaching 2 maximum at midnight, followed
by a gradual decrease until six in the morning From
6 am until noon, the temperature increased but
activity remained constant.

Discussion

The variation in N,-fixing activity per plant
observed {or varieties of group ! was similar to that
reported for other annual legumes such as soybeans,
beans (5) and other varieties of cowpea (16). In the
latter studies fixation values were about 50 times
higher than those reported here. However, these
differences may be due to the use of inoculants
and/for the low nitrogen status of the soil used in the
studies mentioned above.

The fzct that the varieties in group 1 showed a
patiern similar 1o that found for well nodulated
legumes, suggests that N, fixation in these varieties
is a function of the physiology of the host plant.
However, the data from group 2 indicate that

281
°C 24~
209"
164
124
3.0 =
=
e
32 o -
-
o
[ d
(5]
b
o
1.0 B

[ tight [ light |

Pig 2 biurnal changes in N, -fixing actlivity of cowpen
variety SVS-3. Spectfic activity (uMeles of C, B, /per
pram of nodule per bour) recorded every 3 hours lor
36 hours. Bars sepresent standard deviation of loue
samples
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varieties with extremely low nodulation lack any
discernible pattern. This absence of pattern may be
merely due to the large plant to plant variation
observed or to the loss of physiological control of
the nitrogen fixation process at low levels of nodula-
tion.

The total amount of nitrogen fixed by these
varieties is low compared to other velues reported
for cowpea, which range from 73 to 354 kg N/ha
{11} Similarly, nodule biomass and N, {ixation
efficiency obtained in this study were considerably
lower than values reported elsewhere: (.52 vs. ap-
proximately 50 grams of nodules by plant and
256 vs 450 uMoles CaH,/g/h of specific fixing
activity (18). In spite of this, yields and nitrogen
content of the cowpeas were normal (1) indicating
that the bulk of the nitrogen required by the cowpea
plant was zbsorbed from the soil.

Legumes had never been grown before in the
experimental aren. Therefore, the natural population
of rhizobia in the soil may have been quite small
This may explain the low noduie biomass observed
In addition, it is well known that nodule formation,
as well as N, fixing activity, are strongly reduced in
the presence of high levels of combined nitrogen in
the soil (15). Summerfield (17) found that 200 ppm
of available nitrogen almost completely inhibited the
symbiotic activity of cowpea. The total nitrogen
content in the soil of the experimental area is
0.3% (1) Assuming that the available nitrogen
content in tropical volcanic soils equals 13% of the
total nitrogen (3), then the soil in the experimental
area contained about 400 ppm available nitrogen, a
level high enough to inhibit nodulation and N,
fixation in the cowpea varieties planted according to
Summerfield (16). At the same time, the high
nitrogen content in the soil may be responsible for
the low efficiency observed in the N, fixation data of
this study.

The diurnal activity pattern observed for variety
5VS-3 is the reverse of that reported for other
legumes {(6). Nevertheless, Minching and Pate (9)
recently found that a pea cultivar {ixed more nitrogen
at night, while Ayanaba and Lawson (2) reported the
same for a variety of cowpea Whether or not in our
study this diurnal pattern was constant throughout
the plant development, is unknown.

The results indicate that the amount of nitrogen
fixed biologically equaled only 004% of the total
nitrogen content of the plant At the same time,
well nodulated cowpea plants can obtain 50% or
more of their nitrogen requiremenis via biological
N, fixation (7) In spite of these low levels of fixa-

tion, grain yields of most of the varieties were
normal Thus we conclude that in our study there
was no relationship between N, fixation and yield,
nitrogen concentration of the grain, or accumulated
plant biomass.

Summary

The N;-fixing activity of 17 non-inoculated
varieties of cowpea was determined using the
acetylene reduction technique All varieties assayed
exhibited N,-fixing activity with total N, fixation
ranging between 4.3 and 0.5 kg N fixed/ha During
the life cycle of the plant, a distinct pattern of Nj-
fixing activity is discernible in some varieties Diurnal
activity variations are also considered.
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condiciones de clima templado, se introducen en el
texto consideraciones referentes al tropico seco y
hitmedo.

El lenguaje det volumen es claro y los errores en
traduccidén del alemdn al inglés, son minimos. El
inglés del volumen es sencillo y cualgquier persona
con un conocimiento razonable de este idioma
puede entenderlo. En general, como es de esperar
de un profesor experimentado como el Dr. Fink,
se ha dado gran atencion a que el texto sea claro
y entendible a los lectores, incluso aquellos sin
profundoes conocimientos en ciencias agricolas.

En el primer capitule se presenta una introduccidn

al abonamiento, comeniarios sobre aspectos generales
de abones su (clasificacion, manera de expresar su
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contenido) y los aspectos legales que reglamentan
el uso de abonos, Se concluye el capitulo con un
resumen de la historia del abonamiento.

El segundo capitulo se dedica a los abonos mine-
rales que contienen un solo nutrimento. En este
capitulo, uno de los mds extensos del volumen, se
discute en subcapitulos los abonos de N, P, K, Mg,
Ca y S, sus formas y su uso prictico. La informacién
se presenta en el contexte de fa experiencia alemana
con aspectos que amplian la visién en condiciones
particulares, como por ejemplo para arroz inundado.

El tercer capitulo se dedica a los abonos con varios
nutrimentos, a los que contienen oligoelementos y
z aquellos que contienen elementos Gtiles pero no
esenciales como Na, Si, etc. Se considera también
los elementos no requeridos por las plantas pero
requeridos por los animales como por ejemplo el Co.
Este capitulo contiene material seco disponible en
otras que tratan este tema y es muy valioso por los
conceptos actualizados que presenta en el campo
de los oligoelementos.

En el cuarto capitule se estudia los materiales
aplicados para mejorar el suelo y en general las
condiciones parz producir plantas. La primera
seccidn analiza el encalado y los materiales utilizados
en ¢l mismo. Se estudia también los materiales para

mejorar la estructura y textura del suelo y los abonos
orginicos. Esta seccidén es bastante corta, a pesar de
la gran importancia que estd adquiriendo este campo
en especial para dar solucién a la contaminacidn
ambiental

El quinto capitulo, uno de los mds amplios, se
dedica a estudiar el problema de la determinacion de
la cantidad adecuada v Optima a usar de sbono. La
discusién de la interaccion acidez de suelos y sus
causas se centra alrededor del pH del suelo, un
concepto dtil en condiciones templadas pero que pre-
senta solamente un punto de vista parcial. Se estima
que el concepto del Al como guia para el encalado
en los tropicos, los subtrépicos y como una alterna-
tiva en condiciones templadas, merece mds atencién.
Se estudia aqui el empleo del concepto de anilisis de

suelos v plantas como guiz para el abonamiento y los
aspectos econdmicos del abonamiento, mds que todo
de acuerdo a las ideas de Mitscherlich. Problemas es-
peciales sobre abonos, tales como la tecnologia de la
aplicacidn de fertilizantes en el tropico se incluyen
en el capitulo 6. Se anmaliza aqui la preparacidn de
mezclas de abonos, su distribucion vy abonamiento
foliar. En este capitulo se analiza también la proble-
mdtica novedosa de la inferaccidn abones-ambiente
y el abonamiento en condiciones fueriemente limi-
tantes de la produccidn como plagas, problemas
climdticos v de nuevo ambientales. Se znaliza tam-
bién el problema de la interaccidon abonos-tipos de
suelo y abonos-sistemas de cultive. El capitulo con-
chiye con una seccidn sobre interpretacion de los
resultados de experimentos de campo.

El sétime capitulo se dedica al abonamiento
de los cultivos principales con secciones sobre abo-
namiento de granos, de raices v tubéreulos, de
oleaginosas y leguminosas de grano, culiivos indus-
triales y de plantas para la alimentacidn animal como
pastos. Se considera aqui el abonamiento de los culti-
vo§ para propoésitos especiales como por ejemplo
papas pura sernifla.

El capilulo octavo presenia informacién sobre
el sbongmiento de hortalizas, en silvicultura y de
cultivos especiales como especies, plantas medicl
nales, plantas inferiores, etc. Aqui se presenta de
nueve mucha informacidn que no estd disponible
a Io mayoria de los lectores

El noveno capitulo discute el abonamiento y
a ealidad de los productos obtenidos, otro tdpice
actual. El volumen se concluye con una bibliografia
de mds de 300 referencias, en su inmensa mayoria
de ia literatura agricola alemana y un buen indice
de mds de una docena de piginas.

Se recomienda este volumen a todas las bibliotecas
agricolas como referencia y texto.

ELEMER BORNEMISZA §.
FACULTAD DE AGRONOMIA
UNIVERSIDARD DE COSTA RICA



Resumen

Se sugiere un tipo ideal de algoddn para regiones algodoneras de secano en las
cuales se presenta condiciones adversas tales como alra nubosidad, pocas horas de luz
v distribucion irvegular de la Huvia

Una planta de estructura compacta con follaje abierto, Iojas relativamente pe-
querigs bien inclinadas para Interceptar un mdxino de luz y con movimiento heliotro-
pico, simpodias pequefias con internudos multiples v un sistema radical profundo, se
considera como eficiente Se programa utilizar una planta semienana, con no mds de
wn mepro de altura que se puede sembrar en espacimmiento cerrado. Se prefiere una
planta con hojas de empalizada grueso en vez de parénguima esponjoso y epiderniis
delgada para resistiv a la sequia, de periodo corto y de maduracion temprana de ma-
nera que completa su ciclo de vide entre 120 y 130 dias.

La planta propuesta se espera que produzca una cantidod adecuada de materia
seca, un crecitniento balanceado altos coeficientes de fructificacion y una wtilizacion

PHYSIOLOGICAL APPROACH TO THE CONCEPT OF PLANT-TYPE IN COTTON'/ ____

1. G BHATT*

econdmica de nutrimentos

Introduction

acters which control yield should be found out

and synthesized into one plant-form at an op-
timum level The reseachers started in Japan to pre-
vent lodging in rice grown with high fertilizer applica-
tions, and subsequent understanding of light relations
in plant communities led to the concept of an ideal
plant type {3, 4, 21, 29), giving rise to varieties with
phenomenal production (2).

E ngledow and Wadham (18) felt that plant char-

Donald (16) emphasized that rapid progress could
be achieved if plant breeders aimed to produce
ideotypes with specific combinations of character-
istics favourable to photosynthesis, growth and yield.
He felt that the wheat ideotype he depicted was not
likely to be developed in breeding programmes based
on selection for yield under prevailing agronomic
practices in view of lower per plant yield, competi-

I Received Tor publication in March 10, 1982

* Central Institute for Cotton Rescarch, Reglenal Siation,

Coimbatese 641903 {India)

tion from other genotypes and different mechanical
handling. Nevertheless he considered exploitation of
plant ideotype a logical step twards new levels of
yield which should be pursued with imagination.

For the wheat ideotype to be grown under irri-
gated conditions Donald (16) suggested a uniculm
habit with [ewer erect leaves which will not shade
each other and with more seminal reots. On the other
hand, asana, as quoted by Swaminathan (26), pro-
posed horizontal leaves for intercepting and retaining
dew, a branched ear and a deep root system for
raingrown wheat. The yield therefore would be af-
fected in many ways by a particular physiological or
morphological trait depending upon other character-
istics, environment and agronomic practices. Bhatt er
al (5,6,7,8,9, 10, 11, 12) studied several aspects of
the cotton plant to elicit desirable physiological traits
for crop improvement.

