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— EVOLUCION ESTACIONAL DE NUTRIMENTOS EN GUINDO DULCE (Prunus avium LYY

I VIDAL*
A VENEGAS*
C HIDALGO*

The variabiliry of foliar N, P, K, Ca, Mg, Mn, Fe, Zn, Cu and B content as q
function of time was studied in an frrigated, 18 vear old cherry orchard (Prunus avium
L.} Sanples were taken durfng nwo seasons at 1.5 days intervals from leaves of 1, 2 to
3 and 4 to 3 vears old woody branches In general, N, P, Cu and Zn concentrations
decreased as the growth period advances, while Ca, Mg, Fe and Mn concentration
showed an inverse response. The belavior of K and B was very similar, having their
iugher concentrarion ar the middle of the growing season The period of higher
stability of the macro and micronutrients occurs during the summer. There is an
important effect on the mineral concentration according to the leave position for
all the nutrients, except for N and P. Considering rhe good fit of the regression
equation, correction factors are proposed for samples taken at any time during the

growing season.

Introduccién

% | cultivo del guindo dulce (Prunus aviven L) en
Chile, presenta crecientes posibilidades de mer-
Bt cado como fruta fresca o industrializada, tanto
para ¢l consumo nzcional como internacional. Entre
los problemas que aquejan al mangjo de este frutal, Jo
concerniente a la nutricion mineral, es de primera im-
portancia. Esta situacion se agudiza en la VIH Regidn
por el hecho de que gran parte de los huertos estdn en
suelos de Dbaja fertilidad, como son los derivados de
material granitico o los de origen aluvial de textura
gruesa (8)

Una de las técnicas de diagnostico que presenta
mayor ventaja para estudiar el aspecto nutricional de
los frutales, es el andlisis foliar, el cual puede propor-
cionar iz informacién necesaria para la determinacién
de deficienciz y/o exceso de los elementos esencisles
en el drboi frutal (2} Este método ha pennitido obte-
ner muy buenos resultados en el control de la nutri-
cién de especies permanentes y, como ciemplo de
ello, se pueden citar trabajos en guinde (3, 16, 20},

1 Recibido para publicacidn ¢l 3 de mayo, 1984
Parte det Proyecto 20 26 .07 de la Dircecion de Envestiga-
¢ion, Universidad de Concepeidn

* Dpto. Agroromia, Univ. de Concepeitn, Casiia 537, Chi-
lan, Chile

manzano (10, 21), damasco (1, 21), duraznero (17,
18, 19, 21, 22), vid (4, 9), almendro {6, 7}, olivo
{14), palto (11}, pino (13) y ciruelo (15)

Para infciar el estudio de la nutricidn de un cultivo
por andlisis foliar, es necesario conocer una serie de
factores que garanticen que la muestra represenie el
estado nutritivo de la plants en una determinada épo-
ca (5) De aqui se deduce la importancia de fijar el
tipo de hoja y la época en que ésta debe ser recogida.

Por la importancia y perspectiva futura que reviste
esta especie frutal para esta zona, es que se planted la
presente investigacion con el fin de: a} determinar Ia
evolucion estacional del contenido de nutrimentos
(N, P, K, Ca, Mg, Fe, Zn, Cu, Mn y B) en hojas de
guindo dulce, cultivar Corazdn de Paloma o Royal
Ann, b) establecer la mejor época de muestreo con
prapositos de diagndstico nutricional y ¢) medir el
efecto de Ia posicidn de la hoja sobre fa composicion
mineral

Materiales y métodos

El estudio se realizd en un huerto de guindo dulce,
cultivar Corazén de Paloma, de 17 afios de edad, de
riego, pertenecienie a la Estacidn Experimental de [a
Facultad de Ciencias Agropecuarias y Forestales de la
Universidad de Concepcién en Chillin {36° 367 lati-
tud sur y 72° 06 longitud veste), VIII Region de
Chile

Turrialba Vol. 34, No. 4, 1984, pp. 405-412



406 TURRIALBA: VOL 34, NUM 4, TRIMESTRE OCTUBRE--DICIEMBRE 1984

La region presenta caracteristicas climaticas de
transicién entre el clinw mediterrdneo y e clima tem-
plado humedo. Las precipitaciones son del orden de
los 1033 mm anuales, con periodos secos de 3a 5
meses v una temperatura media anual de 14 a 15°C,
presentdndose las midximas en diciembre-enero v las
minimas. en julio El suelo corresponde a la serie Di-
guitlin, que de acuerdo a la séptima aproximacion, s¢
clasifica como Typic Dystrandept, originado de to-
ba volcinica sedimentasia y ceniza volcdnica, con
buen drenaje y pendiente de 0 5a 1.5%

Para lu seleccién de los drboles, se considero la uni-
formidad en cuanto a desarrolio y vigor y su buen es-
tado sanitario. Se escogieron asi cuatro drboles, los
cuales se usaron como repeticiones en ef andlisis esta-
distico de los resuitados E! manejo sanitario com-
prendio la utilizacion de productos quimicos que no
inter(irieran en la concentracién foliar

El muestico se realizo durante las temporadas
1980-81 y [981-82 Sc obtuvieron hojas provenientes
de maderas de 2-3 afies, cada 15 dias aproximada-
mente, entre los meses de octubre y marzo, inclusive
Con el proposite de determinar ¢l efecto de la posi-
cion de la hoja sobre la composicion mineral, en los
meses de enero, febrero y marzo, se tomd tejido foliar
proveniente de maderas de | afio, de 4-5 afios y mis
de 5 afios, ademds del material de 2-3 afios que se ve-
nia previamente muestreando

En las muestras foliares se determind N, por el mé-
tedo Kieldahl v el resto de los nutrimentos, a excep-
cion del B, se solubilizaran en una mezcla de dcido ni-
trico v peccidrico El Ca, Mg, Zn, Fe, Mn y Cu, se de-
terminaron por espectrofotometria de absorcion ato-
mica; el K por fotometria de llamg; el P por colorime-
tria. Para el B, se usé una mineralizacidn via seca y se
determind posteriormente en forma colorimétrica, de
acuerdo a la metodologia propuesta por Lachica (12)

Los coeficientes de variacion para los diferentes
elementos estudiados en las dos temporadas, se obtu-
vieron a partir de un andlisis de varianza. Los valores
del andlisis con respecto a los dias de postfloracion de
las dos temporadas, se ajustaron a ecuaciones de re-
aresion de tipo cuadritica, clibica, fogaritmica y po-
tencial, considerando cada elemento en forma indivi-
dual El periodo de mayor estabilidad en la composi-
cién mineral, se obtuvo a partir de las ecuaciones de
regresion, segin la metodologia propuesta por Leece
y Gilmours {18). Posteriormente, a partir de las mis-
mas ecuacicnes, se caleuld un factor de correccidn pa-
ra las muestras tomadas antes o después del periedo
de estabilidad

El suelo cortespondiente al huerto, se muestreé a
tres profundidades (0-30, 30-60 y 6090 cm), para

evaluar sus caracteristicas fisicas y quimicas). En los
Cuadros 1 v 2 se indican los resultados de estos andli-
sis. Con respecto a las caracleristicas quimicas, el per-
fil del suelo presenta contenidos normales de Ca, Mg,
K, Na y relacidon C/N, en cambio los niveles de P son
medios a bajos. El pH es liperamente dcido y su con-
tenido de M O es normal, disminuyendo en profun-
didad. EI N total es mds bien bajo, con tendencia a
disminuir aun mds en profundidad. En relacion a las
caracteristicas fisicas del suelo, llama especialmente la
atencion la mayor densidad aparente y una menor po-
rosidad en ef primer horizonte, atribuible esto a un
mayor contenide de arcilla de el estrato superficial y
el puso de la maquinaria agricola en el huerte In re-
lacién a las otras caracteristicas éstas se encuentran
dentro de fos rangos considerados normales para esta
serie de suelo {24)

Resultados y discusién
Variabilidad de los elementos

En el Cusdro 3, se presentan los coeficientes de va-
riacion de ambas temporadas, para los diferentes ele-
mentos estucdiados Se observa que existe un estrecho
grado de asociacién en el coeficiente de variacion de
las dos temporadas para todos los elementos, a excep-
cion del Fe gue varid de una temporada a otra. La va-
righilidad del Fe, se puede atribuir a que este micro-
elemento tiene un comportamiento bastante irzegular,
pues es muy propenso a sufrir contaminacién con par.
ticulas de polvo, las cuales son ricas en este autrimen-
to, o durante Ja molienda en micromolinos acerados
del tipo Wiley

Bl rango de variacion de la primera temporada es
de 71 66%, en tanto que en la segunda, dste vade 3 a
33% aproximadamente, presentando los menores va-
lores el N, P, K, Mgy Zn, en tanto que el Ca, Mn, Fe,
B v Cu mostraron valores superiores al 13% Esta va-
riabilidad, asociada a las fechas de muestrec, indica
que es necesario contar con las curvas de evolucion
estacional para las difetentes condiciones edafoclimi-
ticas en que se plante cerezo, con el proposito de es-
tandarizar la época de muestreo

De acuerde a lo anterior, se infiere que es de parti-
cular importancia [a época de recoleccidn de la mues-
tra foliar en el caso del Ca, Mn, Fe, B y Cu y de me-
diana importancia para N, K, P, Mg v Zn

Evolucion estacional

La evolucidn estacional de la composicién foliar
del guindo dulce, durante las temporadas 1980-81 y
1981-82, se representa en las ecuaciones del Cuadro 4
y en las Figuras 1 y 2 Se infiere que las ecuaciones
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Cuadro 1. Caracteristicas quimicas del suelo del huerto,

Profund. Ca Mg K Na pil M.O. N total P Olsen Relac.
¢/ [

{cm) meq/ 100 g suelo o % ppm C/N

030 9 50 178 115 033 6.10 6.70 028 i30 13.93
30-60 875 234 099 109 6.20 340 011 30 1B 18
6094 8.25 359 120 109 6 50 20 0.04 4.0 10.00
Cuadro 2. Caracteristicas fisicas del suelo del huerto.
Profundidad Arcilla Da Porosidad Tensién Atm.

[/ (/A
{em) A glee " 1/3 15
G

0-30 26 104 575 57 1613
3060 21 0 86 64 4 36355 2012
6090 19 098 639 3244 19 69

Cuadro 3. Coeficiente de varigcion (C.V.) para los elemen-
tos estudiados en las dos temporadas.

Coeficiente de varizcidn (%)

Elemento
Temporada 80-81 Temporada 81-82

Nitrdgeno CV = 98] CV = 768
I'dsioro CV = 862 CV = 8§29
Potasio CV = 864 CV = 357
Calcio CV = 1459 CV =1578
Mugnesio OV o= G468 CV = 748
Manganeso CV. =1472 CV. =2056
Hierro CV =6649 CV =1228
Cine CV.= 743 CV =1007
Cobre CV.=2908 CV.=2713
Bore CV.=1785 CV =3365

representan muy bien la evolucién de los diferentes
nutrimentos a través de la temporada. Los coeficien-
tes de correlacion obtenidos, fueron altamente signifi-
cativos (P <0 01).

Los niveles de N, P, Cuy Zn presentan una tenden-
cia muy clara a disminuir con respecto zl avance de la
temporada de crechmiento, manteniéndose valores re-
lativamente esiables g partir del mes de enero Esto
concuerda en forma muy aproximada con trabajos
realizados por Sdnchez (22), Leece v Gilmour (18)y
McClung v Lott (19}

E1 K y el B presentan un comportamiento muy si-
milar entre si con las mayores concentraciones a me-
diados de la estacién de crecimiento (fines de diciem-
bre}, para posteriormente disminuir

E1 Ca, Mg, Fe v Mn aumentan a medida que avan-
za la temporada de crecimiento Sin embargo, ¢l Fe y
Mn presentan un periodo de cierta estabilidad a me-
diados de verano, para caer posteriormente en el mes
de marzo

Las tendencias descritas anteriormente, coincide
con estudios realizados en guindo dulce {16, 20), asi

Turrialba Vol. 34, No. 4, 1984, pp. 405-412
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Cuadro 4. Ecuaciones de regresion y coeficientes de deter-
minacién (Rz) para los diez elementos estudia-

dos.
Ele- Ecuaci6n R2
mento
%
N 8262F-038 0.87%%
P 0.595-0.088InF 0.59%*
K 1.087 +0.018F —9.12x 10~ F? 0.40%*
Ca 0.19F%5! 0.72%+
Mg 0.084F°3!! 0.69%%
ppm

Fe 211.15 — 4.96F + 0.067F% ~ 2.25x 10-*F3 0.45%*

Cu 1525-210InF 0.31%*
Mn 11.55 + 039F — 1.41 x 10~ F? 0.40%*
Zn 4452 -543InF 0.44%*
B 16.75 + 0.74 F-3.2 x 10°F? 0.31%*

** Significativo al P <0.01.

F = Dias después de floracion (20 sep.).

como duraznero (18, 22) y damasco (1). En efecto,
Smith (23) y Leece y Gilmour (18), sefialan que las
curvas estacionales son caracteristicas para cada uno
de los elementos y varfan muy poco entre especies.

Las bases fisiologicas de los cambios descritos pre-
cedentemente, han sido discutidos por McClung y
Lott (19), Emmert (5) y Smith (23). La tendencia
descendente del N, P, Cu y Zn que ocurren en prima-
vera, se deberia a un rdpido aumento en materia seca
de la hoja que trae como consecuencia que estos ele-
mentos que estan presentes inicialmente en altas con-
centraciones, manifiesten un efecto de dilucidn. Asi,
la concentracién de estos elementos decrece, aunque
en términos de cantidades absolutas muestran un in-
cremento neto.

A la inversa, la tendencia ascendente del Ca, Mg,
Mn, B y Fe en primavera, se puede atribuir a que es-
tos elementos se presentan inicialmente en baja con-
centracién y se acumulan mds rdpidamente que la
materia seca de la hoja (5, 19, 23).

Ca
H
i
i
1

Dias Post Floracidn

F

-
Q

ig. 1. Evolucidn estacional y periodo de mayor estabilidad
de macronutrimentos en guindo dulce (Prunus avium).
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Fig. 2. Evolucion estacional y periodo de mayor estabilidad

de micronutrimentos en guinde dulce (Prunus avium).

Al término de la temporada (marzo), bajan las con-
centraciones de N, K, P, Zn, B, Cu, Mn y Fe. Segiin
algunos autores (5, 19, 23), este comportamiento se
debe a una remobilizacién y traslocacidon de los ele-
mentos al comenzar la senescencia de la hoja. Sin em-
bargo, llama la atencién el caso de los micronutrimen-
tos que se consideran elementos muy poco méviles a
nivel foliar, por lo que su poder de traslocacién seria
despreciable.

Periodo de estabilidad de nutrimentos

La informacién presentada en las Figuras 1 y 2,
reafirma la necesidad de caracterizar las muestras fo-
liares con respecto a un periodo de muestreo definido
y de cierta estabilidad. En efecto, se puede inferir que
el periodo de mayor estabilizacién de los macro y mi-
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cronutrimentos corresponde a los meses de enero y
febrero. Al respecto, cabe sefiaiar que esta fecha coin-
cide con otros trabajos realizados en Chile y en ef ex-
tranjero para estas especies (16, 20}

Pe acuerdo a lo indicado precedentemente, los
muestreos folisres pars propodsile de diagnostico nu.
tricional en guindo dulee. deberian efectuarse dentro
de los meses de enero y febrero. A su vez, los estdnda-
res de comparacion deben provenir de muestreas den-
tro del mismo periodo No obstante, considerando la
limitacidn prictica de estar condicionade a un perio-
do restringido de muestreo. y de acuerdo al alto gra-
do de gjuste (P < 0.01) de las ecuaciones de regresion
(Cuadro 4), se calcularon factores de correccion para
muesireos efectuados fuera de época Estos factores
de correccion, usando e} 31 de enero como {echa ba-
se, se presentan en el Cuadro 5. para los meses de oc-
tubre, noviembre. diciembre y marzo Cabe sefizlar,
que estos factores deben considerarse solo como una
aproximacion en el caso de los elementos con R* ba-
jo {Cuadro 4}, como es la situacion del K. Cu, Mn y
B

Estos factores permitirdn reatizar muestreos fuera
de época, aun cuando éstas no sean las de mayor esta-
bilidad nutricional; esto significa en la prictica. una
ayuda de gran importancia puas proporcionan un ran-
go de tiempo mucho mis amplio que lo recomendado
por la literatura para efectuar los muestreos foliares

Influencia de la posicién de la hoja

En el Cuadro 6 se presentan los resultados obteni-
dos en ambas temporadas, anulando la influencia de
las feclas de muestreo. Para tal efecto, se obtuvo un
promedio a partiv de las diferentes fechas en cada
uno de los distintos tipos de tejido anslizado . Se pue-
de inferir que no existe un efecto significativo
{P < 001) de ta posicion de fa hoja sobre los niveles
de N y P mientras que para el K y e} Fe, hay una va-
riacién zcusada solo en una temporada Para el resto
de los nutrimentes, hay un efecto importante de Ia
posicion de la hoja sobre su composicién mineral,
le que sugiere que es decisivo mencionar para estos
elementos el tipo de hoja muestreada en estudios nu-
tricionales

Existe poca o nula informacién respecto de la dis-
tribucion de nutrimentos en plantas de cerezo y en
ctras especies. En general, las experiencias que mds
se han realizado sobre este tema, son a nivel de inver-
naderos y con elementos marcados. Sin embargo, es-
tos trabajos no aportan informacidn que permita ex-
plicar el comportamiento de los diferentes nutrimen-
tos, segun el tipo de tejido

Llama la atencion que el Ca, Mg, Mn, Zn v Fe se
encuentran siempre en menores concentraciones en
las hojas provenientes de madera de 1 afio Este fend-
meno se atribuye 3 que todos estos elementos, o ex-

Cuadro 5. Farctores de ajuste para Ja composicion de muestras colectadas en octubre, noviembre, diciembre y marzo a nivel del 31 de
enero,

Elementos 15 octubre 15 noviembre 15 diciembre 15 marzo
Nitrogeno 03533 0719 0 849 1116
FFésforo 03532 0686 0814 i186
Potasio [ 276 1044 0960 1.302
Calcio 2327 1 556 1.247 0.862
Magnesio 1672 1312 1 147 0914
Mangancso 1 883 1338 1.114 1050
Cine 0667 G793 0885 1096
Cobre (3 590 0733 0 846 1.138
Hierro 1636 1982 1516 1 086
Boro [ 768 1.230 1.440 1218

Turrialba Vol. 34, No. 4, 1984, pp. 405-412
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Cuadro 6. Contenido de macro ¥ micronutrimentos en relacion a fa posicion de 1a hoja.
Iemporada 1980-81
Posicion N P K Ca Mg Mn Zn Cu Fe
o ppm
Madera
180 119 G116 1.9¢ 179 (.32 253 139 3 8 1609
2.3 afios 1 30 01lae 1.83 182 039 347 176 512 2303
4-5 afios 1.25 02 1.95 237 037 342 619 641 256 9
Valor F 033 0.88 138 11 89+ 4554 13 p8¥ 745%F 323+ 16 BE#*
Temporada 1981-82
Muadera
| aflo 1.22 020 £73 i33 0.30 263 i4 2 648 148 3
2-3 afios 121 018 I 62 239 03% 393 17.5 362 17717
4-§ afios 18 021 157 256 0.38 366 5.0 863 148 7
Madera
+ 5 ofios 1] 025 1.83 232 0.36 367 210 g.23 1745
Valor F 196 1.56 524 k* 36 47 *#* 14 334 15.0%* 15 13%# 5 gg*#* 26

Nota: El B se determind sole en fas ojas provenientes de ramillas de 2-3 afios.

En la temporada 1981-82 se incluyo tejido proveniente de madera de mds de 5 afios.

*  Significativa P £ 0.05

*#+ Significativa P <0 0%,

cepcidn el Mg, son relativamente inmoviles a nivel
foliar, por to que su redistribucion es muy reducida,
tendiendo mds que nada a acumularse en los teiidos
mids viejos. Cabe sefialar que las variaciones de Ca y
Mg se manifiestan de una forma paralela con respec-
to a la posicién de la hoja

En general, se puede inferir que el tejido prove-
niente de madera de 2-3 afios, es mas representativo
para ser utilizado con fines de diagnéstico nutricional,
puesto gue refleja condiciones minerales intermedias

Resumen

En un huerto de guindo dulce (Prunus avium L),
bajo riego de 17 afics de edad, se estudid la variabili-

dad en funcién del tiempo del contenido foliar de N,
P, K, Ca, Mg, Mn, Fe, Zn, Cu y B Se tomaron mues-
tras en dos temporadas a intervalos de 15 dias, consi-
derando hojas provenientes de madera de 1 afio, 2 a 3
aftos y 4 a 5 afios. En general, la tendencia estacional
del N, P, Cuy Zn es a disminuir, a medida que avanza
la temporada de crecimiento, en tanto que el Ca, Mg,
Fe y Mn piesentan una situacidén inversa El compor-
tamiento del K v B es muy similar entre si, logrando
sus mayores concentraciones a mediados de la tempo-
rada de crecimiento El periodo de mayor estabiliza-
cién de les macro y micronutrimentos, corresponde a
los meses. de enero y febrero. Para todos los nutri-
mentos, a excepcidn del N y P, hay un efecto impor-
tante de la posicion de la hoja sobre su composicién
mineral. Considerando el alto grado de ajuste de ecua-
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ciones de regresidn, se proponen factores de correc-
cién para muestreos efectuados en cualquier época

dentro de la temporada de crecimiento

[

10,
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Notas y comentarios

Hongo patogeno que ayuda a plantas

Las mariposas que van de flor en flor transmiten a
veces organismos patdgenos, dispersando asi alguna
enfermedad de ta planta que visitan. Pero, por lo me-
nos en un ¢aso, uno de estos patégenos puede, en rea-
lidad ayudar a fas plantas.

El hongo Ustilago viclacea afecta a plantas cariofi-
liceas, familia que comptende a los claveles {Dian-
thus) v a las viscarias (Lychinis). Las esporas del hon-
go se producen en las anteras de las plantas victimas,
en lugar de los granos de pelen; de alli ef nombre de
“carbon de las anteras”

QOla Jennesten de ]a Universidad de Upsala, en Sue-
cia, estudid dos especies carjofildceas silvestres, Dign-
thus deftoides vy Lycimis viscgria, ambas adaptadas a
la polinizacién por mariposas Jennesten realizd su es-
tudio en un campo soleado en el oeste de Suecia, y
mientras las mariposas estaban alimentindose, reco-
lectd algunas de eilas para andlisis de las esporas fun-

y Fortuna. {Tesis Ingeniero Agrénomo) San-
tiago, Chile, Universidad Catdlica de Chile,
Facultad de Agronomiz, 1970 74 p

23. SMITH, P. F. Mineral analysis of plant tissues
Annual Review of Plant Physiology 13:81-
108 1962,

24 VIDAL, I y DEL CANTO, P. Propiedades {1si-
cas de los suelos de Ruble, VI Regidn de
Chile Agricultura Técnica (Chile) 43(3):
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gosas y de los granos de polen que podrian estar
transportando (Oikos, vol 40, p 125)

El estudio microscépico reveld esporas fungosas
en por io menos 13 diferentes especies de mariposas y
una de polillas, aunque mds individuos llevaban gra-
nos de polen que esporas de hongos. Asi se comprobo
que las mariposas eran las que diseminaban el carbén
de las anteras entre esas plantas Pero hay una varian-
te {eliz en esta triste historia

Resulta gue uno de los problemas que enfrentan
todas las plantas con flores es evitar la autofertiliza-
cidn, que conduce a la endogamia, que tiende a debili-
tar a la descendencia. El problema es particularmente
agudo en plantas con flores hermafreditas. Jennesten
encontrd que las anteras de alrededor de un tercio de
la poblacion de viscarias estaban afectadas con el hon-
g0, ¥ eran asl incapaces de producir polen Pero, aun-
que fas flores eran estériles como machos, eran capa-
ces de funcionar como hembras, y todas las plantas
infectadas producian semillas. De esta manera, la in-
{eccidn fungosz era, en realidad, beneficiosa para las
plantas: Al inhibir la produccién de polen, estaba fa-
cilitando la fecundacién con polen de otras plantas no
infectadas Y esto es una buena noticia para las plan-
tas cariofildceas. Adalberto Garbitz



EFFECTS OF SOIL MULCHES ON SOIL TEMPERATURE, PLANT GROWTH

— ANDPOTATO YIELDS IN AN ARIDIC ISOTHERMIC ENVIRONMENT IN PERUY/

L.A. MANRIQUE*

Resumen

Se evalud el efecto de pldsticos v paja de cebadn usada como cobertira, sobre la
temperatiira del suelo v el crecimiento y rendimiento de variedudes de papa comercia-
les peruanas, durante las estaciones de invierno y verano {1975-1977) en el medio ari-
dico, isotérmico de la Aoling

Durante el invierno, la remperatira del suelo cubierto con plastico negro v blan-
co oscilo entre 18 v 26°C Bajo estas condiciones, los rendimientos de papa atimenta-
ron en g mavoria de las variedades fn el verano, las coberturas pldsticas elevaron la
temperatura sobre 30°C, desfavoreciendo of crecimiento de las plantas v la formacion
de tubércuos

El suelo cubierto con paja maniuvro ung temperatura optima v estable {inferior a
21°C) para la papa durante el invierno. ki el verano, la paja redujo considerableimente
In remperatira del suelo duranie el dia, pero en la noche siempre se mantuvo sobre los
20°C El rendimiento con este tratmmiento durante el verang solo alcanzo el 48% del
rendimiento de invierno. Los resultados indican que si bien se logra reducir la tempera-
rera del suelo con el uso de paja, el cambio no es suficiente para que la papa crezca

R MEYER*

bien en el verano

Introduction

ifferent types of materials (straw, polyethylene
plastic, gravel, and asphalt) have been used as
i soil mulches for different purposes Some
beneficial effects of soil mulches on soil temperature,
moisture coatent, nutrient availability, and disease
and weed controi have been reported (1, 2,3,4,5, 7,
&) Mulches have been used in extreme climatic condi-
tions, either to increase night soil temperatures or to
decrease day soil temperatures However, very littie
information exists on the effects of soil mulches on

1 Received for publication in July 13, 1983
Journal Scries No. 2760 of the Hawaii Agricultural Exper-
iment Station. This work was supported by the Interna-
tional Potato Center, Lima, Pera.

Research Associate/ Agronomist, Benchmark Soils Project,
University of Hawali, Honolulu, Hawail 96822, and
former CiPF Agronomist now Edaphologist, Water Man-
agement, Drvland  Agriculture, S&T/AGR/RNR/AID,
Washingion, D €. 20523,

potato performance in tropical and subtropical envi-
ronments. The purposes of this paper are twofold: (1)
to report the effects of soil muiches on soil tempera-
ture, and (2} to evaluate the effects of soil mulches
on plant growth and tuber yields of non-heat tolerant
potato varieties in an arid coastal environment of La
Molina, Lima, Peru

Potato production in the central arid coastal zone
of Peru is limited to the winter season (June-Septem-
per) Maximum and minimum air temperatures during
this period are 22 and 12°C, respectively (Figure 1)
With good water management, yield production dur-
ing this season is similar to yields from high produc-
tive areas in the Andean region. However, no com-
mercial production is conducted during the summer
{December-March)

High temperatures and also high incidence of
diseases and insect attack increase greatly the risk of
erop failure during this season. Thus, potato produc-
tion during the summer is entirely conducted in the

Turrialba Vol. 34, No. 4, 1984, pp. 413-420
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fairly favorable environment of the Andean region.
No or very little potato is grown in the Andean region
during the dry-winter season due to high risk of frost-
killing temperatures and also to lack of irrigation.
Thus, the potato production cycle in Peru is re-
stricted to the winter in the Coast and to the summer
in the Andean region.

Materials and methods

Experiments on soil mulches were conducted dur-
ing the winter season of 1975 and summer seasons of
1976 and 1977 in a nonacid, coarse loamy, iso-
thermic soil family of Typic Torrifluvents. The exper-
imental site was located at the La Molina Agricultural
Experiment Station, Lima, Peru.

Treatments of barley straw, and black and white
polyethylene plastics were included in experiments
conducted during the winter of 1975 (Experiment 1)
and summer of 1976 (Experiment 2) (Table 1). A
splitplot design was used with mulch treatments as
main plots and varieties as subplots. Peruvian com-
mercial varieties were planted in plots of two rows,
spaced 90 cm apart and 3 m in length. The plastic
mulches covered approximately 60 cm of the row
width, whereas the straw mulches covered the plots
completely. Plastic mulches were applied before
planting. Holes 5 cm in diameter spaced 30 cm apart
provided planting locations. Straw mulches were ap-
plied immediately after planting. In the unmulched
+ weed control treatment (control treatment), weed
control was made either by repeated hand weeding
(winter of 1975) or by application of the herbicide
Sencor (metribuzin) after planting and 20 days after
emergence (summer of 1976). The growth periods
(planting to harvest) during the winter of 1975 and
summer of 1976 were 110 and 93 days, respectively.
During the summer of 1977, barley straw mulch rates
of 5, 10, 15 and 20 metric tons/ha were applied in
plots of four rows, spaced 90 ¢cm apart and 6 m in
length (Experiment 3). The control treatment (0
metric tons/ha of straw) received similar application
of herbicide as the unmulched + weed control treat-

Table 1. Treatment and varieties included in mulch experi-
ments.

Winter 1975

Summer 1976

Summer 1977

Black plastic
White plastic

Unmulched +
weed control

Straw 5 metric
t/ha

Mulch treatments

Black plastic
White plastic

Unmulched +
weed control

Straw 5 metric
t/ha

Unmulched +
weed control

Straw 5 metric
tons/ha

Straw 10 metric

t/ha
Straw 15 metric
t/ha
Straw 20 metric
t/ha
Varieties (tbr x adg) +
Rv,A,Y,C,R,M Rv,M,Y,C,R A Y,C,MP
Experimental Design
Split-plot Split-plot Split-plot
(Rep. = 3) (Rep. =35) (Rep. = 4)

+ thr = tuberosum, adg = andigena, Rv = Revolucion, M =
Mariva, A = Antarqui, Y = Yungay, R = Ranrahirca, MP =
Mi Peru, C' = Cusco.

ment in Experiment 2. Half of the mulch rate was ap-
plied after planting and the other half after 30 days.
The growth period for this experiment was 105 days.

Each experiment received fertilizer rates of 160,
120 and 120 kg/ha of N, P, 05 and K, O, respective-
ly. Phosphorus and K fertilizers were applied at plant-
ing, whereas half of N fertilizer was applied at plant-
ing and half at 30 days after planting. Irrigation was
scheduled when the soil water tension (measured at
20 cm depth) exceeded 0.50 bars. Daily soil water
tension readings were taken using tensiometers instal-
led at 20 cm depth. Soil temperature data were
recorded using thermocouples installed at 5, 10 and
15 cm depths. Only soil temperature data for days
representing critical stages of the growing season are
included in this study. Emergence, plant height, num-
ber of harvested plants, tuber yield and tuber size
(data not included) were measured during the grow-
ing season and at harvest time.
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Results and discussion
Soil temperature

Variations in soil temperature (5 cm depth) during
the winter of 1975 (June 27-July 5) and summer of
1976 (December 24-February 21) are presented in
Table 2. Soil temperatures during the winter of 1975
were recorded approximately 20 days after planting.
Soil temperatures in straw mulched plots were below
21°C during the winter of 1975. Stable soil tempera-
tures (small difference between daily maximum and
minimum temperature) in straw mulched plots
contrasted with those high variable soil temperatures
in the unirrigated bare soil. Black plastic mulched

[e]
plots had soil temperatures between 22 and 26 C
whereas white plastic mulched plots had soil tempera-
tures between 18 and 25°C.

Soil temperatures during the summer of 1976 were
recorded approximately 20 days after planting
(December 1975), during early plant development
(January 1976), and during tuber initiation and early
tuber development (February 1976). The daily soil
temperature variation in straw mulched plots was
slightly greater than that found during the winter sea-
son and the night soil temperature always was main-
tained above 20°C, particularly in critical stages such
as tuber initiation and tuber enlargement. According
to Went (9), optimum tuber formation usually occurs
with night soil temperatures of 10 to 16°C and day
temperatures of 16 to 20°C.

In the summer of 1976, black and white plastic
mulched plots had day soil temperatures above 30°C
and night soil temperatures above 20°C in most days
(Table 2). The increase in soil temperature in plastic
mulched plots was more a consequence of the vapor-
barrier formed rather than differences in net radia-
tion. White plastic materials have a higher reflectance
than black plastic materials, therefore their net radia-
tion should be less. However, white plastics allow a
more effective entry of solar energy, producing a
greenhouse effect. The stable night soil temperatures
in irrigated inmulched plots during the summer of
1976, which were considerably lower than night soil
temperatures in the unirrigated bare soil, show the
effectiveness of irrigation in lowering soil tempera-
tures. The accompanying reduction in soil tempera-
ture is attributed to the increase in specific heat and
thermal conductivityof the soil with wetness and to
greater evaporative cooling from the wet soil (6).

Soil temperatures at different straw mulch rates
are shown in Figure 2. The effect of mulch rate on
night soil temperature was minimal but there was a
substantial decrease in diurnal soil temperature. No

differences in soil temperature were found between
straw mulch rates of 5 and 20 metric tons/ha, suggest-
ing that low rates can be as effective as high rates.
Although there was an overall effect of straw mulches
on soil temperature, the data in Figure 2 shows again
that night soil temperatures always were above 20°C.
Effective decrease in day soil temperature was also
found in irrigated unmulched plots.

Plant growth and tuber yields

In the winter of 1975, barley straw mulches
caused initial low emergence but later increased plant
height for all varieties (Table 3) and tuber yields for
Revolucion and Yungay (Table 4). This delay in
emergence was probably attributed to the physical
barrier effect of the straw layer. Black plastic mulches
initially caused a delay in plant growth, but the final
tuber yields for Mariva, Yungay, Revolucion and
Ranrahirca were significantly increased.

Visual observations taken during the summer of
1976 in some varieties showed important changes in
plant morphology. Varieties, which in normal habi-
tats, such as the winter season in the Peruvian coastal
zone, develop great plant canopy, vigorous stems and
large leaves, developed small plants with long and thin
stems, small leaves, profused root development but
few and small tubers during the summer of 1976.
Similar changes in plant morphology were observed in
potato mulched experiments conducted in an isohy-
perthermic Typic Taleudult at Yurimaguas (Meyer
and Manrique, unpublished data). These changes are
attributed to high soil temperatures, since other
limiting factors, such as water and nutrient availabili-
ty, were maintained at optimum levels. Such high soil
temperatures probably altered important physiologi-
cal processes such as water and nutrient uptake,
photosynthesis and respiration rate, which are
strongly reflected in the low tuber yields (Table 4).
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Fig. 2. Soil temperature variation (at 10 ¢cm depth) in straw
mulched plots (menas of six daily observations,
February 13-18, summer of 1977).
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Table 3. Effect of soil mulches on plant growth, Winter

of 1975.
Mulch Treatments

Unmulched +  Black
Varicties weed control  plastic Straw

Emergence {/7)*
Revolucion 750 900 85.0
Cusco 960 750 0o
Antargui 900 800 w0
Mean 850 8290 750

Plant height (cm)**

Revolucion 50 o 370
Cusco 136 276 3840
Antargui 280 260 KERY
Mean 287 2717 364

* Measured at 20 days after planting.
% Measured at 55 days after planting

Symptoms of N deficiency in some white plastic
mulched plots were also observed during the summer
of 1976. Sirnilar symptoms were reported in sorghum
plants grown in gravel mulched plots (1) The author
attributed such deficiency 1o radiation emitted from
the gravel which could alter the metabolic process of
N uptake and transiocation. Also, symptoms of stem
and leal damage by burning were observed in black
plastic mulched plots suring emergence These effects
reduced the final number of harvested plants (Table
53 Similar unfavorable effects were reported by
Clarkson {5}

In the summer of 1976, yields of straw mulched
plots were significantly superior to yields of other
muleh treatments (Table 4). Yields in straw mulched
plots, however, were only 48 percent ol yields in
similar plots during the winter of 1975 These results
reflect the inability of Peruvian commercial varieties
to perform in hot environments, even though a favor-
able decrease in soil temperature was obtained by the
use of straw mulches.

Figure 3 shows the effects of straw mulch rates on
tuber yields during the summer of 1977, Except for
the variety Antarqui, which showed an almost linear
response (o mulch rate, significant yield response was
obtained up to 10 metric tons/ha only This response
was consistent with the small variation in seil temper-
ature at mulch rate higher than 5 metric tonsfha
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Fig 3 Lifect of straw muleh rates on tuber yield Summer
of 1977

Conclusions

Favorable soil temperatures {or potato growth was
found under straw mulches during the winter season.
The straw mulched environment promoted rapid
plant growth for al} varieties and high tuber yields for
Revolucion and Yungay During the summer, straw
mulches reduced considerably day soil temperatuse
and maintained a low daily variation, but the night
soil temperature always remained above 20°C, which
was significantly greater than the optimum reguired
to assure adequate tuber initintion and tuber enlarge-
ment

Dwing the summer, black and white plastic
mulches maintained high but also stable soil tempera-
tures which were not conducive {or {uber formation
Overali, the use of straw mulches holds better prom-
ise for increasing potato yields than plastic mulches,
especially during hot and dry seasons. However, the
favorable effects on soil temperature attributed to
the straw mulches are not sufficient to overcome the
inability of commercial varieties fo produce tubers in
hot environments such as coastal Peru in the summer

Summary

Polyethylene plastic materiais and barley straw
muiches were used on a potato field to evatuate their
effects on soil temperature, plant growth and tuber
yields of Peruvian commercisl varieties during the
winter and summer seasons (1975-1977) in an aridic,
isothermic environment at La Molina, Peru.

Turrialba Vol. 34, No. 4, 1984, pp. 413420
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Table 4.  Effect of soil mulches on tuber yields, Winter of 1975 and summer of 1976.
Muich Treatments
Unmulched* Black White Mean for
Season Varieties weed control plastic plastic Straw varieties
10? kg/ha

Winter 1975 Mariva 199 22.0 - % 1913 204
Cusco 270 233 - 2313 241
Yungay 15.9 19.7 - 171 176
Revolucion 279 324 - 315 306
Ranrahirca 14.0 223 - 14 8 i7.0
Antarqui 1t 217 - 175 202
Mean for mulches 21.0 234 - 20.6 -
L.8D (0.01) Means for varicties 33

Means for mulches 27

Summer 1976 Mariva 84 3.9 39 12.8 7.3
Cusco 50 10 0.9 92 4.0
Yungay 4.9 14 1.2 91 41
Revolucion 7.7 0.7 06 97 4.7
Ranrahirca 6.2 31 1.0 3.1 46
Mearn for mulches 64 19 i.5 98 -
1.8, (0.01) Means for varietics 25

Means for mulches 2.9

*  No available data.

Table 5.  Effect of soil mulches on the percentage of
harvested plants. Summer of 1976.
Mulck Treatments
Unmulched +  Black  White  Straw
Varieties weed control  plastic  plastic
%
Mariva 610 570 55.0 72.0
Cusco 40.0 24.0 10.0 48.0
Yungay 58.Q 220 350 72.0
Revolucion 670 390 340 65.0
Ranrahirca 58.0 460 110 70.0
Mean 580 376 322 654

During the winter, soil temperatures in black and
white plastic mulched plots ranged from ]8 to 26°C,
The soil environment under these plastic mulches dur-
ing the winter promoted relatively high tuber yields
in most varieties. In the summer, plastic mulches
significantly increased day soil temperatures above
30°C, resulting in a highly unfavorable environment
for plant growth and tuber formation

Straw mulches maintained optimum and stable soil
temperatures ( < 21°C) for economic potato produc-
tion during the winter. During the summer, straw
mulches reduced considerably day soil temperatures,
but the night soil temperatures always remained
above 20°C. Yields of straw mulched plots in the
summer were 48 percent of yields of similar plots in
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the winter The results indicate that straw mulches
significantly lowered soil temperatures, but may not
do so sufficiently to overcome excessively high soil
temperatures during the summer months
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Notas y comentarios

Premio Nobel de Quimica de 1984

Bruce Merrifield, de la Universidad Rockefeller, en
Nueva York, quien efectud roturas de frente cruciales
en la revolucion biotecnologica, gand el premio Nobel
de Quimica de 1984 Ln los primeros afios de [a déca-
da de los novecientos setenta, Merrifield tuve una
idea que revoluciond iz quimica de los péptidos e in-
vento el procedimiento que lleva su nombre, “la sin-
tesis péptida de estado salido™.

Para comprender muches procesos biologicos, el
cientifico debe trazar la secuencia de aminodcidos de
una proteina Debe saber cdmo duplicar esa secuencia
parz manipular sus componentes en su investigacion
Antes de Merrifield, los bidlogos demoraban meses
y aln afios para sintetizar una cadena péptida Las
secuencias de aminodcidos no debiz ser variada, pues
ella era la que determinaba fa clase de proteina resul-
tante La estrategia era poner las moléculas cuidadosa-
mente en efapas. Después de cada paso, el producto
deseado era aislado, trasladade a otra etapa, se efec
tuaba [z nueva reaccidn, el nuevo producto se aislaba,
y as{ sucesivamente. El tiempo empleado era enorme
y los rendimientos muy pobres

Las ideas de Merrifieid irrumpieron en la escena en
1963 con una smtesis ficil de la bradikinina, una hor-
mona péptida de nueve aminodcidos (nonapéptida).
Lo que asombrd 2 los quimicos ese afio fue el alto
rendimiento y rapidez de la nueva sintesis: 68 por
ciente en solo ocho dias. Biadikinina era {a gran favo-
rita como causa de la trasmision del dolor, y parz in-
vestigarla se necesitaban grandes cantidades de la sus-
tancia. Para 1968, esas investigaciones demostraron
que no existia tal papel importante para esta hormo-
na.

Pero Merrifield no se habia quedado quieto; tenia
ofras sorpresas sintéticas. Habia fabricado ribonuclea-
sa, con su secuencia de hasta }24 aminodcidos. Habia
sutomatizado el procedimiento, y con la ayuda del
computador, los rezctivos requeridos se podian agre-
gar a intervalos predeterminados, y retirarios cuando
habian cumplido su misién. Y esto se reatizaba sin pa-
rar, dia y noche, en un solo recipiente La ribonuclea-

sa es importante como medicamento y para investigar
estructuras de dceidos nucleicos y de cadenas prote fni-
Cds.

La idea concebida en 1961 era simple. kn vez de
separar la creciente cadena péptida después de cada
paso de su sintesis, jpor qué no adherirla a un sopor-
te insoluble? De esta manera, cualquier subproducto
indeseable, y ias materias que no reaccionaron en ca-
da paso, podrian ser lavados, dejando al protegido
péptido pegado af soporte

Para su soporte, escogié un pldstico que era un co-
polimero de estireno y de divinilbenceno, en el cual
alguncs anillos bencénicos habian sido funcionaliza-
dos con grupes quimicos reactivos. El primer ami-
nodcido se introduce al sistema y reacciona con un
grupo funcional de la resina, quedando pegado aella
El grupo es extraido y se introduce el segundo ami-
nodcido La cadena péptida se va extendiendo en una
serie de pasos, lavando bien después de cada uno de
eflos v dejando la creciente cadena pegada en el so-
porte. Al final, se separa et péptido sintetizado de Ia
bolita soporte. Este prototipo complicado se mejord
hasta liegar a modeios controiados por el computador
programado para realizar todas estas operaciones. En
ningtn momento de la operacidn se separaba un pro-
ducto intermedio y se purificaba, algo parecido a un
acto de herejfa quimica

La técnica de Merrifield acelerd drdsticamente la
sintesis de péptidos, en especial cuando lue entera-
menie automatizada. Actualmente, Merrifield en Ia
Universidad Rockefeller y Bob Sheppard en el labora-
torio de Biologia Molecular de Cambridge, han mejo-
rado sustancizlmente sus resinas y las condiciones pa-
ra despegar los péptidos al final Esto conduce a pép-
tidos y proteinas grandes. de gran pureza, los que de-
ben, por lo menos, ser tan buenos como Jos obtenidos
por injertos de genes de la biotecnologia

Ya se estd especulando sobre la aplicacién, en el
futuro, de esta téenica a otros grandes polimeros del
mundeo orgdnico, los dcidos nucleicos tales como el
DNA y el RNA Esto seria otra revolucion en la bio-
tecnologia ¥ en Ja ingenjeria genética Merrifield pro-
bablemente seria el iltimo en reclamar crédito por es-
tas proyecciones de largo alcance de su idea. Modeste
y de habla suave, su fortaleza de cardcter es evidente
en la larga batalla personal que é! sostiene contra el
cincer de la piel Adalberto Gorbitz
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Using flavonoid and phenolic compound  constituents, methods of numerical
tuxonomy were applied fo ten species and some cultivars of three species of the genus
Coffca. The purpuse was to investigate the genetic relationships among them. The
results pointed out C. cugenioides as one parent of the allotetraploid species C. arabi-
ca, but could not decide benween C, liberica and C. canephora as the other parent. No
evidence for a relationship berween C. congensis and C . arabica has been found. It is
suggested a taxonontic review of the genus Colleu, since species belonging to separated
subsections according to Chevalier {3}, showed more affinity than some species belong-

ing to the same subsection,

Introducio

pesar do valor econdmico de algumas de suas es-

pécies, o género Coffea € ainda mal conhecido

do ponto de vista sistemitico e filogenético. [s-
to se deve & ampla distribuiciio geoprifica das espécies
do pénero no continente alricano, 4 dificuldade de
coleta do germoplasma existente, sua introdugio e
manutengio nos centros de investigagio.
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Dez espécies do género introduzidas no Brasil, dis-
fribuem-se na Africa em uma extensd darea, em condi-
¢Oes ecoldgicas das mais varidveis, que vio desde a
floresta tropical umida da Africa Equatorial até as
regides quase desérticas de Mogdmbique (1),

O estudo taxondomico do género Coffea tem se
baseado em trés critérios principais quais sejam:
distribuiciio pgeogrifica e caracteristicas morfolo-
gicas (3), cruzamentos interespecificos (1), anilise
de homologia cromossdmica em hibridos interespe-
cificos (10) e andlises seroldgicas (12).

A classificagio proposta por Chevalier (3), baseada
em investigagBes extensas mas incompletas e contra-
ditorias, por considerar distribuicio geografica e
quase que exclusivamente caracteristicas de flores e
de frutos, permaneceu por muitos anos como a mais
completa classificagiio taxondmica do género

Mais recentemente, novos métodas utilizados tém
demonstrado que em certas categorias taxondmicas,
como as subsecBes, o agrupamento de espécies pro-
posto € notadamente artificial. Além disso, a descri-
ciio de novas espécies e a atual possibilidade de acesso
a novas dreas da Africa tém enfatizado a necessidade
de uma revisio na sistemaitica de Coffeqa.