With the growing limitations of available fresh
water, energy, nitrogen and other chemical inputs,
mineral oif, and the efficiency of phosphorus use
which is assuming increasing importance, the physio-
logical basis of yield needs to be adjusted. In India,
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nearly 75%of the cotton crop is raingrown. The
rainfall pattern varies from low to satisfactory or as-
sured conditions, at times with no rains in the latter
part of the monsoon. Based on the available data an
attempt is made here to visualise a plant-type that
could not oaly raise the present low level of yield of
raingrown cotton but stabilize it at an acceptable
level.

Unlike rice and wheat where source and sink are
well fixed and function within reasonable boundaries,
the morphological frame of the cotton plant varies
from the extreme short branch to long sympodial and
monopodial branches with secondary sympodia. The
source-sink refationship is often disturbed as bolls
(cotton fruits) are lost due to physiological factors or
pest attack.

Materials and methods

All observations were recorded on field grown cot-
ton plants. The leaf area index was measured by the
formula of Ashley eral (2) The net assimilation ratc
was calculated according to the procedure of Watson
{30).

In experiments with PIX (1-1-dimethil-piperidi-
nim-chloride) an aqueous solution of 60 ppm concen-
tration of this chemical was given as foliar spray at
the rate of 300 litres/hectare, 80 days after germina-
tion when the crop was in early flowering phase.

For all experiments the row spacing for different
varieties was kept at 60 em. The plants within the
row were spaced at 30 cm except the compact types
which were spaced at 15 em. Different spacings were
given (see under investigation and discussion) when
net assimilation rate was studied in relation to
spacing.

The varieties studied were: MCU 1, MCU 5, MCU
7,PRS 72, C 1412, B 1007, B 147, Indore I,320F,
Ckra, G 67, IAN 579, SRT 1| (all Gossypivm hirsu-
twm L), K 7 (Gossypium arborerm L), and Vara-
laxmi, an interspecific F, hybrid (G lursutum x G
barbadense)

Results and Discussion
Canopy, leaf area index and growth

The branching habit and leafiness which determine
the canopy were compared in two morphologically
contrasting cultivars MCU 5 and PRS 72 (both G.
hirsusuim). Fhe former is a traditional type with the
usual plant structure whereas the fatter is charac-
terized by the complete suppression of monopodial
branches and the reduction in the length of the
second internode of the fruiting branch which ends in
a cluster of two or three flowers.

Though PRS 72 had less number of leaves per
plant and lower LAI than MCU 5, it had many ex-
panding leaves (Table 1) According to Hepkinson
(19) the main contribution to photosynthesis and
ultimately to increase in dry weight comes from those
leaves that are rapidly expanding, that is, those be-
tween one quarter and three quarters of the final
area. It will be seen from Table 2 that because of the
short branch habit most of the leaves of PRS 72
intercept more sunlight

Ashley’s studies (i) showed that much of the
vegetative growth commonly present on the cotton
plant is ineffective in supplying metabolites for fruit
development, and excess vegetative growth was found
by Bhatt (5} to reduce the fruiting coefficient in cot-
ton. Since the seed cotton yield/ha of PRS 72 and
MCU 5 was the same, 1 smaller but unshaded or much
less shaded leaf area of an open canopy appeared
more effective than a large area made up of many
shaded leaves in intercepting sunlight and may make
up for better plant efficiency with low LAl

In another experiment a compact semi-dwarf
cultivar € 1412 was compared with two semi-com-
pact cultivars MCU 7 and SRT 1 under very low
rainfall conditions.

Though LAT of C 1412 during reproductive
phase was lower than the other two cultivars, it
yielded nearly four times more. The variety C 1412
has shorter duration of 125 days when compared

fable 1. Number of leaves, one quarter to three quarters expanded two weeks before maximum LAL
Leavesfsq. meter Expanding Maximum Yield of seed
Expanding Total leaves (%5} LAE cotton (kg/ha)
MCU 5 23z 837 277 5.5 1780
PRS 72 i62 289 561 30 2769




BHATT: PLANT-TYPE IN COTTON

75

with 160 days of MCU 7 and 150 days of SRT 1 be-
sides comparatively open canopy and other desirable
features to be discussed hereafter (Table 3). The
reduction in leaf area at maturity also facilitates pick-
ing of seed cotton.

How variations in LAI through changes in plant
populations affected net assimilation rate (NAR} and
yield was further investigated. The cultivars taken for
the study were G 67, a bushy type giving rise to a
large canopy and FAN 579 a compact one,

Unlike G 67, the NAR of JAN 379 increased
with closer spacing and higher plant density (Table

4). Except under the widest spacing the yield of G 67
remained practically the same, but that of IAN 579
increased significantly with the closest spacing and
maximum LAl and NAR. Thus for JAN 579 depen-
dence of NAR on LAI was penerally positive and that
in a compact type with open csnopy even a little
denser arrangement of the leaves may not interfere
with their functional activity.

Production of dry matter and fruiting coefficient
The expression of early vigour helps establish

proper crop stand in the field. The compact type C
1412 was compared with the normal cultivar MCU 5

Table 2. Percentage of sunlight intercepted at maximum LAL
NODES
407 8to 12 13tol6 {7to 19 201023
MCU 3 23 54 56 68 90
PRS 72 2 77 90 160 196
Table 3. Range of LAl during growth, and yield of sced cotton.
Cultivar Flowering and bolling Maturity Yield (kg/ha)
1412 32-41-40-40--35 13 589
MCU 7 54-56~-52-39.735 24 153
SRT § 50~52-56-46~490 33 141
Table 4. Maximum LAI with corresponding NAR® and yield of seed cotton kg/ha under different spacings.
Spacings

Cultivar 1.2x0.3m 1.2x 0.6 m 1.2x09m E2x1.2m
G 67 Lal 75 60 52 4.0

NAR 00094 ¢1229 00912 0.1166

Yield 2344 2362 2273 1972
IAN 579 LAl 48 38 10 20

NAR 04512 0.2842 02363 02602

Yield 3640 3332 3108 3123

* Regresston values

S.1. for cultivars 91.6; tor spacings 88 1
LS D {F=005) for cultivars 315; tor spacings 255
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and the interspecific F; hybrid Varalaxmi known for
high degree of heterosis for growth and yield.

When compared with MCU 5 and Varalaxmi, 30
days after sowing C 1412 was taller and its leaf area
was practicaily the same as MCU 5 (Table 5). At the
45th day C 1412 produced the same quantity of dry
matter as Varalaxmi in spite of lower leaf area,
whereas MCU 5 with its comparable leal area had
much lower dry weight,

The fruiting coefficient or yield capacity also
termed as vegetative efficiency is defined as the quan-
tity of seed cotton produced per 100 g dry matter of
the whele plant (13). Dastur (14) found that yield
capacities of Indian cottons were not lower than
those grown elsewhere and attributed their lower
vields to production of low dry matter. In view of
wide variations in production of dry matter and yield
of cotton cultivars growing in different agro-climatic
conditions, the fruiting coefficients of these cultivars
were studied in comparison with the performance of
a compact type PRS 72,

The cultivar MCU 1 with the usual plant struc-
ture was compared first with PRS 72. Since the fruit-
ing branches of the latter do not attain lateral bushy
growth it was spaced at 15 cm within the row and the
former at 30 cm as usual. Both cultivars were spaced
at 60 cm between the rows Thus per unit area basis,
the population of PRS 72 was twice that of MCU 1.

Both cultivars were given 12 different fertilizer
treatmments to increase growth under irrigated condi-
tions and to study the dependence of yield on dry
matter production. The mean yield of these treat-
ments for PRS 72 was 29 1 g and the mean dry mat-
ter 630 g on per plant basis. The correlation coef-
ficient between these two parameters was 0.93472 and
significant at 1 per cent level, The regression coef-
ficient of X (dry matter)on Y (yield) was also highly
significant and gave the following equation,

=-3374+051565X (1)

Table 5. Early vigour for growth,

This showed that for every increase in one gram
of dry matter there was a proportional increase of
0.51565 g of seed cotton.

In MCU 1 mean dry weight and yield per plant
were 156.5 g and 47.1 g respectively. The correlation
coefficient was 0.82850 and the equation for linear
regression was:

Y =15.693 +0.20065 X (2)

Thus with an increase of one gram of dry mat-
ter in MCU 1 the yield of seed cotton increased by
0.20065 g.

The curves of the type Y = a -+ bX + ¢X? when
fitted for the two cultivars showed that the behaviour
of MCU 1 after giving 54 g of yield per plant is erratic,
whereas a more or less linear relationship exists be-
tween dry matter production and yield in PRS 72,

Amongst the cultivars growing at different
iocations, Indare 1, B 147 and MCU 1 have the samie
fruiting coefficient and yielded in proportion to the
dry matter produced (Table 6). But 320 F even with
more nitrogen did not improve its fruiting coefficient
in spite of large quantities of dry matter. The yield
capacity of the traditional types is limited as leaves
and branches through their lateral bushy growth
contribute largely towards the production of exces-
sive dry matter. On the contrary, the vegetative and
reproductive growth of the compact type PRS 72 ap-
peared to be balanced as it gave more seed cotton in
proportion to total dry matter, For the same quantity
of seed cotton yielded by PRS 72, the cultivars like
MCU 1 produced 3500 kg extra dry matter and,
though the yield of 320 F was half that of PRS 72 it
produced large quantities of dry matter mostly
through vegetative growth.

That reduction in dry matter within reasonable
limits does not impair the yield capacity could be
seen from the effect of growth regulating chemicals
on cotton, Bhatt (7) has shown that when excessive

Cultivar 15 days 30 days 45 days

Dry matter Height Dry matter Height [eal area Dry matter Leaf arey
VYaralaxmi 0178 9.8 128 181 1890 495 3645
MCU 5 G 140 106 109 [61 149.7 275 420 5
C 41z 0.130 8.6 082 43 1420 518 4852
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bushy growth of cotton cultivars is cut to size by
cycocel-treatment, seed cotton yield increases,

Application of Pix not only reduced the height
but dry matter per plant also (Table 7). More number
of bolls were retained with consequent increase in
yield of seed cotton. As the dry weight of vegetative
parts decreased there was an increase in the fruiting
coefficient. 1t is interesting to note that the total dry
weight involving the weight of vegetative parts and
seed cotton for the controls and Pix-treated planis of
the two cultivars was the same. This would indicate
better partitioning ol the photosynthate for econom-
ic yield in Pix-treated plants.

Heliotropic movements of legves

The cotton plants growing under natural condi-
tions in the field were found to turn their leaves in
the direction of the sun. There appeared to be geno-
typic differences as these heliotropic movements of
leaves were very conspicuous in € 1412 and less per-
ceptible in other varieties. The cotton varieties ex-
hibited these leaf movements by altering the angle be-
tween the petiolar joint and the lamina according to
the movement of the sun. Several young and expand-
ing leaves at the upper nodes were seen bending

Table 6. Total dry matter and seed cotton yield (kg/ha).

towards the sun with their petioles curved in the
middle.

The changes in leaf-movements were recorded
during the Howering period (Table 8). On the Ist
node the leaf angle in C 1412 increased by 30° in the
evening when compared with 10° in MCU 5. The
changes on the 2nd node were more or less similar in
the two varieties. The angle of the main stem leaf in
MCU 5 on the 3rd node increased more than that of
C 1412, But the sympodial leal in C 1412 on the
same node nearly turned a right angle with the dif-
ference of 80° in the evening. The angular changes of
the main stem leaves were similar on the 4th node as
a decrease was observed in MCU 5 and an increase in
C 1412 On the 5th node the trend for the main stem
leaves of the two varieties was similar as on the 4th.
The first sympodial leaf exhibited no movement and
the second showed practically no change in MCU §,
But these leaves in C 1412 changed their angles by
20° and 40° respectively. On the 6th node the main
steam ieaf of MCU 5 remained in the same position
but that of € 1412 decreased its angle by 10°. The
Ist sympodial feaf in C 1412 increased its angle by
over four times that of MCU 5 in the evening. The
second sympodial leaf in MCU 5 showed a perceptible
change by increasing its angle whereas a decrease was
noticed in C 1412,

Cultivar L.ocation Dry matter Yield Fruiting coefficient

120F Abohur {(northern India) 6 744 1176 17

20 F (N 150) g - 7193 319 018

Indore { indore {central India) 3153 820 026

B 147 Amaravati (central India) 3862 992 025

MCU 1 Coimbatore {southern India) 8 995 1458 027

PRS 72 - de - 5 488 2626 047

Table 7. Effect of Pix on growth and yield per plant.