Turriatba Vol. 34, No. 4, 1984, pp. 421-430
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Os resultados de cruzamentos interespecificos 1ém
questionado a classificagiio apresentada por Chevalier
(3) & tém contribuido para esclarecer as relagdes filo-
genéticas entre as espécies. Contudo. as diliculdades
inerentes a essa metodologia ¢ o nimero restrito de
espéeies colocadas & disposicio do geneticista para
tais cruzamentos, nio tem permitide conclustes ge-
rais  Apesar disso, os dados obtidos por Carvalho e
Monaco (1} permitiram-lhes sugerir & mudangs de €
eugenioides, da subsecio Mozambicoffea paru a subse-
¢iio Erythrocoffea. a de C srenophyilz da subsecio
Melanocoftea para a subsecio Pachycoftea e a intro-
ducdo no género Coffeq da espécies Kapakata, consi-
dera por Chevalier como espéeie monotipica do géne-
to Psilanthopsis. Similarmente, Charrier (2) tem rela-
tado a ocorréncia de alts frequéncia de cruzamenios e
produciio de grande nomero de hibridos, entre espé-
cies de se¢des diferentes, pondo em divida os agrupa-
mentos especificos feitos lambém nesta categoria ia-
xondmica

Devido as iimitadas e contraditorias informaces
decorrentes dos estudos morfologicos, de distribuicio
geogrifica e genélicos. espécies e cultivares foram
analisados do ponte de vista da guimiotaxonomia,
quanto & constituiciio de pigmentos fiavonoides e
compostos fendlicos (6. 7, 8, 9). Este método que
permite uma andfise mais rdpida de pgrande nlsnero
de individuos e oferece informacdes sobre u sequén-
ciz evolutiva das espécies. demonstrou sua utilidade
trazendo informacdes sobre & taxonomia do género
Coffea, considerando us relacdes filogenéticas entre
espéeies. Através dele obteve-se um conhecimento
mais preciso sobre as afinidades entre as espécies e
variedades estudadas. sobre a origem de ¢ arabica
e comprovou-se o inadequado agrupamente taxond-
mico dessas espécies

No presente trabzlho, os resultados referentes @
composi¢io de pigmentos flavondides e compos-
tos fendlicos foram analisados através de métodos
de taxonomia numérica (13) com a finalidade de se
obter novos informes c comparar as relagBes de simi
iaridade entre espécies e variedades obtidas por este
método, com aguelas resultantes das demais metodo-
logias anteriormente utilizadas com vistas 4 filogenia.

Material e métodos

As espécies estudadas pertencem ao género Coffea,
secio Fucoffen e de acordo com a classificaciio de
Chevalier (3), com modificagfes introduzidas por
Carvalho ¢ Monaco (1) distribuem-se pelas seguintes
subsecBes:  Erytrocoffea: € congensis Froehner,
C. canephora Pierre ex Froehner, € wabica 1 e
C eugenoides Moore; Mozambicoffea: . racemosa
Lour, C salvarrix Swyn et Phil, e C kapakata Hizch;

Pachycoffea: C liberica Hiern ¢ C dewerrey De Wild
et Durand; Melenocoffea: C stenopinvlla G Don

Ba espécie ' arabica analisaram-se as cullivares
Mundo Novo, Caturra Amarelo, Caturra Vermelho,
Bourbon Vermelho, Bourbon Amarelo, Laurina,
Mokka, Geisha, X-321, K-7, BA-10, Cioiceie, além
duas cultivares Arabica, o tipe da espécie segundo
Linnacus e Abissinica, o tipo da espécie segundo
Chevalier (3). Na espécic C canephora analisaram-se
as cultivares Kouillow e Robusta, por ser a primeira,
o tipo da espécie segundo Chevalier (3) e a segunda
por sua maior importincia econdmics e mais os
cultivares Laurentii e Bukobensis Da espécie C
dewerrel, foram analisadas as cuitivares Dewevrei,
Dybowsky e Abeokutsze Este material encontra-se
em cole¢io na Seciio de Genética do Instituo Agro-
nomico do Estado, em Campinas, SP, e suas proce-
déncias e provéveis origens estio relacionadas em
Lopes e Monaco (7 e 9).

As undlises foram efetuadas na polpa {(conjunto de
exocarpo e mesocerpo) de frutos maduros As amos-
tras de polpas coletadas, foram colocadas ainda no
campo em gelo seco (—80°C) a fim de evitar 2 agdo
de degradacfio das polifencloxidases e nessas con-
digBes transportadas para o laboratério. O material
foi entdo seco por liofilizaciio e estocado em atmos-
fera de nitrogénio, a temperatura ambiente, até uti-
lizagio. De cads espécie ou cultivar, foram analisadas,
no minimo, trés plantas diferentes

Os métodos utilizados para extracfo dos flavonoi-
des ¢ compostos fendlicos e para separscio, detecgiio
e classificaciio dos compostos, acham-se descritos em
Lopes ¢ Monaco (7, 9)

Os dados obtidos foram analisados através de pro-
cedimentos de taxonomia numérica, segundo Sneath
e Sokal {13) Os valores de correlagio cofendtica ()
foram obtidos utilizando-se um conjunto de progra-
mas em métodos numéricos (“Numerical Taxonomy
System™) cedido por W W Moss da “Academy of
Natural Sciences of Philadelphia™ e implementado
no Centro de Processamento de Dados da Escola de
Engenharia de Sdo Carlos, USP.

Resultados

No Quadro 1 se apresentam os resultados obtidos
por Lopes e Monaco (9}, na andlise das espécies. Nela,
C wabica estd representada pelas cultivares Arabica
e Abissinica e C canepliora pelas cultivares Kouillow
e Robusta. Nos Quadros 2 e 3 se apresentam os resul-
tados obtidos por Lopes ¢ Monaco (7, 8) nos estudos
referenies, respectivamente, sos cultivares de C ara-
bica e C canephiora, estando incluidos no Quadro 3,



LOPES ET 41. ESTUDO TAXONOMICO DO GENERO COFFEA 423

Quadro 1. Relaciio dos compostos isolados nas andlises cromatograficas dos extratos de polpas de frutos maduros de
espécies do género Coffea

Subseciio Erythrocoffea Subsecio Mozambicoffea Subsecio  Subsegdo
Pachycoffea  Melano-
coffea
Compostos y
. § %3 ¥ ¥ 0% s g _
E 37 g§E =2 £z ¢ § § & § : #
& 52 33 B3 g2 R S K g 5 Y )
5 =& Tz 52 &8 % S 5 K 2 & S
© Tz =2 O OO &3 d i V3 ~3 I o3
{ + + + + + + F + + + + +
2 + + + + + + + + “+ + + +
3 + + + + + + + + + + + +
4 + + + + + + + + + + + +
5 + + + + + + 4 + + +
6 + + + + + + + + + + +
7 + + + + + + + + + + +
8 + + + + + + + + + + +
9 + + + + + + + + + + +
10 + + + + + + + + + + +
1 + + + + + + + + + + +
12 + + + + + + + + +
3 + + + + + + + + + +
14 + + + + + + + + + +
15 + + + + 4 + +
16 + + + + + + + + +
17 + + + + + + + + +
18 + + + + + + +
19 + + + + + + + +
20 + + + + + +
21 + + 4 + + +
22 + + + + + +
23 + + + + t+
24 + + + + +
25 + + + + + +
26 + + + - +
27 + + + +
18 + : + +
29 + + + + +
30 + 4 + +
31 + + +
32 + + + + +
33 + + + + +
34 + + +
35 + +
36 + +
37 + + +
38 + 8
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Continuacion del Quadro 1.

Subsegio Erythrocoffea Subsecio Mozambicoffea Subsecio  Subsecio
Pachycoffea  Melano-
coffea

Compostos

Congensis
Arabica
(tipica)
Arabica
{abissinica}
Canephora
{kouillou)
Canepliora
{robusta}
Eugenoides
Racemosa
Kapakata
Salvatrix
Liberieca
Dewerer
Srenophylla

39 +
40 +
41 4
42 4
43 + + +

44 + + +
45 + +

46 + +

47 +

48
49
30 +
51
52 +
53 4+
54 “+

+ + o+

EO S

,,*.,.
O

50
57
58
59
60
61
62
63
64
65
66
67
68 + +

i i S S S S A R S

70 +
71 +
72 -+

73
74

+ -+
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Quadro 2. Relagiio dos compostos isolados nas analises cromatograficas dos extratos de polpas de frutos maduros de cultivares de C

arabica
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Quadro 3. Relacio dos compaostos isolados nas andlises cromatograficas dos extratos de polpas de frutos/maduros de cultivares de Co-

Jfea dewerrei e de Coffea canephora

C dewerrei . canephora
Comypostos 5 Z 3 Compostos . - g
= ES 3 2 3 = &
g S = g 3 3 3
H + + + ; + + + +
2 + + + 2 + + + +
3 + + + 3 + + + +
4 + + + 4 + o+ + 4+
5 + -+ + 3 5 + + 4
6 - ! + 6 + + + +
7 + t +- 7 + + + +
8 + + + 8 + + + +
9 i + b 9 + + + +
10 + 4 +- 10 4 + + +
il + + + 11 + + + +
12 + + + 12 F + + +
i3 + + + i3 + + + +
14 + + + 14 + + & +
15 + + + 15 + + + +
16 + + + 16 + + + +
17 + + + 17 + + 4 +
i8 } + + 18 + + + +
19 + 4 19 + + +
20 4+ + + 20 + + +
21 + + 3l + + +
22 + + 13 + + +
23 - + 23 + + +
24 + + 24 + + +
25 + + 15 + s +
16 + + 26 -+ +
37 + + 29 + +
28 + + 28 + +
29 + + 29 4 e
30 + 30 + +
31 + 31 +
32 +
33 +
34 -+
35 +
38 +

também os dados obtidos para trés cultivares de
C dewevrei (6).

Os dados foram usados para o cilculo do coefi-
ciente de semelhanga, SM (“Simple ~ Mactchin™).

Por conveniéncia de escala mediu-se semelhanca por
(1-SM) entre espécies ¢ entre cultivares. A partir des-
sas matrizes, espécies {oram agrupadas com recurso
do WPGM-A (Weighted Pair-Group Method ~
Arithmetic averages) obtendo-se o fenograma da
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Figura 1 e, pelo mesmo método, cultivares foram
agrupadas, resultando o fenograma da Figura 2.

Os valores de correlacdo cofenética (r), traduzindo
a representatividade das matrizes de semelhanga pelos
fenogramas correspondes, mostraram-se como seria de
esperar, mais altos quando sfo reunidas variedades de
uma mesma espécie (r = 1.00 para as de C. dewevrei;
r = 0.96 para as de C. canephora e r =0.91 para as de
C. arabica), do que quando as diferentes espécies sdo
agrupadas (r = 0.80).

Discussio e conclusdes

As relagBes taxonodmicas e filogenéticas das espé-
cies do género Coffea tém sido interpretadas por di-
versos autores. Estes estudos, conduziram a agrupa-
mentos diversos, evidenciando as dificuldades encon-
tradas para estudos dessa natureza num género ainda
pouco conhecido quanto a vdrios aspectos como: a
distribui¢do geografica, a ecologia e a propria siste-
matica de suas espécies.

Pelo emprégo de estudos quimiotaxondmicos,
através da andlise de flavondides e compostos fendli-
cos, constatou-se ser dificil indicar a devida posi¢io
de C. eugenioides, uma vez que esta espécie apresen-
tou maior afinidade por C. arabica da subsecdo Ery-
throcoffea onde foi incluida pelos resultados obtidos
por Carvatho e Monaco (1) e por C. salvatrix da sub-
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Fig. 1. Fenograma ilustrativo das interrelagoes de espécies
do género Coffea, obtido por “WP.GM.-A” e
correspondente correlagao cofenética.

se¢dio Mozambicoffea, na qual foi colocada por Che-
valier (3). Estes mesmos estudos de quimiotaxonomia
comprovaram que a espécie kapakata deve pertencer
ao género Coffea, como sugerem Carvalho e Monaco
(1), pelos altos valores de afinidade apresentados por
esta espécie com as espécies de Coffea analisadas, mas
ndo confirmam a colocac¢do de C. stenophylla na sub-
secAo Pachycoffea, como indicam esses mesmos auto-
res, uma vez que esta espécie tem afinidades igualmente
altas por espécies da subse¢do Mozambicoffea. Este
método comprova a alta afinidade existente entre C.
liberica e C. dewevrei, o mais alto obtido entre duas
espécies, resultado este obtido também em todos
os demais tipos de estudo realizados. A andlise do
fenograma ilustrativo das interrelagBes entre as es-
pécies estudadas (Figura 1) corrobora as conclusdes
acima expostas.

C. salvatrix revelou-se, pelos métodos numéricos
empregados, a espécie mais distante das demais espé-
cies dp género. Seguem-se C. congensis e C. eugenioi-
des. E interessante notar que estas espécies consti-
tuem um grupo de menor semelhanga com as demais
espécies analisadas e que C. eugenioides é entre as
espécies de sua subsecdo, a espécie mais proxima de
C. arabica.

O estudo quimiotaxondémico (Quadro 1) ao de-
monstrar a existéncia de alguns compostos pertencen-
tes & classe dos diidroflavondis (9), ocorrendo apenas
em C salvatrix, em C. eugenioides e em C. arabica,
embora em frequéncias progressivamente menores,
além da afinidade existente entre elas, e os resultados
decorrentes deste estudo numérico, demonstrando a
maior semelhanca de C. arabica com C. eugenioides e
desta com C. salvatrix, comprovam as suposi¢des de
diversos autores como Cramer (4), Carvalho e Monaco
(1) e Narasimhaswamy e Vishveshwara (11), de que
C. eugenioides seja uma das espécies que teve partici-
pacdo na formacdo de C. arabica. Comprovam tam-
bém que C. salvatrix deve ter contribuido com alguns
genes, por hibrida¢des esporddicas (introgressdo), para
o conjunto génico de C. eugenioides. As dreas geogra-
ficas limitrofes ocupadas por estas duas espécies,
teriam favorecido tais hibrida¢Ses ocasionais ou entio
pode-se supor que C. eugenioides seja derivada de cru-
zamentos naturais, nos quais C. salvatrix tenha sido
uma das espécies envolvidas.

A andlise do fenograma da Figura 1, demonstra
ainda que C. arabica relaciona-se em mesmo nivel de
semelhanca com a espécie C. canephora de sua pro-
pria subsecdo, com as espécies C. liberica e C. dewe-
vrei de Pachycoffea, com C racemosa de Mozambico-
ffea e com C. stenophylla de Melanocoffea. Tais espé-
cies vistas como componentes de um grupo, relacio-
nam-se com C. arabica, sendo entratanto mais seme-
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thantes a € kapakata, fato este que justifica a inclusio
de C kapakata no género Coffea.

O mesmo nivel de semethanga apresentado por C
arabica com as espécies C liberica e C canephora,
torna dificil sugerir qual delas tenha sido a outra espé-
cie a ter participado de sua formagfo, embora alguns
autores como Cramer (4) e Krug e Carvalho (5) ten-
ham sempre sugerido a participagdo de C canephora,
inclusive por sua drea geograficamente mais proxima
da de C arabica

A andtise de pigmentos flavondides e compostos
fendlicos ao determinar que € arabica apresenta seus
maiores valores de afinidade com C canephora e com
C. liberica, nio permite decidir entre ambas, indican-
do porém, afinidade ligeiramente mais alta entre esta
ultima e C arabica.

Por outro lado, Cramer (4) e Hilis Ris Lambers, ¢i-
tado por Cramer (4), sugerem a possibilidade de C
congensis ter sido, além de C eugenioides, a outra es-
pécie a participar da formacdo de C arabica, baseados
no fato de ocorrerem dreas de sobreposicdo das trés
espécies no continente africano. Neste trabalho, o fe-
nograma da Figura 1 demonsira que entre as espécies
da subsecfio Erythrocoffea, C congensis apresenta o
menor grau de semelhanga com C arabica o que nio
justifica a proposicfo desses autores.

O mesmo fenograma da Figura 1 evidencia alto
gran de semelhanca entre C liberica e C dewevrei, de
nivel proximo 4 semelhanga entre C racemosa e C
stenophylla ou entre cultivares de C canephora Estes
resultados referentesa C Iiberica e C. dewevrei confir-
man os resultados obtidos em todos os demais méto-
dos de estudo empregados, mas o alto nivel de seme-
thanca entre O racemonae e C. stenophylla sugere a
inclusfo desta iltima na subse¢io Mozambicoffea e
nio em Pachycoffea como pretendem Carvatho e Mo-
naco (1), apesar dessas espécies ocuparem dreas geo-
graficas distantes e extremamente distintas A andlise
guimiotaxondmica situa C stenophylla entre as duas
subse¢Bes, ndo permitindo nenhuma conclusio defi-
nitva (9).

No que se refere as espécies C eugenioides e C ste-
nophiylla, todos os resultados quando comparados
indicam que elas se comportam como pontes, a pri-
meira entre as subsecdes Erythrocoffea e Mozambi-
coffea e a segunda entre Pachycoffea ¢ Mozambi-
coffea,

Na andlise do fenograma para cultivares (Figura 2)
verifica-se que dentro de C arabica, as cultivares Mun-
do Novo e Caturra Amarelo, Bourbon Amarelo ¢ Lau-
rina, Mokka e Geisha, X-321 e K-7 sio as mais seme-
lhantes entre si. Dentre as cultivares brasileiras, aque-
las consideradas origindrias de cruzamentos naturais,
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Fig. 2. Fenogramas ilustrativos das interrelagSes de cultivares de € arabica, €. conephora e € dewevrel obtidos por “W P.G.M —A”

e correspondentes valores de correlacdo colendtica
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Mundo Novo, Bourbon Amarelo ¢ Caturrs Amarelo,
sio as que se apresentim mais semethantes come cra
de se esperar. pois foram formadas a partir de um
mesmo conjunto génico {7)

Quanty as cultivares de C dewerrei, apenas se
pode constatar maior semelhanen entre Dewevrei
¢ Dybowsky ¢ menor semethanca de ambas com Abe-
okutae. Entre as cultivares de C canephiora, os valores
de semelhanca mostram maior intervelaciio entre Ko-
uiflou e [aurentii. com Robusta menos proxima ¢ Bu-
kobensis bastanic distante

A andlise numérica, como apresentady. confinma
restultados obtidos por outros métodos quanto @ arti-
ficialidade dos agrupumentos nas subsecocs ¢ os dados
aqui relatados evidencium & necessidude da inclusfo
de outras caracteristicas que permitan nsovas andlises.
parg aprimorar os agrupamentos de espécies do géne-
ro Coffea

Resumo

As relagles genélicas entre dez espécies de Coffea
e algunmas cultivares de trés destas cspéeics, foram es-
tudadas do ponto de vista quimiotaxondmico quanto
d composicio de pigmentos Tavondides ¢ compestos
fendlicos, sendo os dados obtidos anafisados com re-
curso de metodologia de taxonomiy numérica Os
resultados demonstraram @ wtilidade do método em-
pregado para estabelecer relagBes de afinidade entre
a5 espéeies ¢ entre os cultivares analisados e confir-
maram a necessidade de uma revisio sistemdtica do
género, uma vez que, algumas espécies de subsegGes
diferentes apresentaram entre si maiores niveis de
semelhanga, do que espéeies de wma mesma subse-
ciio. Comprovou-se o participaciio de C eugenioides,
juntamente com C fiberica vu C canephora na for
magiio da espécie letraploide C arabica, nio havendo
contude dados suficientes que justifiquem a indica-
¢io definitiva entre uma das duas 1ltimas espécies
Foi excluida a participsclio de € congensis como
possivel constituinte de ¢ grabica, baseando-se nos
resultados das planias examinadas.
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Notas y comentarios

Premio Nobel de Economia de 1984

Patrones vitales, tales como el producto bruto na-
ciomat y el indice de precios al consumidor, que se
consideran ahora medidas esenciales del comporta-
miento econdmico de un pais. sélo se han liegado a
usal exfensivamente er recignies décadas. El premio
Nobel de Economia de 1984 ha sido otorgado al in-
giés Richard Stone, el creador de estos indices duran-
te los primeros afios de la segunda guerra mundial. y
que después ensefio al mundo comoe calcularios y uti-
lizarlos en la politica econdmica Segun Erik Lund-
berg. un miembro de! comité Nabel,. “Stone hizo el
trabujo sucio. pesado Lo desarrollé bajo la presion
de un problema wgente vy con ¢f gran estinmulo de
Keynes™

Cuenta R F. Harrod, en su biografia de Keynes
(Londres 1951), que al asumir Churchilt el gobierno
britdnico en 1941, se reunid un equipo grande de
economistas para coordinar ef esfuerzo econdmico. A
Robinson, guien habiz seguido con interés el estudio
de Keynes, “How to pay for the War” (Londres
1940}, presiond sobre la necesidad de estudios oficia-
jes con la clase de datos que Keynes empleo en ese li-
bro, e informd que Richard Stone era el hombre ideal
para el propdsito Asi se inicid la contribucidn de Sto-
ne a la econonua modema A fines de 1940, él y J
Meade {Nobel 1977) trabajoror duro en un andlisis
del ingreso y del gasto nacionazles. En busqueda de
mayor auteridad v guia en sus trabajos, se acercaron
a la oficina de Keynes, quier les brindo el mayor esti-
mulo v apoyo Keynes, a su vez, presioné a las autori-
dades sobre la enorme importancia de tales estadisti-
cns v de su publicacion al mismo tiempo de la presen-
tacion del presupuesto de 1941 El titulo completo de
la publicacidn fue “An analysis of the sources of war
lingrice and an estimate of the national income and
expenditure in 1938 and 19407, Esto fue ciertamen-
le una revolucién Por primera vez, las cuentas in-
cluian estimados, los cuales muchos consideraban co-
mn peligrosos Sin embargo, esta clase de contabilidad
del ingreso nacional ha llegado a considerarse como la
herramienta esencizl de todo planeamiento, ya sea del
tipo individualista o socialista, y casi todas las nacio-

nes han seguido a la Gran Bretafia en presentar tales
cuenias

Stone considero que e trabajo de 1941 era sdlo un
comienzo y que era necesario mucho mds trabgjo pos-
terior En esto. Keynes cooperd también, logrando
que Stone, eteniendo su cargo en la recién creada
Ofticina Central de Estadistica, fuese nombrado como
su asistente personal en ¢l Tesoro El trabajo sobre el
ingreso prosiguid posteriormente cuando Stone pasd
a colaborar en tus Naciones Unidas en la difusion de
los métodos de lograr estos indices. Bl sistema es aho-
ra usado en todo el mundo. y las orpanizaciones
mundiales tales como ias Naciones Unidas, el Banco
Mundial y el Foado Monetario Internacional, publi-
can anuaimente sus cuadros comparatives gue mues-
tran {a situacion econdmica de cada pais

Dos consideraciones [inzles cabe hacer sobre los
premios Nobel de este afio La primera se refiere a al-
go que caracteriza tanto al de Economia. como al de
Medicina y al de Quimica Y es gue en este afio. el én-
fasis se ha dado a la creacion de sistemas y procedi-
mientos que han hecho posible la aplicacion en gran
escala de congribuciones teoricas previas. abriendo el
campo a la utilizacién prictics de estos procedimien-
tos, por los gobiernos ¥ por la medicing. Ei sistema de
cuentas nacionales de Stone ha facilitado la aplicacion
racional de politicas econdmicas La invencién de los
anticuerpos moncclonales por Milstein y Kohler, ba-
sados en las teariss de Jerne (premio de Medicing), ha
abierto potencialidades de produceion industrial de
métodos de dipgnostico v de terapia. en iz fucha con-
tra las enfermedades Y, por ditimo, Merrifield, pre-
mio de Quimica, desarrofl® un proceso automatizado
para fabricar, paso por paso, una cadena péptida, y
sintetizar en poco tiempo nuevas drogas, vacunas y
reactivos, por la indusiria farmacéutica

La otra consideracidn se refiere a is influencia key-
nesiana en la ciencia econdmica de la actualidad . Key-
nes murio antes de la creacién de los premios de Eco-
nomia, pero su influencia se siente en algunos de los
prentiados. Hicks {(Nobel 1972), con su interpretacion
grifica del modelo tedrico de Keynes (las curvas

fus contribuciones variables a los seguros sociales;
son otros eiemplos de fa influencia del genio de Key-
nes Adalberto Gorbitz,



COMPARATIVE ANATOMY OF FLOWER BUDS WITH AND WITHOUT POTENTIAL FOR

ABSCISSION IN Phaseolus vulgarist |

P YANEZ*

£ PIMIENTA*#*
L MARK?

J KOHASHI*

Ovulos de botones florales con alto potencial de abscision mostraron alto por-
centaje [96% ) de anormalidades anatomicas e irregularidades en el desarrolio del saco
embrionario. En contraste pocos (315 ) ovudos de flores con bajo potencial de absci-
sidn fueron anormales. Se observaron las siguientes anormalidades anatomicas. necrosis
del saco embrionario v de la nucela, ausencia o desarrollp retardado del saco enbriona-
rio. Estas y otras observaciones sugteren que la abscision de botones florales se relacio-
na con las anormalidades previamente desarrolladas en los dvidos

Introduction

ductive organs. buds, and young pods, accounts
for the loss of up to 80% of potential seeds (2.
3.4.17)

I 1 beans, Phaseolus wdlgaris, abscission of repro-

Published studies on aborted ovules generally treat
fruits or flowers at anthesis; the flower-bud stage has
passed unnoticed. Different authors have related
abortion to irregularities in the development of the
embryo sac or its absence (7, 12, 16). to embryo-sac
degeneration {10, 13) and to collapse of the nucellus
and chalaza (10, 15). These studies examine princi-
pally woody plants. Williams (18) mentions that
Nowers of Phaseolus vudgaris usually contain normal
ovules Ormrod er @/ {9) find that high temperatures
(up to 35°C) stimulate the degeneration ol the
embryo sac ol Phaseolus vulgaris.

1 Received for publication in March 2, 1983

* Centro de Botanica, Colegio de Postgraduados, 56230
Chapinge, México
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In the present study. the ovules [rom flower buds
of bean with high potential {more prone) for abscis-
sion, with those of buds with low potential (less
prone) were anatomically compared.

Material and methods

Flower buds were coltected from plants (Phaseoius
vulgaris 1. Cv. Cacahuate-72} grown in a greenhouse.
This is a determinate variety with terminal, sub-
terminal and axillary inflorescences.

It was noticed that under these greenhouse condi-
tions, the subterminal inflorescence {two flowers in
the axil of a trifoliolate leal) of the main stem almost
always produces two pods with seeds. On the other
hand, flowers from the second and third nodes of the
terminal inflorescence of the branch at the fourth
or fifth nodes, almost never produce pods These are
the chosen sites of low and high potentials for abscis-
sion. The buds were collected at the stage when the
corolla was just protruding from the enveloping
bracteoles. Those with high potential for abscission
(12 buds) were pale green and abscised when tapped
lightly with the finger. Buds with low potential for
abscission (12 buds from subterminal inflorescences
of the main stem) were deep green and did not
abscise when tapped iightly with the finger.

Turrialba Vol. 34, No. 4, 1984, pp. 431-435
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The dissected ovaries were {ixed in Craf I {11)
and embedded in paraffin Ten-micron sections were
prepured by standard histological techniques, stained
with sufranin and fast green (6) und mounted in
synthetic resin,

Results

The normal bean ovule is campylotropous
bitegmic and crassinuceizie The embryo sac is of the
Polygonum type {Figure §) As the embryo sac
matures, the nucellar tissue desintegrates partially
The mature megagametophyte is adpressed to the
inner epidermis of the inner integument

Ovules from [lower buds with high potentiat for
abscission were characterized by higher frequencies
of  abnormalities  The abnormalities commonly
observed were the following (Table 1) a) Necrosis
of the embryo sae and the nucellus, which could
cccur in the sume ovule (Figure 2), although in some
cases necrosis of the embryo suc was not accont-
panied by the that of the nucetlus Necrosis could
oceur throughout the embryo sac or be localized
{(Figures 2, 3. 4), und generally was accompanied

Fig 1 Ovule trom a flower bud with low abscission poten-
tial m, micropyle; ol, outer integument; i, inner
integument; n, nucellus: ¢ chalaza; es, embryo sac
X285 All figures are of longitudinal seetions

Table 1. Percentages of necrosis and developmental irregular-
ities in ovules of flower buds with high and low
potentials for abscission.

High Low
Potential, Potentiat
Yo %%

Necrosts in the whole embryo sac 271 78
Necrosis in antipodal cells 104 R
Necrosis in egg apparatus 83 9.4
Necrosis in chaluza 42 0
Negrosis in nucellus 438 6.2
Total ovuies with secrosis g3 3% 25 0%
Total ovules without necrosis 16 7 759
Lmbryo sizc absent 14 6 15
Ditterentistion arcested at 2-4

nucly 14 6 63
Drifterentiation arrested st 4-8

BTG 83 0
Mature embryo sacs, with or

without neorosis 623 922
Total ovales with mature

eambryo sacs and without

necrosis 41 48 8

¥ The pereentage ot avules with necrosis in smaller than
the sum of the percentages ol necresis in different parts,
because some ovules bud aecrosis in more than one part

by separation between the integuments or between
the inner integument and the nucellar tissue (Figures
2. 3). Necrosis in the nucelius could occur close to
the micropyle. around the base of the embryo sac,
or afongside the whole embryo sac. A total of 83% of
ovules had necrosis in one or more parts. b) Some
ovules (14 6% ) lacked embryo sac c¢) Mega-
gamnetophyte development i 23% of the ovules
showed 4 delayed development. These abnormalities
were so common that only 4% of the ovules were
normal.

In contrast, in ovules from flower buds with low
potential of abscission, 69% of the embryo sacs
developed normally to matusity (Tsbie 1). This is
because, in ovules with low shscission potential,
25% displayed necrosis, 1.5% lacked the embryo
sac and 6% had delayed pametophyte development
(Table 1)

Discussion

The anatomical abnormalities detected mainly
in flower buds with high abscission potential are
similar to those reported in studies of ovule abortion
in bean (9, 18) and other species (7, 10, 12, 13, (5,
16} Ditierent types of abnormalities frequently exist,
and they occur at several stages in development.
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Fig 2 Ovule trom a thower bud, with bigh abscission poten-
thl showing nevrosis of the embryo sae {se} and ol
the nuceflus (n) X373

The physiological mechanism for the control of
flower bud abscission is not fully understood (i4)
Our observations suggest that this mechanism adlects
the development of the embryo sac and induces
senescenice of both the embryo sac and nucellar
tissue.

Adato and Gazit (1) reported that young fruits
of avocado produce ethylene mainly in the seed
coat, and expressed the opinion that this may induce
abscission in young fruits Sedgley (i3} attributes
the rise in ethylene to arrested development of the
fruits. In the case of Phaseolus buds with high poten-
tial for abscission. the possibility exists that senescent
embrye-sac and nucellar tissue might be a source of
synthesis of ethylene, which is well known {o stimu-
late the processes leading to abscission by inhibiting
polar auxin Lransport (5). Observations by one of us
(PY]} have shown that anatomical abnormalities
precede the formation of the abscission zone This
suggests  that anatomical abnormalities play an
important role in abscission of flower buds. How-
ever, Sedpley {12} indicates that degeneration of the
embryo sac does not cause abscission, but that these
two phenomena possibly are due to inefficient distri-

Pig 3 Ovule lrom a flower bud with high zbscission poten-
tiaf, showing necrosis of the egg apparatus (oa)
X403

bution of water and nutrients, cessalion of growth,
and production of ethylene

Such g mechanism may be related to correlative
seneseence. by which the abscission of one organ is
controlled by another organ (8) If this were the
tase. it might be possible that flower buds with low
abscission potential stimulate the abscission of those
with high abscission potential, giving rise first to
developmental abnormalities. The normal embryo
sac might attract more photosynthates into {he
develeping ovules. Failure or alteration of the normal
devetopment of the embryo sac thus would reduce
that altraction, triggering abscission.

Summary

Ovules trom flower buds with high potential for
abscission showed a high percentage (96% ) of ana-
tomical abnormalities and irregularities in the devel-
opment of the embryo sac In contrast, few (319 )
ovuies from flowers with low potential for abscission
were abnormal. The following anatomical abnormal-
ities were identified: necrosis of embryo sac and
nucellus, absence or delayed development of embryo

Turrinlba Vol. 34, No., 4, 1984, pp. 431-438
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Fig 4 Ovule trom a flower bud with high abscission poten-
izl showing necrosis of the embryoe sac in an eraly
ontogenetic stage, collapse of the nucelluy (arrows),
hyperplasia (h} of the nucellus. 737X

sa¢ These and other observations suggest that abscis-
sion of the flower buds is related to previously devel-
oped anatomical abnormalities in the ovules
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Notas y comentarios

Hacia la fotosintesis artificial

La conversion artificial de la encrgin solar a ener-
g1a quimica potencial, fuera del reino vegetal y en el
laboratorio, estd acercdndose & la realidad. Hemos
dado cuents hace algan tempo de los avances v difi-
cultades de los equipos dirigidos por Mervin Calvin,
en California, v por Sir George Porter, en Londres
(Turrialba Vol 29, p 137, 1979) Los trzbajos de
estos dos premios Nobel (1961 y 1907, respectiva-
menie) desatacaban la importancia de las porfirinas
y quinonas en el intercambio rdpido de electrones,
necesario para la fotosintesis. Ahora, una nucva
molécula, que simula los procesos {undumentales
que dan lugar a la fotosintesis, ha sido claborada
y podria abrir el camino a sistemas fotosintétivos
artificisles mds eficientes El trabaje ha involucrado
a 12 cientifivos de Estados Unidos, Francia y Gran
Bretadia, todos coordinados por Thomas Moore, de la
Universidad del kstado de Arizons {Nature, Vol 307,
p. 630, 1983)

Bl paso clave en Ja folosintesis es fo que se ha lla-
mado “separacién de carga fotoimpelida™  La luz
alrapada por las “antenas” de la clorofita se cree que
excita clectrones, los que son sacados ripidamente 2
través de uns membrana. Son usados para gencrar
ciertas moléculas de alta energia que posteriormente
ayudan en la conversién del dioxido de carbono a
carbohidestos

Phaseolus vulgaris 1. Horticullurai Science
10:154-156. 1975

18. WILLIAMS, D B F Influence ol soil moisture
level on flower abscission, ovule abortion
and seed development in the snap bean (Pha-
seolus vilgaris 1) Ph B Thesis. University
of Wisconsin 1902, 74 p (Dissertation
Abstracts 22:29-33 1962)

Mientras tanlo, la carga positiva, o “hueco™. que
queda en la clorofila ¢s relienado con clectrones pro-
cedentes de moldeulas cercanss de ugua Estas son
oxidadas, produciendo oxigeno en el praceso Pero, al
conducir ripidamente los clectrones excitados lejos
de fus antenas clorofflicas (mediante moléculas atra-
padozas de electrones. Hamadas quinonas), la natura-
leza asegura que las cargas positivas y negativas, indu-
cidas por lu luz, permanecen separadas Esto reduce
pérdida de energra por recombinacion de cargas (o
retroreaceion)

Ahora bien. si los convertidores biomiméticas se
espera que funcionen por tiempos largos y eficiente-
mente, deben atacar los dos problemas, de separacion
de vurgas y de prevencion de retroreaceidn El prime-
ro de estos es relativamente [dcil; los quimicos han
hecho meléeulas con grupos especiales que pueden o
aceptar electrones excitados o donar electrones para
fos “huecos” dejados por los primeros La dificultad
estid en que fas moléeulas de curga separada son de
unsa vida demasiado corta para ser de algun usc prdc-
tico Aqui entra la esposa de Moore, uno de los arqui-
tectos principales de ta nueva moiécula

La retroaecidn es prevenida mediante la incorpora-
¢ién en ki misma motéeula, tanto de los grupos acep-
tadores de clectrones como de los donadores de clee-
trones Bl corazdn de este sistema capturador de luz
es una porlirina, un pariente cercano de la clorofila
n un costado de la porfirina se encaja un grupo qui-
nonmt Este agarrard cualquier electron que levante su
cabecita exeitada per la luz par eacima del parapeto
de energsa potencial de la porfiring En el otro {ado

Turrtalba Vol. 34, No. 4, 1984, pp. 431.435
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de ko poelivinag estd un grupo betacarotenu fargo v
erritico que rdpidamente completa cualquier déficit
clectrénico en la porfiting Entre ellos, tos dos grupos

10 Q00 millones de veces nuls ridpido gque un servicio
de John McEnroe. Funcions de s muners siguiente

Un electrdn fotoescitado deja la porfiving y pasy
a la quinena, pero wntes de que pueda saltar de segre-
s, ¢f betacaroteno dona un electron a la porfirina Bl
resultudo final ¢s una molécula de carga separada que
es de relativa longevidad (unas 3 millonésimas de sc-
gundo comparado con 3 billonésimas para una porfi-
ring  quinona simple es decir 37% contya 3713
en la notacion en espafol) La carga negative estd
sitnada en la quinana, mientras que la carga positiva
estd segura, puardadu en el betacaroteno

El purecido del comportamiento de esta molécuila
con lus antenas de la clorofila en la fotosintesis natu-
ral es fantastico. Por una parte, ¢l desacoplamiento de
las cargas en la mokéeula se deriva de lo que los foto-
guimicos llaman estado excitado simple (“singlet
excited state”™) Cuande una moléculs es fotoexcita-
da, cl electron salta tan rapido a un estade mis aito
de energix gue no tienc iiempo de cambisr su mo-
mento angular de rotacidn (Uspin™)  Esto significa
que todos los electrones en fa moléeula estin todavia
aparcados cn su spin una condicion Hamada el
estado simple Sin embargo. muy ripidamente. el

electrén excitado puede cambizr su spin al modulo
opuesto Lsto quiere decir que hay ahora dos clectro-
nes en fa moléeula con spins ne apareados Esto se
Hama ef estado triplete y tiene menos energia que el
estado simple.

En ba nueva moléculy, la separacion de cargas es
tan apida que el electron no tiene ticmpo de cambiar
su spin anies de ser arrebatado por la quinona, al ipual
gue cn la fotosintesis No hay liempo para que se
pierda energia en formar el estado triplete

Pero hay algo mds. El betacaroteno también pro-
tege u 1z molécuia del daio por la luz Ef betacaro-
teno electiin esta proteccion de dos maneras Primero,
enjuga cualquier oxigeno en cstado simple que pueda
producir k1 porfirina Segundo. aveptard os electrones
excitudos en estado triplete que provengan de la pos-
firiny Ahora bien las porfirinas en estudo triplete son
particularmente susceptibles al ataque def oxigeno en
estado simple. Bl caroteno rompe la relacidn destruc-
tiva entre porlirinas y oxigeno

Lu otrs luncidon del betacaroteno es extender el
d#mbito de longitudes de onda que las antenas de la
clorofila pueden recoger bEn la nueva moléeula. el
carotene ejerce la misma funcion pero sdlo con una
eficiencia de 10 por ciento, comparade con el sistema
nutural . Adalberto Gorbitz
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ACTIVIDAD ESTROGENICA DE CUATRO VARIEDADES DE TREBOL (Trifolium sp.)
ASOCIADOS A GRAMINEAS Y RECONOCIMIENTO DE ISOFLAVONAS EN

Summary

Lstrogen activity in four varieties of clover alone or in association with grasses in
the Bogota Savannal in the Andean highlands at an altitude of 2 600 masl was
measured by comparing radicactive estradiol by receivers. Estrogen levels increased
dramngtically with plant age for the rwo varieries of clover-Triel and Levezou In white
and ved clover considered native, estrogen levels varied with age, but with no marked
tendency to increase or decrease. The general average for the clovers was far below
that of introduced varietics (P < (.01) The average for red clover was greater
(P <005) than for white. There was no evident effect of the association with grasses
(P> 0.05] for any variery

For white clover (Trilolium repens rar, Ladino), the presence of isoflavonoides
biochanine A, genistein, formononetine, daidze in and cumestrol was proven  This
identification was made with the wse of column and thin layer clromatography on
silica gel, infrared and ultraviolet spectrophotomerry, and lignddd high pressure

L oA GIL*
I RAMIREZ*
SO DIAZ#*

chromatography.

Introduccion

studijos de este laboratorio (&) evidencian una

mayor actividad estrogénica de trébof blanco en

un aitiplano andino de Colombia, que ia men-
cionada en otros paises.

Se determind la actividad estrogénica de dos trébo-
les nativos: Trifolium repens var. Ladino ( blanco) y
Trifolium subterranenm var indeterminada {rojo) v
dos introducidos de Francia, Trifolium subterraneum
var. Triel y var. Levezou, con el objeto de evaluar va-
riedades que pudieran sustituirlo para vacas en repro-
duccion sobre las cuales pudiera ser nocivo

Los tréboles se cultivaron asociados con kikuyo
(Pennisetum clandestinum) tetrelite {Lolium hybri-
dum) y manawa (L. perenne x [ muldtiflorum corres-
pondiendo las dos iltimas gramineas a raygrasses de

1 Recibida para publicacion ¢l 21 de maya de 1984
Se agradece al Organismo Internacional de Energia Ato-
miva, OIEA, de Vieny, por s2 apoyo linanciero

* Instituto de Asuntos Nucleares, [AN Apartado Aéreo
8595, Bogoti, Colombiz Facuitad de Medicing Vete-
rinariz ¥ Zootecenia y e Departamento de Biologia

crecimiento tan ripido como el de los tréboles intro-
ducidos.

kn adicion se preteadio evaluar el efecto que la de-
manda sobre los nutrimentos del suelo tuviera sobre
la estrogenicidad de los tréboles y la forma como ésta
fluctuara con la edad de las plantas en diferentes esta-
dos de su desarrolio

Ante la elevada estrogenicidad de los tréboles es-
tudiados se hizo necesario averiguar si las sustancias
causantes de este efecto fueran las mismas citadas por
otros autores (1, 6, 13) o fueran otros compuestos
aun no identificados. Con tal fin se analizé el trébol
blanco

Materiales y métodos
Determinacidn de la estrogenicidad

Se evalud lz actividad bioldgica de los { itoestrdge-
nos i ritro mediante competencia del estradiol ra-
diactivo (17B-estradiol® H New England Nuclear) con-
tra los estrogenos extraidos del trébol por receptores
uterinos aislados por ultracentrifugacion, segin el
método de Corker y Exley (5).

Turriatha Val. 34, No. 4, 1984, pp, 437-444
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El cuitivo de trébol y de tréboles asociado con pas-
1o, se efectud en un disefio de subparcelas divididas
dispuestas como bloques al azar con tres repeticiones,
de manera que la composicidn botdnica final fuera de
un 25% tréboles v 75% gramineas

Se efectuaron cinco recelecciones de hojas a inter-
valos de 15 dias, iniciando la primera 30 dias después
de un corte de emparejantiento 1as muestras fueron
secadas en aire forzade a 70°C por 48 horas, molidas
v conservadas en recipientes herméticos Los extrae-
tos acuosos fueron hechos por maceracion del mate-
ria seco durante 24 h lo cual activa la hidedlisis enzi-
miética de los glucdsidos. Los volimenes fueron ajus-
tados a 0 1 g/ml con buffer de McDougal (15)

Reconocimiento de isoflavonoides y cumestrol

_as hojas del trébol secas y molidas fueren macers-
das en etanol durante 24 h. para fograr una extrac-
cion mas completa El filtrado se concentré por eva-
poracion al vacio a 25°C v luego se redisobvio en agua
hirviendo para precipitar clorofilas. las cuales fueron
removidas por filtracién. La solucion acuosa resultan-
te fue extraida sucesivamente con cloroformo y éter
de petrdleo para removerle lipidos La {fase acuosa s¢
acidificé con HCI concentrado hasta pH 3 para hidre-
lizar fos glucdsidos isoflavenoides Despuesde {2 hen
acidez el extracto se neutralizd potenciométricamente
con NzOH y por iltimo los isoflavenoides se extraye-
ron con acetato de etilo

Cada una de las fracciones anteriores se analizo
cualitativamente mediante la reaccion descrita por
Bryant (4) para comprobar la presencia de isoflavo-
noides por enrojecimiento de la solucion en dcido
clorhidrico y limaduras de magnesio Las fracciones
de reactividad negativa fueron descartadas

{.a solucion de acetato de etilo se analizd por cro-
matografia a través de una columna de 76 cm de largo
v 3 cm de didmetro empacada con silica gel 60
(70-230 mesh) y eluida con cloroformo-metano! en
proporciones de creciente polaridad Se recogieron
5200 alicuotas de 7 ml cada una con un colector de
fracciones LKB que funcioné continuamente por 55
dias recogiendo 25 mi/h Cada alicuota se analizd
por cromatogralia de capa delgada sobre silica gel
60G con cloroforme-metanol 95:5 (viv) y los cont-
puestos revelados bajo tuz ultravioleta (UV), en
presencia de vapores de amoniaco bajo fuz UV, y por
su reaccion al fumigarlos con una mezcla de iguales
volitmenes de cloruro férrico al 2% y ferricianuro de
potasio al 1% . Aquellas alicuotas que contuvieran
sustancias cuyo Ry reactividades correspondieran &
las de los isoflavonoides, fueron reunidas para consti-
tuir una fraccion.

A cada fraccion le fue establecido su espectro de
absorcion al infrarsojo v al UV y finalmente lue re-
suelta por cromatografia liguida de alta presion
{(HPLC) a través de una columna de Sephadex LH-20
por elucion con metanol-agua 70:30 (v:v) y con un
detector ultravicleta.

Resultados y discusién

Actividad estrogénica de las cuatro variedades de
trébol

Se encontraron amptias diferencias en la estrogeni-
cidad promedio de cada variedad E! trébol blanco tu-
vo la menor astrogenicidad, equivalente a 55 7 ng de
| 7B-estradiol (B, )g de M S, valor aproximado a las
dos terceras partes del promedio para el trébol rojo
{74 ng B /g de M S)

Los tréboles Levezou y Triel presentaron respecti-
vamente actividades equivalentes a 1182y 114 3 ng
E./g de M S en promedic, no siendo significativas
estas diferencias entre §i

£stos resultados concuerdan cen los de Francis
er al (7) quicnes citan diferencias en el contenido
de sustzncias estrogénicas de td especies de trébol
v aun entre variedades de la misma especie. EI tré-
bol blance ha sido reconocido como medianamente
0 poco estrogénico (3) aunque Gil er al (1), han de-
mostrade que existen variaciones estacionales en su
actividad estrogénica. la cual se incrementa a niveles
peligrosos cuando la leguminosa es fermentada con
lurdo ruminal in vicro

La estrogenicidad de los tréboles rojos se ha reco-
nocido como superior a la del t1ébol blanco debido 2
que contienen altas concentraciones de formononeti-
na (14)la cual se convierte en el rumen a ecuol que es
mds persistente en su accion biologica sobre animales
poligdstricos Tratdndose de la misma especie, es posi-
ble ¢que las variedades Triel y Levezou compartan esta
propiedad y que las condiciones del altiplano andino
jas estén potencializando

Efecto de la edad de las plantas sobre su actividad
estropénica

La actividad estrogénica (Y) de las variedades in-
troducidas tuvo una tendencia progiesiva al aumento
a medida que avanzd la edad (X} de las plantas (Figu-
ra 1), de acuerdo a las regresiones Y = 96079
.1 348x% + 0.025x% (P < 0.0001; R* = 0.76) para
riel, y Y = 114 -198x + 0.029x* (P < 00001;
R* =0.709) para Levezou Las variedades nativas en
cambic exhibieron fluctuaciones sin tendencia defini-
da y no presentaion regresiones significativas (Figu-
i)
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Fig 1.Estrogenicidad de tréboles a diferente edad (Promedio
para 4 parcelas por 3 replicaciones por variedad).