Ireatment Height {em) Dry weight (g) Number of bolls  Seed cotton yield Fruiting

{5 coeflicient

SUMAN

Controt 1253 1257 1L 403 0.24

Pix 60 ppm 992 102 170 623 037
MCU 5

Control 1076 1202 10.0 352 022

Pix 60 ppm 826 100.7 10 591 0.36

LSD ats5% 317 157 316 1717
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Table 8. Changes in leaf-inclination,

Node number from above MCU 5 C 1412
Morning Evening Morning Evening
H 113 m 12G m 150 m 180 m
2 130 m 135 m 130 m 110m
3 1O m 145 m 125 m 140 m
80 90 s 100 5 180 g
4 140 m 1ism 160 m 180 m
8Os 120 % 150 5 170 s
5 160 m 130 m 120 m 165 m
1305 1305 1505 1745
90 & 85 130 s 1705
6 148 m 140 m 160 m 130 m
149 4 1554 1155 1804
130 s 160 s 1355 1205

m denotes main stem leafl

s denotes sympodial feal

In cultivars of rice, wheat and maize the angle of
leaves is reported to affect growth, photosynthetic
rate and grain yield (17, 23, 27). The leaves favorably
inclined intercept more light and are supposed to
photosynthesize more efficiently than the self-shading
leaves. A number of reports in this regard are on
graminacious plants with little information on dicot
plants (28). It will be seen that from Ist to 5th node
the lamina in the leaves of C 1412 comes nearly in
line with the peticle. These movements enable the
plant to expose most of the leaf surface to suniight.
The leaves of C 1412 continued to turn towards the
direction of the sun even during cloudy weather
throughout tie day without sunshine.

Drought tolerance: leaf anatomy and root system

At or above the 10th main stem node, leaves of
Asiatic cottons (G, arboreum and G. fierbacenm) are
known to have both an upper and a lower palisade
layer with a reduced spongy parenchyma in between
(24). The decreased cell size, a higher stomatal fre-
quency and palisade developed at the expense of
spongy mesophyll are considered as some of the
important characters for leaf xeromorphy as related
to water stress (25). The cotton cultivars belonging
to G Airsutum and G barbadense also vary consider-
ably in their foliar anatomy (12).

The drought tolerance generally observed in Asia-
tic cottons appears largely due to more of total pali-
sade thickness. In this context the differences be-
tween the thickness of palisade and spongy paren-
chyma are considerably higher in Okra and C 1412
than in MCU 5, MCU 7 and B 1007 (Table 9). Both
MCU 3 and MCU 7 are grown under irrigated condi-
tions and B 1007 under assured rainfall conditions.
Therefore thicker leaves alone or only the thickness
of palisade alone may not be the true criteria for
determining tolerance to drought. Instead, relatively
thicker palisade in G. Jirsurum cottons with thinner
epidermal layers would be better indicators for
drought tolerance, C 1412 has been found to grow
successfully under conditions of low rainfall. Its pali-
sade layer is similar to the adaxial palisade of K 7 as
are also the upper and lower epidermal layers.

The length of tap root in rain grown plants of K 7
(G arborewm) and three . hirsution cultivars were
traced at maturity (Table 10). It will be seen that the
main oot of C 1412 reached the same depth as K 7
and that of PRS 72 was still deeper These genotypes
had more or less the same number of lateral roots.
The compact types PRS 72 and C 1412 could extract
moisture from the same depth as the Asiatic type K 7
known for its tolerance to drought.
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Table 9. Tissue thickness in microns.

Species Cultivar Upper epidermis Adaxial palisole  Spongy parenchyma Adaxiaf palisade  Lower epidermis
G arboretin K7 213 1627 11240 50.6 i0.6
G hirsunem MCU 5 266 1360 1227 - [6.0
- G0 - MCU 7 29.3 18913 176 0 - 40
R [ B 1007 24.0 1413 1307 - 286
- G0 - Okra 213 1493 1227 - 213
- do - C 1412 213 1605 1386 - 106
Table 10. Root length and munber in a few cultivars.
K7 Okra PRS 72 C 1412
Length of top root 650 597 137 670
Lateral roots 100 93 9.0 131

Nutriment uptake and utilization

Though nutriment uptake by the cotton plant at
different stages of growth has been studied by dif-
ferent workers (14, 22), Bhatt and Appukuttan (9)
showed that the uptake is governed by plant architec-
ture. It has been shown in the beginning how the
compact type PRS 72 and the traditional type MCU ]
have different morphological frames as also dry mat-
ter per plant.

The long duration cultivar MCU 1 continued to be
more vegetative for about the first 100 days after
sowing and most of nitrogen, potash and phosphorus
absorbed were utilized for vegetative growth. During
boliing phase only its vegetative parts showed a rapid
decline in nutrient contents (Table 11). On the con-
trary, distribution of nutriment appeared to be bail-
anced in PRS 72 because of its less vegetative habit
and the tendency to fruit early. From bud initiation
to bolling, differences in nutriment contents of vege-
tative as well as fruiting parts were much narrower in
PRS 72. After flowering, phosphorus contenis of
fruiting parts remained higher than that of feaves and
stem unlike the pattern observed in MCU 1. Perhaps
a better energy turnover through phosphorus metabo-
lism for reproductive growth is indicated in PRS 72.
At crop maturity nutrients in leaves and stem of PRS
72 were reduced appreciably whereas more quantities
remeined unutilized in MCU 1.

It will be seen from Table 12 that to produce the
same quantity of yield PRS 72 required less quan-

tities of nutriments. A compact type, besides betier
vield capacity, has the additional advantage of eco-
nomic ulilization of fertilizers. Bhatt ef al (10) have
also shown that the progeny where compactness as
character has been transferred, oflers the same bene-
fit as the parent plant.

Conclusions

The plant type concept for rain grown cotton is
dictated by the environment where cloudy weather,
reduction In daily sunshine hours and uncertain rain-
fall act as limiting factors for growth and yield. From
the foregoing discussion on useful characteristics
involving several genotypes, the following points
emerge.

A compact structure with open canopy to give
adequate but not too high LAT for quicker growth,
and amenable to closer spacing is preferable. An open
canopy means better setting of bolls and their devel-
opment besides more effective management of pests
and diseases. Instead of the extreme short branch, the
sympodia should be extended from 2-4 nodes with or
without clustering habit. This envisages a dwarf to
sermi-dwarf stature reaching not more than a metre in
height .

The leaves should be relatively smaller in size and
although an open canopy facilitates more penetration
of light, their turning towards the sun ensures rela-
tively better photosynthetic efficiency during cloudy
weather as hours of bright sunshine per day in rain

Turrialba Vol. 33, No. 1, 1983, pp. 73-82
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Table 11. Nutrient content per plant (g),

Vegetative parts Fruiting parts
Cultivar Flowering Early boll Maturity Flowering Early boll Maturity
bursting bursting
Nitrogen
MCU 1 1.15 381 i 80 005 049 182
PRS 72 0.22 063 .35 0.19 032 870
Phosphorus
MCU 1§ 0.40 1128 0,58 0.11 027 0.65
PRS 72 .67 25 .08 0.03 0.33 823
Potash
MCU 1 1.10 4.01 215 (.10 62 170
PR 72 0.21 0.68 0.50 0.08 .45 0.60
Table 12. Yield of seed cotton and nutrients removed (as contained in the final stand of the crop) in kg/ha,
Cultivar Seed cotton N P K
MCU 1 3017 217 72 227
PRS 72 3151 130 44 136
Ditference 133 87 28 g1

grown cotion tracts decrease considerably during
monsoon (on gn average from 2.5 to 3 hours).

The sympodial leaf in cotton is known to trans-
locate the assimilate to fruiting bodies on upper and
lower sympodia, and the main stem leaf to lower
sympodia alone. But the main stem leaves of short-
branch cultivars have been shown to transport the as-
similate to upper sympodia also because of the par-
ticular spatial arrangentent of leaves and bolls (8).

A palisade layer thicker than spongy parenchyma
{preferably one and a half times or more) and thinner
epidermal cells would bring the proposed G, firsutum
ideotype nearer to the Asiatic type for tolerance to
drought. Since water-requirement during boll growth
is more than during vegetative phase, a deeper root
system would enable the plant to extract moisture
from lower soil-depths.

A compact plant body has been shown to produce
adequate quantities of dry matter for balanced
growth and higher yield by limiting vegetative over
growth and reduction in excess dry matter with
consequent increase in fruiting coefficient. Thus for

every gram of dry matter produced more seed cotton
can be expected because of proper partitioning of the
photosynthate.

Since plant architectures determines nutrient up-
take, the proposed reduction in plant size means bet-
ter and economic utilization of absorbed nutrients
and hence less of fertilizer application.

Apart from moisture stresses created by erratic
rainfall, even in a normal year the cotton crop suffers
from water logged conditions during early growth and
moisture stress during the bolling period which ad-
versely affects the yield of traditional long duration
cultivars. Lack of rains even during the last 2 1o 3
weeks of the monsoon is enough to lower the yield
drastically The plant type envisaged should therefore
have the desired earliness to fit in the rainfall pattern
and avoid moisture stress during the later phase of
boll growth.

The belt covering large tracts of rain grown cotton
in India between the latitudes 18°N and 24°N ex-
tends from the western coastal areas of the States of
Gujarat and Maharashtra to Orissa and north-eastern
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parts of Andhra Pradesh Most of the cotton pro-
duced is of medium staple and quality. The crop is
sown during the last week of June or first week ol July
depending upon the onset of south-west monsoon.
In a normal year rains are reeceived till mid-Septem-
ber. In this belt at certazin locations C 1412 was
grown during 1979-8( season. No rains were received
after mid-August. The local cultivars suffered from
severe drought and their seed cotton yield ranged
from 50 kg to 150 kg per hectare s against 200 kg to
400 kg of C 1417, Because of its earliness C 1412
could be harvested by the end of October and wher-
ever supplemental well irrigation was available it gave
over 20 quintals of seed cotton per hectare and a crop
of wheat could also be sown in the first week of
November.

Though C 1412 would appear to fulfill many of the
criteria enumerated above, there is need to synthesize
a plant type with a better blend of these characteris-
tics for greater tolerance to environmental stresses
and more productivity.

Abstract

For rain grown cotton where environmental stres-
ses like cloudy weather, reduction in daily hours of
sunshine and uncertain rainfall limit growth and
yieid, an ideotype is suggested to stabilize production
at higher levels.

A compact plant structure with open canopy,
teaves relatively smaller in size well inclined to inter-
cept maximum light and showing heliotropic move-
ments, short multinoded sympoedia and a deeper root
system is considered eflficient. A semi-dwarfl stature
reaching not more than a metre and amenable to
closer spacing is proposed. The leal anatomy with a
very thick palisade than spongy parenchima and thin-
ner epidermal layers is preferable for tolerance to
drought. The plant should be of shorter duration and
mature early so as to [inish its life cycle within 120 to
130 days. The proposed plant type is expected to
produce adequate quantities of dry matter for bal-
anced growth, higher fruiting coefficient and utilize
the absorbed nutrients economically
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INCIDENCIA DE Azospirillum EN ALGUNAS GRAMINEAS

DEL TROPICO SUBHUMEDO CALIDO DE MEXICO!

JESUS CABALLERO MELLADO®
MARIA VALDES**

Number and identification of Azospirillum species were determined in the ri-
zosphiere and roots of maize in 3 different grasses (Panicum maximum, Hyparremia
rufa and Cynodon dactylon) collected in the field We observed differences in the
number of isvlated strains in relation to the sampling areq A lipoferum was predo-
minant in maize roots and A brasilense in C. dactylon roots; roots of the other two
grasses do not show a marked incidence of any of the rwo species A lipeferum straing
were predominanily present in the rhizosphere of all studied plants. The percentage of
denitrifving A brasilense strains in the roots of Cynodon and H. rula was J2.9 and

9 2 while in maize 6 I and in Panicum only .

Introduccitén

n afios recientes s¢ ha insistido mucho en la
necesidad del consumo de las proteinas y por
el enide de Jos aminodeidos. Las proteinas son
las moléculas mids abundantes en el interfor de las
células, pues constituyen el 50% o mids de su peso
seco. Son fundamentales en todos los aspectos de fa
estructura celular y de su {uncidn, puesto que son
los instrumentos moleculares mediante los cuales
se expresa la informacion genética. Todas contie-
nen un porcentaje entre el 15 y 18 de nitrdgeno
{1). Sin embargo, aunque el nitrogeno es un elemento
muy abundante, que constituye casi el 80% de la at-
moésfera terrestre es una fuente nutricional escasa,
debido a que las moléculas de este elemento atmos-
férico son muy inertes, porque el enlace que une a
los dos dtomos es excepcionalmente fuerte y estable;
se {rata de un triple enlace al que debe suministrarse

1 Recibido para publicacion ¢l 30 de enere de 1981

* Escucly de Ciencias Quimicas Universidad Autdonoma
de Pucblz. Calle 4 Sur 104 Puebla, Pue. Méxice

*## Jaboratoric de Microbiologia Agricolz Escuela Nacio-
nal de Ciencizs Biologicas del Instituto Politéenico Na-
cional, México 17 D.F.

LA

una gran cantidad de energfa si se quiere romper, y no
pueden aprovecharlo la mayoria de los organismos.
El nitrégenc unicamente se incorpora en los sistemas
biologicos cuando ha sido “fijado™ o combinado con
ciertos elementos, como el hidrégeno o el oxigeno

En la actualidad, esta fijacion puede realizarse
industrialmente, mediante el proceso de lHaber y
Basch, el cual consiste en combinar el nitrdgeno
atmosférico con el hidiégeno a temperaturas y pre-
siones elevadas, ia energia necesaria es proporciona-
da por los combustibles {dsiles, obteniéndose como
producto de la reaccidn, el amoniaco, este se com-
bina para [irmar otros compuestos usuakes en la fer-
tilizacion nitrogenada como lo son, la urea, nitratos
o bien como sulfato de amonio. Por lo tanto, el costo
energético del proceso de Haber, toma gran impor-
tanicia al considerar Iz fuente del hidrogeno reque-
rido; por cuya razon, el precio de los {ertilizantes
nitrogenados estd intimamente correlacionado con
¢l precio de los combustibles {osiles (2). Aunado a lo
anterior y como una consccuencia de la crisis mundial
de energéticos, y una serie de problemas por contami-
nantes, ligados al uso indiscriminado de {ertilizantes
nitrogenados minerales, se ha visto un aemento en el
interés en favor de realizar estudios sobre i posibili-
dad de suprimir la mayor parte del nitrégeno nece-
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sario para la produccién de proteinas vegetales y
animales a través de la fijacidn biologica del nitrd-
geno atmosférico Ademds de la simbiosis Rhizo-
bium-leguminosas de pgrano y forrajeras, una posi-
bitidad mds, parece surgir de los reclentes descu-
brimientos sobre asaciaciones de gramineas tro-
picales con Dbacterias fijadoras de nitrégeno atmos-
férico, que pueden, bajo condiciones atin no bien de-
finidas, fijar cantidades de N, equivalentes a las fija-
das por la simbiosis Rhiizobiten-leguminosa (3)

Buen niimero de pastos y cultivos de grano estan
adaptados a clima cdlidos y han desarroliado fa ha-
bilidad de wutilizar eficientemente elevadas intensi-
dades luminicas en ambientes con altas tempera-
turas Su distinta via fotosintética, la Hamada via
de {os dcidos dicarboxilicos Cy4, les capacita para fijar
didxide de carbono formando malato, medisnte
enzimas capaces de funcionar a concentraciones de
CO, muy bajas comparadas a las de otras plantas
Lste sistema, permite la fotosintesis con los estomas
casi cerrados durante parie del diz y es por eso mis
econdmico en términos del uso de agua Bajo tem-
peratura Optima, fas gramineas con via Cy pueden
convertir dos veces una elevada intensidad luminica
usando la mitad de la cantidad de agus que necesi-
tarian plantas de clima templado

Por esta razdn, los pastos y cultivos de grane,
con via Ca, sugieren una gran posibilidad de usar ele-
vadas cantidades de ia energia luminosuy en benelicio
de In fijacion biologica del N,. Si solamente un
10% de ia materia seca incorporaca por estas plantas
fuera usada como un substrato enerpético y si es
tomada la mitad de la eficiencia en la conversidn del
substrato por las leguminosas, podrian ser fijados
200 kg de nitrdgeno por hectdrea substituyendo la
mitad de laz cantidad necesaria para tales cultivos.
Afortunadamente las condiciones climdticas que
permitan estos rendimientos altos son encontrados
en los tropicos, regiones donde los incrementos
substanciales en rendimiento son aun posibles y
ademds muy necesarios (4}.

Tomande en consideracidn {os elementos ante-
riormente expuestos el presente trabajo se ha realiza-
do utilizando diferentes gramineas de la region deno-
minads Costa Grande del Estado de Guerrero,
México.

Material vy métodos
Muestras analizadas:

El aislamiento de Azospiritium fue realizado a par-
tir de ratces de maiz {Zea mays) zacatdn o guinea

(Panicum maxinuan), pard (Hyparremia rufu)t y
grama {Cyuodon dactylon)

El suelo de aistamiento fue de la zona de rizosfera
de los mismos cultivos.

Localizacion de la regidn de muestreo;

Los cultivos empleados se encuentran localizados
en la regidn denominada Costa Grande del Estado
de Guerrero, que abarca desde el puerto de Aca-
pulco hasta Zihuatanejo, siendo las zonas de mues-
trea:

JAtoyac de Alvarez 2} San Jeronimo de Judrez
y 3) Tecpan de Galeana, situado entre los 17 y
E8° de lutitud Norte y entre los 100 y 101° de longi-
tud oeste (5)

Climatologia:

Las zonas mencionadas presentan un clima iro-
pical (Subhimedo cdlido}, cor una pluviosidad
anuzl de 1 000 2 [ 100 mm en promedio y tem-
peratura que oscilan en el Estado entre ios 22.3°C
como minimo en el mes de diciembre y 26.2°C en los
mescs de abril y mayo (5). Sin embargo, es necesario
hacer mencion que en los {ltimos 3 afios, el régimen
pluviométrico ha disminuido grandemente, presen-
tdndose asi mismo temperaturas muy superiores
a4 las mencionadas anteriormente (observacicnes per-
sonales)

Suelos:

El tipo de suelo que se encuentra en esta regidn es
el denominado de Pradera, que se caracteriza por su
color café (5) Las caracteristicas del mismo en las
3 zonas presenian una textura arenosa, atin cuando
los sueios de la zona de Tecpan de Galeana son muy
ricos en maleria orgdnica v humedad habitual alta,
en tanto que las otras dos zonas piesentan pobre
cantidad de materia orginica y humedad habitual
baja, con excepcion de aquéllos donde existe riego
por canales.

El pH de los mismos, en fo general es tendiente
a la neutralidad. Los suelos de Atoyac presentan
un pH de 6.8 a 7.3 con la excepcion del suelo de
rizosfera de maiz que tiene 6.1. El ptl de los suclos
de ia zona de San lerdnimo entre 6.7 y 7.2, Los sue-
los de la zona de Tecpan presentan un pH entre 6.8
y 7.2

" En esta zona se ha reportade con diferenies nombres
ciertificos al llamado vulgarmente “pard”’; parece ser
que ¢l mds aceptado es Brachinria nutica
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Estos suelos soportan cuitivos de pastos varios, o
bien cultivos de un solo de ellos, siendo también
frecuente ¢l cullivo de pastos entre los cocoteros,
afio tras afio. En tanto que los terrenos donde se
cubtiva ¢l maiz, se utiliza solo para esta graminea
durante todo el afto

En la actuplidad, es una de las zonas ganaderas
auds importantes de la region, ademds de cultivares
grandes extensiones de terreno con maiz

Esterilizacion de las rafces:

Las rafces muestreadas de las diferentes grami-
neas, fueron lavadas con agua corriente y poste-
riormente se esterilizd la superficie de lis mismas
con cloramina T {&)

Aistamiento a partir de mices:

Una vez esterilizada la superficie de la raiz se cor-
taron piezas de 5 a & mm de longitud (de las raices
que presentaban mayor mimero de rafces sccundarias)
{3}, v se colocaron en frascos tipo antibidtico de
80 m! de capacidad conteniendo 4 0 mi de medio
NFb semigelificado (7). Se incubaron a 32°C duran-
te 48 horas, procediéndose & resembrar en ef mismo
medio 1odos os frascos que presentaban vire del in-
dicador hacia la alcalinidad {szul), observindose la
formacion de una fing pelicula, densa y blanquesina
en forma de “Sombrilla™ que se hace apreciable poco
despuds de las 14-18 horas de incubacion de 2a 4 mm
por abajo de la superficie del medio. Todos los culti-
vos que presentaron la formacion de esta pelicula y
vire del indicador {ueron sembrados por estria cruza-
da en placas con medio NFb-agar conteniendo 20 mg
de extracto de levadura ¢ incubdndose a 32°C durante
una semana. Después de los 7 dizs, se aislaron fas co-
lonias de tamafo pequefio {1-2 mm), blancas, duras
opacas, o bien, en ausencia de éstas, se aislaron las
que predominaban en el cultivo, siendo transferidas
auevamente a {rascos con 4.0 mi de medio NFb semi-
gelificado, incubando durante 36 horas a 32°C. La
formacion de la pelicula en este medio indica el éxi-
to del aislamiento,

Para la comprobacion de la pureza del cultivo, se
procedid @ sembrar en placa en el medic de agar
infusion, de papa (BMS), incubéndose a 32°C durante
7 dias, creciendo al término de este tiempo colonias
con una coloracion rosa, amarilla o naranja. Siendo
éstas resembradas para su conservacion en tubo, en
el medio de EMS, para su posterior identificacién {6).

Aislamiento a partir de suelo de rizosfera

Se siguid el mismo procedimiento que para el

aistimiento a partir de raiz, sélo que las piezas de
0.5 a 0.8 mm se substituyeron por granitos de suelo
de 3 a 5> mm de didmetro.

Cuantificacién

La cuantificacidén de Azospirilluni sp. por gramo
de raices de gramineas, se realizo utilizando el medio
NFb-semigelificado, con el dcido malico disminuido
a 0.5 gramos y el hidréxido de potasio de 0.3 g,
adicionando 0.5 g de azicar comercial (8).