Al comparar los resultados obtenidos con trébol
blanco y rojo con Jos de Rossiter y Beck (12), sobre
las fluctuaciones de los fitoestrogenos de acuerdo al
desarrollo ontogénico, del trébol subterrdneo, varieda-
des Yarloop y Dwalganup, se encuentra un comporta-
miento semejante. Asi, los isoflavonoides de la varie-
dad Dwalganup presentan una tendencia a disminuir
entre los 14 y 28 dias, desapareciendo toda la formo-
nonetina v la biochanina A hacia los 56 dias cuando
se incrementd la daidzeina para descender hacia los
70 dias.

[.a daidzeina, producto de la desmetilacion de la
formononetina (10) aunque presente en menor con-
centracidn tiene mayor afinidad por receptores estro-
génicos y por ende una mayor potencia fisiolégica; la
transformacion de la formononetina en daidzeina po-
dria explicar la actividad fluctuante de los tréboles
rojo v blanco durante etapas tardias de su desarrollo.

Efecto de gramineas asociadas con tréboles, sobre la
actividad estrogénica

Estadisticamente los promedios para cada pasto no
indicaron {P > 0.05) ninglin efecto de las gramineas
sobre la actividad estrogénica de los tréboles durante
el periodo de establecimiento y por lo tanto reflejan
un efecto a corto plazo Podria esperarse que a largo
plazo las demandas nutricionales sobre el suelo im-
puestas por cada pasto, incidieran sobre los niveles
fitoestrogénicos de los tréboles ya que Rossiter y
Beck (11) han demostrado que la deficiencia en fos-
foro incrementa la concentracién de isoflavonoides en
los tréboles.

Actividad estrogénica de los tréboles segin su edad y
la graminea asociada

La Figura 2 flustra la actividad estrogénica de cada
trébol a diferentes edades, asociados al pasto manawa.
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Fig 2 Estrogenicidad de tréboles asociados al paste Mana-
wa (promedio de 3 replicaciones)

Este pasto se caracteriza por un rdpido crecimiento
gue o capacita para el corte o pastoreo entre los
30-45 dias, edad a la cual el trébol blanco asociado
presenta la mds baja estrogenicidad (43 y 48 ng E. /g
de M 8), sin embargo su escaso desarrollo a esta edad
le impide competir con la graminea.

El trébol rojo no séle es pequefio a esta edad sino
que su actividad estrogénica de 122 y 77 ng E,/g de
M S es similar 0 mds alta que la de los tréboles Triel
y Levezou. De lo anterior se deduce que la asociacidn
mis apropiada del pasto manawa seria con Levezou o
Triel.

Ea Figura 3 ilustra fas fluctuaciones entre los mis-
mos pardmetros anteriores con el pasto tetralite, el
cual posee condiciones de rendimiento y precocidad
similares a las del manawa, por lo tanto los criterios
de seleccion del trébol para asociacidn son los ya ano-
tados.
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Fig. 3 Estrogenicidad de tréboles asociados al pasto
tetrelite {promedio de 3 replicaciones)
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La situacién con el pasto kikuyo se ilustra en la
Figura 4. Puesto que el periodo de pastoreo para este
pasto estd entre los 75 y 90 dias, el trébol deseable
para establecimiento de praderas mixtas seria el rojo
y/o blanco que a esta edad tienen un desarrolio com-
petitivo con el kikuyo y ademds presentan la més baja
estrogenicidad.
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Fig. 4. Estrogenicidad de trébeles asociados al pasto kiku-
yo . {Promedio de 3 replicaciones

La estrogenicidad promedic para e] trébol blanco
fue de 36.8 ng E./g de M S para todo el periodo y
coincide con el promedio general para esta variedad,
sin fermentar y durante el tiempo Huvioso, o de creci-
miento activo, reportado por Gil er ¢/ (8) Las condi-
ciones de no fermentacidn y riego periddico fueron
las observadas en el presente trabajo, e indican que la
actividad estrogénica para las variedades estudiadas
puede ser entre 8 y 15 veces superiores después de la
ferrnentacion ruminal.

Reconocimiento de isoflavonoides en ef trébol blanco

De 1380 g de hojas secas y molidas se obtuvo por
evaparacién del extracto en acetato de etilo 1.05 g de
fitoestrégenos parcialmente purificados, rendimiento
comparable af logrado por Bickoff eral (2).

El extracto en acetato de etilo se fracciond por
cromatografia en columna sobre silica gel en 5 200
alfcuotas. Aquellas que segiin su Rf en capa delgada y
reacciones de conocimiento se comportaron como
isoflavoncides o cumestrol se agruparon en las frac-
ciones 4, 10, 15 y 18 (Cuadro [). Las demds fraccio-
nes se descartaron.

Cuadro 1. Caracteristicas cromatogrificas sobre capa delgada de los compuestas presentes en cada serie (fraceién) de alicuotas® eluidas

de una columna con silica gel,

Alicuotas Nimero de compuestos y vizualizacidn en capa de]gacia2
Fraccion tuba No, Eluente
Visible {ltravioleta Vap de NH, Revelado Rf
1 1-275 Cloroformao - - - - -

2 176-459 " Verde - - - 0.90
3 460-668 " Rojo - - +f- 0.95
- s Azul tenue + - 0.73
- - Azui tenue + - 060
4 669-857 " Amarillo suave  Azul intenso + + .88
- - Azul tenue + - 078
- - Azul muy tenue + - .60

10 1995.2095 90:10 - Azul violeta
- Clorofarmo: - intenso + + 0.69
- Metanol - Azul tenue + - 3.60
- - - Azul intenso + - .52
15 3037-36%90 90:15 Amaritlo tenue  Azul tenue - - .60

- - - Azulvioleta
intenso Verde-amarillo + 0.47
- - — + - 0.34
18 48114930 80:20 P Azul intenso + + 0.42
- o - Violeta suave + - 0.35
21 51£8-5200 75:25 e Azul tenue - - 0.26
- - Amarillo Azul intenso - - 0.04

1 Alicuotas de 7 ml, eluidas de fa columna y recogidas en tubos que se numeraron de 1a 5 200

2 El nimero de alicuotas integrantes de cada fraccidn fue determinado por los cambios en el cromatograma sobre C.D. cuyas manchas
se¢ visualizaron al visible, af ultravioleta, con yapores de NH, o por revelado con cloruro férrico y ferricianuro de potasio.
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Por comparacion de los Rf (Cuadro 2) en capa del-
gada de isoflavonoides (biochanina A, formononetina
y genisterna) purcs, y cumestrol donados por el Dr.
B Tam, tniversity of Western Australia, se dedujo
que la fraccién 4 contenia biochanina A, la 10 formo-
noneting, ¥ la 15 cumestrol y/o genisteina cuyos Rf
son idénticos, y la 18 posiblemente (carencia de es-
tindar) daidzeina

Espectrofotometria al infrarrojo

Los espectros de absorcién de las sustancias recu-
peradas de cromatogramas preparados sobre capa del-
gada, fueron pricticamente indistinguibles {(Figura 5}
y en consecuencia solo atiles para revelar la naturale-
za isoflavonodidea de los compuestos. Las bandas co-
munes mis notorias fueron: a 3 600 cm™ atribuible

Cuadyo 2. Ri's sobre capa delgada de sustaneias estindar y valores de la literalura en atmosferas a diferente saturacién.

Rf [iferatura

Rf Estandazes’

Saturacion camara

Solveates desarrollc
cloroforme: metanol

Biochaninag — A
Farmononetina
Genisteina

Cumesirol o

[F]

89:11

065

069

050

90:10 95:5 89:11

993 088 0.87

072 069 0.8C

460 047 0.67

060 0.47 067

1 Cada numero s ef promedio de 3 determinaciones
2 Cdmara totalmente saturada

3 Camara parcialmente saturada

A

40900 1000 ER00 2ocn
T T T

cm™!

130D 14ng 1300 ITOD
T

1100 GO0 $a0 ang 830 828
T ¥ L4

T
leo

.2

#0

40

20

no

L] 5 L] L.} L] T

Fig 5 igpectro de absoreion IR de fa Biochanina A

13 i H ] 131 14 1] 11

A micrones
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a tensiones de fos hidroxilos, a 3 400 em™ asociadas
a tensiones C-0, a 2920 em™ atribuible a tensiones
C-H ya 2850 cm™ relacionada al grupo metoxilo

Especirofotometria uitravioleta

Se obtuve tres tipos de espectros para las sustan-
cias analizadas, que coinciden con los citados por
Markham (9} un tipo para la biochzninz A y la genis-
tefna (/max:261), otro para la {formononetina y la
daidzeina (/max:248-249} y otro para el cumestrol
con un pico {/max 243) ancho que incluye parte de
los anteriores

A pesar de pequefias desviaciones, tal vez causadas
por impurezas, sobre los /max para las fracciones 4,
10, 15 v 18, esta informacién (Cuadro 3) sirvid para
corroborar los postulades basados en los valores Rf
obtenidos sobre capa delgada, y para decidir que Ia
{raccidén 15 contiene cumestrol y genisteina mezcla-
dos.

Cromatografia liguida de alta presion

Esta técnica reveld, ademds de las sustancias ya
identificadas por los procedimientos anteriores, algu-
na impureza, tal vez caussnte de las desviaciones en

Cuadro 3. Carscteristicas espectrales al witravioleta. Valo-
res de Afmuax, para estandares, fracciones croma-
tograficas y de la literatura.

{A/max, nm}

Sustancia
Tomado de Compuestos
Markham (9) aistados 6 estandares
Biochanina-A 261 -
Genisteing 261 -
Formonenetina 248 -
Daidzeina 249 -
Estandares (mezcla) - 245, 261
Cumestrol (estzndar) 243, 343 244,340
De la fraccién 4 - 256
De la fraccion 10 - 248
De fa {raccion 15 - 248, 260,339
De la fraccién 18 - 247

los fmax al UV, tales como pequeiios picos a 84 y
216 seg (Cuadro 4) para el solvente o metanol {su-
puestamente grado cromatogrifico} y un pico adicio-
nal a 144 seg para el eluzto en metanol de Ia silica
usada en las cromatogralias y sometida al proceso
cromatogidfico con los solventes puros. Estos tres pe-
queflos picos aparecieron en casi todos los cromato-
gramas y fueron descartados como criterio de identili-
cacion

La mezcla de estandares se fracciono a tres picos
que en orden de polaridad corresponden a fa biocha-
nina A (192 seg), a la fermononetina {252 seg}y ala
penisterna (372 seg) Estos tiempos de retencion para
los estandares permitieron concluir que la fraccidn 4
contenta bicchanina A (192 seg) y la impureza a
120 seg. La fraceion 10 contenra formononetina
{252 seg) v la misma impureza a 1 20 seg La lraccion
15 contenia genistemna {372 seg) v cumestiol
{288 seg) mds las impurezas mencionadas. La fraccion
18 contenia un isofiavonocide (420 seg) no identifica-
do por carencia de estdndar, pero que basados en los
datos espectrofotométricos y su RE, corresponde a la
daidzeina {Cuadro 1}

Conclusiones

La actividad estrogénica depende de la variedad de
trébol y a temprana edad de la planta no se ve modifi-
cada apreciablemente por la graminea con que se aso-
cie. En cambio la actividad aumenta con la edad de
algunos tréboles, lo cual hace que el periodo de pas-
toreo debz seleccionarse segun el animal que o utili-
ce; con hembras en reproduccion, el trébol debera
usarse joven y asociado a un pasto de crecimiento
ripido.

El otro criterio de seleccidn de plantas forrajeras
asociadas, serd la similitud en la velocidad de creci-
miento entre las gramineas y la leguminaosa

Las sustancias causantes de la estrogenicidad medi-
da por competencia contra el estradiol por receptores
estrogénicos “in vitro ", son los isoflavonoides y el cu-
mestrol presentes en ef trébo! blanco

Resumen

La actividad estrogénica de cuatro variedades de
trébol asociado y sin asociar a gramineas en la Sabana
de Bogotd, altiplano andino a 2 600 msnin, se deter-
mind por una técnica de competencia del estradiol ra-
dioactivo por receptores. La estrogenicidad aumento
drdsticamente con la edad de las plantas, para las va-
ricdades de tréboles introducidos Triel y Levezou. En
los tréboles blanco y rojo considerados nativos, la es-
trogenicidad varié con la edad pero sin una tendencia
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Cuzdro 4. Tiempos de retencién (Picos) en cromatografia liquida de alta presion para estindares y sustancias aistadas (fracciones).

Sustancia Tiempo de retencién (segundos)

Metanol 84 216 (Empurezas) e —
Eluato de silica en

metanol 84 id4 216 (Impurezas)
Estandares (mezcla) B4 192 (8) 216 252 () 372(%)
Cumestrol (estandar) 84 216 288 - -
Fraceion 4 84 120D 144 192 (1 216
Fraecion 16 84 124D 144 216 252 (F)
Fraccion 15 B4 144 214 288 (C) 3724G)
Fraceion 18 84 s 216 420(DY -

[ Impureza B Biochanina A I Pormongneting

G. Genisteina D Daidzeina  Cumestrol

definida de aumento o disminucion Bl promedio ge-
neral para los tréboles nativos fue muy inferfor al de
los introducidos (P < 0 01); ¢l promedio para e} tré-
bol rojo fue mayor (P <0 03) que para e} blanco No
fue evidente el efecto de la asociacion con gramineas
(P> 0.05) para ninguna variedad

Para el trébol blanco (Trifoliun repens var Ladi-
no) se corrobord iz presencia de los isoflavoneides
biochanina A, genisteina, formononetina, daidzeina y
del cumestrol El reconocimiento se hizo mediante
cromatogralta en columna y capa delgada sobre silica
gel, espectrofotometria infrarroje y ultravioleta y por
cromatografia itquida de aita presion

Literatura citada

| ADAMS, N. R. Cervical mucus in infertile ewes
previously exposed to estrogenic subterra-
nean clover Research in Veterinary Science
21159 1976,

2 BICKOFF, E M, BOOTH, A N, LYMAN, R.
L, LIVINGSTON, A L., THOMPSON, C.
Ry KOHLER, G. O Isolation of a new es-
frogen from Ladino clover Journal of Agri-
cultural and Food Chemistry 16:536. 1958

3 BICKOFF, E M, LIVINGSTON, A L, BOOTH,
A N, THOMPSON, C R, HOLLOWELL,

G

. FRANCIS, €. M,

F A yBEINHART, ¥ G. Some variation in
estrogenic activity in fresh and dried white
clover and Ladino variety. Journal of Animal
Science 19¢4):1143 1960

BRYANT, E
between
aglucones
Assistance Science 39:480

F A note on the differentiation
flavonoid glycosides and their
Journal American of Pharmacy
1950

CORKER, C. 8, EXLEY, D y NAFTOLIN, F
Assay  of  17B-vestradiol by competitive
protein binding methods. Acta Endocrinolo-
gica, suppl 147,1970 305 p

FOLMAN, Y y POPE. G S The interaction in
the immature mouse of potent oestrogens
with  coumestrol, genistein and other
vaginotrophic compound of low potency.
The Journal of Endocrinology 34(2):215
1966

MILLINGTON, A ) ¥y
BAILEY, F T. The distribution of oestroge-
nic isofiavones in the Genus Trifolium. Aus-
tralian Journal of Agricultural Research,
P8(2):47 . 1967.

GIL, P, LA, DIAZ, M C, RAMIREZ, } ¥
MAYORCGA, M. Actividad fitoestrogénica

Turrialba Vol. 34, No. 4, 1984, pp. 437-444



444

TURRIALBA: VOL. 34, NUM. 4, TRIMESTRE OCTUBRE-~DICIEMBRE 1984

10

11

del trébol blanco i vitro € i vivo, sus {uge-
tuaciones en refacion a variables climadticas,
estado metabdlico y la fermentacidn rumi-
nal. Turrialba 34(2):147-156 1984

- MARKHAM, K. R Techniques of f{lavonoid

identification. Academic Press US A 1982

NILSON, A Demethylation of the plant oestro-
gen formononetin to Daidzein in rumen
{luid Arkiv for Kemi 19(39}:549 1962

ROSSITER, R Cy BECK, A. B Physiological
and ecological studies on the oestrogenic
isoftavones in subterranesn clover (7 subre-
rraneunt L.) 1L Effects of phosphate supply.
Australian Journal of Agricultural Research
17(4):447 1966

ROSSHER, R. C vy BECK, A B Phisiological
and ecological studjes on the oestrogenic iso-
flavones in subterranean clover (1 sublerra-

neton L} Vo Ontogenic changes Australian
tournal of Agricultural Research 18(4):561
1967

13 SHUTT, D. A Interaction of genistein with oes-
tradion in the reproduction tract of the ova.
riectomized mouse The Journal of Endocri-
nology 37(2%:231. 1967

14 SHUTT.D A, WESTON.R M y HOGAN, I P
Quantitative aspects of phyto-oestrogen
metabolism in sheep [eed on subterranean
clover (Trifolium  subrerrancum  cultivar
Clare} or red clover (Trifolium pratense)
Australian Journat of Agricultural Research
2H3RTLI3 1970

15 THILLEY, ] M A y TERRY. R A A two-stage
technique for the in ritro digestion of for-
rage crops Journal of British CGrassland
Society 18:104 1963



DIFFERENTIAL PLANT RESPONSES AND MORPHOMETRICS OF SOME

Meloidogine spp FROM COSTA RICA!Y/

R LOPEZ*

Con base en los resudrados de wn estudio morfométrico de machos, hembras y ju-
veniles en el segundo estadio, v en la respuesta de siere plantas diferenciales, se pudo
diferenciar cinco especies de Meloidogyne entre 16 poblaciones colectadas en diferen-
tes localidades de Costa Rica. Las especies idenvificadas fiueron M. arenaria, M incogni-
ta. M hapla. M exigua v M salasi. La respuesta de las plantas diferenciales dio eviden-
cia de que la poblacion de M. arenaria pertenece a la raza 7 (no infecto mani) v qite en-
tre las poblaciones de M incognita existian representantes de las razas 1 y 2 de esta es-
pecie. Se enconiro evidencia de variacion patogénica en dos poblaciones de M exigua,
por cuanto una de ellas se reprodujo ficitmente en tomate, mientras que la otra no.
En forma similar, dos poblaciones de M hapla se reprodigeron abundantemente en
cliile, inientras que una tercera lo hizo pero solo levemente

Introduction

2 he brozd geographical distribution, wide host
range, severe paihogenic effects and synergistic
o interactions with many kinds of plant disease
organisms, have placed root-knot nematodes {(Meloi-
dogyne Goeldi. 1887, Nematoda: Meloidogynidae)
among the major plant pathogens affecting man’s
food supply (15)

Management strategies aimed at reducing the
severity of the damage caused by Meloidogyie spp
include the use of chemicals, crop rotation, resistant
cultivars and other cultural practices (15) The last
three tactics require extensive knowledge of the
morphology, variability and ecology of the species
causing the damage.

One of the problems associated with the imple-
mentation  of nonchemical management tfactics
againsi root-knot nematodes is the correct identifica-
tion of populations [dentification is complicated by

1 Received lor publication on September 12, 1984
Research supported by a grant from the Conscjo Nacional
de investigaciones Cientificas y Tecnoidgicas de Costa
Rica. The help provided by Mr [Pederico Valverde 53,
Mr. A L Taylor and Ing. Luis A Salazar I, is deeply ap-
preciated

¥ Laboratorio de Nematologis, Lscuels de [itotecnia, Lini-
versidad de Costa Rica. San José, Costa Rica

the variation in morphology and host range com-
moniy present in species of this genus (9) Due to this
variability, approaches other than classical morpholo-
gy, such as the response of differential plants, have
been used to identify species (15)

The identitication and/or quantification of the
variability within and among species of root-knot
nematodes by these different approaches could
provide the basis for a better understanding of the
genus from different points of view. This understand-
ing would enable recognition of those charscters
which are species specific and therefore reliable for
distinguishing species, as well as recognition of char-
acters with fittle or no value in the identification of
fields populations due to their overlap among or
between species or their instability.

Having these considerations in mind research was
conducted to study the variability of some popula-
tions of rootknot nematodes from Costa Rica by a
morphometric characterisation of males, females and
second stage juveniles, and by the reaction of certain
differential plants

Materials and methods
Sixteen populations of root-knot nematodes were
collected from different localities in Costa Rica

(Figure 1) and increased in a greenhouse at the Facul
tad de Agronomia, Universidad de Costaz Rica, San

Turrialba Vol. 34, No. 4, 1984, pp. 445-458
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Pedro. Some selected ecological characteristics of the
collection sites of these populations, along with the
hosts on which they were collected and their popula-
tion designation, are presented in Tabie 1

kst ag

Nicaragus

[T 1o’ od'

COSTA RICA
0 38 ag

KILOMETENY

RATDO

The inoculum for the propagation of each popula-
tion consisted of several dozen egg masses collected
from roots of the host from the original locality
where the population was collected . Most population
were increased on tomato, cv. Rutgers. Populations
CR7 and 9 were maintained on coffee, cv. Caturra,
whereas population CR2 was maintained on rice, ¢cv
C.R 1113 All plants were grown in 2 000 ml clay
pots that contained | 700 ml of an Andept soil
(43 2% sand, 31 4% siit, 25.4% clay, 8.7% OM and
5.8 pH) The soil in all cases was treated with steam
at 105°C for 24 hows prior to use. Each pot was
fertilized twice a week during the first five weeks of
plant growth with 150 ml of a 19 20-20-20 fertilizer
formula solution Air temperatures varied between 17
and 31°C

Twenty specimens were used for each character
studied in the males, fernales and second-stage juveni.
les. All measurements were analyzed statistically with
a one way classification model, and the mean values
were compared using the Puncan's Multiple Range
Test. The methodology used for the morphometric

Fig 1. Map of Costa Riva showing the approximate location study, as well as that for the differential plants were
of the collection sites of 16 populations ot Melof: the same as previously described (5), except that
dogvne spp strawberry and sweetpotato plants were not included

Table 1. Designations, sources and selected ecological characteristics of the collection sites of 16 populations of Meloidogyne spp.

from Costa Rica.
Soil (%) Soil  Elevation
Pop. Host Sand Silt Clay OM. pH m.a.st  Locality Ecological zone
CR1 Lycopersican
esetilentum Mill 302 297 201 B8 a1l 8§10 LaGuacima Premontane moist forest

CR2 Oryza sativa L 752 147 161 34 60 22 LaCuesta Premontane wet forest, basal belt

CR3 Nicotiane tabaeum L. 682 137 181 32 54 55¢  Repunta Tropical moist forest

CR4 Carica papaya L 552 167 181 24 42 42 Ciudad Neilly Trepical wet forest

CR35 Carica papaya L 30.1 318 381 356 60 220 Orotina Tropical moist forest

CR6 Lycopersicon

esculenaon Mill 351 468 181 27 6.1 903 Santa Ana Premontane moist forest

CR7 Coffea arabica L. 448 327 2 87 6.1 1360  San Luis Premontane moist forest

CRY Coffea arabica L. 321 348 331 1i6 &2 1020  Sarchi Premontane wet forest

CR10 Eupatoritn

subcordatum 88t 58 61 28 62 1400  Division Montane rain forest
CR11 Musa acumingta X
M balbisiana, AAB 521 127 352 43 &0 60  Palmar Norte Premontane wet forest

CR12 Carica papaya .. 261 318 421 53 4.1 10 Paquera Premontane moist forest

CR13 Bidens pilosa 1. 355 589 536 92 4.0 1040  Porrosati Lower montane rain forest

CR14 Brassica oleracea

var. capitata L. 290 430 280 84 60 2050 El Empalme Lower montane wet forest
CR13 fmpatiens

balsainina 1. 340 330 330 68 62 2200  Palmira Lower montane wet forest
CR16 Musa acuminata X

M balbisiana, AAB 806 80 114 58 58 75  Rio Frio Tropical wet forest
CR17 Carludovica sp 551 258 191 86 6.1 16 Piedras Blancas Tropical wet forest
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Results

Five species of Melotdogyne were identified among
the 16 populations studied These species were A
incognita {populations CR1. 3, 5.6, 11, 12,16 and
17y, M exigua {populations CR7 and 9). M fhapla
(populations CRI1O, 14 and 15)%. A arenaria (popula-
tion CR4), and M. safasi (poputation CR2) Popula-
tion CR13 was identified as a mixture ol M incognita
and M hapla

Morphology
The interpretation of the predominant type of

perineal pattern for each species is presented in Table
2. Only specimens of M safasi tCR2) and a few [tom

M. exigug (CR7 and 9} had a posterior protuberance
Populations CR16 and 17 of M. incognita had a (ew
strize originating at the vulval lips and going out fo
the sides M. exigug (CR7 and 9) had three striae in
the perineum, whereas M. haple (CR10, 14 and 15)
and some specimens of CR13, a population consisting
of a mixture of M incognite and M hapla, had one
strige. The strize of M. arenaria (CR4), M exigua
(CR7, 9) and M. hapla (CR1Q, 14, 15) were inter-
rupted were the lateral lines normally are, but they
were not distinact enough to be considered lateral
lines. The M incognira popuiations CR1, 3, 5, 6, 11
and 17 had a few, wavy and broken striae in zones
2, 3 and 4, whereas CRI2 and 16 had a moderate
number of striae in these zones In these same zones
A exigua (CR7, 9) had few, smooth, broken striae,

Iable 2. Interpretation of the predeminant type of perineal pattern of females of 16 populations of Meloidogyne spp. from Costa

Rica.
Vulva
Posterior lip Perinetm Lateral Striae zone
Pop. protuberance strige striae incisures
1 2 3 4

M incognita
CR1 A A A A F Ew3 FWB FWB
CR3 A A A A ¥ FWB Fwa FWB
CR3 A A A A 13 FWB FWB FWB
CRé6 A A A A F FWB WB FWB
CRil A A A A F FWB FWB FWB
CRI12 A A A A r MWB MWB MWB
CR16 A I A A M MWB MWB MWE
CR17 A | A A [ FWB FWB FWH
A exigua
CR7 A A k I F 5B FSB F3B
CRY A A 3 I F ¥SB FSB FSB
M hapla
CRI19 A A 1 1 F FSU FSU EFSU
CR14 A A ] I F FSU FSU FSU
CRI15 A A ] H F ESU FSU ESU
M arenaria
CR4 A A A 1 F FSB 5B FSB
M salasi
CR2 P A A A F FSuU FSU FSuU
M incognita

& M hapla
CR13 A A & A P &A F FSW& FSU& FSU&

FWB FWB FWa

A: absent; P: present; F: {ew:; M: moderate in number; W: wavy: B: broken: U: unbroken; 8: smooth; b interrupted,
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whereas M. haplg (CR10, 14, 15) had few, smooth,
unbroken strigze. M arenaria {CR4Y had few, smooth,
hroken strige in zones 2, 3 and 4 in the mixture of
A incognita and M hapla (CR13) perineal patterns
with few, smooth and unbroken strize, as weli as
perineals with few, wavy, broken striae in zones 2,3
and 4 were found A salesi {CR2) had few, smooth,
mostly unbroken striae in zones 2. 3 and 4 Striae of
M salgsi and M. hapla were relatively fine whereas
they were relatively coarse in the other species

The shape of the perineal pattern varied with the
species In M incognita the perineal patterns of all
populations were mostly pyriform. with a trapezoi-
dal dorsal arch. The perineal patterns of the two &f
exigua populations were roughly rounded. with a
iow rounded dersal arch: the striae were rather
coarse and far apart In A laple populations the
perineal patterns were roughly rounded, with a low
and wide dorsal arch No wings were obsesved in the
perineal patterns, but punctations on the tail termi-
nus area were present The strine were closely spaced
In M arenariz the perineal patterns were mostly oval,
with striae forming a shoulder on the low. fiat to
rounded dorsal arch 1n the mixture of M. incognita
and M haple both pyriform and roughly rounded
perineal patterns were found A salgsi (CR2) had
oval shaped perineals, with high and wide rectangular
dorsal arches; the strine were far apart A photo-
micrograph of one perineal pattern from each populs-
tion, except of the mixture of M incognita and M
hapla, is preseated in Figures 2 and 3

The mean vatues of morphometric characters of
the females are presented in Table 3. Highly signifi-
cant differences among populations were found in
stylet, DEGO, distance between the middie of the
exeretory pore and the head end (excretory pore),
maximum body width, body length. vulva, anus-vul-
va and interphasmidial distances

Average values for the characters measured in
second-stage juveniles are presented in Table 4

Highly significant differences among popuiations
were found in teotal length, tail length, maximum
body width, anal width, stylet base to head end,
DEGO, and the 2 and ¢ ratios Undilated recta were
present in M exigua (CR7, 9) and M haple (CR10,
14, 13) whereas they were dilated in the other popu-
lations. In all juveniles the hemizonid was located
anterior to the excretory pore

Average values and observations of certain male
characters are presented in Table 5

All males had areolated lateral fields, although to a

variable dezree. In most populations they had four
lines in the lateral fieids, although five were also
observed in some specimens of CR14, a population of
M hapla. Only one gonad was observed in males of
M salasi {CR2), the M. incognita populations CR3
and 11, and the M Japla population CRI1S; the
others had a varying percentage of males with two
gonzds.

Highly significant differences were found among
populations in the stylet, DEGO and spicules (chord
of arch). The mean stylet length of M salasi was the
lowest, followed only by those of M exigua (CR7, 9},
which had stylets 2 4 and 2 8 pn longer, respectively.

Differential Plants

Similar responses were obtained in the four repli-
cates of each differential plant-population combina-
tion. and the average values are presented in Table 6
The differential plant responses indicated that popu-
lations CRi, 5. 6 and 17 were M incognita race 1,
populations CR3, 11, 12 and 16 were M. incognita
race 2, population CR4 was & arenaria race 2, popu-
lations CR7 and 9 were M. exigua, populations CR10,
14 and 15 were M hapla, population CR2 was M
salasi, and population CR13 was a mixture of M. in-
cognita and M hapla.

The responses to the differential plants gave evi-
dence of pathogenic variation in M. exigna. The two
populations of this species could be differentiated by
their ability or inability to infect tomato, cv Rutgers
(Table 6). Population CR9 was able to reproduce well
on this host but CR7 was not.

A major difference among populations of A
hapla was found in the reaction of pepper, cv. Califor-
nia Wonder. Popuiations CR14 and 15 reproduced
abundantly on this host, but CR10 reproduced only
to a limited extent

Tomato was heavily infected and received the
maximum rating value of 5 with all but M salasi
(CR2Y and the M. exigue population CR7. Tobacco
was not infected by M selasi (CR2) and M. exigua
(CR7, 99, only slightly by the M incognita popula-
tions CRS, 6 and 17, and heavily by the remaining
populations. Pepper was not a host for M. salasi
(CR2), and was infected only slightly by CR10, a po-
pulation of A hapla, the other populations repro-
duced well on this host Cotton was not infected,
except stightly by CR6 and 16, two populations of
M incognita. Peanut was a good host for M hapla
(CR 10, 14, 15), noderate for the mixture of M. incog-
nita and M hapla (CR13) and a poor host for CR6,a
population of M incognita Watermelon was not in-
fected by M salasi (CR2), two populations of M. ha-
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Fig 2. Photomicrographis ol female perineal patterns of aine populations ol Meloidogyie spp  trom Costa Ri
CRi. CR3, CR3, CRO.CRII,CRI2, CRI6 and CR17: M incognita
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Fig 3 Photomicrographs of female perineal patiesns ol six populations of Meloidogvie spp rom Costa Rica CR2: M salasi CR7
and CR9: M exipwe CRIO CR14, and CR15: M hapla

pla {CR14, 13), and only lightly by the third popula-
tion of A Jhapla (CR1G) and by the mixture of A
incognita and M hapla. This plant was a good host
for the other populations Finally, corn was not a
host for M salasi (CR2), M. exigua (CR7,9), and for
two populations of M lapla (CR10, 14), a poor host
for M. aenaria (CR4), the mixture of M. Incognita
and M. hapla (CR13), one population of M hapla
(CR13) and two of M. incognita (CR3, 17}, and a
good one for the other populations.

Discussion
Morphology
M incognita

The general shape of the perineal patterns was
similar among the populations studied and could be

used to distinguish this species from the others The
interpretation of the characteristics exhibited by the
perineal patterns agreed with the reports by previous
authors in Costa Rica (3, 13) Similarly, the absence
of & posterior protuberance was noted It was noticed
that when the mean values of the morphometric
characters of each population were compared to
those previousty reported from Costa Rica, the juve-
nile length and the female stylet in CR1 were greater
In CR3 the juveniles were wider; CRS had juveniles
with a greater length and females with a longer stylet;
CR& had longe: juveniles, with longer tails and a grea-
ter a ratio; population CR 11 had longer juveniles, and
the interphasmidial distance, tail length, stylet base to
head end, DEGO and the a ratio in the female were
slightly greater. They aiso had a smaller anal width In
the females, the excretory pore was longer.
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Males of all populations had mean values of their
chargcteristics similar Lo those reported by these
authors (3, 13)

M exigua

There are no previous reports about the mor-
phometrics of this species in Costa Rica, so compari-
sons were made to the data provided by Chitwood (1)
and Lordelio and Zamith (7} The general shape and
the characteristics of the strise of the perincal patiern
agreed with previous descriptions A few femaies of

each Costa Rican population had the neck region
focated on the ventral side of the body and a poste-
rior protuherance

On the other hand. some males of the two popula-
tions from Costa Rica had twisted bodies and some
uniwisted bodies This observation was in agreement
with the previous report by Scotto la Massese (14),
and contradicts the statement by Lordello and Za-
mith (7). that males of M evigua did not have a
twisted body. thus constituling an exception among
the root-knot nematodes Another contradiction with

Table 3. Morphometric characters of females of 16 populations of Melordogyne spp. from Casta Rica.
Body Body
Fop. F-xc. pore Stylet DEGO* width length

A iucognita

CRY 337 att 152 ede 41 be 486 el ) 634 bed
CR3 36 4 abed £4 3 ahod 419 abc 538 ¢ 764 gh
CRS 36 1 abed 159 ¢ 38 ab 459 defl 67% cdef
CRE 2340 156 de 40 abe 519 g 721 g
(Rl 255 abc 135 ab 319 ab 495 elg 784 h
CRI2 16 4 bed 154 vde 34 a 4139 de 656 bede
CRI6 317 ¢de 154 cde 46 od 371 be 642 bede
(R17 24,7 ab 15 2 cde 43 bhed 471 del 659 bede
Al exigua

CR7 353 ¢ i4 8 bede 61 @ 272 s 493 g
CRY 326 bede 14 4 bed 48 ¢ 335 ab 491 a
M hapla

CREG 4B e 129 a 37 ¢ 472 dei 897 ef
CR14 65 ¢ 137 ab 57 ¢ 423 cd 629 be
(RIS 333 de 14 2 abe 58 ¢ 486 efp 728 g
A arenaria

(R4 j42e 15 5 ede 46 d 508 ig 698 of
M salasi

CR2 354 ¢ 13.6 ab 39 ab 468 def 602 b
M incognita

& M hapla

CRI13 252 abe 156 de 42 be 495 efg 690 def
CV (%) 184 10.1 146 14 6 99

¥ DRGO relers (o the distance between the base of the stylet knobs and the dorsal esophagest gland orilice

* Mean of 20 observations. Al muegsurements in pm Means in the same column foliowed by the samc letter do not differ significantly
lrom ane another according fo Duncas’s Multipie Range Test (P - 0 01)
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Continuation Table 3.

Enterphasmidial

Pop. Vulva leagth Anus-vulva distance

M incognita

CR1 221 bede 17 8 cde 24 5 def
CR3 253 1 189 &f 286 b
CRS 25Q 1 18 6 del 27.2 gh
CR6 245 ef 17.0 abede 275 gh
CRI11 23.2 bedelt 19.8 § 262 g
CR12 206 abed i7 5 abede 230 bed
CR16 2315 det 18 1 edel 266 ¢
CR17 233 cdef 180 cde 269 gh
M oexigua

CR7 189 a 112 abede 24.8 ef
CR9 206 abed 16.7 abed 226 be
M hapla

CR10 20.7 abed 3.7 ab 3170
CR14 20 8 abed a 249 ¢l
CR13 204 abe 7.6 bede 228 bed
M arenaria

CRr4 215 abed 178 cde 276 gh
M salasi

CRZ 23 2 bede 16.3 abe 151 a
M ofncognita & M hapla

CRI13 20 3 ab 17 5 abede 239 cde
CV (%) 14.2 117 79 o

*  DEGQ refers to the distance between the base of the stylet knobs and the dorsal esophageal gland orifice

** Mean ot 20 observations. All measurements in um. Means in the same column followed by the same letter do not differ significantly

from one another according to Duncan’s Multiple Range Test (P = 0013

the report by Lordello and Zamith (7) was the find-
ing of only one testis in some males of both popula-
tions. Lordelle and Zamith (7) reported that ali maies
possessed two testes

The two Costa Rican populations had longer se-
cond-stage juveniles end females with longer stylets
than previously reported Males of CR7 had greater
DEGO values than those reported by Lordello and
Zamith (7). All other values found in this investiga-
tion agreed with, and in some cases were identical to,
those previously reported

M hapla

The finding of this species outside the Central Pla-
teau and the Central Volcanic Range, the only areas

where it had been found previously {4, 6, 8, 13},
widens its reported geographical distribution in Costa
Rica Both Ei Empalme and Division are high altitu-
de areas with high precipitation and relatively cool
temperatures all year round This agiees with the
observed tendency for the distribution of M fiapla
in the rest of Costa Rica {6)

The shape of the perineal patterns and the charac-
teristics of their striae were in close agreement with
previous reporis from Costa Rica (6, 13}, except that
no wings were observed in the perineal patierns
Females of the three populations had greater values
for the excretory pore am! the DEGO than those
reported for other Costa Rican populations (6, 3)
The population CR10 had greater values for the total
length and tail length of the juveniles, and for the
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stylet and spicules {chord of arch) of the males The
CR 14 population had longer spicules than found by
previous authors, The other characters had mean and
range values similar to those reported earlier (6, 13)

The recta of all juveniles were undiizted When
first found in Costa Rica, Lopez and Salazar {6)
observed some juveniles with dilated recta in a popu-
fation collected from cabbage Later, these authors
(13} tound M incognita and M hapla coexisting in
cabbage in the same general aren of their [irst linding.
Since M. incognira juvenites have dilated recta (1), the
possibility of a mixture of both species in the first re-

port seems likely, and therefore makes the report
of dilated recta in M. hapla juveniles doubtful

M arenarig

The finding of a population of M. arenaria in Ciu-
dad Neilly is the first report of this species in Costa
Rica. Comparisons were made to the values and ob-
servations given by previous authors (i, 2} The
general shape and characteristics of the striae of the
perineal patiern were similar to those reported by
these authors, but the second-stage juveniles were
shorter than the value given by Eisenback er af (2),

Table 4 Morphometric characters ol second-stage juveniles of 16 populations of Weloidogwire spp. from Costa Rica.

Total Tail Maximum Anal
Pop. length length body width width
M incognita
CR} 414 cd** 533 b 14 9 ahe 10.8 cde
CR3 402 ¢ 498 & 6ie 11.1 de
CR35 426 d 539 be 15.2 bed 108 cde
CR6 449 ¢ 575 d 14 9 abe 109 cde
CRI1: 426 d 5280 151 bed 111 de
CR12 419 d 498 a 156 cde 10.3 bede
CR16 461 ¢ 56.4 cd 49 abe 90 a
CR17 386 b 474 a 157 de 103 bede
M exigua
CR7 373 ab 485 a 14.5 ab 94 ab
CRY 368 & 488 a 14 7 ab 9.4 ab
M hapla
CR1G 464 | 6l12e 14.7 ab 10 6 bede
CR14 373 ab 474 a 14 6 ab 10.2 bed
CR15 373 ab 48.1 a [45 ab 10.0 abed
M arcuaria
CR4 459 ¢ 5734 142 a 9 8 abe
M salasi
CR2 466 | 66371 161e¢ 114 ¢
M incognita &
M hapla
CR13 418 d 54.7 bed i4.9 abc 103 bede
CV (%) 40 63 55 12.0

*  DEGO refers to the distance between the base of the stylet knobs and the dorsal esoplisgeal gland orifice.

#¥ Mean of 20 observations All measurements in gm Means in the same column followed by the same letter do not differ significantly
{rom one another according to Duncan's Multiple Range Test (P = 001). All juveniles had the hemizonid znterior to the excretory
pore. In CR7, 9, 16, 14 and 15 the recta were undilated, whereas in the remaining populations they were dilated.
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Continuation Table 4,

Stylet base

Pop. to head end DEGO* a ¢

M incognita

CR1 153 de 12 ab 279 bed 78 bede
CR3 156 cf 31 ab 26 2 abe 81 ef
CR35 157 ef 30 1 283 bed 79 cdet
CRa 15.5 ct 31 ab 30.3 det 7.8 bede
CR11 151 cd 31 ab 28 0 bed 8.0 def
CR1Z 15.4 def 38 d 235 a 84 g
CRI6 158 ¢ 36 cd 31.2 def 82 fg
CR17 155 ef 32 ab 250 ab 82 fg
M exigua

CR7 136 a 32 ab 256 ub 77 bed
CR9Y 136 a 33 bed 252 ab 75 b

M hapla

CRI10 148 ¢ 45 ¢ 317 et 76 be
CR14 i420b 42 ¢ 257 ab 79 cdef
CRI15 40 b 37 ¢ 258 ab 78 bede
M arenarie

CR4 154 det 15 bed 326t 80 def
M salasi

CR2 142 b 33 abe 392 cde 6.7 a

M incognita & M hapla

CR13 153 de 3t ab 282 bed 76 be
CV (%) 12 127 135 47

*#  DECGO relers to the distance between the base of the stylet knobs and the dorsal esophageal giand orifice

#% Mean of 20 observations Al measurements in gm Meaas in the sume column followed by the same letter do not differ significantly
from one another according to Duncan’s Multiple Range Test (P = 0 01} All juveniles had the hemizonid anterior to the excretory
pore. In CR7, 9, 10, 14 and 15 the recta were undilated, whereas in the remainisg populations they were dilated

although similar to the values given by Chitwood (1)
All other morphometric values for females, males and
juveniles were similar to the reports by the previously
mentioned authors.

M salasi

The females of this root-knot nematode could be
differentiated from the other species by the presence
of a posterior protuberance and the neck and head
regions located on the ventral side of the body The
body was usually oval, in contrast to the pyriform
shape found in M. exigua, some of which showed a
posterior protuberance and the neck on the ventral
side of the body Some, but not all specimens of M.
exigua exhibited these characters

The shape of the perineal pattern of M salasi was
also unique. Other differentiating characters were the
short interphasmidial distance in the females, the
longer juvenile tails, the smaller ¢ ratio of juveniles
and the shorter male stylet The phasmids of the
fernales were also smailer than in other root-knot
nemstode species

Differential Plants

As point out by Taylor and Sasser (15), differen-
tial plants 1) provide a preliminary or corroborative
indication of the root-knot nematode species being
evaluated, based on the usual response of the hosts,
and 2) detect pathogenic variation of a population, as
determined by host responses different from the
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Table 5.  Morphological characters of males of 16 populations of Meloidogyne spp. from Costa Rica.
Spicules Number of % males
(chord of iateral with one

Pap. Stylet arch} DEGO* Areolation lines gonad
M incopnita
CR1 215 [HE# 350 hi 35 b ves 4 95
CR3 251 hi 345 ghi 30 ab yves 4 100
CRS 34 1 g 32.6 cfg 2B a yes 4 65
CR6 250 ghi 34 2 fghi 29 a yes 4 85
CR1! 220 ¢ 335 1ghi 28 a yes 4 100
CR12 216 ¢ 311 de 30 ab yas 4 80
CR156 24 4 igh 323 ef 3.2 ab yes 4 70
CR17 2571 35414 35 b yes 4 95
M exigua
CR7 184 b 241 a 32 ab yes 4 45
CR9 89 b 250 a 49 de ves 4 85
M hapia
CR10 217 de 300 cd 5¢ e yves 4 60
CR14 204 ¢ 284 be 41 ¢ yes 4 -5 93
CR15 W5 ¢ 27.7 b 50 ¢ ves 4 109
M arenaria
CR4 24 3 igh 33.0 eigh 31 ab yas 4 95
M salasi
CR2 i6da 272 b 3.3 ab yes 4 160
M. incogiita

& M hapla
CR13 210 cd 28 2 be 4.4 ed ves 4 85
CV (%) 58 53 169 - - -

*  DEGOQO refers to the distance between the base of the stylet knobs and the dorsal esophiageal gland orifice

“# - The rest of the mates had {wo gonads

e st

Mean of 20 observations All measurements in wm. Means in the same column foliowed by the same letier do not differ significantly

from one another according to Duncan's Multiple Range Test (P =0 01)

usual for the various species. However, differential
plants cannot be relied upon entirely for identifica-
tion, because the population being studied may be a
mixture of species or a species for which no or
limited host response data are available.

For example, M. salasi did not reproduce on any
of the differential plants (Table 6). The reaction of
the plants, however, was used to differentiated among
the other species studied, and even for the determina-
tion of the host race among populations of M. incog-
nita and M arenaria.

Based on the scheme provided by Taylor and
Sasser {15}, the M. incognire populations CR1, 5,6
and 17 were designated as race 1, whereas popula-
tions CR3, 1}, 12 and 16 were designated as race 2.
This is the first report of the presence of race 2 in
Costa Rica Salazar and Lopez (13) had previously
reported race 1 only

In spite of the evidence of pathogenic variation in
the two populations of M. exigua, it seems premature
at this time to call them races This term was applied
to populations of Meloidogyne species that were

Tugrialba Vol. 34, No. 4, 1984, pp. 445-458
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Table 6.  Response of seven differential plants to 16 populations of Meloidogyue spp. from Costa Rica,

Pepper Cotton Watermelon Corn
Tomato Tobacco ‘California ‘Deltapine Peanut ‘Charleston ‘Minnesota

Paop. ‘Ruigers’ NC-95 Wonder® 16" ‘Florunner’ Grey’ A4
M incogiita
CR1 5* 3 b g o 3 5
CR3 5 5 5 0 0 45 5
CRS 5 1.5 435 0 0 3 32
CR6 5 15 5 15 G2 3 47
CR1} 5 5 5 0 0 5 5
CR12 5 4 33 0 0 5 b3
CR16 5 3 5 05 0 5 5
CR17 5 2 5 0 0 5 17
M exigua
CR7 i3 0 5 & ¢ 4 0
CR9 5 9 47 0 ¢ 4 0
M haple
CR10 5 5 i7 0 5 3 0.2
CR14 5 4 3 0 o] 0
CR1s 5 3 3 0 5 0 16
M arenaria
CR4 5 5 3 o o 5 3.2
M salasi
CR2 gk 0 0 G 0 9 0
M. incognita

& M lhapla
CR13 5 4.5 5 0 1.7 2 25

*  Mean of lour replicates Responses evaiuated according so the number of egp masses/root system 0 =0 egg masses: 1= 122,73 = 3-10;

3= 11-30:4 = 31-100; and 5 = more than 100 egg masses.

w4 Inoculum visbilily was evidenced by high reproduction on rice plants inoculated at the same time as tie difterential plants

showr by numerous experiments to have unique host
preferences, and that were named only after there
was evidence of wide geographical distribution and/or
sufficient significance for crop rotation and/or plant
breeding programs (15). Most of the criteria used for
the application of the term host were not [ulfilled
in this case Future work could give the necessary
proof that they indeed deserve to be designated as
host races. From a practical point of view, this find-
ing could be of value to {armers in the area ol Sarchi,
as some fields where coffee was grown were changed
to tomato production.

Differences in the ability of M hapla populations
to reproduce on pepper were found Reactions of the
other differential plants to the three populations were

simifar, and agreed with the ustal response given by
them to this species (15). As in the case of M exigua,
it seems premature 2t this time to apply the term host
races to these populations.

The population of M arenaria, similar to most of
the populations in the worid collection of the Inter-
national Meloidogyne Project, did not reproduce on
peanut, ¢v Florunner, and therefore was determined
to be race 2 of this species.

The reaction given by the differential plants of
CR13, the mixture of 3 fcognita and M. Jiapla, was
different from the usual one given to each of the
major species (15) Previous workers have found this
same mixture of species in the Central Volcanic Ran-
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ge of Costa Rica, on plants such as cabbage, carrot,
lettuce and green peas(4, 10, 11,12, 13} As pointed
out by several of them, such mixture of spacies makes
the management ol root-knot nematodes by crop
rotation and resistant cultivars even more difficult,
and might require some long term studies for the
development of profitable management schemes

Summary

Based on a morphometric study of males, females
and second-stazge juveniles, and on the responses of
seven differential plants, five species of Meloidogyne
{ M. arenarig, M incognita, M hapla, M. exigug and
M. salasi) were distinguished among 16 populations
collected at different locations in Costa Rica. The
responses of the differential hosts gave evidence that
the Af gremgria population was host race 2, and that
the M incognira populations included hest races |
and 2. Evidence of pathogenic variation was found
between the two M. exvigus popuiations One repro-
duced readily on tomato, whereas the second popula-
tion did not Similarly, two populations of A fapla
reproduced readily on pepper, whereas the third
population reproduced only to a limited extent on
that host
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TARO A review of Colocasia esculenta and its poten-
tials ed by Jaw-Kai Wang University of Hawaii
Press. 2840 Kolowalu Str Honolulu, Hawaii
96822 400 p Price 5 35.00

Taro is a very eomplete book sbout the species
Colocasia esculenta, crop of first feeding importance
through all the isiands of the Pacific.

The investigation shown in this book have been
realized, principally in the last 15 years, by a wide
group of scientifics (botanicists, agronomists, nutri-
tionists, economists), especially of the University of
Hawaii,

This team of researchers, working in all aspscts of
a crop, considered untii now of second economic
importance, due that is practised by multiple small
aboriginal communities, is a real example of great
vision to afford a problem. They have not only con-

sidered the plant itself, but also the thousands of

peasants, distributed in istands, with very scasrce tech-
nical elements and means of communications

The book cover:

A general background: botany, physiology and au-
tritive value,

tive pubiication of the Department of Plant
Pathology. North Carolina State University,
and the United States Agency for Interna-
tional Development Raleigh, North Caroli-
na North Carolina State Graphics 1978
111 p

Production technology: agronomy, pest and
diseases

Utitization: processed lood, animal feed and indus-
trial uses, and planning and development: production
systems planning, socic-economic aspect of taro as
food and production managemeni considerations It
calls the attention, in ail chapiers, to the details of
the investigations carried on.

About Pest — as an example — it is presented the
inventory of taro pest, cited, by separated, those that
attack: leaves, petiols, corms and roots and adding
the parasites and predators of the danger animals, and
also cited those invertebrates and vertebrates, until
now, known as associated with the crop.

The resuits and feasible recommendations pre-
sented, specially for the Pacific area, I am sure, will
serve as well, for Asia, Africa and Armerica, where this
crop is also an important food, but technicaily
neglected, as being practised by peasants

Congratulations to Jaw-Kai Wang and all the
equipment

ALVARO MONTALDO

FACULTAD BE AGRONGMIA
UNIVERSIDAD CENTRAIL DE
VENEZUELA, MARACAY, VENEZUELA
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STUDIES ON SEED GERMINATION AND DORMANCY IN COTTON GENOTYPES
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Resumen

Se estudio la gerntinacion v dormancia de semiflas frescas de algunos genotipos
de G hirsutum, G herbaceum y» G arboreum, cosechados en ires etapas sucesivas, en
relacion @ sus curacteristicas vy a métodos para romper la dorinancia La germinacion
hnicial fie mayor en G. herbaceum segridu por G arboreum v G hirsutuns, En G her-
baceum la germinacion decrecio con la etapa de cosecha, mientras que en G arboreum
se enconird una tendencia de munento en la germinacion G hirsutum mostro una baja
germinacion en semillas de la primer v tercera cosecha En general, los genotipos de G.
hirsutum mostraron periodos variables de dormancia, mientras que las otras dos espe-
cies no mostraron dormancia en ningiun perfodo de cosecha El cv LRA-5166 (G.
hirsutum) mostr el periodo de dormancia mds bajo, variande entre 24 v 36 dias des-
pués de la cosecha. Se observé una relacion negativa y significativa entre la germina-
cion inicial y el contenido de vella en la semifla de G. hirsutum [r = 0.9603, positiva
con el tndice de semifle en G, herbaceum {r = 0 5277) v negativa con el contenido de
humedad inicial de la semilla de G arboreum (r=061 28]

Un tratamiento con calor {45°CJ por siete dias de las semillas con vella rompic la
dormancia del ¢y LRA-5166 en forma efectiva. El secado de las semillas al sol por dos

dias, rambién auinento la germinacion significativamente

Introduction

eed dormancy indicates the inability to germi-
nate under favourable conditions Seeds dor-
e’ mancy in cotton is, however. not a serious
problem, since normally. the time gap between
harvest and next planting i considerably iarge
Hence, not much information is available on this
aspect in the cultivated colten genotypes. Never-
theless. to have basic knowledge of germination and

1/ Received for publication in 3 July, 1983,

Part of M Sc (Agri) thesis submitted to the University of
Agricultural Sciences, Bangalore, by the senjor author.
The work reported in this paper was supported through
grants from the Indian Council of Agricultural Research,
New Pelhi. The suthors thank Dr, Y. C. Panchal, Profes.
sor and Head, Department of Crop Physiology, Agri-
ciitural College, Dharwad and Dr. B H. Katarki, Seaior
Scientist {(Cotton), Agricultural Rescarch Station, Dhar-
wad, for providing necessury facilities

* Department of Crop Physiolopy, College of Agriculture,
Diarward-580 005 {Karnataks-India)

dormancy is most important, in order to under-
stand the nature of seed quality and viability later
during the storage. In this paper, attempts have been
made to obtain information on the initiai germina-
tion ol cotton seeds and factors controlling it, the
extent of seed formancy in three cultivated cotton
genotypes and methods to break the seed dormancy,
if present.

Materials and methods

Experiment I: Initial germination and extent of
dormancy period in cultivated cot-
ton genotypes,

A few randomily chosen genotypes from three
cultivated species of Gossypitm, were used for the
study The crop was planted on medium black soil
during the wet season of 1981, at the Agricultural
Research Station, Dharwad. under rainfed conditions
following a recommended package of practices for
the region. The details ol penotypes with dates of
sowing and picking are given in Table {.

Turrialba Vol. 34, No. 4, 1984, pp. 459-465
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Table t. Initial germination percent in cotton genotypes with reference to seed dormancy at different pickings,

Species variety Pickings IFor comparing
[ ¥ 14 Mean Variety (V)  Picks (P} VxP
! 2 3 4 5 6 7 8
G lrirsutum
| DP-338 i0 68 46 413
3 FK-236-2 72 82 82 787
3 JK-78-162 36 54 58 49 3
4 UAS-48-4 24 48 48 400
CD at 5%
5 DP.498 44 72 34 500
6. DP-342 50 66 28 480 g8 57 170
7 NA-606 12 62 34 36.0
8 LRA-5166 20 30 6 187
9 DP-4352 80 86 54 733
Meun 387 631 43.3
G herbaceum
; DB-3-12 96 K8 94 g1 7
2 R-51 98 74 72 813 <D ot 5%
3 SM-6 9z 74 78 800
4 72-245 88 58 80 753 6.2 48 108
5. Tayadhar 90 62 32 613
Mean 928 70 4 72
& arboreum
i t.ohit 52 82 82 720
2 G-27 86 80 91 R6 0 CD oats%
3 HD-11 90 80 90 B& 7 167 NS NS
4 LD-135 90 88 84 8773
5 FHD-135 78 84 83 8:3
Mean 792 828 86 0
Note G hirsuum G herbaceum G arbereum
Date of sowing 3 81981 581981 128 1981
Date of picking: i 23.12 1981 16 11982 2311982
i 2 11982 3111982 321982
i1 13 11982 1521982 1321982

When cotton seed were picked, they were brought
to the lsboratory, ginned and immediately kept for
germination. Germination fests were carried out at
room temperature (28°C + 2°C) using the standard
(between) paper towel technique. Five days were
allowed for germination and on sixth day only
“normal seedlings” were considered for germination;
The period of dormancy was calculated as the time
taken for 80 per cent germination. Germination tests
were continued until the desired germination was at-
tained.

In addition, moisture content of seed (initial and
final), seed index (100 seed weight) and hull to kernel
ratio were also evaluated following standard proce-
dures

Experiment II: Methods to break dormancy in cv.
LRA-5166.

The variety LRA-5166 which exhibited seed dos-
mancy for nearly 30 days period in all the three pick-
ings, was chosen for the study. Nine treatments were
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imposed including a check {Table 3) The treatments
consisted of soaking the seeds for five hours in test
solutions followed by washing with distilled water
and Kept for germination at room tlemperature using
the standurd paper towel technique

All the seeds were kept sepurately in three lots of
hundred each The duta obtained on germination. was
analysed statistically

Results
Experiment I:  (a) Initial germination .

The initial germination was highest in G. fierba-
cerm followed by G arborern and least in G fifrsie-
fum (Table 1) The germination percent also varied in
different species with reference to pickings. Thus. the
varieties of G flursunen showed significantly low ger-
mination in first (38 7% Yand third pickings (43 3% )
than in second picking {63 1% ) Germination in G
frerbacewm, was significantdly highest in first picking
(92.8% ) than in cither the sccond (70 4% ) or third
picking (71 25 ) In contrast. the varieties of & arbo-
rerun exhibited a tendency for increased germination
(792, 828 and 860% in first, second and third
pickings. respectively) although the differences were
non-significant.

(b) Period of seed dormancy .

The data indicated the occurrence of seed dor-
mancy for various periods in the varieties of G hir-
sunen: only In the other two species. dormancy was
either minimum (G frerbaceunt) or completely
absent (& arborewnt) Table 2)

In general. in the varieties of G hirsutum, the dor-
mancy period varied with successive pickings: 120,
10.7 and 14 0 days in {irst, second and third pickings.
respectively  Among the varieties. JK.236-2 and DP-
432 had either nepligible period of dormancy, six
days in JK-236-2 in the first pick and 12 days in DP-
450, The variety LRA-3166 recorded dormancy
period for over & period ranging from 24 days (first
pick) to 36 days (second pick). The other variety NA
606, aiso showed darmaney for a lesser period rang-
ing from 12 days (second pick) to 24 days (third
pick)

The other varicties had a shorter dormancy period
ranging from 6 to 12 days

(c) Seed characteristics.

The data on {uzziness, seed index, hu!l (¢ kernel
ratio and initizl and final seed moisture are given in
Table 2.

i} Fuzziness: The dats indicated considerable varia-
tion in fuzziness among the species studied, which is
in the decreasing order: G hirswium (8 96% ). G.
arboreunt (7 10% } and ¢ lerbacenn (4 10% ). Even
within a species. further variation was observed with
different pickings Thus, in both G hirsutiem and G,
arborenm, the fuzz content decreased; while in G
herbacerm, the fuzz increased with successive pick-
mgs

Among the varieties of & fiirsuntin, cv. LRA-
5106, had the highest fuzz content (1410 to
14.50% ), while. cv. JK-236-2 had the lowest (4 37
1o 4 60% ) The mean data for three successive pick-
ings in G herbacenn, indicated lowest fuzz in R-31
(3 TE% )y and bighest in Sel. 72-245(3 27% ). Unlike
the other two species, the variation in fuzziness
among varieties of & arborerm and pickings was
considerably fess However. HD-133(8 210% ). in the
first picking. LD-135 the second (7.96% ) ang in the
third picking (8 46% ) exhibited relatively higher
[uzziness

) Seed index {Acid delinted): The mean seed index
was in the increasing order oft G arboretn (4 74 g),
G herbacewm (5 88 gy and G Nirsurwn {819 g) In
general. all the three species showed a decreased in
seed index with successive pickings. Among the geno-
types of & fursieiuem, the seed index was relatively
higher in DP-338 in the first picking (9 22 g). UAS-
48-4 in the second picking (898 g) and DP-338 in
the third picking (9 82} in comparison to the others.

Among the varicties of G herbacein, Jayadhar
{637 g), Sel. 72-245 (6 28 g), and DB-3.12 (6.23 g)
recorded 4 relatively higher seed index over others in
the successive pickings.

The seed index in HD-133 of G arborewn was
consistently higher in all the three pickings (5.52.
5 10 and 4 53 g, respectively).

fii} Hull to kernel ratio: In general. G lerbaceum
(0.78) had higher full to kernel ratio. followed by G
arborerm (0 63) and least in G irsutum (0.54) In
all the species, it however, increased with progressive
picking.

Among the varieties of G Jirsutum, cv. DP-498,
had a higher ratio of 0 57, 4.59 and 0.56 in the first,
second snd third pickings. The mean data for G her-
baceum indicated that huli to kernel ratio was highest
in the second picking (0.81), followed by a third
picking (0 78} and comparatively lower in the first
picking (0.74). The variety SM-6 in the f{irst picking.
Sel. 72-245 in the second and third pickings, recorded
the highest ratios of 0.75, 0 85 and 0 93 respectively
In G arborewm, the ratio was almost similar in the
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Table 3. Germination percent as influenced by various
physico-chemical treatments in the freshly harvest
ed seeds of L RA-5166.

SL Treatments Germination Difference

no. (%o} over control
(%)

1 Fuzzy (Controi 3713

2 Fuzzy - Sundricd 7248 + 34 7

3 luzzy - 45°C, 3 days 66 7 +1294

4 buzzy - 457C 7 duys 813 + 440

5 Acid delinted 573 + 200

6. Delinted -+ water souked 547 174

7 Delinted + GA, 20 ppm 560 + 193

8 Delinted + vtberel 50 ppm 493 + 120

9 Delinted + water sonked-dricd 593 + 220

For comparing trestmenty: S Emk 540

D oat 5% 106

first two pickings (0.61 and 0 62) which increased to
0.66 in the third picking Among the varieties, G-27
showed consistently higher ratio of 067, .67 and
0.77 in the successive pickings.

iv) Inmitial seed moisture: The mear initial seed
moisture was the highest in G. Jursunon {11 34% )
{ollowed by G herbacem (9.06% ) and least in ¢

arboreim (6 68% ) With relerence to the time of

picking, there was a reduction in initial seed moisture
in all the species. In G lursterum, the initial seed
moisture decreased from 1342 percent in the first
picking to 10.30 percent in the third picking Among
the genotypes, DP-342 {(14.7% ) followed by JK-78-
102 (14 0% } in the first picking, LRA-5166 in the
second picking (12 50% ) and JK-236-2 in the third
picking (11.60% ) had relatively higher moisture
contents,

The mean initial seed moisture in & herbacenm,
was slightly more in the second picking (9.60% } than
in first picking (9.34% ), but decreased in the third
picking (8 24% ). Relatively, higher moisture content
was seen in Jayadhar (12.17% ¥ in the first picking,
R-51 in the second (10.80% ) and the third pickings
(13.00% ). However, there was no consistency in the
decrease in seed moisture among the varieties with
successive pickings.

In G arborewm, the variation in seed moisture
with successive pickings was considerable, reducing
from 8 61% in the first picking to 5.15%in the third

picking. In all the pickings, Lohit maintained rela-
tively higher content (10.78, 7.91 and 7.00% , respec-
tively).

v) Final seed moisture: The data on final seed mois-
ture was also coltected to verify whether the expected
decreased seed moisture is refated to enhanced germi-
nation. The data indicated a decrease in seed moisture
to around 7-8 percent irrespective of initial seed
moisture to attain 80 percent germination in all the
three species studied.

Experiment II: Methods to break seed dormance in
cv. LRA-5166,

Among the eight treatments tried in comparison to
the untreated control, fuzzy seeds subjected to a
temperature of 45°C for seven days showed a signifi-
cant increase in the germination to 81.3 percent that
is 44.0 per cent more than the seeds stored at room
temperature. Even sun drying for two consecutive
days. showed a 347 percent increased germination
over the coatrol. Although other treatments gave
significantly higher germination, they were not on
par with the above two treatments (Table 3)

Discussiorn

Initial germination, seed dormancy and seed charac-
teristics in cotton.

Of the three cultivated species, only the varieties
of G hirsustn, showed considerable variation for
period of dormancy; while in other species, it was
either negligible or absent. The occcurrence of seed
dormancy in cotton. particularly in G. hirsuetum, has
also been previously reported (2, 3, 4, 7, 9). Christidis
(4} was of the opinion that cotion seeds probably
need several days of rest, depending upon the date of
matarity and variety .

Ressons for differences in the initizl seed germina-
tion in successive pickings among the species and
varieties within the same species may be attributable
to certain seed characteristics, be different [or each
species. Correlations worked out between initial
germination and seed characters amply indicated this
possibility (Table 4). One of the reasons for the
extended period of seed dormancy in G Iirsutum
may be ascribed to fuzziness as there was a significant
negative relationship between initial germination and
fuzz content (r = -09603). As far back as 1935,
Simpson (9) and recently Bhagavandas (3) have
shown that sulphuric acid treatment to freshly
harvested seeds increased the germination percentage
Bailey (1) suspected that wax and lignin in conjunc-
tion with fuzz might play a part in restricting the
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Iable 4. Simple correlations between initial permination and
seed characters (correlation co-efficient = ).

Species Seed germination vs.

[nitial Fuzz Seed Hul to
moisture  content index kernel
conlent Fatio

G hirsutim 00597 09603*% 01817 -.03682
G herbaceum O06i1 02133 05377*%.-(03931
G arboreton -0 6128% 03702 Q1458 01479
Levels of significance 5%P 1%
G hirsunnnt (25 A0 0381F Q487"
G herbacewn and ¢

G oarboreuwm (13 i) 0514 (641%*

absorption of moisiure by seeds Further, it bas been
observed that delayed germination due to fuzz on cot-
ton seeds may exert a secondary inhibition (3). In G
herbacewmn, the initial seed germination  (although
high) was positively related with seed index {r =
05277) The seed index in this species generally
decreased, with progressive pickings, indicating a
possibly poor development of embryo. It is reporied
that poor and delayed germination in seeds of certain
varieties of cotton was due to poor embryo develop-
ment (2) Further, it was also observed that embryo
was not dormant but only weak Regarding & arbo-
rewm, in which no dormancy was observed, the initial
seed moisture was correfated negatively with secd
moisture {r = —0 6178). Paddy seeds having both
high and low moisture content germinated late

Those having low moisture content germinated
late and also showed high germination (8). The final
seed moisture data from the present studies have
also amply proved this observation.

In none of the species did hull to kernel ratio
have sny relationship with initial germination,
although considerable variation was observed among
the species and among the pickings within a variety.
Kempanna er al {5) investigating the causes for poor
germination in four cultivaled species of cotton
found that the germination in & arborewm was not
influenced by impermeablie seed coat. According to
them, germination in G, fursunon was controlled by
factors of an unknown physiological nature. How-
ever, the present studies clearly indicated that fuzz.
iness in & hirsutum, seed weight in & ferbaceum
and seed moisture in & arboreum influence initial
seed germination

Methods to break seed dormancy in cv. LRA-5166.

The data indicated that either sun-drying or heat
treatment successfully breaks the seed dormancy in
cv. LRA-3166 Similar resuits were also reported in
paddy seeds by heat treatment (6, 8). High tempera-
tures (40--50°C) breaks the seed dormancy in cotton
by muaking the seed coal permeable {2} It may also
possibly destray certain growth inhibitors accumulat-
ed in the sced during its development By removing
fuzz by acid delinting, the germination increased only
to a small extent, thereby indicating that fuzz forms
only a part of the impediment affecting good germi-
nation. Probably some internul factor(s) may be
responsible. However, it was afso observed that none
of the growth regulators used, which are reported to
break dormancy, enhanced the germination to the
extent of heat treatment. Thus, it may be surmised
that heat treatment. net oaly enhanced the perme-
ability of seeds, but alse destroyed some interfering
substances

Summary

Germination of freshly harvested seeds at three
successive pickings, and the extent of dormancy in a
few genotypes of G hirsutum, G lerbacewm and G
arbgreum, in relation to some seed characters and
also methods to break the seed dormancy, were
studied The initial germination was highest in G. lier
bacerm fotlowed by & arboreion and least in G hir-
sunon In & herbaceran, the initial seed germination
declined with successive pickings; while in & arbo-
rewmn, there was a tendency for enhanced germina-
tion & firsunan showed significantly fow germina-
tion in the first and third pickings In general. the
genotypes of & Jirsuaom showed varying periods
of seed dormancy. while the other two species.
remained non-dormant, in all the pickings Cv,
LRA-5106 (G hirsutunt) showed a relatively longer
period of dormancy ranging from 24 to 36 days after
harvest A significant negative relation between initial
germination and fuzz content in G hirsufum (1=
--(.9603), positive correlation with seed index in
G herbacewm (v =0 53277} and negative relation with
initial seed moisture in & arboreum (r = -0 .6128)
were observed,

Heat treatment of fuzzy seeds (45°C) for seven
days broke the dormancy effectively in the dormant
variety LRA-5166 Sundrying for two consecutive
days also increased germination significantly
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Notas y comentarios

Premio Nebel de Medicina y Biologia de 1984

César Milstein, un argentino del Laboratorio de
Biologia Molecular de Cambridze, Inglaterra, Nils
Jerne, un danés nacido en Londres, del Instituto de
Inmunotogia de Basilea, y el intermediaric entre los
dos, George Kdhler, de Alemania Occidental, fueron
los escogidos para recibir el Premio Nobe! de Biologia
y Medicina de 1984, por haber inventado los anticuer-
pos monacionales, y haber abierto, con esta investiga-
cion, las puertas de |a ingenieria genética

Como muchos otros impertantes jogros cientiTi-
cos, el primer aviso se encuentra en una caita al editor
que dirigieron Milstein y Kohler {quien trabajaba con
Miistein en Cambridge) a la revista Nature, y publica-
da el 7 de agosto de 1975, en la que describian un
método para producir grandes cantidades, muy pu-
ras y muy precisas, de anticuerpos, esas armas con
que el sistema inmunoclégico del cuerpe fucha contra
lzs enfermedades

6 MISRO, B and MISRA, P K Certain considera-
tion on seed dormancy Oryzs 61:18-22 1969

7 PATIL, M S. Seed dormancy and viability in some
varieties of cotton Current Research 5:1-2.
1976

8 SIKDER, H. P Dormancy of rice seeds in relation
to different moisture contents of grains and
dates of harvests Journal Agricultural Science
Cambridge 81:159-163. 1973

9 SIMPSON, D. M. Dormancy and maturity of cot-
ton seed . Journal Agricultural Research 50:429-
434 1935

Los anticuerpos son muy utiles, no sélo para com-
batir enfermedades sino en otras esferas de s biome-
dicina. El problema reside en que el sistema de la in-
muridad produce anticuerpos a toda clase de antige-
nos, lo que quiere decir que es muy dificit obtener
anticuerpos puros. Una proteina simple puede tener
varios puntos antigénicos y un solo patogeno puede
Hlevar consigo muchas proteinas superficiales diferen-
tes El cuerpo responde con un coctel de anticuerpos
mezclados; el purificar una sola especie de anticuerpo
lleva al investigador contra los limites de los métodos
fisicoquimicos

Aqui entran los anticuerpos monoclonales Estos
son hechos por un cultivo de céiulas genéticamente
idénticas, o sea, un clon Debido a que un solo linfo-
cito produce un solo anticuerpo, un cultivo menoclo-
nal seereta un producto puro. Pero las células
normates de organismo tienen una vida muy lmitada,
consiguiéndose s6lo unas siete u oche divisiones antes
de que ellas mueran. Un cultive derivads de un solo
finfocito seria de una vida demasiado corta para ser
util

Fa hazafia de Milstein y Koéhler fue fusionar células
de un tumor canceroso, que son inmortales, con una
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célula normal que producia un anticuerpo especifico
Crearon asi una linea celular immortal que secretaba
un anticuerpo puro Estas céluias se Hlaman hibrido-
mas

Pronto se dieron cuenta de las imiplicaciones de su
descubrimiento.  Los anticuerpos monoclonales po-
drian ser utilizados para fabricar el interferon mds pu-
ro Pueden distinguir un tipo de célula de otro; un ti-
po de leucemia de otro Y lo mejor de ellos es su con-
fiabilidad; presentan siempre las mismas propiedades
porque todas las céiulas dei clon son idénticas

El zobierno britdnico declind patentar el descubri-
miento por lo que Milstein y Kéhier decidieron redac-
tar la comunicacidén que publico Nature E£sto ha sido
criticado en aigunas revistas cientificas, entre ellas
New Scientist, que editorialmente sefialo que algunos
memios Nobel recibidos por cientificos de institucio-
nes britdnicas han sido explotados comercialmente
por compaiiias de otros paises (otro ejemplo es la pe-
nicilina) Pero, en realidad, es sélo en los ultimos afios
en que las universidades y organismos estatales estan
patentando los avances que obtienen en fa electronica
y la biotecnologia A partir de las investigaciones diri-
gidas por Milstein, la industria ha venido desarrollan-
do usos comerciales a los anticuerpos monoclenales,
principalmente 1} en procesos industriales, como en
la produccion de interferones, esas sustancias antiviri-
cas v anticancerosas elaboradas por el cuerpo; 1) en
diagnosis, como anticuerpos para tipificar tejidos, lo
que es necesario para tfrasptantes;y 3) en terapia, co-
mo drogas citotoxicas que son llevadas por anticuer-
pos especificos a células cancerasas, dejando intactas
las otras células. Y hay muchos ejemplos mds.

Milstein, quien tiene 37 afios, se gradud en quimi-
ca en la Universidad de Buenos Aires, en 1957 En
1958, estudié para su doctorado en el departamento
de bicquimica de la Universidad de Cambridge. Tra-
bajé por primera vez en el Consejo de Investigacién

Médica en 1960, y regresd a la Argentina en 1961
Por dos afos fue jefe del Instituto Nacional de Micro-
biologia en Buenocs Aires, pero renuncié y regresd a
Inglaterra cuando cuatro miembros de su personal
fueron despedidos por pertenecer a un sindicato

Kohler, guien tiene 38 afios, zparte de sus dos afios
con Milstein, ha realizado su labor en el Instituto de
Inmunologia de Basilea, Suiza, que fue fundado por
Jerne Se espera que asuma la direccion del nuevo Ins-
tituto Max Plank de [nmunologia en Freiburg, Alema-
nia Occidental

Jerne, quien dice que para el trabajo tedrico que él
realiza, s6lo necesita un pedazo de papel, fue incluido
en el premic en razon de que sus teorias sobre la di-
versidad de los anticuerpos marcaron una nueva direc-
cion en la ciencia de fa inmunologia Cuande los qui-
micos descubrieron que lt conformacidn de las molé-
cujas de proteina era determinada solamente por la
secuencia de los aminodcidos que la componen, cayd
en descrédito la teoria anterior, la hipdtesis de ins-
truccion, que sestenia que los anticuerpos eran como
cadensas desdobladas que, en contacto con el antige-
no, se eavelvian sobre este antigeno para formar un
anticuerpo 2 is medida Jferne propuso entonces, en
1935, la teoria de ta seleccion clonal de la formacidn
de anticuerpos Esta ides fue la base subsecuente de
la inmunologia Esto llevé al trabajo de Gustav Nossal,
en Australia, que mostrd que cada linfocito producia
s6lo una clase de anticuerpo, un concepto que hizo
posible la técnica de Milstein y Kéhler para producir
hibridomas Su siguiente idea, dice Jerne, fue que la
mutacion somdtica para darle a los linfocitos su vasto
repertorio de anticuerpos Jerne es danés, aunque na-
cido en Londres Hizo su trabajo doctoral en Cope-
nhague y trabajd seis aflos en el Instituto Serum.
Mientras dirigia el Instituto Paul Erlich, en Frankfurt,
le fue propuesto, por la firma suiza Hoffman-La Ro-
che, que iniciase el Instituto de Inmunclogia de Basi-
lea. Adatberto Gorbitz.



INFLUENCE OF LIGHT INTENSITY ON CHLORQPHYLL DISTRIBUTION AND

ANATOMICAL CHARACTERS OF CASSAVA LEAVES!/

T RAMANUJAM*

Resumen

Se estudio la influencia de la intensidad huminica sobre lus caracteristicas morfo-
logicas v anatémicas de lofas de cuatro cultivares de yuca promisorias. Con poca lumi-
nosidad, se observo una reduccion significativa del peso especifico de la hoja (SEW)y
un aumento en la relacion de drea foliar (L TR} Las caracteristicas anaténicas de toa
raviedad de alta produccion {H-165) se compararon con luas de la veriedad de baju pro-
duccion (M-4), creciendo con poca luminosidad El parénguima esponjoso fue mds
grueso en H-165 que en M-4 bajo condiciones normales de luz v con poca luz en aimbos
casos hubo una misma en el grosor de la capa del mesofilo De la misma manera, lus
estomas en H-165 estaban mds hundidas que en M-4 bajo condiciones nonmales de luz,
pero al reducir g ioninosidad en ambas variedades se encontraron en la superficie de
la hoja. En las cuenro variedades estudiadas se experinienté una reduccion en el ni-
mero de estomas por unidad de superficie foliar bajo poca hminosidad. Asimismo, la
concentracion de clorafllato qumenid significativamente en relacion a le clorofila a

J. S JOS*

bajo condigiones de poca luz

Introduction

tance in the tropical agriculture in view of in-

creasing the productivity per unit land area by
making use of the solur radiation more effectively.
Besides monocropping, cassava (Manihor esculenta
Crantz) is traditionally grown as intercrop with coco-
nut palms in the State of Kerala, which contributes
aboui 80% of cassava production in India The work
conducted at CTCRI, Trivandrum suggested that the
tight intensity available for the growth of cassava
plants in the established coconut plantation was 10
to 15% of the normal sunlight which resuited in
significant  yield reduction ranging from 65 to
94% depending upon the gentoypes (9). Further
investigations were made to compare the anatomical
and morphological characters of cassava leaves
exposed to normal and shaded environments,

E n recent years, mixed cropping is gaining impor-

1 Received for publication in June 15, 1983
The authors are prateful to the Director, Central Tuber
Crops Research institute, Trivandrum for the facilities
provided to carry out this plece of work The heip of
Mr C. 5 Astoniswamy, Artist cum Photoprapher is also
acknowiedged

* Sciestist 82 (Plant Physiology): Scientist §2 (Cyto-
geneticsy CTCRI, Trivandrum 695 017, Kerala, India

Materials and methods

Four promising vasieties of cassava Viz., M4,
H-165. M-1687 and H-2304 were grown in open
area (normal light) with a mean diurnal light inten-
sity of 40 000 lfux and in shaded area (low light)
with a mean diurnal light intensity of 6 000 lux.
The shade was created artificially by screening
the sunlight. The experiment was conducted during
1982 cropping season. All the observations were
made between 2nd and 3rd month stage and the
experiment was terminated by 4ih month. Anatom-
ical studies were made using sections 10 to 15 thick.
ness following the usual dehydration, embedding and
staining procedures (6). Chlorophyll pigments (total,
Chi. o and Chi b) were estimated by the method of
Arnon (1)

Results and discussion

The specific leaf weight (SLW) for the varizties
grown under normai light ranged from 3.9 to
4.7 mgfem?® while under low light (shade) the SLW
was reduced significantly in all the four varieties by
57 to 62% (Table 1). The leaves grown under shade
were thinner and dark green in colour when com-
pared to normal light. However the intensity of
anthocyanin in the petioles of M-4 and H-2304 was
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very low in contrast to their characteristic dark red
petiotes found in normat light. The linding suggested
that besides the quality of light (5), the quantum of
light is afso essential for the synthesis of the flavonoid
pigmients despiie the exact role of anthocyanin in
cassava is yel to be investigated.

Distribution of chlorophyll pigments also varied
significantly in different trcatments (Table 2) The
leaves grown under low light (6 000 lux) recorded
higher concentration of total chlorophyll per unit
leaf weight {mean value = 3.72 mg/g {resh leal’} when
compared to the leaves grown in normal light {mean
value = 2.58 mg/g fresh leaf). However, the concen-
tration of total chiorophyli per unit leal area was
higher under normat light (3.30 mg/dm? leaf) when
compared to low light (282 mg/dm® leal) The
significant increase in chlorophyll concentration

fable 1. Effect of light intensity on certain leaf character-
istics of cassava,

Specific leaf weight  Leaf aren ratio

Variety mg/em cm” /g
Normal Low Normak Low
light light tight fight
M-4 39 1.6 84 .0 135.7
i-165 47 19 711 1184
H-1687 43 16 8.0 1146
H-2304 4.2 1.8 799 1284

under fow light on leaf weight basis was mainly due
1o increase in leaf ares ratio (67% over control) As
there was little difference in total leaf area between
the two treatments, the chiorophyli content of the
whole plant will be higher under normal light when
compared to tow light. Among the two fractions of
chlorophyli, the low light favoured increase concen-
tration of chlorophyll, the jow iight favoured increase
concentration of chlorophyll-b, consequently the
ratio of chlorophyll-a to chlorophyll-b was reduced
significantly which may be also an important factor
for the causes of low productivity of cassava under
shade Similar observations on increased concentra-
tion of chlorophyll-& under low light was already
made (3) in other crops The role of chlorophyll-b
in the primary photousynthesis is mainly to trap
the photon and transfer to chlorophyll-a where the
process of energy coaversion (photosynthetic
phosphorylation) takes place. Hence any significant
reduction in the ratio of chlorophyll-s to chioro-
phyll-b found in normal leaves may bring out reduc-
tion in the photosynthetic efficiency

The cassava igaves grown under low light intensity
were found to be thin and papery which may affect
the leal water potential and osmotic regulaiory
mechanism. Though the leaf blades were stightly
broader under low light, the leaf area ratio (leaf
area per unit leal weight) was very high, which may
affect the productivity as LTR was also considered
an important physiological parameter in crop pro-
duction (8).

Table 2. Effect of light intensity on distribution of chlorophyll pigments in cassava,

Leaf weight basis (mg/g fresh leaf)

Leaf aren basis (mg/dm”> fresh leaf)

Characters
M-4 H-165 H-1687 H-2304 H-4 H-163 H-1687 H-2304

1. Total Chiorophyl

Normal light 218 274 254 2.86 260 385 318 358

Low light 3.30 336 3.94 426 2.43 Z84 272 332
2. Chlorophyll-a

Normal light 104 1.34 122 142 1324 1 88 t 53 1.78

Low light 1.48 1.59 74 190 1.G9 1.27 120 148
3. Chlorophyll-b

Normal fight 116 1 .44 1.36 146 1 38 197 1.63

L.ow light 1 82 1.86 222 236 [.34 157 1.54
4, Ratio of Chi-a/Chl-b

Normal light 090 0.96 0.94 097 0.90 (.95 0.94 097

Low light 081 0.81 0.78 081 G 8l 0 8% 0.78 080
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By evaluating a set ol promising cultivars of cas-
sava under uniform shade, Ramanujan: er al (9),
observed significantly higher yield in H-165 when
compared 1o M-4. Under aormal dight alse. the
former is a higher yielder than the latter. The leaf
anatomy of H-165 and M-4 under both the light
intensities were compared The results suggested that
the leaves of H-165 were found to be thicker than
M-4 under normal light (Table 3) and interestingly.
the spongy purenchymatous layer was Tound o be
charzcteristically  thicker in MH-165 than in M-
The chloroplast was present in both palisade and
spongy parenchiynn of both the varieties. The dif-
ferent layers of the leaves grown under shade were
distinctly thinrer when compared Lo the leaves
grown under normal light (Figures §, 2} There was
# reduction in the distribution of chluroplast in the
palisade but the size appeared 1o be almost the same
as in the control The spongy parenchyma also
showed & reduction in the chloroplast distribution.
but there was an increase in the size of the chloro-
plast. Under shade (low light), the leaves of both the
ctones were almost of same thickness and similar in
the distribution of different fayers. The most signifi-
cant reduction was noticed in the thickness of spongy
parenchyma of $-165 {(Table 3) where, it was 600 in
the feaves grown in open while 25 6/u in the leaves
grown in shaded conditions. Rarefication was noticed
in palisade and spongy layers

The size of the stomata and distribution was
studied in detail for all the four varieties (Tuble 4).
The stomata were found on the lower surface of the
leaves for ali the cultivars under both the treatmenis
confirming the eartier report (10). Comparison was
made between M-4 and H-163 for stomatal distribu-
tion which revealed that under normal light, they

Table 3. Leat snatomy of M-4 urd H-165grown under normal
light and fow Hght.

Normal light Low light
(40 000 lux) (6 000 lux)

M-4 H-165 M-4  H-165

I Thickness of
Lpidermis (u) W06 W0 140 132

(08

Radial length of
patisade (u) 680 680 412 392

3 Thickness of spongy
parenchyma lower
epidermis (1) 41.2 600 64 254

4 Thickness of feal (u) 1292 14890 816 780

RS ke

Fig T 1.5 of leal o' M~4 from normai light, x 150

Fig 2 T8 of leat of M-4 grawn in shade, x 150

were found on the surface in M-4 (Figure 3} while
in H-165 they were slightly sunken with relation to
other epidermal cells (Figure 4). However, under low
light, the stomata were found on the surface in both
the varieties. There was significant reduction in the
number of stomata per unit leal area due to low
light (Figures 5, 6) The mean stomatal number per
unit teal area in M-4 was 56.3 and 48.7 under normal
and low light respectively.

Plants adapted to bright sunlight are found to
show different leal morphology under low light (2.
3. 4, 7) Crockston er al (4), demonstrated that
higher light intensity promoted the development of
palisade and spongy mesophyll tissues resulting
thicker leaves. Cassava being a sun loving erop, the
associated anatomical and morphological changes
are apparenily brought cut by low light

Adaptation to lower light intensity appears to be a
genetical character which would make elfective use

Fig 3 Stomata on the surface in M-4, x 650

Fig 4 Sunken stomata in H-165, x 650
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Table 4. Influence of light intensity on distribution and size of stomata.

Number of stomata® Lenght of stomata (k)

Variety 1 reatment
Ruange Mean Range Mean
M-4 Normal fight 55..59 563 0-24 216
Low light 45--56 48 7 16--24 188
H-165 Normai light 45.--59 502 16--24 220
Low light 3846 418 1620 192
H-1687 Normad light 5157 541 28} 20
Low light 45 56 302 16240 184
H-2304 Normat light 4753 5049 240--24 131
Low light 38--50 424 16.-24 ig2

#

Under the microscopic field of 40 x 10

Fig 5 Stomatal distribution in normal leaves x 500

of available solar radintion All the four varieties of

cassava used in the present study showed definite
anatomical changes under low light resulting in a
significant reduction in photosynthetic efficiency, as
the volume of the photosynthetic apparatus per unit
leaf area was curtailed significantly under shade.

Crockston et al (4) recorded 38% reduction in
photosynthesis of bean leaves due to shading mainly
because of increase in stomatal and mesophylt
resistance to diffusion of CO,. It was also demon-
strated that the reduction in stomatal number would
increase stomatal resistance. Besides, the reduction in
the thickness of palisade and spongy puarenchyma
observed under low light may also result in increased
mesophyil resistance to CO; uptake, ultimately the
efficiency of the cassava leaves for CO, assimilation
will be affected

The present findings expiain the causes for low
yield of cassava under shaded environment Inspite

[ig 6 Stomazul distribution under shade, x 500

ol its poor yield under mixed cropping system, large
scale cultivation of cassava in coconut garden is
prevalent in Kerala due to limited and holding. As
noae of the high yielding clones of cassave showed
complete adaptation to uniform shade, further
studies on this line is essential to find out the critical
light intensity for cassava to achieve reasonabie yield
under mixed cropping system in addition to develop-
ing shade tolerant ciones.

Summary

The influence of light intensity on morphological
and anatomical characteristics of the leaves of four
promising cultivars of cassava was investigated. Sig-
nificant reduction in specific leaf weight (SLW) and
“increase in leaf area ratio (LTR) were observed unde:
low light in ali the cultivars. The anatomical features
of the leaves of a high vielding variety (H-165) was
compared with a low yielding variety (M-4) under
two light intensities. The spongy parenchymatic layer
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was thicker in H-165 than in M-4 under norma!
light while under low light both the varieties showed
reduction in the thickness of mesophyll layers
Similarly the stomata in H-165 were found sunken
when compared to that of M-4 under normal light
but under low light they were found on the surface
in both the varieties. There was a signilicant reduc-
tion in the number of stomata per unit leal area
under fow tlight in ail the four varieties studied
presently. The concentration of chlorophyil-h in-
creased significantly when compared to clorophylla
under low light
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Resenia de libros

CROSSLEY, P, KILGOUR.} and MORRIS, 1 Small
farm mechanization for developing countries John
Wiley, 1983 2533 p

Une de ios problemas mis apremiantes que encara
la agricultura en los paises tropicales en vias de desa-
frollo. es el de aumentar el rendimiento de los culti-
vos. sin que esto signifique un incremento significati-
vo en el costo de produccien. La tecnologia moderna
ha puesto a disposicién de los agricultores una amplia
gama de equipos y de maquinaria. para hacer mds eli-
ciente el proceso de produccion Sin embargo, una
buena parte de estos equipos han sido disefiados para
las regiones extratropicales, en donde las condiciones
eddficas. topogrilicas, climdticas y econdmicas difie-
rent mucho de las condiciones del tréopico Ademds, el
precio de estos equipos es alto, en relacion con las po-
sibilidadles {inancieras de la mayoria de los agricuito-
res tropicales Por otra parte, la experienciz ha mos-
trade que muchos de estos agricultores, sin una debi-
da asesoriz técnica, han adquirido equipos costosos y
paco adaptados a sus necesidades. fo que ha acarreado
pérdidas no solo a sus economias particulares, sino
también a la de sus paises, cronicamente deficitarios
en divisas extranjeras A todo esto hay que agregar
el fuerte aumento en el costo de los combustibles,
con que funcionan la mayoria de estas mdguinas To-
do esto plantea la necesidad de una seleccion muy ri-
surosa del equipo mds apropiado para cada situacion,
de tal suerte que haya una buena relacidn entre costo
y beneficio

Por tal motivo considerc que este libro puede ser
un elemento importante paia los téenicos en mecani-
zacidn agricola y para muchos agricultores, en el mo-
mento de escoger el equipo y la maquinaria mds apro-
piados para determinada actividad E! libro refleja un
conocimiento profundo de los autores scbre os pro-
blemas de la mecanizacién agricola en los tropicos,
el que logran comunicar de manera sencilla y clara
No se iimitan sélo a discutir problemas de mecaniza-
cion y e macquinariz agricola, sino que también en al-
gunos casos recomiendan como la tecnologia mds
apropiada es el uso de fuerza animal o humana,

La obra estd dividida en ties partes fundamentales
y cada una de elias a su vez subdividida en capitulos,

segUn el siguiente desglose:
Parte | Necesidades de Ia agricultura

Capitulo 1. Condiciones y lzbores de campo
Capitulo 2. Laboresen la finca.
Capitulo 3 Condiciones de transporte.

Parte [1 Equipo para Ia mecanizacién

Capituto 4  Fuerza humana y animal

Capituio 5 Caracteristicas de transmisiones y de
mdquinas pequesias

Capitulo 6. Traccién, direccion y frenos

Capitulo 7 Caracteristicas de los implementos

Parte 11l Escogencia del equipo segin las diferen-
tes labores.

Capitulo § Economia de la mecanizacidon en pe-
queiias {incas

Capituio 9 Funcionamiento del equipo de motor
en ¢f campo

Capitulo 10. Operacidn segura y eficaz del equipo

Capitulo 11, Valoracion y modificacion de equi-
pos.

Capitule 12. Mantenimiento y produccion local de
equipo

Ei andlisis del contenido de! libro muestra que en
su preparacion, se le ha dado importancia no sélo a
los problemas de escogencia de equipo, sino también
a los detalles mds importantes scbre el funcionamien-
to y mantenimiento de gste, aspectos que muchas ve-
ces no se les da ia consideracion que merecen Otro
aspecto que se considera en la obra, es el ambiente en
que operard el equipo, informacion vital para su esco-
gencia

Por el contenido y por la claridad y sencillez con
que estd escrita esta obra considero que no debe faltar
en la biblioteca de las escuelas de agricultura de los
paises tropicales, asi como en ias de los técnicos espe-
cializados en mecanizacion agricola También puede
ser de interés para los agricultores gue poseen empre-
sas de tamafio mediano a grande.

LUIS A FOURNIER
ESCUELA DE BIOLOGIA
UNIVERSIDAD DE COSTA RICA



DINAMICA POPULACIONAL DO Cosmopolites sordidus (Germ., 1824) (Col.: Curculionidae)
— EM BANANAIS DA cv. PRATA (GRUPO AAB), EM ALFREDO CHAVES, ESPIRITO SANTO!/ __

R J ARLEU*
S8 NETO**
J A GOMES*
A C NOBREGA*
D M. SCARDINI*

This experiment was carried out in Alfredo Chaves, Espirito Santo State, Brazil,
with the cultivar Prata, from 1977 to 1982, in order to study the effect of climatic
elements on the movement of the adult Cosmopolites sordidus {Germ, 1824 ) and irs
population tendency in a banana plantation. Adult population was evaluated utilizing
pseudosten baits from the meter of pseudostemn Conclusions were. C. sordidus adults
had a constant movement throughout the year, climatic elements had no influence on
the population fluctuation, there was a decrescent population tendency during the
thne of the experiment, perliaps due to the utilized practice.

Introducdo

2 regifo produtora do Estado do Espirito San-
to, Brasil, em 1981, foram produzidas 90 000
% W foneladas de banana, em uma drea de 22000
hectares, com um valor de produgio de
Cr$ 771 390 000.00 (4).