La superficie de las raices fue esterilizada y tri-
turada cont 9.0 ml de agua destilada estéril en un mor-
tero. Se hicieron diluciones decimales en serie, con
medio NIFb sin malato, sin agar y sin indicador Se
inoculé en ef medio citado para la cuantificacion
0.1 ml de las diluciones 107, 107, 107, 1077,
haciendo 3 repeticiones de cada dilucion Después
de 2, 3y 5 dias se observé si existia la formacién de
la pelicula en forma de “sombriila”™ y alealinizacion
del medio, tomdndose la presencia de dzospirilliom
como positive, cuando existian éstas dos caracteris-
ticas (8) Se procedid a calcular el numero mids pro-
bable (NMP) con las tablas de Mc Grady (9)

Identificacion

La identificacion de especie de Azospirillie se
realizd con base en el crecimicnto en medio NFb
semigelificado, substituyendo el dcido milico y el
indicador por glucosa al 0 5% (NFb-glucosa} (6}

Otras de las pruebas de identificacion de especies
que {ue empleada, es la desamilacion de los nitratos,
utilizando para tal fin el medio NFb-semigelificado,
complementando con nitrato de amonio S5mM (6).

- . o
Ambas pruebas {ueron incubadas a 32°C durante
48 horas.

Las caracteristicas usadas para delerminar la espe-
cie de Azospirillum sp, se basaron en el siguiente
Cuadro (6).

Resultados y discusion

En el interior de todas las raices de las 4 gramineas
analizadas se encontré A lipoferun y A, brasilense,
hallindose también estos microorganismos en todos
los suelos de rizosfera de las mismas gramineas

Los resultados del aistamiento de Azospirillim sp.
a partir de raiz y suelo se muestran en e} Cuadro 1. Se
observo que existen variaciones en el mimero de aisla-
mientos para un mismao tipo de gramineas, dependien-
do de la zona de muestreo de donde provienen. Lo
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anterior se puede explicar con base en que no existe
una distribucion uniforme en el sistermz radicular
de sitios con actividad nitrogendsica, es decir, ausen-
cia de microorganismos capaces de llevarla a cabo,
pues sodlo un 10% de las muesiras analizadas presen-
tan actividad elevada, y mds de la mitad es inactiva
(3). No se puede pensar que estas variaciones sean
debido al mayor o menor ndmero de Azospirillum
en el suelo que puedan infectsr ls raiz, dado a que
los porcentajes de aislamiento a partir de los suelos
que estudiamos son mucho muy homogéneos en
cuanto a No. de estos microorganismos, como se
puede apreciar en el mismo Cuadro 1.

De acuerdo a lo anteriormente expuesto pode-
mos decir, que et [00% de aislamientos & partir
de piezas de raiz, serd posible cuando se identifique
con precisidn los sitios donde se localiza el micro-
organismo responsable de la actividad nitrogendsica

Dichas variaciones en el porcentaje de aislamiento
pueden también ser debidas a la suceptibilidad a la
infeccion de 1z planta hospedera para ser infectada
por up mayor o menor admere de microorganismos,
como sucede en la predominancia de una especie u
otra de Azospirillum en una misma graminea {6)

En el Cuadro 2 se puede apreciar el predominio
de A. lipoferum sobre A hrasilense en todas las
muesiras de raices de maiz de donde se realizd
el aislamiento, siendo aproximadamente el doble de
A Adipoferim (28 39%), que de A hasilense
{14 79% ).

De los aislamientos realizados tanto de Panicuni
como de Hvparremia. se identificaron como A lipo-
ferum 1851 v 370% v como A brasilense 24 68
y 44.44% respectivamente (Cuadro 2). Es decir, se

manifiesta a través de la téenica empleada una ligera
predominanciz de 4 brasilense sobre A lipoferin en
el interior de las raices de estos dos pastos

Lua predominancia de 4. brasifense (38 88% ), se
encontrd claramente mayor que la de A. lipoferum
(25.92%), en todas las muestras de raiz de grama
analizadas {Cvnodon dactyion), Cuadro 2).

Un afto porcentaje de desnitrificadores (Nir+) den-
tro de las rufces, fueron encontrados en maiz
{6.16% ) v en grama (12.97% } en comparacion con ¢l
porcentaje de no desnitrificantes (Nir™ ) aislados de
estas gramineas {Cuadro 2). Esto lo consideramos de
impertancis pues bajo ciertas condiciones ambienta-
les, podria inducir a une competencia entre bacterias
v plantas asociadas por la fuente nitrogenada (nitra-
tos), pudiendo provecar serias deficiencias nutricio-
nales para la planta, fundamentalmente en el renglon
de la sintesis proteica, y po lo mismo, serios proble-
mas si se piensa en el uso de estas gramineas para el
consumo humano en el caso del maiz, o para el con-
sumo del ganade, como lo es la grama En tanto que
los porcentajes encontrados de los desnitrificantes,
en Papmicum (1.23% ) y en Myparremiz (9.25% ) pue-
den considerarse “‘desprecizbles” en funcién del ni-
mero bastante mayor de bacterias no desnitrificantes.

El estudio de Azospirillum en ia rizosfers de las
plantas analizadas (Cuadros 1 y 2), muestra clara-
meate la similitud de los porcentajes de zislamiento
encontrados de A. lipoferum y A. brasilense Nir® ¥y
Nir™ las 3 distintas zonas, con la excepcion de las
cepas Nirt aislados de s rizosfera de Cynodon dac-
tvlon

Asi mismo se observa que existe dominancia
en todos los casos de A lipoferum sobre A birasilen-

Cuadro 1. Determinacion delf namero de Azospa iliurn sp. por gramo de raiz por el método del nitmero mis probable (NMP),

Graminea Localid No. de Azospirillum sp. No. de 4 lipoferum No. de A brasilense
por pramo de raices por gramo de raices por gramo de raices

Z nays 1 933x10° 508x 10" 4724 x 16G*

Z mays 2 830 x10° 607 x 108 242 x 10

Z mays 3 1180 x 10" 7.76 x 10" 322 x 10"

P maxinnon 1 500x10° 2041 x 10Q* 14 .58 x 16"

P omaxinnan z 3266 x 10" 14 .84 x 10" 1788 x 10°

P.maxinuni 3 4200 x 0" 1350 % 10" 3150 x 10*

H rufa 2 1140 x 10" J o6 x 100 739 x 10"

M orufa 3 866 x 10" 505 x 10 3.60x10°

C dactvion 2 523 x10¢ 174 x 10° 3.48 x 10*

C dactvilon 3 140 x10° .65 x 10° .74 x 10°

Parz cada una de las determinaciones se utiizaron 3 muestras, realizindose 3 repeticiones de cada dilucidn empleada.
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Cuadro 2. Determinacion promedio del nimero de Azospirillum sp. por gramos de raiz de cada graminea por el método del nuamero

mis probable (NMP), de las tres zonas de muestreo.

Graminea Pramedio del No, de
dzospirilinm sp., por
gramo de raices

Promedio del No. de

Promedio def No. de
A brasilense por
gramo de raices

A lipoferun por
gramo de ralces

£ mays 961 x10°
P maximum 36.55 x i0°
Horufu 983 x 10"
C daciyvlon 208100

6 30 x 10° 329 x 10°
15.25 x 10® 2029 x 10°
4.35x% 10¢ 346 x10°
090 x 10° 1 78x10°

se en la rizosfera de las cuatro graminess, encon-
trindose que existe un porcenlaje aproximado o
superior a un 50% del primero con respecto al segun-
do, con la unica excepcidn de i rizosfera de C dac-
tylon, donde el porcentaje de aislamiento es sola-
mente superior en un 33%. Lsto nos hace pensar
fundamentalmente en la semejanza de condiciones
ambientales en toda esa Repidn; condiciones tales
como temperatura ¢ intensidad, que influyen in-
crementando los exhudados radiculares (11), asf
como condiciones microecoldgicas como los son
la textura, aereacién, acidez, etc. que afectan la den-
sidad de la flora bacteriana (12). También podria
pensarse, en la posibilidad existente, de que el tipo
de substrato carbonado que sea excretado por las
4 gramineas estudiadas, sean en cantidad y cali-
dad muy semejantes y por lo tanto el mimero de
microorganismos se encuentre ea proporcidn cons
tante, como se sugicre para la predominancia en la
infectividad por una especie u otra de Azospirillum
en gramineas {6)

De los resultados obtenidos de la determinacidn
del nimero de Azospirillum en ralces de gramineas,
observamos que el mayor numero de ellos lo encon-
tramos en Panictm maximem (36.55 x 10%/g de
raiz). En tanto que el aumero de los mismos es apro-
ximadamente igual para el maiz (9.61 x 10°), y el
pard (9.83 x 10°%), encontrindose el nimero mis
bajo por gramo de raiz en Cyrnodon dactylon {2.68 x
10%). La diferencia en numero de Azospirillim por
gramo de raiz, se puede deber, come ya se ha suge
rido, a la suceptibilidad a la infeccidn de la planta
hospedera.

Con respecto a la determinacion hecha en rafces
de ¢ dactylon de Iz zona 3 (Tecpan), el nimero
sumamente bajo de Azospirilos cuantificado en com-
parzcidn con la determinacion realizada con el mismo
pasto de la zona 2 (San feronimo), considera que en
esta deterrninacidn existié algan error que ne fue
deteciado.

Con base en las colonias aisladas, tanto en medio
de NFb-extracto de levadura, como en agar infusidn
de papa (BMS), se observo que existe una morfologia
colonial un poco diferente entre las cepas aistadas
de A. lipoferum, sobre todo en lo relacionado al
color y tipo de elevacidén, que no siempre corres-
ponde a lo citado en la literatura {6, 8). Sin embargo,
una caracteristica que se observa siempre constante
en todas las colonias aisladas, sean de A4 lipoferuim o
A. brasilense, en los medios de cultivo arriba citados,
es la capacidad de impedir el paso de luz, es decir,
son opacas. Otra caracteristica que se puede tomar
muy en cuenta para la identilicacion de Azospiri-
Mhum sp. win cuando se presentan variaciones, es el
aspecto de las colonias que generalmente son secas.
Puede decirse que las colonias del género multict-
tado tienen una gran semejanza, ¢n ¢uanto a su mor-
fologia, como las que desarrcllan los actinomicetos
sobre medios convencionales

En relacidon a la morfologia microscopica obser-
vada, ambas especies se muestran segun io citado
en la literatura (6, 10), 4 [lipoferiun, se observa
como células grandes y polimorfas, poco méviles,
asi como la presencia de granulaciones intracito-
plismicas muy refringenies; mientras que A brasi-
lense se observa como células pequeas, muy mo-
viies v en forma de ese (S)

Conclusiones

Se muestrz ln presencia de ambas especies de
Azospiriliom en el interior de las rajces asi como
en Iz rizosfera de Zeg mays, Panicin maximum,
Hyparremia rufa y Cynodon dactylon, en muestras
de la region de la Costa Grande del Bstado de Gue-
rrero, México.

Se comprueba lo citado por Dobereiner (6), en

relacidn ¢ la predominancia de A. lipoferum tanto en
suelo de rizos{era como en raices de mafz {(Zea muays).
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Observamos predominancia de A brasilense en el
interior de las raices de Cynodon dactylon {grama);
esta predominancia es solo ligera en P maximuen vy
en H rufa, en tanto que A lipoferum predomina
en el suelo de rizosfera de as 3 pramineas,

En cuanto al ndmero de estas bacterias encontra-
mos abundanciz de ellas en el interior de las raices de
Pomaximum, H jufa y Zea mays, mientras que en
C dactylon este ndmero es mds bien, bajo

Hay poca varjscién en la morfologia colonial
de Azospirilhem en medios convencionales usados
para aislamiento.

La morfologia de Azospirillum se observa tal como
lo ya reportado previamente (6, 1G).

Una inoculacion adecuads a las graminess estudia-
das asi como una interpretacion mejor de los resul-
tados de este trabajo. Sin embargo todavia se requie-
re de mucha investigacion bdsica para una mejor com-
prensidn del significado de esta asociucidn y de su uti-
lizacién en las pricticas agricolas.

Resumen

Se Hevo a cabo un conteo e identificacion de
especies de Azospiriffum en el interior de las
raices ¥y en la rizosfera de maiz, zacatdn, pard y
grama (Zea mays, Panicum maxinwm, Hypmremia
rufa y Cynodon dactylon) colectadas en campo. Se
observd variacidn en el nimero de aistamientos para
una misma graminea, dependiendo de la zona de
muestreo. Se pudo constatar el predominio de A
fipoferum en lz raiz del maiz y de A brasilensis en
grama; en los otros 2 pastos no hay acentuada domi-
nancia de una especie sobre otra. En la rizosfera de
todas las plantas estudiadas domina 4 lipoferum. El
por ciento de cepas de A Dbrasilensis desnitrificantes
es de 129 y de 9.2 en Cynodon y en M rnefa respec-
tivamente, mientras que en maiz es de 6.1 y en
Panicum de solo 1.29%
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COMUNICACIONES

Anillos anuzles de crecimiento en cafetos (Coffea ara-
bica L.} y sus usos potenciales.

Summary., Annuzl growth rings are reported for coffee
trees growing in the Coatepec region of Veracruz, Mexico
Ring structure and formation are briefly discussed and the
potential use of growth rings in coffee are highlighted

La periodicidad del crecimiento del cafeto se ha
reportado desde 1933 (11). A partir de entonces,
se han registrado ciclos de crecimiento en Kenia,
Uganda, Tanganika, India, Colombia, El Salvador,
Brasil y Peru (9). No obstante que dichos periodos
de zetividad exhiben fluctuaciones estacionales, éstos
parecen comportarse de diferente manera en cada
pafs {8). La mayvoria de los trabajos mencionan
que las variables climdticas importantes que influyen
en el crecimienito v fructificacion de la planta son las
oscilaciones de la temperatura (3, 4, 5), 1a longitud
del dia (2, 5), 1a distribucién y cantidad de la lluvia
{2, 5), la humedad ambiental v las sequias (1, 3)

A pesar de la largn lista de estudios sobre la perio-
dicidad del crecimiento en cafetos, es notable el
poco énfasis que se la ha dado al hecho de que esta
periodicidad pueda expresarse como discontinuidades
en la madera, es decir, anillos de crecimiento. Ademis
del informe de Gindel (7), acerca de la formacion de
anillos en café de una zona semidrida de lsrael, no
se pudo encontrar estudiar para las zonas tropicales
himedas, de donde proviene la mayoria del café. El
propdsito de esta nota, es estudiar la formacidn
de anillos de crecimiento anuales distinguibles en el
xilema de los cafetos en el centro de México, asi
como resaltar su utilidad potencial

Materiales y métodos

Con el fin de determinar si el crecimiento del cafe-
to en zonas humedas estd caracterizado por lz forma-
cion de discontinuidades en la madera, se colectd
secciones transversales de troncos de cafeto en la
region de Coatepec, Veracruz, la segunda region mds
importante de produccidn de café en México. Parp
cuantificar Ia periodicidad de la formacién de los
anillos se colectd muestras en cafetales de edad cono-
cida ¥ en una plantacion experimental, en Ia cual el
crecimiento diamétrico ha sido medido quincenal-
mente por un periodo de dos afios. La zona muestrea-
da tiene un clima templado humedo a templado semi-
cifido en [as partes mds bajas, una temperatura media
anual de 19°C y una precipitacion anual de 1 800 a
2 000 mm, con una concentracidn estival de las lu-
vias durante los meses de mayo a octubre y una cani-
cula {sequiz intraestival) en agosto (6).

Todas las muestras fueron pulidas con lija de grano
{ino para el andlisis superficial. La estructura anat6-
mica se examind microscopicamente cortando seccio-
nes de 20-25 micras de las muestras en un micrétomo,
los cortes se tifieron con safratina y se montaron
permanentemente en bilsamo de Canadi.

Resultados y discusion

Se encontrd anillos de crecimiento bien marcados
en las secciones transversales colectadas en cada zona.
Ll andlisis anatomico de las muestras reveld que los
anillos se producen como resultado del crecimiento
diferencial y la formacidén de madera tardia, especi-
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ficamente, por una banda de fibras con sus paredes
engrosadas y una disminucién en el tamafio de los
vasos, tal como se puede apreciar en la Figura 1.

Basados en el andlisis de las curvas de crecimiento
diamétrico obtenidas en la plantacién experimental,
se determind que la formacién de la madera tardia
ocurre anualmente en los cafetos de la region de
Coatepec. Durante los meses de noviembre a marzo,
los cafetos exhiben una marcada reduccion en la tasa
de crecimiento, probablemente como resultado de las
bajas temperaturas ocurridas durante este periodo
(10). Con el incremento en febrero, tanto de la tem-
peratura como de la precipitacion, el crecimiento se
estimula dejando un limite distinguible entre la
madera tardia y la temprana en el tallo. La naturaleza
anual de la periodicidad de este crecimiento se com-
probo con el conteo de los anillos en las muestras
calectadas de nlantaciones de edad conocida.

Fig. 1. Secciones transversales de la madera de café de la
region de Coatepec, Ver., mostrando los anillos de
crecimiento y su anatomia. A — Anillos de creci-
miento presentes en el tronco de cafeto. By C —
Fotomicrografia en la que se aprecia una banda
transversal obscura (An) correspondiente al anillo
de crecimiento, el cual estd delimitado por la dismi-
nucion del tamafio y el engrosamiento de las paredes
de las fibras (F), asi como por una disminucion rela-
tiva en el tamafio de los vasos (V).

El hecho de que dichos anillos de crecimiento sean
anuales, provee de una herramienta valiosa para estu-
dios tanto cientificos como de manejo para esta espe-
cie. Varios afios de datos de crecimiento estdn conte-
nidos en el tronco de una planta, esta informacion es
ficil de obtener en el campo, sin costo y sin necesidad
de destruir la planta ya que se pueden leer los cortes
de las recepas. El crecimiento del cafeto bajo diferen-
tes climas, suelos y sistemas de manejo pueden com-
pararse rdpidamente de esta manera, y al establecerse
estandares minimos para el ancho de los anillos en
un region dada, podrian utilizarse como indicadores
del vigor de los cafetos como proteccion contra
plagas.

Si bien la formacién de anillos de crecimiento
anual puede no presentarse en todas las zonas cafe-
taleras de los trdpicos, las 27 000 hectdreas de cafe-
tales de la region de Coatepec registran permanente-
mente su incremento de crecimiento anual en el
xilema secundario. Seria importante documentar la
presencia o ausencia de anillos de crecimiento en
cafetales cultivados bajo ambientes menos estacio-
nales.
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Resumen

Se informa sobre anillos de crecimiento anual en
cafetos creciendo en la region de Coatepec, Veracruz,
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témica de los anillos, asi como su uso potencial en
el manejo de cafetales.
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HELMINTOS PARASITOS DE LA GANADERIA
DE JAMAICA'/.

Summary. The paper gives a list of helminths found in
horses. cattle, goats and pigs in Jamaica. Reference was made
to records of single or multipie infections stemming from
inported animals

Las enfermedades parasitarias a veces se constitu-
yen en uno de los factores mds limitantes de la pro-
duccion ganadera de Centro América y de la Regidén
del Caribe Sin embargo, no es posible reconocer la
magnitud del problema a fravés de la literatura exis-
tente

Las enfermedades parasitarias de repercusién en
salud humana se han examinado en forma regional
(2, 4), pero no ha ocurrido lo mismo con las parasi-
tosis de importancia para la salud animal. Esta aiti-
ma situacion parece ser el resultado de un patron de
comunicacién muy pobre entre log distintos paises.
A pesar de que las autoridades de salud animal de
cada pais conocen especificamente fos pardsitos de
importancia local, raramente publican esta informa-
cion. Ademds Ia mayoria de las pocas publicaciones
que aparecen se efectian en boletines internos que
tienen circulacion muy limitada.

Para desarrollar estrategias de control es esencial
primero identificar las especies de helmintos que
estdn actuando y en segundo lugar determinar la
prevalencia de las especies patdgenas. la presente
comunicacion actualiza las especies de helmintos
que se han encontrado e Jamaica. Se tiene la
esperanza de que esta publicacién fomente en las
autoridades de salud animal de los otros paises
fa decision de efectuar trabajos similares,

El valor de este tipo de informacién se basa en el
hecho de poder determinar la extension de la infesta-
cion y poder asi infciar efectivas medidas de control.

Como ocurre en otras islas del Caribe, el interés
histérico de Ia parasitologia veterinaria ha sido
conmensurado con la disponibilidad de parasitd-
logos, situacion que se refleja en la cronologia irre-
gular de los registros existentes

Las especies de lelmintos que aparecen en el
Cuadro [ se ordenaron de acuerdo con los hospeda-
dores en que se encontraron. Todas las especies de
helmintos detalladas en el Cuadro | se cree que siguen
actuando en Jamaica con las excepciones siguientes:

1 Parte de lus actividades del Proyecte de Salud Animal/
Salud Publica Veterinaria del Gobierno de Jamaica,
Organizacion  Panamericana de e Salud/Organizucidn
Mundinl de la Salud y ol Programa de Naciones Unidos
para ¢l Desarrolle
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Cuadro 1. Lista de helmintos parasitos encontrados en la ganaderia de Jamaica.

Hospedero

Nematoda

Digenea Cestoda Acanthocephala

Bovinos

Trichuris sp. (5)
Strongyloides papillosus (5)

Ascaria (Neoascaria) vitulorum (5, 6)
Bunostomum phlebotomum (5)
Syngamus laryngeus (10)
Oesophagostomum radiatum (5)
Chabertia sp. (5)

Haemonchus contortus (5)

N. spathiger (5)

Ostertagia ostergagi (5)
Cooperia oncophera (5)
Trichostrongylus sp. (5)
Dictyocaulus viviparus (5)
Setaria sp. (5)

Onchocerca sp. (5)

Fasciola hepatica (5, 6) Moniezia sp. (5, 6)
“Una especie de Taenia hydatigena (5)
paramfistona (3)

Caprinos y ovinos

Trichuris sp. (7)

Strongyloides sp. (7)
Bumostomum trigonocephalum (5)
Chaberitia ovina (6)
Oesophagostomum sp. (5, 6)
“Irischostrongylidae” (5)
Haemonchus contortus (5, 6)
Cooperia sp. (5, 5)
Nematodirus sp. (7)
Dictyocaulus fileria (5)
Muellerius capillaris (5)
Protostronpylus rufescens (5, 6)

Fasciola hepatica (5) Moniezia sp. (5, 6)

Porcinos

Trichuris suis (8)

Trichinella spiralis (5)
Strongyloides sp. (5)

Ascaris lumbricoides (5, 6)
Qesophagostomum dentatum (5)
Dioctophyma renalis (S)
Eyostrongylus rubidus (5, 6)
Stephanurus dentatus (5)
Trichostrongylus sp. (6)
Metastrongylus apri (5)

M. pudendotectus (5)

Taenia solium (5) Macracanthorhynchus
hirudinaceus (5, 6)
T. hydatigena (5)

Equinos

Ascaris equorum (5, 6)
Oxyuris equi (5, 6)
Strongylus sp. (5, 6)
Dictyocaulus arnfieldi (7)
Rabronoma megastoma (9)
Setaria equina (5, 6)

Fasciola hepatica (6) Anoplocephala sp. (5, 6)
Echinococcus granulosus (11)
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£ granulosus — Varios quistes hidatidicos fueron
encontrados durante la necropsia de un equino
importado. No existe informacién de nuevos
hallazgos de este pardsito, por lo que debe asu-

mirse que se trata de un caso solitario {11).