Dentre os virios problemas da bananicultura brasi-
leira a broca Cosmopolites sordidus (germ., 1824)
tem contriburde de forma significativa para a baixa
rrodutividade O C sordidus é nativo da Asiz e seu
ceniro de origem encontra-se provavelmente na re-
gifio Maldsia-Java-Bornéu (12) Ressalta-se que o ma-
terial classificado por Germur e 1824 era provenien-
te de Java (B) Quanto & sua distribuicio no globo,
Montellano (10), Simmonds {12}, Instituto Agrono-
mico Per 'Oltremare (6), Beccari (1) e Feakin (5) re-
lataram que o inseto encontra-se distribuido nas Amé-
ricas, Africa, Austrdlia, Asia e Ocednia. Sua ocorrén-

1 Recebido para publicagdo em 29 agosto 1983
Parte da dissertagio submetida pelo primeiro autor, &
Escola Superior de Agricultura Luiz de Queiroz-ESALQ/
USP, para obtengio do titulo de mestre em Entomolo-
gia. Trabalho desenvelvide com recursos EMBRAPA/
EMCATPA.

* Empresa Capixaba de Pesquisa Agropecudria — EMCAPA ~
Caixa Postal 391, CEP 29 600 - Vitoria/ES

** Professor titular do Deparlamento de Entomologia -
LSALQ/USP

cia no Brasii {of assinalada por Chevrolat em 1885 (3)
e em 1915, Costa Lima o encontrou em Campos, no
Rio de Janeiro (2).

Nic obstante a importdncia da cultura e da praga,
poucos sfo os trabalhos existentes, na literatura, re-
lativos 4 movimentacio do inseto, nos diferentes me-
ses do ano, para se tentar estabelecer um calendario
de controle e mesmo para verificar a influéncia dos
elementos climdticos na movimentagio

Lara {7} relatou que, na Costa Rica, a maior movi-
mentagiio do inseto ocorre no periodo de novembro
a janeiro e que a populagio é maior no 2° e 3° ano
de idade do bananal, quando, entfio, ela comeca a de-
crescer até tornar-se mais ou menos estivel . Esta esta-
bilidade ¢ atribuida aos efeitos da umidade e da dre-
nager, de controle de ervas daninhas e da decomposi-
¢d0 da matéria orgdnica

Martinez (9) verificou que, em bananais da ¢v. Na-
nicio, no Vale do Ribeirz, em Sfo Paulo, a maior mo-
vimentagio ocorreu no periodo de novembro abril, e
Oliveira er al (11} verificaram que, em Angra dos
Reis, no Rio de Janeiro, o pico da populacio em ba-
nanal da cultivar Prata, localizado na vérzea, ocorreu
no més de setembro; no localizado na encosta, deu-se
nos meses de agosto-setembro; e no bananal da culti-
var Naniclio, o pico ocorreu no més de maio. Relatou,
ainda, que nio houve influéncia dos elementos climé-
ticos na flutuagfio da populagio
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Zem e Alves {16) constaram gue, na Bahia, a maior
movimentacio dos adultos ocorreu no periodo de
margo a maic, € gue houve influéncia negativa dos
meses chuvosos. Veiga ef al (15) observaram que, em
Pernambuco, a maior movimentacdo ocorreu no pe-
riodo de setembro a maigo

Na presente pesguisa, estudou-se & flutuagio popu-
lacional da praga no periodo de 1977/1982, correla-
cionando-a com os elementos climdticos e, também a
tendéncia da populacio da prags em bananal da culti-
var Prats estabelecido, com modificacio do manejo
aplicado pele produtor

Material e métodos

A presente pesquisa foi realizada numa drea de
5000 m?, plantada com a cultivar Prata, com 8
anos de idade, contendo, aproximadamente, 70C
touceiras e localizada no distrito de Barra do Batatal,
no municipio de Alfredo Chaves, Estado do Espirito
Santo. Foi iniciada em setembro de 1977, tendo sido
concluida emn agosto de 1982, totalizando 5 anos

A drea experimental recebeu inicialmente os se-
guintes tratos culturais: deshaste, formando a toucei-
ra com 3 plantas; desfolha; capina; retirada dos restos
de pseudocaule e, finalmente, 2 adubagfio mineral ¢
correco em fungfo da andlise quimica do solo Isto
feito, a drea continuou a receber os mesmos iratos
culturais, sempre que necessdrio. Ressalta-se que o
controle ao mal de Sigatoka nde [loi realizado, por
nio ser pritica comum na regifo, ndo sendo feito,
também, o controle da broca.

Para avaliar a populagiio de adultos de €. sordidus
utilizaram-se iscas de pseudocaules, segundo Sim-
monds e Simmonds (13), obtidas do primeiro metro
da planta colhida, a partir de nivel do solo

As iscas, com .50 m de comprimento, eram divi-
didas ao meio, longitudinalmente, e a face cortada era
colocada em contate com o solo, ao lado de plantas
gue haviam emitido inflorescéncia, sendo o local em
torno da touceira previamente limpo. As contagens
dos insetos foram semanais, sendo as iscas mudadas
de local a cada coleta e substituidas quinzenalmente.
No primeiro ano, utilizaram-se 40 iscas por hectare
com remocio dos insetos da drea; e, nos demais, 60
iscas, com devolugio dos insetos ds touceiras.

Para registro dos elementos climdticos, instalou-se,
na drea, um termohigrografo de rotagfio semanal
Lambrecht, um pluvidgrafoe 1H, um pluvidmetro IH,
um termometro de maxima, um termdmetro de mini-
ma, um termémetro de bulbo seco e um termémetro
de bulbo dmido

Investiparam-se as correlacdes simples entre as mé-
dias mensais de inseto por isca e as médias dos ele-
mentos climdticos (temperatura meédia, minima e md-
xima; umidade média, minima e mdxima; e precipi-
tacio pluvial) e correlagio multipia entre as médias
mensais de adultos por isca e as médias mensais de
temperatura, umidade relativa e precipitago piuvial

Verificou-se, também, a tendéncia da populagio
através de correlaco simples entre o més da coleta e
a média mensal de insetos por isca, obtendo-se o indi-
ce de tendéncia segundo Sounis (14).

Resultados e discussdo

Os dados relativos & flutuacio populacienal de ¢
sordidus e ao nivel de equilibrio encontram-se no
Quadro 1. Nos Quadros 2 e 3, encontram-se as dados
relativos aos elementos climdticos e no 4 os coeficien-
tes de correlagio simples {rye maltipla (R}

Os dados referentes a flutuacio populacional e aos
elementos climdticos bem como o nivel de equilibrio
sio representados, na Figura 1 Por estes resultados,
observa-se, através de uma andlise anual, que os maic-
res picos ocorreram em outubro e fevereiro, no perio-
do de 77/78, maio e agosto, no periodo de 78/79; se-
tembro e agosto, no periodo 79/80; cutubro, no pe-
riodo 80/81; e outubro e agosto, no pericdo 81/82
As épocas de menor ocorréneia foram setembro e de-
zembro, no periodo 77/78; dezembro e fevereiro, no
periodo 78/79; dezembro, abril e maio, no periodo
79/80; marce e julho, no periodo 80/81; e fevereiro
e maio, no periodo 81/82 (Quadro 1 e Figura 1)

A andlise anual revela grande variacdo na ocorrén-
cia dos valores mdximos e minimos, na flutuacfio da
praga, o que caracteriza flutuacdes de curto periodo.
Observando-se as médias mensais dos 5 anos, consta-
ta-se, que o acme ocorreu em outubro, sendo os de-
mais picos obtidos no periodo julho, setembro ¢ no
més de maio, sendo, também, os meses cujos valores
estiveram acima do nivel de equilibric (NE) da popu-
lzcdo (Quadro 1).

Nota-se, também, que 0s picos ocorreranl nos me-
ses de menor precipitagfio pluvial, ¢ 0 acme no inicio
da estagfio chuvosa (Figura 1). Esta ocorréncia deve-se
ao fato do inseto ser higrofilo e a um perfodo de bai-
xas precipita¢Bes piuviais, que acarretou diminuigio
da disponibilidade de locais Umidos propicios aos in-
setos Neste caso, as iscas passaram a ser os locais pre-
feridos pelos insetos por se apresentarem mais timidas
que outros pontos da drea Entretanto, ressalta-se que
houve uma movimentagio uniforme, durante todo o
periodo de observagio, sendo este um aspecto impotr-
tante para o controle microbizno, sendo necessdrio
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Quadro 1. Mdédia mensais de adultos de £ sordiduy por isca, coletados de setembro de 1977 2 agosto de 1982, em bananal de encosta

da ev. Prata, em Alfredo Chaves, Espirito Santo,

Cosmopolites sordidis

Meés 77/18% T8(79 79/80 80/81 81/82 Média
Setembro 377 4.20 515 491 317 424
Qutubro 598 305 4.587 613 408 4. 76
Novembra 447 395 364 382 298 3.76
Dezembro 3es 279 337 3.77 3.53 342
Janeiro 3197 279 372 312 3.07 333
Fevereiro 642 273 372 3.32 261 3.76
Margo 530 110 373 242 304 360
Abril 4 33 330 336 435 3.38 374
Maio 566 513 329 3 31 174 403
Junho 466 36l 4 35 3.58 318 3188
Julho 545 4.79 4 64 277 3.89 4.31
Agosto 438 540 549 375 409 4.62
Média 4.85 395 4.10 377 331 396

20 iscas/0.5 ha, com remocio dos insetos da drea, 2, nas demais, 30 iseas/0.5 ha com devolugac dos insetos is touceiras

=% Nivel de equil fbrio (NE).

que as aplicacfes sejam feitas quande as condicfes
ambientais {orem favordveis ao agente

Correlacionando as médias mensais de adultos por
isca com os meses de coleta e com os elementos cli-
mydticos, verificou-se que houve uma correlagiio nega-
tiva ac nivel de 5% de probabilidade, para o més da
coleta e a precipitagic pluviométrica, nio havendo
significancia para os demais {Quadro 4) Estes resulta-
dos nflo concordam com os observados por Oliveira
et al (11}, no Rio de Janeiro, pura um periodo de 12
meses

Verificou-se, também, uma fendéncia decrescente
da populagfo {Quadro 1 e Figurs 1), sendo explicada
pelo manejo aplicado 4 cultura durante a condugdo
do ensaio.

Com relacdo 4 repressdo linear mudltipla, o coefi-
giente (R) obtido indica que os elementos climdticos
exerceram uma pequeny infiuéncia na [lutuagio po-
pulacional da espécie (Quadro 4},

ConclusGes
Pelos resultados obtidos no presente trabalho, po-
de-se, concluir que:

Os adultos de C sordidies tém uma movimentagio
uniforme durante todo o ano.

Os elementos climdticos exercem pouca influéncia
na fhutuacio populacional da espécie,

Houve uma tendéncia decrescente da populagio de

C sordidus, durante o periodo, em funglio do ma-
nejo da cuitura empregado.

Resumo

O presente trzbatho foi realizado em Alfredo Cha-
ves, Estado do Espirito Santo, Brasil, em Bananal da
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U R méxima
w3} R media
U R minimo

Fig. !
Chave, IS

cv Prata, no periodo de 1977 a 1982, com o objetivo
de estudar a influéncia dos elementos climidticos na
movimentagio do adulte de Cosmopolites sordidus
{Germ, 1824) e a tendéncia da popuiaco em bana-
nal onde o manejo foi modificado. A populagio de
zdultos foi avaliada através de iscas de pseudocaule,
obtidas do primeiro metro da planta colhida, a partir
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do nivel do solo. Pelos resultados obtidos, concluiu-se
que os adultos de ¢ sordidus tém uma movimenta-
¢ie uniforme durante todo o ano, sendo que os ele-
mentos climdticos pouco influenciaram a flutuagio da
populacio e, gue houve uma tendéncia decrescente da
popuiacio da espécie, durante o periodo, em funcio
do manejo da cultura empregado.
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Quadro 4. Cosficientes de correlagio simples (1) e miltiplo (R) e equagdes de regressio calculados a partir das médias de adultos de
C sordidus. coletados de setembro de 1977 a agosto de 1982, em bananal de encosta da cv. Prata, em Alfredo Chaves, Espi-

rito Santo.

Parmetros

Cosmopolites sordidits

Equacio de Regressdo r

®

Meses de coleta Y
pe O

Temperatura média C

. .o o .

Femperatura minima C Y
P o

Temperatura maxima

Umidade relativa média % Y

Umidade refativa minima % Y

Umidade relativa miaxima %

Precipitacio

Y=

46616 - 00226 X

67651 -01177X

59046 - 00994 X

69730 — 0 1040 X

74431 - 00419 X

4.9429 - 0018l X

Y =-16.6914 + 02204 X

44615 -~ 00028 X

~ B 3538*

~ .2690

« {2159

- §.2458

- 0.1724

- 0.0861

+0.249]

- (2782%

Regressio linear mitltipla

Cosmopolites sordidus -

§;

R

H

0.18

H

1435 -017x ~ 008y ~ 7.90 2

*

£

Significativo ao nivel de 5%

X &y = médias menszis de temperatura ¢ umidade relativa

z = precipitagio pluviometrica
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IMPROVED ROOTING OF DIFFERENTIATED SHOOTS FROM SUGARCANE

CALLUS TISSUE'/

IS LEE*
O 0 BACCHI*

Se describe un método ripido, sencillo, econdmico y configble pwa enraizar
plantulas de caffa de aziicar (Saccharum spp | producidas @ partiv de cultivo de tejido
transferidas divectamente a un medio de vermiculita sin esterilizar. Después del tras-
plante las hojas son removidas v los potes se mantienen en el invernadero sin ninguna
covertura @ una temperaturg entre 24-37°C v una homedad relativamente 70-90%
Con este método la sobrevivencia de las planndas es excelente ast como la formacion

de raices.

Introduction

esearch on lissue culture of sugarcane was initi-
ated in Hawaii in 1961 by Nickell (4} In
general, callus can be obtained from almost any
sugarcane tissue, and the callus in turn can be made
to differentiate into shoots without much difficulty.
However, the rooting of these differentiated shoots is
generally considered a more difficult task (2, 4, 5,
6). The Hawaii group has suggested several methods
for encouraging root production, such as culluring
the shoots in water, storing them at 15°C, trimming
the leaves, adding a-naphthalenescetic acid (NAA) or
dalapon to the medium, and transferring to a medjum
consisting of 1% agar and 7% sucrose (2, 6). Liu (4),
using a modified Schenk and Hildebrandt {SH)
medium for such a purpose suggested, with two basic
requirements, a sufficient quantity of medium, and
the maintenance of the culture under diffuse sun-
light conditions.

The IAA/PLANALSUCAR laboratory at Ara-
ras—SP has been using some of these methods, but
the performance was considered unsatisfactory for

1 Received for publication in Getober 13, 1983
We wish 1o express our thanks to Dr. L Socdek, Dr. S
Matsuoka, Dr Y. Masuda and Dr N Macedo lor their
suggestions and critique of this work Thanks are also
due to Mr. C de C Amaral and Miss § Perissatto for
their technical assistance

* Researchers, JAA/PLANALSUCAR, Southern Regional
Coordination Service, Araras, SP, Brasii

mass production of plants from sugarcane callus
Results of an improved method of rooting are report-
ed here

Materiais and methods

Three sugarcane varieties of commercial interest
were cultured from the spindle leaf of young plants
grown in vermiculite from single bud cuttings in a
growth chamber at 30°C. The culture medium (CM)
for callus formation and proliferation was that of
Murashige-Skoog, with maodifications (4).  Shoot
differentiation was initiated in a culture room (26°C)
on a medium (PM) similar to that described above,
but with 1 mg NAA and 1 mg of kinetin instead of
4 mg of 24-1 per liter. Root formation was induced
either in a modified SH medium (RM), directly in
vermicuiite, or in a soil mixture {soil : sand : filter-
cake = 2:1:2).

Rooting conditions were introduced when the dif-
ferentiated shoots in PM were about 8 to 10 cm in
length. One group {120 plantlets) of differentiated
shoots was transferred to test tubes containing RM.
Lach test tube received only one plantiet The second
group (120 plantlets) was transferred directly to a
disposable plastic cup containing nonsterilized
vermiculite, pre-moistened with tap water. Leaves
were them trimmed. Each plastic cup also contained
only one plantlet. The group of plantlets in vermi-
culite, together with 30 plantlets in RM, were then
transferred to a greenhouse where the temperature
varied from 24 1o 32°C and the relative humidity,

Turrialba Vol. 34, No. 4, 1984, pp. 481-484
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from 70 to 90% The remaining 90 plantlets were
kept in the culiure room. Another test was conducted
by transferring shoots from PM directly to either
vermiculite or a soil mixture. About half of each
treatment was then transferred to the greenhouse
angd the other half maintained in the laboratory. The
plastic cups, containing 2 single plantiet in vermiculite
or soil, were irrigated inmediately afier they had been
moved to the greenhouse, but no covering was used.
The plantlets in vermiculite or soil received a nutrient
sofution once a week (either & comumercial leaf
fertilizer or Hoagland solution). Survival rate and
rool formation were vecorded after two or four
weeks of treatment.

Results and discussion

Sugarcane callus normally gives rise to shoots
and roots independently. Some varieties develop only
shoots from their callus In such cases, @ special cifort
has to be made to stimulate root production (4)
Several alternative methods are now available (o
improve development of roots in sugarcane, such as
those mentioned above. In some situations (eg
rapessed), the shoots can be directly transferred
to vermiculite in a pot and covered with plastic bags
to maintain humidity until the plant is well establish-
ed (3) The results reported in other laboratories, and
our own experience with these methods, were gener-
ally unsatisfactory for mass production of plants,
since the roots are slow to form and are few in num-
ber. with little more than 50% of the pianis rooted
within one month of development in the sterile culture
medium (6). The MS; medium used by Nadar and
Heinz (6) seems good [or reot initiation, but no data
were shown concerning root profiferation. The root
medium consisting of 1% agar and 7% sucrose as
reported by Hiraki and Maretzki (2) was very satisfac-
tory for root formation However, as can be seen in
Figures 1 and 2, the present method produces consid-
erably better results for root formation and prolifera-
tion. The sugarcane shoois can be easily rooted in
non-sterilized vermiculite without any covering, thus
obviating the sophisticated sterile culture technique
When shoots are transferred to the greenhouse, leaves
must be trimmed to prevent wilting.

Greenhouse conditions were  better than the
culture room for rooting of sugarcane (Tables 1, 2).
Under greenhouse conditions, the temperature varied
between 24°C and 32°C, and the light intensity was
higher (4-14 mW). Such conditions were more
favourable for the sugarcane plant than those used in
the culture room (constant temperature, 26°C with
artificial light, 1.5-2.0 mW). Light appears to be
important for rooting (1). If plantlets are kept under
poorly lighted conditions, such as in the laboratory,

the mortality rate increased. Perhaps light is impor-
tant for an adequate production of the hormones
necessary  for  root  initiation; alternatively, an
adequate supply of photosynthates may be necessary
at the sites of rool initiation. [n any case, some light-
dependent process would appear to be more impor-
tant for rooting than the actual medium used

Table 1 shows that differentiated shoots rooted
better in vermiculite than in culture medium (RM),
in terms of both the number of rooted plants, and
the size of the root. The plantlets maintzined in RM
in the culiure room have 4 good survival rate, but
root formation is poor after 30 days The ambient
conditions apper to be more important than the root-
ing medium, because shoots rooted in the greenhouse,
whether in RM or vermiculite. were always stranger,
greener and presented a much more highly developed
root system than those in the culture room (Figures
1. 2} Rooting in vermiculite in the greenhouse is
the best choice since this combination gives very
good resulis in terms root formation. proliferation
and survival rate The formation of a root system can
be cusily noted after one week in vermiculite in green-
house. while in RM in culture room soots can barely
be secn after two weeks, Rool initiation in RM in
the greenhouse is faster than that in RM in the
culture room

Covering the test tube or flask containing the
plantlets in order to maintain humidity or better
aseptic conditions is not recommended for the green-
house, since it inhibits air exchange and causes an
undesirable rise in temperature (reaching 38°C at
times), which burns the plantlets A soil mixture
5 not a good rooting medium (Tables 2 and 3)
because of a high mortality rate of the plants caused
by microorganism growth on the soil surface and less
favourable drainage. Nevertheless, plants that survived
did grow better than those in vermiculite. perhaps

Table 1, Totdl number of plantlets and pereent of rooted
plantlets in response to the celture medium (RM)
and vermicuflite for root formation under {culture
room and greenhouse) conditions,

Treatment ITotal Rooted Survival Fresh

plantlets plantlets  rate weight
(%) (%)  per plant
®

RM - Culture room 90 50 96 0068

RM - Greenhouse 30 77 77 0332

Vermiculite-

Greenhouse 120 96 96 1.224

* Plantlets were regenerated from tissue culture of var
CB40-13 Duta were obtained 30 days after treatment.
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Table 2. Total number of plntlets and survival rafe in response to two different potting media for roat formation (vermiculite and soil
mixture) under two different conditions (culture room and greenhouse).

Treatment Youal plantlets Rooied plantlets Survival rate Fresh weight per Dry weight per
(%) (%) plant () plant ()

Vermiculite-Cuiture room 192 90 90 0 148 G0i8

Soil mixture-Culture room 189 23 23 0999 3017

Vermiculite-Greenlouse 179 94 99 3439 3469

Soit mixture-Greenhouse 189 86 86 59632 1 079

of Ca concentration of tops (data not shown) and
because of a better nutrient supply. The survival rate
of plantlets of IAC48-65 in the soil niixture is
especially low, since this variety regencrates very
weak plantlets even after they have been i{ransferred
to RM before being potted in the soil mixture (Table

3)

Fig. 1 Root formation (30 dsys alter treatment) an
plantiets ol variety CB40-13 redifferentinted from
callus Lissuue using

{1} vermiculite in greenhouse
(2} culture medinm {RM) in greeshoeuse
(3) culture medium (RM) in culture room

Plantives were regenerated {rom tissue cullure ol var Co740. Dato were obtained 25 days alter treatment

Rooting sugaresne plantlets in greenhouse in
vermiculite without any covering is simple. low-cosl,
rapid and very reliable. Thus the common procedure
of transferring the differentinted shoot of sugarcane
first, to a rooting medium in sterile culture and then,
to sterilized vermiculite in & greenhouse, can be
replaced by the direct transfer of plantlets o un-
sterifized vermiculite without any covering in preen-
fouse

Summary

A rapid. simple, economical and relinble method
of rooting the differentiated shoots from sugarcane
{Smccharm spp ) ecalius tissue was achieved by the
direct transfer of plantlets to moist unsterilized
vermiculite  After transpianting, the leaves of the
plantlets were trimmed, and the pots maintained
in a greenhouse without any form of cover. The
greenbouse conditions were: temperature 24-32°C
and relative humidity 70-90% With this method.
the survival rate of the plantlets is very high and root
formation is excellent

Table 3. Survival rate of plantlets in response to vermiculite
and soil mixture.

Treatment

Parametors Verm- Soil mixture -
evaluated greenhouse greenhouse
Total plantets 48 48
No of plantlets dead

14 days 1 25

1§ days 3 H

Total 4 36
Survival rate 92 46

Pramtiets were regencrated from tissue culture of var
IAC48-65 In this vase differentizted shoot had been
transfered to RM lor 40 duys and only rooted plantlets
were chosen [or survival test
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Lig. 2 Rool fermation (25 days alter reatment) on plantiets of varicty Co740 redifierentinted from callus dissue using

(1) s0il mivture is greenbouse
(2) soil mixture in culture room
{3y vermiculite in greenhouse
{4y vermiculite in culture roonm

Literature cited

I BARBA., R C; ZAMORA, A B;MALLION, A
K. and LINGA, € K Sugarcane tissue culture
research. Proceeding Congress International
of Society Sugar Cane Technology (Sio Paulo)
16:1 843-1 863. 1977,

20 HIRAKI P A and MARETZKI, A Rooting of

plantlets regenerated from callus tissue. HSPA
Expt Stz Annual Report 1977 p. 9

3. KARTHA, K. K. Orpanogenesis and embryo-
genesis, In Gamborg, O L Wetter, L R ed
Plant Tissue Culture Methods, National Re-

search Councit of Canada, Prairie Regional
Laboratory, Soskatoon. 1975 pp. 44-49

4 LU, M. C. Invitro methods applied to sugarcane
improvement. In Thorpe, T. A ed Plant Tissue
Culture Methods and Application in  Agri-
culture. Academic Press, New York. 1981
pp. 299-323

5 LU, M. C.; HUANG, X 1, SHIH, 5 C The in
vitro production of plants from several tissues
of  Saccharum  species  Journal Agricultural
Association China 77:52-38. 1972,

6 NADAR, H M. and HEINZ, D. J Root and shoot
development from sugarcane calus tissue Crop
Science 17:814-816. 1977,



— GERMINATION AND SEEDLING GROWTH OF Pithecellobium arboreum Urban'|

E M FLORES*
B MORA*

La testa es negra, sugve y delgada. El micropilo es una estructura no especializa-
da, el hilo es lateral. El embrion es de color verde, recto, con un eje embrional bien
desarrollado. Los cotiledones son carnosos y de textura suave. No se observo endosper-
ma ni perisperma en las semillas maduras. Las semillas sembradas en cdmaras de germi-
nacion alcanzaron mavor crecimiento que las sembradas en cajas de maderg o en placas

de Petii

La germinacion de las semillas es hipégea, las plantulas son eriprocotilares, Pue-
den germinar 24 & 72 horas después de sembradas, aunque algunas son muy precoces
¥ lo hacen en pocas horas. Después de 48 horas de sequia pierden la viabilidad Se ob-
seré qusencia de dormancia y corta viabilidad [.as semillas pequeitas son lentas en ger-

minar o 1o fo hacen.

Introduction

pical rain forest tree distributed from Mexico to

Ecuador It is a branched tree, 10 to 30 m high.
with gray bark and dark green foliage The leaves are
alternate and bipinnate; the leaflets entire and asym-
metrical Flowers are bisexual, actinomorphic, and
congested in dense heads Typically, the five sepals of
a single lower are trianguiar, green, short and gla-
brous while the white corolla is tubular, five lobed,
valvate and glabrous. Stamens are numerous and
basally connate. The ovary is superior, unilocular,
witli several ovules on a parietal placenta. The fruit
is a twisted and red colored legume: seeds are elliptic
shiny black, and are shed from April to Qctober (6,
12, 14},

P ithecellobitan arboreum (Mimosoideae) is a tro-

This species exhibits precocious germination, as
do some tropical rain forest trees. The phenomenon
of absence of dormancy is obvious as well as the short

1 Received for publication on Aprit 6, 1984
This work was supported by Consejo Nacional de Investi-
gaciones Cientificas v Tecnoldgicas (CONICIT) We are
gratelut to Luis A. Fournier and Clark Cowan for their
vajuable comments on earlier drafts of this paper

*  Escuela de Biologfa, Universidad de Costa Rica, San Jose,
Costz Rica

viability of the seeds The purpose of this paper is {o
describe the germination and early growth in P. arbo-
rerimn seeds under field and greenhouse conditions

Materials and methods

Observations and experiments were made from
Tanuary 1983 to January 1984, in the Escuela de Bio-
logia, Universidad de Costa Rica and & neighboring
small secondary forest of recent regeneration. This
area receives more than 2 000 mm during the rainy
season and has an average temperature of 23°C.

Seed shedding, germination and seedling growth
were observed in several trees growing in the im-
mediate vicinity of the building and in the small
forest. In the greenhouse, germination was carried out
in wooden trays measuring 30 x 15 x 35 inches lined
with a transparent polythene sheet and [liiled with
sterilized soil and rice hulls. The seeds were sown one
every 3 inches at a depth of one inch in 5 rows, 5
inches apart The sowing medium was thoroughly
watered before the seeds were sown and thereafter as
the moisture status of the medium required. Other
germination tests were made in Petri dishes with two
layers of Wathman filter paper moistened with distil-
led water and in greenhouse germination beds 90 x 40
x 10 inches filled with a mixture of sand, soil and rice
hulls. Seeds were sown the day of collection, in 4
rows 8 inches apart (10 seeds, 8 inches apart in each
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row). Only seeds 1.5 to 20 cm long were used Ad-
ditional observations were made with smaller seeds,
as well as with seeds collected one, two or three days
before sowing, following the same procedure as
above. There were 4 replicates for each treatment and
germination was recorded every day for 30 days
Seedling development was measuied every 7 days for
60 days

Results and discussion

In January most tree stands around the University
of Costa Rica are almost completely leatless At the
end of February, the tree produces a dense crop of
green leaves Evidence of inflorescence development
is observed in March From late March to May the
tree produces dense heads of flowers. Theie are one
to 3 flower clusters at base of a leaf or at a node lack-
ing leaves, on stalks 2 to 3 inches long. containing
numerous sessile flowers By June. most of the flo-
wers have fallen and the {irst large peds. slightly
roughened. finely pubescent. twisted and red colored
are observed In early July, the pods expand to full
size, 3 to 4 inches in leagth. and some begin to ripen
and dehisce, exposing the several black elliptic sceds
that hang from short whitish funiculi (Figure 1a)
Seeds turn from shiny ta duli black color and fall to
the ground By the end of October, all of the seeds as
well as some of the pods have fallen and by Novem-
her, the last of the pods fail

1 cm

lig 1 Ditferent states of scedling development

The black seed coat is thin, smooth and soft. [t
is interrupted by the unspecialized micropyle at one
end of the ellipse, contiguous to the radicle, while the
chalazs is Jateral The embryo is green, stright, with a
well developaed embryonic axis; the radicle is small
Cotyledons are green and bulky. The smallest seeds
exhibit Hght greenish cinbryos. No  traces of
endosperm nor perisperm were found in the mature
seeds

Germination is hypogeal and may be precocious;
seedlings are cryptocotylar Someatimes, one to several
seeds begin to germinate inside the pod before shed-
ding In the ground. the seeds germinate 24 to 72
hours sfter shedding if there is enough sain to main-
tain the soil at field capacity. When the soil moisture
regime is not adequate, the seeds do not germinate
and lose viability after 48 hours In the forest, the
production of litter provides seed cover and 85 per-
cent of germination is obtained In December 1983
and lanuary 1984 most of the seedlings growing in
the ground died

A1 the end of the greenhouse experiments (30
days after sowing), seeds sown in germination beds
achieved 80 percent germination compared to 52 per-
cent for seeds sown in wooden trays In the Petri
dishes, only 2 25 percent germination was obtained

During the period of inhibition, the seed produces
an irritating and foul smell Germination commences
after one or two days later, with 2 longitudinal
tuptuze of the seed coat (Figure 1b) Within 4 days,
the cotyledons open slightly exposing the radicle
while the seed coat remains attached to the abaxial
surface of the cotyledons (Figure Ic). On the seventh
day. the epicotyl with a pair of leaf primordia is
observed Each cotyledon is attached to a thick
petiole (Figure f¢) Well developed axillary buds are
seen in the cotyledonar node {Figure 1d)

Within tweive days, the compound leaf blades
begin to extend from the first pair of leaf primordia
The axomorphic radical system is well developed
After 22 days, the compound leaves adopt a harizon-
tal position. The first pair of leaves are opposite while
the following are alternate The main axis has 8 to 16
pairs of pinnae, with z gland at the base of each pair,
each pinna bearing 20 to 40 pairs of sessile leaflets.
The leaflets are oblong, with a short mucre, oblique
at base, thin, glabrous and paler beneath At the end
of 25 days, the first pair of bipinnate leaves are com-
pletely extended {Figure le)

The cummulative growth of seedlings in the three
different assays is presented in Figure 2 The figure
illustrztes that seeds sown in germination beds at-
tained the greatest height followed in order by seeds
sown in wooden trays and Petri dishes.
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Fig 2 Cummulative Treight of seedlings growing in dilicrent
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Discussion

Most woody leguminous trees are characterized by
having longlived seeds with hard seed coats which are
mechanically resistant and impermeable (1.2, 11, 135.
16) Usually those seeds are able to dry down to as
low as 4 percent moisture content and do not regain
moisture until the seed coat is penetrated Dby
abrasion, preheating or microbial action (3). The hard
seed coat and & naturally low moisture content
permit  long period of dormancy and viability On
the contrary, matuse seeds of P arboreion have a thin
and soft seed coat, a high misture content and a very
well developed embryo ready to grow immediately
These characteristics do not permit a delay in germi-
nation nor seed storage

It is well known that tropical trees have short-lived
seeds {4, 13). We have observed in other genera of the
Momosoideae as Inga, the precocious germination and
short viability exhibited by £ arborerm. In all cases,
the seed coat is solt and easily removed Gutterman
{(5) proposed that the environmental conditions under
which the mother plants grow have a [ar-reaching
influence on the germinability of the seeds and
therefore, on the optimum germination requirements.
Seeds of tropical trees growing in zones of high pre-
cipitation and humid soils require an adequate soi
moisture and temperature

One peculiarity was the discovery of a green
embryo We agree with Jansen's assumption (9) that
the chlorophyil content exhibited by developing
embryos amopg perennial plants in tropical forests
plays 2 role in embryo growth before the seed is shed
This assumption is reinforced in 2 arborewm by the
loss of chlorophyll in sown seeds We found that
seeds germinating in the ground, exposed to diurnal
light, keep the green color indicative of chiorophyll
However, these seeds do not successfully develop
vigorous seedlings Most of them die after a few days

Seedlings grown in the greenhouse produced taller
plants than those grown in the small forest Although
water is the most critical factor in germination,
seedling establishment and later development seem to
depend onr the amount of light available For this
reason, the majority of seedlings grown in the small
forest never survive past the seedling stage

The irritating and foul smell liberated by the seeds
during the period of inhibition suggests production of
substances thal prevent animal predation (7, 8). In
contrast (o other leguminous trees, in which the pods
remain soutl and dormant throughout the rainy
season {10), P a@rborewn develops and matures its
[ruits in a few months, without a period of dorman-
cy

Summary

The seed coat is black, thin and soft The micropyle
is an unspecialized structure; the chalaza is lateral
The embryo is green, straight, with a well developed
embryonic axis. Cotyledons are bulky No traces of
endosperm nor perisperm were found in the mature
seeds  Seeds sown in germination beds attained the
greatest height followed in order by seeds sown in
wooden trays and Petri dishes.

Germination of P arboreun seeds is hypogeal;
seedlings are cryptocotylar Seeds germinate 24 to
72 hours after being shed although sometimes may
germtinate precociously. After 48 hours of water
stress, the seeds lose viability. Seed storage is difficult
because of rapid dehydration and subsequent loss of
viability. During the period of inhibition the seed
liberates an jrritating and foul smell
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ISOLATION, IDENTIFICATION AND ROLES OF FUNGI
FROM CREOSOTE TREATED PINE POLES!'/

J CARRANZA®*

Resumen

El presente frabajo se realizo en I civdad de Syracuse, Nueva York la muestra
consistio de <6 postes de pino tralados con creosota v de diferentes afios de servicio
{10-30 aitas). De dichos postes se aistaron 71 Tongos pertenecientes @ 12 géneros y 8
especies, incluvendo 11 hongos que no pudieron ser idenrificados

Se Hevaron a cabo prucbas de podredumbre y de tolerancia al preservante para
determingr la funcion que pueden desempeiiar dichos liongos en su nvasion a la imade-
ra Dhcho estudio se compleio con observacion de la madera atacadea al microscopio de
luz y de barrida, para refacionar los cambios anatomicos de la madera con la actividad
de los hongos

Se conchaye que tres grupos de hongos interachiian en estos postes. Ll primer
grupo incluve a los Hamados “hivasores printarios”, los cuales son muy tolerantes a la
creosota y pueden actuar destoxificando el sustrato, el segundo grupo incluye a los
“oportnistas”, fos cuales aprorechan ef sustrato modificado v pueden efercer reaccio-
nes antagonistas contra los otros hongos, sin producir podredumbre, el tercer grupo lo
constituyen los hongos que producen “podredumbre’’, los cuales son algunas veces
tolerantes a los preservantes v causal podrediombre. En este tltimo grupo se incluyen
a los liimenomicetes v a los hongos catsantes de podrednumbre suave (ascomicetes)

Introduction

Food is o renewable natural resource of major
¥ importance for {uel. construction, and as a
® ¥ chemical raw material Despite the advantages
wood has over many other consiruction materials. it
has several disadvantages which limit its usefulness A
major one is that it is biodegradable under some
conditions ol use.

Although wood degradation by microorganisms
has been studied extensively. additional research is
needed to urderstand more {ully the microorganisms
involved, how they invade the wood, and the inter-

1 Received lor publication in March 30, 1983
This research was part of a thesis completed for an MS
degree st the State University of New York, College of
Environmental Science and Forestry, at Syracuse. N Y,
under the direction of Dr. RA. Zabel Thanks are due
to Dr Chunk Wang for assistance in identifying many of
the tungi reported

# Tueson, Arizona, 3334 L Presidio Rd. 85716, USA

actions among them that fead to complete breakdown
of wood . Added information on these processes may
lead to more economical and effective ways (o
control decay

This research deals mainly with the identification,
anatomical elfects on wood structure, relative toler-
ance fo a preservative, and elucidation of the roles
and interactions among fungi associated with decay
development in creosoted pine poles from utility
iines

Liverature review

A thorough review of the current litersture on
decay in wood products has been assembled by
Scheffer (42) Important contributions and method-
ologies directly pertaining to the rescarch topic are
briefly reviewed here

Primarily it is fungi {Basidiomycetes and Ascomy-

cetes) that invade. digest. and thereby reduce the
advantageous properties of wood (14, 23,38, 41)
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i wood is properly handled and used. decay can
be greatly minimized. Where the wood product is in
constant contact with soil, or in other uses where
the moisture content of the wood frequently riscs
above the fiber saluration poinl. preservatives are
needed o minimize decay losses and to insure an
economical service life. Although the use of wood
preservatives has reduced decay significantly, losses
still occur. Some wood-inhabiting  organisms not
necessarily responsible for major decay {ascomycetes
and fungi imperfecti} are capable of modifying these
poisonous substances to less toxic forms, thus reader-
ing it less effective in protecting wood from decay
by basidiomycetes wood destroyers (8 30)

Some of these fungi are now known also to be
sof{ rotters {10, 15, 33, 36)

Tolerance o certain  preservatives occurs also
among many of the wood-decay fungi (12, 13, 14,
26, 553 therefore, il is important in the selection of
preservatives to consider the major decay fungi of a
product and their tolerances to toxicants

In some laboratory experiments the tolerance of

fungi to preservatives increases with the time of incu-
bation. and the same may occur in nature where,
after a period of time. the substrate is detoxilied {5}

The organisms associzted with decay development
in living trees. in fence posts and untreated stakes
have been studied and a predominance of typical rot
fungi are found in the interior and ascomycetes. fungi
imperfecti. and bacteria are commonly found in the
outer zone (2).

Such studies have also been carried out for treated
wood and recently in chip piles {24, 30}

Data on the organisms involved assist in the selec-
tien of test fungi from knowledge of the most sus-
ceptible species in the system. znd aiso develop a
deeper insight into the decay process

Eslyn (19} in a study of the decay of utility poles
treated with creosote, found no evidence that the pre-
servative influenced the species of fungi invading the
central or untreated interior of the poles. He believed
that decay fungi gain entry primarily through season-
ing checks or, perhaps to a lesser extent. through
zones of inadequately treated wood

Studies cn the interactions and related roles of the
organisms which degrade wood have many complica-
tions, such as time of sampling, sampling technigques,
isolation difficulties, and identification of the many
associated organisms (24, 32, 44).

Dwyer and Levy (16) develeped an obiective
analysis approach by investipating metheds to
process in a statistical way the data obtained from
organisms  colonizing wood.  Previous studies of
organismis invading at various times wood can be
described  as  subjective  analyses ol objectively
obtained data: these studies included those by
Corbett and Levy (i1), Merrill and French {36),
Kidrik (28, 29). and Banerjee and Levy (2) But-
cher (6) was the first to atlempt to carry out an
objective analysis bused on the methods com-
monly applied to higher plant communities, using
freguency of isolation as a measure of abundance.

Setective media for separating the different groups
of wood-inhabiting fungi have becn used by many
investigators (9. 13, 14).

A complete review of sclective mediz {for the
isofation ol basidiomyceles from wood is given by
Hule and Savory (25}

Many researchers have suggested the possibitily of
stceession and reluted interactions among organisms
associated in the process of discoloration and decay
of treated and untreated wood (22, 31, 35, 37, 46,
47 48,49 50

Some recent investigations have been concerned
with the development and use of natural preservatives
to mintmize probiems in the environment or to non-
target organisms Antibiotic toxicants have been sug-
gested as possibie preservatives (40, 53).

Biological control. the employment of biological
antagonisis, has been proposed as a feasible alterna-
tive to the use of toxic chemicals for prevention of
wood decay (27, 45)

This research deals mainly with the identification,
anatomical effects on wood  structure, relative
tolerance to a preservative, and elucidation of the
roles and interactions among fungi associated with
decay development in creosote pine poles from
utility lines

Materials and methods

The general design of this study was to select
randomiy from creosoted pine poles in utility lines,
four groups of poles representing service ages of 20,
30. 40, and 50 years. A total of 46 southern yeliow
pine poles were made available for the study by the
New York Bell Telephone Co. in Syracuse, N. Y.

Sampling technique

Core samples were collected with an increment
borer during the period January-August 1978, Ap-
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proximately 10 poles in each age greup were sampled
at the ground line (pH of the soil varied from: 4 5.-5)

Media

Since some fungi grow betier on certain media. ten
media were tested initially to determine which would
yield the largest number of organisms from the cores
(Table 3). at pH values varying {from 57 o 6 2 ay
follows:

2% malt agar: malt extract 25 giapar 15 go water
1000 ml

3% mualt agar: malt extract 30 g:agar 15 g1 water
1000 ml

5% malt agar: malt extract 50 goapgar 15 g, water
1000 m]

Nutrient agar: nutrient broth 8 giagar 15 g; water
00 mi

Duncan’s modified media: NH;NO, 6 g; K, HPO,
S gy KH.PO, 5 g; MpSO, « 7H,0 4 g; agar 15 g,
water 1000 mi

Benomyl agar: malt extract 1235 g; benomy!
0.05 g streptomycin sulphate 30 pg/ml; peniciliin
G 40 units per mi; agar 15 gt water 100 ml

Copper sulphate: malt extract 25 g; agar [5 g;
copper sulphate hydrated 10 g: water 1000 ml.

2% malt agar—05 malic acid: mall extract 20 g;
agar 15 g3 0 5 g malic acid; water 1000 ml

2% malt agar-0.06 g o-pheny! phenol: malt extract
20 piagar 15 g; 0.06 o-phenyl phenol; water 1960 ml

Sodium caseinate: sodium caseinate 2 g; ghucose
0.01 g;agar 16 g; water 1000 ml

Severgl chips were placed per plate per core posi-
tion. The cultures were incubatad at 28°C.

Isolation and idenfification of organisms

Identification and frequencies of the major micro-
organisms were determined by isolations from outer,
middle, and inner core positions, Identification of the
fungi was made mostly by cultural and microscopic
means using general keys (1, 3,4, 17, 18).

Tests
The roles and interactions of the major isolates,
grouped by radial position in the core and in service

age classes, were determined by decay and preserva-
tive tolerance tests, and anatomical study

Preservative tolerance test

For the preservative tolerance test, crude creoscte
previously sterilized {United States Steel Corporation;
Clairton Coal, Coke, and Chemical Works. Cisirton,
Pa ), was added aseptically 1o sterilized 2 5% malt
extract agar in the following quantitics:

Concentration selected Creosote added
% 2
0.05 0.25
0.10 0.50
0 30 250
100 500
500 2500
10.00 50.00

The plates were inoculzted with 14 major represen-
tative fupgi, and incubated for two weeks at 28°C
Radial measurements of growtls were made daily
during the period of incubation Plates without
preservatives were also inciuded as controls. Dosage
response curves were plotted on semi-log graph paper
and 50% inhibition values determined by extrapola-
tion,

Wood decavers test

The fungi with clamps connections and putative
decayers (the ones that appeared to be decayers but
lacked clamps) were selected for the decay test. A
well-known decayer {Poria placerta (Fr.) Cke ], com-
monly isolated from poles, was included in the test
for compuarison.

The procedure used was the agar type decay
chamber with malt extract ager and wood blocks
(3 x 2 x 15 cm) The inoculated French square
bottles were incubaled for one week at 28°C.

After one week when the mycelium had spread
over the surface, sterilized glass V-support rods were
piaced aseptically at the center of the mycelium, and
small sapwood blocks of southern yellow pine
{3 x 2x 1.5 cm) (previously oven-dried, water-satured
and surface stean-sterilized) were introduced with
the cross section surface down. The oven-dried weight
for each biock was recorded for determination of
weight loss at the end of the test.

Chambers with blocks and no inoculum were
assembled as controls. The decay chambers were
incubated at 28°C in the dark for four months

After two months of exposure, blocks lor decay-

rate determinations and sectioning were removed
from some chambers Sections from fixed (FAA)

Turriaiba Vol. 34, No. 4, 1984, pp. 489-501
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blocks were cut {20-30 microns thick) from radial
fuce of the block with @ sliding microlome and
stained using the picroaniline bluc procedure (7) The
blocks for weight loss determinations were oven-
dried 24 hours at 105°C and reweighed

After four months of exposure, the rest of the
blocks were removed from the chambers. The same
procedures were follewed as in the two-month
exposure

Soft-rotters test

A modification of the Nilssen (38) method was
used for the soft-rot test on the major microfungi
isolated

Two southern vyellow pine sapwood blocks (3 x
2x 1.5 cm) treated as previously described and with
filter puper squares al their bases {to stimulate (ungal
growth). were buried in 10 g of vermiculite conlained
in eight-ounce French square bottles fitted with
cotton filter caps The blocks were oven-dried and
weighed before introducing them into the botules.

Thirty millifiters of the foliowing nutrient solution
were added asepticzlly to the bottles after introduc-
ing the blocks:

NH4 NO} 60 g
K, HPO, 40g
KH. PO, 30g
MgSQO, - 7L O 40g
Glucose 23
Water 1000 ml

After the addition of the nutrient solution, the
botlles were sterilized 30 minutes at 121°C

Inoculations were made with suspeasions of
isolate mycelium incubated in 3 ml of malt extract
solution for 48 hours at 28°C Bottles without
inocula were prepared for checks. All the chambers
were incubated in the dark at 32°C for four months

Microscopic studies

After two and four months of exposure to dif-
ferent fungi, representative blocks from the decay
and softrot tests were removed for anatomical
studies After four months. oven-diy weights for the
test blocks were determined as described previously.

Permanent slides were prepared and studied under
the light microscope for evidence of decay. such as

bore holes, cell wall erosien. cell wall thinning of

chanreling on the inner lumen wall, and the dissocia-
tion or destruction of parenchyma cells. Special

attention was directed to detect the lwo types of
attack caused by soft rotters. ie., type 1} longitudinal
cavily formation and type 2} cell wall erosion (34)

Small sections were cut from the blocks with a
sharp razor blade for scanning electron microscope
observations They were fixed in 2% glutaraldebyde
or 2% 080, rinsed in sodium cacodyiated buffer or
distilied water and dehydrated in a graded ethanol
series, and then dricd by the method of critical-
point drying with CO,. and sputtercoated with
gold palladium, and observed under the scanning
clectren microscope Model ETEC Autoscan for
cvidence of decay.

Results

Isolation and identification of fungi

Seventy-one fungi assignable to 12 genera and
including also 11 unknows were isolated from the
46 poles. The generas and species are listed in Table 1

Table 1. Isofation trequency of the fungi obtained from 33
poles with service ages ranging from 10 to 50 years.

Genus and/or Species Isolation  Pole serviee
frequency  age (10-50
years)

[ requent
(Isolated 7-20 times)

Cladosporivin resinae 3 i0-40
Foophialy jeanselmei 8 10 and 30
Hvalodendron sp 7 16, 38, and 40
Acremonium spp 7 28, 34, and 50
Infrequent
(Isolated 2-6 tines)
Phialophora spp 5 19-30
Unknown decayers 4 30 and 40
Pirialophiora lagerbergii 3 20 and 30
{Melin & Nannf.) Conunt
FPhiglophora Irereromorpha 2 30
(Nannf.) Wung
Sporotirix sp 2 36
Scvialiciunt alhum Pesante 2 10 and 30
Rare
(Iselated only once)
Scytalidivn lignicola Pesante 1 10
Paccilontyces varioti Bainer 1 50
Pernicillium sp 1 20
Talgramyees sp 1 40
Rhinoeladiella atrovirens Nannf 1 30
Rawntic hloridium sp 1 30
Unknowns 7 10, 20 and 30
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Table 2 Hentity, focation,

and  trequency ol the fungi

obtained from cores of 33 ereosoted pine poles,

Outer position

Frecuency

Putative decayers

Phintophora sp

Sparotlrix sp
Piriglopliora hetcromorpha
Cladosporitiim resinac
Hyalodendron sp

L xophiale jeanscln
Talaromvecy sp
scromonin spp
Phialophuora spp
Pacconn cesvarioi

Pende illiven sp

Middl position

Wood decavers

Uinknown deciyer

Solt rotters

Phatophora sp

Non-deciyers

Sporothrivy sp
Phinlophora hetcromorpla
Sevealidmm album
Phiadlopliora spp
Cladosporium resinge
Hyalodendron sp
fxophiula jeanselmet
Phiatophora lngerbergil
Acrenmanim spp
Paccilomyoes variori
Seviadwdivm fivnicoln
Unknuwn

Center position

Putative decayers

Acrepiomiunt sp
Unknowns

1d

b= g et e L B = —

[ T SCR FE S T SR

(B}

Cont

Outer position Frecuency

Sporothiriv sp
Scyralidivan albuin
Phialophora spp
Cladosporaon resinae

Hyatodendron sp

LY N N A e

Exophiale jeansehed

Plitalophora lager bergil
Acremonien spp
Talaromvoey sp
Rivinocladiclla atrovirens
Scyratidinn lignicota
Ramichloridien sp

P e e e g

Unknown

sccording to the frequency of isolation. The most
conunon fungus was Cladosporinm resinae, Tollowed
by Exophiala feansehnei, Fhialophora spp., Hvaloden-
dron sp, and Acremonium spp. Four isolates of un-
known (clumps) or putative decayers were obtained

The majority of the {ungi were isolated from the
center (42} and middle portions (38) of the three
core positions and the lowest number from the outer
caore position (33} {Table 2} The poles in 10 1o 30
years of service range had the grester number of
fungi (60): few fungi were isolated from 50-year-
service poles (10) (Table 1),

Media

The mujority of the [ungi were isolzied on the
malt extraed agar (112) and sodivm caseinate medis
(47} Some of the fungi isolated prew in all media
cxcepl the copper sulphate medium where no growth
was observed Benomyl medium reduced the growth
of the micrelfungi and often growth was restricted
fo the surface of the wood chip Some fungi grew
on 2% malt agar ortho-phenyl phenol and 2% mah
agar malic acid media. No specificily ol media lor a
particulur fungus was observed. eg., C resitae prew
on all media except benomyl, where the growth
was reduced (Table 3).

Creosote tolerance test

The test fungi showed appreciable variation in
resistance to creosole st the one week exposire
(Table 4) Porie placenta, a very sensitive fungus
and Lentinus lepideus Fries, a very lolerant fungus,
used as controls, grew on 0.03% (1 0 cmfweek) and
01% (035 cm/week) {Controls 3 em/fweek). Some
growih was observed in the case of Lentinus lepideus

Turrialba Vol. 34, No. 4, 1984, pp. 489-501
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Table 3. Types and trequency of micreorganisms isolated from creosoted pine poles by using various selective media.

Media ;\scomycetcs“ Basidio- Bacteria®
mycetes”
F 1 e R ¥ 1 R
Rod Coecus P Rod Coceus P p
L L
Malt agar 2% 7] 3 2 88000 27823
Maft azar 39 45 ) { 4101 18 ga0a8
Malt ngar 5% 49 { 7] o 0oa 0 450114
Nutrient agar a J 3 - goaae 34014
Malt agar 256 ] 22 ¢ 8
=05 malic avid
Malt agar 2% { 23 ] b - 14
-0 06 g O-phenyl phenol
Sodium caseinate 46 1 ] 1 8563514 ~ - -
Benomyl agar - 24 3 e 643227
Coppet sulphate 0 ] 0 - pooee - 00008

af F=reguent (30-50): T=infrequent (129 R =

Table 4. Tolerances

to creosole concenirations after one

week of exposure,

rure {1-94: P = non-identificed

Concentration (%)

Growth®

Fhreshold Minimam

Fungi Reduction  Toxicity for
50% Growth
(LD-50)
Hyalodendran sp 4 50 150 104
Cladosporiam resinge 090 150 100
Acrenioniunt sp 003 i0 0.5
325.3% £ 04 G5 0.1
Lxophiala jeanselmel {104 10 0.5
Lentintes lepideus 004 05 01
334-18 003 50 ]
119-18 003 035 01
Poria placenta 003 035 0t
328-31 003 05 01
334-31 0403 05 G
326-38 0402 0.5 o1
394-3M 0062 a1 003
Phialophora sp 005

a Vatues extrapolated lrom the dosage response curves

on 0.5% after the seventh day (0.2 cm); in the case of
Foria placenta only @ trace of growth was observed on
0.3%(0.1 cm)

The unknown decayer and the putative decayers
were resistant to  the preservative and grew on
0.05% (0.5 cfweek) and 1.0% (0.2 cm) after the
filth day

Pecoloring of the media was observed with some
fungi at the high concentrations of creosote previous
to any fungal growth on the media.

Phialophora sp.. a vigorous soft roller, was very
susceptible and did not grow on any ol the creosote
concentrations. The other soft rolters grew on
0.05% (1.0 cmfweek) (Controls 2.0 ecm/week). Acre-
moniten sp., a weak soft rotter, prew on 0.1%
(0.6 cmfweek), on {.5% some growth was observed
on the eight day (01 om) but did not continue
{Controls 2 0 cm/week). Another sofl rotter {325-3%)
also grew on 0.5% {05 cm/week) but the growth did
nol increase after thesixth day (Controls 3 cmfweek)

and  328-3E, non-decay
{04 cmfweek) and 0.1%

Exophiala  jeanselmer
{ungi, grew on 005%
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{0 2 emfweek) (Controls 1 cmyfweek). £ jeanselmei
also grew on 0.53% (0.1 cmfweek) bul no increase
in growth was observed after the sixth day. Some
growth started on 1% on the tenth day of exposure
(0.1 o). Two non-decay fungi, Cladosporium
resinae and Hyalodendron  sp.. were highly tolerant
to creosote. They grew on all media and abundant
sporufation  was  observed after the fourth day
{Controls 2.0 cm/fweek).

Decay studies
Substantial weight loss of the wood test blocks

was obtained with three of the four putative decayers
after a four-month exposurc The weight losses

ranged from 2074 to 27.99% . One of the suspect
decay fungi showed less ability to decay wood, and
the weight losses ranged from 3351% to 17.95%
Four microfungi which caused more than 5% weight
toss are grouped tenfatively as soft rotiers. A high
weight foss (1391-1531%)  was obtained with
one of the soft rotters (Phizlophora spy. The weight
loss for the other fungi ranged from 330% to
11.15%

The remaining fungi lesled were judged 1o be non-
decayers when weight losses were less than 5% {Table

5)

Some of the wood decayers and soft rotters show-
ed great variability as indicated by the high values

Table 5. Weight Tosses” of southern yellow pine blocks exposed {o fungal isolates for four months.

Fungus Weight loss percend Standard deviation

Woaod decayersb Mean Range

119-18 27 9% 23 7G--31 .15 2767
334.-.2% 2543 1200-34.70 8.156
326-38 20.74 14 25.-26 45 3903
334 18 12.74 3511795 7081
Poria placeita 5928 27 106575 13 970
Soft rotters

Phialophora sp 133477} 15.31 1006021 25 4313
Phigluphora sp 1334 1L} 14.55 7552100 4 847
Phigluphora sp (334-.2D3} 1391 10 80--20.15 3412
394-3M 978 9001115 0701
325-3% 6635 4 85- 905 1.261
dcremonium sp (335 3D) .15 330- 776 1756
Non-decayers

Aeremonium sp (325 310 390 2165- 520 0792
32836 184 340 470 0418
Phialophora lagerhergii 348 1.90.. 4 55 0992
Phiglophora sp (338--2A) 295 1.65- 415 08%4
Exopliala jeanselmei 19 P35~ 400 D9lg
Pliialophora sp (335-2A) 271 160 395 0.830
Cladosporium resinae 270 160~ 345 0543
Hyalodendron sp 260 170~ 415 0 808
Rhinodladiclla arravirens 246 P15 3.65 0.704
Acremonitm sp (371) 211 [.75-- 305 0419
Phiglophora hetcromorpha 1 91 [ 20- 3335 0698
Sporothriv sp 1.68 005- 320 0.980

1 Vadues Jor individual Block weipht losses were vorrected by reference blocks subjected to all aspects of the test other than exposure
to a funpus. These adjustmertts include a 2% correction in weight loss [or a1l blocks due to loss of water solubles during water soaking

to adjust moisture confents

b Decayers: tungi with clmps, lormed bore holes as large or larger thas the hyphae and / or causing weight foss in a block exceeding
129  Solt rotters: tungi which produce longitudinal bore holes and with weight losses exceeding 5% . Non-decayers: less than

5% weight loss

Turrialba Vol. 34, No. 4, 1984, pp. 489-501
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obtained in the standard deviation {Table 5) These
were associated with appressed mycelial mats and the
difficulty in achieving  uniform inoculation of the
blocks

Microscopic studies of wood decayers

In some cases initially hyphae were concentrated
in ray parenchyma which were later obliterated
{334-1B8; 19-18; 334-2E: 326-3B), and ray tracheids,
also in springwood tracheids (119-1B); or heavily and
uniformiy distributed in the wood {334-2E: 326-3B),

Hyphae were frequently or infrequently branched,
with clamps (medalin type 334-2E} or without
clamps {119-18; 326-38; 334-1B) and with a general
diameter of 1-4 u.

Small bore holes {119-18) or some larger than the
diameter of the hyphae were commonly observed
(326-3B: 334.2E) Pil passuges were very cominon
(119-1B: 334.2E) (Figure 1) Longitudinally oriented
erosion channels (334-2E; 334-1B) followed the fibril
angle (Figure 2} and cell wall thinning were very
common {334-2E). Pit apertures were eroded (326-
1B).

Microscopic studies of soft rotters

Hyphae were abundant in wood (Phiglophora sp
334-1E, 2A. 2DY); concentrated in ray pzrenchyma

Fig 1 A radial longisection of decay lungi (119-18) grow-
ing in southern yello pine sapwoed showing i
bordered pit penctration SEM Mag 4400 X

Tig 2 A radiud fongisection of decay tungus (334.21) grow.
ing southern vellow pine sapwood, after o 4 month
exposure in an agar wood-block decay test Speciad
features are designated by fetter as foliows: a} clamp
connection, by bordered pit penetration, ¢) dilteren-
tial cell wall erosion, d) desicatted stime tendrils,
und e} possible microphyphae SEM Mag 925 X

Fig 3 A trunsverse section of a solt-rot fungus (Plrialo-
plrore sp ) growing in sowthern yellow pine sapwood
after @ 4 month-exposure in o decay chamber {Nids-
san 1973 showing several states in the severity of
secondary wall invasion by the fungus LM Mag
71X

and springwood  tracheids (394-3M; 325-3E; 355.
3D): or concentrated in the secondary wall of sum-
merwood  cells {deremonium sp 335-3D) The
secondary wall was removed in several springwood
cells (334-1E); in others, the secondary wall had
numerous small cavities (334-1E; 325-3E; 394-3M)
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Pig 4 An enlarged cross section of sowthern yellow ping
sapwood invaded by a soit-rot fungus (Phiclopliore
sp.) oshowing a hypla tansveorsely ponctrating the
cell wall (a) and hyphal filaments lning the innr
fumen wali (bY SEM Mag 1930 X

Fig 5  An enfarged section ol a tracheid showing substantiad
cell wall erosion assogiated with the longitudingl
bore holes SEM Mag 6250 X

The summerwood cells were heavily attacked and
in some cells the secondary wall had been removed
or appeared swollen (334-1E) Small cavities were
observed in the tangential sections parallel to the
microfibrills {Figures 3-5). Cell wall erosion {Acre-
monium sp. 335-3D) and pit passages were common
(394-3M; 325-3E).

Hyphae were frequently or infrequently branched,
without clamps, and with a general diameter of
13 u

Pictures were taken with light microscope and
scanning electron microscope of some of the wood
decayers and one of the soft rot fungi (Figures 1-5)

Discussion

The 71 isolates fotuling 8 species and 12 genera
suggest a rather restricted range of {ungi inhabiting
crevsote-treated wood. Although many researchers
have reported difficulty in isolating wood decayers
from creosoted wood. these techniques using selective
mediz and dzily subculturing obtained {our decayers,
representing approximately 0% of all isolations Daily
subculturing was judged to be as important as the
selective media in obtaining pure cuitures of the
wood decay fungi from creosoted pine.

The isolation of fungi (rom only 33 poles, of the
46 sampled. demonstrated that the conventional
creosote preservative trestment frequently protects
poles cffectively up to 40-50 years. There was no
clear relationship between increasing pole age and
the numbers ol fungi isolated This suggests a wide
variation in the treatment effectiveness of poles and
the probable concentration of the best treatments
(by replacements)y in older age classes. The small
number of isolates obtained may reflect in part also
the difficulty encountered in finding suitable media
for the isolation of the fungi present Also some
slow-growing fungi may be missed by the growth-
retardation effect of fast growing {ungi which quickly
cover the plates and dominate the media

The kinds and numbers of fungi isolated were
closely related to the external cenditions of the poles
as mechanical injuries or deep checks.

Based on these studies the fungi found in creosote-
treated poles may represent a specialized fungi that
can be divided into three groups.

The first are those “ioxicant tolerant primary
invaders” which include the fungi able to tolerate
high levels of creosote in the wood and that primarily
utilize wood componenis of low molecular weight

Furrialbe Yol. 34, No. 4, 1984, pp. 489501
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for their energy requirements, Cladosporium resinae
is in this group. It has been reporied as a fungus very
tolerant to creosote by several investigators (8) Hra-
lodendron sp . Acremonium sp.. and Exophiala jean-
semei were demonsirated also in this study to be
tolerant to creosote. They did not produce visible
cell wall erosion or appreciable weight losses. This
suggests a possible role in the wood as detoxifiers or
wood maodifiers, facilitating the more creosote-
susceptible fungi to invade the wood later Most
of them were found in the middle position of the
cores.

A second group are those fungi that can be called
“ron-tolerant opportunists” because they follow and
appear to invade the wood when the preservative level
has been diminished by the detoxifiers As a group.
they were sensitive Lo creosote. They did not cause
any decay as indicated by the very low weight losses
obtained with these fungi (Table 5). They were com-
monly isolated from the middle and center position
of the cores.

A third group the “wood decayers” include both
hymenomycetes and softrot-type decayers. This
group showed very special characteristics. Some ol
the decay fungi were highly tolerant to crcosote and

were fast growing fungi, which retard the growth of

the non-decayers; others were more sensitive o
creosote, One of the more aggresive soft rotters (Phia-
lophora sp) was totally inhibited by low concentra-
tions of creosote This fungus might be called a non-
tolerant opportunist because its attack is delayed
until the substraie is detoxified.

Some of the decayers produced substantial weigit
losses, copious bore holes, cell wall erosion, and cell
wall thinning, and in the case of the soft rotter Phia-
lophora sp., the secondary wall was completely
destroyed.

The interaction roles of the soft rotters with the
hymenomycetous decayers is  unknown. In this
study, the aggresive soft rotter (Phialophora sp)
was retarded by the fast growing decayers, but no
visible distortion of the hyphae was observed and
the fungus sporulated abuadantly.

Association of bacteria with the fungi was
observed [requently but studies correlating their
processes in the decay of wood were not carried out.

A succession of fungi in the invasion and decay of
wood has been supgested by many investigators (31.
37,46, 47,48, 49, 50, 51).

From this fimited study, successional sequences
cant be postulated as the fungi from the first and

second group were commonly isolsted from the
same position and from poles with the same service
life. Also, the wood decayers which were very
tolerant to creosote can appear early in the pole and
not until the substrale is modified Lo start the inva-
sion A clear interaction between the three groups
can be postulated on the basis that the “opportunists™
were commonly found first on positions with low
preservative concentrations and the detoxifiers on
the highly concentrated: wood decayers were isolat-
ed from the outer portions of poles where preserva-
tives were absent or in low concenirations

In studies of wood preservative effectiveness and
in the determination of the reatments to be used, it
may be important to consider the possibie toxicant
modifying roles of the tolerant {ungi

The possible damsging roles of soft rot fungi in
poles may be important and needs additional study

Summary

Forty-six creosoted pine poles representing four
ages ol service (10-30 years) were sampled in the
Syracuse ares for wood-inhabiting fungi.

Seventy-one fungi assignable to 12 genera and 8
species including T unknowns were isolated from the
poles

Creosote tolerance and decay fests were carried
out 1o determine the possible roles and interactions
of the fungus Anatomicsl studies with light and
scanning  electron microscopes were related o
changes in wood by the decay fungi

Three groups of fungi appeared to interact in
cregsoted pine poles. The first group includes the so-
called *‘tolerant primary invaders”™ which are highly
tolerant 1o creosote and may serve as detoxifiers. the
second group include the “non-tolerant opportunists”
which {ake advantage of the modification of the
wood and may exert anlagonistic reactions to other
{fungi, but do not cause decay. The third group were
the “conventional decayers™ which sometimes are
tolerant Lo preservatives, and cause extensive decay.
This group included both hymenomycetes and soft-
rot fungi.
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Resena de libros

FRENEY, J. R y SIMPSON,J R ed Gaseouslos
of nitrogen from plant-seil systems. M. NithofT y
Dr W Junk Publication Lz Hoja. 1983 317 p

Este volumen altamente especializado es el No 9
en la serie de este editorial en el campo del desarrollo
en ciencias de suelo v de plantas Lo escribieron 21
especialistas escogidos de Europa, USA, Nueva Zelan-
dia y Australiz, de donde proceden los dos editores.
Ellos han tratade de resumir los estudios voluminosos
sobre las emisiones gaseosas de diferentes sistemas
suelo-planta y las maneras de come influirlos

El material se presenta en 12 capitulos con biblio-
grafia amplia que IHega incluso al afio previc a la pu-
blicacién de la obra

El primer capitulo discute la volatilizacién del
amoniaco que es importante a partir de abonos y de
excrementos de animales. E] proceso lo influyen una
serie de factores biologicos, quimicos y {isicos. Aun-
que varios de estos factores son bien estudiados, falta
informacién sobre las pérdidas de muchos sistemas
naturales o artificiales

La bibliografiz se presentd con 188 referencias so-
bre este topico.

54. VAN BEYMA THOE KINGMA, F. H. Beschrei-
bung der im Centraal-bureau voor Schimel-
cultures vorhandenen arten der gattungen
Phialophora Thaxter und Margarinomyces
Laxa, Nebst schussel zu Hirer Bestimmung,
Antonie von Leenwenhock. Journal Micro-
biofogy of Serology 9:51-76. 1943,

55. ZABEL, R. A. Variations in preservative toler-
ance of wood-destroying fungi. Journal
Forestry of Production Research Society
4:166-169. 1954,

El Dr Fillery del IRRI resume la informacién so-
bre denitrificacién biologica particularmente impor-
tante en suelos mundados.

Mis de 200 referenciss resumen la informacion
hasta 1982 Se discuten agui los microorganismos in-
volucrados en el proceso, la biogquimica del mismo y
la biclogia de {a denitrilicacion en el suelo.

La denitrificacion quimica es el tdpico del tercer
capitulo. El material es presentado mds que todo con
base en experimentos de laboratorio Se discute el
efecto de diferentes condiciones en el suelo y de los
inhibidores de nitrificacién La bibliografia de 92 tra-
bajos ilustza el progreso en este campo.

El cuarto capitulo se dedica a las dificiles medicio-
nes de la denitrificacion. Se discuten aqui técnicas
con trazadores, cromatograf?a de gases, analisis infra-
rojo y la técnica de inhibicidn de formacion de ace-
tileno. 189 citas que llegan hasta 1982 y son domi-
nantemente de los ultimos afios, documentan el pro-
greso en esta drea

En el quinto capitulo, uno de log mis cortos, se
presentan los métodos micrometoldgicos para medir
las pérdidas de N en el campo La bibliografia de 44
trabzjos resume lo conocido en este campo El capi-
tulo es presentado con un enfoque matemitico que
permite una generalizacion de los conceptos presen-
tados y asume conocimientos de matemdtica avanza-
da.
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La pérdida de nitrdgeno gaseoso de plantas es el
topico del sexto capitulo, otro de los relativamente
cortos La magnitud de este proceso se discute, algu-
nos autores indican hasta 38 mg para un periodo de
10 semanas de una cosecha con gran superficie {oliar
La bibliografia de 97 trabajos permile a los interesa-
dos profundizarse en este tdpico poco explorado

El séptimo capitulo, el mis corte, presenta fa
informacion sobre ia pérdida de nitrdgeno de excre-
mentos de animales y residuos municipales aplicados
a tierras agricolas. A pesar de la importancia de estas
pricticas, solamente 29 referencias amplian fa infor-
macidn, ya que existen pocos trabajos que en forma
precisa informan sobre el proceso y los factores que
io determinan

La pérdida del amoniaco de abonos aplicados a
pastos tropicales es el topico del octavo capitulo La
informacidn usa ampliamente datos de Australia tra-
tando de expiicar las pérdidas de 20 a 80% de N que
se aplicd El crecimiento de pastos y las ltuvias pare-
cen ser algunos de jos facteres principales gue influ-
ven agui Lainformacién se completa con 55 referen-
cias

En el noveno capitulo se presenta los adelantos so-
bre e} intercambio gaseoso del nitrégeno para potre-
ros en uso. El cuadro de este ecosistema complejo in-
fiuye muchos aspectos poco entendidos, particular-
mente lo que se refiere a los de contaminacion am-
biental

Po: el momento queda mucho para determinar en
lo referente a la importancia y significancia agroadmi-
ca de este proceso, sobre el cual se citan 99 referen-
cias

La suerte del nitrdgeno gue se aplica al arroz inun-
dado es el 1épico del décimo capitule, uno de los mds
largos del volumen y las 136 referencias correspon-
dientes al capitulo son de las mds completas de la
obra. A pesar de los amplios trabajos, parece gque
mientras no existan experimentos de campoe donde se
midan directamente la denitrificacidén v la volatiliza-
¢ion de NHjy, no se podrén determinar cudles son las
pérdidas importantes de N de abonos aplicadoes a sue-
fos inundados

El onceavo capitulo discute la suerte de los com-
puestos de nitrdgeno en lz atmdsfera Se presenta un
balance de estos compuestos aungue para partes del
sisterna la informacién es muy escasa La bibliografia
del capitulo llega a 100 referencias

En el doceavo capitulo se discute los enfoques tec-
nologicos y agrondmicos para reducir al minimo las
pérdidas de N gaseoso de tierras agricolas. Esta parte
del volumen es hasta cierto grado un resumen donde
se tefleja la aplicacidn de los procesos antes expues-
tos, indicando en la bibliografia fas 108 referencias
mis pertinentes con base al excelenie conocimiento
de la bibliografia que usualmente caracterizan ias pu-
blicaciones dei Dr. Hauck de la TVA, autor del capi-
tulo

El volumen tiene un breve indjce de materia a su
final y contribuye en forma significativa a un mejor
conocimiento de las pérdidas de N del ecosistema sue-
lo-planta Ef libro es atil para las bibliotecas agricolas
de centros de conservacion de recursos y dedicados a
la ecologia

ELEMER BORNEMISZ A
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



MODELO MATEMATICO DEL BALANCE HIDRICO!/

J P LHOMME*
L. GOMEZ**
A JTARAMILLO**

An agroctinatic model which simulates the evolution of the soil water balance
under perepiial crops is proposed The model is recurrent, operates with a time step of
one day and wtilizes daily rainfall data, porential evapotranspiration values and a given
value of the soil maximun water holding capacity It allows to determine water
storage (RH ), drainage (DR} and water deficit {DH) on a dailv basis. Each parameter
appears in the form of a matrix which have the same dimensions as the daily rainfall
matrix Practically the model can be used to characterize drought or water excess risks

and duration of dry periods

Infroduccion

9 n el campo de la agroclimatologia. cuando se
analizan iazs condiciones de abastecimiento hi-
el drico de las plantas, se considera generalmente
el baiance potencial (Huvia - evapotranspiracion po-
tenciat), sobre una base de tiempo que puede variar
desde una semana hasta un mes, y se estudia estadis.
{icamente su variabilidad interanual. Este balance po-
tencial, constituye una manera simple de representar
el balance hidrico real y no toma en cuenta el papel
de reserva que desempefia el suelo, almacenando y
restituyendo el agua de Huvia

Ll modelo que se presents trata de caracterizar
mejor lus condiciones de zbastecimiento hidrico de
las plantas a través de una simulacién de la evolu-
cidn de la reserva hidrica def suele {1). Los datos cli-
mdticos que sirven de entrada al modelo son las pre-
cipitaciones diarias que aparecen en forma de una
matriz P {1n, 365), representando m el numero de
aftos de registro y los valores promedios interanuales
de la evapotranspiracion potencial colocados en la

! Reeibido para publicacion el 3 de mavo, 1984
* A, Sede Central, Coronado, San Fose, Costa Rica

*E Beeejon de Agroctimatologfa, CLNICATIL:, Chinchina,
Caidas, Colombia

forma de un vector de valores diarios EPJ (365), Al
fado de estos datos climdticos aparecen ciertos pari-
metros de ajuste a las condiciones edaficas considera-
das

Presentacion del modelo
L.a reserva atil del suelo

La reserva hidrica del suelo, representada por RH,
constituye la cantidad de agua almacenads en el suelo
y disponible para las plantas. Es un niimero positivo,
expresado en milimetros, que varia entre O y la reser-
va util RU. La reserva atil representa fa diferencia
entre las cantidades de agua almacenadas a la capaci-
dad de campo y al punto de marchitez permanente
dentro de una capa de suelo de profundidad igual a la
profundidad media de las rafces Esta reserva util
gvoluciona en funcion de la profundidad de las rafces,
es decir, en funcion del estadio de desarrolle del cujti-
vo. Para simplificar el problemsa considérese un cuiti-
VO perenne cuyo arraigamien{o es aproximadamente
constante en cl transcurso del tiempo. De esta mane-
ra se puede suponer que ia reserva util es constante,

La Huvia eficaz
Admitase que una lluvia demasiado débil (P < P}

se evapora inmediatamente sin que logre contribuir
a lz reconstitucidn de la reserva hidrica. Si P, designa
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In lluvia registrada del dia j ¥ PEj [a Huvia eficaz.
entances:

P..siP. =P
PE= o
0, si E’}- <Pn (1

Para anular Iy contribucion de la escorrentis, debe
considerarse & suelo como horizontal

De este modo. si la intensidad de la Hluvia es supe-
rior a la capacidad de infiltracion del suelo. el agua
que no se infiltra inmediatamente se quedard en el
mismo lugar al estado libre hasta el momento que se
evapore o se infiltre. Tampoco habrd transferencias
taterales de agua dentro del suelo

El drenaje

Si la cantidad de lBuvia caida o ¢ia j es superior
a la capacidad de retencion del suelo. habria drena-
je, es decir una pérdida de agua por salida subterrd-
nes. La capacidad de retencion del suelo el dis j.
representada por CR,, corresponde a la diferencia
entre la reserva tl"RU y ia reserva hidrica del
diz anterior Rij]

, = - RH, 2
CRJ RU RiijmI [2]
La cantidad de agua perdida por drenaje se escribe:

oo By~ CRj .51 B> CRy

1o s < CR; (3]

La evapotranspiracion real

La evapotranspiracién mixima (ETM) evoluciona.
respecto a ta ETP, en funcién del estado de recubri-
miento del suelo por el follaje. En el caso de un cuiti-
vo cuyo follaje cubre totalmente el suelo, se puede
admitir que la ETM iguala a ia ETP. Asi, siempre para
simplificar el problema, debe considerarse un cultivo
perenne que cubte tolalmente cf sueio

La evapotranspiracién real (ETR) evoluciona, res-
pecto a la ETM, en funcién del estado de la reserva
hidrica del suelo. Los conceptos cliisicos sobre la uth
lizacién del agua del sueio por las plantas tienen en
cuenta una reserva fdcilmente utilizable (RFU}), que
representa la fraccion de la reserva util para fas plan-
fas sin dificultad, es decir, sin gue eso provogue un
cierse de los estomas, y asi una reduceion de la evapo-
transpiracidn respecto a la ETM. Abajo de este um-
bral, la ETR decrece conforme el agua disponible dis-
minuye hasta el punto de marchitez permanente don-

de se anula. El punto eritico, que constituye el um-
bral de regulacion, varia segin el tipo de suelo y el de-
sarrollo de las rafces. Si RFU = ¢ R, siendo ¢ un
coeficiente de ajuste (0 <c<C1), se encuentra defini-
da también una reserva dificilmente utilizable (RDU)
que es el complementario de fa RFU respecto a la
RU: RU=RFU + RDU.

Asumiendo que el cociente ETR/ETM aumenta li-
neaimente de O a 1 en funcion de la reserva hidrica
RH del suelo, cuando ella pasa del valor O al valor
RDU. debe mantenerse en este valor cuando la
reserva fluctie entre RDU y RU  Representando
RH, _ el estado de fa reserva hidrica al fin del dia
j -1y por consiguiente al inicio del dia j:

| , s Rl‘ijml = RDU
ETI%[ETP]' = '

RH, _(/RDU.siRH; _ ) <RDU {4]

El déficit hidrico diario a nivel dei cultivo se en-
cuentra definido por la relacion:

A partir de eso se definird un déficit hidrico acu-
mulado sobre el periodo de cultivo o sobre una fase
particular del ciclo (estadio critico por ejempio):

12
DHC= ¥ DH; i6]
j=i1

La ecuacion del balance hidrico

La ecuscion que traduce el balance hidrico se es-
cribe sobre una base diaria:

RH; =RH; _ | + PE; — ETR; — D, [7]

} H ) ! ]

Esta ecuacion va a servir como relacion recurrente
para calcular las reservas hidricas diarias sucesivas. A
menos que se tenga una manera particular de conocer
Ia reserva hidrica al inicio del proceso recurrente
{RH,), se puede basar en las consideraciones siguien-
tes para iniciar el proceso: si el dia I se encuentra en
plena estacion seca, se escoge RH_ =0, y si se encuen-
tra en plena estacion Huviosa, Rlpl = RU; de o con-
trario, se toma un valor promedio ﬁHO =RUJL.

Aplicaciones del modelo
Urilizacién prictica del modelo

Se puede utilizar el modelo en tiempo “'real’” para
simular y seguir la evolucion de la reserva hidrica del
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suelo. Pars eso hay que ajustar el modelo a las condi-
ciones especificas del caso considerado, escogiendo
juiciosamente los parimetros (RU, REU). Pero el
modeio propuestio debe servir en primer lugar al and-
lisis agroclimitico, basada sobre la explotacion esta-
distica de las series de datos clinuiticos

El modelo se ha programado en FORTRAN IV en
forma de una subrutina llamada SBH (Simulacion de
Balance Hidrico), cuya lista de entrada comprende
dos grupos de datos:

- datos climdticos: P}, EPM, 1I. PJ representz la
matriz de las precipitaciones diariss, de dimension
365 x H, siendo 1J el nimero de afios de registro
EPM representa el vector de las evapotranspira-
ciones potenciales mensuales (dimensién 12) que
se transformard en un vector EPJ {363) de vaiores
diarios

- Caracteristicas eddficas: RU, C. RU es la reserva
util del suelo considersdo expresada er milimetros
y C el coeficiente que define la REU. El pardmetro
PN que define el Iimite de eficacia de Ia lluvia va-
ria poco. Se fo considerard como interno al mode-
lo y no figurard en tz lista de entrada

El proceso recurrente se inicia el primero de enero
del primer afic de registro de Ia pluviosidad PJ (1.1)
con un valor de ia reserva hidrica del dia anterior
RH, escogido en funcion de su posicidn frente 1 los
pertedos secos y lluviosos Los afios siguientes se en-
cadenan regularmente: ef 31 de diciembre dei afio n
con el 17 de enero del afio n + I La matriz Q) que
figura en la tista representa los “output” del modelo
Tiene las mismas dimensiones que la matriz de las
Huvias PI. Su contenido varia segin el valor del
indicador IN. §i IN vale i, QJ contiene las reservas
hidricas diarias. Con IN = 2, QJF contiene los déficit
hidricos diarios y con IN = 3, los valores diarios del
drenaje. En el Anexo se presenta el programa que fue
enfocado sobre una computadora IBM 360

Estudio de los riesgos de sequia y de exceso de agua

Para estudiar los riesgos de sequia con ¢f modelo
es conveniente uatilizar como satida los valores diarios
del déficit hidrico, ya que representan la falta de agua
a nivel del cultivo. La Figura | da un ejemplo. La es-
tacidon escogida es la de Pueblo Beflo (altitud:
1000 m, latitud: 10°22'N y longitud: 73°38'W), ubi-
cada en la parte norte de la zona caletera de Colom-
bia (2}, en la region de fa Sierra Nevada. Cuenta con
20 afios de registro de las precipitaciones (1961-80).
Se considerd una reserva util (RU) de 120 mm ¥ una
RFU de 60 mm. Se ha dividido el afio en periodos
elementales de 10 dias y para cada periodo elemen-

Lzl se ha calculado, afio tras afio, el déficit hidrico
acumulado DHyp, es decir i suma de los déficit
diarios

0
(DH,, = %

| DH; )
j

1

Después se ha analizado estadisticamente la repar-
ticion interanual de los déficit DH, , por clasificacion
frecuencial pars calcular la mediana y el cuartil supes
rior correspondientes a cada perfodo elemental,

Si se quieren estudiar los riesgos de exceso de agua
con el modelo, hay que utilizar como salida los valo-
res del drensje (IN = 3 en el programa), y después se
puede estudiar este pardmetro de la misma manera
que el déficit idrico. La Figura 2 muestra para la
misma estacién de Pueblo Bello y segin el mismo
procedimiento, I evolucidn en el transcurso del afio
de los vatores del drenaje acumulados sabre 10 dias
y sobrepasados con las probabilidades 050 y 0.25

Estudio de la duracién de un periodo seco o Huvioso

Para estudiar con el modelo Iz duracion de un pe-
riodo seco, veranillo por ejemplo, se puede proceder
de la manera siguiente. Definiendo un dia seco como
un diz con una reserva hidrica inferior a fa reserva dj-
ficilmente utilizable (RDUY y [a duracion de un pe-
riodo seco como el nimero de dias consecutivos se-
cos, se caleuly, afio por afio, durante los meses en que
suele ocurrir ef veranillo, el nimero de dias consecu-
tivos con una reserva inferior & la RDU. Para la esta-
cion de CENICAFE (altitud: 1310 m) en la zona
cafetera de Colombia, que cuenta con veinte afios de
registro de la lluvia, los valores siguientes se refieren
o fa duracion del veranillo de los meses de julio-agos-
to, calculada segun lo indicado (RU = 120 mm,
RFU =60 mm):

17, 8, 17,37.0, 26,2,
0,21, 30,22.3,9,17.

A partir de esta muestra se puede caleular la fre-
cuencia correspondiente a una duracidn dada. La
frecuencia de un veranillo de mds de 15 dias es 0 40,
de mds de 20 dias 0.25 v de mds de 25 dias, 015,

Conclusién

El modelo presentado es simple y su programacion
ficil No pretende ser una simulacién exacta de la
evolucién de la reserva hidrica del suelo pues habria
que utilizar una escala de tiempo zun mds pequefis,
del orden de una hora

Turrialba Yol. 34, Ne. 4, 1984, pp. 503-507
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Fig 1 Estacién de Pucblo Bello, Colombia. Evolucion a to lurgo del afta de los valores del déficit hidrico acumulado sobre 10 dias (DH
= ETM ~ UTR) que son sobsepasados 1 afio cada 4 y 1 ado cada 2. Se indica también la precipitacion media mensual en forma
de histograma
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Estacién de Pueblo Belio, Colombia. Evolucian a lo large del afio de los valores del drenaje acumulado sobre 10 dias que son

Fig 2.
sobrepasados 1 afio cada 4 y 1 afio cada 2 Precipitacidon media menszal en forma de histograma.

El modelo proporciona solamente un instrumento son los mismos (precipitaciones diarias y valores pro-
de andlisis agroclimdtico que es mds preciso y major medios de la ETP). Ademds intervienen dos pardme-

adaptado a la realidad agrondmica que e] balance po- tros que definen la reserva atil y la reserva faciimente
tencial (luvia-ETP). Los datos climdticos necesarios utilizable dei suelo.
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Resumen

Se presenta un modelo agroclimitico que simula Ia
evolucion del balance hidrico del suelo bajo un culti-
vo perenne. El modelo es recurrente y funciona con
un paso de tiempo de un dia. Los datos climiticos
que sirven de entrada al modelo son los datos diarios
de fa fluviz v los valores de la evapotranspiracion po-
tencial. Ademis intervienen los valores de la reserva
utit (RU} v de la reserva {acilmente utilizable (RFU).
Este medelo programado permite deferminar la reser-
va hidrica del suelo (RH), el drengje (DR} v el déficit
hidrico (DH) en una base diaria, apareciendo cada
uno de estos tres pardmetros en forma de una mairiz
que tiene las mismas dimensiones que Iz de fa lluvia,
El modeio puede ser utilizado para caracterizar esta-
disticamenie los riesgos de sequia o de exceso de agus
y la duracion de un periodo seco, tal como et vera-
nilio.
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Anexo

Subrutina SBH

SUBROUTINE SBH (P1, EPM, Ij. RUX, C, QJ, IN)
PN =3

CRHO = 5

DIMENSION PJ (30, 366), QI (30, 366), RU
(366)

DIMENSION EPM (12). EPI (366), EMJ (366)
INTEGER*2 PJ, QJ '

CALL AAA (EPM, EPJ)
DO 5J=17365

RU(J) = RUX

EMJ (1} = EPJ (T)

RH = RU (1)*CRHO

DO 10T=1,1J

DO 10T = 1,365

PR =PI (1, 1)* |

ETM = EMJ (])

RDU = RU (I)* (1.—C)

CR =RU (J) - RH

PE = PR

DR =0

IF (PR LT. PN)PE =0

IF (PR GT CR)DR =PR-CR

IF (RH. GE. RDU) ETR = ETM

IF (RH LT. RDU) ETR = ETM*RH/RDU
RH = RH +PE_ETR-DR

DH = ETM—~ETR

IF (IN.BEQ 1) QI (1.1} = INT (RH/ 1)
IF (IN.EQ. 2) Q) (1,)) = INT (DH/.1)
IE (IN EQ 3)QJ (1)) =INT (DR/ 1)
CONTINUE

RETURN

END

SUBROUTINE AAA (EPM, EPJ)
DIMENSION EPM (12), EPJ (366), LX(12), LY
(12)

DATA LX/31. 28, 31, 30, 31, 30, 31, 31, 30. 31.
30, 31/

DATA LY/0, 31. 59. 90, 120, 151, 181, 212,
243, 273, 304, 334/

DO [10K=1, 12

L1=LX(K)

L2=(LY(K)

DOIGL =1, LI

Ll=L2+L

EPI(LL) = EPM(K)

RETURN

END
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Resena de libros

VIZIER, J. F. Etude de phénomeénes d’hydromorphie
dans les sols des régions tropicales a saisons con-
trastées Dynamique du fer et différenciation du
profile Travaux et Documents de 'ORSTOM No
165 ORSTOM, Paris, 1983 294 p

El trabajo de Vizier versa sobre catenas en regiones
del Trépico Africano con estacion seca contrastante,
con énfasis en la dindmica del hierro y la dilerencia-
cion de perfiles de suelos El estudio de catenases tan
antiguo como la cartografia de suelos; sin embargo,
no es sino en textos recientes en los que se enfatiza
en el uso de este concepto, a veces para explicar la
presencia de ciertos suelos en diferentes latitudes
(Bridges Turriatba 29(4}:322 1979), otras para ex-
plicar la influencia del clima en la formacion de los
suelos (Gerrard Turriatba 33(2):142 1983)

Quiza para ubicar a los pedodioges en el contexto
del estudio, sea conveniente nombrar los principales
suelos de las dos secuencias estudiadas En el caso de
Chad, ia secuencia se divide en sus partes alta, media
y baja: en la parte afta dominan suelos hidromaérficos
de profundidad, en la media solonetz solodizados y
gley y en la parte baja, hidromarficos y vertisoles kn
Madagascar la secuencia se divide en un platesy con
suelos ferraliticos profundos, el flanco de la pendien-
te con suelos ferraliticos poco desarroliados. el pie de
monte con suelos coluviales y la zona baja con suelos
hidromdrficos orgdanicos o de pradera flotante

La obra estd dividida en cuatro partes que incluyen
diez capitulos El iicio incluye dos capitulos, en los
que se discute la importancia del hidromorfismo co-

mo factor formador de suelos y su empleo en diferen-
tes sistemas de clasificacidén de suelos {p ej. hidro-
morficos, Aquepts, etc)

La segunda parte incluye los capitulos [ a V en
los que se describe el medic ambiente y eddfico en
que se realizd el estudio en Chad y Madagasear Siem-
pre se insiste en el hidromorfismo como factor domi-
nante en ambos casos

En los siguientes tres capitulos se describe la varia-
cion del contenido y las formas del hierro en fas se-
cuencias En primer término se discute la metodolo-
gia empleada. en seguida se presenta la informacion
de los estudios in sity, y se terming con resultados ex-
perimentales sobre migracion de hierro

La cuarta seccion se dedica a inferpretaciones ge-
nerales con uma explicacion fisicoguimica del fendme-
no estudiado vy un resumen de las consecuencias de
fos procesos que intervienen en la dindmica del hierro
y su efecto sobre la diferenciacion de los suelos que
sufren un exceso de humedad Se inctuyen conclusio-
nes generales y 197 referencias sobre el tema

El aporte de Vizier es importante en tanto que se
frata de un estudio de campo, con comprobaciones
de laboraterio, tan escasos en la literatura moderna
En este caso cabe mencionar que o calidad del estu-
dio es proporcional al tiempo que se invirtio en €l,y
a fe que con creces Las secuencias estudiadas en
Alrica son comunes en el Tropico Americano de régi-
men ustico, en donde no conozco ningun estudio si-
milar al presente. El documento puede adquirirse en
el SERVICE DES PUBLICATIONS D L'ORSTOM,
70-74 route d'Aubray, 93140 Bondy, France

ALFREDO ALVARADO
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



EFFECTS OF N—-CARRIERS AND A1—-LEVELS ON DRY MATTER PRODUCTION AND

NUTRIENT CONTENT OF TWO PASTURE GRASSES!/
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Resumo

Ein casa de vegetagdo, e sob solugdo nutritiva, foi estudada a resposta de duas
gramineas forrageiras {Cenchrus ciliaris ¢ Brachiaria decumbens) g doses crescentes de
ALfO — (75~ 1.5~ 30 60ppm). usaido-se NOy ou NH, comg foure de N,

Ambas as granuineas sofrerant reducdo de peso seco com doses crescentes de Al
Em teros absolutos, Brachiaria apresenta maior produgdo de matéria seca sob
NH, do que sob NOy, acontecendo o inverso com Cenchrus. Quando entretanto a
redugdo do peso com doses crescentes de Al é tomadp em tennos relativos (% do
mdximo), Brachiarta sob NOy mostra maior estabilidade, enquanto que Cenchrus é
mais estdvel quando sob NHy A fonie de N afetou diferencialmente a acconulaciio de
Al e N na raiz e parte aérea das plantas estudadas O maior actinule de Al ocorre nas
raizes, sendo maior nas plantas sob NOy do que nas NH . Em ambas as espécies houve
maior actinule de P na parte aéreq das plantas sob NH, do que sob NO5, enquanto
que nas raizes foi observada wma tendéncia inversa. dcimulos de N e K nos tecidos das

plantas parecem estar refacionados com a tolerdncia é toxidez de Al

Introduction

n acid soils. high levels of exchangeable alumi-
num is one of the principal factors limiting
plant growth This condition is usually associated
with low fertility levels {15) in such a way that the
direct and indirect effects of Al on root growth and
nutrient absorption are referred as “Al toxicity™.

Aluminum appears to affect root growth more
closely than top growth. Interferences in the process
of cell division due to high Al concentrations result
in abnormal development of root tissue (5). In the
tops the symptoms are less characterized and can be
mistaken for P or Ca deficiency (11. 18).

i Received for publication in Aprii 6, 1983
Contribution from the Department of Soil Science
UFRRI km 47 Rod Rio-8io Paulo. Seropédica,
23460, Rio de Janeire-RJ

o Agronomist from EPAMIG, MG-Brasil
¥ Associate professor and Assistent professor respectively

UI'RR} km 47 Rod. Rio-Sao Paulo, 23460, Rio de Ja-
neiro-RJ

The effects of high Al levels on the solubility of
P in the growth medium and its absorption are well
known (8}, Clarkson (5} suggesits that there are two
regctions between Al and P; one at the cell surface
or in the free space and the other within the cell.
possibly within the mithocondria Soluble Al may
reduce the uptake of other plant nutrients. In rice,
Al toxicity is asssociated with lower concentrations
of Ca. Mg, K and Si and higher concentrations of N
and P in plant tops (16). Reductions in the concentra-
tion of K in tops of leguminous plants are associated
with Al sensibility (2). High Al concentration in the
nutrient solution decreased the concentrations of P,
K, Ca, Mg and increased Fe and Al concentrations in
roots as well as in top of oats (1). Zn, Fe, Mn an Cu
congentrations were affected in rye, barley and wheat
dccording 1o age and cultivar sensibility to increasing
levels of Al (13).

Since Al tolerance and nutrient utilization and
absorption are conttrolled by genetic factors (5), an
association between Al tolerance and nutrient utiliza-
tion efficiency seems probable. However. both
processes (Al exclusion and nutrient absorption) are
conditioned to pH fluctuations in the medium. Since

Turrialba Vol. 34, No. 4, 1984, pp. 509515
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N is the nutrient of highest metabolic demand in
plants, its rate of uptake greatly effects pH changes
in the root-solution interface {7, 11, 19)

In this work we examined the effects of the two
ionic forms of nitrogen absorption (NH:f or NOy)on
dry matter production and Al N, P, and K absorption
by B decumbens and Cenchirus cifimis These two
species are known Lo differ in their Al tolerance (20).