T hydatigena ~ La presencia de T. frydatigena cys-
ticercus  (Cysticercus  tennuicollis) en  bovinos,
parece ser muy rara en Jamaica. Las formas adul-
tas de Ia tenia no se han observado en los perros
de laisla (6).

Trichinelly spiralis — No se conocen mayores deta-
les sobre esta observacién, Guilbride (4) menciona
que la trichinosis se desconoce en Jamaica y que
de 30 ratas observadas ninguna de ellas presentd
el pardsito. Recientemente se investigaron 107
mangostas ¥ 38 ratas y no se encontrd infestacion
{1). En consecuencia es probable que el hallazgo
informado se deba a un animat importado

T Solium cystivercus (Cysticercus  cellulosae)
se encontrd en una sola oportunidad en Jamaica
v no se conocen los detalles de su origen. Guilbride
dice que los estadios intermedios de la tenia son
muy infrecuentes en Jamaics y que no se observan
Ias formas adultas del pardsito (2, 4).
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Investigation on the pest status of the dusky cotton
bug  Oxyearenus laetus kirby (Lygaeidae: Hete-
roptera) on cotton'.

Hesumen, La chinche gris del algedon se alimenta de los
embriones de semillas germinando, asi como de los cotiledo-
nes causando una disminucion en el porcentaje de germina-
cign. Para evitar el dafio causado por hongos del suela, en
particutar de los géneros Aspergillus. Fusarium vy Penicilliurm
que penetran por las heridas causadas por ia chinche las semi-
[tas se trataron

At aumentar el grado de infestacidon con la chinche decre-
cieron el parcentaje de germinacion (A = —0.908), ia altura
de la pianta (r = 0.880) vy ia pera en hdmedo {r = —0.740} y
en seco {r = 0989 El andlisis del indice de vigor indica que
esta varid en plantas infectadas entre 23256 v 1512.0 mien-
tras que en las piantas sanas el (ndice de rigor fue de 2604 Q.

The dusky cotton bug, Oxyearenus lretus Kirby
has been reported to infest cotton in all the cotton
growing regions of India (3) and known to reduce the
yield of seed cotton by more than 20% under severe
infestation (6) It is also reported to feed on several
species of Malvaltes {9). The nymphs and adults of the
dusky cotton bug feed on the ripening seeds, reducing
the weight of the seed (10), vet no information is
available on the nature of damage caused to the seeds
and subsequent effect on the germination of the seed.
Hence the present investigaiion was made to assess
the effect of seed feeding of this bug on the germina-
tion rate and vigour ol the seedling.

Materials and methods

Freshly burst bolls of Suvin [Gossypitan barbaden-
se {L. )] from healthy plants without previous infesta-
tion by any other pest were selected and known
numbers of O lgetus nymphs and adults in the ratic of
3:1 were confined on the plants by covering a poly-
ethylene bag for 15 days Infestation grades of 25, 50
and 100 bugs per boll were maintained along with
check. The different infestation grades including the
check were replicated four times. Two thirds of the
seeds obtained from the experiment were treated
with Bavistin, fungicide (2 — Methoxy — {Carbaryl) --
benzimidazole) at the rate of 0.5 gm/100 gm seeds to
prevent infestation due to soil borne fungi and/or any
other pathogens.

The fungicide treated seeds were tested for germi-
nation rate in the germination chamber, The germina-
tion rate was assessed on the tenth day after sowing.
Measurement of seedling growth has been suggested
as a reliable index of seed vigour (11) and hence the
seedlings were carefully removed without any damage
for recording the height and wet and dry weights The
non-germinated seeds were dissected under binocular

microscope to identify the nature of damage and
causes for non-germination. Similarly, the fungicide
treated and untreated seeds were sown in the field for
observing the germination rate. Seedling vigour index
was calculated by the method of Abdul Bliaki and
Anderson {1},

The per cent of germination ranged from 51 to 96,
therefore arc sine transformation was done for statis-
tical scrutiny of the data (7). Analysis of variance was
used to test the significance between the three dif-
ferent ireatments viz (a) fungicide treated seeds
tested in the germination chamber and (b) field and
(c) untreated seeds tested in the field. Simple correla-
tion was worked out for studying the relationship
between the different infestation grades and the ger-
mination rate, plant height, wet and dry weights of
the secdlings germinated in the germination chamber.
A linear regression line was fitted to the observed
values by the method of *Least squares’ (4).

Results and discussion

Lygaeids are generally known as sced bugs (8)
since they feed mostly on the seeds of various culti-
vated and uncultivated monoccots and dicots. Eyles
(3) reported Drymus syhvaticus (Fab.) to completely
suck out the embryo of sorrel seed; indicating the
preference for the embryo of the seed, while the
common milkweed bug Oncopeltus fasciatus (Dallas)
does not feed on the embryo (2). The damage caused
by the dusky cotton bug often resembled that of the
O fasciaties and the embryo is damaped only occa-
sionally, the developing seeds suffer heavy damage of
the embryo while the ripened seeds are not damaged,
hence the seed maturity is an important factor in the
level of damage caused to the embryo of the seed
Also intensive feeding resuits in damage to the em-
bryo Thus one of the important causes for non-ger-
mination of seeds appears to be the extensive damage
to the radicle and cotyledons as observed on the seeds
from heavy infestation grades (50 and 100 bugs/boll),
the radicle in such seeds was partially damaged and
decaying. Non perminated seeds from the field
showed secondary infestation of fungi, particuiarly
the seed without »fungicide treatment. The black
mould (Aspergilius spp. ) developed on the cotyledons,
the other important fungi developing on the decaying
seeds were Fusarium sp. and Penicilivon sp. The fungi
entered from the soil through the feeding punctures
on the seed coat, the damage was extensively noticed
on the cotyledons, while the radicle and plumule
were decaying and shrunken. Few of the cotyledon-
ary leaves of the seedlings from 100 bugs/boll had
punctures of 1.00 mm {0 500 mm wide and the
tissue surrounding these punctures had burnt-up ap-
pearance
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Germination rate of seeds untreated with fungicide vas e
was constderably lower than the treated seeds, among 8 "=~074p
the fungicide treated seeds, those sown in the field 1o a_\__\s\a — vor
exhibited a lower germination rate than the seeds E‘ms n H
tested in the germination chamber and seeds of c 05
heavier infestation grades (50 and 100 bugs/boll) reg- Soso - E_
istered a lower germination rate than seeds from the = > 003
check and 25 bugs/boll (Table I). The differences Eonsl- =
between the different treatments as well as various HRR A TR
grades of infestation are highly sipnificant, while the T T e e 9
interaction between treatments is significant at 5%
level (Table 2) The same trend was observed in the ~ 33
other characters of the seedling viz, plant height, wet o0 2
and dry weights, though the difference was not as = 80 "
much significant as the germination rate. Regression E S af
analysis showed 2 linear relationship between the Z 60 -
degree of infestation and the quality of the seedling g § 16 -
(Fig. 1) With greater infestation the germination rate a0~ x
decreased {r = -0909%%), plant height reduced g g r
(r = ~0.890%%} and wet and dry weights lowered 5 o0 < 35050 2765 & i}
(r = -0 740%* and -0 989** respectively). The re- o v: . " , 30‘ ‘ZMSI'G?EB'DDBIQ“ |
duced plant height and decreased wet and dry weights o 3/ 50 7% 100 0 2% 50 75 1m0
of the seedlings from infested seeds might be due to
: - NUMBER OF BUBS PER BOLL
the various level of injury to the endosperm and
cotyledonary leaves as evidenced by the feeding Fig 1. Linean regression analysis between the degree of
punctures. The seeds heavily infested by the dusky infestation and the quality of the seedlings
Table 1. Transformed mean value of germination rate.
Number of bugs/boil Fungicide treated seeds Untreated seeds tested Mean of treatments
Tested in germn. chamber Tested in field in field
0 Q172 3.942 8424 8.846
25 8714 8 268 7932 8305
50 B 385 7.820 7602 71936
100 7484 6.852 5.924 6.753
Mean of infestation grades 8.439 7871 7.471
Table 2. Anova table.
Source D.F. S.5. M.S.5. S.E. F
Replications 4 015 0.031 - < 1.4
Treatments Infestation 2 925 4630 0.0985 47 54%¢
Grades 3 3541 11803 0.1139 131 .34%%
Interaction 6 143 0238 01973 2.45%
Erros 44 4.28 8.097

*  Significant at 5% level
*#* Sioniffcant at 196 level
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Table 3. Vigour index.

Number of bugs/boil

Fungicide treated seeds
Tested in germination chamber

Untreated seeds tested in field
Tested in field

Y 26040
25 23256
54 21700

100 15120

241690 21300
20424 17388
16165 14790
11280 84090

cotton bugs produced weaker seedlings as they yield-
ed very less dry matter (0.03 g/piant) when compared
to uninfested seeds (0.058 g/plant) Of the four
characters of the seedlings investigated for the effect
of dusky cotton bug feeding on the cotton seeds, dry
matter {r = -0.989%%) and germination rate (r =
—0.909%%) were more affected than the plant height
and wet wejght Thus it is evident from these results
that heavy infestation by the dusky cotton bug re-
duces germination rate of seeds and subsequent vig-
our of the plant. The vigour index {Table 3) also indi-
caies that the uninfested seeds are definitely superior
to infested seeds and that vigour of the seedling stead-
ily decreases as the infestation rate increases

The basic and cheap input for realizing high yiekl
is the quality seeds, hence the quality of the seed for
superior performance under optimum environmental
condition shouid be given prior importance, therefore
the cotton crop should be protected against the rav-
age of the dusky cotton bug, particularly when the
crop is for the purpose of seed multiplication.
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Summary

The dusky cotton bug feeds on the embryo of the
developing seeds and aiso the cotyledon and thereby
reduces the germinability of the seed. The soil borne
fungi, especially the species of the following genera
viz. Aspergillus, Fusarivom and Penicillium  enter
through the feeding hole and cause further damage to

the seed, however, fungicide treated seeds were pro-
tected from such damage. With increased infestation
of the dusky cotton bug, the germination rate de-
creaded (r = -—-0.909), plant height reduced (r =

0.890), wet and dry weights lowered (r= —0.740
and r = —0.989 respectively), Analysis of vigour index
indicates that the plant vigour of the infested seed-
fings ranged from 2325.6 to 1512.0 while the healthy
seeds showed 2 vigour index of 2604.0.

August 21, 1981
K. THANGAVELU*

*  Scientist. Central Institute for Cotton Research Regional
Station. (ICAR). Coimbatere—641 003, S.India
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The frequency of occurrence and geographical distri-
bution of plant parasitic nematodes associated
with Theobrama cacao in Nigeria.

Hesumen. En este estudio se informa sobre fa frecuencia
de aparicién y la distribucion geografica de nematodos aso-
ciados al cultivo def cacao en Nigeria Se examinaron 1 500
muestras colectadas en 72 fincas en las cuales se encantrd
25 especies pertenecientes a 17 géneros Por primers vez
fueron encontradas en cacac Xiphinema basiliense, Para-
longidorus sp.. Longidorus sp. v Euthylenchus africanus.
Los génereos mds comunes fueron Helicaotylenchus, Xiphine-
ma. Scutelionema. Meloidogyne v Hemicyeliophora.

The earliest report of cocoa nematodes was that
of Ritzema Bos {12) who found roet-knot nematode,
Heterodera radicicola (= Meloidogyne sp) on cocoa
in 1900. He, liowever, did not indicate the locality.