Material and methods

The experiment was conducted in a greenhouse at
mean air temperature of 24°C and 70%  relative
humidity A {atorial design of two species. two
nitrogen sources and five Al concentration replicated
three times was used The nutritive solution used was
similar to that described by Andrew er al, {2} The
main modifications were that (NH;) Mo,0.,4
4H, O was substitited by HyMoO, . Ca was supplied
as CaCl, and plants supplied amonium received N as
(NH,) 80O, (Tabie 1)

The species studied were € ¢iliaris obtained from
the Centro Nacional de Gado de Leite — EMBRAPA
coliections, and B decumbens oblained from com-
mercial sources.

Seeds were germinated in plastic plates containing
sand and vermiculite and irrigated when necessary
with nutrient solution. After 15 days 300 plants from
each species were selected and transferred to 60, 8-
liter plastic pots, whose outside were painted silver
to prevent light penetration Seedlings were sup-
ported in holes in the lids of the pots by rubber
foam. Plastic perforated tubing was attached to the
base of each solution container to provide an aerea-
tion system operating at a frequency of 3 periods
{60 minutes) each 24 hours. Each pot was thinned
to 6 seedlings 13 days after germination. The culture
medivm was similar to that described above but
containing in addition either 0;0.75; 13,30 0or 6.0
ppm Al as Al; (SO4); - [8H, O The solutions were
adjusted to pH 42 with 0.1 N NaOHl or 01 N
H,S0,. The P and N concentrations were determined
each 2 days The plants were exposed to the treat-
ments solutions for 4 weeks and then harvested.

Roots were separated from tops and washed with
deionized water. Plant tops and roots were dried at
70°C in a forced-air oven for at least 36 hours, Dried
tops and roots were ground in & Wiley mill o pass a
40 mesh screen and analysed for N, P, Ca, K and Al

After dry digestion at 500°C, P was determined
as described by Leece and Short (12}; Al by the
method of Otomo (17); K by flame photometry and

Tabie 1. Nutrieat solution composition prepared from mod-
ified Andrew’s solution.

Elements Concentrations Salt
K 10 =M K, SG,
9 05 mM Na(l
My 5 =M MgSQ, - 7H, 0O
(u 042 ppm CuS0, * 5H,0
Zn 0405 ppm Zns0, - TH, 0
Mn 025 ppm MnSO, * H,0
B 05 ppm H, BO,
Mo 061 ppm H, MoQ,
le I ppm Fe-citrate
i 1 ppm KH, PO,
Cu¥ o N* } mM Ci (NO,), »4H,0
Can I mM CacCl,
IR I mM (NH, ), SO,

Plants recciving N-nitrate

*E Plants recciving N-apunonium

Ca by complexometry with EDTA  Nitrogen was
determined by destillation (3)

Results and discussion

Dry matter production. There was a significant
reduction in dey matter accumulation for both plant
species as Al in solution increased (Table 2) N-form
also affected plant dry weight. Plants under nitrate
had higher dry weight than plaats under ammonium.
There was no difference in dry matter accumulation
by the roots of the two species, but Brachiaria plants
gccumulated more dry matter in the tops than did
Cenclirus

There was a significant N x genotype interaction.
Cenclirus plants accumulated more top and rooct dry
matter when under NQy ~N, while Brachiaria plants
showed no response to N-form.

When the total dry matter production was
examined in terms of percestage reduction to the
treatment of maximum production {0 ppm Al =
100%), it was verified that the production of B
decumbens was more stable when receiving nitrate
than when treated with ammonium (Figure 1} In
the first case, the production decreased 5% up to
30 ppm of Al and decreased 67% at the highest level
the production was 60% of the maximum whereas
for € ciliaris the relative production was more stable
when ammonium was the source of N. The yields
relative 1o the highest level of Al were 670 and
48 3% of the 0 level for plints treated with am-
monium and nitrate respectively, These results
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Table 2. Btffects of Al and N source on root and top dry
weights {g/pot) of Brachiariz decumhens and Cen-
clirwey ciliaris

Mean Al elfect

Al {ppm) Ruoots Tops
0.00 UVE 12356
075 335ab 1961 b
150 231 ab 16.84 b
360 216 b 16 00 be
600 160 « 1338 ¢

Mean N effect

N-carrier Roots Taps
NO, 280a 1891 a
NH, P66 b 1618 b

Mean genotype effect

Rools Tops
Brachiarin U S 1637 b
Cenchrus 234 7.
Mean N x genotype effect
Roots Tops
Brach  Cench Brach Cench
NQ, 2284 3320 155a 2234
NH, 964 136 b 1724 151 b

® Means in a column group (fops or roots) not foilowed by
the same letter differ signilicantly at the 5% level accord-
ing to Tukey's test

stress the metabolic interrelationship of Al tolerance
and the mechanism that regulates nitrogen absorption
by plants It must be noted. however, that the growth
period (pre-stress) of 4 weeks must reduce the
toxic effects of Al for C ciliaris, since the effects are
more drastic at the scedling stage after the radicle
emergence {11). In another experiment. it was
observed (data not shown) that C ciliaris exposed
to soil Al saturation levels higher than 10% does not
grow beyond the seedling stage. whereas B decum-
bens grows satisfactorily.

Aluminium concentration

There is a signiflicant increase in Al concentration
in roots, but not in tops as Al concentration increases

00,
CHEHCRUS - KHyg o
DRACHIATIA- HH4 A e eods
N CHEHCAUS » HOx & - w
a0 Y BRACHIARIA= WDy A — o
X
59
2% ao
H
© Ch-NH,"
® 70 P
o~ . 3
> e
Z- 604 VT BN
(v \
r .
o= 50 A -
="Ch-NO 5
qo T £l Y ¥
o 075 1.5 3.0 60

Al in ppm

g 1 Elfects of Al fevels and N source on relative growth
of Cenchrus cifialy and Brachiaria decumbens

in the nuirient solution (Tabie 3) Accumulation of
Al in roots of both species was higher in plants sup-
plied nitrate than in plants supplied ammonium
{Table 3) For both species the concentration of Al
was higher in roots than in tops. This fact has been
previously documented by Foy and Brown (9) and
Nunns (14) The major part or this Al in roots must
be absorbed in the celiular wall or precipitated in
the {ree space of the roots, specially in the epidermis
(2.5.11.18)

Regurdless of N source 8 dectonbens accumulated
significantly more Al than C cilims suggesting that
rool Al accumulation might be associated with higher
Al tolerance.

Phosphorus concentration

Phosphorus concentration of plant roots was
significantly increased at or above 1.5 ppm of Al in
solution (Table 4). For the two sets of treatments and
for both species, plants receiving N as ammonium pe-
cumulated more P in the tops than plants under
nitrate (0.183 x 0 296) whereas in the roots an
inverse relationship was obtained (N-NH, = 0.326;
N—-NOj; = 0.375). The higher concentration of P
in the roots than in the tops must be due 1o P precipi-
fation at the surface or internally within the roots
(14). The eifects of Al on root P content differ bet-
ween the two species and N sources, With either
nitrate or ammoniwm nutrition the P concentration
of roots for B decumbens was increased at or above
1.5 ppm of Al Regardless of N source, the P concen-
tration of roots for C ciliaris was not affected by Al
concentration in solution {Table 4)

Turrialba Vol. 34, No. 4, 1984, pp. 509-515
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Table 3. Effects of Al and N source on Al concentration of
roots and tops (ng/g of dry maiter) of Brachioria
decuntheny and Cenclirus ciliariy

Mean Al effect

Al (ppm) Roots Tops
900 693 d¥ 198 a
G475 P854 «d I3
HI R jigd ¢ 238 a
300 3366 b 228
6 00 72814 2700

Mean N effect

N-carrier Roots Tops
NQ, 6186 a 2420
NH, 1292 & 2 a

Mean genotype effect

Roots Tops
Bracvhiaria 4 715 a 354 4
Cenchrus 2762 b 208 b

Mean Al X genotype effect

Roots Tops

Al {(ppm) Brach Cench Brach Cench
000 1145 d 140 o« 200 b 198 a
075 2186 od 1523 be 228 b 2i%9a
159 4058 ¢ 2309 Le 237 b 2402
300 6867 b 3595ab 245 ub 2104
6 00 3319 52449 360 4 180 a

Mean N x genotype eifect

Roois Tops
N-carrier Brach Cench Brach Cench
NO, 7 %161 4 456 4 2850 2004
NH, 1514 b 19069 b 23 0 2204

* Means within a colume not tollewed by the sume letter
differ significantly at the 5% level according to Tukey's
test

Potassium concentration

Tuble 5 shows the cliccis of Al on K concentra-
tion of roots und tops. Incressing Al levels affected
K-contest of roots but not of tops Response of
roots K 1o Al levels had a quadratic fit with a maxi-
mum at 3 G pp. Al

When nitrate was the source of N the K concentra-
tion in plunt tops was significantly affected by Al
concentration in solution, but esch specie showed
differentinl responses (Table 5) K concentration
of tops for B decuwmbens with nitrate as the source
of N increased with increasing Al levels, whereas the
K content of the tops for C ciligris decreased as the
Al in solution increased K content of roots for B
decumbens and C cllioris was also affected by Al
concentration and the effects of the two forms of
N were similar Lo those observed on tops (Table 5)

The effects of higher levels of Al on K concentra-
tion of plant tops and roots of B decumbens have
been reported for other vegetuble species (2. 5} and
suggest that Al tolerance might be related to the root
capacity {o absorb K. The results of this experiment
{ Tabie 6) show that increasing fevels of Al in solutien
favors an increase in K conceniration of tops and
roots for specics less sensible to Al (8. decumbens).
Andrew er af (2) observed that in tolerant species
the reduction of Ca concentration of tops due to
ann excess of Al in solution was balanced by an
increase of K and Mg In this experiment it was
observed & marked effect of Al upon the reduction
of Ca concentration of tops (data not shown) and
the increase in K content of tops and roots (Table
5), suggesting that this effect represents a way by
which the plant preserve its ionic equilibrium

The reduction in K content of plant tops for C
ciliaris as a result of increasing levels of Al can be
associated with the reductions of diy maiter (Tabie
2 and 5). Andrew et al {2) observed marked reduc-
tions in K concentrations of species more sensible {0
Al in solution,

Nitrogen conceniration

There was an incresse in N-concentration of roots
and tops as Al in solution increased. Maximum N
concentration was reached at the 3.¢ ppm level
However, responses of plant-N to Al was affected by
N-carrier and plant genotype. Plants under NH,; —N
had significantly higher N than those under NO; —N,
and B decumbens accumulated more N than did ¢
ciliaris (Table 6} A significant interaction was found
betwean Al-levels and N-carriers.

Brachiaria decumbens showed an increase in the
absorption and translocation of nitrogen as the level
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of Al in solution was increased, whereas the nitrogen
content for C cifiaris was decreased whenever Al was
added to the solution An increase in N concentration
for B decunibens with increasing Al levels in sclution
could result from the reduction in plant dry weight
However, under the same experimental conditions the

Table 4. Effects of Al and N source on phosphorus concen-
tration of roots and tops (% dry matter} of Brac hia-
rie decuathens and Cencliruys ciliaris

Mean Al effect

Al {ppm) Roots Tops
000 0236 b* (02540
075 0295 b 32270
150 0376 42090
360 0414 G244 0
& 60 0403 a 02600

Mean N effect

N-carrier Roots Tops
NO, 0375 0183 b
NH, 0326 b (396

Mean Al x genotype effect

Roots Tops

Al {ppm} Brach Cench Brach Cench
G 00 0.268 b 0309 0232%a (0287 a
075 0297 b 029434 024t 021340
150 0417 0336a 02092 0209
300 04392 03%4a (02364 02540
600 0353 04592 2704 02500

Mean N x genotype effect

Roots Tops
N.carrier Brach Cench Brach Cench
NO, 4294 03204 0214 b 0152 b
NH, 0297 b 0354 a 0257a 0334 a

*  Means in 2 column group {tops or roots) not {ollowed by
the same letter differ significantiy at the 5% level accord-
ing to Tukey's test

Table 5. Effects of Al and N source on potassivm concentra
tion of roots and tops (% dry matter) of Brachioria
dectmbeny and Cenclirus ciliaris

Mean Al effect

Al {ppm) Roots Tops
noo 310 o 5281
073 3 81ab 5004
150 407a 5334
3006 414 507a
6 06 335 be 501a

Mean N effect

N-carrier Roots Taps
NO, 357 b 517a
NH, 38%a 51ia

Mean genotype effect

Roots Tops
Brachiaria 339 b 444 b
Cenchrus 4004 S5tla

Mean Al x genotype efiect

Rools Tops

Al {ppm) Braci Cench Brach Cench

o000 248 b 372ab 413 b 643 a

075 3360 47264 397 b 6 04 ab
1 50 378a 437a 4 58 ab 6.08ab
3.00 392a 435a 4 57 ab 558 b
600 341 a 329 b 498 & 504 ¢

Mean N x genotype effect

Roots Tops
N-carrier Braci Cench Brach Cench
NO, 340a 374 b 4702 564 b
NH, 338 4264 419 b 602a

¥ Means within a column not lollowed by the same letter
differ significantly at the 5% level according to Tukey's
lest
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Table 6. Effects of Al and N sowrce on nitrogen concentra-
tions of roots and tops (% dry matter) of Brachiaria
dectombens and Cenclirus ciliaris

Mean Al effect

Al (ppm) Roots Tops
a.00 137 b* I067 be
875 250 ab 213 ab
150 257 ab 221ab
300 260 228a
600 13t b 196 ¢

Mean N effect

N-carrier Roots Tops
NG, 231 b 207 b
NH, et 2194

Mean genotype effect

Roots fops
Brachiaria 258 Z3la
Cenchrus 234 b 196 b

Mean Al x N effect

Roots Tops
Al (ppm) NO, NH, NO, NH,
000 342 ub 232 b 197 be 219 be
0.75 2129 ab IMa 232 205 be
1 50 1482 268a 217 ab 227 ab
3100 136 ub 285a 212abe 24421
6 00 204 b 260ab 190 ¢ 204 ¢

Mean Al x genotype effect

Roots Tops

Al (ppm) Brach Cench Brach Cench

300 229 b 235ub 2i4 b 202&
075 265a4b 236 ab 224 ab 203
i 50 266 ub 249 242a 200:
300 269a 1534 237ab 2.19a
600 263 ab 198 b 236 ab 1.58 b

*  Meuns within & column group (tops or roots} not followed
by the same letter differ signilicaritly at the 5% level
according to Tukey's test

Al treatments reduced the dry weight of O ciliaris
that had aiso less N concentration suggesting that N
accumulation is a characteristic of Al tolerant species

The results suggest that tolerance to Al-loxicity is
related to the patterns of fon uptake The effects of
N-carriers on Al-toxicity are thus mainly due to its
influence on the ion uptake patterns of the plants.

Summary

To study the effects of various Al levels and the
possible role of nitrate or ammonium nutrition on the
grawth and nutrient accumulation of two gramineous
species (Brachiaria decumbens and Cenchius ciliaris)
several rates of Al {0. 0.75, 15, 3.0 and 6.0 ppm)
were added to nutrient solutions in a greenhouse
experiment utilizing NH, or NO, as source of
nitrogen.

For both species. dry weights decreased as the Al
concentration was increased. In absolute terms, B
decuinbens produced more dry matter when relying
ort NH,;  than when utiliizing NO5. the inverse
happened with ¢ ciiaris However, when the reduc.
tion in dry weight with increasing Al levels is taken in
relative term (% of the maximum) B decumbens
receiving NO5 showed more stability whereas ¢
cilinris was more stable when treated with NH,. The
Al and N concentrations of roots and tops of planis
treated were differentialy affected by the form of
nitrogen used, Plants receiving nitrate as the source of
nitrogen, accumulated more Al in roots than those
receiving ammonium. For botit species. plants
receiving nitrogen as NH, had higher P concentra-
tions in tops than did nitrate plants, whereas in the
roots an inverse relationship was observed. Nitrogen
and potassium accurnulation in plant tissue appear to
be related to Al tolerance
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Resena de libros

KOOLEN, A I y KUIPERS, H Agricuitural soil
mechanics. Springer-Verlag, New York [983
41 p

Este volumen preparado por dos prestigiosos cola-
boradores de la bien conocida Universidad Agricola
de Wageningen, Holanda, presenta una discusidn origi-
nal de tres campos de la Ingenieria Agricola, dedican-
do a cada uno una parte del libro

Las condiciones generales del suelo con el tépico
de la primera parte, mucho mds corta que las otras Se
enfoca aqui el suelo como un sistema que presenta
oposicion a fuerzas aplicadas a la misma

La segunda parte que incluye un poce mds gie un
tercio del volumen analiza el comportamiente mecd-
nico de tos elementos del suelo Esta parte consiste en
cineo subdivisiones que se refieren a:

a) Los aspectos generales del comportamiento mecd-
nico de las unidades elementales de} suelo.

b} Un tratamiento bdsice de la compactacién.
¢) Un andlisis de la deformacion del suelo
d) Un estudio del rompimiento del suelo v

e} Un estudio bdsico de ia adherencia v friccidn entre
suelo y otros materiales

La tercera parte se dedica al estudio de los proce-
sos referentes a la capacidad del suelo de levar cargas

y de su desintegracion. Esta parte es la mds larga al in-
cluir mds de la mitad del volumen, tiene siete subdivi-
siones que son:

a) Aspectos generales de los procesos de arado.
b} Ruedas, llantas v rodillos

¢} Elementos que penetran al suelo (Cufias, Conos,
Placas, Alambre y Esferas)

d} Cuerpos cortantes
¢) Orugas
f} Dientes
g} Cuerpos de arado

En todos los capitulos se discute los principios que
se aplican en esta parte y la aplicacién de los princi-
pios en las operaciones pertinentes Tiene 231 refe-
rencias, y la mayoria de ellas son inglés con unas po-
cas en holandés y alemdn, permiten al interesado a
profundizarse en los dilerentes topicos, a los cuaies se
localiza ficilmente por medio de un buen indice de
materiales al final.

El volumen es sin duda una adicidn Gtil a ia no
muy ampliz bibliografia en Ingenieriz Agricola y por
esto se le recomienda & todos los que se interesan en
mecdnica de suelos. El inglés de los autores es claro y
la mayor parte del volumen es comprensible aiin pa-
¥a no ingenieros agricolas, siempre que tengan buenas
bases en mecinica

ELEMER BORNEMISZA S
FACULTAD DE AGRONOMIA
UNIVERSIDAD DE COSTA RICA



CONSERVACAO E ARMAZENAMENTO DO MARACUJA'. AMARELO Passiflora edulis | flavicarpa

Deg. 111 - VARIACOES NO TEOR DE ACIDO ASCORBICO!/
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The value of the fruits juice Is frequentely expressed by his ascorbic acid contfent
fin this work, yellow passion fruit (Passiflora edulis f flavicarpa) was used. Ripe and
partially ripe passion fruirs were stored, in both, temperature controlled rooms (3, 6,
7, 2°C}, with relative humidiry ranging from 85 to 90% and under environmental condi-
tions. The fiuits were submitted to trearments with skin-coating, germicide products
and wrappers During the storage period, samples of fruits were taken periodically
for analvsis. The effect of the treatments on ascorbic acid content, was deterininated
for two months. The results showed rhat there is a progressive decrease in ascorbic
acid content, independent of the treatments, maruration stage, and storage conditions
It was observed that the treatments thar propitiated better conservation, caused the

lower decrease in the ascorbic acid content.

Introdugio

y maracujazeiro (Passiffora edulis f. flavicarpa
. Deg.) conhecido como peroba, amarelo, é o
: mais cultivade comercialmente. E valioso pelas
suas caracteristicas nutricionais e pela sua grande apii-
cagiio (9). Pode ser consumido in natura cu na forma
de suco, que adicionado de dgua, resultz em refresco
de agraddvel sabor {(8)

A comercializagiio do [ruto ¢ prejudicada devido a
ocorréncia de rdpido murchamemnto, conferindo md
aparéncia & casca em apenas trés dias (4). Uma ver
resolvido o problema do murchamento através do
uso de produtos que diminuam as trocas gasosas com

1 Recebide para publicagio el 22 de julho, 1982

* Professor  Assistenie Doutor do Depurtamento de
Horticultsira, Faculdzde de Ciéncias Agrondmicas de
“Campus™ de Botucatu, UNESP

* Professor Titular do Departamento de Tecenologia
Rural, Escola Superior de Agricultura “Luiz de Quej-
raz”, USP.

##%  Professora Assistente Poutorz do Departamento de
Tecnologia dos Produtos Agropecudrios, Facuidade de
Ciéneins  Agronémicas do “'Campus” de Botucatu,
UNLESP

o ambiente, resta saber o gque ocorre com o teor de
dcido ascorbico do suco, pois geralmente, é a presen-
¢a deste, o principal indicador do valor nutritivo de
Ui suce

O teor de dcido ascdrbico nos frutos € muito varid-
vel segundo o local de produglio, estddio de desenvol-
vimento, amadurecimento, temperatura de armazena-
mento, fotoperiedismo e outros. Essa varizgio tem
oscilado de 7 a 20 mg por 100 g de suco (I, 6, 10).
Segundo alguns autores, o teor de dcido ascorbico do
suco diminue com a maturagdo (12) O presente tra-
balho tem por objetivo conhecer a variagio no teor
de dcido ascorbico do suco de maracujs durante a
conservacio e armazenamento do fruto.

Material e métodos

O experimento foi conduzide na Faculdade de
Ciéncias  Agrondmicas “Campus” de Botucatu,
UNESP. Trabalhou-se com 3 168 frutos de maracujd
amarelo, colhidos em dois estadios de maturagio ou
seja; 1 584 frutos maduros (M) e | 584 frutos de ma-
turagio incompleta (V) de acordo com a coloragio da
casca, apos tigorosa selecfo com relagio 4 sanidade e
tamanho.

Os frutos receberam os seguintes tratamentos:
A-testemunha; B-imersdo em paralina de ponto de fu-
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sBo 56-58°C: C-sacos de polietileno; D-imersdo em or-
tofenilfenato de sodio; E-imersdo em ortofenilfenato
de sodio e em seguida em parafina; F-imersio em or-
tofenilfenato de sodio e ensacados em sacos de polie-
tileno: G-embatados em papel de seda tratado com di-
fenil

Apts os tratamentos, os frutos foram colocados
em bandejas superpostas e armazenados em cimaias
sab condicdes controladas com a temperatura de 5.6
a 72°C ¢ a umidade relativa do ar de 85 2 90% e am
condicbes ambientes com i temperatura variando de
18 2 30°C e 2 umidade relativa de 55 a 90%

No mesmo dia em que foram realizados os trata-
mentos, analisaram-se amostras de frutos nos dois es-
tddios de maturagdo Durante o armazenamento, a in-
tervaios de 15 dias, analisavam-se amostras para deter-
minar o teor de deido ascdrbico do suco Essas deter-
minagdes foram feitas pelo métode de Tillmans modi-
ficado por Arzolla (2) e expressos em mg/i00 g
de suco As amosiras foram constituidas por quatro
frutos escolhidos zo acaso, fazendo-se duas repeti-
¢lies.

Conrvencionou-se chamar CO {zero), o ciclo inicial
ou seja, o dia em que se realizaram os {ratamentos, se-
guida pels andlise do teor de deido ascorbico A cada
15 dias se seguiram os cicles CL, CIE, CHL e CIV

0 delineamento estatistico foi em blocos ao acaso
segundo o fatorial 7 x 4 x 2 (tratamentos, ciclos
estadios de maturagiio) para os ensaios em condicdes
controfadas e fatorial 7 x 2 x 2 para os ensaios em
condi¢Bes ambientes Os resultados foram analisados
e comparados pelo este de Tukey segundo Gomes (7).

Antes das andlises estatisticas, os dados foram pre-
parades de modo a se chegar a uma distribuicfo nor-
mal dos erros, conforme Steel e Torrie {13). Deste
medao, as porcentagens foram transformadas em arco
seno v/ %

Resultados e discussio

Os resultados obtidos nas condicBes de cdmara
com temperatura e wmidade contreladas, estZo rela-
cionados no Quadro | e nas condigBes ambientes, es-
tio no Quadro 7

No Quadro 2. a andlise de varidncia indica que to-
dos os fatores inleragiram entre si, mostrando que ©
estidio de maturacio, os tratamentos e o periodo de
armazenamento influiram conjuntamente sobre a con-
servacio dos frutos

Pelo Quadro 3, nota-se no cicio | que o teor de dci-
do ascérbico foi maior nos traiamentos F seguido pe-
los tratamentos G ¢ E que nfio diferiram entre si e de-

Quadro 1. Valores de dcido ascorbico em mg/100 g no suco do maracujd amarelo sob efeito de 7 tratamentos, em 2 estidios de matura-
¢fio, nos 4 ciclos de armazenamento sob condigSes de cdmara fria.

Tratamentos Estadios Ciclos
I 1 111 v

A Testemunha M 2275 23.25 16.00 g.06
\Y 18 50 2 1700 16 00
B Parafina M 25060 2900 1750 15125
v 2000 14 .00 1700 13.50
C. Sacos de polietileno M 24 00 23.00 16 00 16.00
v 2425 20 50 17.50 17.00
D Ortotenilfenato de sodio M 26 50 24 50 1550 .75
AY 2500 20.00 16.00 16 .50
E Ortofenillenato de M 1850 2675 22040 g 23
sodio + parating AY 24 50 19.00 14 40 14 50
F Ortefenifenato de M 29 .00 2500 21.60 21 00
sadio + suco de poliet \Y 2900 1830 17.50 20.00
G Papel de seda M 25.00 20175 13 00 12.95
+ Difenil Ay 29.00 2300 2050 15258
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Quadro 2. Anglise de variincia para dados de teores de deido
ascorbico no suco do marscujd amarelo, mantido
em condigdes de cimara fria.

C. Variacio G.L. F

Lstidios de maturacio () 1 4.53%

Cicios (C) 3 171 68 e
Interagao (£ x C) 9 27 5k
Tratamentos (T) 6 g 35
Interagiio (& x T} 5 [] 23w
Interagdo {C x T) 18 3 GG
Interagio (B x Cx 1) 18 3 5%

CV =528%
* Significativo ao nivel de 5% de probabilidade

** Significativo ao nivel de 1% de probabilidade

cresceram dos tratamentos B até A Jd no ciclo teores
ndo diferiram entre s ao nivel de 5% pelo teste de Tu-
key enquanto que no ciclo 1l pode ser observado o
efeito dos tratamentos na conservagio do fruto pois
o teor de dcido ascorbico do maracujd com o trata.
mento F permaneceu alte e continuou constante no
ciclo IV enquanto gque nos demais tratzmentos, os
teores sefreram quedas sensiveis

Com relacdo aos ciclos dentro do tratamento, no-
ta-se uma queda nos teores no tratamento A, D, Fe G
eaquanio que no tratamenio B, C e F as guedas fo-
ram menores. De forma geral, os resultados sfo con-
cordantes com agueles obtides ne maracujd roxo por
Pruthi e Lal (11), que obtiveram nos frutos armaze-
nados a 6 5°C, a queda gradativa de 30 4 mg/100 ¢
até 125 mg/100 g de dcido ascorbico ac fim de 8
semanas.

Pelo Quadro 4 observa-se que para os frutos madu-
ros o tratamento I foi o mais eficiente seguidos pelos
fratamentos E, B e C que diferiram entre si pelo teste
de Tukey. enquanto que para os {rutos de maturacio
incompleta, os tratamentos G, F ¢ D foram os mais
eficientes

Quadro 3. Valores médios dos tratamentos, e o valor obtido para a d.m.s. pelo teste de Tukey, para o teor de dcido ascorbico ro suco
do maracuji amarelo mantido em condigBes de cimara fria durante os 4 ciclos de avalingiio (mg/ 100 g).

Tratamentos Ciclos
! H 1 v
A 0628 C 2237aC 16 50 abB 1250a A
B 1250ab B 21508 17.25 abA 1425 aby A
C 2437 b B 2175a B 16 75 abA 1650 b A
D 2575 b C 22352 B 157532 A 13202 A
k. 26.50 beD 287aC 1800 abB 1187z A
5 2900 ¢B 2175a A 1925 DbA 075 cA
G 2700 beB 2187a 8 16 .75 abA 14 .00 ab A

dms (Tukey)a 5% =300

Medias com letras iguais nio diferem entre si

Letras maiusculas referem-se a ciclos dentro de tratamentos (linkas).

Letras minasculas referem-se & tratamentos dentro de ciclos (colunas)

Turrialba Vol. 34, No. 4, 1984, pp. 517-523
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Quadro 4. Valores médios dos tratamentos, e o valor obtido
para a d.un.s, pelo teste de Tukey, para o teor de
icido ascdrbico mo suco do maracujd amarelo nos
estidios maduro e de maturscdo incompleta,
mantido em condigtes de camara fria (mg/100 g).

Tratamentos — Estidios

Maduro Maturagdo

incompleta

A 17752 A 1825 b A

B 3169 b B 16124 A

C 1975ab A 19 94 bea

D 19062 A 1937 beA

L 2162 b B 1800 ab A

E 2400 cB 2125 cA

G 1787a A 2194 B

dms (Tukey)a 5% =212
Médias com letras iguais ndo diferem entre s

Letras maiusculas referem-se a estadios dentro de tratamentos
(linhas)

Letras minusculas referem-se a tratamentos dentro de estd-
dios {colunas}

Com relagic aos estidios de maturagdo dentro do
tratamento, observa-se que os {frutos maduros, na
maioria dos tratamentos, apresentoy maiores porcen-
tagens gue nos frutos de maturagio incompleta

No Quadio 5 observa-se gue os teores de dcido as-
corbice diminuiram durante o armazenamento tanto
para os {rutos maduros como para os maturacio in-
completa e que no ciclo [ e HI os teores nio diferiram
pars os estddios de maturaclo enquanto que noe ciclo
I, os frutos maduros apresentaram teores mais altos
mas no ciclo IV houve uma inversio provavelmente
por fatha de amostragem na maturacio dos frutos

No Quadro 6, & andlise de varidncia mostra que os
tratamentos, os estddios de maturagio e os ciclos
apresentaram diferencas significativas ao nivel de
1% de probabilidade bem como a interaclio estddio e
tratamento cem diferencas ao nivel de 5% de probabi-
lidade para os frutos armazenados sob condi¢@es am-
bientes

Quadro 5. Valores médios dos dois estddios de maturagio,
para o teor de deido ascdrbice no suco do mara-
cuja amarelo mantido em condicdes de cdmara
frin durante os 4 ciclos de avaliagio (mg/ 100 g).

Ciclos Estadios
Maduro Maturagao
incompleta
i 2582 ¢A 2439 ¢A
iH 2461 cB 1950 b A
ifl 1728 b A 1707a A
v 13282 A i6.ita B

dms (Tukey)a 5% =139
Madias com letras iguais nio diferem entre si

Letras maiusculas referem-se a estadios dentro de ciclos
(lihas)

Letras minusculas referem-se a ciclos dentro de estddios
{colunas)

Quadro 6. Andlise de variincip para dados de teores de dcido
ascorbico no suco do maracujd amarelo, mantido
em condicOes ambientes,

C. Variacdo GlL. F
Estidios de maturagio (B) 1 89 16%*
Ciclos (Q) i B g5k
Interagao (I x C) 1 1370
Fratamentos (1) 6 371
Interzgdo (£ x 1) 6 318
TemEM 6 5.83%=
TemEV 6 105ns
Interagda (Cx 1) 6 1.06ns
Interagio (Ex Cx 1) [ 1 06ns.
CV =718%

*  Significativo ac nivel de 5% de probabilidade
*& Qipnificativo ao nivel de 1% de probabilidade

n 5 ndo signiticative
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Pelo Quadre 8, nota-se gue os traiamentos B, E e
D foram os que apresentaram os mais zltos teores de
dcido ascorbico, enquanto a testemunha A apresentou
o mais baixo teor para o ciclo | enguanto que no ciclo
If ainda o tratamento B foi o mais eficiente Nas con-
dicles ambientes, o tempo de armazenamento foi a
metade do tempo de armazenamento sob condigfes
controladas ou seja. wm més jd que cada ciclo corres-
ponde a 15 dias. Como era esperado, a maioria dos
tratamentos apresentou um teor mais alto no inicio e
gueda no teor durante o periodo

No Quadro 9 ve-se que os ciclos nio dileriramem
reiacio ao estidio maduro enquanto que o teor de
acido ascdrbico diminuiu durante o armazenamento
para os frutos de maturagfio incompleta. Os frutos
apresentaram em ambos os ciclos, valores mais altos
que os de maturagdo incompleta

Pelo Quadro 10, observa-se que o tratamento B foi
o gue melhor conservou o teor de dcido ascdrbico do
fruto maduro e que somente o tratamento C e A nio
foram eficientes, A por ser a testemunha e C porque
a formagiio de dpua no interior do invélucro propi-
ciou o desenvolvimento de microorganismos que ace-
leraram & maturagio

A queda no teor de dcido ascorbico parece ser de-
vida a respiragio. Loewus er ol citado por Biale (3)
postulou que o Gltimo precursor do dcido ascdrbico é
a glicose -- 6 — fosfato. Duckworth (5) considera que
durante a respiragfo, a glicose — 6 — fosfato é degra-
dada no processo Embden-Meyerhof-Parnas (E M P)
seguida pelo ciclo de Krebs, dai a causa dz diminuigio
no teor de dcido ascorbico dos {rutos armazenados

Segundo Pruthi (10}, o teor de dcido ascorbico do
maracujd varia até com o tamanho do fruto, por isso
torna-se dificil interpretar o efeito dos tratamentos

Conclusdes

Dos resultados obtidos pode-se concluir o seguin-
te:

I O teor de dcido ascorbico do suco do maracujd na
forma “in natura™ diminui gradativamente durante
0 armazenamento

2 A redugdio no teor do deido ascorbico é menor pa-
ra 0s tratamentos que induzem a conservaglo por
maior periodo de tempo como no caso da parafing
e saco de pojietileno.

Quadro 7. Valores de dcido ascorbico em mg/100 g no suco do maracujd amarelo sob efeito de 7 tratamentos em 2 estidios de matura-

¢l0, nos 2 ciclos de armazenamento sob condigdes ambientes,

Tratamentos Estidios Ciclos
| 11

A Testemunha M 2050 26 .00
\Y 1750 1550
B Parafina M 33.00 29 50
A 19 00 1950
C  Sacos de polietileno M 20.50 19 50
A4 22 50 17 50
B Orrofenilfenato de sodio M 26.50 26 00
v 22 00 1725
E  Ortofeniifenato de M 29 .00 2725
s6dio + parafina v 21.50 16 50
F  Ortofenilfenato de M 2850 25060
s6dio + saco de poliet v 17 50 17 G0
G Papel de seda M 27 50 21 50
+ Difenit Ay 19.25 1500
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Quadro 8. Valores medios dos tratamentos e o vilor obtidos
para a d.m.s. pelo teste de Tukey, para o teor de
dcido ascOrbico no suco do maracujd amarelo
mantido em condiges ambientes durante 2 ciclos
de avaliagio (mg/100 g).

Tratamentos Ciclos
! i
A 1900 a 1075 b
B 600 d 2450 <
C 2050 b 1850
b 2425 d 27162 b
E 2525 d 2187 b
F 2300 be 2046 b
G 2337 ¢ 1825 a

dms (Tukey)a 3% =1.70

Médias com letras iguais ndo diterem entre si

1etras maiusculas referem-se a ciclos dentro de tratamentos
(inhas)

Letras minusculas refereme-se a tratamentos dentro de ciclos
{colunas}.

Quadro 9. Vatores médios -dos dois estidios de maturagio
para o teor de dcido ascérbico no suco do mara-
cujé amarelo mantido em condigGes de ambientes
durante 2 ciclos de avaliagio (mg/100 g).

Ciclos Estadios
Maduro Maturagio
incompleta
I 26.50a B 1989 bA
I 24962 B 16892 A

dm.s (Tukey)a 5% =206
Médias com letras iguais nao diferem entre si

Letras maiusculas referem-se a estadios deatro de cicloy
(linhas)

Letras minusculas reflerem-se a ciclos dentro de estidios
{colunas)

Quadro 10, Valores médios dos tratamentos e o valor obtido
para a d.m.s., pelo teste de Tukey, para o teor de
dcido ascorbico no swco do maracnji amarelo no
estado madure mantido em condicBes ambientes.

(mg/100 g).
TFratzmentas Estidio maduro
A 23254
B 3125 ¢
C 20800
D 26253 b
k 2812 b
F 2675 b
G 2450 b

dms {Tukey}a 5% =449

Médias com fetras jguais nzo diferem eatre si.

3 Em cémaras sob condi¢es de temperatura e umi-
dade sob controle, a conservagdo ¢ maior que nas
condi¢des ambientes.

4 Em ambas as condigfies de armazenamento, os fru-
tos madures apresentaram maior teor de dcido
ascorbico.

Resumo

O valor de um suco de fruta, quase sempre ¢ ex-
presso pelo seu teor em vitamina C. No presente tra-
balho, frutos de maracujd amarelo, maduro e parcial-
mente maduro, foram conservados através do uso de
germicidas, impermeabilizantes e envoltorios. Em se-
guida foram armazenados em cdmaras com tempera-
tura e umidade relativa do ar sob controle e também
sob as condigBes ambientes Semanalmente determi-
nou-se o teor de dcido ascdrbico, durante o periodo
de dois meses Os resuitados revelaram gue houve um
decrescimo progressivo no teor de dcido ascérbico dos
fruios, independente dos tratamentos utilizados, estd-
dios de maturagiio e condigBes de armazenamento
Entretanto, constatou-se que, nos tratamentos que
propiciaram maior conservagio, ¢ decrescimo no teor
de deido ascérbico foi menor
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A pesar del avance impresionante que la aplicacion
de ia tecnologia moderna ha logrado en el terreno in-
dustrial, la agricultura continua siendo, en su contex-
to mds amplio, la actividad mds importante del hom-
bre moderne

En los paises econdmicamente desarrallados, la
prictica de la agticultura afecta significativamente al
ambiente ecologico y a la actividad social, politica y
gcondmica La necesidad de conservar el ambiente y
la creciente conciencia pohitica de los pueblos mds
avanzados, se han unido para cuestionar seriamente
el papel que juega la agricultura en su forma actual de
iz vida y mds importante atn, su papel como modela-
dora del mundo del futuro

El autor de este libro sustenta la tesis de que en el
sector no agricola de la poblacion, existe un gran des-
conacimiente de lo que realmente es la agricultura y
ello es una de las principales razones por ias que se
cuestiona su papel en la sociedad moderna La obia
entonces se escribid con el propdsito de describir en
forma integrada la actividad agricola, de tal forma
gue sea comprensible por el poblico culto gue no es-
t4 directamente relacionada con la agricultura Se es-
pera que los conocimientos aportados a través del li-
bro, contribuyan a reducir la brecha de entendimien-
to que existe entre el sector agricola y el resto de la
sociedad de los paises avanzados, principaimente
BUIOPEOS.

Los capitulos introductorios explican la importan-
cia de los factores socio-econdmicos y fisico-biologi-
cos como determinantes del tipo de sistema de pro-
duccién agricola existente en un lugar dado dentro de
un pais. Estos capitulos son generales y sus conoci-

mientos aplicables al entendimiento de cualquier sis-
tema de produccion

Los capitulos restantes son mds especificos y en
cada uno de ellos se trata un sistema de produccion
diferente FEntre estos sistemas tratados se encuen-
tran: sistemas de produccién de cultivos con labranza;
sistemas de produccién de leche; sistemas de produe-
cidn animal basados en praderas de ladera; sistemas de
produccion mixtos cultivo/animal y por dltimo siste-
mas intensivos de produccidn ganadera

Ademds de estos capitulos, se pueden citar como
partes importantes en esta obra, algunos comentarios
acerca de la produccidn agricola usando solo insumos
de tipo orgdnico, que ha adquirido reciente populari-
dad en cierios paises y otra parte que dice relacion
con la comercializacion de productos, siempre en el
contexto de kuropa,

Todos los ejemplos pricticos que aporta la obra
han sido tomados de la agricujtura actual en la Gran
Bretafia, que guarda un alto grado de similitud, al me-
nos fisico-bioldgica, con otros paises europeos. Para
ef estudioso de los problemas de la agricultura en los
paises subdesarrollados, esta obra solo adquiere un
cardcter de referencia ocasional como punto de com-
paracién

Indudablemente el autor cumple con su proposito
de ilustrar en forma sencilla, pero al misme tiempo
completa, el conjunto de probiemas de tipo ecoldgi-
co ¥ econdmico gue enfrentz la agricultura actual en
Gran Bretafia A travds de la obea, se percibe con cla-
ridad como la politica agricola comuin que siguen los
paises que pertenecen a la Comunidad Econdmica de
Naciones, afecta no sdlo la agricultura europea, sino a
las posibilidades de exportacién de los paises del ter-
cer mundo.

RAUL A MORENO

CENTRO AGRONOMICO TROPICAL

DE INVESTIGACION Y ENSENANZA (CATIE)
TURRIALBA



COMUNICACIONES

Identificacion de especies y biotipos de Brucella ais-
iadas en Costa Rica.

Summary. This is the first report of the presence and
identification of Brucella in Costa Rica Brucella abortus was
isolated from eight bovine aborted fetus and from the blood
of one human case All the bovine isolates belonged to 8.
abortus biotype 1 Brucella suis biotype 1 was isolated from
ong case of a suine aborted fetus An unknown variant of
smooth Brucella was isolated from the testis of an infected
dog The impeortance of these findings is discussed in retation
to the anirmal and human brucellosis in the region

La brucelosis es una de las enfermedades bacteria-
nas mds importantes en veterinaria ya que afecta tan-
to al ganado de lechie como al de carne (3, 7. 9), y es
quizds iz zoonosis de tipo ocupacional mds frecuente
(3. 10) Aunque usuzlmente no es una enfermedad
letal, causa trastornos {isicos y psiquicos en el hom-
bre enfermo, lo que conduce a una disminucién de su
rendiniento laboral Recientemente en Ceatroaméri-
ca, se han iniciado progrmmas que tienen como fin
controlar y erradicar la brucelosis (5, 9). El aislamien-
to e identificacion de las especies y biotipos de bruce-
lns es de vital importancia pars comprobar el dizgnos-
tico serotdgico y tener una idea clara del origen y dis-
tribucidon de la infeccidn (3, 7). En este trabajo repor-
tamos por primerz vez en Costa Rica el aislamicato
de dos especies de Brucellz y de sus respectlivos bio-
tipos.

Materiales y métodos

Las muestras utilizadas pars el aislamiento de las
brucelas fueron el contenido abomasal de fetos de
bovines o suinos, el testiculo de un perro adulto y la
sangre de un hombre adulto con historia clinica de
brucelosis. Los ocho fetos abortados de bovinos fue-
ron recogidos en San Rafael y San Isidro de Heredia,

Escazu, provincia de San José y en las faldas del Vol-
cin Irazd de Cartago El perro infectado provino de la
ciudad de Heredia vy ef hombre con historia clinica de
brucelosis reside en Sarchi, provincia de Alajuela

Bl aislamiento primario de las brucelas obtenidas
de animales. se lievo a cabo en platos de agar sangre
incubados en una atmosfera de CO, al 3% . El aisla-
mienio en of caso humano se realizd en el medio di-
fisico de Castafieda (2) Todas las brucelas se mantu-
vieron en agar tripticasa sova con 1% de suero huma-
no o alternativamente se liofilizaron.

La produccion de sueros inmunes monoespecificos
en conejos. el dizgndstico de los animales y humanos
infectados y la identificacion v biotipificacién de bru-
celas por medio de pruebas bioquimicas y seroldgicas,
se Hlevé a cabo segin los métodos convencionales (1),

Resultados y discusion

Las aglutinaciones de los sueros provenientes del
lombre y de los animales analizados presentaron titu-
los mayores de 500, por lo que serolégicamente los
individuos se consideraron como infectados (1), Las
reacciones cruzadas con otras bacterias Gram negati-
vis. especialmente con Yersinia enterocolitica tipo
IX, rara vez alcanzan titulos superiores al de 200 (1,
5). La serologia y la clinica se confirmaron con el ais-
lamiento de la bacteria en los diferentes casos.

De los ocho letos bovinos, se identificé Brucella
abortys Dbiotipo 1; del feto de suino abortado se
aisld Brucella suis biotipo 1y de la sangre del hombre
con historia clinica de brucelosis se identificé B
abortus, sin embargo, debide a que se perdit el aisla-
miento, no fue posible establecer el biotipo a que
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pertenecia esta bacteria. Del testiculo de un perro
infectado, se 2isld una especie lisa de Brucefla la cual
aglutinaba con suero monoespecifico contra B abor-
tus, pero que bioguimicamente presentaba caracteris-
ticas similares a Brucella canis

Este trabajo preliminar, establece por primera vez
en Costa Rica la presencia de dos especies diferentes
de Brucella. Los resultados obtenidos sugieren que el
bictipo | de B abortus es el mids abundante en el
Valle Central ya que {ue el inico identificado de los
ocho aislamientos: lo anterior estd de acuerdo con lo
encontrado en oiros paises del Continente Americano
(3. 7, 9). Actualmente, no se sabe si el biotipo 1 es
el que predomina en el resto del pais; la confirmacion
de esta supesicién asi como la posible identificacion
de nuevas especies y biotipos de Brucella requerird de
un muestree extensivo de bovines, suinos, caprinos.
avinos, caninos y humanos en diferentes regiones

El sistamiento de B aborfus en un caso humano,
complementa los estudios serolégicos de Williams Tas-
sara {10) y los casos clinicos mencionado por el Mi-
nisterio de Sajud de Costa Rica (8). que indican que
la brucelosis es una zoonosis frecuente en ¢l pais So-
lamente durante el afio 1983, el Ministerio de Salud
identificd serologicamente 8 casos de brucelosis en
individuos det sexo masculino. Es posible, que debido
a la falta de un registro y reconocimiento adecuados
de la enfermedad. esta cifra sea superior a fa meacio-
nada actualmente. Bs importante sefialar, que las dos
especies aisladas (B abortus y B suis) son patdgenas
para ¢t hombre El aislamiento de una variante lisa de
Brucelle con caracteristicas bioquimicas de B canis
obtenida del testicule de un perro infectudo, presenta
un problema interesante, ya que B canis solamente se
ha descrito en fase rugoss {6) En estos momen-
tos se analizan las caracteristicas del lipopolisacdride
y de las proteinas de esta bacteria para determinar
exactamente la especie de Brucells a que pertenece.
Bl aislamiento de B suis biotipo 1 confirmas estudios
seroldgicos (Moreno, E | resultados no publicados)
en los que se sugiere la presencia de esta bacteria en
cerdos de Costa Rica

Ei reconccimiento de las especies v biotipos de
Brucella es fundamental para establecer la distribu-
cion y el movimiento de la enfermedad en la region.
asi como en la evaluacion del problemu de zoonosis
Para poder determinar el riesgo bioldgico es importan-
te identificar las especies y biotipos de brugelas que
se encucntran en el pais, ya que no todas son igual-
mente patogenas.

Los resuitados obienidos en este trabajo justilican
un estudio intensive de aislamiento y casacterizacién
de las brucelss en Costa Rica lo que eventualmente
servird de apoyo a los programas nacionales de Con-

tro} y Erradicacion de la Brucelosis que han empeza-
do a funcionar en Centro América v el Caribe (5, 9).
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Resumen

Este es el primer informe sobre la presencia ¢
identificacion de Brucelln en Costa Rica Brucelln
abortuy  se aisld de ocho fetos de bovinos que aborta-
ron vy de la sangre de un caso humano. Todos los ca-
s0s aisludos en bovinos perienecian a B abortus bio-
tipo | El biotipo | de Brucelly sufs se aislé de un feto
abortado de cerdo. Una variedad desconocida de Bru-
cellg se aislo de los testiculos de un perro infectado.
Se discute la importancia de estos hallazgos en rels-
cién con la brucelosis animal y humana en la regidn
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Aplicacion de N y de estiéreol en la lechuga (Lactuca
sativa L.}

Summary. The objective of this study was to know the
amount and the application form of nitrogen and the levels
of pouvitry manure {P M } more efficients in the lettuce {Lac-
tuca sativa L. ¢v Great Lakes, crisp head salad) production

We tested 3 levals of N ({J3 100 and 200 kg/ha); three tevels
of P. M (020 and 40 m™/ha}; and 3 application forms of

nitrogen {total amount at transplanting time. on half at
transplanting time, on half at transplanting and 1/2 20 days
after, and one third at transplanting 1/3 20 days after and
1/3 40 days after transpianting) A factorial arrangement of
reawments was used. in a randomized complete biocks
desing, with three replications, at Santa Rosa Exp. Stn,
Mérida, Venezuela, on a typic Humitropepis soil . The use of
N increased the fettuce yield, however, there was not signifi-
cative differences between 100 and 200 kg/ha Pouluy
manuer alsqo influenced the crop yield but we did_ not
detect significative differences between 20 and 40 m™ /ha.
We did not find significative interactions between N and
P M. applied. When N was used in fractions had efiect
neither on the ceop yield nor an the loose heads percentage.

Las plantas de lechuga poseen un sistema radicular
super{icial v pequefio que requieren un suelo bien
provisto de nutrimentos y de materia orgdnica las
aplicaciones de 20 a 40 toneladas de estiéreo! curado
con 50 kg de N, 50 kg de K vy 180 kg de P/ha, deben
producir buenos resultados incluso en suelos pobres
(1.3, 10.13. 16) La lechuga absorbe el 70% de sus
nutrimentos durante el nitimo 30% de su ciclo y el
80% del N en las 4 semanas anteriores a la cosecha;
por tal motivo, necesita altos niveles de fertilidad en
el suelo especialmente de N muy cerca de la cosecha
(6. 8, 15) Debe tenerse cuidado al aplicar e} Nenla
mitad o tercio {final de su ciclo a las variedades que
forman cabezas, porque un exceso de NOj; en esy
etapa, tiende & promover crecimiento y a producir
cabezas {lojas no deseables comercialmente (9).

Las diferencias de N en lechuga. en medios caren-
tes del elemento. ocurren alrededor de una semana
después de la emergencia y aparecen cuando los nj-
veles de NO; N en las nervaduras principales de las
hojas son menores de 5 000 ppm, en todo caso se
retarda la formacidn de las cabezas v los rendimien-
tos se reducen (7, 11, 12). Se ha sefialado s fertili-
zacion nitrogenada 2 pH hajos, no sumentz los ren-
dimientos de lechuga y algunas veces los reduce; sin
embargo. el rendimiento es dptimo y los rendimien-
tos son mdximos a pH entre 6y 7 (4. 14), el creci-
miento es Optimo y los rendimienlos son mdximos

En los Andes venezolanos, algunos productores
de lechuga aplican estiércol bovino y la {ormula
10—10-—15 a razdn de 11 000 y 250 kg/ha respec-
tivamente (5). El presente trabajo tiene como objeti-
vos, i) conocer dosis N para ¢f desarrollo y produc-
cion de lechuga, asi como fa forma de aplicacion mds
adecuads para fa lormacidn de cabezas comerciaimen-
te deseable, if) medir los beneficios de la aplicacién de
estiércel al suelo y la cantidad mas efectiva para el
fogro de altos rendimientos en lechuga y iii} disponer
de informacion confiable, que pueda ser recomendada
a los productores de lechuga de la region.
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Materiales y métodos

Ling siembra de lechuga variedad Great Lakes, tipo
cabeza rizada. fue sometida a diferentes niveles y for-
mas de fertilizacidn nitrogenada y a la aplicacion de
varias dosis de estiéreel en un campo de la Estacion
Experimental “Santa Rosa”, dei Instituto de Investi-
gaciones Agropecuarias, Universidad de Los Andes
Distrito Libertador, Edo Mérida (08° 35" 30" N, 71°
08 307 W), altitud 1 920 msam, precipitacién y
temperatura anuales prmmdms de 12 aftos (1968-
1979) de 2072, 2 mm y 16, 9°C respectivamente

El suelo ha sido clasificado taxonomicamente
como Humitropepts tipico franco grueso/esqueié-
tico/franco, ver;niculs"tico isomésiw () Se loma-

revelando los andlisis de laboratorio las cardcterzs
ticas sipuientes: textura franco arcifloso, pH 672,
carbén organico 6 65% N total 0.402% ¢/N 165, P
(Olsen) 44 ppm, K asimilable 120 ppm y mg asimi-
lable 110 ppm

Prurante el estudio se usd una poblacidn de 83 333
plantas/ha (0.4 m x 03 m de distancias de siembra)
La preparacion del sueto se hizo con bueyes, las par-
celas se empareiaron y terminaron de scondicionar
con escardilla. El 7-05-79 se sembraron dos semi-
lleros de |0 m? cada uno; la germinazcién ocurrié
a los 7 dias. La aplicacion de fertilizantes se hizo a
mano durante el trasplante el 19—06—79 sobre par-
celas individuales de 192 m?*, sobre 4 hileras de
1 2 m de largo, con un total de 16 plantas de lechuga
por tratamiento. Las fuentes de fertilizantes fueron:
estidreol de gallina (gallinaza) densidad: 0.52 ton/m?,
con una composicion promedio de pH: 6.77, C. 0.
1052 , N total: 067% , C/N: 157, P soluble:
0011% , K soluble: 1 77% vy mg soluble: 0 26% |
urea con 46% de N, superfosfato triple con 46% de
P, O v cloturo de potasio con 60% de K, 0

El disefio experimental usado fue un arreglo fac-
torial 3%, tres factores a tres niveles cada uno. Se apo-
yo 0.20 y 40 m®/ha de estiércol de gallina (E) 0. 100
y 200 kg/ha de nitrégeno (N), tode ¢l N al momento
del trasplante, 1/2 N al trasplantar y [/2 N 20 dias
después, 1/3 N al trasplantar, 1/3 N a los 20 dias y
1/3 N 40 dias después dei trasplante El disefic em-
pleade fue de bloques al azar con 3 repeticiones y los
27 tratamientos que hacen las combinaciones 3 x 3 x
3. Todas las parcelas llevaron una fertilizacion com-
plementaria consistente de 100 kg de P.Os y 100 kg
de K, O por hectirea, aplicados al momento del tras-
plante

Durante el ciclo del cultivo se hizo el control de
malezas con escardilla, riego por aspersidbn para

complementar los requerimientos hidricos de la le-
chuga, y tumigaciones peritdicas de fungicidas y apli-
caciones de insecticidas

De la cosecha, realizada & mano el 20--08-79 sobre
un dreq de 0.48 m?, se estimd el rendimiento en
kg/0 48 m?, el peso promedio por planta y la confor-
macién y dureza de las cosechas

Solo los datos de peso promedio por planta y con-
formacién v dureza de las cabezas, se analizan en el
presente trabajo.

Resultados y discusion

Las aplicaciones de N y de estiércol, atn cuando
actuaron independientemente ejercieron su accion
significativa sobre la produccion de fa lechuga El
fruccionamiento del N no tuvo ningin efecto sobre
la misma (Cuadro 1)

La dosis mds alta de estiéreol (40 m®/ha) produjo
las mayores efectos sobre los rendimientos de lechu-
ga, aunque no mostré diferencias significativas con
la aplicacion de 20 m%/ha (066. 0.88 y 0.90 kg
lechuga/planta cusndo se aplico 0.20 y 40 m” 2fha
de estiércoly En la Figura | se muestra la respuesta
de la lechuga a la aplicacion de estiéreol.

Ei suministro de 20 m¥/ha de estiércol, con una
densidad de 0.52 ton/m? equivale a incorporar al
suelo 10.4 ton/ha. concordando con las cantidades
reportadas por Faillace ef af (5), para el cultivo de la
lechuga en Los Andes.

La accidn independiente del estiéreol sobre el ren-
dimiento de la lechuga, el poco desarrolio de su siste-
ma radicular y el bajo contenido de mg en los suelos
del estudio, nos mueve a considerar que el efecto
principal del estiércol fue como acondicionador del
horizonte superficial del suelo y como suplidor de
mg v otros elementos menores deficientes coinci-
diendo con Afiez (1) Afiez y Pereyra (3) y con
Thompson y Keliy {(13)

El uso de 100 y 200 kg/ha de N tuvo un efecto
significativo, sobre el rendimiento de lechuga, aunqgue
ne hubo diferencias significativas entre ambas dosis
{0 63, 0.89 y 0.90 kg lechuga/planta cuando se aplicd

100 y 200 kg Nfha)

El andlisis de regresién muestra que el componente
lineal fue el mayor responsable en ia variabilidad de
los rendimientos de lechuga a las diferentes dosis de
pitrogeno empleadas (Figura 2) El andlisis del por-
centaje de cabezas abiertas, mal conformadas o poco
compactas, no revelo diferencias significativas entre
los tratamientos
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Cuadro I, Anilisis de varianza del peso de lechuga en kgfplan-
ta bajo diferentes dosis de N y de estiéreol de ga-

[lina,
Fuente de Variacion Gradosde  Sumade F
Livertad  Cuadrodos Caleulada
Bloques 2 114 19w
Tratamientos 26 256 3 28w
L 2 092 1533+
Comp. Lineal t 074 79 5%k
Desv Comp Lincal 1 0.18 709
N 2 103 17,1744
Comp. Lincal l 080 G 67
Desy Comp Linca 1 023 I yis
I 2 011 £ 83
LxN 4 020 t67
LxT 4 006 050
Nxkb 4 012 100
LxNxU g 012 0.50
Lrror 32 1.33
Total RO 5071
Y = 081 ke/planta de lechuge CV = 21 3857
Resumen

El objetivo de este esiudio fue determinar la can-
tidad y forma de aplicaciones de N y {a dosis de es-
tiércol de gallina (Gallinaza). mds efectiva en la pro-
duccién de lechuga (Lactuca setiva 1. var. Great
Lakes). Se probaron dosis de (0, 100 y 200). dosis de
(020 y 40 m® gallinaza/he) y 3 formas de aplicacion
del N {todo al trasplantar. la mitad al wasplante y a
otra mitad 20 dias después y el tercer tratamiento
consistio en afiadir tercios af trasplante 20 y 40 dias
después del trasplanie) El trabajo de campo fue res-
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lizado en ua suelo Humitropepts tipico, franco-are-
noso de la kst Exp Santa Rosa, Mérida, Venezuela.

Los rendimientos aumentarcn con ia aplicacién de
N, aunque sin diferencias significativas entre 100 y
200 kg/ha. El estidreol influyé también los rendi-
mientos sin detecturse diferencias significativas entre
20 y 40 m*/ha No se consiguié interacciones signi-
ficativas entre el N y el estiércol aplicados. El fraccio-
namiento del N no tuvo efecto sobre los rendimientos
ni sobre el porcentaje de cabezas abiertas o mal con-
formadas.
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Padriio de crescimento de taizes e parte aérea de man-
dieca {(Manihot esculenta, Crantz), em condigdes
de Cerrados do Distrito Federal.

Summary. To evaluate the growth of the roots and
vegetative part (leaves + stems) on cassava (Manihot escu-
fenta Crantz) an experiment was carried out in the Cerrados
National Research Center. Planaltina, Federa! District, Brazil,
from 1979 to 1882

Stern cuttings, 20 cm long, of the cultivars tAC 352-7
{Jagana) Cavalo Cacau-Vermelho and Sonara were planted
equakiy spaced by 1 0m Six piants per cultivar were harvest-
ed every two months, from the sixth 1o the twenty-fourth
month

Two patterns of root growth were identified One showed
an increasing root weight up to the eighteenth month while
the cther showed an increase of root weight up to the
wenty-fourth month. Maximum root yield for cultivars
Jacana, Catau-Vermelho and Cavalo was obtained eighteen
months after ptantig, while for ‘Sonora’ maximum root yield
was obtained twenty-four months after pianting

A mandioca assume posi¢io destacada na conjun-
tura mundial. O Brasil, embora seja o maior produtor
(9), investia pouca na sua pesquisa, em COMPparagao
com outras culturas (4), dada a sua pequena expres-
sao econdmica como culfura de subsisténcia. Um dos
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aspectos pouco estudados na cultura da mandioca é
o padrio de crescimento de raizes e parte aérea (2, 3,
5. 10)

As informagBes disponiveis sobre comportanmento
¢ crescimento de cultivares desta espécie nas condi-
¢bes de Cerrado sfo escassus. Bascando-se nesses
fatos, foi conduzido um experimento. com objetivo
de avaliar o crescimento das raizes e parte aérea.
bem como determinar a época de maior produgiio
de raizes de guatro cultivares de mandioca em um
solo anteriormente sob vegetacio de Cerrados

Material e métodos

O experimento {oi conduzido no periodo de
1979 o 1982, no Centro de Pesquisa Agropecudsia
dos Cerrados-CPAC, Planalting-DF-Brasii.  emum
Latossolo Vermellio-Escuro argiloso (7). A andlise
quimica desse solo revelou pH 3593; 003 meq
de Al/100 g2 492 meq de Cu + Mg/100 g: 5.1 ppm
de P e 271 ppm de K Os métodos de andlise quimi-
ca foram descritos por EMBRAPA (8)

A adubagiio foi realizada no sulco. antes do plantio
e a4 15 cm de profundidade. com 60 kgfha de P, 05,
30 kg/ha de K, 0 e 4.5 kg/ha de Zn O nitrogénio foi
aplicado em cobertnia, na dose de 30 kg/ha, 45 dias
apos o plantio

As manivas-semenites com 20 cm de comprimento.
das cultivares FAC 3527 {Jagand). Cavalo. Cacau-Ver-
melho e Sonora, foram plantadas a 10 om de profun-
didade. no sentido horizontal. ¢ com espacamento de

1.0 x 1 Om. O plantio [oi feito em dois anos consecu-
tivos: na segunda semana de outubro de 1979 e na
primeira semuna de novembre de 1980, A produgiio
de raizes e parle aérea (folhas -+ ramas) fol avaliada
de dois em dois meses, do 6% a0 249 més apds o plan-
tin, através da cotheita e pesagem de seis planias de
cada cultivar

Resultados e discussio

Na Figurs | pode ser observada a curva de produ-
¢iio de raizes e de parte aérea das quatro cultivares de
mandiocas estudadas.

As cultivares Cavalo, TAC 352-7 {Jacand) e Cacau-
Vermello mostraram ripido e continuo zumento de
peso das raizes tuberosas, do 6Y ao 189 més. O incre-
mento foi de aproximadamente {91% para a cultivar
Cavalo, 302% para 1AC 352-7 (Jagand) e 542% para
Cacau-Vermelho (Quadro 1} Apurentemente nio
houve queda na producio de rafzes durante cste
periode. que abrangew uma estacfio chuvosa (outu-
bro-abril) e uma estaco seca (maio-setembro), segun-
do EMBRAPA (6)

Conforme se pode observar na Figura 1. a produ-
¢iio de raizes decresceu do 18% ao 229 més nas culti-
vares Jacand ¢ Cacau-Vermelho, ¢ até o 249 més na
cultivar Cavalo A reducfio em peso foi de 41 36 ¢
18% . respectivamente (Quadro 1) O decréscimo da
produciio de raizes dessas cultivares ocorreun no se-
gundo cicle da cuitura, durante a estagiio seca. quan-
do a precipita¢iio total registrada foi de 952 mmea
femperatura média foi de 21.0°C (Quadro 2). Esses

Quadro 1.Produgio de rajzes ¢ de parte aérea (kg/planta) das cultivares de mandioca 1AC 352-7 (Jacand), Cacau-Vermelho, Cavalo ¢
Sonora, em colheitas do 6% ao 249 més, CPAC, Planattina-DF. 1979-1982.

Cultivar 8? 109 12° 149 169 18° 209 22° 74
IAC 3527 (laguid) RO 049 050 078 090 | 49 157 197 | 48 117 174
Parte aérea 059 047 073 0.82 134 i 24 120 0 80 075 078
Cacau-Vermelho Raiz 626 076 057 097 1.02 139 167 117 107 131
Parte afren 050 .82 0.81 146 150 187 152 082 oy 1 06
Cavalo Raiz 078 049 056 074 133 165 237 216 197 1.87
Parte sérea 104 057 057 090 P18 103 124 084 074 058
Sonora Raiz 076 089 086 142 092 111 1135 167 .90 217
Parte sérea 062 0.88 068 093 073 082 050 960 081 G 92

Turrialba Vol. 34, No. 4, 1984, pp. 5303-534
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Fig 1. Curves de produciio de raizes ¢ de parte adrea das cultivares 1AC 352-7 (Iuganil), Cacau-vermelho, Cevalo ¢ Sonor, resuitantes
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Quadro 2. Distribuicao mensat da precipitacio, temperatura
& umidade relativa do ar no periodo de outubro de
1979 a setembro de 1982, CPAC, Planaltina-DF.

Precipitacio T emperatura  Umidade refativa
Meses {mm) () (%)
Gut 188 3 231 67
Nov 155§ 223 76
Doy 23040 2210 77
Jan 33949 237 Bl
bov 1823 223 75
Mar 2201 215 76
Abr 73 27 14
Maui 235 207 T
Tun 119 07 68
Fui 65 191 63
Apo i56 243 60
Set 377 231 56

dados concordam com Correa e Andrade (2}, que
estudaram o crescimento  de  outras  cultivares.
em condigdes de Cerrado. o que pode ser atribuido
a caracteristicas genéticas das cultivares

As curvas de produgiio de raizes e de parle aérea
tendem ao paralelismo (Figura 1). e isso ¢ particular-
mente evidenciado na cubtivar Cacau-Vermelho Essa
tendéncia também foi observada por Cores ¢ Andrade
{2y com as cultivares Arrcbenta-Burro. SF-2473 ¢
Sertancja. Portanto, o crescimento da pacte aérea da
mandioca pode ser um indicador da produgiic de rai-
zes parz as cultivares citadas, embora o ponto de
miximo crescimento ndo coincida com o maximo
rendimiento de rafzes

A curvy de producfo da cultivar Sonora difere das
demais estudadas por mostrar um sumento conlinyo
na produciio de raizes durante o segundo ciclo. sem
decréscimo #pés o 38% més (Figura 1). Carvalho et al.
{1), trabalhando cony a cultivar Sonora em condicbes
de solo e climu diferentes da regifio dos Cerrados. nio
verificaram aumento na producio de raizes do 20°
20 249 més Presume-se, portanto, gue esta discordan-
cia scja devido as diferentes condigGes em que foram
conduzidos os experimentos

Dos resultados obtidos podemos identilicar dois
padides de crescimento de rarzes durante os dois ci-
clos da cultura da mandioca. em condicdes de Ceiru-
dos. O primeiro padrio mostra um aumento na pro-
dugiio até o 189 més. seguido por uma queda no peso
das raizes, conforme pode ser observado na Figura 1,
para as cultivares FAC 352.7 {Jacand), Cacau-Verme-
fho e Cavalo O segundo padifo. exemplificado pela
cultivar  Sonora, caracteriza-se por crescimento de

menor intensidade no primeiro ciclo, seguido por au-
mento continuo no peso das raizes até o 249 més

A diferenga nos padrdes de crescimento das culti-
vares estudadas evidencia «diferentes reagdes dos gend-
lipos da espécic Manilior esculenta ds condigdes de
Cerrados. Esse aspecto tem grande importinciz agro-
nomica. pois o futo de certas cultivares chegarem ao
seu miximo de produgio em um perfodo mais curto
possibilita o melhor utendimenio a diferentes sistemas
de producio

Conclusdes

1. Sob condigBes de Cerrados e em dois ciclos da cul-
tura de mandioca foi possivel identificar dois pa-
drdes de crescimento de raizes: um com aumesnto
progressivo uté o 189 més. seguido de reducio. ¢
outro sem decréseimo no segundo ciclo

iJd

As cultivares Cavalo, IAC 352.7 (Jagand) e Cacau-
Vermelho mostraram incrgmento na produgio de
rafzes de 191, 302 e 542%, respectivamente, no
perfodo do 6% 0 18Y més de plantio.

L0

A producio de raizes decresceu do 189 ao 22°
més para cultivar TAC 332-7 (Jagani) e Cacau-Ver-
meltho. e até o 249 més para a cultivar Cavalo A
cultivar Sonorz mostrou aumento continuo durap-
te o 29 ciclo da cultura

Resumo

Com o objetivo de avaliar o crescimento de raizes
e purte aéreqn (folhas + ramas) e determinar a época
de maior producio de raizes de quatro cultivares de
mandioca (Manilior esculenta, Crantz), fol conduzido
um experimento ne CPAC, Planaitina, DF, no perio-
do de 1979 a 1982 Manivas-sementes das cultivares
FAC 352-7 {Jagand), Cacau-Vermelho. Cavalo e Sono-
ra, com 20 cm de comprimento. foram plantadas com
espagamento de 1.0 x 1.0 m A colheita foi realizada
de dois em dois meses. do 6% ac 24° més

Pois padrdes de produciio de raizes [oram identi-
ficados O primeire & caracierizado pelo sumento
no peso das raizes até o 187 més. e o segundo ate
0 24Y A mixima producio de raizes das cultivares
IAC 3527 (Jagand), Cacau-Vermelho e Cavale [oi
obtida no 189 més apéds o plantio e da cuitivar Sono-
ra no 249 més.
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AGROPECUARIA. Servico Nacional de
Levantamento ¢ Conservaciio de Solos Le-
vantamento de reconhecimento dos solos do
Distrito Federal. Rio de Janeiro, 1978,
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8 EMPRESA BRASILEIRA DE  PESQUISA
ACROPECUARIA. Servico Nacional de Le-
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Isolation of mesophyll protoplasts of the genus
Coffea.

Resumen. Se describie un método rapide para el aistamien.
to de protoplastas a partir de hojas de café, probandaose dife-
rentes enzimas en varias combinaciones Es posible fiberar
abundante cantidad de protoplastos a partir de hoias idvenes,
provenientes de varias lineas y cruzamienics, de fas especies
Coffea arabica y C. canephora, mediante su incubacion du-
ranta 4 horas en celulasa {3%) pectoliasa (0 5%} y manitol
(06 motal) a pH 58 Los protoplastos se filtraron y favaron
varias veces en agua de mar (85%), y fue necesario resuspen-
dertos en percoll {70%) debido a su densidad Los protoplas-
tos sebreviven varias sernanas, y regeneran pared celular £n
uno de los medios (A 43} después de 2 semanas, se observan
algunas divisiones Se estan probando varios medios de culti-
vo con diferentes concentraciones de hormonas.

The potential of protoplast culture and fusion in
plant breeding is well known (8, 9) and this is not an
exception for the genus Coffea. In this genus several
genetic and chromosomic barriers exists between the
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cultivated tetraploid species Coffea arabica and the
diploid wild type species. Therefure it is difficuit to
transfer desirable penctic traits lrom the wild type
species 1o the cultivated Coffea arabica  Somatic
hybridization via  protoplast  fusion could Dbe an
excellent complement to conventional collen breed-
ing programs

Only a few attempts have been made in colfee Lo
isolate and culture protoplasts, and this with only
little success. Sondall er gl (6), reported protoplast
liberation and possible callus formation of coliee
protoplasts derived from callus tssue In another
short  communication.  the iselstion  of few
mesophyl  protoplasts  after & long  period
(13-16 h) of enzyme treatment was reported (7). 11
is obvious that it could be of great advantage 1o have
also for coffee methods which aliow the isolation of
mwsophyll protoplasts in Lige numbers during a
relative short time of enzyme incubation. The present
technical note deseribes » method which feads in a
short time to large numbers of mesophyll proto-
plasts of several colfee fines and species.

Leal protoplasts i general have the advantage that
they possess 2 deflined chromosome number in
comparison to callus or celf suspension derived proto-
plasts which muake them more uselu] (or somatic
hybridization experiments.

Material and methods

Lines of the following species were used for the
experiments: Coffea arabica, Coffeq canephora,
sexuaf hybrid line between Coffea arabica and Coffea
canephora, afl obizined from Cenicalé (Colombia).
These lines and species were cultivated in the green-
house Anocther sexual hybrid between Coffea arabica
and Coffea canephora (Arabusta) which were obtain-
ed from the Laboratoire de Culture in Vitro,
GERDAT (France) were cultivated us aseptic shoot
cultures on MS agar medium (3), supplemented with
40 g/l sucrogse and 1 mg/l BAP (6-benzylamino-
purine) Before use, lesves from greenhouse plant
material were surface sterilized by 7% sodivm hypo-
chiorite for 10 min. and subscquently washed 3 times
with autoclaved tap water. For protoplast isolation
leaves of different developmental stages were cut
with & razor blade into smalt pieces (2-3 mm?) in
the presence of 03 M mannitol and were subse-
quently transferred into the various enzyme mixtures
The following enzymes dissolved in 0.6 M mannitol
(ca 730 mOsm), pH 5.8, were tested i vurious
concentrations  and combinations: Cellulase
“Onozuka™ R 10 and macerozyme R 10 (Kinki
Yakult, Jupan), cellulase 2230A (Réhm, FRG)
pectolyase Y-23 (Seishin Pharmaceuticai Co., lapan),

driscluse (Kyowa Hakko Kogy, Japan) and lysozyme
(Waorthington Biochem. Corp , USA)

The enzyme incubation was carried out for 4-24 h
on a roller (2 rpm) at 25°C After incubation the
protoplast suspensions were sieved to remove the un-
digested leal materiul and washed two times with
scawater {(ca 730 mOsm) by centrifugation. After
washing the protoplasts were resuspended in 0.6 M
sucrose or 70% percolt dissolved in 0.6 M mannitol
and centrifuged for 10 min The protoplast contain-
ing supernatant was dituied with 85% seawater (1:5)
and recentrifuged to remove pereoll. The pellet con-
taining the protoplasts was [inally suspended in the
protoplast regeneration media V 47 according to
Binding {1} or A 43, according 1o Poirier-Hamon
etal (5}

Results and discussion

The enzyme combinuations and concentrations
lested for protoplast isolation of coffee are listed in
Table 1. No protopluast release could be obtained after
enzyme treatment up to 24 b oof old and fully
expanded leaves with all enzyme mixtures used. How-
ever, By 5 h treatment of young leaves witl cellulase

Table I Treatment of fully expanded old and of young
leaves from colfee plants with various enzyme
combinations for protoplast refease.

Enzyme Old leaves Young leaves

Driselase (2 804 -
Macervzyme R 10 (29 )

Lysozyme (29
Macerozyme R 10 (15)

Cellufuse R 10 ¢3%) +
Macerozyme R 10 (190

Celtlluse 2236 (3% ) +
Macerozyme R 10 (155)

Drisclase {2 5% - -
Pectofyase Y-23 (0 3%)

Lysozyme (290 ) -
Pectolyase Y-23 {0 3%

Cellulase R 10 (3% - + 4
Prectolyase Y-23 (0 59

Cellulase 2230 (3%) - o+
Pectolyase Y-23 (0.5%)

+ = Jew, b+t o= salislactory

Turrialba Vol, 34, No. 4, 1984, pp. 534-536
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R 10 or ceilulase 2230 in combination with mace-
rosyme R 10, a few protoplasts couid be obtained
Longer treatment. however, gave no higher yield of
protoplasts. Much higher yields of protoplasts could
be obtained with all lines #nd species tested H young
jeaves, less than one month old, were treated for 4 I
with cellulase R 10 or cellulase 2230 in combination
with pectolyase ¥-23. Short time (15 niin) treatments
with these enzyme mixtures were not successful as it
is for example the case for tobacco (4}, Datrg and
Petuia (Schieder. unpublished)

Alter sieving and washing the protopiasts. the
suspensions contained still broken protoplasts and un-
digested cells. To separute them from the protoplasts,
the pellets were resuspended in 0.6 M sucrose and
centrifuged . However, the protoplusts did rot flost in
the supernatunt as is observed for protoplasts of most
other species (2). Much betier results could be abtain-
ed il the protoplusts were suspended in 70% percodl
dissolved in 06 M munnitol The protoplasts of
coffee, though relstively smaH seem to be more dense
than protoplasts ol other specics which muakes i1
necessary to centrifuge them fur floating in a solution
with a higher density

The washed protoplasts suspended and cultured in
the V 47 or A 43 mediwm survived for more than 3
weeks They showed cell wali resynthesis and changes
in their shape In the A 43 medium afier 3 weeks
some divisions couid already be observed Further
cultivation  experiments with different hormone
concentrations and combinations and also with other
protoplast regencration median are under way.

Summary

A quick test for coffee mesophyll protoplasts iso-
Jation is described . By using combinations of enzymes
it was possible to isolute numerous protoplasts of
young leaves ol hybrids of Coffea mabica and C
canephore Treatments were incubated lor four hours
with 3% celiulase. § 5% prectolyase and 06 molal
manitol, at pl 38§ Protoplasts were fittered, washed
with 85% see water and resuspended in 70% percoll
due (o this density The protoplusts were able (o
survive for a few weeks and regenerated the ceil
wall. fn media A 43 the protoplasts with some sell
division was observed New analysis are in the way
trying different hormons concentration in the medio
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Agriculture sur britlis en forét tropicale hunide A
propos «u role du feu dans la compétition entre
espéces cultivées et espéces pionniéres

Resumen. El andlisis de los conocimientos actuales sobre
ia regeneracion natural en la selva tropical humeda y ef im-
pacto del fuego sobre dicha regeneracion. parmiten explicar
ia reduccian de la competencia entre las plantas cultivadas y
las plantas pioneras durante las primeras etapas del culftivo en
el sistema de rozatumbz — quema La ventaja competitiva
temporal de las plantas cultivadas se considera agqui como un
resWitado de la eliminacion por ef fuego de la mayor parte de
las semnitas y plantulas que normaimente aseguran unga coleni-
zaciGn rapida y vigorosa de los “chablises ™’

Roles du feu dans Pagricuiture sur brilis traditionne-
He

L’agriculture sur brilis ou agriculture itinérante
(mgriculture migratoria, shifting cultivation} est. &
Pheure actuelle, I'un des systémes agricoles les plus
importants. sinon le plus important, de la zone tropi-
cale humide. D'aprés une estimation récente, ce sys-
théme serail pratiqué par environ 140 millions de per-
songes, sur une surface de 2 millions de km®, soit
1/55M€ dqu biome forét tropicale humide (35)

On peut distinguer, avec Watters (45), une agricul-
ture itinérante traditionnelle, pratiquée de fongue da-
te par des populations vivant en équilibre avec le mj-
lieu forestier, d’une ‘agriculture itinérante imposée
pat la nécessité”™, résultat de conditions socio-politi-
ques relativement récentes, dans [zquelle “Iagricul-
teur esi un vrai colon, 4 & recherche de terres nouve-
lles & cultiver™, qu'il utilisers “jusqu'd épuisement
complet du sol” (45}

L'agriculture itinérante traditionnelie peut étre ca-
ractérisée, pour une parcelle de forét donnée, par un
défrichement “doux” — simple abattage des arbres —
suivi dun britlage. par la plantation quasi simultanée
d’espéces cultivées varices dont lz réecolte s’étale sur
une périodo de deux oux trois ans, et par une jachére
jorestiére de durée relativement longue.

Dans ce type d’agriculture, dont on ne peut nier
I'efficacité dans e cas de populations i faible densité
en équilibre démographique, trois types d’effets posi-
tifs du feu ont été reconnus:

-~ Aprés l'abattage des arbres, la parcelle défrichée
est encombrée de troncs, branches et lianes entre-
mélés, offrant au regard 'image d'un paysage chao-
tique décourageant taute volonté de plantation; le
feu a donc un réle évident de dégagement et de
nettoyage de ['abattis (34, 36)

- Le role fertilisant du feu est unanimement recon-
nu; il consiste en un enrichissement temporaire du
sol en éléments minéraux, accompagné néanmoins
de pertes importantes en azote et en soufre On
irouvera une revue détailiée de feffet du feu sur
les caractéristiques physiques et chimiques du sol
dans, notament, Nye et Greenland (36), Watters
(45). Fontaine eral (11)

- Entin, on reconnait au feu un rale phytosanitaire
important, les fortes températures ayant pous effet
iz destruction des populations de phytophages et
de parasites (2, 23, 32, 34)

Ce sont la les raisons invoguées habituellement
pour expliquer la croissance plus vigoureuse des plan-
tes sur les sols préalablement brilés (27, 36)

A ces trois elfets positifs du feu, je voudrais ajou-
ter ici, 4 la lumiére des connaissances actuelles sur leg
premiers temps de la régénération naturelle, Pimpact
du feu sur la compétition entre plantes cultivées et
plantes pionniéres Cet impact, s'il apparait de ma-
niére implicite dans certaines études (6, 7, 23. 36},
n'a jumais été clairement explicité: or, il semble qu'il
s'agisse 13, pour agriculture sur bralis traditionnelie.
d’un vdle positil du feu au moins aussi important gue
Feflect fertilisant ou phytosanitaire

Ecologie des premiers temps de la régénération natu-
relle en foret tropicale humide

[t shagit icl de dresser un bilan schématique des
connaissances actuelles sur la question, bilan qui per-
meit d expliquer la colonisation rapide et vigoureuse
des défrichements non brulés par des espéces pionnijé.
res issues de la forét naturelle avoisinante.

Lors d'un chablis, troude lorestiére causée par la
chute ¢’un ou plusieurs arbres (37), ou d'un défriche-
ment, linstant initial de fa régénération que constitue
P'ouverture du milieu est absolument fondamental &
considérer, puisque c’est & ce moment que se fixe le
potential foristique (1), qui va assurer la colonisation
du milieu ouvert. Au cours de cette phase. 'avantage
compétitif des premiers occupants doit étre souligné
(1, 12, 30), d& en majeure partie & b capture d'une
fraction disproportionnée des ressources de I'environ-
nement par les individus qui émergent rapidement
{20).

On peut distinguer, au sein des forces floristiques
en présence lors de Pouverture du milieu forestier,
trois ensembles (la terminologie employée est celle
d’Alexandre (3} choisie ici pour son caractére concis
et expressif}:

Furrialbs Vol. 34, No. 4, 1984, pp. §37.542
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- Le potentiel végétatif est formé par 'ensemble des
individus survivant & Pouverture du milieu; il est
constitué des plantuies au sens large. “seedling” et
sapling”, ainsi que des rejets et drageons

Le potentiel extérieur est constitué par 'ensemble
des diaspores susceptibles d’envahir le site: it faut
souligner fa lenteur relative de établissement de
cet ensemble floristique (8, 38. 41). mais aussi sa
constance temporelle, dépendant de la phénologie
et des carnctéristiques de la dissémination des espé-
ces extérientes d la zone ouverte

— le potentiel séminal édaphique, enfin, constitue ce
qu'on appelle habituellement le réservoir de grai-
nes du sol. Il est composé, d'une part de graines
d'espéces forestiéres, d'autre part de graines dor-
mantes d'espéces pionniéres

Les esptces forestiéres. c'est-i-dire, les espéces qui
germent et se développent généralement au sein
du sous-bois, possédent le plus souvent des graines
d durée de vie courte et germination rapide. indé-
pendante des conditions lumincuses

fes espéces pionaiéres sont typiquement héliophi-
les et ne trouvent les conditions favorables 4 lewr
germination et d leur développement qu’au niveau
de trouées suffisamment grandes pour provoquer
un bouleversement microclimatique & ia surface
du soil (10, 18.21,22).

FPexistence e [lomniprésence d’un fmportant
stock de graines dormantes d'especes pionniéres.
en attente dans fe sol des foiéts tropicales humi-
des, sont largement démontrées que ce soit en Afri-
que (2, 4, 17, 28), dans le Sud-Est Asjatique (8,
31,40). ouen Amérique (16, 24, 38, 41)

En forét naturelle, fe chablis constitue le motew
de fa dynamigue sylvigénétique, entrainant un rajeu-
nissement ponctuel lorsgue les dimensions de la
troude sont suffisantes Dans la compétition opposant
les ensembles floristiques, il semble qu'il existe une
bulance entre potentiel végétatif et potentiel séminal
édaphique, dont le bilan est fonction de la tailie des
troudes (3, 9, 18, 21, 37,39, 47), lorsque la perturba-
tion est faible, la cicatrisation de iz troude est assurée
par la stimulstion du développement des plantules et
des arbres préexistants Passé un certain seuil, la per-
turbation favorise la germination et le développement
des espéces pionniéres, du moins dans les zones [es
plus éclairées Enfin, dans ie cas d'un défrichement de
taille comparable d celle d'un abattis {de P'ordre de
"hectare), ce sont les espéces pionniéres, issues prinei-
palement du potentiel séminal édaphique, qui assu-
reat la domination pendant la premiére phase de la ré-
génération

Pendant cette phase, le potentiel extérieur n'a
qu'une jmportarce minime, en raison de la lenteur re-
lative de l'apport de graines d’une part, et de avanta-
ge compétitil des premiers cceupants, d'autre part;
ainsi. les éléments de ce potentiel en sent le plus sou-
vent éduits 4 Poccupation de sites particuliers, tels
que souches et troncs  terre

Impact du feu sur la régénération naturelle implica-
tions pour agriculture sur britlis traditionnelle

Duns une pareelle de forét défrichée et bralde, les
differences locates de Pintensité du feu (température
et durée) ont pour effet la création d'un paysage en
mosaique de troncs et souches plus ou moins caicinés
de sol plus, ou moins recouvert de cendres, et de zo-
nes visiblement peu brulées (5. 12, 14, 41} Dans les
partties fortement brildes, les températures peuvent
atteindre. d’aprés UHL er al (41), 393°C 4 75 em
au-dessus du sol. 310°C 4 la surface du sol et 199°C
& 1 em au-dessous de cette surface Brinkman et Viei-
1z (7) notent que Iz température peut osciller entre
70°C et }00°C pendant plusieurs heures dans la cou-
che supérieure du sof (0 — 5 e¢m), ceci en raison du
“tapis’” racinaire forestier qui se comporte comme un
résezu de diffusion de chaleur particuliérement effica-
ce

Au moment du brilage, les plantules, rejets et dra-
geons présentent des organes en activité. particuliére-
ment sensibles & une exposition au feu: d'aprés Hare
(19}, ta plupart des tissus végétaux sont endommageés
ou détruits sils sont soumis & des températures supé-
rieures & 34°C pendant plusicurs minutes Quant aux
graines formant encore le potentiel séminal édaphi-
gue. Brinkman et Vieira (7) pous les espéces fores-
tiéses, ainsi que Vasquez-Yanes (43, 44) et Uhl
et al (41) pour les espéces pionniéres, ont montré
que la trés grande majorité de ces graines sont dé-
truites par les hautes températures assocides au feu,
jusqu’a 5 cm de profondeur

Dars ces conditions, ta colonisation des zones for-
tement briiées repose principalement sur fa dissémina-
tion des graines postérieure au feu; cete colonisation
parait, par ailleurs. affectée par I'héiérogénéité de
I'abattis {41, 48) La comparaison de relevés effectués
dans la région de ta piste de St. Elie, en Guyane Fran-
caise, pour des végétations de cing mois, montre clai-
rement les différences de colonisation (vitesse et com-
position [loristique) entre défrichement non brile et
abattis expérimental briié, ainsi que les variations
dues 3 'hétérogénéité de "abattis {(Tableau 1)

La régénération natuielle est donc considérable-
ment perturbée par le feu la destruction de la majeu-
re partie des deux ensembles floristiques principaux,
potentiel végétatif et potentie]l séminal édaphique, a
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Tableau 1. Non}bre de plantules et rejets sur des parcelles élémentaires de 10 m*, pour des végétations pionniéres fgées de § mois. (Piste

de §° Llie, Guyane francaise).

Lspéce Type biologigue

ecologie

Défrichement
non brilé

Abattis expérimental brilé

Pas de tronc
trés brilé

Sur un {ronc
ouvert, caleiné

Pas de trone
peu briilé

Ceeropia ohnina Trée 106 41 96 7
Cecropia sciadophyila Mart 41 B 5 0
Gonpia glabra Aub) 68 3 it H
Xylopia nitida Dun 33 5 3 0
Lactia procera (P et £) Eichl. 12 0 2 0
Annona serivea Dun Arbrey pionuiers 6 G G 0
Melastomac eae spp 22 6 ! 0
Fistnly spp 6 17 4 &
fsertia sp 1 4 0 G
Fagara pentandra Aubi 2 3 0 0
Facaranda copaia (Aubl } D Don ] | 0 0
Inga spp 0 0 1 0
Dolivearpis guyvancasiv (Aubl ) Gilg 23 3 9 1
Fassiflora coccinea Aubl Liancs 0 1 0 0
Liunes indéternsindes 3 | 0 ¢
Rencahua guyancisis Maps Herbacée pionnidre 5 5 1 0
Herbacées indétermindes rudérales 6 2 0 4
Epiphyies intéderminces rudérales 2 0 i 2
Espéces forestiéres indéterminées Arbrex 71 1 1 2
Espéces pioaniéres indéterminfes  Arbres et arbustes i2 | 0 0
Solanum spp Arbustes rudéraux 1 20 17 il
Pitvrogramima calomelanos
{L ) Link. Herbacée rudérale 0 6 14

Rejets Arbres {orestiers 24 10 6 2
Total 443 138 163 34

pour effet de libérer Pespace, donnant ainsi libre
cours 4 envahissement par le potentiel extérieur

Traditionneliement, ie défrichement des zbattis a
ticu en début de saison séche; le brilage intervient en
fin de saison séche, généralement deux 3 trois mois
plus tard, et se déroule le plus souvent en deux dta-
pes: un premier feu, détruisant la majewre partie de fa
matiére végétale, est sujvi d'un deuxiéme, qui porte
sur les branchages insuffissmment brités, préalable-
ment rassemblés en tas (15, 32, 33) Enfin. la planta-
tiorr, suivant de prés le brilage, commence avec les
premiéres pluies I faut noter que fes zones peu bri-
lées sont généralement lzissées de eité, la préférence
des agriculteurs pour la plantation ailant e plus sou-
vent aux parties fortement brilées (15. 25, 32, 34)
Or. on a vu que le feu avait pour effet. dans ces zones,
la destruction des plantules. rejets ef drageons, d'une
part. des graines du sol, d’autre part

Dans I'étude des successions, on peut dissocier le
processus de compétition entre espéces colonisatrices
en deux phases (46):

— "Compelition to reach {or to be at) a site first and
preempt space.

— Interactive competition”

Par rapport 4 une grande troude forestiére ou d un
défridhement non brilé, le feu décale dans le temps
Vinstant initial de la régénération et introduit une
donnée nouvelle fondamentale par I'intermédiaire
d’un bouleversement du potentiel floristique, élimina-
tion presque totale du potentiel végétatif et du poten-
tiel séminal édaphique ¢ Figure 1)

Le feu agit donc sur fa premiére phase de la com-
pétition, libérant I'abattis de la grande majorité des

Tuerialba Vol 34, No. 4, 1984, pp. §37-542
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compétiteurs au moment de la plantation. Les plantes
cultivées — dtouffées trés rapidement par Je déve.
loppement de la régéndration naturelle en 'abscence
de feu préaiable — peuvent étre alors assimilées & un
sous-ensemble favorisé (plantation) du potentiel exté-
rieur, et, bénéliciant de I'avantage des premiess occu-
panis. peuvent se développer jusqu'a feur maturité

La compélition avec les espéces piennitres, indé-
nizblement avantagées par leurs caractéristiques de
croissance lors de la deuxiéme phase (“interactive
competition™) prend une importance croissanle avec
le temps, en relation avec l'envahissement progressif
du potentiel extérieur, allant jusqu'd provoquer
I'abandon de la parcelle expleitée, au méme titre gue
lx baisse de fertilité dusol {1, 25, 26, 32, 36, 45)

Conclusion

Dans 'agricuiture sur brodis traditionnelle, la com-
pétition entre plantes cultivées et plantes pionniéres,
est, dans les premiers temps, nettement 4 I'avantage
des premiéres La raison principale de cet avantage,
décisif pour U'intérét de la récolte, parait étre la des-
truction par le feu de la majeure partie des ensembles
floristiques qui assurent normalement la cicatrisation
rapide des trouées foresti¢res

Dans le cas de Pagriculture itinérante imposée pag
la nécessité (45), cet effet positif tend 4 se diluer En
effet. la forte pression anthropigue entraime un
raccourcissement de la durde des jachéres et une aug-
mentation de s fréquence des feux. fzvorisant la sé-
lection d'espéces pionniéres & graines dormantes résis-
tantes au feu: Jrema guineensis en Alrique de 'Ouest
{2). et Ochroma lagopus en Amérique centrale (42),
ainsi que expansion rapide d'espéees d forte capacité
dinvasion  telles que fmperata cylindrica, dans le
Sud-Est Asiatique {29) Dans ce cas, il apparait que
Cagricultuze sur bridlis traditionnelle perd sa justifica-
tion scientifique autant que son efficacité (1), et doit
étre templacée au plus vite par des systémes de pro-
duction adaptés, permettant de soutenir de plus for-
les densités de population

Résumé

L anzlyse des connaissances actuelies concernant la
régencration naturelle en {orét tropicale humide et
Pimpact du feu sur cette régénération, permet d’'ex-
pliquer Pabsence de compétition entre plantes culti-
vées ot plantes pionniéres dans les premiers temps de
culture sur les abattis traditionnels P’avantage com-
pétitif’ temporaire des plantes cultivées, en partie ga-
rant du succés de I'abatlis. est ¢ 4 la destruction par
le feu de la trés grande majorité des graines et plantu-
les 'espéces pionniéres assurant normaiement la colo-
nisation rapide et vigoureuse des trouées forestiéres

Summary

The analysis of cwrrent knowledge concerning
naturzl regeneration in tropical rainforest and the ef-
fects of fite on this regeneration aliows us to explain
the absence of competition between cultivated and
pioneer plants during the beginning of cuitivation in
the slash and burn traditignal system The momenta-
1y competitive advantage of cuitivated plants is con-
sidered here as a resuit of the elimination by fire of
nearly il the seeds and seedlings of pioneer species
which normatly ensure a fast and vigorous coloniza-
tion i forest openings.

30 Mars, 1983
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