In 1921, Ghesquire (8) reported the occurrence
and close association of Meloidogyne sp. with the
die-back disease of cocoa in Belgian Congo. Many

other reports of the occurrence of nematodes on
cocoa have since been published (3, 10, 14, 15, 19).
Forty-seven species of nematodes belonging to
tweniy-seven genera have been reported in the
literature to be associnted with ITTeobroma cacao
roots (18).

This susrvey was undertaken in order to find out
the frequency, the distribution of each species and
to document any new records of the plant-parasitic
nematodes associated with cocoa in Nigeria.

Materials and methods

Soil samples were taken within a 50 c¢m radius
from the base of cocon trees as the fargest number of
nematodes were recovered from that region. Samples
were taken with augers of 2.5 cm diameter to a depth
of 24 cm. The samples were stored in polythene bags
and transfered to the laboratory [or nematode extrac-
tion.

Soil samples were washed through Cobb sieves (5)
of 500 and 53 micron pore sizes respectively before
exiracting nematodes for 18 hours from the resulting
suspension by the Whitehead and Hemming (20) tray
method. This combination was found to be effective
for the recovery of Longidorid nematodes.

Nematode suspensions were concentrated to a
20 — 25 ml sample using the settling-siphon method
of Caveness (4). The samples were examined under
the dissecting and compound microscopes im-
mediately or preserved in TAF solution (6).

Sampling was done during the wet season in all
cases over a period of 24 months. The six cocoa-
growing states in Nigeria - Bendel, Benue, Cross
River, Ogun, Ondo and Oyo were covered in the
survey. A total of 1 500 samples covering 72 farms
were ipvestigated. Depending on size 10 — 20 soil
samples were taken from each farm.

Tomate indicator plants were also employed to
detect the presence of Meloidogyne spp. in farms
where cocoa establishment had been difficult or
impossible at the Gambari Experimental Station of
the Cocoa Research Institute of Nigeria (CRIN).

Results and discussion

Tuble 1 shows the nematodes encountered in the
six states covered Twenty-five species belonging to
17 genera were identified. The frequency of their
occurrence is expressed as a percentage of the total

Turrialba Vol. 33, No. 1, 1983, pp. 97-100
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Table 1.

Mant-Parasitic nematodes found associated with Theobroma cacao in Nigeria

Where found

Benue

Nematode State

Bendel
State

Ondo
State

Cross
River
State

Ogun
State

Oyo
State

Aphelenchaides sp
Aphelenchus avenae *
Criconemaoides limitaneum
Eurtvlenchus africanits
Helicotylenchus dilivstera *
Helicotylenchus erythrinae
Helivorylenchues multicineius *
Hemicriconenolides sp
Hemicycliophora sp
Heterodera sp (adult male &)
(larvac)
Hoplolaimus pararobustus
Longidoruy sp
Meloidogyne sp (larvae)
Faralongidorus sp *
Paratylenchus sp
Scuetellonena brachyurum
Scutellonema clathricandatum
Scuteflonema validun *
Trichodorus sp
Xiphinema hergeri
Xiphinema brasiliense *
Xiphinema ebriense *
Xipliinema lfacolum
Xiphinema longicaudanim
Xiphinema sivericnsis *

*
#
EE

Ed

number of samples (Table 2). Xiphinema brasiliense,
X nigeriensis, X. ebriense, Helicotylenchus diltystera,
H nmudticinetus and Aphelenchus avenge were the
most ubiquitous. Xiphinema spp. and Helicotylen-
chus spp. were the commonest, occurring in 56% and
66% of the samples respectively. It was only in the
Cross River state that Xipliinema spp. were not
encountered, except for one individual of Xiplinema
longicaudatum at lkom. These finding of few Xiphi-
nema spp. east of the Niger River agree with those
of Caveness (3). Helicotylenchus spp were found
everywhere and in large numbers. Xip/tinema spp. and
Helicotylenchus spp. were also found in farger
numbers than most other types. Hemicriconemoides
spp., Paratylenchus spp. and Hemicycliophora spp.
occurred most frequently in Oyo state Heterodera
spp., Aphelenchoides spp. and Longidorus sp.
occurred most frequently in Cross River state. Species
of  Heterodera, Hemicriconemoides, FEutvlenchus,
Pargtylenchus,  Trichodorus, Paralongidorus, and
Longidorus were rare

As far as we are aware, this is the first record of

Longidorus sp., Paralongidorus sp., Eutyilenchus afri-

Table 2, Frequency of occurrence of nematiodes associat-

ed with cocon in Nigeria.

*Frequency of Occurrence

Nematode (Y6 of samples examined)

Aphelenchoides sp.
Aphelenchuy avenae
Criconemoides limitaneum
Eurylenchus africanus
Helicotylenchus spp.
Hemicriconemoltdes sp
Hemicycliophora sp
Heteradera sp. (farvae)
Hoplaolaimus pararobustuy
I ongodorus sp
Meloidogyne spp.
Paralongidorus sp.
Paratylenchus sp.
Scutelloneina spp.
Trichodorus sp.
Xiphinema spp

=)

OO0 O R NND
Lhootd IR CO T b b B L 13 O O oo

o

* Lxpressed as percentage ol total number of samples
examined.
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canus, Xiphinema brasiliense, Xiphinema bergeri® on
cocoa.

Xiphinema spp., Helicorylenchus spp., Meloido-
gine spp., and Scutellonema spp., which oceurred
more frequently than others in the survey, are
established pathogens of other crops Trichodorus
spp. are particularly difficult to extract from the soil
(11). They may be present in the cocoa rhizosphere
more frequently than this survey reveals Meloido-
grne spp. were found in some plots where cocoa
establishment has been difficuit or impossible at the
main experimental station of CRIN by the use of
tomato indicator plints.

Some species of Xiphinema and [Longidorus
transmit nepoviruses while tobraviruses sre transmit-
ted by species of Trichodorus and Paratrichodorus
There are also reports that they transmit viruses that
cannot be classified into either group (11, 17)
The Cocoa Swollen Shoot Virus (CSSV) does net
belong to either group, but causes very devastating
damages in Wesl Africa (9) The Cocoa Necrosis
Virus (CNV), a nepovirus (1), is also present in the
sub-region, but it is not reparded as a serious disease
vet (9).

Recent investigations in Brazil (7, 13), Costa Rica
(16), and Ghana (2} have shown that the establish-
ment, growth and productivity of cocoa could be
hampered by pathogenic nematodes. This is also
indicated in Nigeria for Meloidogyne on cocoa
seedlings { Afolami, unpublished data)

The Cocoa Research Institute of Nigeria has there-
fore initiated investigations into the role of nema-
todes in the establishment, growth and productivity
of Theobroma cacao snd also in the virus disease
complex of the crop in Nigeria.

Summary

The frequency of occurrence and geographical
distribution of plant-parasitic nematodes associated
with cocoa in the six cocoa-growing states of Nigeria
are reported One thousand, five hundred samples
taken from seventy-two farms were examined
Twenty-five species belonging to 17 penera were
identified  Xiphinema brasitiense, Paralongidorus
sp., Longidorus sp. and Furvlenclius africanus were
found for the first time on cocoa The commonest
genera were Helicotvienchus, Xiphinema, Scutello-
nema, Meloidogvne, snd Hemicycliophora

¥ XKiphinema bergeri = Xiphinema “x" of Caveness (2),

September 6, 1982

STEPHEN O. AFOLAMI*
FIELDS E. CAVENESS*®*
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Cocoa Rescarch Institute ol Nigerin PM.B. 5244,
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Notas y comentarios

Un virus que hace crecer mejor a las plantas.

Los virus que infectan a las plantas causan general-
mente retardos severos en €l crecimiento. Pero, S. K.
Ghaosh, del Instituto Central de Investigaciones de la
India, ha encontrado un virus que puede estimular el
crecimiento vegetal y que podria usarse para aumen-
tar el rendimiento potencial de ciertos cultivos (Plan-
ta, Vol. 155, p. 193).

El virus, llamado ‘“rice necrosis mosaic virus”
(RNMV}, tiende a paralizar el crecimiento del arroz
y a causar necrosis y clorosis en las hojas infectadas.
Ghosh encontré que el RNMV no solo ataca el arroz
sino que puede infectar también a Ludwigia perennis,
una planta asidtica de la familia de las onagriceas,
conocida en la Indiz como *“false loosestrife™ La
verdadera “loosestrife” es una litrdcea conocida como
salicaria en espafiol Los sintomas en L. perennjs con-
sistian en puntos clordticos amariflo pdlido en la base
de los limbos foliares, seguidos de un mosaico ama-
rillo verdose desarrollado en toda la hoja. Pero, en
contraste con el arroz, Ghosh encontrd que las plan-
tas enfermas de Ludwigiz crecian mds ripido que las

Publicaciones

Recientemente hemos recibido dos publicaciones
del Centro Internacional para In Investigacion en
Arroz (IRRI), cuyo alcance merece un comentario
para nuestros lectores.

La primera publicacién titulada A FARMER’S
PRIMER ON GROWING RICE fue publicada en
1979 v presenta en forma pictérica todos los aspec-
tos relacionados con el cultivo del arroz. El estilo
en que se presenta la informacién facilita en mucho
el trabajo de comunicacion entre agricultores, asis-
tentes de campo, maestros e investigadores. Este
texto deberia formar parte del material bdsico en
las bibliotecas de las agencias de extensién agricola,
no como obra de consulta especializada sino como

plantas testigo. Asi, 70 dias después de la inoculacion
con RNMV, las plantas infectadas habian crecido
cuatro veces mds, en altura, que las plantas no infec-
tadas, v produjeron un ndmero mds grande de hojas
y flores. Ademds, ¢l tamafio de la hoja, el tamafio
de las células y el didmetro del tallo aumentaron en
comparacion de las plantas sanas.

Ghosh extendid entonces sus estudios a cultivos
textiles mds importantes econdmicamente, tales como
el yute, uno de los principales productos agricolas
de la India. Al igual que con Ludwigia, encontrd que
el yute infectado con RNMV crecid mds rdpido,
y también aumentd el nitmero de haces de fibras en
todas las variedades enfermas examinadas. Aunque
1o se presentaron sintomas visibles de infeccidn vir6-
tica en estas plantas, la savia colectada de plantas
mostrd una reaccién de precipitacion con antisuero
RNMV, lo que sugiere fuertmente que estas varieda-
des productoras de fibras son en realidad portadoras
de la enfermedad.

;Por qué el RNMV promueve el crecimiento en
ciertas plantas? Ghosh sugiere que el virus puede,
en cierto modo, aumentar la produccién de hormo-
nas de crecimiento en las plantas infectadas. Quizis,
el RNMV resulte ser una herramienta importante
para promover la produccién de fibras bastas,
provenientes de tallos, como en el caso del yute.
Su posible uso en otros cultivos espera estudios
posteriores. Adalberto Gorbitz.

una fuente de material listo para facilitar la transfe-
rencia de tecnologia,

El segundo documento recibido, An Adventure
in Applied Science: A History of the International
Rice Research Institute {1982), presenta una reco-
pilacion historica de un Centro de lnvestigacion
Internacional, quizd el dnico en su estilo que ha
sobrevivido con balance positive por 20 afios. Cono-
cer Iz historia del IRRI puede no parecer importante
para muchos lectores, sin embargo, creemos que el
futuro de algunas instituciones ya creadas o por fun-
darse podriz en mucho asegurarse si las personas
interesadas en este tipo de empresa conacieran lo
que otros antes han vivido en relacidn al mismo
problema

Ambas publicaciones pueden ser adquiridas escri-
biendo a The International Rice Institute, P. O. Box
933, Manila, Philippines.





